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1.

DEDICATION

English Translation of the Sanskrit verses

Oh! Lord Venkate$vara! I offer thee this work
of mine as a flower at Thy feet, who art being
approached day and night by throngs of people
in a flow like that of the Ganga, jumping down
the heights of the Himalayas, crying out full-
throated one of Thy names ¢ Govinda’ in shrill
imploring voices, surging out from the depths
of agonizing hearts !

The great work named Siddhinta Siromani of
Bhaskaracirya, was indeed commented upon
by a host of scholars both ancient and modern.
Yet, I not a great scholar make bold to com-
ment once again. Oh! Lord Venkatesvara!
Thou alone Knowest and no mortal does, what
stress and strain I underwent while working on
this commentary. Hence I dedicate this at Thy
feet alone not to any mortal, however great he
may be!

This commentary has been written by me care-
fully understanding the depths of both the
ancient and modern systems of astronomy. If
this could invoke the pleasure of well —meaning
scholars, then I deem myself fortunate, and that
my toil will have been well rewarded.
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ix
This work indeed sucked the very blood out of
me. It contains many a new detail unnoticed
hitherto. Only unbiased scholars could under-
stand the essence of this work. If somebody
pronounces unknowingly that this is all a
repetition of what has been already written,
simply having turned out a few pages, how could
he know where I showed new aspects of the
genius of Bhaskara ?

He, who does not study the Siddhanta Siromani
of Bhaskaracarya, and feels that he is a scholar
reading a few other sub-standard books on
Hindu astronomy, does verily go to bathe in a
dirty pond, ignoring the holy Ganga, jumping
down the heights of the Himalayas in surging
and dancing billows !

D. ARKASOMAYAJI
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BIOGRAPHICAL

In the state known as the Andhra Pradesh, there
is a famous city called Rajahmundry on the
banks of the holy Godavari. Not far away from
this City, there is a village known Velicheru,
teeming with Vedic and Sanskrit scholars. There
I had my birth in a family reputed for a religious
conduct.

My mother, by name, Mangamamba led her life
both in the worship of my father, and her
favourite Deity Kanaka Durgd. My father, a
Vedic scholar conducted his life on a rigorous
Vedic path. Alas! It was not given to me to
serve them for long !

I bow to my eldest brother Sri Venkata Rima
who leads a rigorously religious life, and who
it was, that initiated me into a study of the Vedic
and Sanskrit lore.

I bow to my next elder brother by name
Subrahmanya Somayidji who has passed away
having spent his life in worshipping God and
godly Brahmins.

Alas! Though I was initiated into the Vedic and
Sanskrit lore in my boyhood, I was Ilater
distracted into the secular English education
only to eke out my livelihood, as if this is the
Summum Bonum of Life.
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xii

How many like me, born in Brahmin families,
are being proselytized into the English system
of education burying in the Bay of Bengal all
that is grand in the Vedic and Sanskrit lore.

I raise my hands in supplication to Lord
Venkate§vara, who took His abode on the Seven
Hills as though to look down upon this mundane
and irreligious world. It was He that has
brought me here, to worship Him residing at His
very feet.

I feel it was the deep devotion of my wife to
Lord Venkate$vara that has brought us here,
dislodging us from our home and hearth.

May those administrators flourish, who exert
and strive to save the ocean—like Vedic lore
from the yawning mouth of Oblivion !

D. ARKASOMAYAJIL






FOREWORD

Bhaskardcarya, the Second (c. 1100 A.D.) was ong
of the greatest mathematicians and astronomers of the
World. He anticipated modern theory on the convention
of signs (minus X minus = plus) and KEPLER’S method
of determining the surface and the volume of a sphere.
Six hundred years before the calculus of LEIBNITZ
and NEWTON, Bhiaskara worked at the differential
coefficient. He raised and solved the problem —

67 x* + 1 = *

—a problem which FERMAT resolved after 500 years.
The credit goes to Bhaskaracarya for having delineated
the image of Jyotisa in its proper contours and graces.

The Siddhantasiromani is often said to be the
magnum opus of Bhéskaracdrya. This monumental
treatise consists of four parts: (1) Lilavati (arithmetic),
{2) bijaganita- (algebra), (3) Golidhyiya- (Trigonometry
including spherical trigonometry) and (4) Grahaganita-
(Planetary motion).

This work was edited with the Vaisanabhasya- of
the author by Bapu Deva SASTRI. Muralidhar JHA
brought out two commentaries —the Vasanavarttika- of
Nrsimha (1621 A.D.) and the Marici of Muni$vara (1635
A.D.) on the first Chapter of the Gawitadhyzya (1917).
Girija Prasad DVIVEDI’s commentaries in Sanskrit
and Hindi (volumes I & II) appeared in 1911 and 1926,



xvi

Bapu Deva SASTRI and WILKINSON published an
English translation of the text in 1861. Yet the mathe-
matical aspect of the Siddhantasiromani has remained a
terra incognila to students of Hindu Astronomy. While
Phalita-Jyotisa-continues to be studied in traditional
Sanskrit institutions, the Ganifa-side of Astronomy is
reduced to a secondary position,

Realising that specialists in the twin fields of
Mathematics and Astronomy have been diminishing day
by day, Kendriya Sanskrit Vidyapeetha at Tirupati has
started a project entitled, * Coordination of Sanskrit
and Ancient Indian Sciences”. Under this scheme,
Dr. Arka Somayaji has now come forward to give an
exposition and annotation of the Siddhantasiromani in
simple English based on the language of modern
Astronomy for the benefit of the students and scholars
interested in the Khagola-sistram.

Dr. Arka Somayaji is an eminent scholar in Mathe-
matics'and Dynamic or Spherical Astronomy. He hails
from a family of “ Siddhantin-s . To whet his appetite
in learning the mnemonical methodology for compiling
an almanac, he studied Mathematics and Jyotisa (includ-
ing Spherical Astronomy). He learnt the ZTaittiriya-
samhiti under his brother, Dhulipala Venkatarama
Avadhani of Rajahmundry. He wrote a thesis on * 4
Critical Study of the Ancient Hindu Astronomy ", which
was published in 1972. He has to his credit eight works
including the Jyotirvijiianam (1964) and two Sanskrit
poetical compositions (Brahma#jali and the Hanumai-
vijaya-). He won the President’s award in 1974. N
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In order that critical editions of rare and valuable
texts on Jyotisa be brought out, the Tirupati Vidyapeetha
appointed Dr. Arka Somayaji as Reader in Hindu
Astronomy. Accordingly the Vidyapeetha has undertaken
the publication of his English annotation of the
Siddhantasiromani. 1 trust this treatise will go a long
way not only to project India’s image in the World of
Mathematics and Astronomy, but also inspire scholars
from the transoceanic distance to listen to the jungle roar

of the ancient Indian Wisdom.

TIRUPATI

KENDRIYA SANSKRIT VIDYAPEETHA } M. D. BALASUBRAHMANYAM
October 21, 1980

Principal

fid






PREFACE

From the Mathematician’s point of view, Bhaskara-
carya’s Siddhanta Siromani contains all that was beautiful
in the Ancient Hindu Astronomy. I am aware that a
translation of this work into English was done long ago
by M. M. Bapudeva Sastry and Wilkinson; but T did
not have the good fortune of having a copy in my hands
all these years. 1 did go through the translation once
long ago, but it gave me the impression that all the
beauties there that appeal to a Mathematician were not
brought out fully. There are, however, a good number
of Sanskrit commentaries both ancient and modern but
even they, in my humble opinion, have not done full
justice to the elucidation of Bhaskara’s mathematical
genius. Further misinterpretations are not infrequent
in some of those books, as will be pointed out in the
course of this book.

What has sponsored me to undertake to write an
English commentary, (I may add that a Sanskrit
commentary also has been written by me on this work
and has been awaiting printing) is essentially that innumer-
able modern professors of Mathematics complain many
a time that there is no such a presentation of Siddhanta
Siromani in English as will enable them to assess the
Mathematical content of it in the light and language of
modern Astronomy. Hence, I have sought to produce
a fresh commentary, which I hope will meet the desire of
such professors and students of Mathematics. I may add
here that this work of mine seeks to present only the
mathematical side of Siddhanta Siromani. It is no history
of Hindu Astronomy, where the originality of the
Ancient Hindu Astronomers is sought to be evaluated.
I may confess that [ am no historian.
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In the course of this book, I shall have occasion to
quote from most of the Astronomers of ancient India
like Aryabhata I, Var@hamihira, Lalla, Aryabhata II,
Brahmagupta, Bhaskara I, Munjdla, Vate$vara and
Sripati not to speak of some others, whose books are
available in print or manuscript.

One thought that lurks in my mind, I make bold to
present in this preface. [ say ‘I make bold ’ because,
there are some historians of Hindu Astronomy, who are
too ready to attack me if 1 claim that there must have
been not a primitive astronomical activity in ancient
India prior to Aryabhata I. The reason for their attack
Is that prior to Aryabhata’s work, only one crude
Vedanga Jyotisa has come to light. Also” some of these
historians have a strong impression that the galaxy of
Hindu Astronomers ranging from Aryabhata derived an
incentive from a foreign source especially the Greek. If
such historians agree to keep an open mind, I make bold
to present my thought as follows. In my humble opinion
there must have been considerable astronomical activity
in ancient India even prior to Aryabhata. This is borne
out by the following expressions of Aryabhata and others.
Aryabhata says' that he dived into the then extant astro-
nomical lore, which got mixed up with mathematical and
non-mathematical (mythological or otherwise) knowledge, _
and by his intellect and the grace of his Goddess, brought-
out the truly mathematical. Varahamihira® says that he
was codifying the then extant five Siddhantas, out of

1, wg@a@EagzIg TG YA

HEIRITAGE AAT Fad gafyamE Verse 49—Golapada
2. gateriayed ga 3 sgegt dfag
safsersiizens eeamcgad aaqn Verse 2—Ch. I.

NMepa: cPelsal qeargsneq Qapdr:
wEat aifE: aRAN gefywe - Verse 4—Ch. I.
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which the Savitta’ was more accurate. Brahmagupta®
says, again, that he was giving a clear presentation of the
ancient Brahma Siddhanta which got obsolete by a long
lapse of time. In the wake of these statements and a
number of others, is it not right to construe that there
did exist some ancient astronomical texts which are lost
to us. If, as asserted by a host of modern interpreters,
we think that there was only the crude Vedangajyotisa,
before Aryabhata, does it not tantamount to saying that
these three great astronomers (leave others) were
impostors, who, having derived their knowledge from a
foreign source, simply claimed that there were existent
before them, Saura, Brahma and some other Siddhiantas
which dealt with Graha-ganita. [t is uncharitable to say
that three rational astronomers were sueh impostors. So,
we must conclude that there did exist some astronomical
activity, which we have no right to call primitive like the
Vedangajyotisa. Some might think that there might be
existing some other texts in between the times of
Vedangajyotisa and Aryabha but that at the time of the
Vedangajyotisa* (roughly 1180 B.C.) astronomy in India
was that crude. Even this conclusion need not be

“] am going to tell clearly what has been, the best, what
has been kept secret and briefly - worded in a nut shell
from out of the works of ancient Acaryas”.

“The Siddhanta of paulia is allright, {the Romaka is very
nearly the same, but the Suryasiddhanta is imore accurate,
whereas the two others Vasigtha and paitdmaha are crude”.

3,  FEN venforg wEdar #1397 7 fedhmy
erfaelay €5 qd RSUgIasrhT | Verse 2—Ch. I.

4. As per statement gWElE sfUgEwad WaFEER  of
Varzhamihira quoting the meaning of the verse.

uqdy A} aterAaIgaE

grate gf@om......Verse 7—Vedangajyotisa, the vernal
- equinoctial poist was at the beginning of Dhanistha,
which means that the time was 1180 B.C. approximately.
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correct, for the simple reason that, €ven today, crude
works exist side by side with advanced works. The
simple fact that a Vedangajyantisa belonging to 1180
B.C. has been unearthed and nothing else, is not a
complete proof that there did not exist more advanced
texts some where else in such a big country like India
especially when locomotion or transport was difficult.

Just one more thought, 1 place before the learned
historians, which is pertinent to this context. According
to geology, biology and some other similar modern
sciences, the first man came into the cosmic picture some
millions of years ago. If that be so, how is it that we say
that man remained stupid all these years and happened
suddenly to blossom into a genius one fine morning round
about Eighteen fifties (1850 A.D.) whereafter came all
Scientific discoveries in a series, as if by the waving of a
magic wand ? It could not be so, as if, we are the chosen
few of God. Civilizations must have been there, which
got buried in the bosom of the earth, as has been revealed
by the Mohenzadaro excavations. Hence we are not
right in saying that the ancient Hindu civilization was so
primitive at 1150 B.C. as is reflected in the Vedidnga
Jyotisa. ‘This is another and more imporiant reason that
this author makes bold to place before the historians as
to why he (the author) does have faith in the statements
of Aryabhata, Vardhamihira and Brahmagupta who said
that they were peacing out the knowledge contained in
the then extant works signifying at the same time that
many more books were lost even to them.

In thi_s commentary of mine, I have chosen to keep
the commentary away from the Sanskrit text and Bhis-
kara’s own Visana Bhéasya, for, otherwise the book Srows
bulkily unwieldy. T have chosen to keep silent over
passages which do not call for a mathematical elucidation.
Here and there I have chosen to present what modern
astronomy presents in some particular contexts, so that,
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mathematics students who do not happen to study
modern astronomy may have a better perspective of the
ancient Hindu astronomy, presented in Juxtaposition to
the corresponding modern treatment. However, I do not
propose to enter into the intricacies of modern astronomy
which are not called for to elucidate the text.

Before concluding, it is my sacred duty to thank the
Rastriya Sanskrit Samsthan, under the Ministry of
Education, Social Welfare and Culture, Government of
India, for having accepted my work under the publication
series of K. S. Vidyapeetha, Tirupati and the late-
lamented Dr. M. Ananthasayanam Ayyangar, former
Chairman of KSV and Ex-Governor of Bihar, who
encouraged me in my studies on Hindu Astronomy.
Dr. M. D. Balasubrahmanyam deserves my thanks for
the encouraging interest he has shown in the publication
of this annotation,

D. ARKASOMAYAJI
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At simgrad Ax:, shyes a9
fagFaRRm aftaed weufiER SEAELTE:

Verse 1. May the Sun at once give expression to
our tongue in meaning ful words-that Sun, who rises
to protect this world, whose duty it is to expel darkness,
who is reported to be the Spouse of the lotus-creeper, who
purges out the sins of all those that supplicate birm, and
on whose rising take place Vedic sacrifices and thereby
the gods in heaven headed by Indra get feasted.

Commentary (Comm.). Needs no Commentary.

Verse 2. Excels that blessed Brahmagupta, the son
of Jishnu, who is hailed as the crest-j-wel of Mathewati-
ciane ; excel also those like Varahamihira who were the
authors of well known worke, who were adepts in reason-
ing, and u age of beautiful expression and on a stuly of
whose works, one like me even of lesser intellect, wxll be
able to produce monumental works.

Comm. Needless to comment. However, we may
*state one thing. Bhaskara’s quoting the name of Brahma-
gupta at the very outset, and that too with reverence,
informs us that he is going to accept the Agama of
Brahmagupta in preference to that of others like Arya-
bhata. This means that he is going to adopt the number
of revolutions of planets in a Yuga and such other astro-
nomical constants as were adopted by Brahmagupta. This
point will be olarified laer,

Verse 3 This blessed author Bhaskara is now writing
the work named Siddhanta-Siromani, the crest-jewel of
all astronomical works, for the pleasure of good minded
astronomers, after having bowed o the lotus-feet of hig
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father, from whom he has derived his knowledge; this
work, containing good metres, will be easy to understand,
besides being flawless and clear, and will enable intelligent
readers to develop their ability to understand things.

Comm. Not neeessary.

Verse 4. Ancient astronomers did write, of course,
‘works abcunding in intelligent expression; nonethe-
less, this work is started to give expression o some
Jacunae in their works. I aw going to make am-nds for
the deficiencies of the older works and these improvewents
will. be found here and there in their respective places; So,
I beseech the good<minded mathen.asicians to go throush
this entire work of mine also (for, otherwise, they may
not locate my own contribution),

Comm. Not necessary,

Verse 5. May the good people be rleased with the
.particulars of wy contribation! May the ill-minded people
also derive pleasure out of ridiculing me with ignorance
unsable to understand my contribution !

Comm. Not necessary,

. Verse 8. A Siddhanta work ie an astronomioal trea-
tise is such & one which deals with the various measuces of.
time ranging from a Trti (to be explained shortly) upto
‘the duration of a Kalpa which culwinates in g deluge;
__planeta,ry theory, arithmatical computations ag well as
.algebraical processes, Questions with respect to intricate
ideas and their answers, location of the earth the stars
and the planets, and description and usage of ins::rumentss.

Comm. Not necessary.

- Verse 7. Though one knows astrology and thag part
of the science of Jyotisha which is known as Samhita (and
which deals with various subjects like Muhurtas Le. auspi-
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.cious moments to be prescribed for various functions,
Desarishtss ie Calamitous cccurences to the countries eto.)
which form & part of the Science, he cannot answer 8o
many intricate problems pertaining to Arironomy. Such
a person, who does not know the astronomwical part of the
science, which abounds in innunerable reasonings, is one
like a king depicted in a drawing, or & lion fast tied o a
pole.

Comm. Not necessary.

Verse 8. The Science of Jyautisha without Astronomy,
is like a king's army without roaring elephants though ex-
celling in horses etec ; is like a garden without mango tirees,
or like a lake without water, or again like a lady parted
with her newly married lover.

Comm. Not necessary.

TVerse 9. The Vedic lore prescribes Sacrifices to be
performed ; these sacrifices are based upon a knowledge
of appropriate time to perform them. This science of
astronomy gives a knowledge of time; hence it has beexn
reckoned as one of the six Vediangas or limbs of the Veda,

Comm. Not necessary.

Verse 10. (Out of the six Vedangas) The science of
grammar is like the face of the person of the Veda, the
science of Jyautisha takes the place of the eyes, the
Nirukta that of the ears; the Kalpa that of the hands; the
Siksha that of the nose and the Chandas the place of the
Teeb

Comm. Not necessary.

" Verse 11. This science of Jyaubisba being depicted
a8 the very eyes of the Person of the Veda, so it has been
'a.ccla,xmed as the most important of the six Angasor limbs
of the Veds, in as much as, even if a person be endqwqd
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with limbs like the ears, nose eto, if he be devoid of vision,
he could not do anything.

Comm. Not necessary.

Verse 12. (Since this Science of Astronomy has been
declared a3 the most important of the Vedangas) hence
this has to be studied by the Dwijas (ie Brahmins Kshatri-
yas and the Vaishyas who form the three higher castes),
also because it is sacred, secret and the best discipline. By
80 doing they would acquire Dharma, Artha, Kama a3 well
as fame (Life is depicted as having a four-fold purpose out
of which, Dharma, Artha and Kam3 form the first trie,
Moksha being the ultimate goal of life).

Comm, Not neceasary.

Verses 18 and 14. The creator having created the
stellar circle along with the planets, placed the latter at the
beginning of the circle, put them in constant revolution, at
the same time putting the extreme two stars (on either
gide) in a fixed position.

Comm. Bhaskara’s own comm:ntary Vasana Bhashs
under this verse mentions the following points, which are
to be noted. The twenty seven stars known a3 Aswini,
Bharani etc. occupy positions roughly at equal distances
along the Zodiac, arranged from west to east. The planets
were all placed in the beginning of the stellar circle in
such a way that they were in a straight line the moon,
Mercury, Venus, Sun, Mars, Jupiter and Saturn occupying
consecutive positions from the earth in inoreasing dist-
ances, not of uniform measure. The circle of stars known
as the Zodiac lies far behind all the planets. There is a
wind known as pravaha which keeps the entire Z)diac, as
well as the planets below going round and round in ’bhe
Wes.ter_ly direction. At the sams tim>, the planets while
partlcip&hing in this westerly motion, have themsielves
individual motion towards the east. Two stars, are placed
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one at the north-pole and the other at the south, and they
are fixed?, The diurpal motion due to pravaha is far
greater than the individual motion of the planets among
the stars in a direction from west to east ie the direction
opposite to that of diurnal motion.

Ip this context, it is worth-noting that Aryabhata I
mentioned the diurnal rotation of the earth in the verse

Feorssifa:...”” Bhaskara must have been aware of this;
yet, in spite of his rational outlook in all matters, mis-
guided himself in this respect (vide verse 3 Midhyagati-
vasani-Goladhyaya), apparently for fear of tralition.

Verse 15, The first Mahayuga, the first year, the first
day of tbe bright half of the first month named Madhu,?
all of them began simultaneously at the Sun-rise® at Lanks
on fun-day, at the beginning of the first Kalpa which
marked the beginning of creation.

Comm. Though, in the Commentary before, Bhaskars
gave expression to the fact that Time is eternal with no
beginning and no end, herein he mentions the point of
Time when creation commenced. So, at the back of his
mind, the concept of Time arose only at the beginning of
creation, whereas before creation, as well as after deluge
the araframaza, there was and would be neither the
concept of Time pnor space. In other words, both space
and Time are manifest only after creation, and get extin-
guished after deluge.

Verses 16, 17 and 18. The unit of Time named Tat-
para is 1/30th of what is known as Nimesa or the time
taken during the fall of an eyelid; One-hundredsh of a
Tatrara is known as a Trti ie the time taken to pierce &
.lotus-leaf with the finest needle. Eighteen Nim:gis are
equal to a Kagtha, Thirty Kagthas are equal to a Kal3,

thirty Kalas are equal to one sidereal ghati. Two
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ghatis make a Kshana and thirty Kshanas make a sidereal
day. Thirty siderea! days are equai to a sidereal month
and twelve sidereal months make a sidereal year (not the
gidereal solar year). The Zodiac, divided into twelve 18518,
and 360 degrees, a degree divided into 60 minutes of arc
and & minute divided into 60 seconds of arc all correspond
to the year and its successive divisions.

Comm. In the Commentary under these verses, Bhag-
kara gives further details of division of time as follows.
The time taken to pronounce a guru, i.e. double the time
of pronouncing a short vowel, is one-tenth of a Prana,
which is the time requaired by a h althy person to inhale
and exhale once. Six Pranas make one Vighatl and sixty
ghatis make one sidereal day. It may be cliarly noted
here that thig sidereal month consisting of thirty sidereal
days is not the sidereal moanth that is the time taken by
the Moon to go round the Zodiac, nor the sidereal year
defined above is the time that the Sun takes to go round
the Zodiac onece in his asparent annual motion. To distin-
guish these latter divisions of time, we shall use the
nomenclature sidereal lnnar month and sidereal solar year.
There are further other divisions of time which will be
later elucidated.

Verses 19, 20. The time taken by the Sun to com-
plete one revolution with respect to the stars goes by the
name ‘ The sidereal solar year’. This will be a day for
the gods and demons, The time that elapses between two
consecutive new moons or conjunctions of the Moon with
the Sun is called a Chandra-masa or a lunar mounth or
simply & lunation. This again is the day of the Pitrs or
the Manes.

. The bime that elapses between two consecutive Bun
riges ab & place is termed the Sivana day or civil day.
‘This is called Saura-Sivana day'and it is also the day of
the earsh, '
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The sidereal éa,y ig the time taken by the stars o go
round the earth once. It is called Nakshatra-dina,

Comm.” In Hindu mythology gods are supposed to
reside at the porth-pole, where one civil day is the same
as one sidereal solar year for the other places; also the
demons are supposed to reside at the south pole so that
their civil day also is equal to a sidereal solar ycar. But,
what is day to the gods is night to the demons and vice-

versa,

If we call the earth, the moon of the moon so to say,
which it is so, when it is the moment of new moon for the
earth, it is the moment of Full Moon to the Moon. Thus
what is a Chandra-masa to the earth may very well be
called with respect to the Moon a Bhauma-misa. In
Hindu mythology the manes are supposed to take residence
on the surface of the Moon. We know from modern
astronomy that the moon revolves about her axis once
roughly in a lunation. Thus for ‘the man on the moon’
a day is roughly equal to cur lunation. 8o if the mfme;
were to reside on the moon, their day is equal roughly
to a lunation of curs. We say ‘7oughly’ because as we
see under the chapter of the lunar eclipse, the moon
almost shows the same face to the earth on account of
what are called ‘librations in longitude’. Oun this count
she time of rotation of the moon does not exactly coincide -
with the time of a lunation.

A civil day for a place is also the civil day for every
place of the earth so that it is called the earth’s day. By
“day’ here we do not mean the time when the Sun is
above the horizon, for that time differs from place to place
on the earth. A civil day is the sum-total of the duration
of day and the duration of night for any place and it will
be seen that this is the same for the entire earth except at
t.he places having perpetual day. The word Sawa Sivana
is used to signify that the time that elapses between two
eonseoutive rises.of any other planet is termed the Sivana
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day pertaining to that planet. Thus the Chandra Savana
day is roughbly equal to 24 hrs-52' and this is the longes}
of the Savana days pertaining to the planets. The shortest
Savara days is that of the Saturn,since Saturn moves a
very little along the ecliptic and his Savana day is there-
fore just a little longer than the sidereal day. This ncmen-
clature brings in the phenomenon tlat the S3vana day of a
retrograde planet bappens to be less than a sidereal day.
But in a given time, which is sufficiently long like a yuga,
the Savana days of a planet are equal to the mumber of
sidercal revolutions in that period minus the number of
the planetary revolutions in the same period. This will
be constant for a given planet in such a long period,
though individual days happen to be some shorter and
some longer than a sidercal day.

The modern sidereal day is the time between two
consecutive rises of the equinoctial points and a3 the equi-
noctial points have a slow retrograde motion, the modern
gidercal day is just a little shorter than the Hindu sidereal
day, which does not take cognizance of the revolution of
the equinoctial points round the carth in reckoning diurnal
motion. The Hindu astronowers spea's ol the revolution of
the stars oply around the €a'th in the context of diurnal
motion. It will be noted that the Saura-Savans day or the
civil day will not be of the same duration, since the Sun hag
unequal motion amongst the etars from day to day. When
the Sun is in perigee and has the wax. daily velooity, his
Savana day at that moment is the longest and the Saura.
Savana day when the Sun is in apogee will te the shortest,

Though in Indian Chronology a day is divided into
sixty ghatis for convenience, these ghatis are evidently
longer than the Nikshatra-ghatis or the sidereal ghatis,
which are of a fixed dwation. Thus a Sivana ghati is a
little longer than a Nakshatra-ghati and what is more, 8
Baura-Savava ghati is of a variable dwation from day to
day, the variation being of course very small.
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The concept ‘of & month originally arose out of the
pbenomenon of new-moons, for, this phenomenon ‘alone
appeals to every lay man, when he could not sight the
Moon. The concept of an year arose originally out of
what is called a tropical year, which is the time between
two consecutive conjunctions of the Sun with an equi-
noctial point and which it is that makes the seasons recar.
Thus the primitive man must have had the concept of an
year when he once saw the mango trees blossoming and
again when he saw them blossom. This is why the Hindus
celebrate the new year's day with eating the neem flower
with unripe mangos, which goes by the phrase Nimba-
Kusuma bhakshanam or eating the neem flower. In the
Vedic times, however, the year began with the luni-Solar
month called Marga-Sirga, which brings in the new year
crops. In the Vedioc sacrifices, there is thus what is called
the Agrabayanpesti, where the word Agra-hiayapna means
the Marga-Sirsa month, The efymology of the word is
that 313 graw a¥7 ag ArTANy ie the year is ahead of this
month, which therefore is the beginning month of the year,
This is also why the ancient lexicon named Amarakosa
enumerates the months from Marga-Sirga. This is the
month when the full moon occurs when the Moon is in the
star Mroagtira. We have also an inkling from this that the
verpal equinoctial point was probably sitnated in the star
,Mrgagira. The Veda however enumerates the stars from
the star Krittica, and we have a statement in the S'ata-
patha-Brabmapa that “warg ¥ Tfas: wi=d fray @ waw
ie Behold! these stars which go by the name the Krit-
ticas do not deflect from the east-point. As this group
of Krittikas is situated on the ecliptic, the statement that
they were rising in the east signifies that the Vernal equi-
poctial point was situated in the Kritticas’’. Arguing
about the situation of the vernal equinoctial point in $he
so-called Vedic times, the late Lokamanya Bala Ganga-
dhaam Tilak concluded that Vedio literature must ha.ve had

lts hegmnmg about eight thousand years ago.

Lo
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From the original concepts of the month and the year,
further concepts of the different kinds of month and the
year arose with the advance of asiromomical knowledge.
Woe shall deal with these different kinds of the month and
the year in their respective contexts.

In these two verses, we have the definitions of Saura-
mina, Daiva-mana, chindra-mina, Paitra-mins, Sivana-
mwina and Naksatra-mina, six of the nine manas, ie mea-
sures of time,

" Verses 21, 292, 23, 24, 25. The four yuga-padas named
Krita, Treta, Dwipara and EKali consist of 4 X 432000,
8 X 432000, 2 X 432000 and 432000 mean solar years
respectively, the sum tolal of which consisting of
(4+3842-+1) X 43200 = 43,20000 mean solar years, is
calleda yoga. Each of the yuga-padas above are inclusive
of what are called their respective Sandbyas and Sandh-
yamsas which constitube one-twellth of their own durations.

A Manu's duration consigts of 71 yugas and 14 Manuy
duration is reported to be the day-time of Brahma, whose
night is also of an equal duration.

The duration of a Manu, known as a Manvantara has
a Sandhy3-Kala on either side, ie before and after, equal
to one Krita. If these are taken into account, the day-
time of Brahma amounts to one thousand yugas and i
goes by the name a Kalpa so that a complete day of
Brabma equals two Kalgas. The life-duration of Brahma
consists of one hundred years on this scale (where one
year = 360 days). This life-duration of Brahma goes by
the name Maha- Kalpa, as reported by elders. In as much
as Time was without -a beginning and will have no end
either, I do not know how many Brahmas have gone
before.

Comm, Inthese verses we are given what is knowng
as Brahma-mane, the seventh of the nine minas. Inciden-
tally we are also given the measures yuga-pidas,
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Manvantaras and a Kalia. Since in many ancient astro-
nomical works, the revolutions of the planets and the
planetary roints like nodes, apogees or aphelia are given as
integers during the course of a yuga, the concept of a yuga
must have arieen as follows. The durations of the sidereal
revolutions of the planets and the apogee of the Moon and
its node baving been ascertained by observation, a period
was ca'culated in which are contained integiral multiples of
those durations. In other words a yuga of 4320000 mean
solar ycars is coustrued as the period in which the planets
the node and apoges of the Moon n.ake an integral number
of revolutions with respect to the stars,

We have excluded here the aphelia and the nodes of
the planets, as we shall see later tlat their sidereal revolu-
tions were not based on observation but by an assumption
that those roints aleo must be having an integral number
of revolutions during the course of a Kalpa, having started
at the beginning of the Hindu Zodiac ie the beginning
point of Aswini at the beginning of the Kalpa. On this
assumption cited, and using indeterminate analysis the
number of their sidercal revolutions were got as reported by
Bhaskarzckarya in his Commentary in the chapter Bhaga-
nadbyaya, He kas given us a clue that the numbers of
sidereal revolutions of the planets including the node and

»apogee of the Moon were originally determined by observa-
tions though he appcals to Agama that those numbers were
given by Agana, as accepted and tranemitted by Brahma-
gupticharya. Even in the Upapatthis or proofs that Bhas-
karacharya gives regarding the numbers of sidereal revolu-
tions known as Bhaganas, we perceive that he consciously
commits the logical flaw known as FELATINEE Y a8 We are
going to show in that context. The procfs he adduces are
indeed based upon Aryabhaticharya's verse 48. Golapada
namely

fafadadimizags, WrgnmaaiEsRrg:
affarmzanmg a4d s |4
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and on Brahmaguptacharya’s verse 19, ch. 20 namely ‘
& e A gAISARR ageAL Yre:
Sufahd gear FIAGATIWIAG

Aryabhaticharya and his immediate followers Lall3a-
oharya and Vateswaracharya make the yuga-padas of equal
duration. Brahmagupticharya criticises Aryabhata for
having said so against the Canons of the Smrtis as well as
'Romaka for having ignored the concept of yugas, manvan-
taras and Kalpa, as this he deems as a heresy (Vide verses
9 & 13 ch. I).

Indeed there seem to be two schools among the ancient
Hindu Astronomers one of Brahmagupta who was followed
by Sripati, Bhaskara and a number of others and the other
of Aryabhata who was followed by Lalla, Vateswara, Bhas-
kara I, and & host of others mostly hailing from Kerala.

There is an Aryabhata who has been termed Aryabhata
II and who was the author of a book named Brihad-Arya-
bhatiyam or Mah3-Siddhanta as it is also called. M. M.
Sudhakara Dwivedi mentions in his Ganaka-Tarangani,
that this Aryabhata should have existed after the author of
Modern Surya Siddhanta. Aryabhata I, Aryabhata II, many
of the Kerala astronomers used a different nomenclature to
signify numbers, denoting them by letters. Thus one of
the distinguishing features of the Kerala school of astrono-
mers (not all of them) seems to be to use letters for numbers.

One Kalpa = 14 Manvantaras = 14 X 71 yugas + 15
Sandhis in between the Manvantaras each equal to a Krita
ie 4 Kalis = 994 yugas + 60 Kalis = 994 + 6 yugas =
1000 yugas = 4320000000 mean Solar years.

Bhaskara speaks of Sandhyas and Sandhyamsas each
of them equal to % of the yugapidas.

Thus one Kali=432000 years=1200 Divyabdas (gods;
years each year being equal to 360 Solar years) == 1000 +
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100 <+ 100~ Dlvyabdaﬂ singe 5 X 1200 = 100 = measure
of the Sandbya and Sandhyamsa times. At this rate Dwa-
ara = 2000 -+ 200 + 200 Divyabdas and so on. However,
the measure of the Sandhyas with respect to a Manvauta.ra
does not follow this one-twelfth rule, because a Krita is
not {sth of the Manvantara., Thus 1000 Divyabdas = one
Kali excluding Sandhyad and Sandhyamsa, whereas 1000

yugas = one Kalpa including the Sandhyas and Sandh-
yamsas.

When a yuga was conceived as a period wherein the
planets make an integral number of revolutions, it goes
‘without saying that they make integral numbars of revolu-
tions in a Manvantara or a Kalpa, When a Kalpa was con-
ceived as the period in which the slow-moving planetary
points aphelia and nodes also make an integral number of
revolutions, one wonders how a manvanfara was conceived,
It is further peculiar why such an odd number 71 was
chosen, when it wa3 said that 71 yugas make a Maavauntara
One also wonders why the modern Suryasiddhanta says
that after the Kalpa began, creation started only after 47400
Divyabdas whereas neither Brahmagupta nor Bhiskara
speaks of this. As a matter of fact Bhiskara moantions
later the number of years that had elapsed upto the begin-
ning of the Saka era, as equal to 1972347179, but does not
«speak when the creation of planets and stars bsgan actually.

Verse 26. Half the life-period of the present Brahma
bas elapsed ; some said that only eight and half years of
his life has elapsed — Let the Agama or tradition be
whatsoever; we don’t have any need of knowing it be-
‘cause the planetary positions have to bs computed only
from the beginning of this Kalps.

Comm. Vateswara it was that mentioned that only
_eight and half years of the present Brahma had elapsed
.{Vide verse 10. Madhyadhikara.ch. I Vateswara Siddhanta)
. Vateswara prescribes that Ahargana or the collection of
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days has to be calculated from the birth-time of this
Brahma, but Bhaskara rightly points out that it is & waste
of labour, for, all the planets must bave returned to the
Zero-point of the zodiac ie the beginning of the Star Aswini
ab the beginning of this Kalpa and hence it is sufficient to
calculate only from the beginning of this Kalpa, Further
Bhiaskara states that when the very planets did not exist
during the last elapsed night of Brahma, what is the fun
of caloulating their positions.

There is also a tradition that there are nine Brahmas
and that the present one is the very first. This tradition
Bhiskara does not mention, because he exclaims that he
does not know how many Brahmas have gone by, Time
being withouf a beginning.

Verse 27. In as much as the creation started only
from the beginning of this Kalpa which is the present day-
time of Brahma, and because deluge takes place at the end
of the day-time, the question of Computing the planetary
positions arises only when the planets exist. If some (the
allusion is to Vateswara) proposs to compute the planetary
positions even when the very planets did not exist, may we
salute those greati people !

Comm. Not necessary.

Verse 28. Six Manus have elapsed in this Kalpa,
thereafter twentyseven yugas, as well as three yugapadas
namely Krita, Tretd and Dwapara. Further 8179 years of
this fourth yugapida namely Kali have elapsed by the end
of the Saka king (which moment was the beginning of the
Saka era). Hence in the present Kalpa ie the day-time
of this Brahma, 19729 47179 years had elapsed upto the
beginning of the Saka era.

Comm. The computation is as follows :

6 Manvantaras = 6 X 71 X 10 Kaliyugas since each
Manvantara Consists of 71 yugas and a yuga Consists of
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ten Kaliyugas (one yuga = Krita - Treta - Dwapara +
Kali = 4 4+ 3 + 2 4+ 1 = 10 Kaliyugas). The Sandhis
that were there in between the Manus and in the beginning
of the first Manu are seven and each Sandhi being equal to
one Krita or four Kalis, the seven Sandhis = 7 X 4 = 28
Kaliyugas.

Fuarther it is stated that 27 yugas had elapsed in the
present seventh Manvantara known as Vaivasvata which
are equal to 27 X 10 = 270 Kaliyugas. Fuarther in the
present yuga, Krita, Treta and Dwapara had elapsed equal
to 4 4+ 3 + 2 = 9 Kaliyugas.

Thereafter in the present Kaliyuga 3179 years elapsed
upto the beginning of the Saka era, Thus totalling we
have 4260 + 28 4 270 + 9 kalis 4 3179 years.

= 4567 kalis 4- 3179 years.
= 4567 X 432000 -+ 3179 years.
= 179 294 7179 year as mentioned.

Verse 29. The six Manus that went before the present
Vaivasvata were Swiyambhuva, Swarocisa, Auttama
Timasa, Raivata and Cakshusha.

Comm, Clear —Upto this point we have seen the
Brahmamaina, the seventh of the nine manas.

o Verse 30. The Saimhitikas declare that a Samvatsara
is equal to the time of a mean sidereal revolution of Guru
the Jupiter (This is the Barhaspatyamana). The ninth
mana named the Manushyamana is composite of the four
m3nas (as detailed in verse 31).

Comm. The years of the Barhaspatya mana are enu-
merated as Vijaya, Jaya etc which are sizty in number.
The same names are also adopted in the candramina ie
the Iuni-Solar reckoning (In vogue in the Andbra Pradesh
and some other provinces too) only with the difference that
prabhava is taken as the starting year in which sequence
Vijaya happens to be the twenty-seventh year. Since the
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mean sidereal revolution takes roughly 11.8 years, five
revolutions take 59 mean solar years. The sixtieth year:
thereafter of the Jovian Cycle is considered as an Adhi-
Bamvatsara thereof so that the luni-Solar reckoning as well
as the jovian reckoning get wedded together. Thus to get
the jovian year we have simply to add 27 to the luni-solar
year. The wedding of the two reckonings has its analogy
in the process of intercalation which weds the solar reckon-
ing with the Iuni-Solar only with the difference that
months of the latter reckoning are set apart as Adhika
or extra months, Just as the process of intercalation
brings in its train what is called a Kshayamasa as per the
convention that, that month would be set apart as an
Adhikamasa, which does not carry a Samkranti ie entrance
of the Sun into the next Rasi, in which process there
appears & month in which there may occur two Samkrantis
which is hence considered as & Kshayamisa, just in a
similar way that luni-Solar year in which the Jupiter
enters the next Rasi, is supposed to be normal whereas that
year in which such an entrance does not take place is
deemed an Adhika year and set apart while that year which
carries two entrances is deemed as a Kshya year. The pro-
cess of intercalation which weds together the solar and the
luni-solar reckonings will be elucidated further in its appro-
priate context, The word Samhitikas means the authors
of the works called Samhitas like the Varaha- Brihatsamhita
eta, ’

Verse 31, The manushya-mina or that which men
follow, adopts the year, the Ayana the Rtu or the season
(six in number during an year) and the yuga according to
the movement of the Sun ie according to Sauramina the
months and the thithis according to the luni-solar reckon-
ing ie according to Chindramana the Vratas, upavasas,
treatment of diseases, deliveries of ladies, the names of the
weeks all these according to the reckoning of civil days
ie.according to Savanamana and finally the ghatis

to the
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Comm. A lunation is divided into thirty tithis, whioh
go by the names pratipat etc. of which there are fifteen in
the brighter half of the lunation and fifteen in the dark

* fortnight. The pratipat tithiis that durasion of time be-
ginning from the moment of New Moon and ending when
the Moon has over taken the Sun by 12°; the second tithi
named dwitiya begins at the end of pratipat and lasts upto
the point of tims when the moon’s elongation is 24° and so
on, Thus the tithis are seen to be of unequal length in as
much as both the Sun and the Moon have unequal motion.
The mean duration of a bithi is seen to be a little less than
a civil day since a lunation has ronghly 291 civil days.
There is a convention that the tithi which is current ab a
Sun-rise will be considered to be the tithi of the whole day.
As per this convention it 8o happens that a tithi lasts just a
little after Sun-rise and the next tithi vanishes during the
same day so that the next but one will be taken for the nexf
day. This vanishing tithi is known as a Kshaya tithi which
is also called a Kshayata. Again it so happens that a tithi
may be current at two consecutive Sun-rises beginning a
little before the Sun-rise of the first day and extending a
little after the next Sun-rise. Such a tithi is called Dina-
Traya or a tithi which touches three days. In this matter
if seems as though we have gained a tithi but ultinately as
a tithi must be less than a civil day, it so happens that on

JShe average there will be a Kshayaha ronghly in 64 tithis.
‘We shall see more about this matter subsequently.

Verse 32. Thus there are nine manas Manava, Divya
(or of gods), Barhaspatya (Jovian) paitra, Nikshatra,
Saura, Chandra, Savana and Brabma. But the planetary
positions are to be computed by men by their own mana.

Comm. Not necessary.

. Here ends the Adhyays known as Kila-mana in the
Madbyadhikars. '



MADHYADHIKARA — SECTION I
BHAGANADHYAYA

Verses 1 t0 6. The number of sidereal revolutions of
the Sun during a Kalpa is 4320000C00. It is also the
pvmber of those of Mercury and Venus, and those of the
S'ighrocctas of the planets Mars, Jupiter and Saturn.

The Moon makes 57753300000 sidereal revolutions
in a Kalpa, the Mars 2296828522, the Mercury's sighroccha
17936998984, the Jupiter 334426155, the sighroccha of
Venus 7022339492 and the Saturn 146567298, The sidereal
revolutions of the apogees of the Sun and the Moon and
those of the aphelia of Mars, Mercury, Jupiter, Venus and
Saturn in a Kslpa are respectively 430, 488105858, 292,
359, &5, 653, 41.

The retrograde sidercal revolutions of the nodes of the
orbits of Moon, Mars, Mercury, Jupiter, Venus and Saturn
are respectively 232311168, 267, 521, 63, 893, 584.

Comm. Since Mercury and Venus will be oscillating
about the Sun in their apparent motion as seen from the
earth in & long period of time, the number of sidereal re-
volutions made by the Sun is also equal to that made by
Mercury and Venus, Since, as we see in the Course of the
Spasgtadbikara the Sun plays the part of what is called the
Sighroccha of the three major planets named Mars, Jupiter
and Saturn, the number of the Sun’s sidereal revolutions
is also the same as that of their sighrocchas.

The reason why the sidereal revolutions of what are
called the sighrocchas of Mercury and Venus are the same
a8 the heliocentric sidereal revolutions of Mercury gnd
Venus will be clarified in the spagtadhikira. The reason

why the sidereal revolutions of the major planets
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the same as their helicceniric ones will also be ola:uﬁed in
the same adhikira.

The reason why we have termed the Mandoochas as
apogees in the case of the Sun and the Moon a1d as aphelia
with respect to the other planets is that the Sun moves
round the earth relatively while the Myon dirsctly moves
round the earth whereas the remainning planets move
round the Sun while the Sun moves relatively round the
earth, In other words the Sun and Moon have apogees
whereas the remaining planets aphelia.

The nodes of the planets are the points of intersection
of their orbits with the ecliptic which is the apparent orbit
of the Sun. In other words the planetary orbits are
inclined to the ecliptic which m-oans that their orbital
planas do not coincide with the ecliptic plane.

In Hindu Astronomy the Sun, the Moon and also the
two nodes of the lanar orbit which go by the nam3s Rihu
and Ketu are also termed a3 grahas along with the other
five which are known as Tara-grahas or planets resembling
stars, The etymology of the word °planet’ is that it
moves amongst stars ; in this respect the nine Hindu grahas
also moving among the stars are eligible to have the same
appellation though it is not permitted in mdodern astronomy.
But the word graha bas a different connotation etymologi-
cally namely ggdtid ar Jad swAAfa ar 97 ie that which
seizes the fates of men is known as a graha, In the course
of this work we use the word graha and placet synony-
mously 80 that we deem the Sun, the Moon and the nodes
.of the lunar orbit also as planets.

“When the ancient Hindu astronomers knew by obser-
vasion that the nodes of the lunar orbit have a retrograde
-motion, and could also measure their mean motion, they
extended the analogy to the nodes of-the other planets also,
whose motion could not be measured during anybody’s life-



20’
time-Hence the estiméte of their mean motion by the
Hindu Astronomers naturally went wrong.

Noticing that the Mandocoha of the Moon has a
progressive motion which the Hindu astronomers could
measure correctly, they extended the analogy to the apogee
of the Sun and the aphelia of the other planets whose
motion also being very slow could not be measured during
the life-time of a man. So here also the estimate of their
mean motions of the Sun’s apogee and the planetary aphelia
wenl wrong.

Bhaskaracharya has given proofs as to how the sidereal
revolutions could be got but as we shall see later in the
Spastadhikara, his proof occasionally suffers from what is
called ‘galauzragia’ ie ‘ begging the question’. We shall
however construct our own proofs at that place deferring
them for the present, for, the proofs require an elucidation
which obtains in the Spastadhikara alone.

Verse 7. The number of diurnal revolutions of the
stars in a Kalpa is 15682236450000.

Comm. In fact this number is that of the diurnal
rotations of the earth which is equal to the number of
apparent diurnal rotations of the stars, if the earth ir
deemed as fixed. The only Hindu Astronomer who made
bold to say that the earth is rotating and not the stars
came under criticism by Brahmagupta and the latter Hindu
astronomers. Aryabhata said wgewmdia: alea: qggeaSe
fa@indt agq, sgeifar wit azq. ueRamfa sgaeg” e
Even as a man stationed on a moving boat perceives that
the trees etic on the banks of the canal, river or lake to be
moving in the opposite direction supposing himself statio-
nary, so also men stationed on the surface of the earth
(which is like a moving boat) perceive the actually statio-
nary stars to be moving dxrecbly from east to west 8k
Lianks ie the equator 7.
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Why none of the latter Hindu astronomers, though
many of them could intuit this simple phenomenon, boldly
came out asserting this, is rather mysterious. Even today
there is such an irrational orthodox type of scholars who
are not in touch with modern astronomy, holding the view
that the earth does not move.

In Hindu Astronomy it was postulated that there is
what is called the pravaha wind, which effects moving of
the entire stellar universe along with the planets from
east to West. It is a very simple matter to visualize
earths’ rotation, instead of supposing that the entire stellar
Universe is being driven round the earth. The absurdity
in this latter supposition might not have been clear to the
orthodox type of the Hindu Astronomers, for, they could
not measure the dimensions of the giant stars and super-
giants, which are everyone of them mighty Suns. Though,
however, the dimensions of the Sun were known to them
to be far greater than those of the earth, it did not oceur to
them why a mighty Sun should go round a pigmy earth.
Or even if it occured to astronomers like Bhaskara, they
dared not to go against the puranic tradition.

Since the stars do not move among themselves while
partaking this diurnal motion, the entire starry skies are
eobliged to go round the earth as a rigid structure, if we
suppose that the earth is not rotating abous, herself. This
kind of supposition is just like a revolving person, revol-
ving about himself and claiming that the entire Universe is
revolving round him and not he about himself.

Bhaskara gives the proof of getting this number of
diurnal rotations of the stars during an year in the verses
5-7 of Madhyagati Vasana, @it agag®at eto. as follows.
Suppose a star and the Sun rise together today. Tomorrow

.the star will have arisen earlier than the Sun who will

‘have moved towards the east of the star by his own
(apparent) daily motion. So tomorrow's sun-rise will get
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belated by the duration of time that the arc of the ecliptio
covered by the Sun’s today's motion takes to rise. This
duration of time is variable on two counts; first by the
variable motion of the Sun and second by the obliguity of
the ecliptic on account of which even equal aros of the
ecliptic will not rise in equal times. In other words the
duration of time between two consecutive Sun-rises will
not be the same. This duration of a particular day can
roughly be calculated by the rule of three as follows., Let
the Sun be in a particular Rasi, the rising time T of which
could be computed; let the Sun cover an arc of x° in that
Rasi on that day. Then the time taken by that are to rise

is %'(];, where a Rasi consists of 30°. This time computed
in Sidereal measure added to 60 Sideral ghatis is equal to
the length of the day. During the course of an year ie the
time taken hy the Sun to move round the ecliptic starting
from the Zero-point of the zodiac and again returning to
the same point, the Sun will have made one revolution less
than the stars. Thus if ‘ R’ the number of diurnal revolu-
tions of the Sun (where R will be not an integer) during an
year or what i3 the same the number of Sivani or civil
days during an year, they are equal to R + 1 sideral days.
Hence the number of sideral days in a kalpa will be equal
‘to the number of civil days in a kalpa together with the
‘number 4320000.000 which is the number of revolations
‘made by the Sun relative to the stars,

=+ In this context we are to know the number of oivil
days in a kalpa. The proof given by Bhaskara in Ganita-
dhyaya under verses 1-6 in Bhaganopapatthi is as follows.
Draw a circle on a horizontal plane and place a vertical
-pole called gnomon at the centre of the circle, Observe the
point of intersection of the gnomon’s shadow with the
circumference of the circle at Sun-rise on a day in the
{Uttarayana ie during the course of the Sun’s north-word
journey, just at the time when his rising point is very near

east : point and also fo the south thereof, Then from
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that day go on counting the number of days, which will
be 365 when the Sun again riges very nearly at the samse
point and just to the south of the east point. It will be
found that the Sun will rise the next day just a little to
the north of the east point, which means that the San has
taken 365 days and a fractional part of a day to complete
his revolution round the stars, Having noted the two
points of intersection of the gnomonic shadow with the
circle, on those two consecutive days when the Sun
happens to rise just a little to the south and then on the
next day just a little north of the east point, and having
measured the arcs in minutes besween those points of
intersection and the western point of the horizontal circle
{western because the gnomonic shadow of the rising Sun
is cast towards west) then the following rule of three is
to be applied. If during 60 ghatis of the day, the sum of
the arcs in minutes is covered, what will be the time
taken by the shadow to traverse the arc bstween the west
point and the northern point of intersection, This added
to 865, gives the number of civil days in an year. Here
it will bs noted that this year is tropical because rising in
the east signifies the Sun’s position at an equinox.

Verse 8. The number of solar days in a kalps is
equal to 1555200000000 and of the lunar days or tithis is
4602999000000.

Comm. The solar days here cited are counted at the
rate of 380 per year; and the lunar days at the rate of 30
per lunation. Tithiis defined as mentioned by us under
verse 31 of the previous section. Since there are thirty
tithis in & lunation, their enumeration is quite alright;
but there seems to be a little oddity in saying that there
are 860 solar days in an year. This kind of a solar day
is a little longer than a civll day and does not correspond
to any particular motion of the Sun, say for example the
‘time taken by the Sun to move a degree along the ecliptio,

‘definition of sglar days. pertains only to’' a stipulation
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tion is given for a single solar day. This definition of:
golar days, though apparently artificial, has some signi-
ficance, namely that the difference of the solar and lunar
days defined above constitutes 15933000000 Adhikamdsas
in & kalfa at the rate of 30 tithis per month. In other
words the difference between the solar and lunar days, is
the number of tithis that the luni-solar reckoning gains
over the solar. This topic will be dealt with later.

Verse 9. The number of civil days in a kalpa is
equal to 1577916450000 ; the number of the diurnal revolu-
tions of the stars minus the number of sidereal revolutions
of any particular planet constitute the days of that parti-
cular planet with respect to the earth.

Comm.. The civil days in a kalpa are evidently the
number of Sun-rises. These are as mentioned before the
difference of the number of diurnal revolutions of the stars
and the number of the sidereal revolutions of the Sun,
By analogy, the number of the days of a particular planet
with respect to the earth or what is the same the number
of risings of that planet in a kalpa as seen from the earth,
is the difference of the number of the diurnal revolutions
of the stars and the number of the sidereal revolutions of
that planet in a kalpa., Thus we have Saura-Ku-dinani,
Chandra-Ku-dinani, Bhauma-Kua-dinani ete, where the
word ‘ Ku’ means the earth., The Saura-Ku-dinini are
the civil days defined before. It will be noted that the
Chandra- Ku-dinani are not the lunar days.

Verse 10. The number of Adhikam3sis or intercalary
months in a kalpa is equal to 15693300000 and the number
of Dina-Kshayas is 256062550000.

Comm. A luni-solar year as per Candramina ie the
luni-solar reckoning consists of twelve lunations; as such
its length falls short of that of the solar year by 11 days
3 ghatis, 52 Vighatis and 30 Sukshmaghatis.  If both the
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solar and luni-solar years begin simultaneously this year,
by the end of the luni-solar year, it will have gained over
the solar year the above-mentioned days. This difference
which goes by the namie Adhimasa-Sesha or Saddhi
acorues to the length of a lunation in about 32% solar
months. Unless this aceruing difference is set apart by some
device, and the beginnings of the two years again brought
together, the luni~Solar year looses its significance of an
year, for, it does not aceord with seasons. It being a con-
vention that an year should begin with the spring, if the
luni~Solar year also is o begin with the spring, it is to be
wedded to the solar year by some device. The device
adopted in this behalf was to leave out a month in the luni-
Solar reckoning as soon as it could be seen that a month
has been gained by this reckoning over the solar. This
knowledge is had from the following fact., The zodiac is
divided into twelve equal portions called Rasi’s beginning
from the first point of the Hindu Zodiaec, ie. from the first
point of the asterism division called Aswini. The Sun
traverses each of these Rasis in one Solar month, and on
account of the unequal motion of ‘the Sun, these solar
months are of unequal length. The entrance of the Sun
from one Rasi into another is called a Samkranti, and the
moments of Samkrantis are held to be holy for religious pur-
poses. The solar month being a little longer than a luna-
tion, normally a Samkranti ocours in a lunation. Bub it
80 happens that in a particular lunar month this Samkranti
might not occur. The Suddhi which is the time between
the moment of New Moon and the subsequent Sawmkranti
and which is therefore the time gained by the luni-Solar
reckoning over the Solar, having accrued to a lunation, it
is an indication that the luni-Solar reckoning has gained a
lunation over the Solar. That lunation not carrying a
Samkranti is termed an Adhikamasa and is left out. That
it is left out is connoted by the word Adhika which means
extra, as well as by the convention that no auspicious
celebrations like & marriage etc. should not take
4
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during that month, The next lunar month is termed as
the Nija~misa or the month which is the true. In this
convention however, there may occur two Samkrantis in
one particular lunar month. For this to happen two ori-
teria are to be satisfied namely that, that particular lunar
month must be greater than the concurrent solar month
and secondly one of the two Samkrantis must ocour imme-
diately after a New-moon g0 as to permit the second Samk-
ranti to occur just before the lapse of the lunar month.
The Sun coming to his perigee roughly about the lunar
month Mirgasira, and as such having the quickest motion
at that point, he covers the length of the Rasi of 30° within
the shortest span of time making that Solar month shorter
than the corresponding lunar month, Since the months
Kartica and pausha, one before and the other after Marga-
sira, also being thus longer than the corresponding solar
months, two Sankrantis could occur, if at all, in these three
lunar months. If they occur, that lunar month is termed
a Kshayamasa., Since two lunar months are tio correspond
to two Samkrantis, convention has it that two lunar months
lapse .simultaneously’ during that lunation, the previous
lunation running during the forenoon and the subsequent
lunation during the afternoon. Thus a Kshaya misa is also
called a yugalibhta masa or a twin masa, which therefore
makes one lunation virtually vanish. On aceount of this
vanishing’, it is called a Kshayam3sa. After what an inter-
val-of time this Kshaya masa occurs how a month precedes
it having no Samkranti and how again a lunation follows
it without a Samkranti will be seen in a subsequent
context. This convention pertaining to the institution
of an Adhikamasa goes by the name ‘ Inter-calation’,

It was mentioned before that on an average an
Adhikam3es occurs onee in 324 solar months roughly-Also,
Adhikam3sas are the excess of lunations over the solar
months in a given period. There being 51840000000 solar
months in a Kalpa and 53433300000 lunations the number
of Adhikamasas is therefore 1693300000 as mentioned,
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Kshayahas were explained before and their number in
a Kalpa is the difference of the civil days and the tithis.

Verses 11, 12. The numbr of solar months in a Kalpa
is  51840000000; the number of lunar months is
53433300000. The number of solar months heing subtracted
from the number of lunations, we have the number of
Adhikamasas—The number of solar days together with the
days of Adhika months are equal to the lunar days or the
tithis; or again the lunar days minus the Kshayahas are
equal to the number of civil days or the reverse will be
had by a reverse process,

Comm. Already explained.

Verse 13. The excess of the sidereal revolutions of the
moon over the number of the Sun’s sidereal revolutions is
equal to the number of chindramisas or lunations.

Or again the excess of the sum of the sidereal revolu-
tions of the moon and the tithis over the sum of the luna-
tions and the diurnal revolutions of the stars is equal to tha
number of Kshayahas.

Comm. The first partis clear, Regarding the second,
let the number of lunations be x and the number of the
gidereal revolutions of the moon be y. Then y—x=z, the
number of the sidereal revolutions of the Sun because
y — z = x from the first part above. If now, the number
of the diurnal revolutions of the stars be t, then t —z =t —
(y —x) =t + x—y =civil days. Subtracting these oivil
days from ‘U’ the number of Tithis, we have the number
of Kshaysbas namely U —(t+x—y)=(U-+y)—
(¢ + x) which accords with the statement,.

Verse 14. The number of Adhikam3sas is equal to the
exoess of the number of sidereal revolutions of the Moon
over thirteen times the number of sidereal revolutions of
the Sun.
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Comm. Lt x and y be the numbers of sidereal revolu-
tions of the Moon and the Sun respectively. The x—y is
evidently the number of lunafions as mentioned before.
Also 12y is the number of solar months which if subtracted
from the number of lunations will give the number of
Adhimzsagie x —y—12y =x— 13 y = Adhikam3asas as
mentioned.

This completes the Bhaganadhyaya of Madhyadhi-
kara.



GRAHANAYANADHYAYA ZEi«g«isdid:

Verse 1. To Compute the Ahargana the collection of
days from the beginning of Kalpa ie from the beginning
of creation. Multiply the number of sidereal solar years
from the beginning of Kalpa by 12; add the nnmber of
elapsed lunar months ; multiply by thirty ; add the number

of elapsed tithis. Let this uumber be x. Then l:x X A}

the integral number obtained by dividing the product of x
and A the number of Adhikamasas in a Kalpa by s the
number of folar days thereof gives the number of elapsed
Adhikamasas, Multiply this number of Adhikamasas by
30 and add to x. The result gives the number of elapsed
tithis, Let this be y. Then {y————é K] the integral num-
ber obtained by dividing the product of y and K the num-
ber of Kshayzhas in a Kalpa by T the number of Tithis in
a Kalpa, gives the number of Kshayahas. Subtracting this
number from y, we have the Ahargana ie the number of the
elapsed civil days from the beginning of Kalpa. This
Ahargana has its beginning on Sunday and is itself consti-
tuted of mean solar days. While computing the Adhika-
nasas or Kshayahas, the integral numbers of the quosients
alone should be taken rejecting the remainders.

Comm. The elapsed number of solar years is directed
to be multiplied by 12 in the beginning, This number
does not constitute purely solar years. Solarity was
secured upto the point of the last intercalation of an Adhi-
kamasa and thereafter one or two luni-solar years would
have been added. But Construing these one or two luni-
solar years as mean solar years does not make a difference
while computing the Adhikamasas, for the following reason.
Adhikamasas normally occur once in three years, Even
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'supposing that the number of the elapsed years contain
three luni-solar years after the year carrying the last inter-
calary month, the error in construing them to be solar will
be roughly minus one solar month. In other words the
difference between three mean solar years and three luni-
solar years will be roughly one solar month. Since one
Adhikamasa occurs roushly in 32% solar months, so the
number of Adhikamasas obtained by construing three luni-
solar years as mean Solar years will bein default by roughly

1 . 2 .
r ey As we are counting only the integral number

321 °
of Adhikamasas obtained as a quotient rejecting the
remainder, the above default of~§-3 should not mnormally

effect the quotient. Most rarely, however, it might effect
the quotient by one, for which provision is made by Bhas-
kara in verse 3 under Adhimasadinirnaya section, Madhya-
madhikara namely ¥TSisfEArE: qiadrgssa: ete. which
means that if the quotient is in default by one, where if
is definitely known that one more Adhikamasa did ooccur,
we are directed to add one aud if we certainly know that
the quotient contains one more Adhikam3sa, when the
Adhikamasa is shortly to occur and has not ocerued we
are directed to substract ome from the quotient. This
principle of GFAMETA is to be observed even in the
context of Kshayahas ie we are directed to add one or
subtract one from the number of civil days by adjusting
the Ahargana to the week-day on which the Ahargana is
sought to be found.

Thus construing the elapsed number of years o be
golar, multiplying them by twelve we have the elapsed
solar months. Adding to this the number of the elapsed
Iuni-Solar months construing these to be solar, which fact
also does nof affect normally the number of Adhikamasas to
be obtained (for the same reason above) and multiplying by
30 and adding the clapsed tithis we have the elapsed num-
ber of solar days (This number may not be exactly the
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elapsed number of solar days, for, we have construed the
one, two or three luni-Solar years as mean solar as well as
the elapsed lunations of the present year as solar months ;
' but this difference does not affect the computation of Adhika-
masas as mentioned above). Then, as we are given that
15933,00000 Adhikamasas occur in 1555200000000 solar
days of the Kalpa, if x be the number of solar days found

give the number of the

Adhikamasas. Adding these Adhikamasas multiplied by 30,
to x the solar days obtained above, we have the Tithis elap-
ged upto the day in question. If now, we subtract the
Kshayahas from these Tithis, we shall have the number of
Savanzhas or the Ahargana required. Since in 1602599000000
Tithis of the Kalpa there will be 25082550000 Kshayahas, if
y be the Tithis above obtained, y1§033823838g80 will be
the Kshayahas from the beginning of the Kalpa upto the
day in question ; subtracting these from y, we have the
required Ahargana.

Verse 4. Computation of the planetary positions.

The Ahargana maultiplied by the number of sidereal
revolutions of a planet and divided by the number of ¢ivil
days in a Kalpa gives the planet ie its number of revolu-
tions upto the day concerned both integral and fractional.

Comm. Applying ‘Rule of three’, if in C the
number of civil days in the Kalpa, the planet makes P
sidereal revolutions how many revolutions would have been
made in A the Ahargana ? The answer is AXP >éP. In this,
the integral quotient gives the number of complete revolu-
tions made; the remainder, multiplied by 12 and divided by
O again, gives the number of Rasis covered by the planet
from the Zero-point of the Zodiac, and again the remainder

by 80 and divided by C gives the number of deg-
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rees covered in the next Rasi; proceeding thus, the planetary
position could be had next in minutes and then in seconds
of arc also. This position is the mean position of the .
planet, at the time when the mean Sun is very nearly at
the Bastern horizon at Lanka. Why it is said ‘‘very
nearly at the horizon ™’ will be clear in the context of uda-
yantara Samskara to be dealt with later in Spagtadhikara.
To obtain the planetary position at the moment when the
mean Sun is exactly on the horizon, we have to apply what
ig called the Udayantara correction and agsain to obtain the
position at the moment of True Sun-rise we have to apply
what is called the Bhujantara correction, both of which will
be dealt with in Spagtadhikara. Having thus got the
mean planetary position at True Sun-rise, we have to apply
one or two as the case may be, corrections to obtain the
True planetary position, besides effecting swo more correc-
tions known as Desantara and chara to obtain the True
planetary position at the time of True Sun-rise not at
Lanka but at the place concerned.

Verse 5. To obtain the position of the mean Moon,
when the mean Sun is known from what is called Avama-—
Sega,

The Avama Sesa divided by 131490000000 in degrees
is to be added o twelve times the elapsed tithis and the
result added to the Sun’s position gives the position of the
Moon. Conversely the position of the Sun can be had from
the position of the Moon.

Comm. The moon’s longitude minus the SBun’s longi-
tude known as elongation is called Vyarkéndu, which
divided by twelve gives the number of elapsed tithis; a
lunation which is the time in which the Moon overtakes
the Sun by 360°, contains thirty tithis and a tithi is defined
as the time, in which the Moon overtakes the Sun by 12°,
beginning from the moment of conjunction ie Amavasya.
Hence if the Sun’s longitude be x°, aud y be the number of
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elapsed tithis, integral or fractional (x + 12y)° will be the
longitude of the Moon. If, however, we consider y only as
the integral number of the elapsed tithis, we will have
obtained the Moon’s position from the formula (x + 12y)°
at the ending moment of the tithi on the previous day.
The time in between this ending moment of the tithi and
the Sun-rise of the day concerned is known as Avama-
Seshs, since the Avama-days or Kshayahas are the differ-
ence of days between the number of tithis in a given
period and the number of civil days during the same
period. In other words, the excess of a civil day over
9 bithi which falls shovt of it, is the part of a civil day
that contributes towards the number of Kshayahis in a
given period. Thus we have to compute the increase in
the Moon’s longitude during the aforesaid Avama-Sesha
t0 obtain his longitude a$ the Sun-rise of the day concern-

ed. But this Avama-Sesha is of the form F {LE;—K}

where ‘t’ is the number of elapsed tithis upto the Sun-rise
of the day concerned K the number of Kshayahasina Kalpa,

T is the number of tithis in a Kalpa and F {h ?;K}

signifies the fractional part called Avama-Sesha, the integral
quotient having given the number of elapsed Kshayahas.

Hence writing F {ﬁ X K} as %WhereR is the remainder
obtained by dividing (t X X) by T, the Avama-Sesha is of

the form % This Avama-Sesha being mean solar, it has

to be rendered luni-Solar, which process is known as
sqrgltwxory.  The rule of three used in this behalf is
“If for C civil days we have T tithis of the Kalpa, what

R’ R T R
shall we have for -——? The answer is T C =3 This

then is the balance fracbmnal part of a tithi that is there in

between the end of the elapsed bithi and the Sun-rise of the

day concerned. This part of a tithi is to be multiplied by
]
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12 to give in degrees the increase of Moon’s longitude from
the ending moment of the tithi on the previous day. Thus

this increase ig g X 12; but C = 1577916450000

R
c 127 1_5779_1162450000 ~ 131490000000
approximately.

Thus this increase is to be alded to (x + 12 y)° where
x°is the longitude of the Sun and y the integral part of
the elapsed tithis so that the Moon’s longitude is

127)°  131490000000°

Verses 6, 7. Computation of the positions of the Sun
and the Moon from the Adhimasa-Sesha and Avama-Sesha.
The Avama-Sesha divided by 27110000000 is termed an
additive constant in minutes of arc to the Sun’s position ;
the same Avama-Sesha multiplied by 13 and divided by 35
is termed such an additive constant to the position of the
Moon; Construe that the Sun’s position is given by as
many degrees as there are elapsed tithis after the beginning
of Chaitra and that the Moon’s position is given by Thir-
teen times the same. Let these positions of the Sun and
the Moon be diminished by a number of degrees equal to .
what is obtained by dividing the Adhimasa-Sesha by the
number of lunations in a Kalpa. Then add the respective
additive constants to the positions of the Sun and the Moon
so obtained, The results will be the positions of the Mean
Sun and the Mean Moon,

Comm. Here the data are the Adhimzsa-Sesha and
the Avama-Sesha and nothing else and the problem set is
to find the Mean positions of the Sun and Moon. The

r

3
§< 0 where R’ is the

remainder obtained while finding the elapsed Adhim3sas

Adhimzsa-Sesha is of the form
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by dividing the product of the number of lunations in
a Kalpa and (12x +y) 30 +t where x is the number
of elapsed years, y the number of elapsed lunations
the number of elapsed tithis in the current lunar monfth
at the time when the Ahargana is being computed and
S the number of Solar days in a Kalpa, The form
of the Avama-Sesha was formerly stated as -ETE The
procedure given is ag follows. In the first place, we are
asked o assume that the pumber of elapsed solar days is
equal t0 the number of elapsed tithiz from the beginning of
Chaitra ie the beginning of the luni-Solar year, since we do
not know- when the Solar year began ; so, at the rate of 1°
per a Solar day (A Solar day is not a mean solar day,
Vide definition given before under verse 8. Bhaganidh-
yaya) the Sun’s position is given by as many degrees as
there are elapsed tithis; and the Moon’s position must be
13 times the same since each tithi means an increase of
12° in the elougation and if x° be the Sun’s position, the
Moon’s position must be 12 x° ahead of the Sun ie 13 x°.
Having got thus approximate positions of the Sun and the
Moon, we have to make amends for the roughness of the
assumption made. In assuming that the longitude of the
Sun is equal to the number of elapsed tithis, we have over-
estimated the longitude since it has to begin frem the
beginning of the solar year. The time in between the
beginnings of the luni-Solar year aund the solar year is
known as the AdhimZsa-Sesha at the time of the beginning
of the solar year, measured in tithis; also, we have com-
mitted an error in assuming the Sun’s rate to be 1° per tithi.,
This also is due to Adhimasa-Sesha subsequent fo the
beginning of the Solar year upto the day concerned- Thus
the entire error committed by assuming the Sun’s longitude
to be as many degrees as there are elapsed tithis from the
beginning of the luni-Solar year. is no other than the Adhi-
_1m3sa-Sesha at the day concerned, But this Adhim3zsa-

7

R’ X 30 .
Sesha is of the form g as mentioned and is in tithis,
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This has to be converted into solar days to give us the
number of degrees of the error. The conversion is effected
by the rule of three as “If T tithis of a Kalpa constitute S
golar days of the Kalpa, what number of solar days corres-

ponds to —I-{—)é(ﬁ)?” The answer is E_Zsf_ﬁg X % =

R X3 R  F
T ~ T/80 L

R .
lunations in a Kalpa. This T being the number of solar

where L is the number of

days corresponding to the Adhimasa-Sesha upto the day
concerned, the corresponding longifude of the Sun namely

0

T must be subtracted from the Sun’s longitude. Now the

#0o

question arises whether we have to multiply this RL by 13

to be subtracted from the longitude of the Moon; not

r0

necessary, enough to subtract T~ only, for, the Adhimasa-

gsesha extends from the preceeding Amivisya only when
the Moon’s longitude was equal to the Sun’s longitude,
We have thus got the mean positions of the Sun and the
Moon at the ending moment of the tithi on the previous
day. To get their mean positions at the Sun-rise of the
concerned day, we have to make amends for the time in
between, which is no other than Avama-Sesha as a fraction
of a mean solar day. Here Bhaskara makes an ingenious
approximation. The maximum Avama-Sesha could be g
tithi only and the Sun moves roughly by his daily mean
motion during a tithi. So, the rule of three adopted is
“If for one tithi, the Sun’s daily motion is o be reckoned
what for the Avama-Sesha ? The answer is Ava:ma.-sesha,,
multiplied by the Sun’s daily motion. The Avama-Sesha

. R R , R 8’
being of the form T Xm = F X 59 60
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R’ R’
PR P e — RI )
T = 1602999000000x15 = - very
approximately.

This must be added to the position of the Sun to get
his position at the Sun-rise concerned. In the case of the
Moon the above additive constant of the Sun, is to be
multiplied by 138 because the Moon’s daily motion is so
many times that of the Sun. Hence the additive constant
in the case of the Moon is x X 1332 = 13x (1 + %)
where x is the additive constant in the case of the Sun.
This agrees with what Bhaskara has stated.

Verses 8,9. Another way of computing the planetary
positions.

The mean position of the Sun in Rasis minus
AXG .
131493037500 Rasis where A stands for the Abargana, G
stands for the Savana days of the planet concerned in a
Kalpa gives the position of the planet in Rasis. ILet
pandits find out other similar methods.

Comm. The Sivana daysof a planet is the excess of
the diurnal rotations of the stars over the sidereal-revolu-
» tions of the planet ie D — P = G where G stands for the

Savana days of the planet, Hence P =D — G .. 4 ﬁ P

where A is the Ahargana, and M the number of mean solar
. . AD AG AXP

days in a Kalpa = =5 — - But 2 = I+F

where I is the integral number of the revolations of the
planet and F the fractional part of a revolution which is
the planetary position required. Thus from the equation

A XP A XD AXG -
S =" - ™ = I 4+ F. Omitting the

D . p .
integral part in A;; and signifying the remainder as f*,
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AXG
we havef — ﬂ-*“%- =1'+F where I' is some integer other

‘A
than I. But ﬁD which gives us the number of

diurnal rotations of the sbars upto the day concerned is
equal to the Ahargana plus the number of revolutions of
the Sun upto the day oconcerned, because Ahargana -+
Revolutions of the Sun = diurnal rotations of the stars
upto the day concerned. Omitting the integral Ahargana
and the integral number of revolutions of the Sun we have

AXD, . :
that the fracbional part ol %} le ' is no other than

the Sun’s position. Hence.

AXP , AXG
CAXG tions — — 2R
1577916450000 "°VOITHORS = 1507016450000 TAsls =

R

131493037500 Rasis. Thus the planetary position ig
AXG

equal to the Sun’s position minus 151493037500 where the
integral parts on either side could be ignored.

Here there is a peculiarity in this method. The planet
AXP
M
where A is the Ahargapa, P the number of sidereal revolu—
tions of the planet and M the number of mean Solar days
in a Kalpa. Though the given method is more ocunbrous
than finding through the above formula, Bhaskara delibe-
rately gives it to show the equivalence of various proce-
dures at the same time giving us a beautifyl technique as
mentioned in his commentary. Thus in the above equation

AXP AXD AXxG
T - M - T the first term on the right

hand side could be termed the Bha-bhrama-graha and the

could right away be obtained from the formula

AXG
second ferm 3 the graha-Savana-Dina-graha. We
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have seen above that the first term ig no other than the
Mean Sun ignoring the integral nuwmber,

Verses 10, 11. Proof of other methods of computing
planstary position. Even as the sums or differences of
two or more of the numbers of Adhimasas, Kshayahas,
lunations efic give the number of sidereal revolutions of the
planets the sums or differences of two or more of the posi-
tions of the imaginary planets which go by the names
Adhim3sa-graha, Kshayahagraha etc computed out of the
numbers of those Adhimasas Kshayahas efc. give the
respective planetary positions.

Comm. This interesting concept is based upon the
following principle. Suppose P to be the number of side-
AXP

M
position, where A is the Ahargapa, and M the number of
mean solar days in a Kalpa. Now suppose P=x =y = g
where X, y, z are the numbers of Adhimds3s etc in a Kalpa,
then

real revolutions of a planet; then gives the planetary

AXP_AXx  AXy _AXz
M M M M

The terms on the right-hand-side may be construed to
be the Adhim3sa—graha etc, which are the posnnons of
imaginary planets and their sums or differences give there-
fore the position of the planet, as could be seen from the
above equation. Thus for example, we have the equation
P, — 18P, =a where P, is the number of the sidereal
revolutions of the Moon and P, the number of the sidereal
revolutions of the Sun, a stands for the Adhimasas because
Chandramasas — Sauramasas = Adhimisas; but Chandra-
misas = P, — P, and Sauramidsas = 12 P, so that
P, — P, — 12P, = a ie P, — 18P, = a. From this equation

. AXP, _ aﬂ><z!'Jr 13P, X A
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The first term on the right hand side is termed as the
Adhim3zsa-graha, and the second term is evidently 13 times
the position of the Sun whereas the term on the left-hand-
side is the Moon’s position. Hence, ignoring the integral
number of revolutions, we have Moon’s position = Adhi-
masa — graha -+ 13 times Sun’s position (Ignoring the
number of integral revolutions means subtracting integral
revolutions or adding them if necessary).

Verses 12, 13. A few more examples on the afore-
said principle. The planetary position obtained by the
sum of the sidereal revolutions of two planets, added to or
Subtracted from another planetary position obtained by
the difference of the sidereal revolutions of two planets and
divided by two gives the positions of the two planets res-
pectively, the quicker of the two in the first case and the
slower in the second. Similarly the planetary position com-
puted from the difference of the sidereal revolutions of two
planets subtracted from the planetary position of the quicker
of the two gives the position of the slower whereas the
former planetary position added to the position of the
slower gives the quicker.

(P, + Py) —QF (Pr = Ps) _p (1) and

Comm. We have

(B P P“)%w@f:—g“’—) = P, (2) where P, is the number

-

of sidereal revolutions of a quick-moving planet and P,
that of a slow-moving one, Mulsiplying the above equa-

tions by A Gith the former notation,

M
é(P-i-P)—l—‘f}’(P P
MLy T T 2M 1 -9.)=._____P1]SZ<A(3) and’
S(P.+P)—NM (P—P) _ A
1 2 1 —_
3 =g X h@

Equations (3) and @) mean what has been stated in verse
(12). Again we have the equations P, — (P, — P,) = P,
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and P, + (P, — P,) = P, where P, and P, are the numbers
of sidereal revolutions of a quick and slow moving planets.
respectively. TFollowing the same prineiple as above we
could obtain their positions by multiplying the equations

A .
through out by M and calling planets on the left-hand-

gide as (1) Dwiparyayantarodbhava-graha subtracted from
the quick-moving one and (2) the slow-moving planet
increased by the Dwiparyayantara-graha respectively.

Verse 14. The difference of the Sighra and Slighra-
Kendra as well as the Sum of the Mandoccha and the Manda
Kendra give the planet to be computed. Or again a com-
puted planet multiplied by the number of sidereal revolu-
tions of a planet to be computed and divided by the number
of sidereal revolutions of the computed gives the planet to
be computed.

Comm. U, —P =K, and P — U; = K, where U,
P, T,, K, and K; are respectively the number of Sidereal
revolutions of the Sighroccha, planet, the Mandoccha, the
Slighra-Kendra and the Manda Kendra ; hence, we have

P =T, — K, =T, + K, from these equations also
S A
by multiplying througout by ¥ We have the planetary

vosition as the difference of the S'ighroccha-graha and
S'ighra Kendra-graha or the sum of the Mandoccha-grahs
and Manda-Kendra-graha.

Again, if P;, P, be the numbers of sidereal revolutions.
of a computed planet and one to be computed respectively
and 1if p, py be the computed planst and the one to be
computed, then

A A P
PoX g =mbh X g =p.sothatp-.‘=f7:
P, X p,

Pa
6

= P, which means that the position of the
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planet to be computed is got by mulbiplying the planetary
position of a planet computed by the number of sidereal
revolutions of the planet to be computed and dividing by
the number of sidereal revolutions of the planet computed.

Verse 15. We get the Ahargapa by multiplying the
planstary position given in number of revolutions and
fraction of a revolution by the number of days in a Kalpa
and dividing by the number of sidereal revolutions in a
Kalpa. How by indeterminate analysis we get the same
Ahargans, given the number of past sidereal revolutions
alone, or by the fractional part of a revolution alone, or
by the sum of the fractional parts in the case of more items
involved, I shall tell later.

Comm. While computing the planet we have the

formula 4 g E = p where A = Ahargana, P = the num-

ber of sidereal revolutions of the planet, M = number of
mean solar days in a Kalpa and p = the planetary position
consisting of the number of past revolutions and also the
fraction of a revolution. From the above equation, the

M X
Ahargana A = P P ag stated. In tne case of only

the integral number of revolutions or the fraction of a
revolution alone being given, or the sum of remainders if
more items than one are involved, the method of fiinding
the Ahargana is illustrated in goJadhyaya under pragna-
adhyaya under verses 12—321,

Verses 16, 17. Method of getting the time in solar
years that has elapsed from the beginning of the Kalpa,
given the Ahargana.

The given Ahargana multiplied by the number of
Kshaya-tithis in a Kalpa and divided by the number of
oivil days in a Kalpa gives the number of the elapsed Kshaya
tithis. Adding these to the Ahargana we have the lunar
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days L. These again multiplied by the number of Adhika~-
masas in a Kalpa and divided by the tithis in a Kalpa gives
the elapsed number of Adhikamisas. Multiplying this
number by thirty and subtracting from the above lunar
days L, we have the elapsed solar days. Dividing these by
thirty, we have the number of elapsed solar months, the
remainder being solar days. Dividing the solar months by
12, we have the elapsed solar years and the remainder here
are the solar months, Thus we have the solar years, solar
months and solar days corresponding to the given
Ahargana.

Comm. The inverse process detailed here is quite
clear.

Verse 18. Computation of the Ahargapa and the
planctary positions from the beginning of the Kaliyuga.

Find the Ahargana from the beginning of the Kaliyuga
either (according to the method described formerly with
respect to a Kalpa) and this Abargana begins from Friday,
Computing the mean planetary positions from this Ahar-
gana and adding to their mean positions at the beginning
of the Kali which are known as Dhruvakas, we have their
planetary positions for the day concerned.

*  Verses 19,20. The Dhruvakas of the planetary posi-
tions at the beginning of Kali, given in a tabular form.

' > o3
5 g o 3l .8 |<T8
= 2| 2| 5| & |a<|A<| 258
iI1R| 11R| 11R| 11R| 11R| 2R| 4R} 5R | Rasis

290 | 27° | 29° | 28° | 28° | 17° 50 3° | Degrees
3 24" 27 42’ 46 45 | 29 12! minutes
507 | 29”7 36" 147 | 34 | 36" | 46" 58" | Seconds
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Comm. The mean Sun and the mean Moon are taken
to be in conjunction at the zero-point of the Zodiac, The
planetary positions given above are accepted by Bhaskara
on the authority of Brahmagupta. The fact that these
positions differ from those given by Aryabhata signifies
that Brahmagupta observed the True positions in his own
time and to obtain those positions by calculation, he must
have changed the fundamental constants such as the
number of civil days, and sidereal revolutions of planets
‘etc in a Kalpa. Here ends the seotion known as grahi-
nayana.



MADHYADHIKARA - KAKSHADHYAYA

Verses 1, 2. The circumference of Akasa~—Kaksha.

Astronomers say that the circumference of Akdga-
Kaksha is 18712069200000000 yojanas. Some say it is the
circumference of the universe whereas some say that if is
the circumference of the mountain which goes by the name
Lokialoka. Those who perceive the celestial sphere as a
fruit of the emblic myrobalan, (Known as Amalaka in Sans-
krit) placed in the palm, say that it is the circumference of
the sphere of solar radiation ie the imaginary sphere whose
volume is filled by solar light.

Comm. Bhaskars, in the course of the Commentary
makes it clear that he does not subscribe to this idea which
is only mythological. Look at his words which are signifi-
cant and testify to his rational outlook ‘‘ATs®r& AafAd:,
gt gt ' ie ““ This is not our view; because it is
baseless *’. A yojana will be seen to be equal to 5 miles
approximately.

Verse 3. He gives his personal view as follows,

The universe may be bounded or unbounded ; our view
*ig that this dimension of the circumference is no other
than the distance covered by each planet in the Kalpa.

Comm. This was an assumption made by the ancient
Hindu Astronomers, as well as another assumption that the
distance covered by every planet during a day is the same.
This we shall see later,

Verse 4. The circumference of the universe given
above divided by the number of the sidereal revolutions in
a Kalpa of any planet gives the circumference of the plane-
tary orbit, so that in a Kalpa, the total distance covered is
the ocircumference of the universe.
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Comm. Clear,

Verse 5. The circumferences of the orbits of the Sun,
Moon and the Stars. ’

The circumference of the Sun’s orbit is 43314975 yoja-~
nas, that of the Moon 824000 yojanas, of the stellar sphere
259889850 yojanas.

Comm. Later, we are told by Bhaskara that the cir-
cumference of the earth is 4967 yojanas and its diamster is
1581. As the method given by him in the Commentary in
that context, to measure the circumference of the earth is
correct, we may take it that the ancient Hindu Astronomers
could estimate the same correctly. If that be so, when
Bhaskara gives the circumference to be 4967 yojanas, it
3960 X 44

7

= 5.01 miles or what is the same 1581 yoja-

means 4967 yoj = miles or 1 yojana

_ 3960 X 44
7 X 4967

nas = 7920 miles ie one yojana=5.01 miles approximately.

With this measure of a yojana, the Moon’s mean distance

from the earth’s centre should be (as given above)

324000 X 7

44 X 5 miles = 257725 miles approximately.

This seems to be a fair estimate and we have to find
out how this estimate could be made—Indeed, there are
many elementary trigonometrical methods of finding the
distance of the Moon. Which of them was used by the
Hindu Astronomers, we have to discuss. Bhaskara, however
takes it implicitly from Brahmagupta’s version. The latter
does not mention from what source he derived it but simply
mentions that he has resuscitated the Brahma-Siddhanta,
which grew obsolete. Hither he or the author of Brahma~
Siddhanta must have computed this distance using trigono-
metry. The following seems to be the simplest method, by
which the Moon's distance was originally estimated-Refer
fig, 1. Let z be the zenith-distance of the Moon as obser-
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Fig. 1

ved from a place A on the primary meridian going through
Lanka, Ujjain, Kerukshetra etc by an instrumeut (A pro-
Jractor) described by Bhaskara under verse 5 Chandragraha-
nadhikara, grabaganita at the time of transitting. Let Bbe
a sublunar point on the earth at the moment of that obser-
vation, where B is also on the same primary meridian.
Since both the places happen to be on the primary meridian,
and such places were primarily known, both the observa-
tions could be made simultaneously. Knowing the distance
A B between the two places, the angle @ subtended by A B
could be easily got from the triangle A O M where Q is the
earth’s centre and M the Moon. As a first approximation,

d@ = gijg = &7 i < p taking O M roughly o
be equal to (a -+ d). In the above equation, abeing known
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2 Sin § ) : I a

d= Sin Z—(Sin 0)" Strietly speaking S0 0= Sin ( (7-0)
0 that d = _g_igl(_nz?_e)' Since (Sin Z — Sin §) < Sin (Z-9)
the estimate of d obtained is a little greater than its
true value. We shall discuss other possible methods of
finding the Moon’s distance in the chapter on lunar eclipses.

Having got the distance of the Moon as afore-said,
it was easy to obtain the angle =< marked in fig. 1 for,
. MM a 9ra 4967
Sine = oM = d = 2md — 324000
Since o< is small Sin o = o< radians.
4967 X 8438 4967 X 191

L= Tag000 18000  — o7
Since the Moon’s daily average motion 790" — 35" is had
52.7 X 60

in sixty Nadis, 52.7' of motion is covered in

approximately = $¢ = 4 Nadis. Thus the fact that we are
given the horizontal parallax as 4 Nadis in the context of
lunar eclipses is based on this.

Having obtained thus the distance of the Moon from
the centre of the earth €, and having measured the angular
diameter of the Moon's disec with the help of the protractor
mentioned above, from the triangle £AM (Ref. fig. 2) where

Fig. 2



49

€A is a tangent to the Moon's disc and M the cenire of

the Moon, Sin B = 1(:1— where B is the angular semi-dia-

meter of the Moon’s dise, r” = the spherical radius of
the Moon’s disc measured in yojanas, so that since
Sin B=B' in Hindu trigonometry when the angle is small,

_. 324000 X16 .

324000 3438 2P T ~ g43g 5 henmce
,__18000 X 16 ., 7 _ 504000 _ .
r=c—=er Yy, =101 240 yojanas.

Bhaskara gives the semi-diameter of the Moon's dise to be
16'-0"-9"" so that the above » is very approximately 240
yojanas as given by Bhagkara.

Now with these constants pertaining to the Moon’s
distance, and his spherical radius, it was sought to find the
spatial distance traversed by the Moon during a day. The
rule of three used was *“ If 16'-0"-19"" of the Moon’s angu-
lar semi-diameter pertains to a spatial distance of 240 yoja-
nas at his orbit, what does the mean daily motion of

"_apn . ” .. 683064000
0'~3 tain to ?’" Th —_— = 3
79 5" pertain to e answer ig 57609 118582
yojanas as given by Bhaskara elsewhere or taking the
Moon's mean semi-angular diameter to be 16’ only, and
using the rule of three “ If 16’ at the lunar orbit correspond
1o 240 yojanas, what do 790'-35" correspond to”’ we have
790%5%9 = 15 X 79075 = § X 9487 — 9487

= 11858% yojanas a8 given by Bhaskara,

Thus having obtained the daily spatial motion, the
Hindu Astronomers assumed all the other planets (includ-
ing the Sun) to have the same daily mean spatial motion.
On this assumption since the, Moon’s orbit will be
27.3217X11858%=2324000 yojanas, and the circumference
of the wuniverse will be 324000 X 57753300000
=18712069200000000 yojanas the Sun’s orbit will be

7



50

circumferenge of the unive?rse — 4331497} yojanas
Number of sidereal revolutions

324000 X 57753300000 _ 3240
- % 677533
(becanse 4320000000 432

= 329 X 577538 = 8662995 — 43314973).

Also, the circumference of the stellar universe was
presumed to be sixty times that of the Sun’s orbit.

‘With the constants obtained for the Moon’s diameter
and distance and with assumption that all the planets hava
the same daily motion, the constants pertaining to the Sun
and the other planets were obtained. We shall resume this
topic in another context.

Verse 6. The mean daily motion of the planets.

The circumference of the universe divided by the num-
ber of days in the Kalpa, gives the daily spatial motion of
a planet. The planets move thus & distance of 118583

yojanas in a day.
Comm. Already explained.

Verse T, and half the verse 8. The Ahargana multiplied
by 11859 decreased by the quotient obtained by dividing
the product of the Ahargana and 9921 by 86419 gives the
distance covered by a planet in yojanas. These yojanas
divided by the circumference of the planet’s orbit gives the
fraction of a revolution and the integral number of revolu-
tions made,

Comm. Let the Ahargana be A; every planet should
have described a space equal to A XD where D is the dis-
tance traversed per day and is just a little less than 11859,
or more correctly should have described a space equal to

A Xég where C is the afore-said circumference of the
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universe, and ¢ the number of civil days or mean solar
daysin a Kalpa. For the sake of an easy computation
Bhaskara gives here an interpolation. In the first place,
we are asked to multiply A by 11859 by which, an excess is
there in the result; then this excess is sought to be removed.

The excess is A X 11859 — AXG because A X 9 is the

oorrect distance described, In other words, the dls'ﬁance
described by any planet is

é_2<_0 — A X 11859 — (A X 11859—

A X C) I
[¢]
C _ 18712089200000000 430024000
tf = = = b
But = 1577916450000 35iry  Cividing bY

the common factor 44550000
. The space described by any planet is from I

¢
3541911859 — 420024000
= A X 11859 —
1185 A { 36419 }
But the numerator within the brackets is 9921

. Space described = A X 11859 — A X

gs stated. This distance divided by the individual orbital
lengths, we have the integral number of revolutions made
by each planet, rejeoting which we have the fractional part
of & revolution which gives the position of the planet.

Verses 8, 9. The orbit of the planet itself is no doubt
the orbit of the Mandoccha (apogee with respect to the Sun
and the Moon and aphelion with respect to the other Star—
planets ie Mars, Meroury, Jupiter, Venus and Saturn) and
of the node (point of interseetion of the orbits of the Star~
planets with the edliptic); but while Computing the posi-
tions of these Mandocchas and the Nodes, as per the
method indicated above ie according to the method of
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Kakshadhyaya, their orbits are taken to differ from those
of the planets. (because slow-moving points will have
longer orbits as per the assumption made namely that the
circumference of the universe divided by the number of the -
sidereal revolutions gives the length of the orbit). Simi-
larly the orbit of the Sun itself will be the orbit of Mercury
and Venus, and the orbits of their Sighrocchas are their
real orbits wherein Mercury and Venus are taken to move
with the velocity of the Sun.

Comm. The prescription of the computation of a
planetary position as per the method of Kakshadhyaya, has
brought in an awkward situation, Let us consider the
‘Computation of the positions of Mercury and Venus. These
two planets oscillate about the mean position of the Sun,
because their orbits happen to lie within the earth’s orbit.
Bence their mean sidereal periods coincide with that of the
Sun, which means that their numbers of sidereal revolu-
tions coincide with the number of sidereal revolutions of
the Sun. Hence the Kakshadhyaya method of Computing
% planetary position brings in the idea that the orbits of
Mercury and Venus coincide with the orbit of the Sun.
Bhaskara perceived the awkwardness of this situation and
says therefore, the above coincidence of the orbits must not
be taken to be a reality but is intended only for the sake of
computation. The actual planets Mercury and Venus in
fact revolve says Bhaskara in the orbits of their Sighroc-
ohas, with the velocity of the Sun-Even this supposition
that the actual planets move with the velocity of the Sun
sounds odd, but this will be clarified later in the spashta-
adhikara, wherein we propose to explain the peculiar con-
cept of Sighroccha at length.

Here ends the Grahanayanadhyaya according to the
Kakshadhyaya method.



THE ADHYAYA KNOWN AS PRATYABDA
SUDDHI IN MADHYADHIKARA

Verse 1. The number of years which have elapsed from
the beginning of the Kalpa, respectively multiplied by 2, 4
and 8 and divided by 8, gives what is called Dinadya in
days, ghatis and Vighatis respectively. If this be added to
the number of years and divided by seven, the remainder
gives the Abdapa or the lord of the year, (under whose name
the week-day of the commencement of the year stands).

Comm. One mean solar year consists of 365 days, 16
ghatis, 30 palas, and 223 Vipalas where the units are all
mean solar and one mean solar day is equal to 60 mean solar
ghatis, one mean solar ghati is equal to 60 mean solar palas,
one mean solar pala is equal to 60 mean solar Vipalas and
80 on in sexagesimal sub-division. The fraction of the day
over and above 365 days, namely 0~15-30-22-30 multiplied
by 8 gives 2 days, 4 ghatis and 3 palas so that by the rule
of three i.e. ‘ If in 8 mean solar years, the fraction accrues
to 2 days, 4 ghatis and 3 palas, what will it acerue to in x
elapsed mean solar years from the beginning of the Kalpa ?

we have the answer %mdays, 1—{—\/8% ghatis and X
®

8
palas. If this is added to the number of the elapsed years,
and the result divided by seven, the remainder gives the
week-day of the commencement of the concerned year, be-
cause the remainder got by dividing 365 by 7 is one, and
the week day advances at the rate of one per year. Also
the Kalpa began on Sun-day.

Verse 2. Alternate mthod.

Half the number of elapsed years added to g% of itselfs
then divided by 60 and added to 1 of the elapsed years,
gives the Dinadya.
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Comm. Since the Dinadya per year is 0-15-30-22-30,
in x elapsed years it accrues to x X 0-15-30-22-30

_xXX15 x X 30 . 1 alas = X4 .
&0 days 4+ &0 ghatis + x X922} palas 7 ays—+
1

X x X 45 b:4 3x _ x
g - 2X40 =24 °X o 1 d+
58T 55e0 POI%S +oeT 60°

Xaed)g=%qa+=% (____1+§1'5) d which is the given
g (1+d) g 60
formula.

Verse 2. Alternative method.

The number of elapsed years divided by respectively 4,
120, and 9600 and the Sum taken gives the Dinadya.

Comm. Let x be the number of elapsed years. The

x x X30
e —" s e - d
Dinadya as before is x X 0~15-30-22-30 = d + === =

d as given.

x X456 d =(x + X +

X 4 120 9600)

+2><60 60X 60

Verse 3. To obtain what is known as Kshayzhadya.
The number of elapsed Kshayahas from the beginning of
Kalpa upto the commencement of the year, is obtained as
follows. Let x be the number of elapsed years; then

1 -
—-X_Q'JEM = Kshayah3s.

x 160

Comm. The number of Kshayahas in a Kalpa of
4320000000 solar years is 25082550000 so that per year their
number is 5-48-22-7-30. In this 0-48-22-7-30 is said to
be Kshayahadya per year = 1 — (0-11-37-52-30) putting
the quantity within the brackets into a fraction, 522 vipalas

- 1061 _ 7 , 7y palas — 101 1
3 X 6 3 palas; (37-}—3) palas = 8 X &
s 101 1861
h ==
ghatis = 160 ghatis ; 11 101 b ghat is 160 % 60 days
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of —= 1861 ~——— days = of 31 days, one ghati. Hence

160 160
per year the Kshayahadya is 1 — 1 of (31_1) 80 that
for x years it would be {x — i%b (31—-%)} d
- 160

=X — 1%6 { 30x +x (1 + &) } which is the formula
given,
4. Alternative method.

The Dinadya obtained before multiplied by three, ia o
be diminished by z5th of the number of years; the resull;
increased by #5th of the number of years gives the number
of Kshayzhis.

Comm. The Dinadya pertaining to one year is
0-16-30-22-30 and the Kshayahidya is 0-48-22-7-30.
Mulsiply the former by 8 and subtract from the latter; we
have 0-1-51 = 0"1—%215 = 0“'1"1} 0" 0 — §5 X g]f; = j’%%{;
day Hence K—3D = 13%; day Where K =Kshayahidya and

D = Dinadya .. K = 3D + —_ hence per x years it

1200

= 3D X x + = — ;170 which is the formula given.

4 contd. Alternative method.

Comm. The Kshayahadya for an year is 0~-48-29-7-30
48 ghatis = (1 — } ) day; hence for x years x (1 — 2 ).
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The remaining fraction = 0-0-22-7; = 0-0-(22-+-15X

B 177, 1 _,_ 59 _  60—1
=002% =0 — 5 X5 0" = B0 <3
_ 1 1_ = _1_ (1———1— ; hence for

d8Y = 156 ~ 80 % 160 — 160 60)’

X 1
years Iéa (1 6——0-)
Adding the two we have the required formula.

Verse 5. To obtain the elapsed number of Adhikamz-
sas and what is called Suddhi.

The sum of the Dinadya, Kshayahadya and ten times
the number oi elapsed years divided by 30, gives the num-
ber of the elapsed Adhikamasas; the remainder is known as
S'uddhi if diminished by the fraction of the Kshayahas.

Comm. The number of mean solar days in an year is
365-15-30-22-30; the Kshayahas in an year are 5-48-22-7-30;
adding the two we have the number of tithis in an year
equal to 371-3-52-80. The number of solar days being 360,
the number of tithis which constitute the Adhimzsas is
equal to 11-3-52-30. The sum of the Dinadya and Ksha-
yahadya in an year = 0-15-30-22-30 + 0-48-22-7-30 —
1-3-52-30. Hence the above number of tithis which cons-
titute the Adhimasas namely 11-3-52-30 = 10 + Sum of
Dinadya and Kshayahadya pertaining to an year. Hence
for x years, the Adhimasa days are equal to x X 10--Sum of
Dinadya and Kshahadya for x years. These Adhim3sa days
divided by 30 give the Adhimasas, and the remainder is
called Suddhi, so called because while finding the Abargana
from the beginning of a solar year, this remainder has to be
subtracted. Why the fraction of Kshayahas, which is there
in this S'uddhi is preseribed to be subtracted, will be explai-
ned in another context,

Verse 6. An alternative method to find the Adhima-
8as, The number of years divided separately by 32 and 30,
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the sum increased by the number of years multiplied by
eleven and the result divided by 30 gives the number of
elapsed Adhim3sas. The remainder diminished by the
fraction of Kshayahis as mentioned before, is the Suddhi.

Comm. Every year, the number of Tithis that consti-
tute the Adhim3sis accruing jin the course of years, is
11-8-562-30. The fractional part of this namely 0-3-52-30

— 0-8_K0L — 1056 _g_37-0_.31
0-3-521 =0 — 3+260 0— 3% 5
=?_1xl=3_1_=l§j'_§=l+§é converted

X

8 60 480 480 30
30 +

into days. Hence for x years 3%. Adding the

number of days 11x, we have 11x + ~ 30 + 352 ag stated.
Dividing theso days by 30, we have the number of elapsed
Adhim3sas and the remainder is Suddhi, if the fraction
of the Kshayzahas is subtracted therefrom as indicated.

Verse 7. Method of finding the lord of the year with-
out a knowledge of Dinadya.

The week-day at the Commencement of the Solar
year, which pertains to the lord of the year, is the remain-
der got by dividing by seven the Suddhi which is itself
diminished by the remainders got :by dividing by seven
geparately firstly double the excess of the elapsed years over
the elapsed Adhikamasas and secondly the elapsed Ksha-
yahas. This may be put in symbols as R, { S—R, (2y—A)
-—R, K.} = R, {§ —R, (23y —2A + K) } where R, signi-
fies the remainder got by dividing by seven the quantity
which follows, S signifies S'uddhi, y means the elapsed
Solar years A the elapsed Adhikamasis and K the elapsed
Kshayahas.

8
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Comm. The lord of the year is the lord of the week-
day ab the Commencement of the solar year. To get this
week-day we have if the number of Tithis elapsed upto the
beginning of the luni-solar year be T, the Suddhi S, the
Kshayahas upto the Commencement of the solar year be K,
then since the number of civil days is equal to T + K, R,
(civil days)=R,; (T +8 — K). But T =360y 4+ 30A where
y is the number of elapsed solar years and A the number of
elapsed Adhikam3asas, .". B, (T) = R, (360y + 30A) =R,
(3y + 2A) since the remainder got by dividing 360 and 30
by seven are respectively 3 and 2. Hence R, (civil days =
Ahargana) = B, (8y + 2A) + R;S — R,K. The number of
Kshayahas K = y (6-48-22-7-30) = 6y + y (0-48-22-7-30).
But ¥ (0-48-22-7-30) = K where K is the previously calcu-
lated Eshayahadya. Hence R,K = R,5y + R,K. Substi-
tuting this in the above R, (civil days) = R, (8y 4 24) +
RS — R, (5y + K) = R,S' — R, (5y — 3y) + R, (2A) —
R,K = R (8 —R, (%y —2A) — R,K ] which is the given
formula = B, (' — R, (2y — 2A + K) ]

Verse 8. To obtain the fractional part of the elapsed
Kshayahas even without a knowledge of the number of
Kshayihas.

The excess of the ghatis of the Adhimasa Sesha ie the
remainder gob by dividing the sum of the Dinadya, Ksha-
yahadya and ten times the number of elapsed years by 30 ag
indicated in verse 5, over the ghatis of the Dinadya, obtai-
ned under verse 1 gives the fractional part of the Kshayahas.

Comm. The ghatis or the fractional part of the
masa Sesha is the-sum of the fractional parts of Dinadha
and the Kshayahiddya so that the .excess of the ghatis of
the Adhimasa Sesha over the ghatis or the fractional part
of the Dinadya gives the ghatis or jthe fractional part of
the Kshayahas.

Verse 9. The planetary positions at the end of the
elapsed solar year.
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The number of the elapsed solar years multiplied by
the number of sidereal revolutions of the respective planets
in a Kalpa and divided by the number of Solar years in
a Kalpa gives the planetary positions at the end of the last
Solar year,

Comm. This is a simple rule of three. The plane-
tary positions so got, leaving out the integral numbers of
revolutions made which are not required, are called the
Dhruvakas of the respective plunets for the easuing solar
year. With respect to the apogee of the Sua and the aphelia
and nodes of the star—planets these Dhruvakas themselves
give their positions for the whole ensuing year, as their
motion is very very slow.

Verse 10. An alternative method of obtaining the
Dhruvaksa of the Moon,

The Adhimasa Sesha multiplied by 12 gives the posi-
tion of the Moon at the Commencement of the Solar year.

Comm. Sinee the position of the Sun is at the Zero-
point of the Zodiac at the Commencement of the solar year,
and since the Adhimasa Sesha is the difference of the solar
and luni-Solar systems of reckoning, or what is the same,
%he arc gained by the Moon over the Sun, which is no
other than the elongation of the Moon measured in Tithis
each tithi being of 12° gain of elongation, so the Adhim3asa
Sesha at the Commencement of the solar year in Tithis
multiplied by 12 gives the longitude of the Moon ab that -
Commencement. (Note -~ Bhaskara waxes into poeic
eloquence in the second half of the verse, having given the
procedure in the first half).

Verse 11. Proocedure presoribed in the event of com-
puting planetary positions from the beginning of the
Kaliyuga for the sake of convenience.
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The Dinadya may be also obtained from the beginning
of the Kali, which begins with Friday. The Dhruvas
calculated for the commencement of the solar year are to
be added to the planetary positions at the beginning of the
Kali, in the event of computing the Ahargapa and thereby
the pla,neba.ry positions from the beginning of the Kaliyuga
for the sake of convenience.

Comm. The Dinadya at the commencement of Kali
is Zero, since the number of civil days during the length
of time equal to a Kaliyuga is integral and equal to
157791645 according to Brahmagupta and Bhaskara who
follows him. The Suryasiddhanta, it may be noted here,
gives the number of days in a Kaliyuga as not integral
but equal to 157791782.8. Hence the Dinadya computed
from the beginning of the Kali is to be increased by .8 to
obtain its value according to Suryasiddhanta. The plane-
tary positions at the commencement of Kali were given
by Bhaskara already.

Verse 12. The number of what are called Kshepadinas
$o0 obtain the Ahargana.

Hereafter Bhaskara is going to obtain the planetary
positions for any day during the current solar year having
obtained the Dhruvakas or the planetary positions for the
beginning of the Solar year. In that behalf the Ahargana
or the collection of days which have elapsed from the
commencement of the Solar year is to be found, This
Ahargana is obtained by subtracting the number of Ksha-
yabas from the number of tithis that have elapsed. In
finding these Kshayahzs, we have to take note that there
is a little remnant of Kshayahas at the beginning of the
Solar year which is also to be taken into account while
computing the number of Kshayahas during the course of
the year. In other words, the number of Kshayahas that
are going to be computed during the course of the year,
for the elapsed part of the year will be in default of the
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actual number if we ignore the acorued fraction of Ksha-
yahis at the commencement of the Solar year. To make
amends for that default we have to add some number to
the numerator of the improper fraction which is going to
give us the number of the elapsed Kshayihis during the
course of the year. The formula that is going to be used
to obtain the number of Kshayahas during the elapsed

e . 1
tithis is 6x71 (l + 7-0—2). This formuls arises out of the

fact that there are 55739 Kshayihas during 8562220 tithis,
so that for 64 tithis the number of Kshayahis is equal to

64 X 55739 _ 3567206 5076
3562220 3569220 — ! T 3peaaz0 — 1 T
1 "

8562220 =1 + 762.

Let the fraction of Kshayzha at

the commencement of the solar year, to be taken into

account be x ghatis i.e. = of a tithis (for Kshayahas are

60

copsy - X tithis
are computed out of tithis) i.e. 60 Let y be the
number of tithis elapsed after the commencement of the
solar year, Then to compute the Kshayahas that ensue
after the commencement of the solar year upto the day
“concerned during the course of the year, the formula to
be used is ¢ 4(1 + 702) To this we have to add = fgghls
as the balance of Kshayaha at the commencement of the
solar year to be taken into acecount

x tithis  x X 64 x X ¢
60 T 64X60° 60
Now, in computing the number of tithis which have
elapsed after the commencement of the Solar year, we
subtract Suddhi from the number of tithis that have
elapsed after the beginning of the luni-Solar year. But
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in this Suddhi we have subtracted the fractional part of
the Kshayahas for a different purpose so that in sub-
tracting the Suddhi, we have increased the tithis by the
fractional part of the Ksbayahas. This increase there-
fore should be nullified, which means that the quantity
to be added is
xx8 x_xxgp 2lx x(l+4%)
64 60 64 ~ 2064 = 64

Hence the Kshepadinas or the tithis to be added to the
number of tithis which have elapsed from the commence-
ment of the Solar year, are x (1 + 3%). This means that
the ghatis x which form the fractional part of the
Kshayihas are to be increased by one twentieth part of
themselves and are o be viewed as tithis and not ghatis as

mentioned.

Verse 12 (contd.) and Verse 13. To find the Ahar-
gana, ie the ocollection of days which have elapsed from
the commencement of the solar year,

The number of tithis which have elapsed from the
commencement of the luni-Solar year diminished by the
Suddhi, increased by 73zth part of the result, and then
increased by the Kshepa-tithis aforesaid, and the result
divided by 64, gives the number of Kshayahas, which have
elapsed from the beginning of the Solar year. These are-
to be subtracted from the tithis which have elapsed from
the beginning of the Solar year to give the Ahargana.

Fig. 3

Comm. (Refer Fig. 3). Let T, be point indicating
the commencement of luni-Solar year ; let R, be the point
indicating the next Sun-rise. TLet 8 be the beginning
point of the Solar year, R, the preceding Sun-rise and T,
the ending moment of the preceding tithi; Let R, be the



63

next Sun-rise, Ty the ending moment of the tithi preceding
the Sun-rise R, upto which point the Ahargana has to
, be found from the commencement of the Solar year. Thus
' the Ahargapa to be found is SR, = ST; 4 T; R,. Here
T, R, is the Kshayaghatis, at the Sun-rise concerned.
SR, is a fraction of a day that is'to be there in the Ahar-
gana SR, we are seeking. While subtracting the Suddhi
T, S diminished by the Kshayaghatis T, R; from the
number of elapsed integral number of tithis from the
commencement of the luni-Solar year namsly T, T, we
have T, T; — (T, S — T, R;) =T, T, — (T, T, — SR,) =
T, Ts + SR;. Thus instead of SR; + R; R, we have by
the above procedure SR; + T, T;. Though both T, T; and
R; R, are integral numbers and should be the same if the
interval is small, they may differ by an integral number,
if the interval happens to be long. Bhaskara says thaf
this difference of an integral number will be rectified by
the Kshepadinas found under verse No. 12, for, from these
Kshepadinas, the Xshayzhas are found and subtracted
from the tithis. It will be noted that the difference of
an integral number between T, T; and R, R, is no other
than Kshaydhas. '

‘Or, this may be seen in an other way. We are to find
SR‘—TR 'I‘S—TIT+T3R—T S=T,T, —
{T, 8 — Ty R,) = No. of elapsed tithis — (Suddhi —
Kshayaghatis at the day concerned). But instead of the
Kshayaghatis at the day concerned Bhaskara prescribes
the subtraction of the Kshayaghatis at the end of the Solar
year ie instead of subtracting T'; R, it is prescribed to sub-
tract T; R,. This difference, Bhaskara says is made up
by taking into account the Kshepadinas pertaining to the
Kshayahas.

Verse 14, 1In case the Ahargana is required for a day
preceeding the commencement of the Solar year, then the
elapsed tithis are less than the Tithis of the Suddhi; so
subtraction is not feasible. In this case, it is prescribed
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to take the elapsed tithis from the previt?us O.ha,itra and
the Suddhi of the previous year. Also in this case.the
Dhruvakas pertain to the commencement of the previous.
Solar year.

Comm. Easy.

Verse 15. To obtain the position of the Sun.

The number of the days in the Ahargana is to be
diminished by & part of itself to obtain the number of
degrees, and fractions thereof ; then the Ahargana multi-
plied by three and divided by 22 gives the minutes and
fraotions thereof, Adding the two results we get the
position of the Sun.

Comm. The mean daily motion of the Sun is
0-59-8-10-21. Here 59’ =1° — 1" = (1 — &)°; for x

days x (1 — &) =x° — E@ as mentioned. The remain-

9807’ . .
ing part namely 0-0-8-10-21 = 79000 Converting this
o a continued fration it iscqual fo 75 g A L
into a continued fraction it is equal to T+aritizE

. 8 .
of which a good convergent isgg- Hence for x daysg—;

as stated in the verse.
verse 16. To obtain the position of the Moon.

The number of elapsed integral tithis multiplied by
12 and added to the Sun’s position in degrees, gives the
Moon'’s position in degrees at the ending moment of the
tithi preceeding the day at the Sun-rise of which the
planetary positions are sought. To find the position ab
the Sun-rise required, ten times the Kshaya-dina-Sesha
increased by %th of itself gives the number of minustes o
be added to the position got above.
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Comm. The first part is clear, because for every tithi,
there will be an increase of elongation of 12°. To get the
fractional part of the tithi in between the ending moment

» of the tithi and the subsequent Sun-rise, the interval which
is Savana ie expressed in the unit of civil day has to be
converted into luni-Solar units. The rule of three is ‘ If for
63 Savana days there are 64 tithis, what will i§ be for the
above interval ° Here the approximate ratio of &3 is used
because the Ahargana which is Laghu is small ie is less
than 3656. The Kshaya-dina- Sesha which was got under

verses 12, 13, has a divisor of 64, and is of the form 6—4

Hence the quantity to be added is 6y4>><< 6§ gz of a tithi

63 X 12 X 60 minutesof arc =§ X 10y = 10y (1 +3)

minutes as given in the verse. This has to be added to
12t°, got before where t is the number of elapsed tithis.

Verse 17. Computation of Mars.

The mean daily motion of Mars is 0-31-26-28~7=0—30
+ 0~-0-90 minus 0-0-3-31-53. If x be the number of

o
days x X 0-80' =3 5 X X 0-0-90" =3 X 3'; thus the
rule prescribed is ““ Half of the number of days gives the
Jegrees; half the number of days multiplied by 8 gives
the number of minutes” from this we have to subtract
x X (0-0-3-31-53). The quantity within the brackets
is approximately ¢ of a minute for 1% '=0-0-3"-31"'-46"",
Since the Aharganpa is small the precision required is there,

Thus the rule is zo + g X 8 + % -+ the Dhruvaka at the
beginning of the Solar year.
Verse 18. Computation of the S1ghroocha of Mercury.

The mean daily motion of the Budha-Sighra is
4°-5'-32"-18'"-28"",
9
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Rule. Tf the Ahargana be x days then the Sighra will

4 3’
be 42° + }Tg%—- - Dhruvaka, Proof. For x days, the mean

motion is x X 4° + x X (0-5'-32"-18""-28""). The second

0 -]

. 3° . .
part is taken to be 4x X gpie x X 35 = x X 5" for

£ of a degree = 0-5'-32"-18-""28"". The fraction &% can
be seen to be a convergent of the remainder for 5-32"~

299077° 1 111 1 .
18'"-98"" = sm—rn = —— 37— —— 7— ~==—0f which the
penultimate convergent is g%.

Verse 19. The Ahargana divided by 12 and by 71
gives respectively the positive degrees and negative minutes
to be added to the Dhruvaka of Jupiter.

o

Comm. If x be the Ahargana 152 ~ 731 -+ Dhruvaka =
Guru,
The mean daily motion of Jupiter is 0-4-59-9.9=0-5"

-]

minus 0-0-0-50-51.  Evidently 0-5' X x = % The

’

, 61
remainder 0-0-0-50-51 = 320 of which the continued

... 1 11 .
fraction is 7o 77T 4. A very approximate convergeni

is -y a8 given.

Verse 19 contd. To obtain the position of the Sighra
of venus,.

The Ahargapa multiplied by 10 and divided by 6 and
155 respectively gives degrees positive and negative to be
added to the Dhruvaka of Venus to give his position,

. 10x 10x
Comm. The formula is & 155 The mean daily

motion Of the S’Ighrﬂq Of Venus is 0'361—7”—44”'-35"" —
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1°-40’ minus 0-3'0562"-15"" approximately. For x daysx X
1] O Q
:; = 53 x° = 1 6x which gives the first part. Also 3'-52"-

15"'*—%9‘" -+t 11 of which a

L . . 10x°
proximate convergent is v'r=+%% ie for x days 15 - Hence

10x° 10x°
the position is given by __éx_ - _1_5% -+ Dhravaka.

'

Verses 20. The position of Saturn is given by gg_ +

2_5X_ + Dhruvaks = Saturn’s position.

Comm. The mean daily motion of Saturn is
0-2-0-22-61.

For x days 2x' +x X 0'-22"-51"". The latter part
397" 1 1 1 11

is 360 approximately = g+ I+ irite of which a near

x"
covergent % so that for x days, we have 2x’' + 25—

<+ Dhruvaka position of Saturn.

Verses 20 contd. To find the position of the apogee of
Moon.

The Ahargana divided successively by 10 and 88 and
added gives the degrees to be added to the Dhruvaka of
the Apogee of the Moon to obtain its position.

Comm. The mean daily motion of the apogee of the

Moon is 0-6-40-53-66. At the rate of 6’ per day, in x
. X

days the number of degrees covered is 10 the remainder

4601° 11 g oo
“88+4l ¢
approximate convergent is #%. Hence the position is given
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a X .
‘by 10 + gg T Dhruvaka as given by the verse.

Verse 21. To obtain the position of the lunar Node

The Ahargana multiplied by 30 and divided by 566
gives the number of degrees o be added to the Dhruvaka

to give the position of Rahu.

Comm. If the number of the sidereal revolutions of
Rahu in & Kalpa multiplied by twelve divide the number
of days in a Kalpa we have very approximately 566, which
means that Rahu traverses a Rasi very nearly in 566 days.
Hence dividing the Ahargana by 566, and multiplying by
30, we have the degrees covered, which being added to the
Dhruvaka gives the position of Rahu.

29, 93, 24, Alternative method of obtaining
the planetary positions.

The Abargana muliplied by 100000, and divided
successively by 101461, 151787, 190833, 24436, 1203400,
62416, 2990000, 898000, 1886800 gives the respective posi-
tions of theplanets beginning from the Sun and those of
the apogee and Node of the Moon; in the case of the
Moon, however, the result is to be multiplied by 20. The
results in degrees added to the Dhruvakas give their posi-
tions.

Comm, The degrees covered by the planets etec in
R X 360 X D°
D days are———>-<—~M—x—~ where R is the number of side-
real revolutions in a Kalpa, M the number of mean solar
days in a Kalpa, and D the Ahargana. Now

R X 360 x D R x 360 X D X 100000 L 100000
M~ M x100000 = ME&QBQQQ.
M X 100000 X 360

Then TRX 360 8 found for every planet, In the oase
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of the Moon, however a multiplier 20 also 1s used in addi-
tion to 100000, because he has sudh a quicker motion.

Verses 25, 26. To obtain the mean daily motion of
the planets.

The number of minutes of arc moved by a planet per
day gives the mean daily motion of that planet. Though,
however, the spatial velosity of each planet is the same
per day, in angle, the velocities differ, (on account of the
varied distances) and so we perceive slowness or fastness
in the movement of the planets.

Comm. Hasy.

The assumption of equal daily spatial velocities for
all the planets bhas been explained before. The daily
angular velocity of a planet in minutes of arc is

>3 60’
B——\i—%}l——g where R is the number of its sidereal re-

volutions and M the number of mean solar days in a Kalpa.

Verse 7. The reason for unequal angular velocity
of the planets.

Since the planetary orbits are all construed as comw-
prising of 860° alone, a minute of arc of a smaller orbit
bas a smaller spatial distance which will be covered more
rapidly, the velocity being constant, whereas of a longer
orbit, a minute of arc means a longer distance which will
be covered in a longer time at the same spatial velocity,
which means that the planet appeavs to be slow in
motion. Thus the Moon, the Mercury, Venus, Sun, Mars,
Jupiter, Saturn being placed at longer distances from the
earth in ascending order their orbits are longer in ascend-
ing order so that they are slower in angular motion in
that order,

Here ends the section called Pratyabda Suddhi in the
chapter Madhyadhikara.



THE SECTION KNOWN AS ADHIMASADI-
NIRNAYA IN Ch. 1

Verse 1. A special feature of the computation of
Abargana. If the Ahargana is §0 bo increased or decreased
by unity to adjust it with the week-day, the tithis also are
to be increased or decreased by unity to be adjusted with
the week-day. Then in that context of increasing or
decreasing the Ahargaps by a day the Adhim3sa-Sesha is
to be increased or decreased by the number of Adhim3asas
of a Kalpa and the Avama-Sesha i8 to be increased or
deoreased by the Avamas or Kshayahas of a Kalpa.

Comm. After having computed the Ahargana as per
the directions given under verses 1-3 of the section of
Grahinayana, we have to test its correctness on the basis
of the week-day taking it that the Kalpa began with
Sunday. In other words, since the number of the elapsed
week-days accord with the number of Sun rises, the week-
day on the day on which the Ahargana is computed should
accord with the Ahargapa ie dividing the Abargapa by
seven, the remainder must give us the week-day of the day
in question. Bub it so happens that we may have to add
or subtract one from the Abargana arrived at to adjust.
the Ahargana with the week-day. Why does this happen ?

The reason is as follows. When we find the Ahargana
for a particular number of elapsed tithis, we are unwit-
tingly taking the number of elapsed true tithis in the place
of the average tithis. The fack that we are given in the
table of constants, the number of mean units of time in
a Kalpa, for example mean solar days, mean tithis etc, and
the fact that computation proceeds only on the basis of
these mean units, means that we have taken into account
only the number of mean tithis elapsed. Hence this is
to be corrected by us. If we are computing the At
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for, say, the pratipat of philguna, we automatically
take that the elapsed true tithis from the beginning of
the luni-Solar year is 11 X 80 = 330 tithis, But it may
go happen that had we taken only the namber of mean
tithis elapsed, either 249 tithis or 331 -tithis might have
elapsed and not 330 as comstrued which therefore works
an error amounting to unity in the Abargana arrived ab.
At the same time the error does not exceed unity, for,
during the course of every lunation, the longer tithis are
almost compensated by tithis of shorter duration in the
same lunation. The variance in the length of a tithi being
wrought by the variable motion of the Moon, whichiagain
depends on the distance of the Moon from his apogee, is
rounded off in every lunation, as the Moon completes a
circle with respect to the apogee in what is called an
anomalistic month.

Thus it is that the Ahargana is to be rectified on the
basis of the week day. When this is done and the
Ahargana happens to be increased or decreased by unity,
automatically it goes without saying, that the tithis are also
increased or decreased by one. In this context there is a
gtill more deeper significance as detailed below. The
Adhim3sas are computed from the following formula viz.
A Xa

8
masas in a Kalpa, S = solar days in a Kalpa, I = Integral

=1 -l—% % 80 (1) where A = Ahargana, & = adhi-

.. F
quotient obtained by division and 3 X 80 the Adhimasa-

Qesha-tithis. If now A is to be increased or decreased by 1

(A*l)an=A_?J¢‘g"=I+%xso*a,/Sffom(l)-:I—i—

] S
==
E—%—%Q——-—a' : hence the adhimasa-sesha namely F X 30 is

inoreased or decreased by & ie the number or adhimas3s,

Similarly the Avama-Sesha or the Kshayaha-Sesha is
to be inoreased or decreaged by the Ksha_yﬁha.s ina™ "'
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The particular mention of the increase or decrease in the
Adhim3asa-Sesha or the Avama-Sesha is necessitated in the
context of computing the positions of the Sun or Moon,
given the Adhimzss Sesha and Avama-Sesha as mentioned
under verses 6, 7 in the section of grahanayana.

Verse 2. Pertaining to the smaller Ahargana compu-
ted from the beginning of the current Solar year, called

Laghu-Ahargana.

In the case of computing the Ahargana from the
beginning of the Solar year also, when the Ahargana is to
be increased or decreased by unity, the tithis are to be
increased or decreased by unity. The Avama-Sesha here
is to be increased or decreased not by the Kshayahas of
the Kalpa but only by unity because we have used the
formula & of tithis to get the Kshayahas. If an Adhika-
m3zsa happens to occur during the course of the current
year, the tithis, 30 in number of this Adhikam3asa must be
also taken into account to obtain the Ahargana.

Comm. Easy.

Verse 3,4. The Ahargana is to be computed (larger
Ahargana) after taking into account an Adhim3sa which
has conspicuously occured but which is not obtained by
computation or by rejecting an Adhikamisa which has
not occured but which is obtained by ecalculation. The
Adhim3asa-Sesha is to be increased or decreased by the
Adhim3sas of the Kalpa; the elapsed months from the
beginning of the luni-Solar year are to be increased or
decreased by unity and then the positions of the Sun and
the Moon are to be computed from such an Adhimasa-Sesha
and such an Avama-Sesha.

Comm. Already explained.

Verse 5. A point to be noted with respect to the
S'uddhi.



In the case of obtaining the Suddhi, if an Adhikimisa,
which did not actually ocour,_is obtained by caloulation,
then the S'addhi is to be inoreased by 30, so that: the
Ahargans is not affeated by the un-oocouring Adhikamisa.

Comm. The computation of the Adhikamasas or inter-
oalary months proceeds under the consideration of mean
lengths., 8o, it is likely that an Adhikamisa may occur
un-warranted by calculation or may not oceur in spite of
its being shown by calculation. Further, an Adhikamasa
may be delayed in occurence by the fact that though the
luni-Solar reckoning has gained over the solar by one
mean lanation, the lunation at that point may still con-
tain & Samkranti, the preceding particular lunar month
being smaller in length than the mean, Thus the conven-
tion made with respect to the occurence of an adhikamisa,
namely that the lunation which does not carry a Samkranti
is to be construed as an adhikamasa, may also delay the
occurence of the Adhikamasa, though shown in caleulation.
Similarly an Adhikamasa may be preponed though not
warranted by computation by the same logic.

Verse 6. The criteria of an Adhikamdsa and a
Kshayamasa.

A lunation which does not carry a Samkranti is an
' Adbhikamasa; whereas a lunation which carriss two Sam-
krantis is to be taken as a Kshayamisa. The Kshaya-
m3sa, occurs only in the course of the three lunar
months named Kirtica, Margasirsha and pausha and
not daring any other lunar month; when a Kshayamisa
occurs, then during the course of that year there will be
two Adhikam3sis occuring on either side of the Kshaya-

Comm. The institution of intercalation ~has been
.explained to some extent under verse 10 of the Bhagm;nidh-
We shall see some more particulars of intercalation.
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1. Bhaskara has given that 1593300000 Adhika-
m7sas occur in a Kalpa of 4320000000 Solar years, which
means that 15933 Adhikamasas occur in 43200 Solar years
ie. 5311 Adhikamasas in 14400 solar months. Converting -

10 . 1 1
14100 into & continmed fraction, we have 2 + it

1 .
~— = = The successive convergents are

19 192 141

13 & 7 65 63° Let us see what these convergents

19
signify. (a) The convergent =~ means that on an average

there are 7 Adhikam3sis per 19 years. This ratio was
adopted in the Romaka Siddhanta of Panchasiddhantika.
It means that 19 X 12 =228 Solar months are equal
to 9235 lanations. The Metonic cyole described in
modern astronomy is tased upon this equivalence. The
recurrence of Moon's phases in 19 years ie correspondence
of the Moon’s phases or tithis with the dates of the
Eoglish year and Meton's formula are based on this
equivalence, Recurrence of phase mcans recurrence of the
relative positions of the Sun and the Moou, which
again means recurrence of the S'uddhi, for Suddhi is no
other than the interval between the New Moon and
Samkrinti. In the next verse Bhaskara says that g
Kshayam3isa recurs after a lapse of either 19 years or 122
years or 141 years. The numerators of the last three
convergents are 19, 122 and 141 which are the numbers of
Solar years that effect recurrence of the same Suddhi and
as is going to be mentioned shortly a S'uddhi of 21 tithis
is likely to bring in & KshayamZsas. Hence a Kshayamisa
recurs either in 19 years or 121 years or 141 years.

9. Mention of the occurence of a Kshayamisa was
made by Stripati first and not by the preceding astrn-
nomers. However, mention of it is there in the
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literature and it is not clear whether observance of this
‘Kshayamisa - was defunct for some centuries in between.

8, We shall now proceed to see how there occur two
‘Adhikamasas on either side of a Kshayamasa. A simple
argument is as follows. The convergents cited above

19 122 141 . .
namely 7 or 25 or r-signify that either 7 or 45 or 62

Adhikam1isas ave to occur in the course of 19 or 122 or 141
Solar years normally, Bu$ when the S'uddhi happens to
bs 21 days at the beginning of the Solar year, it so hajpsns
that the S'uddhi goes on increasing for the first fiva
months because the Sun is in his apoges when his
longitude is 78° and his motion being slow for three
months when he is on either side of his apogee, the
Moon gains over him in shorter intervals of tims and as
a consequence the lanations are of shorter duration. This
means that the Suddhi goes on increasing during those
months and rapidly increases from its valus 21 at the
beginning to 30 by about Bhadrapala month, Uader
these circumstances, a Samkramana ocours ganerally jusb
before the beginning of Bhadrapada, Ths nexi Saimkra-
mana happens just a little after the lapse of Bhidrapada,
80 that the month of Bhadrapada goes without a Sim'%ra-
emapa and as a consequence, it becom3s an Adhikam1isa.
Thus far it is alright that an Adhikam3sa has ocoared
as per the meaning of the convergents, But when the
‘Bhadrapada thus becomes an Adhikam3sa, the subsequenst
months from Kirtica to Margasira, being of longer duration
than the corresponding Solar months, the Sun having a
quicker motion on either side of his perigee, there is every
likelihood of a Solar month being contained between two
‘oonjunctions or New Moon days. In other words two
Samkramanas occur either in Karfica or Margasira or
‘Pausha, -This means that as per the convention for the
"oocurance of -a Khayamisa, one of the aforesaid lunations
‘must become a Kshayamasa, Thus the Adhikamisa which
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-is due to eccur during the course of the year, though it
has ocoured has been lost. So, to make amends, another
Adhikam3sa is to ooour as is warranted by the convergents
oited above, It might be asked what if two Adhikam3zsis
ocour and why a Kshayamdsa be instituted at all. The
reason is not that a religious convention warrants it
but because the wedding of the luni-Solar year to the
‘Sclar year has to be made on a particular principle. Nor-
mally, so long as a Samkramana goes on occuring during
the course of a lunation, the two systems of reckoning
may be seen to be running parallel. But if a particular lunar
month does not contain,a Samkramanpa it is to be taken
as s warning that the luni-Solar reckoning has overtaken
the Solar by one lunation. This lunar month has to be
curbailed to make the two kinds of reckoning to proceed
side by side. This convention naturally raised the qnes-
tion as to how to deal with a lunation which contains two
Samkrantis, The Solar month their has to be deleted to
make the two systems run concurrently. This deletion of
‘s Solar month is achieved not by declaring the particular
Solar month as an Adhikamasa but what is virtually the
same two lunar months are deemed to lapse during the
course of that solar month. This kind convention helped
the occurrence of one Adhikam3zsa alone as scheduled be-
eause one of the two Adhikam3sds has been nullified b

the convention of & Kshayam3zsa. ’

Why the proposition that a Kshayamzsa generally
occurs when the Suddhi at the beginning of the Solar year
happens to be 21 tithis is quite evident because in such a
case generally Bhadrapada becomes an Adhikamass, which
again entails the oceurence of two Samkramapas during the
wcourse of one of the three lunations beginning with
Kartica, which happen to be longer than the corresponding
Solar months. In other words a Kshayamass is «

.t0 occur only when Bhadrapada happens to be an
smase, and this in turns happens only when . . uu..,
+ b0 be 21 at the beginning of the Solar year. Adhi-
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kamasas do occur when the S'uddhi bappens to be more
than 21, but in this case one of the monshs prior o Bhadra-
pada happens to be an Adhikam3sa and then by the time
‘Kartica is reached, the Samkramapa ocours not at the
beginning of Kartica but a little later, which means that a
second Samkramanpa could not occur before the lapse of
that lunation. This therefore will not be a Kshaya month.

The S'uddhi which is defined as the number of $ithis in
between a New-Moon and a Samkramana, is clearly the in-
terval which has been gained by the luai-Solar system over
the Solar. This Suddhi increases at the average rate of
11 days, 8 ghatis, 52 palas and 30 Vipalas per an year as
we have seen already. For the occurrence of an Adhika-
masa during the course of an year the Suddhi at the begin-
ning of the year must be such that it accrues to a lunation
during the course of the year. The apogee of the Sun being
almost stationary having a very slow motion the lengths of
the Solar months do not vary appreciably for a good number
of years, Taking that the Sun’s apoges is roughly at 80°
longitude (78° according to Hindu Astronomy) the Sun’s
motion is less than his average from the moment when he
has 350° longitude upto the moment when he has 170°, so
that the Moon gains rapidly over him during this period.
In other words the lunations daring this period are of
shorter daration i.e. the luni-Solar months of chaitra upto
Sravana will be shorter in length so that Suddhi increases
rapidly from March upto Auguast, Thereafter it will attain
a stationary value just for a litle time and then ‘decreases
for the next six months upto February. The increase,
however, far exceeds the decrease and the balance of in-
crease per year is as mentioned above is 11-3-52-30.

Bhaskara mentions in the course of the commentary
that (1) the average length of a lunation is 29 days, 31
ghatis and 60 palas; (2) the average length of a Solar
month is 30-26-17 (3) when the daily motion of the Sun
happens to be 61°, then the Solar month will have -a length
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of 29-30 aund as such falls short of a lunation and (4) that
the minimum length of a Solar month is 29-20-40 only.
Then he gives a general and broad explanation ag to how a
Kshayamisa occurs on the following lines. Let us call NS
as the interval between a New Moon and the subsequent

Samkranti. In other words it is the Suddhi. Suppose
Bhadrapada goes without a Samkranti thus becoming an
Adhikamzsa. Then in Aswayuja NS will have a swmall
value, because the Samkranti S which should have occured
at the general rate of one per a lunation, has not ocoured
before the lapse of Bhadrapada and being belated a little
maust have ocoured close on the heels of the New Moon of
Bhadrapada. Let this interval NS have a particular value
say x. Thereafter the Solar months grow gradually smaller
i.e. the Samkrantis occur earlier ; so in Kartica the value
of NS decreases. It might decrease to such an extent that
the next Samkranti might occur before the next New Moon.
Suppose this does not happen in Kirtica ; then in Marga-
sira the value of this NS is still smaller and there is a
greater likelihood of another Samkranti ocecuring during this
Margssira. Then the value of NS being the smallest in

the month of Pausha, another Samkranti is bound to take
place during this month at the latest. In other words S
now oceurs before the next N i.e. the Samkranti occurs just
& little before the next New Moon. Let now this SN be s
small quantity say y; or what is the same the next NS or
the S'uddhi will be nearly a lunation. There after the
Solar months begin to gain in length i.e. S occurs later and
later. This means NS gains in length. Being nearly of
a length equal to a lunation, and now gradually increasing
it is bound to exceed a lunation shortly thereafter. This
again means that 8 occurs later than ths next New Moon,
which is to say that” one more lunation goes without a
Samkranti. Thus it is that another Adhikamasa. ocours
shortly after the occurence of a" Kshayamisa. Hence in
the course of one year there ocour two Adhikamasis and

Kshayamasa which means again that the balance of an
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Adhikam3sa is there in that year. In other words, the
occurence of a Kshayamidsa during the course of an year
as per a stipulated convention does nob preclude the average
»occurence of an Adhikamisa which is normally due after
an average lapse of 32} Solar months. That the occurence
of a Kshayam3sa entails the ocourrence of two Adhikamasis
on either side may be also seen in another way, Twelve
lunations put together have a length of 3543 days approxi-
mately during the course of which only eleven Samkrantis
oould occur in case the initial Suddhi is 21 days, for, sub-
tracting this 21 from 3543, there remain 333} days only
which could contain only ten Solar months and not eleven,
Ten Solar months are contained if there be only eleven
Samkrantis. Out of these eleven, two are consumed in a
single lunation which happens to be a Kshayamasa., Hence
the remaining eleven lunations have to contain only nine
Samkrintis which means that two lunations have to go
without Samkrantis. In other words there are to be two
Adhikam3dsas during that year. Farther both these Adhi-
kamisis could not occur on one side of the Kshayamasa
for the following reason. Since a Kshayamasa could occur
only during the course of Kartica or Mirgasirsha or
Pansha which alone are longer than the corresponding solar
months, in the event of both the Adhikamasas taking their
place on one side of these months, they are to take place in
ine lunations which are on one side of the three months
beginning with Kartioa. This means that only seven
Samkrantis are to occur during the course of 9 X 29% days
= 965} days. Even seven Solar months fall short of this
period so that it is impossible that only seven Samkrantis
should occur in this period. Hence, the two Adhikam3zsas
which are to occur during the year containing a Kshaya-
risa have to take their place on either side of the Kshaya-
misa
Bhaskara mentions that when the daily motion of the
Sun eciu:a.ls 61’, the length of the Solar month will be 1§32
= 99-30 approximately. He also states that the minimam
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length of & Solar month will be 29-30-40. This will be s
when the average daily motion during the course of &
wmonth is 61-30-30.

¢

Verse 7. A mention of the &ears past and future that
had and will have Kshayam3s3s.

A Kshayamisa occured in the Saka year 974 and will
ocour in the years 1115, 1256, 1378. Thus generally it
occurs once in 141 years or even 19 years.

- Comm. Wohave seen before that according to the
convergents given above a Kshayamasa generally occuars in
19 years or 122 years or 141 years. In the course of the
commentary Bhaskara says “19 years before or after’ so that
141 —19=122 years was also meant by him. He gives how
in the course of 141 years or 19 years the Suddhi at the be-
ginning of the year happens to be approximately 21 days.
In this behalf, he invokes his formulation of the Adhika-
m3as3s in the verse 6 under Pratyabdasuddhi. As per that
formula the number of Adhikamas:is in 19 years will be
7-13-87-30 taken by Bhiaskara as 7-18-40. In other words
the S'uddhi increases by 13 ghatis and 38 palas from what
it was 19 years ago; thus practically the value of the
S'uddhi recurs in periods of 19 years which means that if a
Kshayamasa occurred this year, there is a likelihood of its
recarrence after nineteen years. Of course the recurrence
would not be certain because there is an excess of 13 ghatis
S'addhi which might preclude its oceurrence. Similarly in
122 years and 141 years the numbers of Adhikamasis would
be respectively 45 minus 7-15 ghatis and 62 plus 6 ghatis.
22 paias and 30 Vipalas, the latter being taken by Bhaskara
to be 52 Adhikamasds plus 6 ghatis and 20 palas, Thus
Kshayamasas are more and still more likely to recur in
intervals of 122 years and 141 years respectively, the
S'uddhis at the beginning of the year almost recurring and
agsuming the original value of 21 days for a Kshayamisa
fo ccour.
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- - Bhasgkara adds-that a Kshayamisa occured in 974 Saks
i.e. 62 years befors his birth which knowledge he must-have
derived from hearsay or even by calculation. He-then
predicted its recurrence in the Saka years 1115, 1256 and
1378 which were at intervals of 141 years, 141 years and
122 years respectively. In the year 974 Saka i.e. 4153
Kali year, applying the above formula Dwidhabdah the
number of Adhikamasas elapsed from the beginning of the
Kali were 1531-21-12-52-30 i.e. the S'uddhi at the begin-~
ning of that year was 21-12-62-30. This naturally entailed
the ocourence of a Kshayamasa. Thereafter during the
years 1115, 1256 and 1378, the S'uddhis in the beginning of
the years should be as per the above analysis 21-12-652-30
plus 68-22-30 i.e. 21-19-15; 21-256-37-30 and 21-26-37-30
and 41-18-23 respectively so that Bhaskara could forecast
the occurrence of the Kshayam3sis in those years also. In
this context it is worth-noting that Ganesa notified in &
verse that Kshayamisas would recur in the years 1462,
1603, 1744, 1885, 2167, 2232, 2373, 2392, 2524, 2533, 2655,
2674, 2796, 2815 aoccording to Sarya Siddhanta and accord-
ing to Aryabhtiya during the years 1482, 1793, 1904, 2129,
4186, 2251. These years also may be verified by computing
the S'uddhis as said before and also with respect to Arya-
bhatiya according to which the number of Adhimasas
during a yuga differs by a little and as such effects a differ-
8noe in the sequence of the Kshayamasa years.

Verse 8. Tell me, how, when and in the course of
how many years do two Adhikam3asas ocour as mentioned
by the Rishis ? Questioned accordingly by an expert in
questioning, if a mathematician could know the answer, I
would reckon him as no other than Bhiskara (either the
Sun-god or he himself i.e. Bhaskaracharya) who could make
the lotus-buds of mathematicians blossom.

Oomm. Probably taking up this challenge alone
Gapesa answered thes question and gave the years ocited
above which should bring in a recurrence of Kshayamas3s,

11
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N.B. . If does not suffice merely to compute the Suddhis
alone in the beginning of the years but a rigorous sompu-
tation necessitates the calculation of the moments of New
Moons and Samkrantis also during the particular years as
well, in as much as, the motion of the Moon also comes in-
§o the picture and it differs from month to month on
account of the rapid motion of his apogee.

Here ends the section named Adhim3sidi-nirpaya.



THE SECTION BHU-PARIDHI-MZSNKDIKA-
CIRCUMFERENCE OF THE EARTH

Verse 1. The circumference of the earth’s globé is
4967 yojanas; its diameter 1681. A yojana is equal to

d
X350 7 where § ¢ is the difference in the latitudes of two
places on the same terrestrial meridian in degrees, C the
circumference of the earth’s globe given above and 4 the
distance between the two places.

Comm. The second half of the verse gives the method
of computing the circumference of the earth’s globe, which
is mathematically correct; for, by the rule of three “If by
a difference of 90° in latitude we have } C, what shall we
have for 1° difference in latitude? ” The answer is 3_05
Again “ If by distance of d between two places on the same
meridian, we bave a difference of §¢° in latitude, what
sha,ll we have for 1° difference in latitude?’ The answer

is —. DBoth the answers must be the same; so equating

8«5

C d .
= — = ber of =
them, we have 30 ~ 34 numbe yojanas b4

x _ 4 . C _dax3%

say. Hence one yojana = " 58 i Sl vyt X 58

N.B. Here it must be noted that a yojana’s length is

derived from the number of yojanas contained in the
circumference as reported in the Agama.

In the course of the commentary under this verse,
Bhaskara explams why he had recourse to this kind of
definition, which is based apon agama and as such- does
not contam a proof. He says thab in as much as the defi-
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nition of a yojana wasg given basing ultimately on the units
of Angulas and yavas (grains of paddy) differently by differ-
ent authorities, and in as much as the circumference of
the earth’s globe was more or less unanimously aceepted
he has shosen to define & yojana on the accepted measure
of the circumference. In some other place Bhaskara says
‘that a yojana is equal to 4 Krosas, where the word Krosa
etymologically means that distance through which the
opmost voice of a healthy person could be heard by
another healthy person baving good audition.

" In this context it may be recalled how S'ripati defined
a yojana under verses 69, 70 Madhyamadhyaya of his Sid-
dhanta S'ekhara. ¢ The minute speck of dust that is seen
flying in the light of the Sun’s rays entering a house
through the windows, is called a paramanu (not an atom as
is being translated now). Eight such paramanus -equal
one Repu. Eight Renus equal the breadth of the end of a
hair known as Vilagra or Kaccha-mukha or yuka. Hight
Valagras equal one Liksha; Eight Likshds equal one Yava;
eight Yavas equal one Anguld; twelve Angulas make what is
called a Vitasti (i.e, the expanded length of & palm of the
tallest person). Two Vitastis equal one Hista. Four has-
tis make one Chapa, Two thousand Chapas make one
Krova and four Krogas are reported to be equal to a yojana
by Astronomers ”’

Verse 2. Rectification of the circumference .ie. find-
‘ing the length of the circumference of the earth parallel to
‘the terrestria] equator and passing through the locality in
question. Also the definition of the primary meridian.

The equatorial circumference of the earth multiplied
by cos ¢ and divided by R or multiplied by 12 and divided
by the hypotenuse of the right angled triangle formed by
the gnomon and the equinoctial midday shadow thereof.
.(Hereafter called equinoctial bypotenuse) gives the ciroum-
ference of the earth parallel to the equator and passing



85

through the locality (hereafter called the rectified
ference)., Also the primary terrestrial meridian is that
longitudinal line passing through the places (1)} Lanka (2)
Ujjain (3) Kurukshetra and (4) the north pole. '

Comm. (Ref. fig. 4) Let ABC be the terrestrial Equa-
tor, and QST be a circle paralle! to this terrestrial equator
and passing through the locality S. This QST is called the
rectified ciroumference of the earth at the place 8. The
terrestrial equator is defined as follows, It is known that
the earth rotates about herself about the axis P, P, where
P, P, is called the polar axis or Dhruvayashti. In other
words the entire heavens appear. to revolve round thé earth
in such a way that any star will appear to be revolving in
& oircle ealled its diurnal circle which is parallel to
oircle ABC. The points P, and P, are called the north.
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south pole respectively. These two points evidently do
not move, though the earth is herself rotating in the
olockwise direction. If O be the centre of the earth, OP,
produced meets the skies at a point called the north celes-
tial pole and OP, produced meets the skies in the point
oalled the south pole. It so happens that the north celes-
tial pole is very near a star which is called the pole star.
This star is known as the Dhruva-Tara in a3 much as it does
not appear to move at all while all the heavens (i.e. all the
stars of the sky) appear o be revolving round the earth
rising and setiting as seen at any place. (The word Dhruva
means fixed). Aryabbaticharya mentioned in so many
words that it is the earth that really rotates and so the
stars which are themselves fixed appear to be going round
the earth in circles parallel to the cifrcle ABC. saar

I (Explained under verse 7 Bhaganidhyaya). The
celestial Equator is the great oircle which is the circle
of intersection of a plane perpendicular to the polar axis
and passing through the earth’s centre with the celestial
sphere (celestial sphere is the sphere-like surface which shape
the Sky takes and on which the stars and the planets appear
to be studded.) Similarly the terrestrial equator ABC is
the circle of intersection of the earth’s globe with the same
plane. Thus the terrestrial and the celestial equators are
concentrie coplanar circles with the earth’s centre as the
common cenfire. A great circle of a sphere is a circle whose
plane passes through its centre. Thus ABC is a great circle
on the earth’s surface, because its plane passes through the
earth’s centre. Similarly the celestial equator is a great
circle of the skies, The circle QST is called a small circle,
just as the diurnal circle traced by any star in its diurnal
rotation is also a small circle parallel to the celestial equa-
tor. Thus small circles, an infinity of them can be drawn

parallel to the terrestrial equator ABC and they will be in
deoreasing dimension as we proceed towards the pole.
Hence the Sphutaparidhi or the rectified ocircumference
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QST at the locality 8 is a small circle whose sircumference
is smaller than that of ABC. The problem is now to find

. o . QST _ 277
the length of this circle QST. Evidently ABC 2=x®R

= % where » and R are respectively the radii of the two

circles. But % = Cos¢g from the triangle OSO’, where
0,80 = 80A = latitude of the place 8, QST =
ABC X Cosg = ABC X H Cos ¢ I

R
the Hindu cosine of ¢ known as lambajya and stands for
08, = 0’8 = r. This lambajya is also called Dyujya if
the small circle is the diurnal circle of a Star. The diurnal
circle of a Star is called Dyujya~Vritta and its radius is
called Dyujya-Equation I proves the first statement of the

Z

Fig. 5

verse. In fig. 6 Gn N is called the fundamental gnomonic
triangle where Gn is the vertical gnomon pointing to the
Zenith Z of the celestial sphere and is considered to be of
12 units (Angulas as they are called), GN the midday-
shadow of the gnomon oast on an equinochial day when the
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Sin is ab the point Q where Q is the point of infersection
of the celestial equator with the meridian of the place. If
the equinoctial shadow be denoted by ‘s’ and the hypo-
tenuse of the triangle nGN namely nN be denoted by K
(called the Vishuvatkarpa or the equinoctial hypotenuse)

then —% = Sin ¢ &nd% = Cosg. If H Sin ¢ be the

Hindu sine of ¢ called the Akshajya H Sin ¢ = R Sin ¢

s _ H'8in ‘& 12 _ HCos¢ _ Lambajya

so that & = ——p— and ¢ R Trijya

Substituting for M__RO_S_Q the value }1{2 in equation I

above, we have
| QST = Sphuta - paridhi = Bhu - pagdhl x 12

which proves the second statement given in the verse,

II

Regarding the third statement, which defines the Bhu-
Madhya-Rekha (In modern text books of geography the
terrestrial equator is spoken of as the Bhu-Madhya-Rekha.
The terrestrial equator is called Niraksha-Rekha in Hindu
Astronomy which means the circle of Zero-latitude), it is
the primary meridian taken by Hindu Astronomers. In
modern astronomy the primary meriodian is taken as the
Greenwich meridian. Bhaskara has given four places locat-
ed on the Hindu primary meridian, but, Sripati gives many
more places located on this primary meridian under verse
96 Madhyamadhyaya namely (1) Lanka (2) Kanyakumiri
(3) Kanchi (4) Pannata (5) the six-faced white mountain
(6) Sri-Valma-gulmam (7) Mahishmatr (8) Ujjain (9) An
Asrama (10) Pattasiva, a town (11) Sri Gargarana (19)
Sthanviswara known also as purohita (18) S'ttagiri and (14)
Sumeru. Some of these places cannot be properly identi-
fied but the following remarks may be made (a) Pannita is
one of the fifty-six small countries into which India was
divided in anoient times aceording to the puranio literature
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(b) It is not clear what places are indicated by (5) and (8)
cited above (¢) In some works Mahishmatr and Ujjain are
used synonymously, (8) is not clear. Regarding (9) there
is one pattagiva near Rajabmundry but S'ri pati does not
seem to have meant it. Again (10) is not clear, Regard-
ing (11) it is to be noted that the place is now pronouanced
(probably mis-pronounced) as Sthaneswara. If (12) means
the Himalaya mountain, there is not much meaning to say
that it lies on the primary meridian; only & cross-section
of it could lie there upon. The entire mountain extends
from west to East over more than a thousand miles.

Verse 8. To find the correction known as Desantara,

The distance between two places on the same latitude
naultiplied by the daily motion of a planet and divided by
the rectified circumference is a correction subtractive in
the east and additive in the west of the primary meridian
in the planetary position obtained.

Comm. In Hindu Astronomy the mean planetary
positions are first caloulated for the Sua-rise at the primary
meridian, Now sappose a place lies to the east of this meri-
dian, Then the Sun-rise at the place happens to occur
earlier than on the primary meridian. Hence the correc-
Sion in the mean computed position of the planet is nega-
tive if the position were to ba calculated for the local Suaa-
rise, If the place happans to b3 on the wastern side of the
primary meridian the reverse holds good i.e. the correction
is to be additive, The amount of the correction is the
amount of the motion of the planet in betwaeen the tiwo
Bun-rises. Let the planet move an arc equal to dm per day
i.e. it moves dm when the earth rotates once about her
axis, The time between the two Sun-rises above is the
time by which the local meridian is ocarried through the
distance between the locality and the primary meridian’s
point of inter-section with the latitudinal line or whab
is the same through the arc of the rectified circumfer-
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enes of the earth pertaining to the looality, If d be this
distance then the rule of three o b3 used is “If the
length of the rectified cireumference viz. C rotates by the
time the planet moves a distance dm, what is the are
traversed shrough by the planet if an arc ‘d’ of C rotates
d > pu

G which is the cor-

through ?”’ The answer is

rection required,

Verses 4,6, 6. The Correction Desantara expressed
in time.

The eclipse of the Moon occurs at a place situated on
the east of the primary meridian later than on the primary
meridian and vice versa. The time in between the two
moments is the Deyantara expressed in tima. The distaace
of Desantara ie. the distance of the locality from the pri-
mary weridian measured along a psrallel to e terrestrial
equator or Niraksha Rekhd is obtained by malsiplying the
rectified circumference by the Desautara maasured as above
in ghatiz and dividing by 60. Also the above tims in
ghatis multiplied by the planets’ daily motion and divided
by 60, gives the correction in arc in the computed mean
planetary motion.

Further the week-day begins after or before the local
Bun-rise by that Desantara expressed in time according as
the locality is on the east or west of the primary meridian.
Also the week-day begins after or before the local Sunrise
by the ghatis of the correction known as chara according
as the Sun is in the northern or Southern hemisphers.

Comm, An eclipse is first computed for the primary
meridian. If an observer wants to know whether he lies
east or west of the primary meridian and to know the
Desantara correction in time, the following procedure is to
be adopted. Let & lunar eclipse begin x ghatis after the
Sun-rise of the primary meridian, Let the obssrver note
the tims y ghatis which have elapsed after Sun-rise at hig
own place when the eclipse begins. Since a lunar
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begins simultaneously for any place of the earth, if y > x,
then he should know that he lies on the east of the primary
meridian because his Sun-rise happens to be earlier than
the Sun-rise on the primary meridian. Also the difference
y—x gives the Degdntara corvection in fime for his place.
The converse is the case if he happens to lis on the western
side of the primary meridian. The time at whioh the
eclipse takes place on the primary meridian after the Sun-
rise there which is obtained by computation is called Drik-
grabapa - Kila; whereas the local time after Sun-rise
observed by the observer is called pragrahapa-Kila, Their
difference is therefore the Dagantara correction in time.

TXC
If the Des'antara is to be gob in yojanas, “%(6‘ is the

answer, where T=y—x and C is the rectified circumference
of the earth, for, if a difference of 60 ghasis be there for C
yojanas, what should be the distance in yojanas in order
that the difference is T"? The answer is as given above.

Hence fo obtain the positions of the Sun and the
Moon at the beginning of the eclipse at the locality we

TXdm

have to add or subsract as the case may be 60 where

Om is the daily motion of she Sun or the Moon, and T is
y—x cited above, for, ‘‘ If in 60 ghatis the motion be Jm,
what would it be in T ? ** is the rule of three for which the
answer is as stated above,

Now the question is when the week-day begins for the
locality. It must be noted clearly, that in Hindu Astro-
nomy the moment of Sun-rise at the primary meridian
alone is to be reckoned as the beginning of the week-day
universally, This convention is alopted for convenience.
Thus the astronomical week day for any locality does not
-begin from the Sun-rise of the locality, bus may begin
earlier or later. This difference is given by y — x oited
above.
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There is yet another subtlety in the commencement
of the week-day, arising out of the latitude of the place.
The former analysis pertains to the longitudinal difference.
The difference arising out of latitude between the local
Sun-rise and the Lanka-Sun-rise is given by what is called
Chara-Kila. Bince the week-day begins at Lanka Sun-rise
and the looal Sun-rise differs from the Lanka Sun-rise not
merely by a longitudinal diffsrence but also by a latitudis
nal difference, to compute the actual beginning of the
week-day before or after the local Sun-rise, we have to take
into account both the differences cited above. In other
words, computing the local Sun-rise and also the Lanka
Sun-rise, we have to decide the beginning of the week-day
before or after the local Sun-rise.

Verses 7,8. The correction called Bijakarma for the
planetary positions.

The number of years from the beginning of the Kalpa
divided by 12000, the remainder, or the difference of the
divisor and the remainder whichever is less is to be divided
by 200. The quotient in minutes of are, multiplied by
3, 5, 5, I5, 2 respectively is a negative correction in the
positions of the Sun, Moon, Jupiter, Venus, and the lanar
apogee and multiplied by 1, 62, 2 and 4 gives the positive
ocrrection in the positions of Mars, Mercury, the lunar
Node and the Saturn respectively.

Comm. By the phrase ‘ The remainder or the diffe-
rence of the remainder and the divisor ’, it is plain that the
corrections positive or negative increase for 6000 years and
decrease for the next 6000 years. Bhiskara gives no reason
for these corrections, but, we have to construs these correc-
tions on the following rational grounds. Bhiskara,
however, says that the corrections were accepted by him on
the basis of Agama, This Agama —stipulation was there
in Brahma-Sphuta-Siddhinta and was later incorporated
by S'ripati also in his Siddhanta~S'ekhara and as such was
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accepted by Bhiskara also. However, in Brahma Sohuta
Siddhanta both as ficst published as an edition of M. M.
. Sulhakara Dwivedi -and later by the late Rimaswarupa
Sarma in 1966, the verses 59, 60 of Madbyamadhikira
suggest that the corrections are negative in the case of all
the planets; whereas both Sripati and Bhaskara mike them
positive in the case of the latter four viz. Murs, Meroury,
the lunar Node and Saturn., By this we have to construe

that Sripati and Bhaskara must have had before them a
text which should have real %’ in the place of ‘=’ in the
last pada of verse 61. M. M. Sadhakara-Dwivedi did not
notice this anomaly of the positiveness of the ceorrection
with respect to the latter four, but he remirked, however,
that there was a prosodial lapse in the last pada of verse
61, for which he offered a suggestion that instead of T,
we had better read ¥2:—This suggestion, no doubs, rec-
tifies the prosody of the verse, but not the the anomaly
cited above which was not noticed by M. M. Sudbakara
Dwivedi. So, we have offered our own suggestion namely
that in the place of =¥ as mentionsed aboye if we read %%,
we not only rectify the prosodial error but also the anomaly
referred to. Ramaswarapa S'arma notied the anomaly bat
did neither refer to the prosodial error nor offsr a aorrse-
tion. It seems that Ramaswarupa Sarma did not verify
jhe corrections stipulated from the verses 91, 92, 93 of
Madhyamadhyaya of Siddhanta Sekhara. In this latter
work, there is another anomaly namely that in the case of
Mercury, the number 62 is the multiplier and not 52.
Makkibhatta, the ancient commeatator had before him a
text which read 62 in the plase of 562, in all probability, a
mistake of the seribe. M. M. Sudhakara Dwivedi is repor-
ted to have later pronounced that 52 must be the correob
figure when this was brought to his notice as this numbar
53 was found both in Brahmagupta and Bhaskara. As re-
ported by the editor of Siddhanta S'ekhara Pandit Babuaji
Mishra, who mentions this latter pronouncement of Sudha-
kara Dwivedi bis teacher, also says that Sudhikara Dwi-
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vedi suggested the reading fime in the place of fzra of
vorsa 93 of Siddhanta Sekhara, The fach that Makkibhasta
commented FIARSTN as [EA TS TN shows that he did
not consult Brahmasphuta Siddaansa in this place; also,
he must have had a manuscripi before him whish saribad
fgx& in the place of igZmx. Using @ 7 &, indiserstely
is not uncommon in many books of North India, from a
long time and the scribe of the manuscript probably haviag
used & in the place of g and then by an oversight a
latter seribe having inverted &€ as T&, Makkibhatta must
have commented like that.

Incidentally a remark may be made hare about Makki-
bhatta. He was evidently a keralite becauss he used lettars
to signify numbers as wa3s a common practice among the
Kerala Astronomers, and as he also commented upon Britad-
Bhaskariya, Farther, it is interesting to nots that he
wrote in his commentary under verse 39 of the S3.hani-
dhyaya of Siddbanta S'skbara viz. ‘wgAETICIESEAL

qraaita gtgarfa arfqar ”, © g 7 wegal wafa” ete”. This
idea shows that he a,ceepted Aryabhata's varse * A3ty qfy:
etc’ implying that the earth is rotating.

Bhiskara says that the Bija correction mentioned was
purely based on Agama and Upalabdhi (meaning aushority
and observation’). M. M. Sudhikara Dwivedi scems to
bave reiterated the samse as reported by Babuaji Mishra, in
a foot-note. Kamalakara, condemned this Bijakarma as
it was unwarranted and had no proof,

A rational explanation as to why this Bija-Karma was
prescribed either by Brahmagupta himself or some autho-
rity which he seems to have accepted may be given as
follows. The small differences in the numbers of sidereal
revolutions or what is the same the minute diffsrences in
the accepted daily motions of the planets aad the assump-
tion of & conjunction of all the planets and planetary
points at the beginning of Kalpa, which is beyond proof,
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resulted in a difference between the computed planetary
positions and their observed positions. 8o, the originator
.0f this Bija-Samskara, noting the differences in his own
time devised a formula, which could account for those
differences. But this formulation was bound to go wrong in
later times ag long as the daily motions are not correoted
to the minutest extent possible and as long as the fuada-
mental basis of the conjunction of all the plansts and pla-
netary points is not proved. This seem3 to be the reason
why 80 may texts were written ingcorporating small diffe-
rences in different times a3 reported by Gapgsa (1507 A.D.)
in his work Brihat-Tithi-Chintamani in the words *‘ The
calculations of planetary positions according to the
methods indicated by Brahma, Vasishtha and Xasyapa
Siddbhantas beld good in their own times, but grew obsolete
later; Then Maya, the demon at the end of Krita obtained
the science from the Sun God, which again grew obsolete
in this Kaliyuga wherein pardsara began to hold the ground
for a good length of time. Then Aryabhata rectified the
methods; when even those methods grew obsolete, Durga-
Simha, Varaha Mihira and others set them right. Again
Brahmagupta came into the picture to rectify the methods
by his own observations. Then Came K&sava (Gafiesa’s
father) who rectified further. After a lapse of sizxty years,
his son Ganesa has now to correct the Science, If this
#lso grows obsolete (as it is bound to) in course of time, let
others again rectify it by observing conjunctions of the
Moon and planets with the asterisms.”

Obsoleteness arises oub of two contexts, one a justifi-
able situation and the other based upon a wrong premise,
The first is as follows. Suppose as a first approximation
we take the length of an year as 365 days. We will bave
committed an error nearly } of & day, so that the error
accures to a day in 4 years. Thus the convention of the
leap year arose so that during four years we give a day.
more to February. Here again we have overestimated the:
error hy nearly zjoth of a day. Hence in 400 years the
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above correction leads to an error of a day. 8o, it is
that we pronounced that out of the years 20C0, 2100,
2200, 2300 A.D., the year 2000 A.D. alone is a leap year.
and not the remaining, the convention being that the
number of the century, here 20, must be also a multiple
of four, On this back-ground, suppose We prepare a
manual called a Karana grantha taking the length of the
year to be 365°256 days. It works alright for some btime
but in the course of 400 years the error will have reached
to as much as one day. Thus a manual like the above
works only for a short time and the approximation made
gradually brings in a divergence on account of which such
a manual grows obsolete. That is why one Narasimha who
happened to prepare a manual in 1333 Saka year (1411AD)
opens his work with the words * {afaas awmoiia afse®r-
gagfion sQd wgar afers, fasiyy agruy, Agdfegnda
acfeRaggar Tadd 1gzal frag srcginag ™ ie. “In as much
as a manual named Tithi-Cakra prerared by one Mallikar-
juna Sari long ago, based upon the Stryasiddbanta has now
diverged far from the Stryasiddbanta (on account of the
approximations made transcending the limits of negligibi-
lity) I, the son of one Singaya belonging to a place named
Nau-puri (probably Vada-palle of the East Godavary Dt.)
am rectifying it and bringing it to accord with the Surya
Biddbanta again.”

This kind of obsoleteness arising out of inevitable ap-
proximations that have to be made in the preparation of
manuals is permissible. But Suppose the premise of the
manuals itself is incorrect, then the rectification of the
manuals is no good so long as the data given in the pre-
mise are not corrected. There are two fundamental
detects in the ancient works according to a modern analysis
namely (1) The Supposition that all the planets were in
conjunction at the Zero-point of the Zodiac in the beginn-
ing of a Mah3yuga (2) Small variations in the constants
like the daily motion of the planets and the like.  Accord-
ing to the modern interpreters of Hindu Astronomy the
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first premise was no% correct, According to them, somis
astronomers having observed the daily motions of the pla-
, pets or what is the same the sidereal periods of the planets
to a suffisiently good approximaition caleulated bick or
extrapolated a date on which thess planets should have
been in conjunction at the Zero-point of the Zodiac. The
extra~-polated date wa3 naturally wrong to some exten’ be-
cause the sidersal periods found could not bubt be correct
only to a particular degree of approximation. Thus a little
alteration in the number of sidersal revolutions alone or
the number of days in & Mahayuga made to suit the obier-
ved positions at a particalar epoch would be only a tinksr-
ing of the problem and not a true solution, Thus Hindu
Astronomy could be saved and its msthods eould still be
followed provided instead of trying to presums a date ab
which all the plansts ware in conjunction (No doubt in the
long bosom of timse, such a presumption also could not be
ruled out) correct!y observed positions of the planebs by the
help of modern instraments were taken a3 the basis of aa
epoch and thereafter using more correst valnes of the
constants such as the sidereal revolutions, maximum eq1a-
tions of centre and maximum S'izhraphala, oblignity of the
ecliptic eto, The second defect cited above thus biing
romoved, and the original premise bsing changed, the
nethods of calculation still hold good and there would ba
%0 necessity to be going on with tinkerings of the problem,

The Bija-correction whish we are comrmsnting upon
was rightly criticised by Kamaldcara as irraticnal though he
himself fanatically tried to uphold Sarya Siddhiata. Hven
today there are a good nmamber of the tralitional Hinda
Astronomers who do hold that the Sdrya Siddhinta was
revealed to Maya at tha end of Kritayuga in spite of the
fact that scholars like M, M. Sudhakara Dwivedi pronoun-
ced that it was an extra-polated work shorily aftar ths time
of Brahma-Guptacharya. It is interesting to note t.b'a#
Ehiaskara, a very rational astronomer, had bzefore bim
the verse © famemay T WAl =% arg Tfasad™ of the

13
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-Barya Siddhanta (verse 9 ch. 8). - He did not give it the
interpretation that was later put upon it through the
4wo, subsequent lines * agY: {3ar” etc., which lines were
not there evidently in Bhaskara's time, Without these
two latter lines the rate of precession was too swall to be
accepted by Bhaskara and so he chose to follow Munjila
rather than the Sarya Siddhanta. Our Traditional astro-
nomers today have no reservation to accept the greatness
of Bhaskara and worship him though they do not question
what necessity Bhaskara had to write another treatse and
that too basing it upou the Agama accepted by Brahma-
gupta and not Sarya Siddhanta, when there existed Sarya
Siddhanta before him and from which he had no objection
to quote verses like * %TZI® AT HFE YIA:" eto. (verse I
ch. 2.)

The Bija-correction first incorporated by Brahma-
gupta and later followed by a good number of astroaomers
because Sripati and Bhaskara accepted it, will not be accep-
table to modern astronomers, though it might have worked
well at the time of Brahmagupta and for some years later.
The reason is that it is construed only asa tinkering of the
defect as explained before,

It is also to be noted that the originator of this Brja-
correction did not make it secular i.e. valid for all time
increasing without a limit, for, then, the respective
corrections transcend all limits and render the corrections
meaningless. Bo, he said that the corrections would bs
increaring for 6000 years and therealter begin to decrease
to nothing. They were Zero at the beginning of the Kalj
because all the yugas are multiples of 12000 years. Also
the maximum correction is in the case of Mercury
520% X 52=1560"=26°  Let us see how far this is justifi-
able. The daily mean motion of Meroury as given by
Bhaskara is 4°~5" - 32"~ 18"" - 28" whercas as per modérn
gstronomy it is 4° -6’ ~ 873" approxly. So there is a posi
ive error of 5" which will accrue to 18'-35" ip
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course of 200 years, But as per the Bija-oorrection if
should be 52°. Henos it is a fact thas there is & positive
Lerror but not so much as indicated. But it must be noted
that Mercury’s orbit has the highest eccentricity of as
much a3 .2, and the observer who stipulated the correction
must have observed when M roury was near-its. perihelion,
where the error could have been as much as indicated and
even more. Similarly on close analysis it could be proved
that the Biji-correction should have bzen as indicated,
say, roughly about 8500 Kali era, which might be roughly
the date of its stxpulatxon

Verses 9, 10, Concluding verses of the Madhyadhlkara.

If the work is m3de more voluminous by describing
various methods which are easy auad interesting to un-
intelligent people, learned men look down upon such a work
as indulging-in unneeessary verbosity. Hence the volume
of a work does not add to itis greainess; So I have made my
work neither voluminous nor brief-worded, The reaon is
that both the intelligent as well as the unintelligent psople
are t0 be enlightened.,

For the sake of clarity of exposition, different ingeni-
ous methods being used in such a way that the work does
nob exceed the normal limits of the previous works, and in
oorpora,mna a3 far as possible unit numoarabors, fractions
having num :rators and denominasors mutually prime, using
methods of interpolation and reduction, miking use of
different kinds of denomina‘ors and numerasiors in many
ways, this kind of treatment must ba given to a work of
this nature by an intelligent man.

Comm. Easy.

Before we proceed to the next chapter, we shall add
here tables of astronomical constants as given by diff-rent
authorities, which will help eomparison and appreciation of

the work,
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SPASTADHIKARA — RECTIFICATION
OF PLANETS

Introduction, In the Bhaganidhyiya section of the
previous chapter Bhaskara gave under the Caption Bbhaza-
nopapatti his proofs as to how the ancient is might have
obtained the number of sidereal revolutions of tha~planets
and the planstary points called apogees or aphelia and
Nodes, But in trying to give those proof:, he was aware
and he confessed also in so many words that some of his
proofs at least were obsessed by what is called Itargia-
risraya-Dosa i.e. ‘‘answer bagging the question” It is
worth-hearing his words in his commentary under verses
1-6 of the section cited above —* Tha’ the planets, and the
planetary points perform so many revolubions in & Kalpa,
is essentially conveyed by the Agama i.e, the Sdstra (which
is to ba taken on faith), That Azama, got diversifizd ie.
there are many varsions of tha’ Szience, diua to tho defacts
of scribes, the teachers and the studznts and du2 to a long
lapse of time from the originators of the Agama. Thab
being so, the question aris2s as to which of the versions is
b0 ba trusted as the right aathority, If it bs said so, in
mathemacics only an agama which oould be proved also
ghould ba taken as aushority. Sach a numbir of revola-
tions as are obtained by proof, i3 to be accepted. Even
that eou'd not be (a proof) ; for, a great scholar could jist
uaderstand the prool a1d by that proof alons, it is not
possible to know the exact number of revolutions (in a
kalpa), for, a man’s longevity is not much, Ia the proof
that could possibly be given, the planet’s position is to be
observed aad noted every day, during the ‘entire course of
its revolution. Thus Saturn Completes its sidereal re-
volution in about 3) years. The apoges of the Sua aad the
aphelia of the planets have their revolution® running into
hundreds of years. Hence the abservation of one com)lete
revolution (of sush a planstary point) is bagond the capa-
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oity of a mortal. Hence great astronomers accept such an

agamsa as;would give results which acoord with observations
durmg their times, and such a one as was formerly accepted

by a very. intelligent astronomer. Then they produce their
own works exhibiting their own Skill in the Science and
refuting wrong notions of others. Their idea is ‘ Liet the
Agama we take as an authority be whatever it would be
Let us show our own skill in the course of our work-"; just
a8 in this work, the agama accepted by Brahmagupta is
taken on faith as the authority. Then it might be argued
“ Better not attempt at trying to prove how the numbers
of sidereal revolutions were arrived at. Hven if a proof be
‘attempted, that proof would be obsessed by the * Itaretara-
Srayadosa’ (cited above). Nevertheless we shall give-a
“brief proof, “ That * itargtarasrayaddsa ® is apparently a
dosa i.’e"an a.ppa.ient defect; for, different proofs could
not be adduced s1multa.neously The proof wxll now be
given’’,

" These words indicate that even such a highly rational
and supremely mﬁelhgenﬁ astronomer like Bhaskara could
nob set a.sude his faith in our dgama and attempt at a pure

and rlgorous proof, which would not invoke the agama-Let
‘us see where in his proof he does commit the so-called
'iﬁsi,réfai'aé'faya'dosa and where he invokes the agama.
Also we shall try to’ oonshrucb a proof, of course to a good
extent on the lines on which Bhaskara tries t6 give his
proof, but at the same we shall not invoke the zgama,
where he does, buﬁ try to proceed purely on a rational basis.
We shall take up the proof under verse 18, in its appropriate
context. We shall now proceed with the text upto that
point, which. gives a. brief sketch of the Hindn trigono-
ooebry. - -
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Verse 1. In as much as true positions of the planets
alone are required to decide auspicious moment; for
journeys, marriages, celebrations pertaining to temples,
astrology and the like, weshall now give the methods of
rectifying the mean positions of the planets so as to aceord
with their observed positions.

Comm. Clear.

Verse 2-9. Obtaining the sines of the angles and
tabulation of the sines.

The planet deflected to the true position from the
mean lies at the end of a half-chord (which is the Hindu
sine of an angle) so that many processes pertaining to &
planet are carried through Sines of angles; hence the
word half-chord alone is connoted in this work wherever
the word Jya meaning & chord is used.

The lengths of these half-chords (or the Hindu Sines)
for angles increasing from 0° to 90° at intervals of 33° are
as follows—225’, 449, 671, 890, 1105, 1315, 1620, 1719,
1910, 2093, 2267, 2431, 2585, 2728, 2859, 2977, 3084, 3177,
8266, 3321, 3872, 3409, 3431, 3438. The ub-kramajyais or’
the Hindu versed-sines are respectively 7, 29, 66, 117, 182,
261, 354, 461, 579, 710, 863, 1007, 1171, 1345, 1628, 1719,
1918, 2123, 2333, 2548, 2767, 2989, 3213, 3438.

The word Tribhajya or Trijya is half-diameter, The
word jya khandas used by pandits connote the differences
between suocessive sines.

Comm. There is a difference between modern trigono-
metrical sines and the Hindu sines as detailed below (Ref,
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Fig. 6

fig. 6 overleaf). Let (0) be a circle i.e. a circle with centre
‘0’. Let AB be an arc called ‘ Chapa’; let BC be drawn
perpendicular on OA; then BC is half of the full chord
BD (known as jyi). The half-chord Ardha-jya is itself
spoken of as jya for convenience and is the Hindu-sine of
the arc or chapa AB. In Hindu trigonometry ‘angle’ is
connoted by the arc corresponding to it and as such spoken
of as chapa. OC is spoken of as the Hindu-cosine or Koti-
*jya and CA is called the ut-kramajya or the Versed-sine.
The radius O B is called trijya and let us connote it by R,
To differentiate between the modern terms and the Hindu
terms, we use the words H. Sine, H. Cosine, H. vers-sine
for the Hindu sine, the Hindu cosine and the Hindu vers-
sine respectively. Also the radius R is generally taken to
be 3438’ which, we know to be the approximately the
minutes in & radian. To talk of a length in minutes ag-
pears rather odd but no confusion need be there, for, an arc
of length R subtends 8438 at the centre. It is called Trijya
for the reason that it is the H. sine of 3 Rasis or 90°
A Rasi is equal to 30° because the ecliptio circle of 860°
is divided into 12 Rasis Mesha, Vrishabha eto. meaning

14
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Aries, Taurus ete. The names of the Rasis in Sanskrit
snd the modern English words we use for them have the
same meaning, which raised a suspicion in the minds of
mauy orientalists that the Hindu Astronomy drew upon
the Greek. Many scholars of Indias assert that the Greeks
derived this knowledge from the ancient Hindus; but we
shall not enter into the controversy here. It may be noted
also that the Sanskrit names of week-days have the same
meaning &8 Sunday, Monday ete.

On the basis of taking trijya equal to 3438’, the other
H. sines or half-chords are also expressed in minutes.
Grenerally twenty-four H. Sines are given in a quadrant
and o obtain the H. sine of an angle intermediate, a for-
mula for interpolation also is given. Also the method of
ealculating the H. sines for every degree is given, as we shall
gee shortly. In the table of 24 H. sines, the first is H. sine
3°-45’ or H. sine 225" and this is approximately taken

N
as 225’ beeause in fig. 6 if AOB=3°-45’, the H, sine BC
will be almost equal to the are AB. The H. Vers-sines
are also given to get the corresponding H. Cosines easily,
for, H. Vers sine 3°-45 = R— H. Co3 3°-45 = 7’ means
H. Cosine 3°-45"=3431=H. sine (90°-3%°)=H,, where we
use the notation H r to mean the rth H. Sine.

Now we propose o give here some essential formulae
used by the Hinda astronomers, as given in the goladhyays
by Bhaskara under the caption jyotpatti-krama. Inciden-
tally it may be noted that H. sine @ =R sine § where sine
is the modern sine of the angle §°, Similarly H, Cos §=R
Cos @ and Hvers =R vers §. Thus when we have an equ-
ation of the type. Sin ® = Sin ¢ Cos z + Cos ¢ sin z sin a
in modern astronomy arising out of the famous spherical
triangle PZS where P is the Celestial Pole, Z the Zenith
and S the position of the Sun or a Star, the Correspond-
ing " Hindu formula would be R®* H Sin = RH Sin ¢
Heos Z + Heos ¢ Hsin Z Hsina,  Ocoasionally the
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radius is taken to be 120, and the eorresponding H sines
are called Laghu-jyas or simpler H sines used where great
acouracy is not required. Sripati took the radius to be
3270 units in addition to 120 as did Brahmagupta, Munjila
took 488’ and some others some other values also, Oub of
these 3438’ alone has a right significance (Vaigswara took
3272)

Bhaskara says under verses 1 to 5 under Jyotpathi-
Vasani in the Goladhyiys that the Hindu astronomsars got
the values of the main H sines of 30°, 45°, 60°, 18° and 36°
by inscribing regular polygons in a cirele. They are
called the pancha-jyakas or the fundamental H sines.
Prom these the others were caloulated according fo the
methods given by Bhaskara as follows.

To start with, we have the fundamental formula
H sin’@+H cos’@ =R’ (from fig-6) I
In addition to this formula, Bhaskara gives another
formula (verse 10, 11 Ibid) H Sin /2
0 +FHvers’ =
In the commentary under the above verses, he has given
the method by Whlch 1I was obtained (Ref. fig. 7) BM =

H sin @ where AOB 0;also AM = H vers § and AB*=
AM?® + MB®. Let N be the mid-point of AB.
= AN = Hsin §/2
Hsin /2 = 3AB =3 ¥ AM* + M
= 4 « Hsin® @ + H vers* § which
proves the first part of IL. Again from the right—angled
triangle ABC, AB* = AM-AC = Hvers § X 2R

-3 \/ém%\/;

which proves the sscond part.
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Fig. 7

In the Commentary under verses 1—25 ibid, Bhaskars
tells us how formulae I and II are used to construct the
table of 24 H sines. To start with, the four H sines of 30°,
45°, 60° and 90° which may be denoted by the symbol Hr
where =8, 12, 16 and 24, are known. Now using the
formula IT, H, is obtained from Hy, H, from H, and H_
from H, Similarly from H,,, H; and Hy are successively
obtained. Now using formula I, Hy,, Hy,. Hy, Hy Hy, are
obtained respectively from H,, H,, H,, H; and H;. Now
again from H,, Hy,, Hy;, we obtain using formula IT H,), and
H;, Hy;, Hyrespectively. Formula I gives again H,,, H,,, Hy,,
H,, from the above. H,, gives H; and H, gives H,, using
tformula II and I respectively. Thus the table is Completed.

Then Bhizskara poses the problem as to how a table of
the H sines could be computed when a quadrant is divided
into 80 equal parts, He says that formula I and II do not
suffice in this behalf and shows how they do not, as follows
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in the same commentary cited above, To sbart with, the
H sines of 18°, 30°, 36°, 45°, 54°, 60° are known. They are
respectively H, Hy,, Hy, Hy,, Hm, H,,. Also Hy i.e. H sin

*90° = R is also known. Formulae I and IT will help us to
derive,

from By, H; and from H,, H,, ; also from H,, we derive
H

From H,,, H; and from H;, Hy; and again

from H,, H, and from H,, H,, are derived.
The remaining H sines sixteen in number cannot be got
from either of the formulae.

To meet the situation Bhaskara gives other formulae
of his own discovery as he says ‘ yagdsa faRrzasarg”
i.e, “ I shall tell something more than this. These formulae
he gives in the verses 12 to 15, They are

gin /%0 £\ _ /R"+ RHSnx

sinx +Heiny) + (Heosx—Hoosy) IV

«/(HCOSX-—'H‘Sinx)g: H Sin (45 — x) v
o 2
R -?.E%E‘i? — H Sin (90 — 2x) VI

These formulae correspond to the modern formulae

sin (A7

(Cos x — Sln x)' — Sin (45 — x)

) ,\/(Sin x + Sin y)* + (Cos x — Cos y)*
2

1—-2 Sm x == Cos 2x respectively
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These formulae imply & knowledge of the expansion of
8in (x + y) which is given in verses 21, 22 in the form
H Sin (x + 3) = H Sin x HCosy% HCosx HSin y
The formula H Cos (x + y) is got from VII by putting
90 — (x + y)forx + y.

To construct the remaining sixteen H Sines Bhasgkara
directs us to use his formula IV wherein taking x = 27°,
and y = 15° we bave H, which gives H,;. From Hy we
have H,,, H, and H, from H,. Then Hy, Hy and H,y are
got from H,,, H,, and H; respectively. From H, again we
bave Hg, and H, which in turn give give Hy, and H,,. H,,
gives H,, which in turn gives Hy,. . Hy, similarly gives Hy;
which in turn gives H,,, Thus the table is complete.

Verses 16 to 20, (Ibid.) give us the method of con-
structing the table of 90 H sines in a quadrant, through
the formula H Sin (x +1)° =

This formula is got evidently by interpolating from his
knowledge of H Sin 3° and H Sin 33°. He also gives
that H Sin 5°% is wore correctly equal to 224’, 51“.
In the table of 24 H Sines, he gives the formula
H = Hr (1 - 4—;;1) + H Cos x, X -0 which could be
similarly got by interpolation.

The determination of H Sin (A+B) from H Sin 4,
H Sin B, H Cos A, HCos B is called Sam3isa-Bhavana
and that of H Sin (A—B) is called Antara-Bhavani,
whereas computation of H Sin 2A from H Sin A and
H Cos A is called Tulyabhavana. The word Vajrabhyasa
is used for ‘Cross-multiplication’ in this context.

We shall now prove how the formula for H 8in (x+1)°
led Bhaskara to arrive at the differential formula
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3 (Binx) = Cosx dx. Since H Sin (z4+1)°=H Sinx +
HCosx X HSin1°
N R

HSinx*=HCosx X

&pproiimately, HSin(x +1)0 —
HS8in1°
R

= H Cos x X & constant.

Hence Bhaskara could see that the variation in the
function H Sin x is proportional to H Cos x. Let it be now
required to find the increment in H Sin x for an increment
Ox in x where dx < 60’. Let H Sin (x+1)°—~H Sinx =
60' X HCos x
R
Then Bhaskara argaes “If for an increment of 60', there
is an increment of y, what shall we have for dx ?*,

The answer js YOX _ 80 X HCosx &z H Cosx dx.

60 R 60 R
Hence H Sin (x +9x) —HSBinx = 3 (HSinx) =

H Cos x X %{ which corresponds to § (Sin x) = Cos x x.

= y where y is called the Bhogya-Khanda.

Bhaskara is thus the first mathematician to have perceived
this differential formula 500 years before Newton and
Leibnitz.

Tn the context of the preparation of the table of 24
H Sines which was there in Aryabhatiya as well as Surya-
giddhanta, we have to offer the following remarks,
T'he method of the constrnction of this table was the
subject-matter of some study by 8. N. Naraharayya and
A. A. Krishnaswami Ayyangar’. In this study it was
supposed that the method was based on finite differences
according to the verses of the Saryasiddhanta 15 and 16
of chapter II. The articles referred to reveal the difficulty
in constructing the sine-table following this method.
Some subsidiary corrections in the verse “uomfamsy fase
[

1. S. N. Naraharayya—Journal of Indian Math. Society, Vol, XI—First
Series Pages 105-113.

2. A. A. Krishnaswami Ayyangar—J. I. M. S,, Vol. XV—First Series
Pages 121-126.



114

quoted
from the Brahmsa Siddbanta by Ranganitha in his com-
mentary of Stryasiddhinta were alluded to in the articles-
cited but no satisfactory mathematical explanations were
given by them. We shall give hereunder a satisfactory
explanation of the matter discussed in the articles.

In the first place it may be noted that in the table of
those 24 H sines, the sixteenth as given by Bhaskara
namely 2977 is more correct than that given in the Surya-
giddbhanta namely 2978 (Lakshmi Venkateswara press edi-
tion 1956 Bombay).

In the course of the Commentary under the verses 15,
16 of the Stryasiddhanta, Ranganatha gives the hint which
must have been at the back of the mind of the author of
the Stryasidhhanta when he gave the rule to construct the

H Cos
R

table oited. Just as & (H Sin 9) = 686, Similarly

the formula & (H Cos 9) = :E——S—%ﬁ——@e must have

been known to the author. The negative sign means that
the successive differences of the H sines namely 225, 224,
222, 219 etc. are decreasing and also that the successivy
differences of these differences are increasing acocording to
the H sine. Just as Bhaskara could see that the H sines
were increasing and the successive differences of the
H sines were in Kotijyanupata i.e. in direct ratio to the
H Cosine at their respective place, similarly, the author of
the Stryasiddbinta could see that the second differences
ocited above were in Kramajyanupata as hinted by Ranga-
natha.

From the formula & (H °°5R9 ) 9) = —H 5%199 o0

putting = 90°, we have the second difference numeriocally
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X
R S 4o~

Ranganatha made a2 mistake in taking this to be

= 14" — 43" — 30"

2
= 16' — 16" — 48’" — Hven %Q- is approximate

and a more correct value of the second difference would be
14’ — 47” approximately, Ranganatha then argues that
taking this second difference to be 15 for the H sine 3438
‘ what will it be for the H sine 225’ ?° The answer would
be 16 X 226 _ 156 X 26 _ 375

3438 %83 3
8o, the second difference in the beginning of the table
happens to be 1" ie 3%% This led the author of the Surya

siddhanta to use the words * afgasmaesi@””. This being
an approximate formulation, naturally necessitated a second
formulation where the approximation led to an error 