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PREFACE.

There is some reason to fear that the feeling of any one who may
examine*in detail this edition and translation of Varaha Mihira’s astronomi-
cal work will, in the first place, be wonder at the boldness of the editors.
I am indeed fully conscious that on the imperfect materials at our disposal
an edition in the strict sense of the word cannot be based, and that what we
are able to offer at present deserves no other name but that of a first attempt
to give a general idea of the contents of the Paifichasiddhintikd. It would,
in these circumstances, possibly have been wiser to delay an edition of the
work until more correct Manuscripts have been discovered. Two consider-
ations, however, in the end induced us no longer to keep back the results,
however imperfect, of our long continued endeavours to restore and elucidate
the text of the Paifichasiddhéntiki. In the first place we were encouraged
by the consideration that texts of purely mathematical or astronomical con-
tents may; without great disadvantages, be submitted to a much rougher and
bolder treatment than texts of other kinds. What interests us in these works,
is almost exclusively their matter, not either their general style or the parti-
cular words employed ; and the peculiar nature of the subject often enables
us to restore with nearly absolute certainty the general meaning of passages
the single words of which are past trustworthy emendation. And, in the
second place, we feel convinced that even from that part of the Paificha-
siddhéntikd which we are able to explain more is to be learned about the
early history of Sanskrit Astronomy than from any other work which has
come down to our time.

Imperfect and fragmentary as text and translation are, we may assert
at any rate that, in our endeavours to overcome the quite unusual obstacles,
which the corrupt and bare text of the Paifichasiddhintikd opposes to the
interpreter, we have spared no trouble. The time and thought, devoted to
the present volume, would, I may say without exaggeration, have amply
sufficed for the editing and explaining of twenty times the amount of text
presenting only normal difficulties. This T mention, not of course in order to
extol what we have been able to do, but only as an excuse for what we see
ourselves obliged to leave undone.

Next to the lamentable state of the text as appearing in the two Manu-
scripts at our disposal, the greatest disadvantage under which we laboured
was the absence of a Commentary. - Commentaries can be hardly done with-
out in the case of any Sanskrit astronomical work; much less so, when the
text, as that of the Pafichasiddhantik4, describes many mathematical pro-
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cesses more or less diverging from those commonly employed. Commentaries
probably existed formerly, and possibly exist even now; but we have failed
to procure any. The Commentary published in the present volume is an
entirely original composition by my Collaborator. A mere translatioh of the
text with notes would, indeed, have sufficed for the European reader; we
however, wished to make the results of our labour accessible to Pandits also
who understand no English. Aund a full tikd giving full demonstrations
in the ordinary Hindd style will, in many cases, be useful to the European
student also. ¢

The right hand columns of the text give the emended text; the left
hand columns the text of the better one of our twa Manuscripts which we
thought advisable to exhibit in extenso. Some remarks on the Manuscripts
and the mode of emendation of the text will be found at the end of the
Introduction.

As this preface is signed by myself only, I may, I think, here
acknowledge—in a somewhat more explicit way than the mere association of
names on the title page is capable of doing—the great obligations under
which I am to my ecollaborator Pandit Mahimohopidhyiya Sudhikara
Dvivedi. His constant assistance was altogether indispensable to me, and
all the more welcome as among the Jyautishas of my acquaintance I know of
no other, fully equal to work of this kind and at the same time equally ready to
devote himself to a task which in certain aspects is so entirely unremunerative.
I may express the hope that the Pandit, who is already so well known for
his efforts to spread a knowledge of modern higher Mathematies among his
countrymen, will continue to devote a part at least of his learning and talents
to the elucidation of the ancient history of science in this eountry.

I further wish to express my best thanks to the Bombay Government
and to Professor R. G. Bhandarkar, who with great liberality have allowed
me the use, for lengthened periods of time, of all those Manuscripts in their
charge which I required for the present edition. Nor must I omit to record
my obligations to Professor G. Buehler to whose activity, when in charge of
the search for Sanskrit Manuscripts in parts of the Bombay Presidency, we
are indebted for the discovery of the two Manuscripts on which this edition
is based.

G. THIBAUT.
ALL{HABAD : }

15th December, 1888.



INTRODUCTION.

- The Pafichasiddhintiki by Variha Mihira occupies a marked position
of its own in Indian astronomical literature. As a rule works treating of
that branch of science claim either to be directly revealed, as £ ¢. the Strya
Siddhainta in that form which has come down to our time; or else to base in
all essential points on some older work of divine origin, as f. 4. the Siddhantas
by Brahmagupta and Bhaskaricharya, both of which are reproductions,
however greatly amplified and improved, of an old Paitdmaha Siddhanta.
One of the consequences of this is, that these works claim for themselves
direct or derived infallibility, propound their doctrines in a calmly dogmatic
tone, and either pay no attention whatever to views diverging from their own,
or else refer to such only occasionally, and mostly in the tone of contemp-
tuous depreciation. The latter attitude is assumed f ¢ by Brahmagupta
who indeed devotes a special chapter to the task of reviewing those astronomi-
cal systems which were opposed to the'teaching of the Brahma Siddhanta,
but who would have rendered that part of his work much more valuable and
interesting, had he been less anxious to criticize and ridicule than to impart
information. The astronomical writers, it is true, therein only exemplify
a general mental tendency which displays itself in almost every department
of Hindd Literature; but mere dogmatic assertion appears more than
ordinarily misplaced in an exact science like astronomy, and the absence of
all appreciative reference to the views of preceding authors is particularly
vexatious, when we have to do with a branch of Hindt Learning which
shows clear traces of having been remodelled under the influence of Greek
teaching.

To the general rule the Pafichasiddbintik4 forms a striking exception.
As far as we can judge at present, Vardha Mihira was the only one among
Hindt writers on astronomy who thought it worth while to give an exposition
of all the more important forms of astronomical doctrine which were current
at his time. Not that he was unable to judge of the relative value of the
systems which offered themselves to his examination ; for, as we shall see
further on, he knew very well in what order of merit the five Siddhintas
whose teaching he summarizes are to be arranged. But he seems ready to
acknowledge that even inferior systems deserve a certain amount of atten-
tion, as long as they continue to occupy in certain circles a position of
authority ; and he appears not to be altogether incapable of taking a purely
intellectual interest in examining the various, more or less perfect, methods
which may be applied to the solution of scientific problems. At the same
time he seems to have no hesitation to acknowledge the connexion of the
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modern phase of Hindd astronomy with Greek science. Although not
directly stating that the Hindts learned from the Greeks, he at.any rate
mentions certain facts and points of doctrine which suggest the dependence
of Indian astronomy on the science of Alexandria; and, as we know already
from his astrological writings, he freely employs terms of undoubted Greek
origin. The Pafichasiddhintiki thus becomes an invaluable source for him
who wishes to study Hind@ astronomy from the only point of view which
can claim the attention of the modern scholar, viz. the historical one.

Regarding its form the Pafichasiddhéntikd belongs to the class of the
so-called karanagranthas 7. e. compendious astronomical treatises which do
not set forth the theory of the subject at comparative length as the
Siddhantas do, but merely supply a set of concise—and often only approxi-
mately correct—rules which suffice for the speedy performance of all the more
important astronomical calculations. It however contains a few chapters
whose contents lie outside the limits of a mere karana and resemble the cor-
responding chapters of the best known Siddhéntas ; notably the chapter which
describes the general constitution of the universe, and the 15th chapter called
Jyotishopanishad. And it of course decidedly distinguishes itself from all
ordinary karanas by the fact that it does not base on any one particular
Siddhanta, but undertakes to reproduce the more important doctrines of five
different Siddhéintas.

These five Siddhéntas, named by Vardha Mihira in the first chapter,
are the Paitdmaha, Visishtha, Romaka, Pauliéa and Saura Siddhantas.
Variha Mihira there also states his view as to their order in importance,
assigning the first place to the Strya Siddhinta, placing next the Romaka and
Pauliga Siddhintas as about equally correct, and declaring the two remaining
works to be greatly inferior to the three mentioned. In agreement with this
estimate very different amounts of space are allotted to the individual Sid-
dhAntas in the body of the work, the Strya Siddhinta and Paulisa Siddhanta
being treated at some length, next to these the Romaka, and very little atten-
tion being paid to the Paitimaha Siddhénta, and, although this is a point
somewhat difficult to decide, to the Vasishtha Siddhinta.

In addition to the general character of the five SiddhAntas, this differ-
¢nee of treatment is owing to a special cause, mentioned by Variha Mihira
in the first chapter viz. his wish to devote the Pafichasiddhantiki chiefly to
the task of setting forth the calculation of solar eclipses, the most difficult
problem attacked by Hindl astronomers. The Pait4naha Siddhinta at any
rate was altogether incapable of furnishing any rules to that end; and so
perhaps also the old Vasishtha Siddhinta.
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I now proceed shortly to discuss the teaching of each of the five
Siddhantas as represented by Vardha Mihira. This, however, requires the
prelinpinary settlement of two questions.

In the first place we must attempt to ascertain with accuracy which
chapters of the Pafichasiddhintiki are devoted to each of the five works in
question.—This is a task beset by considerable difficulties, as we have no
commentary to assist us, and as the indications to be met with in the text as
well as in the colophons of the chapters, as exhibited by the two Manuscripts
at our disposal, do not, in all cases, enable us to arrive at definite conclusions.

I begin with those chapters, fortunately constituting the majority,
which allow themselves to be referred to their respective sources with confi-
dence.—The very short twelfth chapter is, in its colophon, called Paitdmaha
Siddhénta, and is in its first stanza declared by Varaha Mihira himself to base
on the teaching of PitAmaha; it is the only chapter in the whole work which
is concerned with that Siddhinta.—The eighth chapter treats, according to
its colophon, of the calculation of solar eclipses according to the Romaka
Siddhanta ; and that this really is so, we again have no reason to doubt, as the
first stanza refers to the Romaka by name, and as, moreover, the contents
of the chapter agree with the statements made in the first chapter about the
yuga and the ahargana of the Romaka Siddhinta.—The ninth, tenth and
eleventh chapters undoubtedly summarize the doctrines of the Strya Sid-
dbAnta, as is stated in the colophon, indicated in the first stanza of chapter
IX, and borne out by the gencral agreement of the contents of the three
chapters with the Strya Siddhidnta as known at present. The sixteenth
chapter contains, according to the colophon and to stanza 1, the rules of the
Strya Siddbanta for finding the mean places of the planets; and the seven-
teenth chapter which teaches how to calculate their true places we may
without hesitation refer to the same Siddhinta.

Among the remaining chapters of the work I at first single out those
in which Variha Mihira apparently does not intend to reproduce specific
features of one particular Siddhénta, but rather to summarize doctrines held
by all the more advanced astronomers of his time, and most probably set forth,
with greater or less variations, in three of his five Siddhéintas, viz., the Strya,
Paulisa and Romaka Siddhintas. To this class of chapters, in which we
discern more of the individual Variha Mihira than in the remainder of the
work, I feel inclined to reckon three or perhaps four sections. In the first
place the thirteenth chapter, designated in the colophon as ‘trailokya-
samsthina’, which gives a popular exposition of the sphericity of the earth
and the different aspects of the celestial sphere which are due to difference of

N
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terrestrial latitude. The mode of treatment of these questions is no doubt
Variha Mihira’s own, as also the interesting criticisms passed on some
astronomical schools. In the same way the fourteenth chapter, which is
chiefly engaged in showing how certain results may be obtained not only by
calculation but more directly by observation and the inspection of certain
mechanical contrivances, appears, on the whole, to be Variha Mihira’s own,
although the more scientific of his five Siddh&ntas no doubt treated of those
topics in a similar manner. The same remarks apply to the fifteenth chapter
which is even more distinetly individualistic, and contains interesting re-
ferences to other astronomers. I am more doubtful about the position of
chapter IV. which in the colophon is merely counted as such, without any
special designation. The matter of the chapter corresponds to what in the
best known astronomical works is set forth in the so-ealled tripradnadhikira,
with the addition, however, of rules for caleulating the table of sines (which
ordinarily are given in the spashtidhikéra). It is not improbable that here
also Vardha Mihira saems up, in his own fashion, whatever he found of value
in the corresponding chapters of the Romaka, Pauliga and Strya Siddhan-
tas. On the other hand, as the fourth chapter follows and precedes chapters
specially devoted to the Pauli$a Siddhinta, it is not impossible that its
contents are meant to sum up the teaching of that Siddhénta only. The
decision In this case is however of no very great hwportance, as the rules
given in the fourth chapter on the whole closely agree with the general
Siddhinta doctrine.

Among the chapters not yet discussed we first notice the sixth chapter
which the colophon states to treat of solar eclipses according to the Paulisa
Siddhinta. I see no reason for rejecting this statement; for although the
text of the chapter itself does not refer to the Paulisa Siddhinta, it most

- probably actually bases on the teaching of this latter work, stnee the two
other chapters (VII and VIII) which teach the theory of solar eclipses cer-
tainly refer to the Sarya and Romaka Siddhidntas. From this again it follows
with great probability that also the sixth chapter, which treats of lunar

“eclipses, represents the teaching of the Pauli§a Siddhinta; and if so,
then likewise the fifth chapter merely designated as Sagidarsanam. These
assumptions are confirmed by the fact that these three chapters treat only of
the calculation of eclipses in the narrower sense, to the exclusion of all preli-
minary operations, such as the ascertainment of the mean and true longitudes
ete. of sun and moon, so that an introductory chapter setting forth those
latter topics is required. Now, a chapter of this nature is supplied by the
third one of the Pafichasiddhintikd which gives rules for finding the mean
and true places of the sun (and of the moon ?) and for similar operations, and
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which, in its colophon at least, is said to represent the teaching of the Pauliga
Siddhdnta. The relation, however, of the third chapter to the one immediately
preceding is puzzling. The second chapter is, in the colophon, merely desig-
natedeas * nakshatrddichchheda,” but its contents comprise firstly a rule or
set of rules for finding the mean (and perhaps also true ?) places of the moon
(stanzas 1—7), and, secondly, a set of rude, approximative rules for calculat-
ing the length of the day at any time of the year, the length of the shadow
of the gnomon, and, from the latter, the mean place of the sun, and the lagna
(and vice versi; stanzas 8—13). The chapter concludes with the words
“This is the (caleulation of the) shadow according to the concise Visishtha
Siddhanta.” The question now is, whether this whole chapter has to be
viewed as epitomizing the Vasishtha Siddbinta, or whether that work is
represented only by its latter part.  The rules contained in stanzas 8—13 are
of a very rough character, and can, for that reason, hardly come from the
Pauliga Siddhinta; their character, on the other hand, agrees very well with
the criticism passed by Varfha Mihira, in the first chapter, on the imperfec-
tions of the Vasishtha Siddhinta. It is more ditficult to arrive at a conclu-.
sion regarding the rules embodied in stanzas 1—7. If they do not belong to
the Vasishtha Siddhinta, it would follow that the Pafichasiddhintikd, which
after all promises to render us acquainted with the doctrines of all the five
Siddhantas, however imperfect some of them may be, does not even inform us
how the place of the moon is valeulated according to the Vasishtha Siddhanta,
while it yet gives the corresponding rules from the, certainly not more ad-
vanced, PaitAmaha Siddhdnta, very concisely indeed but yet with sufficient
fulness. On the other hand there appears to be some reason for tracing the
rules to the Pauliga Siddhinta. The third chapter, which, as we have seen
above, we may conncet with the Pauliéa Siddbanta with a very high degree
of probability, gives in stanzas 1—3 the required rules for finding the mean
and true places of the sun, and then continues, in stanzas 4—9, to give cer-
tain rules about the moon. Now these rules have unfortunately remained
obscure to us; but yet so much appears certain that they are somehow
connected with the rules concerning the moon given in the former half of
chapter I, constituting, as it seems, a kind of continuation, or more accurate
version of the latter. But again, on this latter hypothesis no reason is
apparent why the two sets of rules should be separated from each other by
the altogether heterogeneous matter treated of in the latter half of chapter IT.
I therefore see myself obliged to leave this point undecided, and only wish to
suggest, as a third not impossible alternative, that the method for calculating
the places of the moon which is set forth in chapter II belonged, in its essen-
tial features at least, to the Paulisa as well as to the Vasishtha Siddhinta,
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and that stanzas 8-13 of the third chapter add certain details which were
peculiar to the former of the two Siddhéntas. It is greatly to be regretted
that the introductory stanza of chapter II, which possibly would throw some
light on the position of the chapter, has remained altogether obscure toeus.

There now remain for adjudgment only the first and the last chapters
of the Pafichasiddhintikd. The latter I shall discuss further on. The position
of the former is altogether clear; it contains, subsequently to some intro-
ductory stanzas, a rule for calculating the ahargana according to the Romaka
Siddhénta, an exposition of the principles according to which the intercalation
of lunar months and the omission of lunar days are managed in the Pauliga,
Romaka and Strya Siddhintas, and finally a set of rules for calculating the
so-called Lords of the year, month ete., which rules were most likely given
in each of the three Siddhéntas last mentioned.

The second question, which must be touched upon before we can review
the teaching of the individual Siddhéntas, is whether the Pafichasiddhantika
represents the teaching of the five astronomical works, on which it is pro-
fessedly based, with absolute accuracy, or rather allows itself certain modi-
fications of the doctrines summarized. This question is one of considerable
importance ; for before we have settled it one way or other, we are unable to
judge of the historical position of the five Siddhintas, and to compare the
account, given of them by Variha Mihira, with what we know about them
from other sources. We have, in this part of our investigation, to occupy
ourselves almost exclusively with the Strya Siddhinta, because that treatise
is the only one of the five Siddhintas which has come down to our time, and
thus allows of our comparing it with what Variha Mihira tells us about the
Strya Siddhinta as known to him. Now a cursory survey of those chapters
of the Pafichasiddhintikd which treat of the Strya Siddhinta shows at once
that the treatise of that name known to Variha Mihira agreed with the
modern Strya Siddh4nta in its fundamental features. The methods of the
two treatises are essentially the same and, on the other hand, sufficiently
different from those of the other Siddhintas summarized by Variha Mihira,
to ensure to the Stirya Siddhénta in its two fold form a distinet position of
its own. At the same time we cannot fail to notice that in certain points the
teaching of the old Strya Siddbénta (by which name I shall, for shortness
sake, designate the Strya Siddhdnta known to Variha Mihira) must have
differed from the correspondent doctrines of its modern representative. If
we, for instance, observe that the old Strya Siddhinta assigned to the mean’
diameters of sun and moon the values 32’ 5” and 30’ 54" (P. S. IX. 15. 16),
while 32” 8.”6 and 32’ are the corresponding values according to the modern
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treatise ; or if we notice the values assigned in XVII 1. 2 to the epicycles of
the apogee which altogether differ from those stated in the modern Strya
Siddhinta ; we are driven to the conclusion that in these and similar points
the tueatise used by Vardha Mihira really differed from the modern one known
to us. For we are altogether unable to imagine any reason why Varaha
Mihira should have changed, in the details referred to, the doctrines of the
book which he aims at epitomizing.

There is however a series of other cases in which the decision is not
quite so simple. While, as remarked above, the mathematical processes
prescribed in the old Strya Siddhinta agree on the whole with those of the
modern treatise, it at once appears that Variha Mihira whose intention it
is to write a karana considers himself entitled to represent the teaching of
his original in a somewhat condensed form, facilitating the quick despatch
of the required astronomical calculations. What he f . says, in the first
chapter, about the yuga of the Strya Siddhinta, clearly is an abbreviated
statement of the corresponding doctrines of the old Strya Siddhdnta, and
we therefore have no reason to doubt of the old Siddhinta, as well as the
modern one, having taught that 4320000 years constitute a great age, and
that one thousand such great ages go to a kalpa. The fact is that for all
the merely theoretical part of a Siddhinta there is no room in the karana,
and that hence the latter does all that is required if, instead of describing
the great periods of the world, it states the smallest possible aggregate of
years comprising an integral number of lunar months and natural days. So
far we have no reason to hesitate in accepting Variha Mihira’s statements as
a faithful, though somewhat modified, rendering of the meaning of the old
Strya Siddbéinta ; the question however assumes a somewhat different aspect
when we compare the number of natural days contained, on the one hand,
within the mahdyuga of the modern Strya Siddhéinta, and, on the other hand,
within the corresponding period according to Variha Mihira. The modern
Strya Siddhinta teaches that a mahidyuga of 4320000 years comprises 1593336
intercalary months and 25082252 omitted lunar days, whence it follows that
the number of sivana days contained within the same period amounts to
1577917828. Variha Mihira on the other hand, following Ais Stirya Siddhinta,
states that a period of 180000 years comprises 66389 intercalary months and
1045095 omitted lunar days, so that a mahiyuga (=24 x180000 years) con-
sists of 1577917800 sivana days, 7. e. 28 days less than according to the modern
Strya Siddhénta. Here it certainly appears possible that Vardha Mihira
should have slightly diminished the number of the sivana days of the mahj-
yuga, and implicitly the length of the solar year, in order to be able to reduce
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‘that number, as well as the number of the years of the yuga, by twenty-four
and thus to arrive at figures more easy to manipulate ; all the more as the
inaccuracy involved in that change would affect to an almost insensible degree
only the comparatively short periods to which the rules of the karana grantha
are meant to be applied. But in spite of this undeniable possibility I am in-
clined to think that in the present case also Vardha Mihira proceeded with
strict aceuracy, and that his Strya SiddhAuta actually assigned to the great
yuga twenty-eight days less than the modern treatise does. For in addition
to the general consideration that there are several other items in which the
old and the new Siddhantas differed beyond any doubt, we have in the pre-
sent case two special reasons viz. firstly that it would have sufficed to diminish
1577917828 by four (instead of twenty-eight) in order to make it divisible by
twenty-four ; and secondly that the estimation of the length of the solar year
implied in the statement of the old Strya Siddhiuta agrees exactly with that
value of the length of the Solar year that results from the elements of that
Pauliga Siddhinta about which Bhattotpala’s commentary on the Brihat
Samhitsd and Prithtdaka Svimin’s commentary on Brahmagupta’s sphuta
Brahma Siddbdnta furnish some information. As we shall see at once,
Varfha Mihira’s Sfirya Siddhinta agreed with that Paulida Siddbanta in
several other points also, and it therefore is not improbable that the two
Siddh&ntas were at one also corcerning the length of the solar year. If this
is so, the most important item by which hitherto the Strva Siddhanta was
considered to be distinguished from the Paulia Siddhinta (as reported by
Bhattotpala ete.) would vanish; which clearly shows that an accurate inves-
tigation of the degree of strictness with which Vardha Mihira reproduces the
doctrines of his Siddhéntas cannot be dispensed with.

Similar to the case just discussed is that of the mean revolutions of
the planets, as reported, according to the Strya Siddhénta, in the 16th chapter
of the Panichasiddhintikd. As appears from the notes to the translation
and the latter part of this Introduction, the periods assigned to the mean re-
volution by the old Sfirya Siddhinta differed more or less from the correspond-
ing values stated in the modern treatise. There, however, the hypothesis of
Vardha Mihira having for some reason or other modified the elements of the
work with which he had to deal seems altovether excluded. If he had chosen
to state the length of the revolutions of the planets in the ordinary form i. . by
establishing periods within which the planets perform integral numbers of com-
plete revolutions, he might possibly have had reason to manipulate the tradi-
tional numbers to a certain extent, so as to reduce them to more manageable
terms. But in the case under discussion he follows another plan viz. of at
first stating the time of one revolution in round numbers, and then directing
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us to apply a certain correction, in order to make up for the inaccuracy in-
volved in the employment of those round numbers. Now it is easy to see
that, if Vardha Mihira’s Stirya SiddhAnta had exhibited the same figures as
the modern Siddhéinta, the amount of the corrections would differ from that
actually stated by him, and we therefore are entitled to conclude that regard-
ing the revolutions of the planets also the old Stirya Siddh&nta actually
differed from the modern one; a conclusion moereover made more acceptable
by the circumstance that several of the values assigned to the mean revolu-
tions by Variha Mihira’s Siddhinta agree with the teaching of the Pauliga
Siddh&nta known to Bhattotpala, and with that of Aryabhata,.

That the difference, observed between the numbers of the natural days
of the yuga as stated by the two Strya Siddhintas, is due to a real discrep-
ancy of the two books, is further confirmed by the rule given in Chapter X
2 and 4 for finding the mean place of the moon. This rule is based on the
elements of the yuga as stated in chapter I, but for the sake of greater
facility of calculation employs reduced numbers. Instead of multiplying the

. 2406339 . . .
given ahargana by gzgmsss (the numerator of which fraction are the side-
real revolutions of the moon during the period of 180000 years, and the
denominator the sivana days comprehended within the same time), it directs
us to employ the expression Qf‘;?i,’gi—{b, and thereupon—in order to make up for
the error involved in this substitution—to deduct from the mean place of the
moon thus found ;i‘]T” for each revolution. In other words, Variha Mihira is
unwilling to allow to pass an error in the mean position which amounts to no
more than one sixtieth of a second of space for each revolution. But if he,
on the other hand, had purposely, for mere eonvenience of ealeulation, lessen-
ed the length of the mahiyuga by twenty-eight days, he would thereby
have reduced the length of each sidereal month by about four hundreths of
a second of time, which in its turn would have implied an error in the moon’s
mean place amounting to about one fiftieth of a second of space for each
revolution. So that, while anxious to correct one small error, he would have
allowed another greater one to pass; an assumption which we have absolutely

no right or reason to make.

The investigation of special cases thus certainly favours the conclusion
that the changes which the old Sfirya Siddhinta has undergone in Variha
Mihira’s representation are purely formal, and that convenience of calculation
is held by him to be a consideration of altogether secondary importance.

We therefore, and this is the most important coenclusion to be drawn
from the preceding enquiry, may hold ourselves entitled to look in the same
light upon Varsha Mihira’s rendering of the other Siddhintas which we can
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check neither by means of the originals nor with the assistance of modern
recasts. There also we must hold Variha Mihira to have closely followed
the elements and methods of the authors of the Siddhintas, and to have
permitted himself only minor changes, such as facilitate calculatior: with-
out affecting the fundamental character of the rules. General principles,
enabling us to judge with certainty how far those changes may extend, can
however not be laid down; we rather must judge each given case on its own
merits. When we f. ¢ find that the yuga of the Romaka Siddhinta com-
prised, according to Variha Mihira, only 2850 years, we may raise the ques-
tion whether this yuga is the true yuga of the Romaka, or only represents
a subdivision of the true yuga, analogous to the 180000 years of the Strya
Siddhinta which, as we have seen above, must be considered as the smallest
fraction of the mahfiyuga with which the calculation of the ahargana can be
effected. But we shall without much hesitation decide in favour of the
former alternative, in the first place because the yuga of the Romaka
Siddhinta is expressly called a yuga of the sun and moon, for the formation of
which a comparatively small number of years was sufficient, and in the second
place because Brahmagupta, in a passage to be quoted later on, testifies that
the Romaka Siddhinta did not conform to the traditional views concerning
the large periods of time. If, again, we find that according to the Paiicha-
siddhantikd the Paulifa Siddhinta made no use of yugas of any kind to the
end of caleulating the ahargana and the mean positions of the planets, but
employed for those purposcs a peculiar system of its own, we certainly must
conclude that system to have been actually taught in the original Pauliga
Siddhanta, and not constructed, as indeed it might have been, by Variha
Mihira on the elements of the Pauliga Siddhdnta. For why, we must ask
ourselves, should he have transformed in that way the elements of the Pauliga
Siddhénta rather than those of the other Siddhintas which without any
difficulty might have been thrown into the same form? And, to single out
one further point, if we find that the Pafichasiddhintikd gives a rule how to
caleulate, according to the Strya Siddhénta, the equation of the centre of sun
and moon for any given anomaly, while it represents the Pauli$a and Romaka
Siddhéntas as merely stating the amount of those equations for a certain
series of anomalies, without teaching us how to calculate the equations for the
intervening anomalies; we must again suppose that Varsha Mihira faithfully
renders characteristic features of the original Siddhintas as he found them ;
for if he had held the opinion (which as the writer of a karana he indeed
might have held) that the practical astronomer knows enough, if be can
assign the equations of the centre for, let us say, each fifteen degrees of
anomaly, he would no doubt not have given the general rule from the Strya
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Siddhénta, but calculated from it the amounts whose knowledge he considered
indispensable, and inserted them ready calculated in his text.

. We therefore arrive at the conclusion that Vardha Mihira has in no
case obliterated the characteristic features of the Siddhintas he had to deal
with, and that whatever distinguishes those works from one another in the
text of the Pafichasiddhintik really distinguished them in their original form.
We may note in conclusion that there is one interesting circumstance which
furnishes a kind of counterproof to this conclusion. According to VII. 1.
and VIIL 9 the Pauli$a and Romaka Siddhintas calculated the parallax in
longitude at a solar eclipse in exactly the same manner. Now Variha Mihira
accentuates this agreement of the two works by stating the rule each time in
exactly the same words. But an author, who is so evidently desirous to mark
the points in which the different authorities on which he draws are at one,
may certainly be supposed to be no less scrupulous in stating the details in
which they diverge. ‘

After having thus cleared the way, I proceed to give short summa-.
ries of the doctrines of the five Siddhintas, beginning with that one which,
owing to the existence of a modern recension, is bést known, viz. the Strya
Siddhinta.

According to 1. 14 the Stirya Siddhinta of VarAha Mihira taught that
180000 years contain 66389 intercalary months, and 1045095 omitted lunar
days. The number 180000 is the twenty-fourth part of the years of a mah4-
yuga; if we therefore, for comparison’s sake, multiply the figures given above
by twenty-four, and deduce from them the number of the sivana days of a
yuga, we obtain 1577917800 ; while the corresponding figure for the modern
Siddhinta is 1577917828. The length of the sidereal year resulting from
these figures is 365% 6® 12" 86”56 in the case of the modern, and 365% 6® 12
36" in the case of the old Stirya Siddhanta. The latter value exactly agrees
with that which, according to Bhattotpala and others, was assigned to the
solar year in the Paulia Siddhé4nta.

‘What the old Strya Siddhdnta taught about the mean motions of the
sun and moon, Is immediately apparent .from the above statement concerning
the nature of the yuga. The number of the moon’s sidereal resolutions dur-
ing the yuga is the same as in the modern Siddhénta; whence it follows that
each revolution is a little shorter (the yuga of the old Siddhinta counting
twenty-eight days less than that of the modern one). Rules how to calculate
the mean positions of the sun and moon are given in chapter I1X ; they how-
ever call for no special remarks, as they follow immediately from the constitu-
tion of the yuga.—The duration of the revolution of the moon’s apogee may

Stirya Siddbfu
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be derived without difficulty from stanzas 8 and 4 of the same chapter. From
stanza 3 it follows that one resolution is performed in 32312 282 42/ 16”-76;
while the duration resulting from the elements of the modern Siddhinta
amounts to 3232% 2* 14’ 53"-4. And if, accommodating ourselves t6 the
general Siddhénta practice, we determine the number of revolutions performed
within one mahfyuga, we obtain 488219 for Variha Mihira’s Stirya Siddhénta;
xyhile the modern Siddhanta gives 488208 only. We note that according to
Aryabhata also the apogee performs 488219 revolutions within one mahAyuga.

From stanza 5 of theA same chapter we learn that the old Strya Sid-
dhinta agreed likewise with Aryabhata in reckoning 232226 revolutions of the
moon’s node to one mahdyuga ; while the modern Siddhanta counts 232228, —
In estimating the greatest latitude of the moon at 270 minutes (stanza 6) the
old Strya Siddhinta agreed with the modern one.

According to stanza 7 the old Strya Siddhénta assigned to the sun’s
apogee the longitude of eighty degrees. Aryabhata gives 78° only, and a
ealculation of the place of the apogee for the epoch of the Pafichasiddhintiks,
based on the elements of the modern Strya Siddhiinta, gives about 77°. The
Paiichasiddhintiki says nothing about the revolutions of the apogees of the
sun and planets, and it hence is possible that the old Strya Siddhénta was not
yet acquainted with the theory held, on entircly insufficient grounds, by the
modern treatise, and modern HindQ astronomers in general, that the apogees
of the sun and the planets perform a certain number of revolutions within a
mahiyuga or kalpa. On the other hand it might be supposed that Varsha
Mihira, although acquainted with that doctrine, yet confined himself to stating
the places which the apogees occupied at his time, since so much is sufficient
for the purposes of a karana-writer.—The rules for finding the true places of
the sun and moon, which are given in stanzas 7 and 8, are analogous to those
of the modern Strya Siddhénta, with the one important difference that, while
the latter assumes epicycles of different size for the even and odd quarters of
the revolution of the two bodies, Varfiha Mihira’s Strya Siddhinta knows of
one epicyele only for the sun as well as for the moon. The rules for finding
the true motion, ete. given in stanzas 13 and 14 agree with those of the

modern work.

The rules for calculating solar and lunar eclipses agree with the modern
rules as far as general methods are concerned, but at the same time show
many deviation i details; so f. 4. in the calculation of the parallax in solar
eclipses. Some of these rules we have, moreover, not been able to elucidate
to our full satisfaction,
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The mean motions of the planets (apart from sun and moon) are given
in chapter XVI. The following statement shows the numbers of complete
revolutions during one mahiyuga according to the old and modern Strya
Siddfantas.

Old St. Si. Modern St. Si.

Mercury 17937000 17937060
Venus 7022388 7022376
Mars 2296824 2296832
Jupiter 364220 364220
Saturn 146564 146568

The two Siddhintas thus agree concerning Jupiter only, and disagree
therein from Aryabhaf_:a, according to whom Jupiter’s revolutions amount to
364224 in one mahiyuga. The old Strya Siddhinta agrees with A;yabhaf_sa
and the Pauli$a Siddhinta (according to Bhattotpala), as far as Venus, Mars.
and Saturn are concerned, while it agrees with the Paulia Siddhdnta only
concerning Mercury and Jupiter.

The positions of the apogees and the dimensions of the epicyecles of the
apsis and the conjunction are given in X'VII, 1—3. If will be observed that,
as regards the numbers indicating the size of the epicycles of the apsis of
Venus and Saturn, the translation diverges from the corrected text given by
us. The manifestly corrupt text was at first emendated on the basis of the
dimensions stated in the modern Strya Siddhanta, the hypothesis of the
agreement of the two Siddhintas in this detail being resorted to in the absence
of evidence decidedly favouring any other assumption. But I afterwards
discovered that such evidence exists. The statements which Brahmagupta in
his Khandakhidyakakarana makes about the places of the apogees and the
dimensions of the epicycles agree with those made in the sixteenth chapter of
the Pafichasiddhintika, in all those details in which the text of the latter work
needs no emendation, and it therefore may be presumed that the agreement
extended also to the epicycles of Venus and Saturn. And examining the
traditional text of the Pafichasiddhintiki from this point of view, we find that
instead of the ‘Surds’ of stanza 1 we have to read not ‘garis’ but ‘svaris’
and that the ‘triméadh’ is correct without any further addition. It is true
that thus the Aryﬁ, remains defective ; but the word, or words, missing were
~most probably expletive rather than eAssentiaJl to the sense. Brahmagupta
maintains his karana to be founded on Aryabhata, or at any rate to give re-
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sults equal to those to be derived from Aryabhatﬁa ;¥ 1t 1s then a somewhat
curious circumstance—into the diseussion of which I cannot enter in this place
—that the dimensions of the epicycles and the positions of the apogees assumed
in the Khandakhiddyaka (as well as in the sixteenth chapter of the Paticha-
siddhéntik4) differ, all of them, more or less from those recorded in the Laghu-
Aryabhatiya.t

The method, taught in chapter X'VII, of caleculating the equations of
the apsis and of the conjunction agrees on the whole with that prescribed in
the modern Stirya Siddhinta, although there are several divergences in details.
Peoculiar are the special rule given for Mercury in stanza 10, and the correction.
to be applied to Venus’ place according to stanza 11. The statements as to.
the distance from the sun at which the plancts become visible differ to some
extent from those made in the modern Siddhinta; so also the greatest latitudes
of the planets given in stanzas 13 and 14.

An omission which might make us suppose that the chapter as given
in our Manuseripts is not complete is that nothing whatever is said about the
places of the planets’ nodes.

We next turn to the Paitimaha Siddbinta which indeed has not come
down to our time, but whose teaching throughout agrees with that of a well
known section of Hindd astronomical literature.

Of this Siddhinta there trecats only one very short chapter, of the
Paifichasiddhantiki viz. the twelfth one ; but its five stanzas manifestly suffice to
reproduce everything of importance contained in that very primitive treatise.
The Paitdmaha Siddhénta, known to Vardha Mihira, represents Hind® Astro-
nomy as not yet affected by Greek influences,I and thus belongs to the same
category as the Jyotisha-Vedinga, the Garga Samhiti, the Stryaprajiiapti and
similar works. From what Vardha Mihira says about its contents, we might
almost identify it with the Jyotisha Vedinga. The yuga on which the calcu-
lations of the Paitimaha Siddhinta base is the well known quinquennial one,

* Brahmagupta’s Khanda-khidyaka begins with the following stanza
wfgua werzd sngeiwfafarwagg
a|ITR GUsRAFATAIT RIS TEFRT I

t It is also worthy of notice that Amadarman, one of the Commentators of the Khanda-
kbidyaka, guotes some stanzas from a Paulida tantra which make the same statements about the
dimensions of the epicycles as the Khandakhédyaka itself, and, moreover, seewns generally to treat
the doctrines of Aryabhata and the Paulifa as equivalent.

I As already pointed out by me in my paper on the Jyotisha-vedinga, Journal of the
Asiat, Soc. of Bengal 1878.
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which consists of five solar years of 366 days each, and contains sixty solar
months, sixty-two synodical months, and sixty-seven so-called nikshatramonths
t. e. sidereal revolutions of the moon. The beginning of the yuga is marked
by a &onjunction of the sun and moon at the first point of the nakshatra
Dhanishths. The duration of the longest day of the year amnounts to eighteen
muhirtas, that of the shortest to twelve muhdrtas ; in the intervening periods
the days increase or decrease by the same daily quantity.—The Paitdmaha
Siddhinta refers to two points only which appear not to be mentioned in the
Jyotisha Vedanga, as far as I have hitherto succeeded in making out the
meaning of that difficult treatise. 1It, in the first place, gives a rule for caleu-
lating the so called vyatipita yogas (st. 4); and in the second place, fixes a
period from which the quinquennial yugas are to be counted. In st. 2 Vardha
Mihira directs us to deduct two from the Sika date, and to divide the remain-
der by five ; which implies that a new yuga is supposed to begin with the
third year of the Sika Fra, or two Skka elapsed.

Whether this direction is due to Variha Mihira only, or was already
contained in the Paitdmaha Siddhinta, may be considered doubtful ; the latter
alternative, however, appears to be more probable, as Varaha Mihira, if in. any
way adding to—or rendering more definite—the teaching of the Paitimaha
Siddhanta, would most likely have adapted it to the same initial date as the
other Siddhintas, vez. 427 Sika.

The Paitémaha (Brihma) Siddh&nta known to Vardha Mihira has thus
to be distinguished from the Brahma Siddhinta on which Brahmagupta’s
Sphuta Siddhénta is based. That Brihma or Paitdmaha Siddhinta is a short
treatise in prose, forming part of the Vishnudharmottara-Puréna, and belong-

ing altogether to the modern phase of Hind® Astronomy. The number of

Brahma SiddbAntas, known at present, thus amounts to four, viz. the Paité-
maha Siddhénta summarized in the Pafichasiddhéntikd, the Paitimaha Sid-
dhinta forming part of the Vishnudharmottara, the Sphuta Brahmasiddhanta
by Brahmagupta, and that Brahma Siddhinta whose more ordinary name is
Sakalya Siddhénta.

There now remain the Romaka, Pauli$a and Vasishtha Siddhéntas, for
the teaching of none of which we have any other source of importance but
the Paiichasiddhintikd. I begin with the first mentioned of these three
treatises.

The fifteenth stanza of the first chapter shortly describes the nature of
the yuga employed by the Romaka Siddhénta. The yuga is called ‘one of
the sun and moon’ 4. e. a lunisolar one, and said to comprise 2850 years,

L g

Romaka Siddbanta.
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which period is further stated to contain 1050 adhiméisas and 16547 pralayas
i. e. tithipralayas, omitted lunar days. The above numbers of years and
intercalary lunar months allow of being reduced by 150, and we thus find that,
in the opinion of the author-of the Romaka, 19 solar years exactly contain
seven intercalary months, or—if we take the entire sum of months—that 19
solar years comprise 235 synodical lunar months. The yuga of the Romaka
is thus evidently based on the so-called Metonic period, named after the
Athenian astronomer Meton who, about 430 B. C., showed the means of
improving the Greek Calendar of his time by the assumption of 19 tropical
years comprising 235 synodical months.—That the Romaka Siddhinta, instead
of making use of the simple Metonic period, employs its one hundred and
fiftieth multiple, has a reason not difficult to discern. The author of the
Romaka, although manifestly borrowing his fundamental period from the west,
at the same time wished to accomodate himself to the Indian fashion of cal-
culating the sum of days which has clapsed from a given epoch (the so-called
ahargana) by means of a cyclic period comprising integral numbers of solar
years, lunar months and natural days. Now the simple Metonic period does
not represent an aggregate of the nature required, neither if we—with Meton
himself—estimate the length of the tropical year at 865 3 days, nor if we avail
ourselves of the more accurate determinations by which later Greck astrono-
mers improved on the work of Meton, and it therefore becomes requisite o
employ a multiple. 'What the multiplying number is to be, of course depends
on the value assigned to the length of the year, and we therefore have to as-
certain the opinion held on this point by the author of the Romaka. The
data supplied in stanza 15 enable us to do so without difficulty. For if we
multiply the 2850 yoars of the Romaka yuga by 12 (in order to find the nurn.
ber of corresponding solar months), add the 1050 adhimisas (whercby we
obtain the number of synodical lunar months), multiply by 30 (so as o find
the lunar days), and finally deduct the 16547 tithi pralayas, the final result
amounts to 1040953 natural days; which being divided by 2850 (the number
of the years of the yuga), we obtain for the length of one year 365 5% 55 12,
But in order to form an aggregate of years which contains an integral number
of days and at the same time is divisible by nineteen, 19x50=2850 yea1s
have to be taken.

Whence the above determination of the year’s length was adopted by
the author of the Romaka, there cannot be any doubt. The year of the
Romaka is, down to seconds, the tropical year of Hipparchus or, if we like,
of Ptolemy who accepted the determination, considerably faultive as it was,
made by l}’is great predecessor.
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The rule for calculating the ahargana according to the Romaka
(I. 8—10), and so likewise the rules for finding the mean places of the sun
and the moon (VIII. 1. 4) immediately follow from the constitution of the
yuga, Ind have been elucidated in the notes to the translation. The length
of the periodical month would, according to the Romaka, amount to 27¢ 7®

438’ 6.3".

To the apogee of the sun the longitude of 75° is ascribed in VIII. 2.
—The apogee of the moon and its periods of revolutions are not, in the usual
Indian style, treated apart from the moon’s motion ; the 8th chapter (stanza 5)
rather contains a rule for calculating the moon’s position with regard to her
apogee directly ¢. e. without any preliminary separate calculation of the apo-
gee’s place. The kendra mentioned there is the moon’s anomaly, and the rule
implies that the anomaly revolves 110 times within 8081 days, in other words
that the moon returns to her apogee, or performs one anomalistic revolution,
in 27 18> 18 82". 7.

By deducting the longitude of the sun’s apogee from the mean longi-
tude of the sun we find the sun’s anomaly, and may then proceed to calculate
his true longitude. For the latter process the Romaka Siddhinta however
does not supply any general rule, enabling us to deduce the required equation
of the centre for any given anomaly; but contents itself with stating the
amounts of the equation from 15 to 15 degrees of anomaly. These amounts
are stated in VIII. 8, and it is of interest to note that they agree very closely
with the corresponding amounts given by Ptolemy. The greatest equation
of the centre, which according to the modern Strya Sjddhinta amounts to
9° 10’ 13", and which in no other Hindt text book known to me greatly differs
from this latter value, according to the Romaka amounts to 2° 28’ 23", while
Ptolemy assigns to it the value of 2° 23'; and also the equations for the
smaller anomalies show a pretty close agreement, as appears from the follow-
ing tabular statement

Degrees of Anomaly. 15 30 45 60 75 90

Equation of centre according
to the Romaka. 34 42" |1°8737" | 1°38789"2° 249" | 2° 17" 5" | 2° 28’ 28"

According to Ptolemy. 1° Y I 201 | 2° 23

The values quoted from Ptolemy are those given by him for the quadrants of
the apogee. The Romaka Siddhinta apparently makes no distinction of
quadrants, but employs the same equations-indiscriminately for all.
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In an analogous manner stanza 6 states the moon’s equations of the
centre from 15 to 15 degrees of anomaly. These equations do not agree very
closely with the corresponding ones of Ptolemy, according to whom the great-
est equation amounts to 5° 1.—The length of the revolution of the moon’s
node amounts, according to VIIL 8, to 6736% 7, in pretty close agreement
with Ptolemy’s determination of the same quantity, viz. 6796% 14® ete.—Con-
cerning the greatest latitude of the moon we have two conflicting statements
implied in VIIL 11 and VIIL. 14, provided the interpretation of those
stanzas given in the translation be right. According to the fermer it would
amount to 2407; according to the latter to 270, which is the value ordinarily
met with in Hindd astronomical works. Regarding the explanation given in
the translation of stanza 14 I have to remark that it is an attempt on the part
of my colloborator to connect the rule with the usual estimation of the moon’s
greatest latitude, while the fraction %, if its denominator be taken as the
reduced Radius, would strictly lead back to a greatest latitude of 280°. That,
different values should be aseribed to the same quantity in one and the same
book, might primé facie appear inadmissible; but it is by no means impossible
that in some of the older Siddhintas there were incorporated empirical rules,
borrowed from various sources, the rationale of which was not understood.

Stanza 13 gives 30" and 34’ for the mean measure of the diameters of
sun and moon respectively, and st. 15 gives the ordinary Indian rule for find-
ing the true diameters from the mean diameters and the true and mean
motions.

The greatest parallax is, as in Indian astronomy generally, supposed
to be equal to the mean motion during four niidikis; hence the rule given in
st. 9 for calenlating the parallax in longitude, the result being the difference
of the parallaxes of the sun and the moon.

The parallax in latitude is caleulated on the same principle (stanzas 10
—14), the result however not giving the difference of the solar and the lunar
parallaxes, but merely the latter one, the solar parallax being neglected. An
inaccuracy in the preliminary determination of the zenith distance of the
nonagesimal is noted in the translation.—The rule for calculating the duration
of the cclipse, after the true latitude has been ascertained (st. 16), is the
usual one.

What remains unexplained of the Romaka Siddhé4nta are, principally,
the different kshepa-quantities met with in the rules for finding the ahargana
(Chapter I), and the mean places of sun, moon. ete. (Chapter VIII). They,
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of course, are intended to enable us to start in our calculation from the epoch
of the Pafichasiddhintikd (or of the, or some, Romaka-Siddhanta, about which
see below), and their elucidation would probably lead to some interesting
resultS. It will be observed that the rule for calculating the ahargana
professes to be adapted to the meridian of Yavanapura, while the rules for
finding the places of the sun, moon ete. refer to the meridian of Ujjayini.*
The difference in longitude of those two places is stated by Varihamihira—
following the Paulisa Siddhinta as it appears—in III. 18.—A. further
reference to the Romaka which has remained obscure to us seems to be made
in IIL. 73.—Whether any of the rules concerning the planets which are
given in the last chapter base on the Romaka Siddhinta, is doubtful.

From this short summary of the contents of the Romaka Siddhinta
I pass on to the consideration of its authorship and time of composition,
coupling therewith—for reasons which will appear later on—an enquiry as to
the date of the Pafichasiddhintik4 itself.

Hitherto it has been generally held, on the authority of Colebrooke
and Bhiu Diji, that the original Romaka Siddhinta was composed by Srishena;
an opinion which I myself, when writing my paper on the Paiichasiddhantika
(Journ. Asiat. Soc. of Bengal) was not prepared to abandon entirely, although
then already certain considerations led me to suggest that Strishena’s work
might after all have been a mere recast of an older treatise of the same name.
This latter view I now feel inclined to set forth as the only true one.

The authorities for Colebrooke’s and Bhiu DAji’s opinion were
Brahmagupta and his commentator Prithtdaka Svimin. Brahmagupta, in
a considerable number of passages of his Sphuta Siddhinta, refers to Stishena
by name, and in connexion with those passages his commentator repeatedly
remarks that Srishena was the author of the Romaka SiddhAnta. And in
one passage at least Brahmagupta himself mentions Srishena in connexion
with the Romaka Siddhanta. That passage which is found in the Tantra-
parikshadhydya (the 11th chapter of the Sphuta Siddhinta) was discussed by
me in the paper referred to above (pp. 290 ff.), but owing to the very corrupt
form in which the Manuscripts of the Sphuta Siddhinta exhibit its text I
1id not at that time fully understand it, so that the meaning of just its most

* The truth of this remark of course depends, in the first place, on the correctness of
‘he emendation in VIIL. 5 owing to which we have substituted s&®R s awarw (read 0 in the
ext, instead of seanmawa™) for the °gwwwaat of the Manuscript; and in the second place, on
‘he sssumption that the clause “at sunset, at Avanti” bas to be connected generally with the
mles given in stanzas 1—5. But both this assumption and the emendation appear to me

well founded.
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important clause escaped me, as it seems to have escaped Colebrooke and
Bhiu Dijt. The text of the passage, as appearing in Colcbrooke s manuscript
(now in the India Office Library), runs as follows:—

MaufaurggvgamIsaEidaEi o
graifefagarztg uialzad fewngmAg 1 2
FEIRETRTIA wesh guatta aisate oy
mUmnyAtET mifatezaria aanta 1 g
G NWiHT RATaZgEgaIaT @ 1 4
FEEuTtagERiatga T inataveT A | 8
gnAaTIIUTE e R TESATIET 1 9
aZig Ui eUTATE B EENE T | &
UG TErE EFUTTREART: | &

Tara gatar arfget famagy 1 o

The other Manuscripts of the Sphuta Siddhinta known to me (one
belonging to the Bombay Government ; one, a modern copy, in the library of
the Benares College ; and once in the Royal Library of Berlin) have some
important different readings.  They all read in line 1 ste® instead of st=° and
in line 5 srergd® instcad of sarma®.  Inline 7 the Ben. MS. reads sfgmifgz® ;
the Berlin MS. has arfwerdsadizsanzr; and the Bom. MS. afewrdagmiz
samsgr  In line 8 the Bom. and Ben., MSS. read aftfunramntmwmaa®.  Line
9 rans in the Berlin MS. varmanitean dg@eaatias: wa: sar. The Ben. MS.
reads waten wigntassma: @ar, and the Bom., MS. natenr Santmstg sa: @
In line 10, instead of anfaet the Ben. MS. has fafaer, the Bom. MS. fafganta
(not to mention less Timportant diflerences). A

The gencral purport of this passage is clear. It is meant as a criticism

uf the performance of Svishena, who in composing his astronomical text book

- borrowed rules and processes from various sources, and combined them into

an incongruous whole. Licaving aside for the present the second half of

line 7, and line 10, we way—cmendating the text as given above with the
help of the varietas lectionis—render the passage as follows.

‘Frow the fact that Srishena, Vishnuchandra, Pradyumna, Aryabhafa
Lita, and Simha contradiet one another regarding eclipses and s1m11ar topics,
their ignorance is proved daily.  The eriticisms which I (in the preoedmg part
of the chapter) have passed on Aryabhata are, with the requisite modifications,
to be applied to the doctrines of cach of those teachers as well. I will however
make some further critical remarks on Srishena and others.

Srishena took from Lita the rules concerning the mean motions of the
sun and moon, the moon’s apogee and her node, and the mean motions of
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Mars, Mercury’s Sighra, Jupiter, Venus’ Sighra and Saturn ; from — — the
elapsed years and revolutions of the yuga; from Aryabhata the rules
concerning the apogees, epicycles and nades, and those referring to the
true thotions of the planets; and thus — — —~’

Here we are confronted by the latter half of line 9, which seems to
state that thus the Romaka (Siddhinta) was composed (kritah) by Srishens.
But this would leave unexplained the last word of the line which three
Manuscripts give in the form ‘kanthd.’ Keeping therefore this latter reading,
and substituting (with the Berlin and Bom. MSS.), ‘ratnochchayo’ for the
four aksharas preceding ‘Romakah,” I translate ‘and thus the Romaka
(Siddhénta) which was (or ¢is’) a heap of jewels (as it were) has, by
Srishena, been made into a patched rag (as it were).’

In other words : Srishena incorporated into the old genuine Romaka
Siddhénta elements borrowed from various heterogeneous sources, and thereby
spoilt it, making it look like a piece of cloth, or dress, made up of various
patches.

The Romaka Siddhénta going under Stishena’s name was thus not the
original one, but merely a recast of it, into which new matter borrowed from
different astronomical writers had been introduced. This is neither improb- -
able in itsclf, nor altogether destitute of collateral proof. For if we compare
the information concerning Srishena’s Romaka Siddhinta, given by Brahma-
gupta, with what we now know about the Romaka Siddhanta epitomized by
Variha Mihira, certain differences between the doctrines of the two works
present themselves at once. I here confine myself to two points, the
consideration of whieh does not neecessitate a reference to any other passage
from the Sphuta Brahma Siddhinta but the onec quoted above. The first
point of disagreement is that Srishena, according to Brahmagupta, borrowed
his rules for the spashtikarana <. e. for the calculation of the true places of
the planets, from Aryabhaiga. Now Aryabhata’s rules are known to us from
the Laghv-Aryabhatiya, and we observe that they agree in all essential points
with the corresponding rules of the Strya Siddhinta, specifying, as the latter
work does, the dimensions of the paridhi—epicycle of each planet, and
teaching how the equation of the centre is to be calculated trigonometrically
for any given anomaly, Variha Mihira’s Romaka Siddhinta on the other
hand, as we have seen above, makes no mention of epicyeles, does not in fact
give any generally applicable rule for caleulating the equation of the centre,
but merely states in a tabular form the equations, howsoever calculated, for
each fifteenth degree of the anomalies of sun and moon. That Romaka Sid-
dhinta therefore manifestly had not borrowed its rules from Aryabhata, and
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hence cannot be identified with Srishena’s work. On the other hand it is
quite intelligible that Srishena, who appears to have followed the old Romaka
Siddhinta as far as the mean motions of the planets are concerned, should
have borrowed the rules for calculating the true placeAs—-Which his prineipal
authority was unable to supply—from the work of Aryabhata. A second
argument may be drawn from what, in line 7 of the extract quoted above
from Brahmagupta, is said about Stishena having borrowed from some other
work (apparently some Vasishtha Siddhinta) his theory as to the elapsed
years and revolutions of the yuga. Judging from the expressions made use
of in that place and from the context in which it stands, Srishena’s views
about the yuga must have been akin to those generally held in the Siddhintas
on that point, the yuga being a vast period of time comprising integral
numbers of complete revolutions of all the planets. But as we have seen
above, the yuga employed in the old Romaka Siddainta was an altogether
different one, of a strictly lunisolar character and hence consisting of a ecom-
paratively moderate number of years. When, therefore, Brahmagupta, in
the first chapter of the Sphuta Siddhinta, animadverts on the non-traditional
character of the Romaka Siddhdnta,* he manifestly does not refer to the
recast by Srishena in whose hands the Romaka Siddhinta had assumed a
more orthodox form, but to the genuine Siddhinta, which at Brahmagupta’s
time was no doubt still in existence and duly distinguished from Srishena’s
treatise.

We next have to consider the bearings of a date which, in the first
chapter of the Pafichasiddhiintik4, is mentioned in connexion with the Romaka-
Siddhinta. Stanzas 8—10 which give a rule for calculating the ahargana
(¢ e. the sum of civil days which have elapsed from an initial epoch up to a
given date) direct us first to deduct 427 from the number of the current Saka
year, which means that the initial epoch of the caleulation is 427 Saka. I
then proceeds to explain the details of the calculation of the ahargana, and
closes with the words “this is the ahargana in (or, according to) the Romaka

Siddhdnta.’

That this date—427 Saka—is mentioned in the Paifichasiddhintika,
has been known to scholars since a considerable time. The astronomers of
Ujjayint who furnished to Dr. William Hunter the list of astronomers with
their dates, published by Colebrooke (Algebra p. XXXIII), gave 427 Saka as
the time of (their second) Variha Mihira.  Albe. ini refers to it as the date

* gnammiEe:  HTEURSEZHT BIATIEH |
awa URG & Sifasgn URsasg o
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of the Paiichasiddhantikd. Bhau DAji quotes the stanza from the Paiicha-

siddhintikd as furnishing the epoch of the Rornaka Siddhinta, :Ldnptud‘ };}'

Varjha Mihira also. (Journ. Royal Asiat. Soc. New Series Vol. 1). Dr.

Kern i inclined to look upon 427 Saka as marking the year of the birth -nf

Variha Mihira who, as appears from a passage quoted by Bhau Diji, died in
aka 509.

All these views clearly have no further foundation than the passage of
the Pafichasiddhantik4 about the calculation of the ahargana. The view that
427 Saka is the year of Varfha Mihira’s birth we may set aside without hesita-
tion. Dr. Kern was led to that hypothesis partly by the consideration that the
Paifichasiddhantiks, which in one place refers to Aryabhata’s views, could
hardly have been composed in 505 A.D. when Aryabhata—Dborn in 476
A. D.—was only 29 years old. We now know—from Dr. Kern's cdition of
the Aryabhatiya—that Aryabhata composed his work in 499 A. D. already,
so that he might very well have been quoted in a book writtten in 505 A. 1),
The other argument brought forward by Dr. Kern, viz. that Variha Mihira
died in 587, certainly goes some way to prove that the Panchasiddhantiki
was not written in 505, but not that Vardha Mihira was born in the latter
year. The text of the Pafichasiddhintikd enables us at present to judge of
the position of Varfha Mihira with regard to the date 427 Saka.  From the
chapters on the Strya Siddhiuta it appears that Vardha Mihira considers
that year to be the epoch of his karanagrantha from which all astronomical
caleculations have to start; for all the kshepa quantitics involved in the
different rules, given in those chapters for finding the mean places of sun,
moon, and plancts, can be accounted for satisfactorily on that busis. |
have no doubt that also the kshepa quantities stated in the Romaka and
Pauliga Chapters admit of being explained on the same supposition, but
unfortunately we have so far not succeeded in finding the clue to their rivht
understanding.  Now it would certainly be most satisfactory, if we could
assume that the Pafichasiddhintikd was composed in the very year which it
selects for its astronomical epoch, or at any rate within a few years of that
year; for as nearness of the epoch tends to facilitate all astronomical culeuln.
tions and, at the same time, to minimize the inaccuracies resulting from the
fact that karana rules are often only approximatively correct, it is the interest
and the practice of karana writers to choose for their epoch a year, as little
remote as may be from the time of theA composition of their treatises.  The
positive statement, however, made by Amarija (as quoted by Bhau Diji)
about the date of Variha Mihira’s death does not favour such an assuu ptin‘u :
and we moreover find that the deduction of 427 forms part of a rule which
in the end is said to be “in” or ‘according to’ the Romaka SiddLauta. This
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last circumstance indeed, taken by itself, would not suffice fully to convince
me, that the date 427 Saka is not one of Varfiha Mihira’s own choosing;
for the phrase ‘according to the Romaka Siddhinta’ might only mean that
the general principles on which the ahargana is calculated (viz. the equations
hetween solar years and lunar months, and again between civil days and Junar
days) arc taken from the Romaka Siddinta, while at the same time the fixa-
tion of the initial epoch—a point comparatively unessential and moreover
specially requiring to be scttled ancw in the case of each new Karana—might
be due to Varaha Mihira, Dut as, after all, 427 Saka cannot, for the reason
stated above, be the date of the composition of the Pafichasiddhintikd, we
may admit that the whole rule about the ahargana, inclusive of the kshepa
quantity 427, was borrowed by Varfha Mihira from the Romaka Siddhinta,
as was assumed by Bhiu Dl alrcady. It is true that we are unable to
assign a sufficient reasen for Vardha Mihira’s choosing to take over the epoch
of onc of his Siddhféntas rather than to fix his own, which would have been
a comparatively casy matter.  There may have been special circumstances
rendering the year 427 Saka a more convenient starting point than a later
year; but T am not for the present able to point out any such.

For the time of the composition of the Patichasiddhintikd itself there
would thus remain the period between 505 and 587 A. D., so that we shall
probably be not far wrong in fixing it about the middle of the sixth century.

A further question, however, arises in connexion with the date 427
Saka. Admitting that it was taken over by Vardha Mihira from the (or «)
Romaka Siddhdnta, have we to understand thereby the original Romaka,*
and consequently to fix the date of that work as late as 505 A. D ? This
question is one of interest in itself, and morcover has a bearing on the more
general question as to the period to which we have to assign the beginnings
of the modern, scientifie, phase of Hindd astronomy.

For reasons, which I shall set forth aftor having finished the survey
of the contents of the five Siddhintas, I consider it altogether improbable
that any of those treatises should have originated so late as 505 A.D., 4. e,
not earlier than, let us say, forty or fifty years before the composition of the
Pafichasiddhintiki. Mecanwhile I wish to direct attention to a special cir-
cumstance which scems to favour the conclusion, that the original Romaka
Siddhénta at any rate was composed earlier than the date mentioned,

From the third stanza of the first chapter it appears that already
before the composition of the Pafichasiddhintikd the Romaka Siddhénta had

¥ The qualification ‘original’ is of course meant to exclude Srishena’s performance,
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been commented upon (vyikhyata) in some way or other by Litadeva. Now
it is not of course impossible that LAtadeva’s vydkhyAna was merely
an ordinary explanatory commentary, composed at some time or other in the
period Intervening between A. D 505 (supposing this to have been the date
of the original Romaka) and the year (let us say about 550) in which the
Paiichasiddhintikd was written. Amnother alternative, however, appears to
me the more probable one, for the following reason. I do not consider it
likely that Variha Mihira should have mentioned Litadeva at all in connexion
with the Romaka, had he been nothing more than an ordinary commentator
of that work. The fact that he does so mention him seems rather to indicate
that Latadeva occupied a somewhat more independent position with regard
to the Romaka, possibly that of a writer who recasts an earlier work, or
adapts it to a later epoch. That Litadeva was more than a mere scholiast,
appears, moreover, from the fact that Brahmagupta refers to him as an
astronomical writer, and, what is particularly important, that Variha
Mihira himself, in XV. 18, thinks it worth while to quote the opinion of
Lita (of whose identity with the LAtadeva of the first chapter I see no
reason to doubt) concerning the time "of the day from which the ahargana
has to be calculated.  And the details given in this last quotation lead us a
step further. It is there said that according to Lita’s view the beginning of
the astronomical day has to be reckoned from the moment when the sun has
Lalf set at Yavanapura. Now this very same view, which here is mentioned
as peculiar to Lita and as such contrasted with the diverging views of other
astronomical writers on the same subjeet, is found incorporated in the rule
(I. 8) which professes to teach how the ahargana has to be calculated accord-
ing to the Romaka Siddhinta. That rule we therefore are entitled to look
upon not as directly borrowed by Varfiha Mihira from the old original
Romaka Siddbinta, but rather as constructed by Lita on the elements of
that work in such a form as to answer the requirements of his time, and
transferred, by Varidha Mibira, from Lita’s work to the Paiichasiddhantiki.
Henee the date 427 Saka also has to be taken, not as the date of the original
Romaka Siddhinta, but rather as the date of Lita or, more definitely, as the
date which Léta, in his comment on—or adaptation of—the Romaka chose
for his epoch. How much older the original Romaka Siddhinta may have
been, is a point which we Wwill touch on below.

Concerning the speeial character of Lita’s work we may conjecture
that it stood to the Romaka Siddhinta in somewhat the same relation as
Karanas generally stand to Siddhéntas. In conclusion I point out that some
connexion between Léta and the Romaka Siddhinta seems to follow also
from the statewent made by Brahmagupta in the passage quoted above
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at length o7z, that Srishena took the elements of the mean motions of the
planets from Lita. TFor unless Léta himself had taken these elements from
the Romaka, there would appear no reason whatever why the work of
Shishena, who according to Brahmagupta had borrowed all other elements
from other sources, should have been called a ‘Romaka’ Siddhénta. We can,
on the other hand, understand that a Hindd astronomical work should adopt
the name of that Siddhinta with which it agreed in the rules for calculating the
mean motions of the planets; for the latter constitute the most characteristic
item by which a Siddhdvta distinguishes itself from other works of the same
class,

The Pauliga Siddhinta next calls for a short review.

The fundamental information about this Siddhinta viz. that concerning
the formation of the abhargana is contained in stanzas 11-13 of the first
chapter which unfortunately appear in the Manuseripts in so corrupt
a form that we are unable satisfactorily to explain the details. The leading
principles of the caloulation may however be discerned, all the more readily
as they seem not to present, any altogethor new feature. The number 976
(ritu—sapta—nava—bhaktih) which in stanza 11 is exhibited as a divisor,
no doubt indicates the number of solar days after the lapse of which a lunar
month has to be intercalated, and the 63 of the same stanza (tri—ritu) seems
to refer to the number of lunar days going to one avama or omitted lunar
day. The two next stanzas then most probably state the corrections which
the employment of the stated round numbers renders it necessary subse-
quently to apply ; the amount and mode of' those corrections we are however
unable to extract from the incorrect text.—The Paulisa Siddhinta, thus, in
order to find the total of civil days, which have ¢lapsed from a certain epoch
up to a given date, takes the usual steps through adhimisas and avamaritras
(tithipralayas), does not, however, base its caleulation on any cyelic period
comprchending integral numbers of years, lunar months and omitted lunar
days ; but reaches its aim in a more direct manner by establishing small aggre-
gates of days which approximately contain one intercalary month or one
omitted lunar day, and subsequently applying an appropriate correction.

Our imperfect understanding of the details of the text prevents us
from deriving from the two stanzas discussed the exact length of the year
and the month according to the Paulisa Siddhdnta, The length of the year,
however, follows from another passage viz. III. 1, which teaches how to find
the sun’s mean place, and bases on the assumption of a year of 365 6® 12™

The rule for finding the place of the moon, given in the former part
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of the second chapter,* is of a nature widely differing from the corresponding
rules exhibited by the best known Siddbh4ntas. It therefore puzzled us for
a very long time—all the more as the text the two Manuscripts exhibit is
just in°that place far from correct—, until light fell on it from a somewhat
unexpected quarter. If we indeed had noticed from the outset that the
divisor 3031 mentioned in stanza 2 is the same as the one which the Romaka
Siddhénta (viii. 5.) employs for finding the place of the moon’s kendra, we
might have penetrated more quickly to the sense of the rule given in the
Pauliéa Siddhinta; but that circumstance escaped our attention at the
time, and the first clue to the solution of the difficulty was actually supplied
by the observation that the contents of the earlier part of chapter IT. of the
Pafichasiddhintiks show clear analogies to the methods employed, according
to Warren and Bailly, by the astronomers of certain parts of southern India
for the purpose of finding the mean and true places of sun and moon. Ac-
cording to Warren (Kéla Sankalita pp. 118 ff) the astronomers of all those
regions of the Deccan where the Tamul language is spoken make use, for
calculating the longitudes of sun and moon, of a peculiar process called by
him the solar or Vakiam process, whose characteristic feature is that it
enables us to find the true places without having previously ascertained the
mean ones. This is accomplished (if we limit ourselves in what follows to the
processes concerning the moon which alone are analogous to those employed
in the Paulisa Siddhénta) by directly caleulating how many times within a
given ahargana the moon has returned to her apogee or perigee, rejecting the
days within which complete revolutions have been performed, and taking the
true motion for the remaining days. To that end there are established
periods, comprising integral numbers of days, within which the moon per-
forms a certain number of anomalistic revolutions, and by these periods the
given ahargana is divided in succession ; the quotients may then be rejected
each time, and only the last remainder tgken into account for finding the -
moon’s place. These periods are four in number, calledt Vedam, Rasa
Gherica, Calanilam, and Devaram. The Devaram consists of 248 days which
comprise 9 complete anomalistic revolutions of the moon; the Calanilam
comprises 3031 days=110 revolutions; the Rasa Gherica comprises 12372 days
=441 revolutions ; the Vedam again is a certain multiple of the Rasa Gherica
and comprises 1600984 days. The given ahargana is at first divided by
12372; again the remainder by 3031; and again the remainder by 248.

* 1 here adopt the alternative, discussed above, of the earlier part of the second chapter
reproducing doctrines of the Pauli$a Siddhénta. ‘
+ I give these names in the—presumably incorrect—forms in which Warren exhibits them,
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The remainder of this last division—called by Warren Chandra Vakiam
Dhurmavahanam—is then used as the argument of a table which gives the
moon’s true place and true motion for each day of a period of 248 days (=9
anomalistic revolutions).—If, on the other hand, the moon’s mean place is
required, use is made of certain constant quantities indicating the amount of
the moon’s mean motion during each of the periods stated above, to which
there is finally added the moon’s mean motion during the days indicated by
the last remainder. For one devaram f. 4., the moon’s mean motion, according
to the Telugu Astronomers, amounts to 27° 44’ 6" (entire revolutions being
rejected) ; during one Calanilam to 11° 7° 31/ 17, and so on.

Now the rules given in the beginning of the second chapter of the
Patichasiddhintiki are analogous to those of the Telugu Astronomers. The
periods employed there for calculating the moon’s place are two in number;
one called ghana and comprising 3031 days, which is identical with the
Calanilam of the Telugus ; and another called gati, which consists of 248 ninths
of a day, and thus represents one anomalistic month. No reference appears
to be made to longer periods such as the Vedam and the Rasa Gherica of the
Telugus ; periods of the latter kind are indeed not required for the purposes
of a Karana whose rules are meant to be applied only to comparatively small
aharganas. If then we retrench from a given number of days all the entire
ghanas contained in it, and again retrench from the remainder all the entire
gatis which it comprehends, the last remainder alone is required for caleulat-
ing the moon’s true place; for it indicates what fraction of the current
anomalistic revolution the moon has performed, and a simple rule, or table-
will then suflice to show the amount of equation of the centre which has
to be added to—or subtracted {from—the moon’s mean longitude in order to
render it true.  Another set of rules is, however, required for enabling us
to assign the mean longitude of the moon.  This want the Pafichasiddhantiki
supplies by stating the total amount of mean motion accomplished during
cach ghana, and ecach gati; so that we have, in each given case, to multiply
those amounts by the number of elapsed ghanas and gatis and add up the
results. It then remains to find the mean motion for the fraction of the non-
completed gati, and to determine the corresponding amount of equation of the
centre. Rules for these procedures—or for a part of them —are most probably
contained in stanzas 5 and 6, which we however are unable to explain.

It further can hardly he doubted that stanzas 4—9 of the third chapter
return to the moon, and give some further rules for ascertaining her true
place and motion ; this the general wording of the passage, and terms such as
ghana and gati which oceur in it, seem clearly to indicate. But we have not
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succeeded in unriddling those stanzas; and are therefore also not in a position
to explain why they, if bearing on the teaching of the same Siddhinta as the
former half of chapter IL., should yet be separated from the latter by an
intervéning set of rules concerning altogether different matters.

The rule for finding the true place of the sun (IIL. 2, 3) resembles
the corresponding rule of the Romaka Siddhénta, in so far as it does not
teach a general process for finding the equation of the centre for any given
anomaly, but merely states the amount of the equation for each thirty degrees
of anomaly. The degrees of the anomaly are however not reckoned from
the apogee, but from the first point of Aries, so that the equation of the
centre can be added to—or subtracted from—the sun’s mean longitude with-
out any preliminary deduction of the mean longitude from the longitude of
the apogee.* The latter quantity is estimated at 80 degrees. Stanza III.
17. contains a corresponding rough statement of the sun’s mean daily motion
during each month of the solar year; here too we miss a general rule enabling
us to calculate the true motion for any given time.

The estimation of the length of the revolution of the moon’s node
given in III. 26. differs but little from that made in the Strya Siddhinta and -
the great majority of Hindh astronomical works.—The greatest latitude of
the moon is put equal to 270’ (IIL. 31). DBut here also—as above in the case
of the Romaka Siddhénta—we meet with another rule which appears to pre-
suppose a greatest latitude of 240”7 only, wiz., the rule given in VI. 5. for
calculating the duration of total obscuration during a lunar eclipse. A 'simi-
lar rule on the other hand which likewise seems to belong to the Paulida
Siddhénta (VI. 6) again scems to be based on the assumption of the moon’s
greatest latitude amounting to 270",

The processes preseribed in the Paulia Siddhinta for the calculation
of lunar and solar eclipses are of a very rough nature and much less accurate
than the corresponding operations according to the Romaka and Strya
Siddhantas. The author of the Pauli$a apparently aimed at nothing further
than the establishment of convenient numerical formulas, gave no exposition
of the general theory of the subject, and, for the sake of case of calculation,
introduced merely approximative values. No rule is prescribed for ascertain-
ing the true (apparent) dirmensions of sun, moon, and shadow at the time of
an eclipse From VI. 4. it seems to follow that the mean value of the moon’s
diameter is supposed to amount to 34/, and that of the shadow to 76”. Some-

* In the note on the translation of IIL. 2, 3. the remark is made “The reason probably
is ete.” But I think it would have been more appropriate to say that it certainly is so.
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what different values seem however to result from VII. 6, which stanza also
appears to imply a statement of the sum of the diameters of sun and moon.
It is difficult to speak on these points with assurance, as the details of the
rules eannot in all cases be explained with full confidence, and several entire
stanzas have remained altogether obscure to us.

The stanza VII. 1. gives the ordinary rule for calculating the parallax
in longitude. We are unable to point out any rule for determining the
parallax in latitude.

‘Among other items of doctrine which appear to be based on the
Paulisa Siddhénta there may be noted the interesting statement of the differ-
ence in longitude of Yavanapura on the one, and Ujjayini and Benares on the
other hand, which agrees fairly well with the assumption of Yavanapura
being Alexandria.* Next the rule (II1. 14) for calculating the difference in
longitude of two places whose distance in yojanas is known ; an approxima-
tive rule which would give tolerably correct results for places not very remote
from each other.—The same chapter {21) also contains the famous, often
quoted, statement regarding the former position of the solstice, in which the
word ‘right’ (yukta), as we now see, can only be explained from the context
in which stanza 20 stands with the preceding one.

We may also mention in connexion with the Pauliga Siddhinta the
table of sines given in the fourth chapter, although it i-s doubtful from which
Siddhénta it was borrowed by Varidha Mihira. It may have been common to
the three scientific Siddhantas; the values assigned in it to the different sines
are employed by Variha Mihira throughout the Pafichasiddhintiké, where-
ever such are required. The most interesting feature of the table is that it
bases on a subdivision of the Radius into 120 parts and of each of those 120 .
parts into 60 ; instead of subdividing the Radius, in the ordinary Indian
fashion, into 3438’. It thus closely follows the Greek fashion of expressing
‘the values of sines, only preferring to divide the Radius into 120 parts instead
of sixty. In the majority of cases the agreement of the stated values of the
sines with those given by Ptolemy is as close as possible, taking into account
that the latter writer subdivides his hundred and twentieth parts of the
diameter into minutes and seconds, while the table in the Pafichasiddhantika
~ subdivides into sixtieth parts only. There are however a small number of
cases in which the agreement is not complete. The Sanskrit text had in a few
places to be emended to a considerable extent, and it thus is not impossible
that a more correct text would exhibit an even closer agreement with Ptolemy.

#* Compare on this point the Journal Asiatic Society of Bengal 1884. p. 265
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On the other hand the circumstance that the amount of each sine is not stated
directly, but has to be arrived at by the summation of the amounts of all the
preceding sines favours the presumption of the emendations made being the
right enes on the whole; for if they were not, the table as it now stands
might be expected to show greater, and more regularly progressing, de-
viations from the true values of the sines than it actually does.

It may be noted that, in case of the table of sines basing on a Greek
prototype, the plan of subdividing the Radius—and not the diameter—into
120 parts would have enabled the borrower to take over, without any change,
the amounts assigned in the Greek table to the chords of the angles, and to
insert them in his own table as the values of the sines of half those angles.

We finally have to compare the information about the Pauliga Sid-
dhénta given in the Pafichasiddhintiki with what we know from other sources
about the same work, or at any rate a work of the same name. The sources
alluded to are principaliy Bhattotpala’s commentary on Variha Mihira’s
Brihatsamhitd, and Prithtdaka Svimin’s commentary on Brahmagupta’s
Sphuta Brahmasiddhinta, and from them Colebrooke already extracted the
most noteworthy points. It appears that the Pauliéa Siddhinta, known to
the two Scholiasts referred to, was a work following the same general methods
as the Strya Siddhénta, Aryabhata and all the later astronomers; at any
rate it agreed with the great majority of Hindd astronomical works in es-
tablishing a mahdyuga which contains an integral number of sdvana days ete.
and of revolutions of the planets. The data proving this are to be found in
Colebrooke’s essays vol. IL. p. 365 ; from them it also follows that the length
of the year, according to the Paulida Siddhénta, amounts to 365 6™ 12™ 36".
Now, in spite of the corruption of the text of those passages in which
Variha Mihira treats of the Paulida Siddhinta, it is clear that the work of
that name whose contents are summarized in the Pafichasiddhintikd followed a
plan altogether different from that of the Pauliéa Siddhanta referred to by
Bhattotpala. I nced not restate here in detail what has been remarked
above about the methods employed by the Paulida of the Pafichasiddhintik4 ;
it will be remembered that in calculating the ahargana, and the mean as well
as true places of the planets, it employs peculiar methods of its own, which
sharply distinguish it from the Paulisa of Bhattotpala and works constructed
on analogous lines. The length of its year amounts to 865 6 12™, while,
on the other hand, the length of the year of the Paulisa known to Bhattotpala
is the same as that of the year of the Strya Siddhinta known to Varsha
Mihira. And if any of the rules, given in the last chapter of the Paficha-
siddhantik4 for calculating the places of the planets, base—as not improbably
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they do—on the Paulia Siddhanta, they supply an additional feature mark-
ing off the two Pauliga Siddhintas from each other.

- We are thus led to the conclusion that the Pauliéa Siddhinta glso has
in the course of time undergone rceasts, and that that form of it which was
known to Bhattotpala widely ditfored from its original form, so widely indeed
that there is some reason for wondering that the later work could go by the
same name as the earlier one. "

ishtha Siddlinta, About the Vasishtha Siddhinta the Pafichasiddhintiks, as exhibited
in the two Manuseripts at our disposal, gives only very scanty information.
Variha Mihira, indeed, places the Vasishtha Siddhanta, together with the
Paitdmaha Siddhanta, in the lowest rank of the works whose tenets he repro-
duces ; yet it appears strange that its teaching should not be treated at some-
what greater length.  If anything, it is the small space allotted to the
Vasishtha Siddhinta in the text of the Pafichasiddhintiki as here edited,
which might induce us to suppose that certain parts of the work are missing
in our Manuscripts. It is indeed—as I already have remarked above when
discussing the allotment of the different chapters of the Pafichasiddhantika
to the different Siddhantas—a somewhat difficult task to ascertain, how much
of the matter contained in the Paiichasiddhantikd in its present formn has to
be traced back to the Vasishtha Siddhinta.  With confidence we may re-
cognise its teaching only in the rules given in the second part of the second
chapter which are, at the end, designated by Vardha Mibire himself as being
founded on the Vasishthn Siddhdnta, and which morcover are of a  quite
peeuline character, marking them oftt very decidedly from the doctrines of
the other Siddhintas.  The rule, given in stanza 8 for caleulating the
length of the duy at any time of the year, is similar to that of the Paitd-
maha Siddhinta in so far as assuming an equal daily inercase ; but it ditffers,
from it regarding the length of the shortest and longest days. The rules,
given in stanzas 9—13 for finding the length of the shadow, the mean
longitude of the sun and the lagna are also of a very primitive nature;
but yet superior to what a work of the type of the Paitimaha Siddhinta.
could supply.

We may infer from them that the Vasishtha Siddhinta no longer oper-
ated with nakshatras, but subdivided the sphere into signs, degrees and
minutes; and we also notice that it knew about the so-called lagna 7. e. the
ecliptic point which is on the eastern horizon at any given time. But, apart
from this, the methods are so rude, and so completely omit to distinguish be-
tween mean and true astronomical quantities, that the Vasishtha Siddhanta
can hardly be included within Scientific Hind( Astronomy.
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That the rules concerning the motions of the moon contained in the
former part of the second chapter are of an entirely different character, has
been remarked above already (p. XI). TIn spite of this it is, as said in the
same Place, not altogether impossible that they should base on the teaching
of the Vasishtha Siddhinta, which may have borrowed various rules and
methods from different sources. The point must be left unsettled for the pre-
sent.—The Vasishtha Siddhanta is not referred to in any other part of the
Pafichasiddhintika, with the exception of a eolophon in the last chapter,
about which something will be said later on.

There yet remains the question as to the relation of the Vasishtha
Siddhéinta, known to Variha Mihira, to that Siddh&nta of the same name about
which we know from later commentators, chiefly those repeatedly referred to
in the course of this introduction. From them Colebrooke already has im-
parted some information about a Vasishtha Siddhdnta which he aseribes to
Vishnu Chandra, on the authority of the last line of the passage quoted above
- (p. XXVI) from Brahmagupta. The right interpretation of that line clearly
depends on the way in which the preceding lines concerning Srishena’s treatise
are expluined. Following the version of them given by me above we have to
translate “and by Vishnu Chandra, taking the same (astronomical clements)
the Visishtha (Siddhénta) (was disfigured)” 4. e. Vishnu Chandra, by borrow-
ing various items of doctrine from different sources, gave to the original
Vasishtha Siddhénta the same variegated, incongruous appearance which
Stishena, acting in an analogous manner, had imparted to the original Romaka
Siddhinta. To the existence of a Vasishtha Siddhénta, older than the recast
by Vishnu Chandra, there moreover testifies the seventh line of the passage
from Brahmagupta, which apparently says that Srishena borrowed the (num-
bers of the) elapsed years and (planetary) revolutions of the yuga from a
Visishtha (Siddhanta); and the second half of that line further seems to
intimate that that Vasishtha was composed by, or at any rate somehow con-
nected with, Vijayanandin. An astronomical writer of that name is mention-
ed by Brahmaguapta in another place also, and—which is of some importance
as more definitely indicating his time—also by Varaha Mihira himself who, in
the last chapter of the Pafichasiddhintikd (X VIIL 62), refers to Vijayanandin
as having given rules for the calculation of the places of the planets.

Neither Vijayanandin’s nor Vishnu Chandra’s treatises appear to have
- come down to our time. The (Laghu) Vasishtha Siddhénta which we possess*
does not evince any relationship either to that Vasishtha Siddhinta which was
known to Vardha Mihira, or to the work of Vishnu Chandra, with some details
of which we are rendered acquainted by Brahmagupta and later commentators.

* Published by P. Vindhyedvari Prasdda Dube, Benares 1881.
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Having thus taken a survey of the chief doctrines of the five Siddh4ntas
as exhibited in chapters I—XVIT of the Pafichasiddhintik4, and before exam-
ining in detail the contents of the last chapter, a few remarks may be added about
what Variha Mihira states in X'V. 33—38 about the longitudes and latitudes
of certain stars. What authority he follows therein, we are unable to say.

The statement referred to gives the longitudes and latitudes of a small
number of junction-stars of nakshatras. How the longitude and latitude are
measured, the text does not define ; we can only presume that the Siddhénta
which Variha Mihira here extracts followed the usual Indian method wviz. of
referring the stars outside the ecliptic to the latter circle, not by latitude-
cireles, but by declination-circles, so that the quantities stated are what Whit-
ney, in his translation of the Sdrya Siddhinta, calls polar longitudes (dhruva)
and polar latitudes (vikshepa). The degrees of (polar) longitude are, as in the
Strya Siddhinta, taken from the beginning of the nakshatra (=twenty-
seventh part of the ccliptic) to which the junction star belongs. The latitudes
are, in a peculiar manner, expressed not in degrees, but hastas, which we are
enabled to turn into degrees by remembering that one hasta comprises thirty-
four angalis, and that the diameter of the moon—here assumed equal to 34
minutes—is divided into fifteen angulis. We give the results, in a tabular
form, adding at the same time, in order to facilitate comparison, the corres-
ponding statements wade in the Strya Siddhidnta (Whituey p. 521.)

I Ace. to Palichasiddhantika. Ace. to Stva Siddhinta,
Name. Position of - pylar L Polar Position uf'; Pole  t 0 Polar
star s opgitude, | Latitude, | star s Longitude, . Latitude.
nakshatra, ) nakshatra, [
Krittikd ... 6’ f 3240 |97 10° N.| 10°50° | 37°80 | 5° N
Rohint e g ! 487 4" 59 S. 97 30 49° 30/ 5° S
Punarvasu ... 8 { 887 715 N.S. 13° 93° 6° N.
Pushya .| 4 | 977200 [3 100 N.| 12040 | 1067 o
Agleshd, ... 1 i 07 40 | s+ 8 N | 2020 | 100° 7.
: !
Magha ... 6 } 126° 0 9° [ 120° o
: i _ |
Chitrd w| TR0 180° 507 | 2 43 S| 67 40 | 1800 2° S
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Why Variha Mihira should have confined himself to stating the longi-
tudes and latitudes of seven junction stars only, remains unaccounted for.
Possibly the Manusecripts are defective just at that place. The details given
conceming those seven stars (supposing our interpretation of the text to be
correct) diverge so widely from the corresponding statements of the Strya
Siddhdnta that, considering the incompleteness of the material, a critical
comparison of the two appears hardly feasible at present.—About the rule
concerning the heliacal rising of Canopus (XIV. 39—41) a few remarks -
will be made further on.

I now proceed to the examination of the last chapter of the Paiicha-
siddhAntikd, which is one of the most interesting but at the same time most
perplexing of the whole work. The text itself apparently does not state to
what Siddhéinta the rules about the planets, constituting the matter of the
chapter, have to he traced. To some indications given in the colophons
I will refer later on.

A survey of the contents of the chapter shows that it consists of two
different sets of rules, of which the former extends from stanzas 1—60, while
the latter, preceded by some personal remarks on the part of Variha Mihira,
comprises stanzas 66 up to the end, I begin by analysing, as far as feasible,
the former set of rules.™

The plan generally followed in this part of the work is to state at first
for cach planet a rule enabling us to calculate how many (heliacal) risings of
it have taken place within a given ahargana, or—in other words—how many
synodical revolutions it has performed. To that end we are directed to
divide the ahargana by the duration of the different synodical revolutions.
In Venus' case the rule prescribes (stanzas 1 and 2) to divide the ahargana by
584, and to add to the remaining days the cleventh part of the quotient of
the division ; 1, e, in other words, the length of Venus’ synodical revolution
is estimated at 584 ——111 days. In the same way it follows from stanzas 6 and
7 that one synodical revolution of Jupiter is estimated at 399 — § days ; from
stanzas 14 and 15 that one revolution of Saturn amounts to 378 «;1 days; from
stanzas 21 and 22, that one revolution of Mars is estimated at 780 days minus
161 vinadikis (=, about, ;«‘;‘h of a day); and from stanzas 36 and 37, that one
synodical revolution of Mercury is supposed to amount to 115 days plus 52
nadikds plus 45 vinddikds (for the rules given there imply that 8 synodical
revolutions occupy 927 days plus 2 nidikds).

* Il;‘&ilwl'i)e”observed that the Hnglish translation of that chapter confines itself to
4 literal rendering of the Stanzas, The fcllowing, systematio, discussion of the contents of the
chapter is meant to supply the place of explanatory notes to the translation.
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In the second place the rules teach us, how to calculate the arount of
sidereal motion performed by the planets within the given number of synodi-
cal revolutions. —Stanza 1 says that during one period of rising, 4. e. during
one synodical revolution Venus passes through 78 5° 30/ ,,.and this 18 inde.ed
the approximate motion of Venus within 584—] days, if we suppose .1ts
mean motion to be the same as that of the sun, and reject the entire revolution
performed. ‘

In Jupiter’s case we are directed (stanza 7) to multiply the number
of synodical revolutions contained within a given ahargana by 86, and to
divide by 391; ‘which. shows that 391 synodical revolutiens are supposed
to be about equal to 36 sidereal revolutions. This is indeed nearly the case;
for if, basing on the duration of a synodical revoluticn of 399 days (not
399—-;- days) and on the assumption of 864220 sidereal revolutions of Jupiter
being performed within a mahiyuga of 1577917800 days, we calculate the
sidereal revolutions performed during the lapse of 391 synodical revolutions, we
find 36 revolutions plus about four degrees. And for these four degrees also an
allowance is made, wviz in stanza 10, where we are told to multiply the num-
ber of risings by five, to divideﬂby eight, and. to take the result as minutes; for

240’ x risings 1 Q‘Iisil&ﬁ.‘ y ' .
s s nearly equal to. ==~ » @

The rules for calculating the sidereal motions of the other planets are
of a similar nature. Assuming the sidereal revolutions of Saturn within
one mahéyuga to amount to 146568, the quantity of sidereal motion within
a period comprising 256 synodical revolutions of 378 days each is equal to
nine revolutions minus. four degrees + eight minutes. Weare hence directed,
(st. 15). to multiply the risings of Saturn by 9, and te divide by 256 ; and
(st. 17) to multiply the risings by 8, to divide by 32, and to.look on the result

as minutes to be deducted ; for 4° +8"=248/, and g—;%zgé

For Mars we have the assumption (st. 22) that fifteen synodical
revolutions comprise eighteen sidereal revolutions; hence we multiply the
number of the risings by eighteen and divide by fifteen. The quotient which
indicates the entire revolutions is rejected ; the remainder, multiplied by 12
and divided by 15, gives the mean place of Mars in signs'and so on. In
Mercury’s case, finally, 889 synodical revolutions are supposed to be equal to
123 sidereal revolutions ; hence st. 37 directs us to multiply the given number
of synodical revolutions by 123, and to divide by 389.

So far the rules contained in the last chapter can be sé;tisfactorily
explained. 'We now however are met by a series of rules whose rationale
we are unable to. assign. Hitherto we have been. told how to calculate firstly
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the full number of synodical revolutions of a planet which have taken
place within a given ahargana, and secondly the full number of sidercal ve-
volutions within the same period; and, for the purpose of ascertaining the
amount of synodical as well as sidereal motion swhich the planct has aceom-
plished in addition to complete revolutions, we have at our disposal the
remainder of the two divisions whose quoticnts indicate the number of the
full revolutions. Now, from these remainders—which represent in both
cases a certaln number of days—the mean motion and the mean position
of the planet at a given time can be caleulated without difliculty ; but what
is required, and what the rules of the text appurently mean to supply, are
directions enabling us to determine, roughly at least, the true place of the
planet at the end ot the given ahargana.  We are, however, unable to point
out the gencral principles on which the rules are constructed.

I begin with Saturn in whose casce the rules appear to be simpler than
in that of the other plancts (setting aside Venus about which later on),
Stanza 15 dircets us to multiply the number of the syvuodiea] revolutions by o,
and to divide by 256, the quotient of the division indicating, as explained
above, the number of completed sidereal revolutions.  The remainder, the
text goes on to say, is the ‘pada.’ The remainder— which alone is required
for the caleulation of the true place of a planct—is thus denoted by the same
term which, as we have scen above, was employed in the Paulisa (or Vasishtha)
Siddhénta to denote the remainder ot days from which the true place of the
moon 1Is ascertained. The text then wgoes on to distinguish three different
amounts of the pada, viz. 30, 127 and 995 aud it will he observed that the

) . an vy anr o, . .
sum of the three fractions 7. 1¥7 amounts to 2 (e one entire revolation,

ui6 " 256’ 256 2
There are further mentioned (:‘;'taiz'l’mlditi\'v, or sz’zbt‘,r:uetivu\ quantitios, which
have to be applied in case of the padas reaching the wentioned amonnts, and
it certainly appears probable that those quantities are, in some way or ather,
connected with the equation of the eentre, which has to be added or sub.
tracted in order to render the planct’s place true. But we are quite unable
to demonstrate, by a satisfuctory explanation of the three amounts, the trath
of this hypothesis.  The text finally (in 18, and 19) states certain anounts
of motion which Saturn performs within the three khandas, . e, apparently,
the three fractions of a revolution (2,‘;, L;’(", _,'::) which were mentioned above,
But here again we meet with a difficulty ; for while the text states for the
two first khandas the following amounts: 1 157 51" and 5* 28 35/, a ealenla
tion of the mean motion proceeding on the data of the text gives 1712 117
for ;:ém of a revolution, and 5* 27° 34’ for i"—”' of a revolution. It is indewl
by no means unlikely that the discrepancy may be owing to the circumstance
of the text wishing to state the amount of true—not mean—motion ; but
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we again are unable to prove this by calculation. (The amount of motion
during the third pada stated above wviz., 295? ™ of a revolution is, according to
caleulation, equal to 4° 19° 13/, not to 4° 7° 30’ as, by mistake, stated in the
commentary p. 101. The emendation of the text—munayo liptds Shatur-
gunih sapta, stanza 19—which bases on the erroneous quantity stated in the -
commentary must on that account be rejected. Owing to the obscurity of

the meaning it is hardly feasible to propose another emendation).

The text finally gives (stanzas 19 and 20) a statement of the different
phases of Saturn’s motion in the course of one synodic revolution, dividing
that- period into seven minor periods, and mentioning the amount of motion

during each.
- 'We have similar rules in Jupiter’s case. There too (st. 7) we are told

to take the remainder of the division whose quotient indicates the completed
sidereal revolutions, and to term it pada. Again three different padas are

distinguished (st. 9), whose sum amounts to one complete revolution (zg;’
La ggi) and for each of these padas there is stated a certain additive or

subtractive quantlty of obscure meaning. And again there are stated three
different amounts of motion which do not very widely differ from the amounts
of mean motion that Jupiter performs within each of the three fractions of
a revolution stated above; the amounts given in the text being 5° 9° 30’;
6%; 13°, while the calculated amounts are 5° 15° 43; 5% 29° 33"; 14° 44/
Here too we can only conjecture that what is aimed at is a statement of the
true motion within the given intervals. But, in addition to these rules which
so far are strictly parallel to those concerning Saturn, we have, in stanza §,
some additional directions concerning mean and true quantities whose sense
has remained quite obscure to us, so that even the attempted literal render-
ing of the words of the text—which has been given in the translation—must
be looked upon as altogether tentative and provisional.—Stanzas 12 and 13
exhibit a statement of Jupiter’s apparent motion during each of nine minor
periods into which the entire synodical period of the planet is subdivided.

With regard to Mars again another plan is followed, of which the
details however have likewise remained obscure to us. In Mars’ case the
text, after having giveny the rules, explained above, for finding the elapsed
synodical and sidereal revolutions, proceeds (in 24) to make a statement re-
garding the difference of the planet’s mean and true places, it being obscure,
however, in what way the true place is supposed to be found, and then
declares that the course (chéra) of Mars will be stated according to the dif-
ferent motions (gati). To judge from stanza 35, these motions appear to be
eight; and as the text mentions the terms vakra, anuvakra, anugati, ativakra
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and gighra, we may assume that we have to do with something like the
eight kinds of motion enumerated in Strya Siddhinta IL. 12, among which
we meet with vakra, anuvakra and §ighra. DBut most of the details we must
leave Unexplained, owing partly to the corruption of the text, and partly to
the obscurity of the subject. Stanzas 25 (conclusion) and 26 state the
periods intervening between the time of the heliacal setting of Mars and its
conjunction (when it becomes niramsa), and between the conjunction and  its
heliacal rising. The meaning of stanzas 27 and 28 is obscure.  Stanzas 20—
392 treat of the motion of Mars in three of its gatis (cp. the ¢ traye’ in 82), of
which the ‘vakra’ 7. e. no doubt the retrograde motion is the first; the nature
of the two other motions we are unable to explain, the text exhibiting only
the vague term, ‘anugati’ (in 29). In st 33 we meet indeed with the terms
vakra, ativakra and anuvakra, and we hence supposc that those three motions
are referred to in 29—32 also; but, considering the various senses in which
the terms ativakra and anuvakra are used by different authorities, we do not
attempt to assign the meaning they bear in our text.

For Mercury the text, after having given the ‘general rules for syno-
dical and sidereal motion, at once states the amount of supposed true motion
for eight, periods of days whose total aguregate amounts to 380 days, the
amount of true motion being 360 degrees.  From this Iatter circumstance it
appears that what is aimed at is a statement of the different phases of true
motion during one mean revolution of the planct (which, of course, is viewed
as equal to onme mean revolution of the sun). Why, however, the cor-
responding period of days is said to amount to 380 days (rather thar to 365),
we are not able to explain, although so much may be sueaested that the dis-
crepancy is most probably due to a mixing up of sidereal with synodieal motion.
The text then goes on to give a general rule (obseure to us) wbout the adjust-
ment of mean and true motion (stanza 41), and thercupon gives a detailed ac-
count {42—53) of the difterence of Mercury’s motions according to the sign of
the ecliptic in which the planet stands at the time.  We are unable to account
for those rules by calculation.

There now only remains to be noticed, in the first st of planetary rules,
what is said about the true motions of Venus in stanzas 3—5. The treatment
of this latter planet differs from that of all other planets inasmuch as it ap-
pears not to take into account the influence of the equation of the apsis, but
limits 1itself to a rough representation of the true motions in so far as depen-
ding on the equation of the conjunction. The difference is quite intelligible,
if we remember that the eccentricity of Venus' orbit is very much
smaller than that of any other planct, The text specifies the true mo-
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tions for eleven minor periods of days, the sum of which amounts to six

“undred and ter. Out of these, 584 constitute one synodical revolution of
‘enus, while the last 26 days must be viewed as the period within which
‘enus, after having performed one synodical revolution and havind again
1itered into conjunction with the Sun, advances so much as again to become
isible in the west.

Obscure and unsatisfactory as are many 'details of this, first set of
planctary rules, we yet recognise with sufficient clearness that the elements
on which they are based do not greatly differ from those generally employed
in Hindt astronomy., The periods of sidereal and synodical revolution
diverge very little from the ordinary ones, and the caleulation of the true
places appears to presuppose the recognition of the two separate planetary
inequalities (excepting the case of Venus as noticed above). But we begin
to feel on strangely new and unsafe ground when now turning to the second
set of rules for the ealeulation of the planetary motions, which are contained
in stanzas 66—81 of the last chapter.

The position and appearance of these rules are anomalous from several
points of view. On the rules explained above which come to a conclusion in
stunza 60, there follow a few stanzas which look very much as if they were
meant as concluding stanzas of the whole work, the author mentioning in
them his name, and drawing a parallel between his own performance and the
less successtul efforts of other astronomers.  But these, prima facie final,
stanzas are followed in their turn by a further stanza (65) which scems to be
meant by Variha Mihira as an introduction to another set of concise planet-
ary rules (grahakariki tantran) ¢ for although the rules extending from stanza
66 to the end of the hook are comprised in 16 stanzas (or in seventeen, if we
add to them stanza 65), it yet seems most probable that the ‘cighteen dryas’
mentioned in stanza 65 refer to this concluding portion, with which possibly
one of the stanzas preceding 65 may have to be counted, or which originally
may have contained one stanza more than our manuseripts exhibit.

The matter contained in this concluding portion is of a comparatively
stmple nature.  The rales at tirst teach how to calculate for each planet the
number of synodical revolutions which have taken place within a given
ahargana, and then state the chief phases of motion within each synodical
revolution, or half revolution as in Venus’ case.  No rules are given for cal-
culating the true motions.

But what is extraordinary are the durations assigned to the synodical
revolutions. They stand as follows—
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Mars . 768% days
Mercury ... 114-% »

. Jupiter 3932— 5
Venus ves 5754 ”
Saturn ‘o 372% .

These amounts agree neither with those assigned to the synodical
motions in modern Hindid astronomy generally,® nor, therefore, with the
true periods frem. which the periods implied in the teaching of the Siddhantas
differ to a very inconsiderable extent only. To meet in Hindd astro-
nomy with.a set of numerical quantities widely differing from those generally
accepted is indeed so startling, that one at first feels strongly inclined to
doubt of the soundness of the text, especially if one remembers the generally
unsatisfactory state of the two available Manuscripts of the Paificha-
siddhintikd; but it so happens that just in the concluding portion the text
appears to be fairly correct, dees at any rate net immediately call for incisive
emendations. Morcover cach figure is given twice over, and that in two
different forms, the text stating at first the length of the synodical revolu-
tion in a fractional form (as f. i gz;g = 39:‘5}-— in Jupiter’s case), and afterwards
giving the details of motion for a certain number of subdivisions of the
synodical period; and we find that the results arrived at by summing up the
days comprised within those subdivisions agrea almost throughout very closely
with the former statements (in Jupiter’s case f. i. we have 16 +54+470+109
+88+4+40+16=1393). We therefore can, for the present, hardly help accept-
ing the rules as they stand, in spite of their startling uniqueness..

It remains to-consider from which SiddhAntas Vardha Mihira may have
borrowed the matter of the entire last chapter. The text itself appears to
¢ontain no indication cn that point; there are however two colophons which.
furnish seme—possibly aceurate—information. After stanza 5 the Manu-
seripts read, Vasishtha-siddhinte sukrah, and at the end of the chapter,
Panligasiddhinte tirdgrahal. If we accept the former statement as true,
it would follow that the Vasishtha-siddhfinta possessed an accurate knowledge
of the length of the planctary revolutions; for although the ‘statement
dircetly refers to Venus only, it is—for reasons not requiring to be set forth:
at length—altogether improbable that the Vasishtha Siddhanta, or in fact any.
Siddhéanta, should have been well informed about the theory of one planet
only. It is moreover by no means impossible that, what. the colophon directly

planets. divectly, but it is of course easy to derive them from their sidereal revolutions combined
with the revolution of the sun.
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states about Venus only, should hold good with reference to the other planetary
rules also which extend up to stanza 60, There is indeed, as shown above,
that difference between the rules concerning Venus and those relative to the
other planets, that, while the former do not take any account of the efuation
of the centre, the latter manifestly do so, although in a manner whose details
have remained obscire to us. But as already remarked, that difference may
simply be due to the circumstance that the equation of the centre of Venus,
being very much smaller than that of the other planets, was disregarded on
purpose. On the other hand, the circumstance of a special eolophon being
introduced after stanza 5, combined with the fact that the rules from stanzas
6—G60 after all do differ from those concerning Venus, might be viewed as
favouring the assumption of the two sets of rules being based on different
guthorities, We however must notice that the rules relative to Jupiter
Saturn ete. employ the same term, viz. pada, to denote an important remainder,
which had been used in the same sense in an earlier part of the work (chap-
ters I1. and III). I had to leave it an open question the doctrines of which
Siddhéntas are reproduced in the earlier part of Chapter II., it however
appearing not improbable that the Vasishtha Siddhénta is the authority
relied on. And thus the fact of ‘pada’ being met with in the earlier part of
the last chapter also appears to strengthen the conclusion that that whole
part (stanzas 1—60) epitomizes the doctrines of' the Vésishtha, Otherwise
we might perhaps think of the Pauliga which, as I have above shown some
reason to believe, seems to have agreed with the Visishtha in the rules for
calculating the phases of the moon. But this latter assumption would
conflict with the statement made in the colophon at the end of the chap-
ter, which appears to designate the rules contained in stanzas 66 to 81 as
based on the teaching of the Pauliga Siddhinta. I therefore see myself unable
to propose any definite views as to the sources of chapter X VIIT. The last
_set of rales especially is perplexing, and, were it not for the direct assertion
‘made in the colophon, nobody I suppose would be inclined to trace the deter-
minations of periods given in it to a Siddhinta which seems to ha,ve heen
specially dependent on Greek teaching,

A few additional general remarks on the character and the pre-
sumable time of the works epitomized by Variha Mihira may here be added.—
~ Taken together the five Siddhintas appear to enable us to form a fairly
accurate notion of the transition of old Indian astronomy into its modern
scientific form.” The Paitamaha Siddhinta, in the first place, is the repre-
sentative of the prescientific stage of astronomical knowledge, the other
sources for which are the Jyotisha Vedinga, the Garga-Samhiti, the
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astronomical books of the Jainas, and a number of quotations from various old
authors as f. +. Pardgara. During that period nothing of importance seerns
to have been elaborated but the doctrine of the quinquennial lunisolar yuga.
The althors of all the works mentioned share the same essential characteristics,
in so far as displaying a very imperfect knowledge of the mean motions of the
sun and moon (and, some of them, of the plancts also), and connected therewith,
of the length of the years and months; being altogether unacquainted with
true motion as distinguished from mean motion; teaching an equal daily
increase or decrease of the length of the day; dividing the sphere into
twenty-seven or twenty-cight nakshatras; entertaining utterly fantastic
notions about the constitution of the earth and the universe; and evincing
a very marked tendency to work out in minute detail large sets of numerical
rules founded on altogether insufficient premisses. They all morcover, with
the exception of the Jaina books, agree in fixing the winter-solstice at the
beginning of the nakshatra Dhanishthid. That from this latter circumstance
no conclusion can be drawn as to the time when the different works mentioning
it were composed, is at present admitted pretty generally. For it is neither
possible to derive from the given data, with any degree of accuracy, the time
when the original observation was made ; nor, cven if that could be done,
would the result prove anything regarding the period when the works in
question were composed, since it Is quite clear that the place of the solstices
having once been ascertained was adhered to and stated in works composed
many centurics after it had ceased to be true. That in VarAha Mihira’s
account of the teaching of the Paitdmaha Siddhinta the calculation of the
quinquennial yuga is made to start from 2 Saka, has been meontioned above.

There are two chief points in which those early works have influenced
later scientific astronomy. The latter derived from them firstly the idea of
a yuga ¢. e. a cyclical period, at the end of which the heavenly bodies return
to the same relative positions which they occupied at the outset. And in
the second place, the writings of the carlier period already show, fully
developed, the peculiar Indian lunar calendar which treats the tithi 4. e.
the thirtieth part of a synodical month as the true chronometrical unit,
so that in all calculations of the length of elapsed periods, and of the
position of heavenly bodies, the sum of natural days can be ascertained only
through a previous knowledge of the number of elapsed lunar days.

Concerning the position of the Vasishtha Siddhinta known to Var&ha
Mihira it has been said above that, while apparently more advanced than the
Paitdmaha Siddhinta, it yet scems to have been decidedly inferior to the
scientific Siddhantas. We therefore shall most probably not be mistaken in
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assigning it to the period marking the transition from -the old purely
indigenous systems to those works which were constructed altogether on the
basis of Greek science. '

The three remaining Siddhintas fall under one category, all of them,
however much they differ in details, representing the modern phase of Hind#
astronomy which is completely under the influence of Greek teaching. The
general features of that phase are too well known to require restating in this
place. If we enquire into the individual characteristics of each of the three
Siddhéntas, we may, I think, discern certain features in which the Romaka
and Pauliéa Siddhintas agree,” while at the same time differing from the
Strya Siddhinta. In the latter work only modern Hindd astronomy has
fully assumed that type, which it has since preserved, and with which European
scholars have since a long time been familiar, chiefly from the (modern)
Stirya Siddhénta itself, and from the Siddhénta Siromani. In the first place
the Strya Siddhinta only fully adopts the traditional Kalpa and Yuga system,
to which it adapts the length of the revolutions of sun and moon and the
planets, so as to obtain integral numbers of them all during the kalpa or
yuga. The Romaka Siddhéinta, on the other hand (which, as we have seen
above, is specially blamed by Brahmagupta for not accepting the tradi-
tional teaching as to the great periods of time) does indeed form a yuga,
but one of its own invention viz. by multiplying the Metonic period of nine-
teen years by 150, so as to obtain the smallest possible aggregate of years
which contains integral numbers of lunar months and. civil days. The
original Paulisa Siddhénta again ‘seems not to have established a general yuga
of any kind, but to have proceeded in each individual case with the help of
specially constructed short periods of time.—In the second place, the Strya
Siddhénta, as is noticed by Variha Mihira himself, represents throughout a
more advanced, or at any rate more highly elaborated, system than the two
other Siddhintas. This appears f +., as already remarked, in the treatment
of the equation of the centre, where the Strya’Siddhinta only gives a
general rule; and specially in the theory of solar and lunar eclipses, where the
comparatively full and careful rules of the S. S. stand in marked contrast to
the meagre rules of the Romaka, and yet more so to the roughly approxima-
tive formulas of the Pauli$a.—In one point the Strya Siddhanta and Paulisa
Siddhanta (if understood by us rightly) seem to have agreed, while differing
from the Romaka. The latter Siddhinta employs tropical revolutions of the
sun aud moon, while the Strya Siddhinta certainly, and the Pauliga pro-

“bably, treated of sidereal revolutions only. The Romaka Siddhanta is in
fact the only one of all Indian astronomical works, which is based on the
tropical system. Nothing, by the way, tends to show that Variha Mihira
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was aware of the circumstance which accounts for the difference of the dura-
tions assigned to the solar year, and to the revolution of the moon, by his
different Siddhantas. That the summer solstice formerly was at the middle of
Agleshd, but in his time at the beginning of Punarvasu, appear to be viewed
by him as two distinet facts, each to be taken by itself. He certainly does
not render it clear anywhere, that the change in the solstice’s place is due to
the gradually accumulating effect of a process which had been going on, and
still is going on, constantly, and that that process accounts for the different
lengths ascribed to the revolutions of the cclestial bodies.

That the similarities observed between the Greek and Hindd systems
are due to a transfer of the elements of the former to India, will at present
be hardly called into doubt; and it certainly appears highly probable that
the Paulisd and Romaka Siddhintas were the carliest Sanskrit works in
which the new knowledge imported from the West was cembodied. That
these two works were in some special way dependent on Greck astronomy,
has since a long time been inferred from their names; and that conclusion
is now confirmed by what we learn fromm Varidha Mihira about their contents.
It certainly is no fortuitous coincidence that one of those two Siddhintas
whose names point to the west, used the tropical solar year, and caleulated its
ahargana for the meridian of Yavanapura, and that the other expressly stated
the difference in longitude of Yavanapura and Ujjayinf. And that they
were the first representatives of Greek astronomy in India, is at any rate
highly probable, as we have no information about older astronomical works
of hellenizing tendencies. While, thus, the general question as to the
sources of seientific Hind astronomy admits of one answer only, doubts
begin to suggest themsclves as soon as we proceed to ask, from what parti-
cular Greek works the carly Siddhinta writers may have borrowed, and to
what time the first transmittence of astronomical knowledge has to be
assigned, Professor Whitney to whom we are indebted for the most
thorough discussion of these matters (translation of the Strya Siddhinta py.
470 ff.) has expressed the opinion that the absence, from the Hindd systew,
of any of the improvements introduced into Greek astronomy by Ptolewy
seewns to favour the conclusion that the original transmission of astronomical
knowledge into India took place before Ptolemy; which at the same
time would account for the many differences in detail between the Hinda
system and the teaching of the Syntaxis.—Now with this view we certainly
may agree so far as to consider it altogether improbable that the Hindd system
should have based directly on Ptolemy’s work. Regarding certain innovations,
indeed, by which Ptolemy improved on the astronomical theories of his Greek
predecessors (such as f. 4. the introduction of the evection into the lunar
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theory) it might be supposed that the Hindd astronomers, even if borrewing
directly from the Syntaxis, excluded them from their own, strictly practical,
works as needless, and hence cumbersome, refinements; but if assuming the
Hindis to have been acquainted with Ptolemy’s work, how shall we &xplain
the numerous discrepancies in essential items of doctrine, such as f. 4., to
wmention only one out of a vast number of cases, the different dimensions
assigned  to the epicycles of the planets by the Hindds and Ptolemy
respectively ¢ But nevertheless it would be hazarded to conclude therefrom
that the beginnings of scientifie Hindd astronomy go back to a time earlier
than that of Ptolemy. The whole question indeed is rendered incapable
of decisive treatment by the fact that our knowledge of Greek astronomy
anterior to Ptolemy is so very imperfect ; a few points however which bear
upon it may be bricfly referred to.

As well known, the theories of the sun and moon were settled in all
important points by Hipparchus already and merely borrowed from him by
Ptolemy. It would therefore not be impossible that any seientific Hind®
work, confining itself to an exposition of the motions of those two heavenly
bodies and of rules for the approximative caleulation of their eclipses, should
have originated in the period intervening between Hipparchus and Ptolemy.
Hipparchus again bad already given determinations of the mean periods of
revolution of the planets, which Ptolemy found means to correct in some very
unimportant details only.  On the other hand, it had indeed not escaped
Hipparchus that the true motions of the planets can be satisfactorily explained,
ouly if we recognise two distinet inequalities ; but he had not undertaken to
.wpm:mf those inequalities in cach case, and so to establish a workeable theory
of the plancts. The latter achievement Ptolemy distinetly claims for himself,
and we therefore must conclude that any Hindd works—such as f 4. the
Sirya Siddhanta--in which the anomaly of the apsis and the anomaly of the
conjunction are clearly distinguished are later than Ptolemy from whom alone,
diveetly or indiveetly, they could have derived their theory. In spite of what
we have learned from the Paiicha Siddhantikd, we are unfortunately not yet
sufficiently informed about the entive contents of the earlier Siddhéntas to
apply the preceding remarks to a determination of their age. The Paiicha-
siddhiutikd says nothing about any planetary rules being given in the Romaka
Siddhénta, and that treatise, in its original form, might therefore possibly have
been one confining itself to a system of lunisolar astronomy, such as could
have been established on the teaching of Hipparchus alone. That among the
works which represent the first remodelling of Hind astronomy on Greek
lines there should have been some which treated of the sun and moon only,
will not be considered unlikely, if we remember, firstly, that the theory of
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those two heavenly bodies suffices for the construction of a “calendar, and,
secondly, that also the purely astronomical works of an earlier period—such
as the Jyotisha Vedanga, the Paitimaha Siddhénta known to Variha Mihira,
and tht Strya Prajfiapti—do not treat of the motions of the planets. But
none of these considerations compel us to date the Romaka Siddhinta earlier
than Ptolemy, while on the other hand the very name of the treatise seems
to point to a time when the fame of Rome had become so great that even in
the distant east her name naturally attached itself to new views and doctrines
entering India from any western country <. e. to a time hardly earlier than the
century of Ptolemy. ’

The Vasishtha and Pauliéa Siddhantas treated of the planets also, as
we learn from the last chapter of the Pafichasiddhintikd. The earlier set of
rules given there apparently distinguishes the two planetary inequalities ;
but as we understand the text only very partially, I cannot undertake to discuss
the connexion of those rules with Greek science. Of the rules given in the
last part of that chapter it might perhaps be conjectured that they represent
a stage of the theory of the planets more primitive than that of Ptolemy;
for what is stated there about the true motions of the planets, apparently
takes into account only the more conspicuous anomaly which depends on the
planet’s position with reference to the sun, while the anomaly dependent on
the planet’s distance from the apsis is neglected. That the mean motions
attributed to the planets in that chapter differ in an altogether unaccountable
way from the true ones (and hence also from those determined with such
extraordinary accuracy by Hipparchus, and adopted from him by Ptolemy),
I have remarked above already. But these facts do not, after all, supply
valid reasons for supposing any knowledge of astronomical matters to have
reached India from Alexandria before the time of Ptolemy. That certain
details in the Indian system appear more primitive than Ptolemy’s teaching,
may simply be due to the fact that the Indian astronomers, with their strictly
practical tendency, did not aim at any great accuracy, and neglected what
in their view, would not affect the result of their calculation to an appreciable
degree. And there is yet another, and in my view, very important considera-
tion which may account for the divergencies from Ptolemy on the part of
Indian works, of a date later than his; a consideration which Biot already
has repeatedly suggested. It is by no means impossible that the astronomical
knowledge which the Hindds have worked up in their Siddhintas was not
derived from any of the great scientific works of the Alexandrian astronomers,
but rather from an altogether different class of books wviz. the manuals used
by Greek astrologers (as Biot suggests) and, as we many not improbably add,
almanac makers. The astronomical views of men belonging to those clagses
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may reasonably be presumed to have been rather imperfect, and to have
diverged in more than one point from the theories of the great scientific
astronomers ; they might have borrowed from the latter whatever appeared
indispensable, neglected what seemed likely to cause greater trodble in
calculation than would be justified by the results, and, at the same time, pre-
served elements of older, long antiquated, doctrines. The rules given in their
manuals might not improbably have resembled in their form the rules met
with in the early Indian Siddhéintas, especially the Paulig¢a Siddhanta, which
apparently did not even hint at the theory of the subject, but only aimed at
enabling the practical astronomer or astrologer to perform with the greatest
possible ease and rapidity the calculations absolutely necessitated by his
profession. The assumption of the earliest scientific (or quasi-scientific)
Hindd astronomers being acquainted, not with the writings of men like
Hipparchus or Ptolemy or Theon, but enly with works of the class mentioned
above, would I believe help to render the whole process of transmission more
intelligible.  Whatever distinguished the teaching of the practical caleulators
of Alexandria from that of the scientific men, would in that case have
perpetuated itself in the Indian treatises, and would thus from the outset
have differentiated the latter from works of the class of the Syntaxis. The
fact of there having been transmitted, not a complete astronomical system, but
only practical rules joined perhaps with vague indications of general principles
would moreover, I think, account satisfactorily for the many differences in
poing of theory which distingnish the completed Indian system from its Greek
prototype. That a work of the class of the Strya Siddhinta shauld spring
directly from a work such as the Syntaxis, would be almost incomprehensible,
even it we made the very largest allowances for the tendency, on the part
v the Hindt adaptator, to harmonize the new foreign doctrine with indigenous
tradition and modes of computation, and to simplify his original to as large an
extent as possible, But if we, on the other hand, suppose that only a very
impertect knowledge of Greek astronomy was transmitted to India, and that
Hindd Jyautishas endeayoured to erect on that basis a complete system of
their owny, we can understand how there came into existence warks of the
type of the Surya Siddhinta, which, although evincing a fundamental depen—
dence on Greek w:trunmny, yet show unmistakeable traces of originality in
numerous details, remaining indeed in by far the greater number of cases
inferior to their original, yet hitting here and there an new devices and
methods of undeniable merit and ingenuity. The perfect Hindd system would
in that case have to be characterized, not either as a mere loan from the
Greeks, nor as a mere adaptation in the ordinary sense of the word, but rather
as a combination, and further development proceeding on partly original lines,
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of elements of astronomical knowledge, transmitted in a rude and detached
condition from the west. And the merit of originality as far as it goes, would
most probably belong to the, unknown, author of the old Strya Siddhinta.

We next must enquire whether the older Siddhintas themselves
farnish any indications of the time when they were composed, and so
indirectly of the time when Greek astronomy was introduced into India.
‘The evidence on that point which is supplied by the Pafichasiddhintiks itself
as understood by me is as follows. Variha Mihira I suppose to have written
his treatise about the middle of the sixth century (see above p. xxx), and to
have taken for his epoch the year 505 A.D. which I understand to indicate
the time of the astronomical writer Lita, who himself is said by Varsha Mihira,
to have commented on the Romaka Siddhénta. The latter treatise therefore
must have been composed at some time anteceding—and possibly considerably
carlier than—505 A. D. That the Romaka Siddhinta—and in fact the
other four Siddhintas also—are a good deal earlier than Variha Mihira,
is confirmed by the general attitude of that writer with regard to the works
on which his treatise is based. Varfha Mihira clearly distinguishes, on the
one hand, individual and manifestly modern writers, to particular views of
whom he refers in a few places, without however crediting them with complete
independent systems which it would be necessary to abstract; and, on the
other hand, treatises of generally recognised authority, not to be neglected
by any writer who aims at giving a complete survey of the astronomical
doctrines current at that time in India. Of the class of writers referred to,
Varbha Mihira mentions Lata, Aryabhata, the guru of the Yavanas, Simha,
Vijayanandin and Pradyumna. Of Lata we have reason to suppose that he
flourished about 505 ; of Aryabhata we know that he composed his treatise,
termed Laghv-dryabhatiyam, in 499. Whether the other writers mentioned
by Varfha Mihira were earlier or later than Aryabhata, there is so far
nothing to show. But it is certainly an intrinsically probable view that the
authoritative treatises, to the exposition of whose doctrines Variha Mihira
devotes his work, and which to him appear to exhaust Indian astronomical
learning, were earlier than the individual writers to detached views of whom
he alludes incidentally, and whom he manifestly does not in any way consider
superior to himself.

This conclusion is in conflict with a view expressed with more or less
definiteness by several writers on Hind®d astronomy, according to which
Aryabhata is the oldest of scientific Hindt astronomers; for three a{: any
rate out of the five SiddhAntas which we suppose to be earlier than Arya-
bhata have to be classed as scientific works, But there is in reality nothing
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to prove that Aryabhata was the first to embody in a Sanskrit treatise the
new theories transmitted from the west. Had he held that position, he
would of course have been entitled to have his doctrines fully abstracted by
a writer like Variha Mihira, who constituted it his special task to sufhmarize
all the more Important theories current at his time. But, as remarked above,
to Variha Mihira Aryabhata clearly is only one of those numerous writers,
who occupied a position not unlike his own, as being engaged in remodelling,
and possibly here and there improving on, the teaching of the received
Siddhantas. I cannot, in this place, enter into a full discussion of Arya-
bhatvs doctrines ; but even a somewhat superficial examination shows that
they stand in a particularly eclose relation to the Strya Siddhénta, whose
teaching they indeed modify and attempt to correct in many details, but yet
unmistakeably follow on the whole. This becomes evident, if we compare
the Aryabhatiyam on the one hand with the Pauliéa and Romaka Siddhéntas
as summarized by Varika Mihira, and on the other hand with the Strya
Siddhinta as reported by the same author, or, for the matter of that, with
the Strya Siddhinta in its modern form, although we have had occasion to
remark that in some points the old treatise agreed with Aryabhata’s
teaching more closely than its modern recast. Variha ‘Mihira therefore, in
only occasionally direeting attention to special views held by Aryabhata, did
all that could be expeeted from him.

The presumed priority of works of the nature of the Sarya Siddhénta
to treatises of the stamp of the Aryabhatiyam is moreover strongly confirmed
by a consideration of the general form of the two. The former, even in its
modern shape, is a diffuse, loosely written, ill arranged treatise ; the latter, on
the other hand, is a compacet, highly finished and systematical compendium
whieh, like other works of similar kind, is much more appropriately viewed as
marking the end of a certain phase of literary development than its beginning.
Iu a certain sense indeed Aryabhata may perhaps be said to occupy both
positions at once. Belonging to a later period than that in which the new
astronomical theories had for the first time been embodied in works such as the
Paulisa, Romaka and Saura Siddhintas, he yet may at the same time have
been, among astronomers and mathematicians, the earliest of that group of
polished writers, who aimed at summarizing and systematizing in treatises,
distinguished by conciscness and elegance of form and style (and apparently
most of them composed in the Aryi metre), the contents of the less
ambitious literary products of the preceding period. He may thus, in the
special field of astronomy, have been the first representative of that literary
development, which Professor Max Miiller with so happy a term has called the
Renaissance of Sanskrit literature, and of which Variha Mihira himself was
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one of the chief ornaments. This at any rate is possible, and, as far as our
present knowledge goes, not improbable, although we cannot positively assert
that no writers of a similar type had come forward before Aryabhata’s time.
Lata, whom I consider to have been an author of the same class, appears
to have been a somewhat younger contemporary of Aryabhata. That the
other writers quoted by Vardha Mihira and Brahmagupta, all of whom we
may assume to have had aims similar to those of Aryabhata, should have
been younger than the latter astronomer, is barely possible.

Originality of doctrine can thus hardly be claimed for Aryabhata,
even if we understand originality in the limited sense of teaching what had not
before been taught in India. The only, and indeed weighty, exception is the
doctrine of the revolution of the earth on its axis, if indeed that also had not
somehow been transmitted from Greece. Aryabhata’s work is the only
Indian one, krnown to us, in which that doctrine is set forth, and Brahmagupta
ascribes it to him ; but yet it is not quite certain whether it originated with
Aryabhata, or was an opinion held by others also and merely adopted by him_
In chapter XIIIL. of the Paifichasiddhéntikd Vardha Mihira when attempting
to refute it does not intimate that it belonged specially to Aryabhata.

The great fame which Aryabhata no doubt enjoyed we are thus not
able to account for quite satisfactorily. It may have been due partly to the
finished conciseness of his performance, a feature always highly esteemed
by Hinddls; partly perhaps also to his peculiar system of notation. His
astronomical work is moreover the oldest among those known to us in
which there appears a chapter on mathematical science in midst of the astro-
nomical rules, and the astronomical matter itself is exhibited in two separate
sections, a gola pAda and a ganita pAda. Not improbbaly he really was the
first to effect this amalgamation of the results of native mathematical science
with the astronomical science of foreign extraction, and to render the exposi-
tion of the astronomical theory clearer and more systematical by a well
founded subdivision of topics; and that also might account for part of his
reputation,

There is one further point which requires to be touched upon in a
discussion of the possible age of the Siddhéntas on which Variha Mihira’s
work bases, viz. the position of the initial point of the sphere from which
all longitudes are reckoned. As is well known, all scientific Hind4 astrono-
mers speak of that point as the first point of Agvini or the last point of
Revati, and this is manifestly also the tacit presumption for all the different
rules given in the Pafichasiddhantiki ; one exception viz. that according to
the Paitimaha Siddhinta the first point of Dhanishth4 marks the beginning
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of the sphere, is specially noticed by Vardha Mihira. Now, for fixing the
precise whereabouts of the first point of Agvini we have to avail ourselves
of the statements as to the longitudes of certain stars which are made in
various old astronomical treatises, the earliest of them being the Strya Sid-
dhanta, according to which the so called yogatar of the asterism Revati has
no, or almost no, longitude s. e., coincides, or nearly coincides, with the first
point of A§vini. And as that junction star which has been identified with
¢ piscium had the same longitude as the vernal equinox in 572 A. D., the
latter year is supposed to mark approximately the beginning of the scientific
period of Hind® astronomy. If, instead of following the majority of writers,
we prefer to adhere strictly to the statement made in the Strya Siddhénta,
according to which the longitude of the junction star of Revati is not zero
but 859° 50/, we are led to 560 A. D. instead of 572.

This determination of the beginning of the scientific period of Hindd
astronomy has of course always rightly been looked upon as roughly
approximative only, since we have no good reasons for believing that the
Hindbs of that period were able to perfomn so difficult an operation as the
determination of the place of the equinox with great accuracy. That the
beginnings of scientific astronomy have to be dated back another seventy
years at any rate, already follows from the admitted time of Aryabhata alone.
That the Siddhintas on which Vardha Mihira drew, among them the old
Strya Siddhinta, were also older than 572, follows from Varaha Mihira's own
time. Professor Whitney, who has discussed most thoroughly the bearings
of the statements which the Strya Siddhénta makes about the longitudes of
the junction stars, points out that if, instead of relying solely on the longitude
assigned to £ Piscium, we compare the longitudes assigned to the junction
stars of all the 27 nakshatras with their actual longitudes in 560 A.D.,
a certain uniformity of error obscrvable in the statements of the Sdrya
Siddhénta leads us to suspect that the measurements of position on which
the list was established were made from an equinox situated about 1° to the
east of that of A. D. 560 and hence at a time preceding the latter date by
about seventy years.

At any rate the Strya Siddhinta supplies us with data enabling us to
decide what point of the fixed sphere is supposed to mark the first point of
Agvini. But these data fail us, if we turn to other astronomical works.
As we have seen above, the Paiichasiddhéntiki itself, where stating the
longitudes of certain junction stars, says nothing about the junction star of
Revati, and from what it says about other junction stars we are unable to
draw any well scttled inferences. But it is of course by no means unlikely
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that Varadha Mihira, whom we suppose to have written the Pafichasiddhéntiki
about the middle of the sixth century, should have agreed with the Strya
Siddhanta in giving no, or almost no longitude, to the star £ piscium.

But what, we must proceed to ask, did Aryabha@a, and his predeces-
sors, such as the authors of the Romaka and Paulisa Siddhintas, understand
by the first point of A¢vini? The Laghviryabhatiyam says nothing about
the longitudes of junction stars, and we are therefore unable to determine
what point of the sphere coincided, in Aryabhata’s view, with the first point
of A§vini, The same remark applies to writers whom we may suppose to
have anteceded Aryabhata. That the authors of the Romaka and Paulisa
already treated the first point of Agvini as the initial point of the sphere,
appears to follow from the Pafichasiddhintiké ; but nothing shows that they
supposed the small star £ Piscium to be situated just at that point. To me
it appears most probable that the earliest scientific Siddhintas used the term
‘ the first point of Advini’ in the same sense as the Grecks used the term
‘the first point of Aries’ wez to denote, not a fixed place in the sphere, but
simply the place of the vernal equinox. From the term, the ‘first point of
Agvinl’ so much indeed follows that, when it was first coined, the vernal
equinox was, according to the observations of the Hindf astronomers, some-
where to the west of the asterism Agvint and to the east of the asterism
Revati; but about the exact point meant to be indicated by that term we
konow nothing. If indeed the limits of the nakshatras had been aceurately
defined already before the period of the Siddhintas, the term *adviny-adi’
would have from the beginning indicated a definite place in the fixed sphere ;
but there is nothing to show that that was the case, and, as pointed out by
Professor Whitney, it certainly is intrinsically improbable that the small
star £ piscium should ever have marked any important point in the sphere
before the time when it actually happened to coincide with the vernal equinox.
Thus to the author of the Romaka f£ ¢. the term ¢ the first point of, Agvini’
may bave meant a spot one or two or three or four or five degrees east of &
piscium, any spot indeed lying to the east of the junction star of Revati
and to the west of the junction star of ASvini. Later on, let us say about the
middle of the sixth century, it was observed that the place of the equinox
coincided, or nearly coincided, with the junction star of Revati, and as at that
time the fixed sidereal system had exclusively established itself in India,
that star has ever since been held to mark the beginning of the sphere.
But the earliest testimony we have for this its position is the statement
which the Strya Siddhanta, as known at present, makes about the longitudes
of the junction stars, and that statement in no way proves that the same view
was set forth in other books of a presumably earlier date.



LX INTRODUCTION.

The preceding remarks merely aim at showing that there is no evi-
dence for the earliest Siddh4ntas having identified the place of the vernal
equinox with that of ¢ Piscium, and that we hence are not compelled to look
for the beginnings of scientific Hindt astronomy in a period not earlier than
the fifth century. I do not on that account wish to assign the old Siddhéntas
to a very much earlier time. All I am interested in is to show the possibility
of there having intervened between the early Siddh4ntas and Vardha Mihira
a period of sufficient length to account for the authoritative position which
the former manifestly occupy in the view of the author expounding their
doctrines.  Every requirement may I think be looked upon as satisfied if we
suppose the Romaka and Paulisa Siddhidntas® to have been composed not
later than about 400 A. D.

The present edition of the Pafichasiddhintikid is founded on two
Manuscripts, belonging to the Bombay Government. The text of the better
one of those two Manuscripts is reproduced in the left hand columns of our
edition, while the foot notes give all the more important different readings
from the other Manuscript. A comparison of the traditional text with the
emended one, as given in the right hand columns of the edition, will show that
the former had, in many cases, to be treated with great liberty. Not
unfrequently the emended text is merely meant as an equivalent in sense of
what we suppose Vardha Mihira to have aimed at expressing, while we attach
no importance to the words actually employed in the emendation. The many
quotations from the Pafichasiddhintik4, which are to be met with in Bhattot-
pala’s commentary on Vardha Mihira’s Brihatsamhitd, and which as a rule
exhibit the text in a more correct form than the Manuscripts of the Paficha-
siddhéntika, have been of great help to us. In a complete ‘apparatus criticus’
of the Pafichasiddhantik4 Bhattotpala’s readings would of course have to be
exhibited in full ; but as Bhattotpala’s text itself has come down to usin a
very questionable condition only, we have, for the present, refrained from
doing more than tacitly availing ourselves of Bhattotpala’s readings where-
ever they seemed to deserve preference. A few stanzas quoted by Bhattot-
pala and manifestly belonging to the Pafichasiddhantiké, although not to be
met with in our Manusecripts, we have inserted in the emended text.

* I take this opportunity of correcting, according to my present views, the translation
of I, 10. As the translation stands, the last words of that stanza would make an interesting
statement as to the relutive ages of the Romaka and PauliSa Siddhdntas. But I at present have
little doubt that the words ¢ na atichire’ do not mean, ¢ which is not much older’ but rather ¢ with
no great distance’ (or ‘difference ’), the meaning of the text being that the results of a calculation
of the ahargana according to the principles of the Paulifa do not differ very much from those of a
calculation proceeding on the data of the Romaka Siddbinta. ' :



INTRODUCTION. LXI

What, in the attempt to reconstitute the text of an astronomical or
mathematical work, has chiefly to be kept in view, is of course to arrive at
rules which are capable of being proved mathematically. This consideration,
has, in ore than one place, led us to introduce changes even where such
appeared hardly to be required by the external form of the traditional text.
I may quote, as an example, the rule for caleulating the heliacal rising of
Agastya. The considerable deviation from the text of the Manuseripts which
our emended text exhibits in that place appears to be absolutely called for by
the general principles on which such calculations have to be performed
according to all scientific Hind@ treatises, and is moreover justified, as my
collaborator shows in the Sanskrit Commentary, by the circumstance that
the result of the emended rule of the Panchasidahintikd agrees with a state-
ment made by Variha Mihira in the Brihatsamhitd. In a few cases,
notably in the last chapter, where we were unable to emend the readings of the
Manuseripts in any satisfactory way, Pandit Sudhikara has substituted for the
traditional text, rules founded on the general principles of Hindd astronomy ;

“a proceeding which will hardly be objected to, as the cases in question are
pointed out in the Commentary, and as side by side with the substituted text
the traditional text is exhibited in full.

(. Th.
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