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PREFACE,

Although many distinguished Orientalists have written on * Indian Astro-
nomy ” there is no general account of this subject now available in the Eng-
lish language. The present attempt to supply a summary account of the astro-
nomical material recorded in early and mediseval Hindu works is therefore to
some extent justified. In the matter of choice and treatment of topic the
author of such a summary is always open to criticism. Many items of interest
have to be omitted or touched upon very lightly, and the author’s predilec-
tions may lead to undue emphasis- on eertain matters. In the present work
guch subjects as the Hindu calendar and Hindu chronology are not formally
dealt with, since they are treated with some elaboration in various excellent
books that are readily available; while the semi-religious and astrological aspect®
of astronomy have been dealt with more fully.

Although this summary account goes over old ground it is all based upon
original texts. ~What has been accomplished is largely due to the encourage-
ment of Sir John Marshall, Litt. D., C.LE., etc., the Director-General of Arch.
aeology in India, under whose auspices the Memoir has the advantage of being
published.

I take this opportunity of recording my indebtedness to the Superinten-

dent of Government Printing for the care and trouble taken in the production
of a work entailing so many printing  difficulties.

G. R. KAYE
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HINDU ASTRONOMY.
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B

INTRODUCTION.

1. The history of Hindu astronomy has a history of considerable interest
itself ; and it is desirable to refer to this secondary history in some detail.
It concerns chiefly a controversy tinged with acrimony, in which certain dis-
tinguished scholars took part—Laplace, Bailly, Playfair, Delambre, Bir William
Jones, John Bentley and others. This controversy related chiefly to the question
of the antiquity of the Hindu astronomical notions, first made known to Europe
towards the end of the seventeenth century, and it unfortunately not only
obscured the issues but gave an impetus in the wrong directioh. It was not
until the beginning of the nineteenth century that the attention of European
scholars was drawn to those portions of Vedic lterature that contain, in
somewhat romantic and vagne expression indeed, the Lrme essence of indigenous
Hindu astronomy.

2. In 1601 Giovanni Dominico Cassini published an account of certain
astronomical rules brought from Assam by M. de la Loubidre, and thus, as
the most renowned astronomer at that time in France, gave a first advertise-
ment ; and soon after,in an appendix to the Historia Regni Graecorum Bactriani
of T. S. Bayer, some account of Hindu astronomy was given, together with a
dissertation by Leonard Euler on the Hindu year of 365 days 6 hours 12 minutes
30 seconds’. In 1769 Le Gentil went to Pondicherry to observe a transit of Venus
and in 1772 he published an account of the so-called Trivalore tables and Hindu
astronomy generally. One of the more important results of this publication
was the interest taken in it by *‘the illustrious and unfortunate ” Jean Sylvain
Bailly,* who, in 1787, published his Traité de 'astronomie Indienne et orientale.
Bailly firmly believed in the great antiquity of the Hindu astronomical system
which, he thought, supported certain views regarding the development of civilization
that he was wedded to. His conclusions were often wrong and sometimes
extravagant. He believed that the Hindus were the inventors of astronomy,

17, Buigzss, Jowrn. Royal Asiatic Soc. 1503, p. 723
£ The first Mayor of Paris and President of the National Assembly in 1789 : he was born in 1738 and guillotined

in 1703,
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2 HINDU ASTRONOMY.

that their observations were direct and original, that their theory was simple
and true, that their calculations, made from time immemorial were indeed
less exact than ours but as reasonable and infinitely more simple and natural
than those of Ptolemy, and that the Greeks of Alexandria had profited
by the Indian notions but had mutilated their results'.

3. Bailly’s work attracted much attention and Laplace and Playfair seem
to have been specially interested. Laplace at first thought that some of the
Indian figures, said to be for 3102 B.C., were remarkably accurate ; but later, in his
famous Mécanique Celeste (1802), he revised this opinion: “ The Indian tables,”
he writes, * indicate an astronomy in a state of considerable advancement, but
everything leads us to believe that they are not of high antiquity. And here
it is with pain that I differ from the opinion of an illustrious and uniommlta
friend®, whose death is a fearful instance of the inconstancy of popular favour. .

In 1700 Playfair wrote of Baiily’s Astronomie Indienne: *“ The fact is... I
entered on the study of that work, not without a portion of the scepticism, which,
whatever is new and extraordinary in science ought to excite, and set about
verifying the calculations and examining the reasons in it with the most serupu-.
lois attention. The result was an entire conviction of the accuracy of the one
and the solidity' of the other.”” But this was not Playfair's final judgment
and in 1317 he records’ a complete change of view. “ When the astronomieal
tables of India first became known in Europe,” he writes, * the extraordinary
light which they appeared to cast on the history and antiquity of the East
made® everywhere a great impression; and men engaged with eagerness in a
study promising that mixture of historical and scientific research, which is, of
oll others the most attractive. The ardour with which they entered on this
pursuit, the novelty of the object and the surprise excited, may have led them
further, in some instances, than the nature of the evidence when scrupulously
examined, authorised them to proceed.” He then goes on to explain that a
more minute examination led the enquirers to doubt “the pretensions to high
antiguity that they found in the astronomical books of the Hindus,” and he
refers to Delambre's arguments “ that the data are nowhere quoted from which
the Indian tables were computed and that there is no record, not even any
tradition, of regular astronomical observations having been made by the Hindus.”

In 1702 Playfair addressed the Asiatic Society* and suggested a systematic
search for works on Hindu mathematics and astronomy, the artual examination of
the heavens in company with Hindu astronomers, and descriptions and drawings of
the astronomical buildings and instruments still to be found in India, ete.

4. In the meantime (in 1789) Mr. 8. Davis had made an analysis of the
Sarya Siddhdnta. He noted that the obliquity of the ecliptic - was given in
that work as 24 degrees, assumed that this was the result of accurate observa-
tion and concluded that this observation bad been made about 2050 B.C*,

1 URLAMEEE, Hudowre de ['osfromomie ancienne, i. 416 L * Badlly.
* Trans. Roy. Soc. Edinburgh i, 1700, pp. 136—192.

* Aristic Besearches iv, pp. 150—182

* Apiotic Reseorahar il, 238,




INTRODUCTION. 2

Sir William Jones' stepped in in his characteristic way: “I undertake to
prove,” he writes, ““that the Indian Zodiac was not borrowed mediately or
directly from the Arabs or Greeks.” * The Brahmans,” he says, ““ were always
too proud to borrow their science from the Greeks, Arabs, Moguls, or any
other nation of Mlechchas as they call those who are ignorant of the Vedas,
and have not studied the language of the gods....” Of the idea of indebted-
ness to the Greeks they ““ All seemed to think it a notion bordering on phrenzy.”
Again he tells us that “they are also of opinion that the vernal equinox
oscillates from the third of Mina (Pisces) to the twenty-seventh of Mesha (Aries)
and back again in 7200 years” and concludes that this theory was based upon
an observation made in 1181 B.C.! In reply to Playfair's suggestions regarding
a systematic enquiry Jones naively writes: " Concise answers to his questions
will be given in my next annual discourse,”” but afterwards he confessed that
he had “ offered ample stipends to any Hindu astronomer who could name in
Sanskrit all the constellations that he should point out, but failed.”

5. In 1799 John Bentley® controverted Bailly’s assumption of extreme anti-
quity for the Hindu astronomy, and, although Bentley made mistakes and was
an_injudicious controversialist’, his main thesis was fully established. The inost-
important of those Hindu ‘astronomical works that have been in vogue for the
last thousahd years or so is the Sirya Siddhanta. In itspresent form it pro-
bably dates from about A.D. 1000 but it claims immense antiquity. “ The
sun himself delivered ...the system of the planets...when but little of the
- golden age was left,” which, according to Hindu reckoning, was some two million
years age’. But the astronomical elements in the text imply a much later date,
namely the commencement of the Kali Yuga, or 3102 B.C. when all the planets
were supposed to be in conjunction. Now the question was: Does tnis date,
3102 B.C. correspond to actual observations by Hindu astronomers at that
time ? Bailly thought it did and at one time Laplace and Playfair agreed with
him, but as a matter of fact nothing approaching a general conjunction obtained
at that period, as the- following figures show :

Position of the planets at Ujjain, Midnight, February 17-18, 3102 B.C. with
reference to the beginning of the Hindu sphere. 3

Sun. Mercury. | Venus. Mars. Jupiter. Ssturn. Moon.

= ;s Y
—T 548" | —41° 3 26" +24° 58" 50" | —19° 19" 26" +85° 38" 367 | —28° 1" 13" —1° 33" 41"

t The works of Sir William Jones, iv. *On the chronology of the Hindus,' p. 1 1. ; * supplement to the essay
on Indian chronology,’ p. 48L ; * On the antiquity of the Indian zodise,” p. 711.

 On the sntiquity of the Sarys Siddhinta and the formation of the astronomical cycles therein contained.”
Aviatic Ressarches, vi, pp. 537—588. :

'"n-m;u,wmmammmmumahu in
mm.mdmwhmmﬂmﬂwﬂmﬁuhmdmm
Pﬂﬂa....lihhdhhiutmﬂﬂlﬂﬂltﬂtu&nt&uﬂuﬁhmﬁlﬁm"lmlu.mﬂh 1858,
168,

* Sirys Siddhénis i, 2—8



4 . HINDU ASTRONOMY.

This table' may be said to dispose of the question of observations at 3102
B.C. or thereabouts; but there remained to be settled the time at which the
observations, on which the tables and calculations were based, actually did
take place. The above considerations lead to the conclusion that the period
of conjunction was calculated backwards from a certain other period at which
the actual positions of the planets must -have been known approximately at
least. Bentley attemipted, with some success, to find this later period. He
showed by a table *the gradual decrease of the errors of the Sirya Siddhinta,
from the year 3102 before Christ, down to A.D. 999, and also for two periods
later, in order to show the increase of the errors again in an opposite direc-
ﬁon.?i -

Bentley's table of errors in the positions of the planets as caleulated according
to the Sarya Siddhania

— B.C. 3102. | B.C. 2102. | B.C. 1102. B.C. 102 AD 5638. | AD. 1001.
Mercury . . ' : +33° 26| +25° 10| 16° B4 +8° 38" 42| —1° 1
Venus . . . . . —3 W —24° 38" —16* 31" —8° 16" —3° 15 +1° &
Mars . ’ . i . +1° & 49" 27" +6° 47 +4 B +2° 27| +0° 68
Jupiter . . . . —17* ¥ —12° 44 —8° 26" —4 7 —1° ;2" +0° 41"
Baturn oy el +20° 50" | +15° 43| +10° 2% +5° 12° +1° 607 | —1° 45°
Moom' . = &« s n —&° 53 —3* 51" -3 9 —{F 53 —rw| — 1
Moon's Apsia v s s —30°11| —23F10°| —16 & — & —4° 38" | —0F 43
Moon's Node 4 . . +23° 38° +17° & +12° 31° +7 ¥ +3F 40 32

From an average of the results Bentley concluded that the Sirya Siddhinta
dated from A.D. 1091. This may be accepted as a rough approximation to
the correct date, but taking the average of such a set of figures is unsound,
as they are not of equal value and should be ‘ weighted’; and it is assumed
that correct observations were made at some particular period, whereas the
error in observation was possibly sufficient to make Bentley’s conclusion wrong
by some 300 years. However, the main conclusion is undoubtedly more or less
correct, and since Bentley's time a great deal of evidence that corroborates
the view as to the comparative modernity of the Sirya Siddhdnta has come to
hand.

6. In 1807 the scholarly Colebrooke quietly introduced the suggestion that
Hindus were in some ways indebted to the Greeks? Montucla had, indeed,
made certain statements on this point,” but they had been brushed aside by

! Such tables should, however, be interpreted with eircumspection. The figures themselves are
> t perfectly
pertain and their verification would be o waste of labour now ; mmywhm“mmmi:mm
faot that thore was no general conjunction at 3102 B.C.
% * On the Indian and Ambian divisions of the zodisc.' Asiatic Researches IX, 1807 .
% iy ' » PP. 323—376 ; and Essays

* Husloire des machemaliques, 1700—1802, i, jii
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S8ir William Jones'. Colebrooke wrote: “ None of the astronomers whom I
consulted were able to point out in the heavens all the asterisms for which
they had names....I apprehend that it must have been the Arabs who adopted
(with slight variations) a division of the zodiac familiar to the Hindus...."”
But he also points out that several Hindu astrological notions were confessedly
received from foreign nations (p. 371); and he notes the correspondence between
the Hindu and Greek signs of the zodiac, the dreshkinas of the Hindus and
the dekanoi of the Greeks, and suggests that the term Yavandchdrya refers to
a Greek author. “ By their own acknowledgment,” he writes, * they bhave
cultivated astronomy for the sake of astrology; and they may have done it
with the aid of hints received from the same quarter from which their astrology
is derived.” (p. 373). In 1817 Colebrooke gave further evidence of the communi-
cation of the Hindus with the west’, and in the same vear Delambre’s last and
perhaps most celebrated work, which pays considerable attention to the astronomy
of the Hindus, appeared’. Delambre’s opinion carried great weight and after
carefully examining Bailly's and Bentley’'s views he gave it almost wholly
against Bailly. In 1825 Bentley published his Historical View of Hindu
Astronomy, a valuable book, but marred by intemperate language and impatience’
with all epposition. Even “Colebrooke was roused by it to reply, in the Asiatic
Journal of 1826* -

7. During this period of controversy on matters of fictitions importance-
there had been a certain amount of research in more legitimate directions.
8ir W. Barker, Commander-in-Chief of the Bengal Army, had examined with
some care the instruments of Jai Singh's observatory at Benares'; and shortly
afterwards (1795) Playfair had suggested the line of research already referred
to. In 1799 Hunter gave a detailed description of the instruments of Jai Singh’s
observatory at Ujjain. Unfortunately these investigations also masked the
real issue, for it was popularly believed that Jai Singh's astronomy was an
off-shoot of Hindu astronomy proper, and it was not realised that it was a
direct result of Muslim teaching. The real foundation of a proper knowledge
of the history of Hindu astronomy was laid by Weber (1860—1868), Whitney
(1858) and Thibaut (1877—1889). Weber gave us the Jyotisha Vedanga, etec.,
Whitney a translation, together with a critical commentary, of the Stirya
Siddhanta, and Thibaut the Paschasiddhantikd of Varihamihira ; and with these
should be mentioned Sachau’s translation (1888) of Albiriini’s India. These con-
tributions settled definitely the question of the connexion between the later
Hindu astronomy and that of the Greeks; and the attention of the orientalists
was consequently directed to the earlier periods that had been designated
Vedic and post-Vedic. In 1893 Jacobi and Tilak indepepdently suggested that
the Vedic works contained important astronomical evidence of their own anti-

! Works, iv, 71 L

* Algebra with Arithmetic and Mensuration from the Sanalbrii, ete., 1817, pp. Txz—xxaiv.
¥ Hist. de Pasiron, oncienne, 1817, i, 400—517.

4 Essoyn ii, 366—374.

% Soe my Astromomical Observalories of Jai Singh, pp. 64— 85,



“B HIXDU ASTRONOMY,

quity ; but their views were strongly opposed by Whitney, Oldenberg and
Thibaut. Thus was started another controversy, which, like the earlier one,
was also flavoured with a certain amount of personal virus; for Whitney, whose
knowledge of Sanskrit literature and of astronomy was unrivalled, accused Jacobi
of disingenuousness. The general result is that while many European orientalists
reject Jacobi's and Tilak’s hypotheses, in India itself they are popular. But
even those who oppose them must -acknowledge that Jacobi and Tilak have
made the subject of controversy extremely interesting.

In the following chapters considerable attention is paid to the earlier or
pre-Greek period of Hindu astronomy and the later material might, with some
prepriety, have been excluded altogether. However, not only has this later
period a sort of traditional claim to attention, but its study often helps to
elucidate obscure points of the earlier period ; for the Hindus, when they absorbed
- the western ideas, oiten gave them an Indian setting; and also the period of
absorption iz one of such extreme interest in the history of civilization that
any licht thrown upon it from the east is valuable. Therefore this later system
has been analysed in some detail and a brief account of the chief Hindu astrono-
mers who expounded the western astronomy has been included.



PERIODS.

CHAPTER Il
Periods.

8. The earliest sacred works of the Hindus, known as the Vedas, contain:
many astronomical references of interest, and these references have a special
value, largely due to the position those works hold in the history of civilisa-
tion: while the astronomical records in the works subsidiary to the Vedas—the
Brihmanas, Upanishads, etc.—are also of considerable historical interest. The
earliest formal work on Hindu astronomy that has come down to us is probably
the Jyotisha Vedasnga, which claims by its title a fairly close connexion with
the Vedas. Spread over a considerable period are the great epics the Maha-
bhirata and Ramayana, which also contain astronomical matter of interest, and
corresponding in point of time with the later portions of these works are the
Purinas, which give in a popular form some account of the current astronomy.
Later than the Jyotisha Veddsga, possibly by some centuries, come the earliest
of those text books of the Sirya Siddhanta type, which, with some modification
in matters of detail, have continued in use for the last fifteen hundred years.

9. There is a very mirked differentiation between the works of the type of
the Jyotish Veddsiga on the one hand, and -those of the type of the Sirya
Siddhdnta on the other, and this differentiation is not merely one of time—it -
is so fundamental that continuity of development appears to be altogether out
of the question. Somewhere between the Vedanga period and the period of
the composition of the original Sarya Siddhanta a distinct break occurred—the
old methods and rules were discarded and new method were introduced and
new phenomena treated. The time of this break in continuity of development
is known, at least approximately, and it may be tentatively stated to be about
A.D. 200—500. This forms a convenient epoch in the history of Hindu astro-
nomy, and, for purposes of exposition, it is proposed to utilise it in dividing
the material available into two main sections, which with their subdivision
may be roughly tabulated thus':—

Pric.cipal sources of information. Conjectural dates,
A, Vedas, Brihmanas, eto. . i = i B.C.1200 — B.C.400.
Ao Jyotisha Vedanga, ete. . . . : . - B.C. 400 — A.D.200.
AB Mahabhirata, Puripas, etc. . . 7 . _ B.C. 400 — A.D.400.
B, Works of Aryabhata, Variha Mihira, ete. . . AD. 400 — AD.T00.
B; Later Siddhintas, ete. . : T T AD. 700 — A.D.900.

This scheme must not, however, be taken as literally exact: it is simply
a convenient one that exhibits some parallelism with the actual facts.

10. ‘'he sources irom which our information regarding the astronomy of
the earlier period is taken are the texts of the four Vedas, the Brihmanas,
and the Upanishads. For general information about thesc works the reader

1Itwﬂlhmnimtlttlmutumlsrhtmmﬁwlb}thmdthd:pinci:ﬂmhwnﬁhﬂahmc-
u:ilhn;a.p,,tlu?ad!npadnd{j.l:u.mmw\'dhw?ﬂmpdﬂthmhtmﬁhtMmm.
to such nomenclature will thereby be implied. e



B - HINDU ABTRONOMY.

is referred to the excellent books by Professors Barnett and Rapson, and others.
It may, however, here be briefly explained that of the four Vedas the Rigveda
is by far the most important historically ; and that a Brihmapa or religious
manual, and a Sitra or collection of rules are attached to each Veda ; and that the
Brihmana is further divided into three rather vague orders of which the Vedanta or
Upanishad is chiefly concerned with theosophical speculations. The Vedangas are
subsidiary works of later date dealing with the several branches of secular knowledge.
The chronology of these works is somewhat as follows : —

B.C.1200—B.C.1000 i . Period of Vedic collections—Rig Veda, Sima Veda,
Yajur Veda and Atharva Veda.

B.C.800—B.C.600 . . Period of the Brihmanas.

B.C.600 - v s . The earliest Upanishads.

B.C.600—B.C.200 ; . Period of the Siitras.

B.C.200—A.D.200 . Period of the Vedangas.

11. The Mahabhdrata, R&mdyum and the Purinas occupy a peculiar position
in the history of Hindu astronomy, for while they, no doubt, embody certain
ancient astronomical traditions, they contain a good deal that does not obviously
appertain to the earlier period. On other than astronomical grounds the later
limit of portions of the Mahabhirata has been fixed at about A.D. 400 and
the texts of the Purinas generally contain unambiguous evidence that they are
at least as late as that date. Citations from the epics and the pseudo-historic
Purinas must therefore be employed with circumspection.

For the post-Vedic period (A;), which is marked by a certain amount
of formal astronomy, we have the Jyotisha Veddsga, the Paitimaha Siddhinta
and the Siryaprajiapti, all of which exhibit schemes that are essentially similar.
Confiderable antiquity has been claimed for the first of these, but it probably
belongs to the beginning of the Christian era or thereabouts. For the Paitimaha
Siddhinta we have a definite date, for it employs the epoch of 2 Saka (=A.D.
80). The Siryaprajiapti contains astronomical methods that are quite as anti-
quated as those of the Jyotisha Vedanga but there are indications that lead
to the conclusion that it is probably of a much later date.

12. The second period (B) may be conveniently divided into two sub-periods,
of which the earlier one only has historical importance. This (B;) may be
considered to coincide pretty closely with the period of the Gupta dynasty
(A.D. 320—650) and it embraces the most celebrated of the Hindu astronomers—
Pulisa, Aryabhata, Variha Mihira and Brahmagupta and their contemporaries. In the
history of civilization generally this period is of exceptional interest. In India the
period was productive of many important work in mathematics, astronomy, astrology,
m-dicine, pootry and the drama. The following dates may be noted :—

A.D. 476 Aryabhata born.

A.D. 505 Epoch of the Romaka Siddhinta,
A.D, 587 Variha Mihira died.

A.D. 598 Brahmagupta born.

A.D. 628 The Brahmasphufasiddhinia mmpmd.
LD 650 Epoch of the Khangakiddyaka,
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The second sub-period, which extends from about A.D. 700 to the present
day, is of subordinate interest altogether. Bhaskara is the only conspicuous
figure and his importance has been somewhat exaggerated. His Siddhinta
_Siromani is, however, one of the best known of the Hindu works and will be
occasionally referred to in the sequel.

18. The more marked astronomical features of these periods are —

A, (Vedic). A year of 360 days with an occasional intercalary month, not
clearly defined; division of the ecliptic into 27 or 28 nakshatras; the absence
of any explicit reference to the planets; etc.

A, (Post-Vedic). A five-year cycle consisting of 5x36v days; the tithi
equals one-thirtieth of the synodic month and 61/62 of a natural day; the
ecliptic is divided into 27 equal or 28 unequal nakshatras; the difference between
the longest and shortest days is given (for Ujjain) as 4 hours 48 minutes;
there is no definite treatment of the motions of the planets.

B, (A.D. 400—700). The motions of the planets dealt with in some detail
by the method of epicycles: parallax of the sun and moon; eclipses: direct
and oblique ascensions; length of day (correct theory); heliacal settings and
risings ; gnomonics; the sine function introduced ; formal astrology ; the naksha-
tras become of subordinate interest; precession inadequately treated.

B, (A.D. 700—1000). The same topics with more elaborate detail, the
excentric introduced; precession treated as a libration; but the fundamentals
and methods are the same as in the previous period.
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CHAPTER III.

Early texts.

14. It is not altogether an easy matter to give a strictly logical exposition
~of our subject. The textual, historical and logical aspects are to some extent
in conflict. Certain texts carry much more weight than others; topics occur
and recur, and there is a good deal of overlapping; the chronological order
of the texts, or portion of them is not always well defined. Therefore, at the
risk of a certain amount of repetition, it is proposed, in the first place, to
give a sort of astronomical epitome of the more important texts, and after-
wards the material, previously dealt with rather summarily, will be collected,
arranged and discussed in more detail, under suitable headings.

Crude astronomical notions must have been, in connexion with sacrificial
ritual, common property at a very early stage in India. The morning and
evening sacrifices, seasonal and yearly sacrifices, and those at new and full
moon necessitatéd a calendar of sotts and some knowledge of astronomy. As
the earliest astronomical text-book says: “ Since the Vedas teach the aim of
gacrifice and sacrifices follow the order of time, therefore he who knows astro-
nomy, that is, the science of time order, knows the sacrificial rites.”

~ In the Vedas the astronomical statements are sometimes vague. Often
the heavenly bodies are personified—but the differentiation between the god
and the object is not very marked; and it is possible that certain names that
have been handed down were originally connected with astronomical phenomena,
although the connexion -is now obscured. The romantic vagueness of many
of the passages, of the Rig-Veda particularly, naturally leads to speculation—
sometimes extravagant, but often of considerable interest.

15. In the early works direct references to the subject of astronomy are
very few, and no reference to any work on astronomy occurs in the Samhitis
or Brihmanas. In the Yajur Veda (XXX, 10) the nakshatre darfa (star-gazer
or astrologer) is mentioned as one who would bring °insight’ if offered up as
a sacrifice ; and in the same list of human vietims (XXX, 20) the ganaka (calcu-
lator or astrologer) is said to bring ° power’ to the sacrificer. The Chhandogya
Upanishad gives (VII, 1%% 2 7, ) lists of subjects known to Niarada and these
lists include makshuira vidyd (astronomy), and rdéi (quantity or number). Apas-
tamba says' “ The Veda has six angas, the kalpa of the Veda, the treatlses
on grammar, astronomy (jyofisha)®; etymology, phonetics and metrics” and
these are known as the Vedangas or ‘limbs of the Vedas' In the Jaina Sitras®
astronomy is said to be one of the principal accomplishments of the priast.

i Dharma B8trs iv, ii, 8%

wmhwmmmmﬂmm:wm:dmﬂam The term Jyotisha
applied to both astrologer and sstronomer, and the Jyolisha had to know astronomy, judicial astrology (Aerd), and
patursl setrology. Judisial asteology is sub-divided into nativity {Jdtaka), prognostics for journeys (wderl), and
for weddings fwivaka). (H. Jacor® ERE iv. 800). See also the Brikat Sakhild, ch. L

*SBE xxii, 21L



EARLY TEXTS. 11

Some passages accord a sort of approval of astrology but there are others
that seem to imply that it is not quite respectable. Baudhiyana says' “ Now
(follow the offences) which make men impure....gaining one’s livelihood by
" astrology and so forth.” The laws of Manu teach® that for certain purposes
“ he who subsists by astrology....must be carefully avoided,” and the astrologer
is placed in rather doubtful company; and the ascetic is forbidden® to seek
alms “ by skill in astrology and the other angas of the Veda.” The Mahabhirata
also seems to slight those who ‘live by the stars.””' The Kaufiliya Arthaidstra
states that * faith in the auspiciousness of lunar days and stars” is one of
the ** obstructions to profit™ and also that “ wealth will pass away from that
childish man who inquires most after the stars.”

The Fosho-ping-tsang® forbids “. star-gazing and astrology, forecasting lucky
and unfortunate events by signs, etc.” and in the Tevijja Sutta we are told®
that “ some Samana Brahmans...continue to gain a livelihood by such low
acts and such lying practices as these: that is by predicting ‘ There will be
an eclipse of the moon...There will be an eclipse of a planet. "The sun and
- moon will be in conjunction.”

Tax Rig VeEpa.

16. The point of departure in the study of almost any section of know-
ledge in which India is deeply concerned is the Rig Veda; and in this Indix
is indeed fortunate, for of all the literature of early civilisation the Rig Vedu
is perhaps the most fuscinating to the philosophic enquirer, and, in particular,
the Vedic hymns that are devoted to celestial phenomena are amongst the most
beautiful. But these hymns are concerned with the attributes and functions
and praise of certain divinities who are only very lcosely connected with
heavenly bodies or phenomena; and the astronomical information exhibited
in these hymne is by no means their essential part. Much as we should like
to dwell on the hymns to Sirya, Savitri, Mitra and the other Adityas we are
constrained by the nature of the present work to be content, for the time being,
with culling from them a few dull facts.

In the Rig Veda the sun is the source of light, out-strips all in speed®,
measures day and night,” drives away the stars and night like thieves. The
sun’s chariot has seven™ horses generally but occasionally five, or six, or &
thousand®. Occasionally the sun was overspread with darkness by Svarbhiun,
which was dissipated by Atri and by prayer™.

1 8RE, xiv, 220. i, Joa. 3 wi, B0
= %W, Horxiws The Great Epic of India, p. 15.
VEBE xix, 296.

® Rpys Davin's Buddhist Suttas, BBE, xi, 197,

* It has been soggested to me that the Buddhietic opposition to astronomical and sewi :ogical lore was dee
to anti-Magian feeling ; but see also § 19 : the Jalckas appear, at least, to tolerate it.” See also page 128,

Strabo refors ((eog. xv, 1) to the Brahm ans as occupying themselves with physiclogy und astronemy.

T But see Appendix il ' 50 i, 50", |, 50T,

i, BO°; i, 164%; wi, 44 ; eto. 1"y, 823

1y 4OV jv, 287 v, 33 See also x, 37 ; x, 377 x, 138' ; Lunwio's Rig reda 8 x; Wirrssy JAUS 13
lxvi snd 18 lxxxii ; and SBE xli, p. 85 4
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The moon appears to order the seasons and is continually born again. The
sun and moon ‘ascend alternate, and move ‘in close succession'’ but the
moon plays a subordinate part throughout, although Soma (afterwards s Moon-
God) is, from a non-astronomical point of view, of supreme importance.

The year has twelve months and 360 days, and is divided into four quarters
of 90 days each®. There is no definite reference to a five year cycle’, nor any
explicit reference to an intercalary month®. The account of the Ribhus reposing
for twelve days’. has been supposed to impiy a lunar year of 354 days with
the 12 additional days making 366 in all

Jacobi thinks that the ‘Frog hymn’' indicates that the year commenced
with the summer solstice, and that another hymn marks the beginning of
the year with the sun in the asterism Phalguni?, and the summer solstice occurred
in the constellation usually identified with Phalguni about 4000 B.C. ¥n another
passage® Tilak sees a reference to the heliacal rising of Sirius at the vernal
equinox, and Kern sees a similar reference to Canopus in i, 170 & 180.

It would be, stupid to insist that the Vedic seers had no kmowledge of the
_planets; but the fact that there is no explicit reference to the planets in any
" of the Vedic writings is undisputed. A great deal of ingenuity has been exercised
in trying to discover references that imply the planets or s knowledge of them
but without any assured success. The implied connexion suggested in most
of the texts cited is due to the mention of the numbers ‘five’ or *seven’
“the seven sages with five Adhvaryus’, ‘the five ukshinas,'™ "™ °the seven
Adityas'”. Brihaspati was later on the name for Jupiter and it is possible
that in the Rig-Veda the planet is meant by Brihaspati® but this is only con-
jecture. ‘ The cloud-born Vena™ has been equated with Venus but without
general acceptance. According to Tilak!* theuse of the terms Sukra' and Manthim
implies a knowledge of the planets, and the ° thirty-four with light-like nature ’
Ludwig thinks includes the seven planets and the 27 nakshatras.'®

Of constellations there are few definitely mentioned : Aghiis and Arjuni'”
are usually identified with the adjacent asterisms Maghi and Phalguni; Tishya
may be a special star’® although Sayana identifies it with the sun; and the seven
Rishis, in one passage at least,’® probably denote the °Great Bear,’ and the
Rikshas (Bears) in another case®® probably denote the same constellation. Tilak
sees references to Sirius and Orion in certain passage.s™

1x, 85, BE MB4V ;| 184 I, 155N
* But see iii, 66"

4 |, 25" has been supposed to imply an intercatary month. See also § 32,

v, 33" and Znaowun Altindisches Leben, 368,

 vii, 103%, 18 Grigm, p. 162,
 x, BS1, 15 jif, 390 ; ix, 464
o 1050 W oy 55% Beealsoi, 16207,
Ii‘.i.',‘l_ t'l':. mh‘
5105, Wy, BV x G40,
1 pr, 114%. ™y 890
iy, 504 " gty
g, 1238 ™ Orion, PG ef aoq.

Wy, 148 ; x, B8R g 1050 ; §, 16102, etc.
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OTHER SaMHITAS. *~

17. The Yasur Vepa (Taittiriya Sasshitd) gives a list of twenty-seven as-
terisms or nakshatras, commencing with Krittika'. It also states definitely
that *the full moon in Phalguni is the beginning of the year.?” Thus the -
Taittiriya Samhitd gives us the two most important contributions to Vedic
astronomy. Nakshatra lists are also given in the Maitriyani and Kathaka
Samhitds and in the Atharva Veda. The topic is of sufficient importance to
be dealt with in a special section. The passage relating to the year beginning
with the full moon in the Phalguni has by Jacobi been combined with the
notion that the year began with the summer solstice; the combination, which,
however, is by no means a legitimate one, gives a date of about 3000 B.C.

The AtHARVA VEDA refers explicitly to a thirteenth month of 30 days’,
which possibly implies a five year cycle of 5x360+430=1830 days, such as is
exhibited in the Jyotisha Vedangas, etc. The names of the year as given in
soveral of the Samhitds are of no astronomical valuet. The Atharva Veda
also mentions eclipses on several occasions®, and introduces Rahut, the demon
of eclipses : Soma and Rudra remove the eclipse.” The nakshatra list of the
Atharva Veda consists of 28 asterisms and is, apparently of an astrological
character® There is a possible reference to Sirius and to the three stars of
Orion’s belt: and possibly Sakadhiima, ‘ the king of the asterisms,’ is the Milky
Way."

SUBSIDIARY TEXTS.

18. The Brihmanas add very little of astronomical value. There are definite
references to a thirteenth month of thirty-five" days or thirty-six days.”® The
Krittikas are said to rise in the east and the seven Rikshas in the north, and
Dikshit cites the former as implying that the Krittikas (? the Pleiades) were on
the equator and deduces a date of 3000 B.C.»* The Rohini myth is, in the
Greek fashion, transferred into a star picture'.

The Upanishads add nothing of special interest except, perhaps, a reference
to the *fixed' (dhruva) pole star,'® which Jacobi identifies with Draconis
and so deduces the date 2780 B.C. The nakshatras appear to occupy equal
spaces of 13} degrees and the year appears to be divided at the beginning of
Maghs or the end of Aslesha®. The terms Ketu and Graha are employed!? bus
not with any definite astronomical denotation.

1w, 419, 2
* wii, 48, sy, 8% xii, 3.
% See the Taittiriys Sashiti v, 57, These names vary in number from two to six.
® jii, 2% ; 6, 10% ¢ *ix, OO0,
v iﬁl :"n- . ﬂ' 1‘..'
* yi, B, W i, 128,
1 §B, ix, 1, 144, SBE,xkiii, 167. ., 1 §B x, 5, . SBE, xliii, 383,

4, 1, 2.9, See §82, xii ; & Ind. Ant. vol. xxiv p. 245. 14 AB iii, 33°.

1 MBU i, 4. Hipparchus says, * as regards the north pole, Eudoxus is in ervor in stating that ** there is &
wm-ﬁhdﬂpmmmmm“' Heatn dristarchus of Samos, p. 8.

W MEBU vi, 14. SBE, xv, 316

1 MBU vik, & SBE, xv, 340,
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Tue JATARAS.

19. It has already been pointed out that Buddhist texts are often severe
in their condemmnston of star-gazing, astrology and such practices ss the fore-
telling of eclipses; but the Jatakas contain fairly numerous references to astrono-
mical matters. In number 20 the Kappa or era, with its four era miracles,
is mentioned, the first of these miracles being ‘the sign of the hare in the
moon, which will last the whole era’' In no. 48 a charm is to be repeated
at a certain conjunction of the plauets, and the magician is made to say "It
will be a year before the requisite comjunction of the planets takes place
again.” In no. 474 the following verse occurs —

The hour and moment suit not: so wait
Fit conjunction of the planets in the sky.

Similar references to conjunctions of the planets are madé in nos. 481
and 522, and in no. 481 the goblin on releasing the prince says: " Go forth
from my hand, even as the moon from the jaws of Rihu ;" and such references
to the demon of eclipses recur pretty oftep.?

Tee MuARHARATA.

20. The Mahdbhdrata, the longest epic poem known, has, as a whole, no
definite date, but, with a considerable probable error, the period of composi-
tion may be stated to range from 400 B.C. to A.D. 400. It contains interesting
material of & quasi-astronomical nature.

The five-year cycle is mentioned and it is stated (vi. 52%) that there would
be an excess of two months in five years, and of five months six days in 13
years. The Krita age is also mentioned without specifying the length of the
period, and it is said that it will come again when the sun, moon, the nakshatra
Tishya (=Pushys) and Jupiter meet in one sign (iii. 190%) k

The nakshatras are generally 27 in number (see [ 66'S, XI11. 207, XI11.
343%) but 28 seem occasionelly to be implied (eg., in V. 110", IX. 34%); and
there is s reference to the disappearanceof Abhijit: “ The lady Abhijit, the
younger sister of Rohini, being jealous, hasrepaired to the woods to perform
austerities, and I am at a loss to form a substitute for the fallen star.” (iii

‘ 230%). “ Time was arranged by Brahman to begin with Dhanishtha ™ (iii. 230'°)
but “the nakshatras are said to begin with Sravana (xi. 44%); and the change
was made by Visvamitra “ who in anger created a second world and numerqus
stars' beginning with Sravana™ (i 71).

The month begins with the bright fortnight (new moon to full moon) and
a half month contains 14,15 or 16 days. An eclipse occurring on the 13th
day is mentiomed (vi. 3").

1 8e also No. 513; * To Indra onoe like some poor Brahman drest The hare did offer its own flesh lo eat.
Theneelorth its form was on the moon imprest. That grecions orb a5 Yakks now we greet.”
* g7, in nos. 25, 480, 537.
* Pushys 2 supposed, more or less, to coincide with Cancer, and Berowus predicted that the world would be
barnt whan all the planets came together in Cancer. (See Bovomd Lecuwmcg, L'Astrolagic grecgue, p. 33 ; sad
A, Jeaxens, ERE, i, 183) See alao the BEdmidyana, 1, o0
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The planets are mentioned by name in the following order :  Venus, Jupiter,
Mercury, Mars, Saturn, R&hu and the other planets.” (ii. 11¥). The stars
though ‘“so small in consequence of their distance, are large™ (iii. 42*). This,
Hopkins thinks, is the most surprising astronomical statement in the epic.
A man star picture is constructed (xiii. 1107).

Tae Rivivaya.

21. The Ramdyona of Vilmiki was probably composed in the fourth or
third century B.C. but it is not free from more recent additions. It contains
"a number of astronomical illustrations of which the favourite seems to be the
Rohini Moon myth.® A number of the nakshatras are mentioned and generally
with reference to the position of the moon® and in one case Pushya appears
to be equated with Mina (Pisces)!. Of particular constellations the Great Bear
and Trifanku occur’. The planets Mars, Mercury, Jupiter and Venus are defi-
nitely mentioneds. One whole canto is devoted to the glory of the sun’. Rahu,
as the enemy and devourer of the moon, is mentioned on several occasions®,
but Ketu does not appear to occur. Meru is stated to be the best of mountains
and is generally coupled with eome other mountain range, e.g., Vindhya, Himavan®.’

22, TRe Purixas.—The chief characteristic of the Puriipas from our point
of view is perhaps connected with cosmological notions. Jacobi writes'® “ Notwith-
standing, or rather because of its visionary character, Paurinic cosmography
became, as it were, an article of faith. The general belief in it was not shaken
even, by the introduction of scientific astronomy, though the astronomers tried
to model the traditional cosmography on the basis of their science.”” The
following is condensed from the Vishnu Purdapa (ii. 29): The seven great islands
are surrounded by seven great seas. Jambii-dvipa is the centre of all these,
and in the centre of this is the golden mountain Meru. The height of Meru is
84,000 yojanas and its depth below 16,000. Its diameter at the summit is
32,000 and at its base 16,000; so that this mountain is like the seed cup of
the lotus of the earth...The orbit of the sun is 100,000 yojanas from the earth
and that of the moon an equal distance from the sun. At an equal distance
above the moon is the sphere of the nakshatras. Mercury is 200,000 yojanas
beyond, Venus 200,000 further still, Mars 200,000, Jupiter 200,000, and Saturn
250,000 yojanas beyond Jupiter. The sphere of the seven Rishis is 100,000
yojanas beyond and at the same distance above is Dhruva, the pivot or axis
of the whole planetary circle. Beyond Dhruva are the four heavens....On

‘Hm:lﬂutlﬁﬂlﬂ]_mghtmt“uﬁhmhllnlunimwwuﬂ.whmﬂdhm,m‘
gomprising an earth, an atmospbere and sn ether.” Hzatn, Aridarchus of Samos, p. 254, -

24,1 ; 0, 16, 114, 118 ; iil, 46, 40 ; iv, 35; v, 33,

21,19, 71; 1, 2, 4, 8, 16, 25, 26 ; i, 46; iv, 18.

'lil’.lﬂz-;ii.!‘-'i.ll.lllhﬂ.l-

® i, 41, 100 ; §id, 49 ; iv, 12 ; i, 4, 24, 54, 103,

' vi, 106. '

‘i, 4, 114 ; i, 27,37, 04 :iv, 22, vi, 7. See also sppendix ii.

*iv, 38, 42, 46,
» ERE iv, lé0.

Dl
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Dhruva rest the seven great planets, and on them depend the clouds. As
Dhruva revolves it causes the moon, sun and stars to turn round also, and the
nakshatras follow in its circular path: for all the heavenly bodies are, in fact,
bound to the polar star by aerial cords....?

The order and distances of these spheres from the earth are—

Yoisnse. Yojsnas.
Sun . - 7 g 5 . 100,000 Mars . 5 . : ! . 900,000
Moon . ; . ; . . 200,000 Jupiter . . . . : . 1,100,000
Nakshatras . ; : z . B00,000 Baturn - P - . . 1,350,000
Mercury . . ; ; . B00000 | Beven Rishis - - : . 1,450,000
Venus , - . s . . 700,000 ! Dhruva . . | , . 1,660,000

This order was not strictly followed by the later astronomers who placed
the sun in its correct relative position and the nakshatras or stars beyond the
furthest planet, and omit the seven Rishis and Dhruva. Besides the five planets
Rihu and Ketu are mentioned, and each of the seven has a chariot drawn by
eight horses (VP. ii.'®).

It is implied that the winter solstice takes place at the beginning of the
month Tapas (Magha), and an equinox s, apparently, supposed to take place
in Krittitda or Visakha (VP. ii. 8).

There is also a reference tn the recurrence of the Krita age similar to that
given in the epic.

The seven Rishis.—One of the most extraordinary astronomical theories
that occurs in Hindu literature is connected with the seven Rishis, which are
generally identified with the (Great Bear. The principal authorities are the
Paurdinic texts and Variha Mihira. The following is a Paurdnic version of the
theory : “ The seven Rishis (were situated) equally with regard to Pushya while
Pratipa was king. At the end of the Andhras, who will be in the 27th century
afterwards, the cycle repeats (itself). In the circle of the nakshatras, wherein
the seven Rishis revolve, and which contains 27 in its circumference, the seven
Rishis remain 108 years in each in turn. This is the cycle of the ‘seven Rishis,

remembered according to divine reckoning® as 6 dn ine months and 7 divine
years.'”?

L 0. Astius, ii, 23, 1 : ** The stars execute their turnings in consequence of their being driven out of their coures
by cundansed sir which resists (héir free motion.” Quoted by Heate, Aristarchus of Samos, p. 42.  Aristotle, also
apeaks of the winds as causing the heavenly motions. (ib. p. 33.)

' A divine year in 380 ordinary years.

* No satisfactory explanation of this passage has yet been given. If the nakshatra scale were a relative ecale
like the western rodiac, then the revolution of the constellsi. n might be aceounted for by precession.  The difficulty
lies in the period of 2,700 years : the actual period of precession is about 25,606 years while the later Hindu texts
give 24,000 years. Albiriini (India 3lv) questions the figures and attributes to Variba Mibira the statement tha,
the Great Bear remains 600 yeoars in cach nakahatra. Now 600 x 27= 16,200 and does oot help us (but 800 x 27 =
24,300 would). The text however gives 2,700 in three distinct forms and can bardly be questioned. A possible
explanativa. & in connsetion with the inaceurate length of the year in use. Suppose, for example, it was known
that the orthadox elements were wrung, and that the error in the length of the yesr was estinated to be about one
day in & eyuls of eight years. A reconcilistion could then be achieved by makiog the ecnstellsifons mvolve onos
jn about 300yers - = Corxmrooxx Essays ii, 365 £ ; JADS 1858, p. 364 ; ALpircw, i, 388 [ ; B-'bat Sashhig
Ch. xiii. Baewwax . 's Hindu As'romomy Ch. V. shonld be tend.
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CHAPTER V.
Early formal astronomy.

93. Of the chronology of the period marked A2 in the scheme given in
-paragraph 8 above we know practically nothing except the epoch of Paitamaha
. Siddhanta, which is definitely fixed at 2 Saka or A.D. 80. The other texts
usually attributed to this period are the Jyotisha Vedaugs, the Siryaprajiapts,

and, we may add, certain sections of the Kaufilya Arthadastra.
' The main astronomical features of these works are (a) the five-year
~cycle of 5x366 days, (b) the omission of all reference to planetary phenomena.

The Jyotisha Veddnga' employs a cycle of five years of 5x366 sivana or
civil days, 5x367 sidereal days, 61 months of 30 sivana days each, 62 synodic
months and 67 sidereal months. The number of risings of the moon is given
as 5% 366—62=1768 and the moon crosses the ecliptic 134 (=2x062+4+2X5)
times. A so-called ‘solar day ' appears to be referred to.

The sidereal day dropped out of use in later Hindu works; the lunar day
based on the snalogy of the solar day and counted from moonrise to moonrise
does not appear. ever to have been used in practice, and was later on superseded
by the tithi, of which there were 30 to the synodic month. The tithi is
not defined in the Jyotisha Vedanga but it is implied and its length was (1-4)
of a sivana day. The elements given and impiied are here summarised.

JyorisHA VEDANGA ELEMENTS.

5w 366 = 1830 sivana or civil days = 61 months of 30 sivana days each. =3
b %367 = 1835 sidereal days ‘= 67 sidereal months of 272, sivana days each e
5% 366 — 62—1768 lunar days T b
5%372 = 1860 tithiz = 62 synodic months of 30 tithis each.
e N - Pl o

1solarday =1 +.1',;aimdaj'm 1 sivana day = 1 — 3  solar days.

1 tithi =1l—dF » " i " n =14+ a'r tithis.

1 sidereal dﬂ:t? =1 _]"i'r "W " 1 " " =1 'il Bldﬂu[ days.

1 year = 306 sivana days = 372 tithis = 367 sidereal days = 360 solar days.

1 synodic month=294{ sivana days=30 tithis. | 1 sidereal month = 27§4 sivana d;y? Fan

The cycke of five years began at the winter solstice with the new moon in
Sravishthd. The identification of Sravishthi is uncertain but modern books
give the small group of stars §. «, v, 3, Delphini, and the winter solstice occurred
there about 1400 B.C. But the year of 366 days is so inaccurate that the
error of position calculated according to the Jyotisha Veddriga would in some
600 years amount to 380 degrees. Thus the eflects of precession were completely
masked and it is not surprising that there is no reference to that phenomenon,

< 1 Gep A. Wenes [Ther den Feds Kalendar ; G. Tainavt Jour, ds. Soc., Bengal, 1877 pp. 411—437 ; 1
. Lar The obscure iexi of the Jyotishe Vedddga explained. Cauvrz
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The caleulations given for the positiops of the solstices are even more erroneous
still. It is indeed prohahle that the winter solstice referred to was a nominal
one, like the vernal equinox still employed in’ India.

The chief characteristic of the Jyotisha Veddtiga appears to be what may
be termed the zodiacal calculations. The 27 nakshatras each occupy the same
space, namely 13} degrees'; but the positions of these nakshatras relative to
the stars is nowhere defined, and consequently the initial point of the ecliptic
is completely unknown. There ia a suspicion that the nakshatras scheme was
employed like the western zodiac as a relative scale of measurement only and
not as a definitely fixed scale. The “principal parts of the text are concerned
with calculation of the motions of the sun and moon relative to this scale
whd the positions of the moon in it at the solstices and at new and full moon.
For example : The sun remains in a nakshatra /=5 =13§ days, and the moon remains
in a nakshatra 22 — 1% days. Also since there are 186 lunar daye in one ayana and
since 186 = 6 mod. 30, successive solsticés will occur on the 1st, 7th, 13th, 10th and
25th lunar days. Also the mioon traverses 27 X 67 nakshatras in 10 ayanas or
9 4, = p (6 % 27 + 18%) nakshatras in p ayanas. We may neglect the whole
revolutions and p (18 %) will give the position of the moon, and making p = 1,
2, 2, ete., e get the successive positions as 18 %, 37 %, 56 5, 755, 94 %, 1134, 132§,
170 %, or, after subtracting multiples of 27, 18%, 10%, 2%, 21§, 135, 54, 24,
‘lﬂm. %% and the nakshatras in which the ineon will be at successive solstices are the
19th, 11th, 3rd, 22nd, 14th, 6th, 25th, 17th, and 9th counting from Sravishtha.

The results actually given in the text may be tabulated thus:—

PosiTioN OF THE MOON. ] PosiTiox oF THE MOOK.

Winter solstice. |- -—| Summer —- e —
Nakshatrs. t No. | Soies: Nakshatra. Its No.

1 At beginning of Sravisthd i s Lo o | xix

3 Ardra LR = 4 P. Bhidrapadi . s lr i

5 Anuridbd . - - xxii L] Anleshi 2 . . | xiv

7 Asvini . - . vi 8 P. LIIHIII “ S Ao IEV

9 U.Phalganl . xvid 10 | Rohini ~

New and full moon.—Next 18 given a very curious (and very inaccurate)
table showing the position in each nakshatra at which a new or full moon
takes place. Each nakshatra is divided into 124 amsas or parts and the results
are tabulated, not in order of occurrence but, in the order of position within

the nakshatras, thus:—
A EA B e E L B

i S L | |

i Note, bowaver. that the unit of measurement is the nakshatrs and not the degree. The nakshatrs was divided,
intn 124 omdas or parte, each adds thus being equivalent to 3'5 minutes of arc,
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where i stands 1or Sravishthd', vi for Aévini and so on in order. Although
it is not so stated the full moons occur at the odd numbers of améas and
the new moons at the even numbers; and the table means, for example, that
when a new moon occurs in the xth nakshatra (i.e., Mrigadiras) it will be at
the 18th amsa or division. The rationale is as follows: Since in the five-year
cycle the moon is in syzygy 2x62 times, and since during that period it
traverses 27 %67 nakshatras, we have ¥*% — 147 nakshatras between each
syzygy or parvan, and for the xth parvan the position of the meon is given
by 14z+473z/124=y. Solving 73r=mnmod.124 we get n=0, 1, 2, 3, 4 for z=0
17, 34, 51, 68, or z=Il7n. Therefore y=nx9x274n (5;3;) and 5n+1 is the
nakshatra in which the moon lies when the amsas are n. _

Length of day.—The length of day I is given by the rule [=124-2(183—n),61
where n is the number of days counting from a solstice. The longest day is
therefore 18 muhiirtas=14 hours 24 minutes, the shortest day is 12 muhiirtas=9
hours 36 minutes and the daily incrementis g, muhiirtas=1 minute 344 seconds.
Time was measured by a clepsydra of which one prastha was equivalent to the
daily increment.

Jama asTroxoMY. THE SORYAPRAJRAPTL

24. The principal source of information about the Jaina astronomical text
known as the Siryprajiiapti is Malayagiri's commentary, and this haz been
expounded briefly by Weber* and more fully by Thibaut.® The Saryaprajiapti
is, from the astronomical point of view, of much the same type as the Jyotisha
Vedanga, but, possibly, it is of a later period.

Popularly the most marked feature of the system set forth in the
Saryaprojiapti is the somewhat strange cosmography that appears to have
been peculiar to Jaina teaching. As in the Purinas, Mount Meru is placed
at the centre of the earth, and round Meru are seven concentric annuli. Of
these the innermost, Jambii-dvipa, is divided into four quarters of which the
southernmost is Bharata-varsha (India). The heavenly bodies move parallel
to the surface of the earth, with the centres of their orbits at Meru, which
intercepts their light. This scheme presents certain difficulties in explaining
the alternation of day and night, etc. These difficulties the Jainas tried to
overcome by assuming two similar but opposite suns, two moons, two sets of
stars. etc.® This duplication of the heavenly bodies was animadvertea upon
by later Hindu writers, but the absurdity lies in the assumption, common to
all Hindu teaching of the period, of Mount Meru, the four quarters of the world,
ete. £y,

! For a list of the nakshatras. see appendix iii, p. 118,

® Ind. Srud. 1867, x, 254 L. * JASE 1880, 107 L and 1861 f.

*Compare AsTrrorie (Mel. @i, 1354 » 28) who says: “Hmyﬂlﬂmhlmmmw
that the sun is not carried under the earth, but round the esrth, and in particular our northern portion of it, snd
that it disappears and produces night because the earth is lofty towerds the north.” (T. L. Hzyra Aristarchua of
Hamos. P 4L.)

Aptius writes : ** Xenophanes says there are many suns and moons according to the regions, divisions and
zones of the earth.” Hxuts, p. 56. The early Christian writers exhibit [ar more absurd cosmological notions.
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The astronomical elements of the S@ryaprajiapti may be summarised as follows : —

The oycle of 5 years consist of The year consista of 4 The months sre
1830 sivans days . . | 366 givana days . . . | solar month=30} sivana days.
1860 tithia . : . | 367 sidereal days . . . | sivanas month=30 sivana days..
1800 solardays . . . |360solardays . . . |synodic month=30 X (1—g}
sivans days.
6 solarmonths. . .| 12 solarmonths . . . | sidereal month=27]} sivana.
. days.
The days are
61 siivana months . . | 12 sivans months . . | solar days=(l+4;) sivanas.
, days.
62 synodic months . . | 12 or13 synodic months . | tithi=(] -— Jy) sivana days.
61 sidersal months . .| 2 aysnas of 183 days each . nid;ul day=(l — y},) sivang
ays,

The cycle is also djvided into five lunar years of which the first, second
and tourth consist of 12, and the 3rd and 5th of 13 synodic months. The
synodic month is also divided ato two lunar ayanas and six lunar seasons.

The cycle commences at the summer solstice when the moon is full at

the beginning of Abhijit and thus differs from the Jyotisha Veddsga scheme.
Thibaut argues' that the Siryaprajiapli scheme is a modification of that of
the Jyotisha Veddnga, due to observation, and the change is due to the solstices
having moved through 174 degrees, the space occupied by Sravapa and Abhijit.
A precession of this amount is equivalent to about 1250 years; but Thibaut
rightly cautions his readers sbout the soundness of thie deduction, which is
extremely doubtful, owing to the general ambiguity of the texts, and, in parti-
cular, owing to the difference in the scales employed (to be shortly explained),
to the crudeness of the observations and to the very great errors in the eiements
employed. 1f Abhijit is to be identified with « Lyrae, as i invariably has been,
shen the date of observation must have been about A.D. 850, when the winter
solstice took place at the same longitude as « Lyrae.
"~ The ecliptic is divided into 28 unequal divisions to which the names of
the nakshatras beginning with Abhijit, are given. The scale is counected with
the sidereal month, which was 5 = 27§} sivana days, the whole circle of
the echiptic being divided into 274} parts’, allotted as follows :—

S T T RS
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. Each time space unit is equivalent to 13}} degrees. The scale is very
different from that of the Jyotisha Veddnga and as in neither system is the
position of the initial point defined it is almost impossible to compare any of
the statements made with reference to the two systems.

The sun revolves round Mount Meru always at the same height from the
plane of the earth, namely 800 yojanas, but at varying distances from Mount
Meru.! The radius on the longest day is 49,820 yojanas and on the shortest
day it is 50,330 yojanas, the daily increase being §}§=2§% yojanas. The
longest day is, as in the Jyolisha Veddsga, 18 muhiirtas (=14'4 hours), and
the shortest 12 muhiirtas (=96 houss), and the daily change & muhiirtas (=157
minutes), and the corresponding latitude would be about 36 degrees.

To overcome the difficulty of explaining the rising and setting of the sun
it is assumed that that body becomes visible only when he is within a distance
equal to half the extent of his day’s journey.

The moon is also supposed to move in concentric circles round Meru at
a distance of 880 yojanas from the plane of the earth, that is 80 yojanas further
sway than the sun. It enters into conjunction with the sun 1830—1768==62
times and completes 67 sidereal revolutions in the five years.

The ecliptic is divided (as already explained) into 5 sivaya day spaces or
=~ mubiirta spaces and consequently the sun moves through 664+ &+ oty
muhiirta spaces in one synodic month.?

The pobitions of successive solstices are given in tithis as in the Jyotisha
Vedaniga. Since 186=6 mod.30 the successive solstices will occur on the 1st,
7th, 13th, 19th, 25th tithis.

It is just mentioned—no details being given—that the plancts travel
faster than the sun and the stars, and the stars faster than the nakshatras.
Thibaut says' that the latter statement is entirely indefensible and that no
reason leading to it can well be imagined; but there is a possible explanation,
namely that the nakshatras were considered as a scale fixed with reference to
the equinoxes, exactly in the same manner as the zodiac is now considered ,
and that the stars precessed with reference to the equinoxes.

! For a revival of this notion see A. Dx Norcax A Budpet of Paradozes ii, p. 80 (2od edition),
*1In 62 synodic months the sun traverseh the whole ecliptic 5 timss and & of 22X 0y of 4097, mpe 4 8
1 .

'h‘:ﬂ'

" JASB, 1880. p. 185.
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CHAPTER V.
Special topics.

~ 25. In the present chapter it is proposed to collect and arrange the material
rdnﬁngtothammalspmi&lqumﬁmth&thweaﬂmn. This will lead to a
certain amount of overlapping, which, however, cannot well be avoided, and
is not altogether objectionable.

The topics of particular interest that will be discussed are (a) the ecliptic
scale of 27 or 28 nakshatras, () stars and constellations proper, (c) the year,
cycles, equinoxes, solstices, (d) precession, (e) the months and seasons, (f) the
planets, particularly with reference to their late appearance in Hindu works,
(g) the demons of eclipses—Rihu and Ketu, (k) the planetary week days, (i)
heliacal risings and settings of stars, (j) the cycle of Jupiter, (k) Mount Meru.
Of these topics some (f, g, h, i, j) perhaps do not strictly belong to the early
period (A) of Hindu astronomy, although certain writers include them into that
period. This section therefore forms a sort of connecting link between the
periods we have designated A and B (§ 8). ]

26. NaksaTeAS—The early records appear to indicate that the ecliptic
was roughly plotted out, in & manner analogous to the western zodiac, into 27
or 28 groups of stars called nakshatras. These have sometimes been termed
‘lunar asterisms’ or “lunar mansions, and, although the term nakshatra does
not itself suggest this connexion, the Black Yajur Veds (KS! xi, 3 and T8 ij, 3,
5) and the Mahabhdrata (ix, 35%) state that the nakshatras were wedded to
. Soma. The Rig-Veda gives nn complete list of the nakshatras but it mentions
three probable asterisms—Tishya (v, 54"; x, 64%), Aghis and Arjuni (x, 85%);
andithubmnuuggmbedthatthmisardmmtnthamnaknhntmin
i, 162" Lists are given in the Atharve Veda (xix, 7), the Taittiriya Samhitd
(iv 4, 10), the Katha Samhité (xxxix, 13), the Maurdyashi Saichita (i1, 13¥), the
Satapatha Brakmana (x, 5, 4°), etc., etc. The lists agree generally but the
number of nakshatras is variously given as 27 and 28. The Atharva Veda and
Maitrayaniya Samhitd lists have 28, while the Taittiriya Sasihité and the
Satapatha Brahmapa, etc., give 27. Of the more modern texts the Jyofisha
Vedanga and the Sirya Siddhénta (i, 64) imply 27, while the Siryaprajiapti,
the Brakmasphutasiddhanta and the Sirya Siddhanta (viii, 11.) imply 28. Whether
97 or 28 was the original number is uncertain. Abhijit is the extra nakshatra
and there is a legend that it dropped out (MB iii, 230") although the Taittiriya
Brahmana (i, 5, 2°) marks it as a new-comer. The numbers 27 and 28 suggest
a connexion with the sidereal month, but in the early texts the only month
referred to is one of 30 days and even in the later works the synodical month
is divided into 80 tithis. The Arabic Mandzil and the Chinese Bieou consist
of 28 asterisms and the Chaldean scheme has the same number; and the con-

! For explanations of the abbrevistions employed see page 127.
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nesion between these systems and the Hindu nakshatras has been the subject
of much discussion.!

No -satisfactory explanation of the different numbers has been achieved :
Weber thought 27 was the older pumber but the authors of the Vedic Index
suggest that Abhijit was omitted and that the number 27=3' appealed as
being of a more mystical nature.? In the lists of nakshatras it will be noticed
(see appendix 1il) that there are not 27 or 28 different names but only 24 or 25.
The former number is suggestive and seems to indicate the possibility of a divi-
sion into 24 half signs (hord, cf. parvan), and this is to some extent sup-
ported by the connexion between the names of the months and the

nakshatras®.
The positions of the nakshatras in the heavens are not defined at all in

any of the early texts. Even up to the time of Variha Mihira (6th century
AD. nothing adequate is given in this direction: the Paichasiddhantiki gives
the yogatards of seven asterisms only and their positions are indicated in a very
crude manner and with little attempt at accuracy (see section 63); indeed the
identifications  with certain stars or constellations are all comparatively modern,
and, apparently the nakshatras never were completely so identified by Hindu
astronomers. About A.D. 1000, however, the initial point of the Hindu sphere
was marked by the principal star of the nakshatra Revati which was identified
with ¢ Piscium, or, by some authorities, the initial point was placed ten degrees
"west of § Piscium.

Although in the early texts there are many cases in which the positions
of the sun and moon are defined by reference to the nakshatras, e.g., ‘ the full
moon in Phalguni,’ etc., yet there is nothing that defines the nakshatra scale
earlier than the Jyotisha Vedasga, which divides the ecliptic into 27 equal
pakshatras and marks the winter solstice by Sravishthid (see § 23). The
Saryaprajiiapti divides the ecliptic, on the basis of the sidereal month, into
27§} equal parts givinghalfapmmmhufai;mhmm,awmem
to each of fifteen, one and a half toeach of six, and the remaining 3} to Abhijit,
while the sun in Abhijit marks the winter golstice. At some period or other
¢he names of the months and the names of the nakshatras were made to corre-

spond to a certain extent (see § 29).

Nome of these scales definitely suggests that the nakshatras were con-
stellations: rather, on the other hand, they do suggest that the nakshatra scale was like
the western zodiac, a sort of sliding scale* of which the zero point was an equinox (or
solstice). This possibility of the nakshatras being the names of divisions of the ecliptic
and of their not being connected with any particular constellations has, apparently,
. A. Wenxs Ind. Stud. ix p424 ; x, 313,

1 Bee Bmm W. JonEs Fﬂhh,'ll;il.i"mnmﬂmﬂ.ﬂlp b
ste., G. D. Wnﬂnﬂhﬁnﬂ.!ﬂ;]lﬁﬁﬂ.l&ﬂ& p.iﬂ!:uﬂrﬂhmJ.B.MAWmu,mJ

m;m'rmw.rmumm.m ‘
'5MENMM{LmF}MWHIﬂMH&_MMWHI#'

Hpﬂﬂﬂ]mhtﬂﬁuﬁhﬂanﬁm&ﬂ?ﬂ—ﬂxﬂ -
'Bumtln‘ll{IﬁLm].whmmemmmﬂhhMWmampﬂumwﬂ parts,

"ﬁﬂli-mw.thqmuaﬂnhﬁmm&nnﬂthhﬁﬂuﬂrhuﬂmﬂihﬂh
constellstions moved (see § 62) .
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not yet been considered, but it 13 rather attractive. In Greek astronomy the zodiac
names, presumably, did originally refer to particular constellations, but later
they were used as a measure of the ecliptic (reckoning from the vernal equinox).
Owing to the precession of the equinoxes the names of the signs no longer
‘Have any real connexion with the constellations: Aries occupies the 30 degrees
of the ecliptic east of the vernal equinox.” Taurus the next 30 degrees, and
so on.* There is other weighty evidence in support of the °‘sliding scale’
bypothesis. For example (a) According to the Satapatha Brahmana (i, 1, 2)
Krittiki never moves from the east, t.e., it marked the junction of the ecliptic
and equator quite independently of any constellation, (b) the Sdryaprajfiapis
tells us that the stars move faster than the nakshatras, (¢) the Puriipas all
record that the constellation of the seven Rishis gradually revolves through
the nakshatras.t

The early lists of the nakshatras all begin with Krittika, which, if equiva--
lent to the Pleiades, marked the vernal equinox about 2300 B.C. The Jyolisha
T'edisiga puts Sravishtha first, while the Mahabhdrata substitutes Sravana, the
Sirya Siddhdnta gives Advini first while the Saryaprajnapti begins with Abhijit.
These form two groups—Krittiki to Aévipi and Sravishthi to Abhijit, separated
by about nne quarter of the ecliptic (see the list in appendix iii).

The change from Krittiki to Asévipi seems at first to be an astronomical
one inspired by a knowledge of the effects of precession, but there are grave
oluentions to this explanation (see § 31) and Tilak and Fleet suggest that the
original order was either a ritualistic or an astrological order. According to
| Tilak it is stated by Garga that Krittiki was first for purpose of ritual and
that for the calendar Sravishthd was first; while Fieet in one of his latest
paperst wrote—"I hope to revert to this matter in a paper in which I shall
show that the Krittikadi list has no basis in the fact that the sun once came
to the vernal equinox in Krittiki, but belongs entirely to ritual and astrology.”

Another possible explanation lies in the various practices in different parts
of India regarding the commencement of the year (see § 32).

STARS AND CONSTELLATIONS.

27. It is very noticeable that the nakshatra names in the early works are
nowhere definitely connected with particular stars or constellations. It is only
in comparatively very modern texts that such a connexion is given and even
in quite modern times the identifications are often doubtful. Albirfini said
that he could find no Hindu astronomer to identify them all, and so did Sir
William Jones and H. T. Colebrooke. Of stars and constellations actually or
probably mentioned as such the following is a fairly complete list.

*The Hindes, it may be noted, make s further abstraction still and employ the term Aries to dencte any are
of 30 degrees, Taurus to denots 60 degrees, and so oa.

t The nakshatrs Purusha as given in the Bribat Sosbud (LVIIL, 105) cannot be made to y the constelintions.
It is probably based upon the Kils Purusha (BJ i, 4) a buman figare made up of all the signs of the sodise.

1 JRAS 1016, p. 570. De. J. F. Fleet, to whose kindness and scholarkip so many of vs are indebted, died

lo Fobraary 1917, It is to be boped that his thesis will be made avaiable, although it could hardly eliminate the
Assire for an sstronomical explanation of the Krittikidi list
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Duruva, the Pole Star, appears late.! Jacobi identifies it with « Draconis
and thinks it was sctually observed about 2780 B.C. The Maitriyapa-brihmapa
Upanishad speaks of ‘the moving of Dhruva’ as inconceivable.

Tue Sevex Risms,® are usually identified with Ursa Major. They were
the husbands of the seven Krittikis and they rose in the north. The Puripas
relate, and it is repeated by Variha Mihira (BS xiii), that the seven Rishis
were in Magha 2536 years before the Saka era, and that they remain in each
. asterism 100 years. The names of the seven Rishis are given in BS. xiii but
appear to have no astronomical significance.

Tue Krrrrixis are generally identified with the Pleiades. They are usually
seven and are the wives of the seven Rishis. Their names are! Ambd ('a
mother’), Dali, Nitatni, Abhrayanti (‘forming clouds’), Meghayanti (‘' making
clondy ’), Varshayanti (' causing rain’). The rain producing function appears
to have been rejected later (e.g., by Variha Mihira, BS xxi, 5). The Krittikis
are said to rise in the east and not to move from the eastern quarter.

Romix1® is identified with Aldebaran, (= Tauri), but the term means °red
and is also applied to the nakshatra Jyeshthd. Prajipati (Orion) pursued his

. daughter {Rohipi) and was shot by Mriga Vyadha (Sirius) with the arrow (Ishu
Trikinda=Orion’s belt). The myth was, in the Greek fashion, putinto a star picture.
According to western legend Orion was a hunter, who, with his dog Sirius, pursued the
Pleiades, or was pursued by the bear and killed by the scorpion. Another Rohini myth,
where she is the favourite wife of the moon, is given in MB. ix. 35. This seems to be
the basis of chapter xxiv of the Brikat Samhitd. (See also appendix ii.)

Mgica.—Mriga denotes ‘ animal’ and in the Rohipi legend is identified with
Prajapati and the legend is obviously connected with the Greek story about
Orion. Tilak however, makes a special constellation of Mriga consisting of (as
far his description is understood) B, , ¢, « and 3 Orionis.

MirGAVYADHA, ‘the hunter’, is Sirius in the Rohini legend.

Divya Svan, ‘the divine dog’, may in AV. vi. 80 denote Sirius.

The three KALAXKARJAS are mentioned only in the same passage with Divya
Svan (AV. vi. 80) and may refer to I, «, 3 Orionis.

Tisaysa may refer to & star or constellstion. There are two interesting
references in the Rig-Veda: The first speaks of Tishya vanishing from the sky:
the second enumerates with Tishya 21 rivers, floodsy mountains Agni, Krishinu and
Rudra—98 items in all. Fleet identifies Tishya with Prasepe, others suggest Sirius.

AruNDHATI is an unidentified star often referred to in Sfitra literature. Trisa¥xv
as a constellation shines ‘ head downward ' but is also unidentified.”

v RGR, 77 ; $GE-0, 177 ; LES-iil, 3% ; MBU-i, 4 ; R-VI4

*RX.x, B2 ; AV-vi, 400 ; 6B, 1, 2¢; 6B-g, 8, 1*; MB.V, 110, *ER-6, 1, 3% ota
eT8iv, 4, 5 ; TH 1, 4 ; ete. (For the meanings of the abrevistions bere employed see page 127.

8B4, 1, 5% * TH-i, 3%; AB-iii, 99 ; 6B-6, 1, .
T84, 3* ; MB-ix, 35 ; Ei, 1 ; Beii, 18 104 118: Risi, 48 ; R-V, 33, etc ; BS-XXIV.

* AB-ii, 33°, * Orionm, p. 08,
" AP-Ei, 330, 1 RV.v, b4Y ; RV-x, 84°,

 JRAS, 1911, p. 514 1 ; see also TH-iii, 1, 1%
¥ Ramayans LX is devoted to Tridasku'd translation. See also VP.iv, 3, etc. The ‘ Bouthern Cross * bas been

muggratod,
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Of later works the Siirya Siddhanta mentions only seven stars besides the nakshatras,
namely Brahmahridaya (a Aurigs), Agni or Hutabhuj (p Tauri) Prajapati or Brahma (3
Aurigs), Mrigavyidha or Lubdhaka (Sirius), Agastya (Canopus), Apas (8 Virginis) and
Apamvasta (3 Virginis).

28. THE YEAR.—The only year clearly referred to in the Rig-Veda is one
of 360 days and 12 months. Attempts have been made to discover references
to years of other lengths but not with success. Neither is any cycle definitely
mentioned.! There is, however, » reference to a thirteenth month of 30 days in the
Atharva Veda and in the Brihmanas a thirteenth month of 35 or 36 days is men-
tioned. In the Mahabharata is a bare mention of a 5-year cycle, which remained in use
until A.D. 80 and, possibly, to a considerably later period. By A.D. 505 larger
cycles had come into use, and finally the cycle of 4,320,000 was permanently
adopted. The following table summarises the main facts:—

Rig-Veda - . . : . . 360 days and 12 months. A possible reference to a
thirteenth month.

Atharvaveda . i ! . ; . A thirteenth month of 30 days,

Brihimanas . - 5 : : . A thirteenth month of 35 days, and one of 36 days,

Mahabhirata . - k t ; . A B-year cycle is mentioned.

Jyotisha Vediigs, Paitimaha Siddh. .

Siiryaprajiiaph, Kautilya's Arthadistra } L gy e e S

Romaka Biduhinta . . - . . A cycle of 2,850 years, or 1,040,593 days; which
reduces to 19 years and 6,939 days. (Cf. the Metonic
cycle of 19 years and 6,940 days).

Siirya Siddhinta i. (circa A.D. 300) . . A cycle of 180,000 years or 65,746,575 days.

Siirya Siddhints ii (circa A.D. 1000) . A cycle of 1,080,000 years or 304,479,457 days.

Ditto ditto 5 . A cycle of 4,320,000 years, or 1.577,917,828 days.?

29. MoxTEs AND SeasoNs.—We have two sets of names for the months
neither of which is very early—

Moniths. Seasona.
Oha . G . Karttika (October-November) . Sarad (Autumn).
Baha . . . Margadirsha (November-December) »
Sahasya. . . Pausha (December-January) . ..}Hmmhtwmml.
Tapa . - . Migha (January-February) . Vi der
Tapasya . . Philguns (February-March) . .}g"“‘ Ewwy, sessa).
Madhu . . . Chaitra (March-April) oA .
!g(i-ﬂ.hu . . Vaifikha (AprilMsy) . . _}Tm“ (Spring).
ukra 2 . Jyaishtha (May-June) . . .
Suchi . . . Ashadha (June-July) % .}m‘lﬂm}'
Nabha . . . Srivapa (July-Avgust). . . } Vacsha (Rains).
Nabhasya . . Bhidrapada (August-September) .
Tshat . . . Aévina (September-October). . Sarad (Autumn).

! Weber states that “ the earliest allusion to the quinquennial ynga occurs in the Rik itself, i, 25" (History
of Indian Literatwre, p. 113). The passage in question is :. ** He, who accepting the rites, knows the twelve months
and their production, and that which is produced in addition.” At the best Weber's statement is a very doubtful
deduction ; but ses also R. Shamasastry’s Ganim Ayana, to which reference ismade in § 32

* See also appendix iii, 4. * Orja sad Isha are, more or less, synooomous.
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The first list, which is possibly the older, is obviously not a list of twelve
.onths but of six seasons adapted. The second method of naming is only
beginning to be used in the Brihmanas but is regularly employed in the Mahi-
bharata. It consists of the names of twelve of the nakshatras and it is usually
explained that the month was originally named after the nakshatra with which
the moon -was in conjunction at the end of the parvan, or half month (SS.
xiv).! In the earlier period the seasons appear to have been three in number,
and later grew to five or six; and even seven are mentioned (AV.vi. 61;
8B. vii. 5-1, “etc.) in the post-Vedic times six was the number generally
accepted.

30. SorsTicEs AND EQUINOXES.—In the Rig Veda (X.27; X. 98%) the ‘ way
of the fathers’ (Pilriydna) is mentioned in contradistinction with the * way of
the gods’ (Devaydna); and in the Satapatha Brahmana (ii. 1, 3) we read—" The
spring, the summer and the rains—these seasons the gods; and the autumn,
the winter and the dewy season represent the fathers....Now when he (the
sun) moves northwards, then he is among the gods, then he guards the gods:
and when he moves southwards then he is among the fathers, then he guards
the fathers.” Tilak concluded® that the Pifyiyina and Devayina of the earlier
texts might be equated with the Dakshinayana and Uttarayana of the later
texts; and that the Uttardyana or ‘ northern progress’ began with the vernal
equinox. But the astronomical conception of the two portions of the sun’s
path is comparatively late and the orthodox view certainly was that the solstices
divided the two portions—the wuftardyana or ° progress northwards’ and the
dal'&wm or ‘progress southwards' The Paiichasiddhdntiki says (iii. 25)

“ The northern progress of the sun begins with the first point of Capricorn,”
and this is the natural interpretation of the term wuttarayana.

The term for equinox used in modern works is vishuvat, which may be
rendered ‘ point of equal ‘separation.’ Although Haug translates the term,
vishuvat by ‘equator’ he is possibly wrong;* for the term, as an astronomical
one does not appear in Hindu works before the Greek period. Indeed, with
an astronomical meaning. the equinoxes, even for the later Hindu astronomers
denoted only the time when days and nights were equal. The idea of -
the equinoxes marking the intersection of the ecliptic and equator is not
explicitly referred to; and the notion of a celestial equator is nowhere clearly
exhibited.

In the Jyotisha Veddnga the rules for calculating the positions and times
of occurrence of the soltices state that they recur in order on the 1st, Tth.
13th, 19th, and 25th lunar day and that the nakshatras in which the mocn
will be at successive solstices are the 19th, 11th, 3rd, 22nd, 14th, 6th, 25th
17th, and 9th ; and these results are based upon an interva: of 183 days between

successive solstices.

1 1t is poarible that the nakshatras were named after the months.
* Origm, p. 24.
® ABiv. 18: Scealso AB, iv 22 and TS «ii 4"
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31. PrecEsstoN.—Observation of the change inthe positions of the equinoxes
or solstices relative to the fixed stars requires a series of fairly accurate records
spread over a considerable period of time. It implies a fairly accurate know-
ledge of the length of the year and eventually it leads to the differentiation
between the tropical and sidereal year. The actual amount of the precession
in longitude is about 5026 seconds of arc a year, or, put in another way, the
difference between the sidereal and tropical year is a little over 20 minutes
of time; and the first requirement for its observation is that the length of
the year must be known with an accuracy of the same order (i.e., the error
in the length of the year should be less than 20 minutes). Hipparchus' value
of the length of the year was only a little over 6 minutes too long, but the
Hindu year, before the advent of Greek teaching, was over 17 hours too long,
and it was therefore practically impossible for them to note the precession
of the equinoxes. Further, the positions of the solstices (and equinoxes) were,
according to their calculations, even more erroneous than their length of the
year; and they, apparently, neither recorded nor observed the positions of
any star with ‘any exactitude, and even in modern times they did not difieren-
tiate clearly between the tropical and sidereal year.

Such considerations seem to preclude any possibility of a knowledge of
precession by the early Hindu astronomers; and, it may be added, that if
they had such knowledge, they apparently thought it of altogether subordinate
interest and importance.

But there is a type of astronomical record altogether different from that
we have been considering, the type that is not a record of direct observation
or calculation, but is rather a reflection or echo of teaching in other countries
or in curlier times. The discovery of precession has generally been attributed
to Hipparchus (circa 130 B.C.), but the opinion now seems common that the
Babylonians had a clear conception of it long before his time. According to
Jeremias! the Babylonians calendar was periodically rearranged with reference
to the position of the vernal equinox. The ages of the Twins, the Bull and
the Ram thus corresponded with the vernal equinox in those constellations.
If this is the correct interpretation of the evidence (I doubt it) then we should
not be surprised to find some reflection of the same phenomena in Hindu works.
A list of references to passages that might bear some such interpretation is
given below (§ 32). In that list are three columns referring to (A) the solstices
or equinoxes, (B) the nakshatras, and (C) the fixed stars. In the early cases
(@ to f) the solstice or equinox is nowhere defined, and in most of these cases
the equation of A with B is quite illegitimate; neither is the equation of B
with C certain in any case, and it is even possible that the nakshatra scale
had really no definite reference to particular fixed stars. The equations of

*ERE i, 183 £ Bot Tannery thought that the Chaldeans had knowledge neither of the tropical vear nor of

the precesson of the rquinoxes.  Heath also appears to think that the early Babylonians were not acquainted with

{Arstarchus of Samos, p. 105). It may also be noted that precession was denied by Proclus who invogned

the Chaldeans, the Egyptions and the gods in support of his view. Bovcui Lecrrecg L'dstrologie
greafue, pp. 24, 115, 6T4.
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A, B and C therefore become a matter of extreme doubt and the chances of
a correct conclusion being achieved by such equations infinitesimally _sniall.
In the examples A to m the solstices are definitely referred to but in these
particular cases the year employed is far too inaccurate to permit of deductions
regarding precession, and the solstices are given as 183 days apart, and the oniy
records of this period of star positions are also far too inaccurate to be of
use for this purpose.

Nevertheless there appear to be unmistakable indications of some kuow -
ledge of precession. This knowledge may have been vague—it certainly did not
affect in any way the astronomical schemes devised—and it is possible that
the evidence is merely a shadowy reference to a point of exotic teaching that
was not fully comprehended. The evidence is of different types, e.g.—

(a) The five-year cycle is said to begin with the winter solstice
in Sravishtha or Abhijit or the summer solstice in Punarvasa. (See
§ 23).

(b) In the Siryaprajiapti the planets are said to travel faster than the
stars and the stars faster than the nakshatrus. (See § 24).

(¢) According to the usual interpretation the Purinas tell us that the
Great Bear revolves among the nakshatras, the time of a complete
revolution being 2,700 years. (See § 22).

In spite of the general vagueness and certain inconsistencies there seems
to be some evidence of a knowledge of precession, but this was hopelessly masked
by the extremely inaccurate length of the year and the crude methods of fixing
the solstices.

The subject of precession will be again referred to when dealing with the
more modern texts.!

VEDIC CHROKOLOGY.

32, This section is headed ‘ Vedic chronology ' because it exhibits briefly
a number of arguments that have been employed to fix the chronology of the
earliest Hindu works. There are many dangers for those who seek t» fix a
chronology by means of references to astronomical phenomena—unless those :
references are explicit and free from all ambiguity. In most of the cases cited
below, which have already been referred to under the closely connectes! topic
of precession, there are elements of three types which may be markea A, B
and C. The first of these (A) refers to, or is supposed to refer to, a definite
point in the sun’s path, generally either a solstice or equinox, the second (B)
refers to some particular nakshatra, and the third (C) equates the nakshatra
with a particular star or constellation or 2 particular (fixed) position of the
ecliptic. In all the very early cases A is not actually given by the text in
question and in none of the cases is the equation of B with C definite. To
determine A it is further often assumed that the vear commenced at one of
the equinoxes or solstices. The present practice in India varies considerably

1 Bee § 62. Bee also my paper, The Nalkshatras and Precession in the INpraw AxTiguamy, 1021,
¥
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withthalmﬁty:thmmmnysyatminvngueanﬂtheymbegiuat
many points. Albirini noticed this and mentions (ii. 8) the months Chaitral
Bhidrapada, Karttika, Margadirsha as marking the commencement of the year
in different parts of India; and the practice at the present time is similar but
rather more various. Again if it were recorded that a solstice or equinox (A)
wammrke&hyamrtainutarm},than,nﬁnghthaprﬁwﬂinnnf{.&},ﬂu
combination (AB) would enable us to deduce an approximate date, if both
(A) and (B) were unambiguous. Suppose now another more or less independent
record gave one or both of the elements (ab) and a third one (= f) and so
on: then it is obvious that (Ab), (A B), (aB), etc., are more or less meaningless
combinations, from which no legitimate deductions may be made. These remarks
apply to all of the cases cited except numbers xii and xiii which, however,
also are based upon precession. The last case is of different type altogether—
relating to an eclipse of the sun.

With these preliminary cautions the following arguments, that have been
employed to fix the chronology of the early Indian texts, are exhibited in a
condensed forms :—1

() The early lists of the nakshatras all begin with Krittiki and possibly
thismneapondedwiththabeginningu&thayw,anﬂpnmibly
the year began at the vernal equinox : and the vernal equinox
was marked by the Pleiades about 2300 B.C.

(1) Jacobi holds that the * frog hymn ' (RV. vii, 103) indicates that the
year began at the summer solstice, and that the sun was then
inPhalmmi;andthudatewheuthaEﬂmwmhﬁmmatmd
in the constellation usually identified with Phalguni was approxi-
mately 4500 B.C.

(19) Another text (TS. ‘vii, 4) says— The mouth of the year is the
Phalguni full moon.’ Assume that this marked the winter solstice
and the date arrived at is about 4000 B.C.

{ﬁ}mmmmﬁmmthatthafuﬂmminﬂhitﬂmnymﬁ
thubaginningnfthayeumdhyaﬁmﬂupmamo!rmnjng
the date arrived at (for the winter solstice) is about 6000 B.C.

(v) The, context of the same passage has also been interpreted to indi-
cate a year beginning at the winter solstice with the full moon
in Maghi and the date arrived at is 2350 B.(.

(v) The Jyotisha Veddsiga makes what is possibly the earliest defipite
statement connecting the year with the nakshatras. The winter
solstice is said to be marked by Sravishtha, and, if Sravishtha
18 to be identified with = and @ Delphini, this occurred about
1400 B.C.

(vii) The Makdbhdrala (i 71) sppears to mark the winter solstice by
Envmandifthianlhhlmilhbnﬂﬂnﬁﬁaﬂ‘lith & Aquile
the date is approximately. B.C. 260.

!.For references seo the table below, pp. 31 32
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(viii) The Paitamaha Siddhanta gives us the earliest definite date, namely

A.D. 80, and makes the year begin with the sun in Sravishtha;
and, if Sravishthd is to be identified with « and B Delphini,
this would make the year begin about twenty days after the winter
solstice. This is in accordance with the known practice and is
an indication that earlier texts may possibly carry the same meaning.

(iz) The Siryaprajiapti makes the cycle begin with the winter solstice

in Abhijit ; and, if Abhijit is to be identified with = Lyrae, this
ocourred about AD. 880.

(z) Since another name for Margadirsha is Agrahiyana, which means

‘ belonging to the commencement of the year;’ and since, according
to Tilak, this is to be equated with the autumnal equinox, the
date 4000 B.C. is once more achieved.

(zi) Tilak sees in RV. i. 105 a reference to the heliacal rising of Sirius

at the vernal equinox, which takes us back to about 4500 B.C.

(zi4) The nakshatra Krittikd is said not to ‘ move away from the eastern

quarter, while the other asterisms do move from the eastern
quarter’ (SB. ii. i, 2%%. Dikshit thinks that this means that
Krittiki was on the equator and -this ‘ conclusively shows that
the age of the Brihmanas, or more properly, of that portion in
which the passage occurs is about B.C. 3000 But may it not
mean that Krittikd (like Aries) is the first division of the ecliptic
and that the first point of Krittiki always marks the equinox?

(zii7) In MBU i. 4 is a supposed reference to the movement of the pole

star. The Hindu name for the pole star is dhruve (fixed) and
Jacobi argues that this term could only have been applied to
@ Draconis; and since = Draconis was approximately at the pole
of the equator at about 2800 B.C. the references to Dhruva must
have originated about that time.

(xiv) Ludwig attempts to identify an eclipse referred to in the Rig Veda
with one that sactually took place in 1020 B.C.
These cases are shown in a somewhat different way in the following table :—

A B c
Bupposed posi- Longitade Dats
Time of year. tion of sun star of B. of Cat AD. dedoced. References.
marked by 100. Qircs.
@. Summer solstice . | Chitrd . + | = Virginis 177° 26’ [B.C. 6200 . | TS. vil, 48
b, Vernal equinox . | Heliscal rising | @ Canis Majoris % 0| . 4171 . | BV, I, 105 ; Tmax,
of Birina, Orion Ch. V.
c. Voral equinox . | Myigeiiras . | A Orionis 57° 16’ | .. 3910 . | Toax, Orion Ch. iv.
d, Summer solstice . | Phalgani . | B Leonis or 145" 22’ 3870 . | BV i, 103'; TB
o wit, 4% ; Jacom: Ind.
¥ Leonis 134° 43' | ,, 3000 ‘l::f.ﬂ 1604,

Fl
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g Suppc:d ! I Lengitude Date
poei i
Timae of year. tion of sun esentativa JoiC at AD) deduced References.
marked by star of B. 104 Cirea.,
¢. summer solstice . | Maghd . a Leonis 123° 31° | B.C. 2300 . | TE wil. 4
{. Vernal equinox . | Krittikd 7 Jaur 33° 34" | ,. 2300 . | AV. xix, 7, ete.
7. Winter solstice . | Sravishthd a Delphini ag1° o | , 1400 . | IV &T.
B - 0" 0
h. Winter solstice . | Sravapa # Aquilse o975 2| ,, 200 . |MB.iTL
i. Snmmer solstice . | Full moon in | x Lyrae . 258° 45’ | A.D 880 . JASB, 1880, p. 11
Abhijit.
j. Vernal equinox . | Advini A Arietis 78 | B.C438 .
L Piscium 253° 24" | A.D. 801 .
I Twenty days after [Sravishthd g Delphini 00" O . 80 .| P8 xii, 2
winter solatice.
I. Summer solstice . | Adlesha . . | 7 Hydrac 105° 58° | B.C. 1035
3w 103° 58° | ,, 000 . d
PS. iii 21 ; BS, iii,
m. Summer solstice . | Punarvaso z Geminorum £3° 52 | AD. B0 . 1.
8 g 5| ,, 318
. Krittiki does not move from east | v Tauri 33° 34’ | B.C.3000 | 8B. ii, 1, 2 Ind.
Ant. 1895, xxiv
- 245,
o. The pole star is * fixed ' .| & Draconis 120* 32 | ,, 2800 | Imd. Ani. 1694,
xxiif, 157.

This section may be appropriately closed with sum
hamasastry. “ 1 tried to show,
found in the Vedic literature supplied us with
scertaining the ages of the different period,
was further shown, unmis-

Mr. B. G. Tilak and Mr. R. 5
....the astronomical statements
tur more reliable data for correctly a
oi Vedic literature. These astronomical statements, it
the vernal equinox was in the constellation of Mriga
the period of the Vedic hymns, and that
of the Krittikas, or the Pleiades (about

takably pointed out that
or Orion (about 4500 B.C.) during
it had receded to the constellation

0500 B.C)) in the days of the Brihmanas.
at first, received by scholars in a sceptical spirit. But my position was strength-
enva when it was found that Dr. Jacobi, of Bonn, had independently arrived

at tn. same conclusion, and soon af

maries of the views of
» writes Tilak,* “ that

Naturally enough these results were,

ter scholars like Prof. Bloomfield, M. Barth,

the late Dr. Bilhler and others more or less freely acknowledged the force of
my arguments, Dr. Thibaut, the late Dr. Whitney and a few others were,

however, of opinion that the evidence adduced by me was n

ot conclusive.

But

the subsequent discovery, by my iriend the late Mr. 5. B. Dixit, of a passage
in the Shatapatha Brihmapa, plainly stating that the Krittikis never swerved-

® The Arctic home i3 the Vedas, p. i.
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in those days, from the due east, i.., the vernal equinox, has served to dispel
all lingering doubts regarding the age of the Brihmanas; while another Indian
astronomer, Mr. V. B. Ketkar...has mathematically worked out the statement
in the Taittiriya Brihmana (i, 1, 5), that Brihaspati, or the Pl#nat. Jupiter, was first
discovered when confronting or nearly occulting the star Tishya, and shewn that the,
observation was possible only at about 4650 B.C. thereby remarkably confirming
my estimate of the oldest period of Vedic literature. After this, the high antiquity
of the oldest Vedic period may, I think, be now taken as fairly established.*”
 Another speculstion of a somewhat similar type is exhibited in the late
Mr. R. Shamasastry’s Gavim Ayana—an Exposition of a forgotten sacrificial
Calendar. 1 do not follow altogether Mr. Shamasastry’s argumentation and
therefore give his own summary. He. writes'—" The so-called * Gavim Ayana.
or ‘Cow's. Walk ’...is a sacrificial era of intercalary days in terms of which
the Vedic poets counted their years. As Prajapati is one of the most important
names of this intercalary day, the starting point of this era in 3101 B.C. must
necessarily mean the creation of Prajipati, whom later commentators seem tc
have mistaken for the world’s creator himself, the son of Vishnu. Apart from
keeping an account of the days reckoned from this starting point of their era,
‘they also counted the intercalary days by means of formulas or of sets of
syllables of special Vedic hymns, which they compiled and recited on each of their
recurring sacrificial days. Side by side with this sacrificial era, there existed a vulgar
era, the Kali era, in which the common people counted their years serialim in contrast
with the priestly method in counting the years in terms of yugas or cycles of
four years each....When the total number of these cycles or cvelic days amounted
to 460 or 465, corresponding to 1840 or 1860 years, this era together with its
cyclic sacrifices came to an end, leaving the vulgar era alone to continue.”

THE PLANETS.

33, The fact that the Vedic hymns were largely inspired by celestial ob-
jects would dispose one to believe that the Vedic seers were familiar with all
the more striking astronomical phenomena; but, as far as the evidence goes,
we are almost compelled to believe that the planetary motions were considered
unimportant : at any rate they were not recorded as phenomena of special
significance.? As already poiuted out (§16) the mention of the number five,
or seven is the principal basis for the suggestion of planets.

® The reader should hear in mind that, of the authorities referred to by Mr. Tilak, Whitney and Thibaat were
by far the most competent to judge s'amd that the subsequent * discovery * by Dixit hy no means clinches the matter.
{see § 32, xii) and that the caloulations of Mr. Ketkar, however accurate they may be, are of little value as evidence.

1 page 147.

* T do not hold the opinlon that the Hindus did not observe and distinguish the several larger planots in early
titaes—it is inconoeivabla; but T Ju consider that none of the Vedic passages so far cited is proven to be & record
ol such observation. Certain passages in the Jatakss, the Mahdbhdrats und the Rimdyops imply a knowledge of
thaphnnhthl.tmluhtmﬂlihdmuﬂyhﬂ.hutmﬂmdhpﬁmm&mmmm
An interesting example ocours in the Shashdyane Dharma Sdtra (i, 5, 99), where the nive planets, including: REho
and Ketu, are mentioned.  But in the ssme Khandibd two Inter authors are named (1) aod Bihler strongly caution®
us a5 to the genuineness of this portion of the text. {Mevertheless in the Indian Ambiquary of 1018 (p. 112) we
. fina tous very example reterrea vo as completely anthoritative, snd Bihler's warning completely ignored 1
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Themorexmpurtam%dmpamgmthtthavabmmudurmdnui
the planets are as, follows'—
“ Seven the quarters of the world with different suns, seven thn minis-
trant priests, seven are the divine Adityas. With these, O Soma,
guard us.” (RV ix, 1143)
* May the five bulls (ukshdnas) who abide in the centre of the expanded heavens,
having together conveyed my prayers quickly to the gods, return.”
(RV i, 105").
“Seven sages with five ministering priests (adhvaryus) attend the station
that is prepared for the rapid (Agni).” (RV iii, 77).
“ Brihaspati, when first being born from a great light or brightness in
the highest heaven, seven-mouthed, of a powerful nature, seven-
rayed, with a deep sound, blew away the darkmess.” (RV iv, 509).
“ The cloud-born Vena sends the water from the firmament; the back
of the azure (sky) is beheld. He shone on the summit of the
water in the heaven.” (RV x, 123%).
The other Vedas, the Brihmanas, the Upanishads, and even Manu, record
nothing about the planets that can be grasped. The Mahdbhdrata mentions
them by name? and the Rdmdyapa alludes to individual planets on several
occasions.” while the Purinas hint at‘a planetary cult; but tittle, definitely
astronomical, relating to the planets occurs in any of these works, except per-
. haps the Purinas. The earlier formal astronomical texts, such as the Jyotisha
Veddnga, make no reference to the planets; but, of course, this purely nega-
tive evidence does not exclude the possibility of some knowledge and investi-
gation of them from the astronomical point of view. In the Yajiavallya-
smriti (7 5th century A.D.) certain ritualistic details relating to the worship
of the planets are given, and about the same period the motions of the planets
began to be studied scientifically.
The order in which the planets are placed in the later Hindu works is
a matter of some interest. There may be said to be two types of sequence
(o) the natural order or order of their distance from the earth, (b) astrological
orders. Of the former there are two examples—the slightly incorrect order of
the earlier Greeks (Plato, Aristotle, Eratosthenes, etc.), who placed Venus nearer
to the earth than Mercury ; and the correct order which came into use about
the time of Hipparchus. Of the astrological orders there are several. Of
these the week-day order is the best known; and there is the domiciliary
order, and the several orders of ‘terms’ or ‘limits’ 1In the great majority
! Hillebrandt thinks the five adkraryus arc the five planets. Oldenberg suggests that the Adityas correspond
to the seven plansts. See appendix i; also H. Oroewerng Die Religion des Feda, 185 £, ; 0. BcHRADER in
lﬂ‘&ﬁﬁ“m Vena with Venus (Orien p. 162 £.) but this is not generally accepted.
Thibaut thought that the planet Jupiter was referred to under the name Bribaspati in the early texts, and

shis notion bas recently been revived by Fleet but controverted by A. B. Keith. See JEAS 1811 pp. 514 £
704 f. and 1119 {. Fleet quotes the following in support of his views : * Brihaspati, when first being born, came-
lnbo existence over against the nakshatra Tishya" (TB iii, 11).

* MB i, 11™. y

SRl 4; i, 25; i, 26; i, 100; i, 46 ; i, 49; vi, 4; vi, 54; vi, 103; ete. Bee appendix ii.
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of cases the Hindus, although they were aware of the correct order, place
the planets in the week-day order. Albiriini says (i. 125): *“ It is the custom
of the Hindus to enumerate the planets in the order of the week-days. They
will persist in using it in their astronomical hand books, as well as in other
books, and they decline to use any other order, though it be much more
correct.” They also enumerate them in the domiciliary order and the order
ot the limits or terms with reference to Pisces and Aries.

These orders are exhibited in the following table : —

Order of terma | Order of terma
Classical Greek. | Loter ti’:g::ih Week-day order. [Domiciliary order.  or limits for | or limits for

et ' Ariea, Fisces.
Moon . Moon Sun Saturn . Jopiter . Venua.
Bun « | Meroury Moon Jupiter Venus Jupiter,
Venus . Venus Mars Mars Mercury Mercury.
Mercury Sun Mercury . Vienus Mars Mars.
Mars Mars . Jupiter . Mercury Baturn Saturn
Jupiter Jupiter Venus Moon-Son
Saturn Baturn Saturn .
Aryabbata . The Iater texts | All the later | The  Vishou Mahibhirataiii, |Mahibhirats ii.

give this order texis on most Purdna. fi. T 3. * 1L:

st least once occasions. inverts this . ;

I each, arder.

Fleet points out that the later Hindu works almost invariably begin the
week-day order with Sunday, not Saturday, and thinks that this is due to
the inflnence of the Jewish-Christian week.

34¢: Rigu a¥p Kerv.—The term Rihu appears at a comparatively late
date in connexion with Hindu astrenomy. It occurs in the Atharva Veda
(xix. 9%), but with no certain astronomical meaning. In the Mahibharata both
Rihu and Ketu are mentioned (ii. 11%; vi. 3') amongst the planets while
in the Rimiyana Ketu does not appear! In the Paichasiddhantiki we get
definite references to the head of Rihu and also to the tail of Rihu (eq.
ix. 6, ete.) with the astronomical meanings of the ascending and descending
nodes of the moon’s orbit; and in the Brikat Sarahitd there is a chapter (v)
on ‘Rihu's course,’ which begins: “Some say that Rahu is, forsooth, a
demon’s hm_d. which, albeit severed from the trunk, yet, by wvirtue of having
tasted nectar, has continued alive and become a Graba (i.e., °seizer, or
‘ planet ‘_L_. ...... others declare Rihu to have a body, consistin® only of head
and tail, the figure of a mx;ll:e. Others again tell us that t.e so-called son

! Bee Wenmr (Ind. Lir. p. 250) who states that Rihu first occurs in the Chindogyopanishad, though
hardly in the sense of * planet.’  Ketu, be sayv, is first mentioned by Yijfaralkys,
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of Sinhikd is incorporeal and opacous.” Rahu therefore became known as the
demon of eclipses and his head was identified with the ascending node and
‘his tail with the descending node. The knowledge implied of the inclina-
tion of the moon’s orbit to the ecliptic is not exhibited in Hindu works before
‘the introduction of western astronomy. The term Graha, which means ‘ seizer,’
was applied to the planets as powers which lay hold of the fates of men
and quite naturally embraced the demon of eclipses.(!) The term Ketu is, u.;
Albiriini pointed out (ii. 234) seldom used by the Hindus to denote the des-
cending node, and it is sometimes employed to denote comets. The Nava-
‘graha or nine planets (Sun, Moon, the five planets, Rihu and Ketn) later
on developed  into minor deities®

35. WeEk pays.—The Hindus at a comparatively late period employed the
planetary names of the days of the week as follows:—

= Hinde pemes Corresponding planets.

Bunday - i : . . | Révi-viea . - . . | San.

Monday : ? : . : iy Boma-vira . - % . | Moon.

Tuesday . ! . . . . Mangala-virs or Bhauma-vira | Mars,

Wedneoday . . . . . . Budha-vira . '« l Mercury.
Thursday . . : - .. | Brihaspati-vira or Guru-vara. | Jupiter.

Friday . . . . . . | Sukra-vira . ! 4 . | Venus,

Baturdsy . . - - . . |Sspivira . . . .| Bstum

The Hindu names are exact equivalents of the Roman names, which came
into use in the west about the beginning of the Christian era. Now the week-
day order of the planets is an artificial one based upon the natural order—
Saturn, Jupiter, Mars, thre Sun, Venus, Mercury, the Moon, and was developed
thus: Saturn is the lord of the first hour of the day, Jupiter the lord of the
second hour and so ou: consequently the lord of the 25th hour, or first hour
of the second day, is the Sun; the lord of the 49th hour or first hour of
.the third day is the Moon; and so on. The 24 hour day is therefore essen-
tial to the scheme, and the division of the day into 24 honrs mowhere appears
in India—so we must conclude that the week-day order of the planets is of
‘pon-Indian origin. Again the week-day order properiy begins with Saturn
(Saturday) whereas the Hindu week begins with Sunday—and this is probably
due to the eame influence as with us (the Jewish-Christian week).?

"1 The Guostics placed the head of the dragon at the sscending node snd ita tail at the descending node. In
the weat Coput Drocomis and Canda Drocowis were, in connexion with genethliseal notions, assimilated with the
; M“,m_gﬁm Tu:ftnlﬁlﬂ (A.D, 160—230) refers to this and eo does Proclus (A.D. 413—485),
See Touons LeoLzroq, L'dsirologie grecque, p. 122, etc.
:}:m‘ihi;u;tmhud- ' sometimes vred eslead of Bard- Vére Brabm
s o s g v & sy P e LR
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: The earliest known use in Indian inscriptions of a planetary day dates
from A.D. 484, and down to A.D. 800 there are a few ‘authentic instances,
After A.D. 900 the planetary days became a common item of the Hindu
calendar.

36. HELIACAL SETTINGS AND pisiNGs.—Notwithstanding Tilak's ingenious
attempt to discover a reference to the heliacal rising of Sirius in RV. i, 105"
the topic is not really referred to in any Hindu work before the Greek period,
the earliest references being in the Adryabhafiya, the Pasichasiddhintikd and the
Brihat Sahita of Variha Mihira. The phenomenon was introduced as an
astrological one and its astrological significance has completely prevailed, no
astronomical meaning whatever being attached to it in early Indian texts.

The distances in degrees from the sun at which the stars and planets
become visible are stated in the texts to be as follows:—

Stars. c2 ' Planets. A B. ‘ c.*

Agastya (Canopus) . - - - 13° | Moon . - 12° 12° I

Mars . . 17 19° 1™
Mrigavyadha (Sirius). . : al) Mercury . 13° 17° | 12—14°
Brahmshridaya (Capells) . . . 3 Jupiter L 11° 13° 11°
Sviti, Chitra, Jyeshtha . o § = Venus X 9¢ 11° | 8&-—l10°
Punarvasu, Abhijit . Ay Batarn .| 1* | 18 159
Hasta, Sravauvd, Phalgunis - 5

fravishthd, Rohipi, Maghi . .| 14° |
Vidakha, Advini ) |
Kpittiks, Anaradhs, Mol. . . 5 |
Aélesha, Ardra, Ashihas . } i |
Bharani, Pushys, Mrigadiras . . | 21° i
Lol U ST R 17°

37. Tug Juprter cvork.—The earliest reference to the cycle of Jupiter is
in the Brikat Samhita® In comparatively modern times the Jupiter cycle is
employed in dating inscriptions, etc., but there iz no evidence that indicates
its employment or a knowledge of it in India earlier than the fifth or sixth

century of our era.
1 Flect JRAS, 1912, p. 1030 £.
% The values under A are from Aryabhata, under B from tLhe Pagchasiddhdnpibd and those under C from the

Sgrya Siddhdnta,
30k, vill. Bee also the Sirys Siddhdnta, i, 55 and xiv, 17; also Albriin’e Indio, i, 123 1.
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While the Jupiter cycle is not a marked feature of the Greek astronomi-
cal teaching the twelve and sixty year periods were well known to them.?
The sixty year cycle with the Chinese is a double cycle of 12x5 years with
which is connected another double cycle 106 years; and the Chinese seem
to begin their cyclic reckoning with the year 2637 B.C. The Annamese, Cam-
bodians, and Siamese also use the sixty year cycle. In the early cases, at
least, the Hindu cycle is & compound one of 5x12 years? See also para-
graph 61(f).

38. Moust Merv.—Brahmagupta says—' Manifold are the opinions of the
people relating to the description of the earth and to Mount Meru, particularly
among those who study the Puripas and the religious literature. Some de-
scribe this mountain as rising above the surface of the earth to an excessive
height. It is situated under the pole, and the stars revolve round its foot,
so that rising and setting depends upon Meru....The day of the angels who
inhabit Meru lasts six months, and their night also six months.”

Aryabhata, who taught that the earth was a rotating sphere, argued that
Meru had no ahsolute height. The Purinas, however, make it 80,000 or 86,000
yojanas nigh, ete. For information about the various views regarding Mount
Meru consult Albirfini (Ch. xxiii), the several Purinas, Patafijali (iii. 26) and
comment thereon, etc.; but very little of astronomical interest will be found
beyond that given by Brahmagupta and Aryabhata. The notion of Mount
Meru is a late introduction- and is possibly of foreign origin.® Albiriini pointed
. out (i. 249) that the Hindu conception of Meru was similar to that of the
Zoroastrians, who place at the centre of the world the mountain Girnagar.*
The name variants Neru, Sineru and Sumeru also seem to indicate a foreign
origin® and the geographical scheme generally accompanying the descriptions of
Meru may be connected with the Avestan scheme of seven districts; and
Mount Mern as the abode of the gods recalls to us the Olympus of the Greeks.

! Frazen writes:—" With the thirty years' cycle of the Druids we may compare the sixty yearm® cycle of
the Barotinn festival of the great Dwdals." (Bolder the Besutiful, i, 77 n.). Aguin be writes, on what suthority
is pot known : * It seems further, {hat in Indis & much older cyele of sixty years was recognised.” b, ii, 77 n.

* Bewell and Dikshit, following J. Burgess, state that the years of the Jupiter cycle were probably introduced -
ioto Indis about A.D. 350 and were certainly in use in AD. 630. [Indian Colendar, p. 36.

"Ed J. H. Woons, p. 254 1.

¢ The Tara of the Avesta, See also foot-note &, p. 19,

* JRAS, 1917, p. 365,
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CHAPTER VL

The introduction of Greek astronomy.

30. That the Hindu astronomical teaching from about A.D. 400 onwards.
is dominated by what 15 known as the Greek system of astronomy is now
generally accepted. To those who are well acquainted with the Greek teaching
and with the Hindu works of the period this is obvious. A fair amount of
the evidence can be put in a summary form, but it must, however, be borne
in mind that the most appropriate demonstration for such a connexion generally
consists of cumulative evidence, on which the judgment of the expert is of
particular value. Most scholars, Indian' and European, accept the judgment
of the expert in this matter and allow that the introduction of western
astronomical knowledge took place about A.D. 400.

Of particular evidence that can be conveniently marshalled we have explicit
statements of early Hindu writers, the employment of Greek technical terms in
Hindu works of the critical period, and the introduction of ideas entirely mew
to India but which had been for some time taught by the Greek astronomers.

40. Variha Mihira, Brahmagupta and others refer to Greek astronomers. In the
Brihat Samhitd (i, 7) we read—"' Even the Mlechchhas and the Yavanas who have
studied the science are respected as Rishis. Such being the case, if the Jyotishika is a
Brahman, who will deny him respect ? "’ Albiriini(i, 23) also quotes this and empha-
sises the indebtedness of the Hindus to the Greeks. Brahmagupta refers to the Yavana
giddhantas ; and there is a significant passage in the Siirya Siddhinta® that points to
a western source of information. That the Pauliéa and Romaka Siddhintas are of
western origin there can be little doubt. The former is possibly connected with the
work of Paulus Alexandrinus (circa A.D. 378); and Romaka is stated by
Variha Mihira to be situated 90 degrees west of Lanki.

These references to Greek teachers and works may seem rather meagre
to the western reader, but the custom among Hindu writers was ever to avoid
reference to any foreign author or work in their own productions, which, they
were constrained to assume, were either traditional or inspired. The references
ts the Yavanas mentioned above are therefore somewhat extraordinary and
msy be accepted as adequate.

41. Many Greek technical terms were introduced at the period, particularly
in the astrological works, but also in those devoted to astronomy. The follow-
ing are some of the many terms employed by Variha Mihira and others:—

Greek terma. Hindu terms. | Greek temre. Hindu terms.
HivTpoV = : . kendra. | hemrow ; . . lipta.
Yevi . - . kopa, | g % ; o Vel
Yoy : = . trikona. Boearvar . . < dreshkans.
‘ofew . - . barija. £ IV POpE : . panaphara.

and many other astrological terms.?®
i There are, however, many Indians, who, influenced by sentiment, feel unable to sccept this view.
i e appendix ii, p. 108, % Sge sppendix L

a2
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The signs of the zodiac were not employed by the Hindus at all in the
early period. Their names appear in two forms in the later works, either as
translations or transliteration of the westerd terms.

Hindu names for the signs of the zodiac. Greek names.
(1 2)
Mesha (s ram), Aja (he-goat) Eriya Kpuds
Vrisha (a bull) Taururi Tabpos
Mithuna (a couple) . Tilima ABupos
Karkata (a crab) Karka . Keeivos
Simha (a lion) Leya . : Adev
Kauya (a girl) Pithena Naphivas
Tuli (a balance) Juka . Zuyd;
Vriéchika (» scorpion), Ali (a bee) . Kaurpya Zuopmog
Dhanus (s how) Taukshika . ToEdms
Makara (s marioe monster), Mriga (antilope)| Alokera ' Avponepeas
Eumbha (a pot) Hridoga * T8puydos
Dinsi (e BADY e - becite S il | TN g e R

The Greek names for the planets were used also, but only occasionally
The common Hindu names are indigenous. (See page 101).

49. 1f we examine the topies dealt with in Hindu works prior to A.D.
400 and those dealt with in later works and differentiate, we get a number
of new topics, most of which are common to the Greek system; and the
same applies to the methods employed. The details are exhibited in other
parts of this book, and we present here only some examples of the changes
effected.

(a) The nakshatra divisions of the ecliptic were almost altogether super-
seded by the signs of the .zodiac.

(5) The motions of the planets, which in the early period had not been
dealt with at all, were examined in detail and explained by the
method of epicycles, after the Greek fashion.

i#) The notion of parallax and methods of calculating it were introduced.

(d) Methods of caleulating eclipses, entirely new to Indian works, were
introduced.

() The notion of heliacal settings and risings of heavenly bodies was
introduced, chiefly with astrological applications.
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(/) Correct rules for calculating the length of the- day and might and
oblique ascensions, ete., were introduced.
(g) The length of the year was revised.

(h) The planetary week-day names were introduced.
There is a great deal of other evidence besides, some of which can only

be appreciated by a detailed study of the Greek and Indian rules, and some
suggests rather than proves a connexion. There is also the indirect evidence
of the earlier Hindu astronomers whose methods and rules were wholly dis-

carded by the later astronomers, and lastly there is avidence that: is not
astronomical at all.}:
* See my paper Influence grecgue dana e deceloppement des mathémaliquea hindowes sciswrwa, 1018, Vol,
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CHAPTER VIL

The astronomers of the second period.

43. With the introduction of Greek methods this account of the develop-
ment of astronomy in India might, with some propriety, cease; since the sub-
sequent modifications of the system expounded have very little real histori
cal significance. But, as already explained, thelHindu-Greek astronomy has
by some what artifical means indeed, attained sufficient importance to warrant
some special treatment, and a section will therefore be devoted to it. It is
unfortunate that the early European investigators into the history of Hindu
astronomy attached far too much importance to the more modern texts and
almost completely ignored the early omes. This was remedied to some extent
by the publication of the Padchasiddhdntikd in 1889 but this work is mnot
generally available and its form of presentation makes it almost a sealed book
to the ordinary reader. Other Hindu works of the period and of later times
difier irom the teaching of the Padchasiddhantika principally in matters of
detail ; the later ones introduce greater cycles, and attempt to exhibit a
greater accuracy but with no very great success; they are more elaborate in
detail but hardly more efficient. In the following section an attempt will be
made to exhibit the Hindu methods as represented in the earlier of these
works. The more important emendatious and additions of the later writers
will be noticed also; so that the section will give a fairly complete survey of
the Hindu astronomical teaching that has obtained during the last sixteen
hundred years.

Our principal sources of information for this period are the "Aryabhatiya
of Aryabhata (circa A.D. 628), Vardha Mihira's Paiiclasiddhantikd written about
A.D. 550, th e Brakmasphutasiddhanta of Brahmagupta (A.D. 628), and the later
Strya Siddhanta of about A.D. 1000; and very congiderable use has been
made of Albiriini’s India (A.D. 1031).

THE ASTRONOMERS.

44. Before exhibiting the astronomical methods of this period we may refer
to those astronomers whose names have been handed down to us. The most
renowned of these are Pulisa, Arvabhata, Vardha Mihira and Brahmagupta.
There are also works of importance whose authors are sinknown and there
are certain teachers mentioned who are now no more than mere names.

Variha Mihira says: “ There are the five following siddhiintas—the Pauliéa-
the Romaka, the Vasishtha, the Saura and the Paitimaha. Out of these five
the firstt two have been explained by Latadeva. The siddhinta made by
Paulida is accurate, near to it stands the siddhiinta proclaimed by Romak-:;,
more accurate is the Sévitra (Saurd), the two remaining being far from the
trath.” He also refers to Simbacharya, Arvabhata and the Yavanas as tea-
chers., Laticharva he tells us (PS. xv. 18) reckoned time from sunset at Yava-
napurs, nwhile Sihacharya reckoned from sun rise at Lanka.
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Brahmagupta says: ““One of the siddhintas is the Siirya, others are
‘Indu, Pulisa, Romaka, Vasishtha and Yavana; and, though the siddhiintas are
many, they differ only in words, not in the subject matter. He who studies
them properly will find that they agree with each other.” He refers to
Aryabhata on many occasions, and also to Garga, Pulisa, ﬁrishena, Vishnu-
-chandra, Pradyumna, Lita and Simbha.

Albirfini mentions the same five siddhiintas as Varfiha Mihira, as well as
" that author's Padichasiddhintikd. He makes Lita the author of the Sirya
. Siddhinta, states that the Romaka is so called after the city of Ram, and
that it was composed by Srishena and that the Pawlisa Siddhanta was so
called after Paulifa the Greek. Of Aryabhata’s' and Brahmagupta’s works he gives
some accounts and many quotations therefrom. He mentions also as astronomers
the following—Balabhadra, Bhinuyasas Surgriva, Vijayanandin, Vitteévara, Utpala,
and Aryabhata the younger of Kusumapura.

Of Lata' and Srishena we know practically nothing, but Brahmagupta
tells us that Srishena took from Lita the rules concerning the mean motions
of the planets and from Aryabbata those concerning the true motions of the
planets. According to Thibaut it is possible that Srishena recast the Romaka
Siddhdanta and this is more or less indicated by Albirfini. Of Lata's connexion
with the Sarys Siddhinta we have no further information than Albirini's bare
statement. :

Garga.—In the Mahdbhirata we are told that * Garga, the great Rishi™
became astrologer to Prithu. Kalajiana or ‘knowledge of time’ is espe-
cially attributed to him and he is also associated with Kilayavana: ‘ Kila-
yavana who is endued with Garga's power’ (xii, 340, 95); and he is credited
with a *thorough knowledge of times and mastery of the science of stars.’
(ix, 37, 14).* Accarding to the Visknu Purdna (i, 5); *‘ The ancient sage
Garga, having propitiated Sesha, acquired from him a knowledge of the prin-
ciples of astronomical science, of the planets, and of the good and evil denoted
by the aspect of the heavens.”

We have not any of this somewhat mythical Garga's original work; but
the Gargi Sarhhitd was possibly composed about the beginning of the Christian
era® and was an astrological treatise. It appears to have contained a chapter
in the style of a Purina, in which were given references to the invasion of
the Greeks, to their conquest by a Saka king, and to the overthrow of the
Sakas by another power.' Variha Mihira's Brikat Samhitd appears to be
largely based upon the work of Garga: the following are some of Varila
Mihira’s quotations :—

“ Bhagavan Garga save— That prince meets with ruin who does not
support & Jyotishika, etc.” s '
lmJ!mﬁFﬂiphhmwummumm 'ﬁﬂbumnlﬁr.
.be the same as Luta (Ind. Lit., p. 61).

2 W, Horkiss, The Greal Epic of India, p. 15.
* See J. BexrtiEy, Historical Review of Indwan Astronomy, p. 88; Bm: W, Joxmé Works IVe 84,

A E. J. Rarson, Ancienl Indis, p. 131.
4 B8 i, 7.
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“And | say, on the authority of Garga, the ancient, that the seven
Rishis stood in Magha, ete.”?

‘It was in such a grove of Mount Meru, the abode of the Devas,
that Narads communicated to Brihaspati the laws of the Rohini
yoga. The same laws have since been taught by Garga, Paridara,
Kaéyapa and Maya to numbers of their disciples. Having ex-
amined these truths, I propose to write a brief treatise, etc.” 2

“1 have spoken of the comets, but not before having examined what
is in the books of Garga, Parisara, and Asita Devala, and in
other books, however numerous they be.”?*

45. Purisa.—Albiriini couples the names of Pulida and Aryabhata together
on many occasions; so often, indeed, that had we only Albiriini to rely upon
we should hardly be able to distinguish between the two with regard to their
work and teaching. They always appear to be in agreement, and are both
abused by Brahmagupta. “ Aryabhata, Pulifa, Vasishtha, and Lata agree in
this, that when it is noon in Yamakoti, it is midnight in Riim, beginning
of the day in Lanki, and the beginning of the night in Siddhapura, which
is not possible, if the world is not round.” * Aryabhata, the elder, and
Puliéa compose the manvantara from 72 chaturyugas, etc.” and, * according
to Aryabhata and Pulifa, the kalpa and chaturyugas begin with midnight,
etc.” Regarding Brahmagupta's hatred— “ In this respect Aryabhata and
Pulis$a are the same to him,” writes Albirini.

Aryabhata, the younger, speaks highly of® the intelligence of Pulifa, and
Albiriini was engaged in translating his works. Unfortunately this translation
is not available, but, in the India, Albiriini gives several direct quotations
from the Pulifa-Siddhdinta. For example:— Puliéa says in his Siddhinta:
‘ Pulifa, the Greek, says somewhere that the earth has a globular shape. Be-
gides, all scholars agree on this head as Vardhamihira, Aryabhata, ete.’”

In his list of Hindu works on astronomy, Albirfini states that the Pulifa-
Siddhanta, composed by Pulida, was so called from Paulifa, the Greek, from
the city of Saintra, which he supposes to be Alexandria. It has been suggested
that this Paulisa is the Paulus of Alexandria, who in A.D. 378 wrote an
introduction to astrology which has come down to us.

According to Weber, Pulisa was a contemporary of Aryabhata and the
two were rivals, while Kern places Pulia a century before Aryabhata.

For Pulida’s astronomical views we have a brief summary in the Padcha-
suddhantikd and Albirunm’s guotations and references, which, we may assume
with some warrant, accurately represent the views of Pulifa. According to
Puliéa the universe consists of earth, water, fire, air and ether. He refers
to the hypothesis of Paulifa the tsreex tnar the earth is a globe, -otherwise,
he points oui, day and night woulu not be different in winter and summer.

' BS, XIH, 25 '

* BS. XXIV, % Of rarasars and Kaivapa as actual astronomers or astrologers we nave oo information. Tp
Maya is attributed the sutborship of the Surya Siddhanta.  See appendix I1, p. 108,

s RS X1, 1. Asita Devala is oow & mers name to wr
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Mount Meru is above the pole, and the earth is fastened to the two poles
and held by the axis, and the wind makes the sphere of the stars to revolve.
When the sun rises over the line which passes both through Meru and Lanka
that moment is noon at Yamakoti, midnight to the Greeks and evening at
Siddhapura.

Such notions are indeed common to all the works of the period but in
addition Pulifa seems to have been an authority as a calculator. His values
of = (particularly 837 are often quoted and the table of sines appears to
be attributed to him.! He appears to have introduced new methods of cal-
culating the ahargana (see § 61). The numerical elements of his astronomical
scheme are given in appendix iii

46. ArvapaaTa.—In works on Indian astronomy references to the famous
Aryabhata abound, and, from the time of Variha Mihira to the present day
we find numerous quotations from him. Unfortunately, a great many of these
quotations are second hand; for it appears that the original works were prac-
tically lost for centuries. At the beginning of the eleventh century Albiriini
wrote: 2 ‘I have not been able to find anything of the books of Arya-
bhata. All I know of him I know through the quotations from him given
by Brahmagupta ”; and, at the beginning of the nineteenth century, we are
told by Colebrooke® that “a long and diligent research in various parts of
India failed of recovering the Algebraic and other works of Aryabhata.” Also
that the original works of Aryabhata were either not available, or existed only
in a much mutilated condition in the fourteenth century, is indicated in the
following passage from the Mahd Aryasiddhdnta: * That (knowledge) from the
Siddhinta, propounded by Aryabhata, which was destroyed, in recensions, by
long time, I have in my own language thus specified.” *

Aryabhata's work consists of four parts: (i) The @itikd, which consiste of
ten couplets and contains astronomical tables; (i) the Ganita consisting of
33 couplets; (iii) the Kalakriyd, which deals with the measure of time: and
(1) the Gola, or *‘Sphere’ The last three sections make up the Aryaétasata
or work of 108 couplets, while the first part is known as the Dasagitika.
Other works have been attributed to Aryabhata, but the above mentioned are
probably all now known that can be justly called his. From Albiriini® we
learn that the contents of the book Karana-khanda-khadyaka represent the
doctrines of Aryabhata, and that Brahmagupta wrote a commentary thereon.®

Aryabhata tells us that 3,600 years from the commencement of the Kali-
yuga 23 years of his life had passed, and possibly this (=A.D. 498) is the
date of his work, or the epoch from which he reckoned;” and it is this

1 prmimost India, i, 275, ete.

* India, i, 370. * Essays, ii, 422.

* JRAS, 1864, p. 302 A India, i, 56.

* In 1874 Kern published the Arvabhativa. In 1870 Rodet gave the text and a translation of the Gepiis in
the Journal asiatique ; and in 1908 the present writer contributed a paper on the Gopits to the Journal of the
Asiutic Society of Bengal (1008, pp. 111—141). Mr. Udsys Karain Singh of Mazaffarpur has reprinted Kern's -
text.

* Edlibripd, 10.
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Arvabhata, who was born in A.D. 476, to whom we refer. But there was
another Arvabhata of some note known to Albiriini, who carefully distinguishes
the one from the other. The more modern Aryabhate he always designates
as Aryabhata of Kusumapura:! “ This author,” he says, “is not identical
with the elder Aryabhata, but he belongs to his followers, for he quotes him
and follows his example.”” We infer from Albirlini’s remarks that the elder
Aryabhata was not of Kusumapura; but Weber, Kern and Bhau Daji say
distinctly that he was and the opening verse of the Gapita indicates its author
as belonging to Kusumapura.?

Aryabhata was an innovator. He attempted to free at least one depart-
meni of knowledge from corrupt belief, and, as an almost natural consequence,
the orthodox Hindu teachers opposed him. We read that Brahmagupta was
so intolerant that he was blind to the truth “ from sheer hatred of Aryabhata,
whom he abuses excessively....He is rude enough to compare Aryabhata to a
worm, which, eating the wood, by chance describes certain characters in if,
without understanding them and without intending to draw them. * He, how-
ever, who knows these things thoroughly stands opposed to Aryabhata like
the lion against gazelles. They are not capable of letting him see their faces.’
In <uch offensive terms he attacks Aryabhata and abuses him.”

The cause of this vilification is Aryabhata’s unorthodoxy, as is indicated
in other passages. For example, Brahmagupta states that Aryabhata's teach-

' ing regarding eclipses was not in accordance with the Veda and “the book

Smriti composed by Manu and the Samhitdi composed by Garga, the son of
Brahma,” and that Aryabhata “stands outside of the generally acknowledged
dogma and that is not allowed.” * Further,” Albirlini writes, ‘‘ Brahmagupta
says that Aryabhata considers the four yugas as the four equal parts of a
chaturyuga. Thus he differs from the doctrine of the book Smriti....and he
who differs from us is an opponent.”

Later Hindu opinion was more favourable, at least in intention. In the
gixteenth century Siryadeva ascribed the acquirement of the .elements of
astronomy by Aryabhata to supernatural agencies. A twentieth century author?®
also suggests divine inspiration: * Divine favour dawned upon him ; he was
inspired : he gave utterance to a spontaneous outburst of astronomical knowledge,
dothed in poetical language....These facts lead the learned to believe that
the ten verses were inspired and could not be attributed to human authorship.”

Aryabhata is chiefly notable as an opposer of certain aspects of the
orthodox Hindu teaching of his time. He demonstrates that Mount Meru is
not really high. He teaches that the earth is a sphere and that it rotates
on its axis. This revival of a Greek hypothesis, however, did not flourish
in India any more than' in the west. If the earth rotated “ falcons, ete.,
could not return from the sky to their nests....and flags and similar things
would, owing to the quickness of the revolution, stream constantly to the

+ India, i, 176, 246, 316, 330, 335, 570.

tBee my paper on The oo dryobhajas Brsirotuxca MarmEsatica, 1910, pp. 280—202,
1T, B Priay Arysbhafa or the Newton of Indian Astromomy, p 7.




ARYARHATA. 47

west ” (P8. xiii, 6-7). Aryabhata maintains that eclipses are not caused by
Rahu but by the moon and the shadow of the earth “in direct opposition
to all and from pure enmity,” according to Brnhm.agupta

The elements of his astronomy are given in appendix iii. His scheme
was more or less the usual one of the time but perhaps more emphatically Greek.
He states that it is founded on the Brakma Siddhdnta and that it differs
grom the other siddbntas really very little. He gives no list of the nakshatras,

but speaks of them as beginning with Aévini’.
' 47. VarAAa Mmma® lived at Ujjain m the sixth century. In his astro-
nomical calculations he employed the epoch 427 faka (A.D. 505) and, it is
believed, he died in A. D. 587.

Vardha Mihira was rather an astrologer than an astronomer, his great
work being the Brihat Samiitd, an astrological treatise of considerable length,
He also wrote other astrological works, namely the Brikaj Jataka, Yoga Yatra,
etc. Fortunately for the historian of astronomy he also wrote a sort of com-
pendium of the different systems of astronomical teaching in vogue in his
time. This work was practically ignored by later Hindu writers and Albiriini
evidently thought it of little importance. ** Varaha Mihira,” he tells us, * has
composed an astronomical book of small compass called Padchasiddhantika,
which ought to mean that it contains the pith and narrow of the preceding
five siddhintas. But this is not the case, nor is it so much better than
they as to be called the most correct one of the five.”®

Albiriini had a very high opinion of Variha Mihira generally, but still
bhe i not always flattering. “ He (Variha Mihira) seems sometimes to side
with the Brahmans, to whom he belonged, and from whom he could not
separate himself. Still he does not deserve to be blamed, as, on the whole
his foot stands firmly on the basis of truth and he clearly speaks ouf the
truth....Would to God that all distinguished men followed his example.”
But on another occasion Albirini says:5 * You see what a self-lauding man
he is, whilst he gives himself airs as doing justice to others.” This remark
;s called forth by the notable passagh in the Brihat Samhitd which refers to
the Greeks. Again:—" What Vardha Mihira says of the astrological portents
of the parvans,” remarks Albiriini,* “ does not well suit ‘his deep learning.”

t It is related that Aryabhata was known to the Arabs uoder the name Arjabshr and that sbout the ninth
century they, the Arabs, learnt astronomy from the Hindus and that the word Sindhind was their squivalsnt of

siddhiints. Albirdni definitely states that the early Muslim astronomers referred to the works of Aryabhata and
to other siddhintas: For example he says that they imagined that Aryabhate (Arad ‘dzjobhar’) meant a thou.
sandth part and that afterwards they mutilated the word further and wrote zjabbar. Further Albiriin) writes
+* The book Sindhind is called by them (the Hindus) siddhinta ; and again *' A kalps is that space of time which
Hnﬂm“thuﬂﬂtbemddndhmd:lndlphhnnhﬂmhﬂru!tkl-n&nd-dl.hﬂhdumh
those which are found in the Sindhind." (Indis, i, 153 ; i, 332; i, 368 ; il. 10.) See also note page 4.

1 8s0 H. Kxnn The Brikat Sashila.. #lﬂhlﬂhmmn—ﬂlﬂ?wﬂmm
1913) ; G. Texsavr and 8. Dvivent  The Paichasiddhdntild...of Fardla Mikirs, 1609 ; H. P. Caarronsus,
The Brihajjélakam of Vardhs Mikirs, 1912, etc.

8 India, i, 153.

& Ib., i 110,

s Ib., i, 23

* Ib. i, 113,

- B
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Of course Variha Mihira was not free from certain of the absurd notions
peculiar to astrologers and to his time but he often displayed sound common
sense. Animadverting on certain views as to the conjunctions of plancts as
the cause of eclipses he says: “The nature of an unlucky event is the only
thing which these occurrences have in common with an eclipse. A reasonable
explanation is totally different from such absurdities.” He discards the mnotion
that eclipses can be foretold by observing a mixture of oil and water,! but
he thinks comets are beings who, having been raised to heaven on account
of their merit, are now redescending, ete.”

Variha Mihira is quoted largely by Albirdini, principally from the Brihat
Samhiti on astrological matters. His astronomical views and the contents of
the Panchasiddhantika will be dealt with below.

48. BrauMagUPTA * was born in A.D. 598. His principal work was written
at the age of thirty and he appears to have written another work at least
as late as A.D. 665. He was the son of Jishou of the town of Bhillamala near
Multin in the Punjab. Albirini, who was engaged in translating the worke
of Brahmagupta, names the following :—the Brakma Siddhdinta, the Karana-
Khanda-Khadyaka (exhibiting the doctrines of Aryabbata) and the Uttara-
Khanda-Khadyaka.* 1In 1817 a translation of the mathematical portions of
the Brahmesputasiddhinta was published by Colebrooke, and in 1902 the
text of the Brdhmasphutasiddhinta was published by Pandit Sudbikara
Dvivedi.

Albiriini, after praising Vardha Mihira, continues:* *“ But look for instance
at Brahmagupta, who is certainly the most distinguished of their astronomers
-...he shirks the truth and lends his support to imposture....under the com-
pulsion of some mental derangement, like a man whom death is about to rob
of his consciousness....If Brahmagupta is one of those of whom God says,
"they have denied our signs, although their hearts knew them clearly, from
wickedness and haughtiness,” we shall not argue with him, but only whisper
into his ear— ‘If people must under circumstances give up opposing the
religious codes (as seems to be your case), why then do you order people
to be pious if you forget to be so yourself’....I, for my part, am inclined to
the belief that that which made Brahmagupta speak the above mentioned
words * (which involve a sin against conscience) was something of a calamitous
fate, like that of Socrates, which had befallen him, notwithstanding the abun-
dance of his knowledge and the sharpness of his intellect, and notwi i
his extreme youth at the time, for he wrote the Brahma Siddhinta when he
was only thirty years of age. If this indeed is his excuse we accept it and
drop the matter.”

\ Brihat Sashitd, V, 17.

*See H. T. Cotzmrooxk Algebrs...from Brakmogupis end Bhascors, 1817; Supmixama Dviveor
Brakmarphufasiddiinta, eto., 1902 ; and my Imdion Mothemaiica, 1015, etc.

2 India, i, 156.
b, 8, 110112,

* These are, apparently, mmhmmmmuwmdhmmm-mm
already been quoted (§ 4851
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Brahmagupta is perhaps the most distinguished of the Hindu mathemat-
jcians known to us and Albiriini appears to have considered him the most
distinguished of the Hindu astronomers. He appears at the climax of the
intellectual period of the Guptas and after his time no real advance was made
in either mathematics or astronomy. Even in his time signs of the coming
deterioration were not wanting. Brahmagupta himself was prepared to sacrifice
truth on the altar of orthodoxy, and to the historian he is now famous rather
for his vilification of Aryabhata and others than as a leading astronomer.

The elements of his astronomy are given in appendix ii. There is nothing
particularly noteworthy in his teaching: as he himself has said—the astronomi-
cal works of the period “ differ only in words.” probably, however, with ad-
vantage to Brahmagupta. He refutes the rotation of the earth, uplolds the
orthodox explanation of eclipses, etc. He divides the ecliptic into 28 unequal
nakshatras in the same manner as the Siryaprajiapti. Besides the usual
siddhantas he refers to the Indun and to Yavana siddbintas. He employs

the epoch A.D. 665 in one of his later works.*

* The following note by Pm&w C. A, Xollino of Rome shows the inflocnoe of Dmhmagupta and other
Iodisns on Mohsmmadan writers. “The Mubamwadans owe the first scientific clements of astronomy to
India. In AD. 771 there came to Baghdid an Imlian cmbassy one learncd member of which introduced to the
Arahs the Brihmasphutasiddhinie composed in Sanskrit in AD. 628 by Bmhmagupta. From this work (which
the Araha called cs-Sind-Hind) Ibrilim ibn Flabib al-Faziri deew the elements and methoills of calenlation for Lis
astronomical tables adapted to the Mubammadan lunar year. Almost contemporanconsly ¥a'qib ibn Tirig com-
posed his Tarkid al-aflil, * Tho composition of the Celestial Spheres,” which was baserd on the cloments and methods
of the Brihmasphufasiddhdnts and on other data furnished by another Inlian scientist (K. n. k L), who came to
Baghdad with a sccond embassy in 161 AH. (AD. 777-778). It scems that almost at the same timo there was
translated into Arabic under the name al-Arbond the Khapdalhddyals, written about A.D. 665 by tho same
Brahmagupts, but containing clements different from those of his other work. Abi'lhasan al-Abwizi, s con.
temporary of al-Faziri and of Ya'qub itm Tiriq, probably drawing on oral teachings of loarncd Indians, inteoduced
to the Arabs the planetary motions acconling to al-Arjabliad (a corroption of Aryabhata, the name of an Indian
astronomer who wrote in AD. 500} Tbﬂﬂlmthhiﬂhhﬁlmyimﬂlhninlhblhhmm;wuﬂnpm
Yhe end of the first half of the 5th century of the Hijra (11th cent. A.D.) ; some astronomers (.., Habash, an-Nairizi,
Itn as-Sambh) wrote contempomneously books bascd on Indian methods and elements and books with Grageo-
Arabic elements ; others (e.g., Mubbammad ibn Ishiq as-Sarahsi, Abu'l Wafs", al-Biriini, al-Hazini) adapted cla-
ments ealenlated by the Muhammadan astronomers to great artificial cycles of years construeted in imitation of
those of the Indians.”" (ERE xii, 05.)
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CHAPTER VIIL

The astronomy of the second period.

49. As already pointed out there is a distinct break in continuity of ideas
and methods between our two main astronomical periods. The new astronomy,
with which we now have to deal, is altogether different from that already
exhibited. The new Hindu astronomical school absorbed as much of the
western teaching as they could, but the orthodox found themselves in some-
what of a quandary, for it was not always easy to square the new teaching
with so much of the traditional cosmology and astronomy as had been incor-
porated with the popular religious teaching and ritual. Fortunately for the
new teachers they had almost a ‘ clean slate’; but there were certain recorded
notions, old enough to have become a real part of the intellectual universe
ot the people, some of which did not fit in very well with the new ideas.

Aryabhata was, apparently, wholly progressive and was quite prepared to
discard any tradition that did not fit in properly ; but Brahmagupta and others
preferred to make concessions to the ignorant and bigoted of their time; and
although they did not allow the popular notions to interfere with their scienti-
fic work, they did not discard them altogether. We therefore have, mixed up
with the new science, a fair number of rather incongruous notions that give
to the whole scheme a somewhat fantastic appearance.

The astronomical treatises produced by the new school are fundamentally
all constructed on the same plan, and as Brahmagupta pointed out, the
differences are matters of detail or even of words only. Variha Mihira has,
in the introduction to his great astrological work, the Brihat Samhita, given
a conspectus of the astronomical knowledge of his time and this will also
serve as a typical outline of the contents of an astronomical siddhinta of the
period. Variha Mihira writes:

“ As to mathematical astronomy, he must know the divisions of heaven
and of time, in ages, years, half-years, seasons, months, half-months, days,
watcl.es, muhiirtas, ghatis, palas, pranas, vipalas, prativipalas, etc., as taught
in these five siddhintas—the Paulifa, Romaka, Vasishtha, Savra and Brihma
siddhintas. He must know the reason why there are four kinds of months
—solur, sivana, sidereal and lunar, and how it happens there are added months
and subtractive days. He must know the beginning and end of the Jovian
evele of sixty.years, of the cycles, years, days, hours, and their respective
lords. He must be able to explain in what respect the reckoning after solar
tie shows similarity or difference compared with lunar, sidereal and sivana
reckoning of time and to what use each of these is adapted oe not. And
wien there is a discrepancy between the siddhintas he must be able to prove
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experimentally, by means of the agreement between the shadow and the clep-
sydra, between observation and calculation, at what moment the sun has
reached the solstitial point, and at how many ghatikas the sun enters the
prime vertical. He must know the cause of the swift and slow motion, the
northern and southern course, and the moving in an epicycle of the sun and
the other planets. He must tell the moment of commencement and separa-
tion, the direction, measure, duration, amount of obscuration, colour and place
of the eclipses of the sun and moon; also the future conjunctions and hostile
encounters of the nine planets. He must be skilful in ascertaining the dis-
tance of each planet from the earth, expressed in yojanas; further the dimen-
sions of their orbits, and the distance of the places on earth in yojanas. He
ought to be clever in geometrical operations and in the calculation of time,
in order to determine the form of the earth, the circle of the circuit of the
asterisms, etc.; the depression of the pole, the diameter of the day circle, the
ascensional differences in time, the rising of the signs, the ghatikas corre-
sponding to the shadow of the gnomon, and such like processes.”

50. GeNERAL Norions.—The earth is supposed to be an immovable sphere
fivxed at the centre of the universe, and around which the sun, moon and
other planets revolve. It does not rotate, otherwise * falcons and other birds
could not return from the ether to their nests,”” and “‘ flags and similar things
would, owing to the quickness of the rotation, stream constantly towards the
west.” Aryabhata, however, taught that the earth did rotate, but his teach-
ing on this point was altogether rejected. The path of the sun is divided
into two equal parts, namely the period during which he is going towards
the north, and the period of progressing southwards, or from solstice to sol-
stice. The obliquity, it is implied, is 24 degrees. The order of the planets
is correctly known, but, nearly always, they are placed in the week-day order.
They are supposed to move with equal velocities of approximately 1,200 yojanas
a day. Eclipses are caused by the demon Rihu (Capwt Draconis), whose head
corresponds, astronomically, to the moon’s ascending node; but Aryabhata and
Variha Mihira taught more correct views. The only stars noticed are the
yogatards or ‘ junction stars,’ of the nakshatras, and Canopus and Sirius. The
sphere of the stars is driven by a wind (pravaha). Precession was possibly
known and in comparatively late works was explained as a libration, but as an
‘astronomical phenomenon of importance was practically ignored; and the differ-
ence between the tropical and sidereal year is not noticed. According to
Varha Mihira ! *“ the appearance and disappearance of comets (kefu,? meteor)
is not subject to astronomical calculations.”

51. Yue Earta.—The diameter of the earth is given as 1,600 yojanas and
its circumference as 1,600, '10. The prime meridian passes through Laiki and
Ujjain, the latter being placed on the tropic of Cancer, and its longitude being

given as 44 degrees east of Yavanapura. #FaCHAL®
! ey
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Mount Meru, the abode of the gods, is identical with the north pole.
The length of the day at Meru is six months and there the sun never rises
higher than 24 degrees. .

Terrestial coordinates.—Terrestial longitude (!) is measured by the distance
in yojanas from the prime meridian. If ¢ is the circumference of the earth
at the equator and Co the circumference at latitude g, then Co=c. cosp

and I’ degrees =U—.3'ﬁu;;ll—‘:‘-£a5 To determine the difference in longitude direc-
tions are given for recording the time of emergence at a lunar eclipse; but
the only real record is 10 degrees difference between Benares and Ujjain,
whereas the actual difference is about 7° 14"

Theoretically, terrestial latitude, also recorded in yojanas, was determined
by the length of the equinoctial noon-day shadow (¢) of a vertical gnomon
(g), that is fanp = ejg, but the only record is 24° N. for Ujjain and this is at
least 1} degrees too much. Since the obliquity was considered to be 24 degrees,
theoretically there was no equinoctial noon-day shadow at Ujjain. The length
of the day was known to vary with the latitude as well as the time of the
year and various rules were given. (See § 71.)

52. THE PRIME MERIDIAN.—According to the Paschasiddhantiki (xv. 18-23)
the early authorities were not in agreement as to the position of their prime
meridian. The choice lay between (a) Yavanapura (Alexandria) (b) 180 degrees
from the meridian of the Yavanas (Greeks) and (¢) Lankid. The position of
Lainka is defined as being on the same meridian as Ujjain,! * which is near
to Lainks, being situated to the north on the same meridian. Lankd is on
the equator, for the people there “ see the pole star on the horizon"”. The
statement is often made that sunrise in Lankd is sunset in Siddhapura, is
midday in Yamakoti, midnight in the Romaka ecountry;?®’ and the Paiichd-
siddhantikd points out that the longitude of the Romaka country differs from
that of Yavanapura. The identification of Yamakoti is uncertain. Albirni
writes: “ Yamakoti (90° E. of Lanka) is, according to Yakub and Alfaziri,
where is the city Tara within a sea.” “ I have not found”™ he continues,
““ the slightest trace of this name in Indian literature. As kofi means * castle’
and Yama is the angel of death, the word reminds me of Kangdiz, which
according to the Persians, had been built by Kaikd'is or Jam in the most
remote east, behind the sea....Abi-Ma'shar of Balk has based his geographi-
cal cannon on Kangdiz as the zero of longitude or first meridian.” “ How
the Hindus,” he goes on to say, “came to suppose the existence of Siddha-
pura (180 from Lafki) I do not know for they believe, like ourselves, that
behind the inhabited half circle there is nothing but unnavigable seas.”

% The difference between the longitude of Latki (in Ceylon) and Ujjain is at least four degrees. This discre-
pancy has been explained away by some ingeneous writers by the suggestion that Ceylon was originally much larger
than it is now. Laiki is sometimes wentified with the island itself, but certain Northern Pandits have denied
that it is conneoted with Ceylon st all. e

|thhﬁﬂhﬂiﬁ&pﬂtﬂdm¥mﬁqiiﬂdmmmwmmp“
* the sbode of the blest ') is 180 degrees distant.
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The term Siddhapura means ‘the city of the perfected’ and according
to the Sirya Siddhinta (xii. 40) “in it dwell the magnanimous perfected
free from trouble.” There can be little doubt that the ° Fortunate Isles,’
where the souls of the good were made happy and from which the Greeks
‘counted their longitude, are meant.!

53. CeELesTIAL CoORDINATES.—For bodies on or near the ecliptic ordinary
celestial longitude was used, or may be considered to have been used. No
definitions are given in the early works and the methods are exceedingly crude.
For example, in the Paschasiddhantiki the two stars of Punarvasu, or = and B
Geminorum are given the same longitude and latitude. To express the
latitude of a star its distance in afigulas or digits from the ecliptic or from
the centre of the moon was given, the moon's diameter being divided into
15 aiigulas. Apparently the moon’s latitude was considered negligible for this
purpose.

Later the coordinates unsed for defining the position of stars were the
ecliptic and the great circle passing through the poles of the equator (i.e.,
a declination circle) and { Piscium. This longitude (1) 1is then the part
of the ecliptic intercepted between T Piscium and the point of intersection
of the declination circle passing through the star.and the ecliptic. The corre-
sponding latitude (8°) is the part intercepted on the same declination circle
between the star and the ecliptic. Whitney called » and p° the polar longitude
and latitude.® (See also §67c.) -

Tue rixep poisT.—All the later Hindu texts agree in regarding the
star £ Piscium or 10’ east of that star as the point of origin for longitude
and similar calculations, and to the present day it is supposed to mark a
sort of artificial vernal equinox and the commencement of the year.

The star ¢ Piscium was within a degree of the equinoctial point at
A.D. 505 (Saka 427), the epoch used by Variha Mihira. According to Bhis-
kara the coincidence took place in A.D. 527, while Whitney calculated A.D.
570.* The Padichasiddhantiki says: “ At the present time (A.D. 505) the
ayana begins from Punarvasu” and this means that the sun's southern course
commenced, or in other words, the summer solstice took place, when the sun
entered the nakshatra Punarvasu. This conveys no very precise meaning, for
Punarvasu occupies some 13} degrees and it commences at an indefinite dis-

tance from some point that is now unknown and probably never was fixed
with any exactitude. But according to ome scheme Punarvasu corresponds
roughly to = and B Geminorum, and within the general range of accuracy

1 Aceording to the Arabs the longitudes of the * Fortunate Isles' must have been about 35 degreen west of
Greenwich, and thus ebout 1156 degrees west of Ceylon ; but the Padchasiddhdntiba (xv. H}mntolulmu
that the prime meridian of the Yavanas was 180 degrees from Labki.

* AbG *Ali al-Hasan (13th century) employed the so-called polar longitudes, and so did Jai Singh in tne 18th
century, See my Astronomical Observatories of Jai Singh, p. 8.

3 JAOS, 1858, p. 188. In 1918 SPiscium was about Itdwhmmmnrmﬂaqujnmﬁnlpohl
Thmﬂn,mmummmdw.lprﬂllth,wbﬂemlﬂglﬂhﬂl}*mmndmluuh!ld.umh.ﬂm
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of the text, the summer solstice marked by Punarvasu corresponds to the
vernal equinox at ¥ Piscium. There is, however, little doubt that at this
period, (A.D. 505) and for a considerable - time afterwards the necessity for a
fixed zero point was not realized; although it may have been known that
the positions of the solstices changed.

54. ANGULAR UNITS OF MEASUREMENT.—Strictly speaking angular measure-
ments were not employed at all They appear almost to have been syste-
matically avoided ; and when the Greeks, for example, gave an angular mea-
surement the Hindus gave a length. Whitney pointed out! many years ago
‘hat in the Sirya Siddhdnta at least the Hindus “ made no use whatever in
their calculations of the angle.” The nearest approach to a real angular
quantity was possibly the Saura day. But they introduced the usually Greek
nomenclature of ‘sign’ (rdfi), ‘ minute' (lipté or kald), ‘second’ (vikald). In
the Vedanga period, however, these do mot occur—the nakshatra (=800") and
the asméa, of which 124 went to the nakshatra, being employed.

) Signs.—The names of the western zodiacal signs—Aries, Taurus, etc.—were
introduced with a double signification, namely as designating particular portions
of the ecliptic and as measures of any arc.

Degrees, etc.—The term for degree is bhdga or asnda, and each of these
words, like the original Greek word pows means a ‘part’ or °fraction.
The minute of arc is liptd (Gk. Aenzo )or kald, and this division appears to
have been preferred to the degree, for nearly all the actual measurement
recorded are in minutes, as lengths of arc. The second of arc is vikala or vilipta.

Digits—The digit (afigula) is employed in the theory of the gnomon and
in measuring the diameter of the moon, particularly in eclipses. The history
of the digit as an astronomical unit of measurement is obscure.* The Paiicha-
siddhantikd seems to imply that it was one-fifteenth of the moon’s diameter,
while the Sirya Siddhdnta seems to make it one-twelfth, and on another oc-
casion equal to 4 minutes of arc.’

The vertical gnomon was usually divided by the Hindus into 12 aigulas
or digits, but in later times 12 dandas or 720 minutes was sometimes the
division employed. -

The term danda denotes usually a measure of length equal to 96 digits
or about 6 feet; but it also was used as an equivalent for a nddi (24 minutes).
The earliest Hindu record of measurements of star places employs degrees for
the measurement in longitude and hastas for latitude. Usually 4 hastas are
equivalent to one danda but in these star measurements possibly the hasta
" denotes 48 minutés of arc and, since 24 digits equal a haste each digit would
then denote 2 minuotes.

Tables of sines.—The Paulisa Siddhdnta gives a table of twenty-four sines
which appear to have been obtained from Ptolemy’s table of chords. Instead,

1 JAOS, 1858, p. 250,
t Bep P. TawwEny, Mimoires, ii, 256 i seq.
4 PR, zive 38 : B8, iv, ¥ and 28, and x, .
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‘however, of dividing the radius into 60 parts a< did Ptolemy, Paulifa divided
_chord 0 ghjg division of the radius
enabled him to utilise the table of chords without numerical change. Arya-
bhata gives another measure for the radius (3438") which enabled him to ex-
press the sines in a sort of circular measure, while Brahmagupta divided the
radius into 3270 parts. The several stages are—

it into 120 parts; for as ginf =

(§) The chords of Ptolemy with r=60

(i) The sines of Paulida with r=120
(iii) The sines of Aryabhata with r=3438
(iv) The sines of Brahmagupta with r=3270

Denoting these seversl sine functions by ginP, sin4, sinB we have
sin 1=h’dzu,dm=2{1¢h’d2 nj.uinﬂ=§uch’dm}whm B, A, Band 6

are the same arcs. In forming his table Aryabhata appears ‘to have used
the approximately correct value = =600/191, while Brahmagupta seems to have
employed some convenient though rough approximation near to the value 3§,
realising that this approximation in no way vitiated his table.!

In the Paiichasiddhantika the Paulifa sines are generally used, while in
most of the later works the sines of Aryabhata are used.  The tables of sines
are given in appendix iii (table 11). See also §05.

TiuE.

55. The Hindu astronomers developed & curious time system. Since, in
practice, they ignored precession they made no differentiation between -the
tropical and sidereal year. In the Jyotisha Veddnga their astronomy almost
wholly consists of sidereal calculations but later, except in the case of the
vear, sidereal units do not seem ever to have been freely employed. Their
principal real units were the savana or “civil” day and its subdivisions, and
the year; but they introduced at a comparatively late date, the so-called
lunar day or fithi, of which thirty make a synodic month, and this became
to a great extent their basis of reckoning.

In nearly all their works are found two sets of measures, one of which
was actually used, while the other cousists of units that at first appear to
have been created simply to satisfy flights of imagination. It is not always
easy to distinguish these two sets, but we can, for example, class as artificial
the pare of 311,040,000,000,000 years and the trufi of sbout 00003 seconds.
At present we are concerned only with such units as were actually employed
for astronomical purposes.

:nmmuwhmdmmdmm[uwn bave r=380"2z=
m-mm‘mqnmuwug. How Brahmsgupis arrived st 3270 is not cortain A4s
wmnmh:mhnm-mﬂm:mhmdnhmm 32TN=={5T-184)" or
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The modern Sirya Siddhinta points out (xiv. 2) that practical use is
made of four kinds of time, namely solar, lunar, sidereal and civil (sdvana)
time. Of these the so-called ‘solar’ and ‘lunar’ are not strictly direct mea-
sures of time but of are, or rather angular motion, and are obtained by divid-
-ing the period of revolution by the angular measure of the path of revolu-
tion. - They seem to correspond to the time degrees of Hypsicles.! The actual
unit of solar time is the solar day which is obtained by dividing the length
of the year by 360; and the,unit of lunar time is the tithi, which is the
synodical month divided by 30. Civil or sivang time is based upon the day
reckoned, generally, from sun-rise to sun-rise.

The uses of the different measures of time, according to the Sarya Sid-
dhianta (xiv. 3—18), are as follows :—

Solar time.—" The measure of day and night, the shadasitimukhas,® the
solstice, the equinox, and the propitious period of the sun’s entrance into a
sign—are determined by solar time.”

Lunar time.—" General ceremonies, marriages, shaving, and the performance
of vows, fastings and pilgrimages, are determined by lunar time.”

Civil time—" The time of sacrifice, the regents of days, the mean motions
of the planets, etc., are determined by sivana time.”

Davys.

56. The savana day.—The fundamental unit was the sivana or civil day, reckoned
generally from sun-rise to sun-rise,® and treated as a constant quantity. Brahmagupta
defines the sivana day as an ‘ earth’ day, possibly in contradistinetion with the so-
called solar day. The siivana day, for practical purposes, corresponds to what we
call the mean solar day. The subdivisions commonly employed are as follows :

Subdivisions of the day.*

1 vipala®, . . - : . 04 second.
10 vipalas = 1 pripa . : L § . . 4 seconds
60 vipalas =1 palg . ; 4 e . 24 =
2 palas = 1kala . L . ; s .« 48 °
G0 palas = 1 ghati . - : s : . 24 minutes,
2 ghatis = ] mohiirta . i : - . 48 -
B0 ghatis = 1 day®* . ; - . - . 24 hours.
30 muhfirtas =1 ,, . p - . . .

! Derameee 1,248, A similar case ocours in the Sdryaprajiapti, where the ecliptic is expressed in terms
of the sidercal month. See § 24.

*The term shajafitimukha is an astrological ome comnected with the subdivision of signs into

2 The practice seems to have varied to some extent. The Romaka Siddhinia reckoned from sunset to sunset
(PS L 8), and this wes also the practice of Lats (P8 xiv, 18—19). Bimbichirays reckoned from sun-rise and
Brahmagupta established that practice.

"'I'hwmm{mnm}mhhﬁhqhnﬂuhmmmqmd-m
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. Tae mirar—Thirty tithis make a synodic month and a fwhi is defined
as the period in which the difference in longitude between the moon and the
sun increases by 12 degrees. It varies in length from about 21 h. 34 m. 24
sec. to 26 h. B m. 24 sec. A sdvana day (24 hours) may therefore include
a whole tithi and parts of two others and a titht may °touch three civil
days” This necessitates the suppression of some 13 fithis in 12 synodic
months and the repetition of some 7 tithis in the same period. There are,
however, indications in the early siddhintas that the variation in the length
of the tithi was not noticed, or was not considered of sufficient importance
to affect the calculations.

The tithi appears comparatively late in Hindu literature. It is completely
unknown in the Brihmanas, but the name occurs in the later Siitras.! In
the Jyotisha Veddiga the tithi certainly is not of importance but a knowledge
of it is implied. The earliest definition appears to occur in the Paulifa Sid-
dhanta (PS. ii. 7 and xiv. 12). From the Romaka Siddhanta onwards, how-
ever, the tithi is an essential part of each system which is epitomised by
stating’ (¢) the number of years, (b) the additional months and (¢) the omitted
tithis in a yuga or cycle

The origin of the fithi is somewhat obscure. As a time unit it is most
extraordinary, and possibly it originated as an angular measurement of motion,
like the solar day.

The solar day—The so-called solar day, which is really not a time unit
but an angular measure, is hinted at in the Jyotisha Veddnga, is employed
in the Padchasiddhantikd and is largely used by Pulisa.? It is obtained by
dividing the length of the year by 360.

The sidereal day.—The sidereal day is defined as a revolution of the circle
of the stars. The subdivisions of the day are said to be based upon the
sidercal day, but in practice they generally pertain to the Sivana day.

The lunar day—A day reckoned from moon-rise to moon-rise is referred
to in the Jyotisha Veddnga and the number of the risings of the moon in
the cycle of five years is given as 1768 (=5x366—62), and this lunar day
was therefore equal to 14-31/884 sivana days. With the coming of Greek
astronomy it appears to have dropped out of use.

MoxTHS.

57. The solar month is the time the sun takes to traverse a sign of the
zodiac, and was probably at first considered as consisting of 30 solar days;
but the Paulifa Siddhdnta points out the irregularity of the sun’'s motion and
gives the average daily motion for the several months as 57, 57', 57, 57,
58, 59, 61, 61', 61, 61', 60, 59"

In the Jyotisha Veddnga the time of the sun in each nakshatra was em-
ployed as a unit, but the nakshatra scale was later on, partly, at least,
replaced by the scale of signs.

1 Gobhile Grihga Sitra, i, 1M ii, 513, * ; Saikhdydna Grikye Sitra, ., 25; v, 2. ete.
% Arp1gexl Ludia, ii, 41 er seq.
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The term saurdé, O solar, month is an awkward one but the measure it-
denotes, t.e., the time the sun remains in & sign, is a scientific one, and
became important in the later works. The months were eventually named
after twelve selected nakshatras (or wice versd) and an attempt was made to
explain the genesis of these names by connecting them with the moon. The
usual explanation i8 88 follows :

« The full moon which occurred when the moon was in conjunction with
Chitra was named Chaitri, and the lunar month which contained the Chaitri
full moon was named Chaitra, and so on with the others.” A possible ex-
planation, that sgrees with the traditional one to a certain extent, is that
the nomenclature represents an attempt to equate the nakshatras and signs
of the zodiac. In later times the name of the month is determined
altogether by the position of the sun with reference to the zodiacal

ns.

The synodic month.—The synodic month is variously reckoned from new
moon to Dew  moon, and is then termed amdnta, or Suklddi ; or from full
moon to full moon and is then termed piirni manta or krishnadi. 1t forms
one of the most important of the siddhinta elements; but in later practice
it is subordinsted to the saura month, on which it is always made, more or
less, dependent. The lunar Chaitra may be defined as the amdnia month at
the first moment of which the sun is in the sign Mina (Pisces) and in the
course of which the sun enters Mesha (Aries),

The synodic month is divided into two portions (paksha) called the bright
half (Sukla, Suddha, etc.) and the dark half (krishna, bahula, etc.). The bright
half ends at full moon and the dark half is from full to new moon.

jNTERCALATION.—Since a solar month varies from about 20d. 7h. 38 m,
to about 81 d. 15 b. 28 m. and a synodic month from about 29 d. 7 h. 20 m. to
09 d. 19 h. 30 m. it is possible for two synodic months to fall partly within
one solar month, and also for two solar months to fall partly within one
gynodic month. In the former case an additional synodic month (adhimdsa)
is intercalated ; while in the latter case a synodic month is suppressed. There
are mormally 7 adhimdsas intercalated in 19 years, while one month is sup-
pressed at intarfa.'_h of about 19 years. The suppression of a month is pro-
bably a comparatively late refinement.

The early texts give the number of adhimdsas or months to be inter-
calated m 8 cycle, but make no reference to suppressed months, nor do they
notice the variation in the length of the synodic month; and, elthough they
record roughly the variation in the length of the solar month, they do not
appear to have troubled much about it for calendar purposes.

Qae SipEREAL MONTH.—The sidereal month is mentioned in the early
astronomical texts and in the Séryaprajilapti it is employed as the basis of
th~ nakshatra scale ; but it does not appear to have been made much account:
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The lengths of the synodic and sidereal months (mn sdvana days) given
in the several texts are as follows:

Authority. i Synedic month. Sidereal month.
Days. Days.

Jyotisha Vedinga . ; . . - 291§=29-5161 27§4=21-31

Kautilyfs Arthadistra . . . . 29} =29-5000 sakiha

Romaka Siddhénta. . . . . 29-52037 27-321601
Ol Sarya Siddhinta . . . . 29-530587 27-321673
Psulifa Siddhdnta . . . .. - 29-530687 27-321673
TRl s B Vs i S 29-530382 27-321668
Deahinants = s e s s s 29-630582 97-321668
Later Strya Siddhinta . . . . 29-530879 27-321674
Bhaskara o 3 i gl 29-530587 27-331139
Approximately correct values . S ~ 20-530588 27-321661

58. TuE YEAR!—The year was originally tropical but with the first formal
works on astronomy became sidereal. The difference between the tropical and
sidereal year is generally ignored. Of the so-called lunar year of tweive lunar
months *“ We know of no use made in India, either formerly or now, except
as it has been introduced or employed by the Mohemmadans " writes Whitney.

At the period of the introduction of Greek astronomy the year began
when the sun was near § Piscium which then nearly coincided with the
vernal equinox. This is usually termed the Mesha samkranti, which means
‘the entrance (of the sun) into the sign Aries” The year is still counted
from the conjunction of the sun with the same star, and this conjunction
is considered as a sort of artificial vernal equinox.

The length of the year employed for calendar purposes differs slightly in
different parts of India and the civil year begins at various times and the
first civil day is also determined by various methods.

The year is still divided into the witardyana, or period during which the
sun is moving northwards, and dakshindyana, or period during which it is
moving south. The uttariyana does mot now begin at the time of the real
winter solstice but at the nomiral one (about January 12th! and similarly
the commencement of the dakshigiyana is displaced.

1 Bee also §28.
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The various lengths of the year employed are:

Period cires. Authority. Length.

Vedas . . ‘ ]lm (But see § 28, page 26).

Jyotisha Vedinga, ete. . | 366.

Paulida siddhinta , 365 d. 6 h. 12 m. 36 sec. = 365-256875 Bidereal.
A.D. 400 to Old Sirys siddhinta . | 365 d. 6 h. 12 m. 36 sec. = 365-25876

Romaks siddhinta . | 365 d. 5 h. 55 m. 12 sec. = 365-2466 Tropical

(Hipparchus).

AD.500 ., . |Arysbhata . . .| 365d. 6h 12 m. 30 sec. = 365-25868 Sidereal.
AD. 628 . . | Brahmagupta . .| 365d. 6h. 12 m. 9 sec. = 365-25844

Later Arya siddhinta . | 365d. 6h. 12 m. 308 = 365-25860

”»

AD.1150 . |Bhiskara . . . |365d 6h 12m 9 = 36525844
Later Strya siddhinta . | 365d. 6 h. 12 m. 3656 — 36525876

AD. 1917 . H‘:d.dh:;m Brahma sid- | 365d 6 h. 12 m. 309 = 365-25860 %
anta.
md{ 365d. 5h. 48 m. 4598 = 365-242199 Tropical.

365d. 6h. 9m 95 = 365-206360 Sidereal

Approximately eco
values.

59. CycLes or Yucas.—The evolution of the cycle or period of time (yuga)
employed as a sort of major astronomical unit by the Hindus is fairly defin-
itely outlined. We have the following order:—

Cyele, Text. Period.
| Jyotisha Vedinga .
b years ay | - Up to sbout A.D. 200. The
Biryaprajispti . a - Paitimaha siddhinta uses the
epoch of A.D. 80.
; Paitimaha siddhiénta
2,850 years . : . . | Romaka siddhénta : . | AD. 400
180,000 years . . . | Early Bdryasiddbinta . 5 "
v e ] S
4,320,000 years .« | Later siddhintas . . . | AD. 500 onwards,
4,320,000 0N years . . | Brabmagupts, etc. - . | AD. 628
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It may be noted that 4,320,000=20.60°; 1,080,000=5.60°; 180,000=50.60%;
2,850=19x50. This last suggests a connexion with the Metonic cycle, and
this suggestion is supported by the fact that the Romaka Siddhdnta also
employs the tropical year of Hipparchus.

. None of the cycles is of great antiquity in India—all, except perhaps
the five year cycle, were imported with the western astronomy, but their
history is not very clear. The Greeks had successively employed cycles of
8, 16, 19 (Meton), 59 (Oenopidus), 76 (Calippus), 2,484 (Aristarchus), 304 (Hip-
parchus), 10,800 and 180,000 (Heraclitus), 120,000 (Orpheus), 360,000 (Cassan-
drus) ; and the Chaldean cycle was 432,000 years. The Greeks sought a period
without fractions (ezeligmos) and so did the Hindus.? The earlier and smaller
cycles were attempts at reconciling the motions of the sun and moon only.
Later the planets were brought into the scheme and the cycles naturally be-
came greater (1,080,000 years) and later still the revolutions of the apsis and
node of the moon being included necessitated a still greater number (4,320,000
years) ; and later still the inclusion of the supposed revolutions of the aspides
and nodes of the other planets involved the still greater cycle of 4,320,000,000 years.

, The subdivisions and multiples of the mahdyuga of 4,320,000 years have
little astronomical value. “Aryabhata and Brahmagupta differ as to details
and, on this matter Brahmagupta, as representing the orthodox, condemns

Aryabhata.

S Aryabhata. Brahmagupta.
Periods.
1st Yuga pada 1,080,000 = B5.60° 1,728,000 = B8.60* | Krita.
2nd G 1,080,000 = B5.60* 1,296,000 = 6.60* | Treta.
3rd ” 1,080,000 = 5.603 864,000 = 4.60* | Dvipara.
4th = 1,080,000 = 5.603 433,000 = 2.60% | Kali.
Mahiayuga or Chaturyuga 4,320,000 =20.60° | 4,320,000 =20.60° | Mahiyuga or Chatu-
yuga.
Manvantara T2 » 4320000 = | 71 x 4,320,000 = | Manvantara,
811,040,000=24.60* | 306,720,000=
" 71.(20-60%
Kalpa 14 x 311,040,000 14 x 306,720,000
= 4 354,560,000 + 156 x 1,728,000 |
=JH-r = =4 320 000 (w1
1008 (20.607) = 1000 (20.60" | Ealps.

' The Mahabharata (iii, 188) refors to the mahdyugs. Adcks speaks of * the kalpa of destruction,’ and an
inscription of A.D. 150 mentions the end of the yugss. SeeJ. F. Frusr, JRAS, 1911, p. 455. See also p. 26,
2 8es P, TaxvERy. Le grond onnde d Arisloroue de Samos. MEmoires scientifioues, ii. 5eo: nlso Dmian-
pEX'S analysis of the chapter from Geminus * Peri excligmos.’ Hisloire de Vastronomie ancsenns, i, 297 ; Fuaer

JERAS, 1911, 479 f seg.

K
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Brahmagupta gives another variation which makes a kalpa 994 times a
mahayuga.  AlEo" there is a further extension employed called the mahdkalpa
or half the life of Brahma, equal to 100 X360 kalpas =155,520,000,000,000 years.

We are supposed now to be in the Kaliyuga of the 28th Chaturyuga in
the 7th Manvantara in the first Kalpa in the second half of the life of Brahma.

60. Erocrs.—The Hindu astronomers were not observers but ealculators.
Their text-books gave the necessary elements, and to find the positions of the
planets at any particular time they &id oot make and record observations
and calculate from such observations, but calculated from a given epoch the
places the planets should occupy. Variha Mihira gives as the working epoch
for the Paitimaha Siddhinta, Saka 2=A.D. 80, and for the Romaki Siddhania
Saka 427—AD. 505. Brahmagupta employs A.D. 665. The modern Sirya
Siddhanta actually works from the beginning of the Kali yuga, or 3102 B.C,
while it and other texts also appear to work from the beginning of the Kalpa
or even from their estimated period of creation, or nearly two thousand million
years B.C.

The following dates occur :—

Kaliyugs . 0'= BC. 8101 = 3,240,000 of the chaturyuga.
Saka . D=AD: 718=33119 ., e

3= . . 80=93810Y Z
427 = " 505 = 3,243,606 "
m = ¥ 655 = 3.'2-!3,7'55 " Ly
W3 = 1031%= 3%,132 " "

The ahargana.

61(a). The term ahargapa, or ‘sum of days’ refers to a method of car-
culating, by means of the number of years, intercalary months and omitted
tithis in a yuga, the number of civil or sivana days that have elapsed from
a certain period, when the years, months and tithis, in which dates are gene-
rally expressed, are known. The years are either sidereal or tropical (the
difference being ignored) ; the months are marked by the entry of the sun
into the successive signs; and the tithis are one-thirtieth parts of the synodic
month.

The texts give the vears (Y) in a cycle, the intercalary months (M) in
a cycle, and the omitted tithis (D) in a cycle as the essential elements;
and from these the other elements can be deduced as follows:—

Solar months . - . . : - 3 = 18Y
Synodic months . - : ‘ . .M = 12Y 4 )
gidereal months . : - - : . M, = M, 4+ Y
Solar days . 5 : : i : . D. = 30M
Tithis. RN . . r . D, = 30M,
Savana or civil days . : . D = Dy—-D,

1 The Kaliyugs began at sunrise at Ujjsin on Friday, 15th February 3102 B.C., according to some suthorities
acearding to others st the preceding midnight.
-w-ppm.m.mm-x.mmmm
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I we express the yuga or cycle elomenta by capital letters (aa above) and the elements for any given time
by small letters we have

m, M, d, D, ﬂa_ni_ d_n,
o R e R e s Sheae

m M ¥y

(b) Pulifa’s method of division.—Fulifs, who appears to be the chief suthority in these calculations, employ,
the following method of division : If

Acfd
A Acid A ~ B o,
b7 od = 25 thenx =y and gy = B

For example—
= A A — 104,064 A 104,064
o 104,084 1,593,336 |m.m= = 271 A/4.050,000
1,603,338~ 976 976 ¢
A— AINSTS %

AR =

(¢) Ahargapa without ksheps.—1l the time that has elapsed since the beginning of & yuga or eycle is
expressed by y ren m’ motths’ gpd d; tibk then (i) m, = 12y 4+ m', (i) m, = [m, i’,]‘ where the
square bracket demotes that the quotient only is to be taken, (i) m;= m, +m, (i¥) d = Im + d
4, = [4 ;'.3. (W) d = d,—d,

Esomple.—At the commencement of Saka 963 (A.D. 1031 Fobruary 25th) 3,234,132 years of the

wdbimlsad
chaturyugs had passed, and (i) me =12 x 8,20413% (i) m, = """’::'ml'msm = 1,196,525

(omitting the fractional portion), (##i-#%) d = 30 (12 x 3,264,132 4 1,196,525) = 1,203,783,770,

omiled thks
) dy = '*”“’“"—-—’L’&E'm—l_ 18835670, (w) d= 1,203,783,270 — 18,835,070 = 1,184,047,501

savanos or civil days
(d) Brakmogupis's rule for the epoch faka 587 (= A.D. 665).
(i d = 30 (12 (y 587} + m) + &, , the days of the date being expressed in solar days (s curious pornt).
i [d. + ﬁ—{g.ﬂ+ EHIM]_

(i) 4= 0m, +d.
P [ud.—:u d, + 401 / mm]]_

) d=d —d,

1 The following rativs are employed in_the examples below :—

D _ g 63370 D, _ o799, D, _ 2104086 = D _ 4 %81
DO ¥ " 0w U mess Y e
Bee appendix iii, 4, p. 120,
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The quantities 5 and 497 are added in on sccount of theepoch. At 587 8. the caleulation for the uter-
calary months gives a fraction of g, and that for omitted tithis gives » fraction §3. Schram's ealoulation for
the epoch is as follows : at the beginning of 687 Saka 3,243,768 years of the chaturyugs had elapsed, and

solar days
(i) d, = 360 x 3,243,766 = 1,167,755,760.

, 1,167,755,760 — 78,139 S
- 271 x 1.m$ 760 _ mm%d_[ - T8I0 _ 0830 o

sirbar el bl thikls
(i) 1,177.765,760 + 30 x 1,196,391 = 1,203,647,490,

11 x 1,203,647,4°0 50,100 11 4 1,209,847,400 — 11 amited Wtse
T o Ln RGTTY sod [ == = 18,833,875 &7

1,113,6731 s 703

omlited tithis SATROL i
o) 1'305,647,400 — 18898575 = 1,184,813,915°
{e) Brahmagupid'a method for adhimdsas.—For y years we have

o= -2

om =L .1_..;.1,,

m=m—m =% (+2 — )= (s 55 o5 — ) = L

(m,q. l—i!—: - ?%!) which represents the rule given in the text.

The wbove examples indicate the methods employed, but they are not
exhaustive. The practice varied and the texts are rather unsatisfactory.
Apparently the Romaka Siddhanta is the earliest text which gives such ele-

ments as D, M, and D, and the ahargana process. *‘ This,” Variha Mihira
says, “is the method of the siddhinta of the Greeks.”

62. PrecessioN.!—It has already been pointed out (§ 53) that the initial
point of the Hindu celestial sphere is now considered as fixed at a point near
T Piscium; but VarZha Mihira relates that, while in his time the summer
golstice took place in Punarvasu (? « and  Geminorum), formerly it had taken
place in the middle of Aslesha (? n Hydrm) and was then correct. This state-
ment was made to elucidate an astrological rule® relating to certain aspects
which are said to occur when (3, — 23° 20") 4+ (A, — 28° 20) =0 or 180° and the rule
and explanation imply that the amount of precession during the period was one and

-

§ Boo (b) i.
- ee (b) il

* Nota that d = uqs,mg_ 1,184,813,01445 whers D = 1,677,917,800 and F== 4,320,000.

! Mreceasion waa also dealt with in parsfraph 31, to whach reference should be made.
1 PR iH, 30-21. Also PS iii, 1-2, whers he substitutes * ths beginning of Cancer * for Panarvary
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two thirds nakshatras or 22° 20'. Immediately afterwards Variha Mihira says:
“ When the degrees of the ayana are in the opposite direction, the quantities to be
added to the sun’s and moon’s longitude equals the sun’s maximum declination.””
This is said to imply a libration of the equinoxes, and this notion of libration or
a modification of it appears to have been the theory generally accepted by the Hindus.

The modern Sirye Siddhinta (iii. 11-12) says: “ The arcle « « o o
has moved eastiward, when the longitude of the sun, as obtained by calcula-
tion, is less than that derived from the shadow, by the number of degrees
of the difference; then, turning back it has moved westward by the amount
of the difference when the calculated longitude is greater.”

As Whitney points out, it is evident that the initial point of the sphere
was regarded as the movable point and the equinox as the fixed ome. This
very curious idea was not peculiar to the Hindus, for Albirfini condemns Vardha
Mihira because he “ had no knowledge of the motion of the fixed stars towards
the east . . . .” “The solstice has kept its place,” he says, “ but the
constellations have migrated, just the very opposite of what Variha Mihira
has fancied.” The supposed motion of the constellation Ursa Major; already
referred to, is no doubt connected with the same idea.

The rule for calculating the amount of precession is this: (a) “In an age
(.., 4,320,000 vears) the cirele of the asterisms nakshatra falls back eastwards
six hundred revolutions. (b) Of the result obtained after multiplying the sum
of days by this number, and dividing by the number of natural days in ap
age, (c) take the part which determines the sine, multiply it by three, and
divide by ten: thus are determinel the degrees of precession.”

There are here three separate directions: (a) gives the period of revolution
“L‘?&gﬂ — 7,200 years; (b) directs us to find the fraction of a revalution

(the phase) at the given time and (c) states how the actual precession is calculated.

The revolutions referred to are those of a point on an epicycle whose centre
is at a fixed point on the ecliptic as deferent, and the radius of the epicycle
is & of the radius of the deferent.

The angle subtended by the radius of the epicycle at the centre of the
deferent is therefore approximately 17} degrees. In one revolution of the epi-
cycle the precession is 4 X 174° and as one revolution takes place in 7,200 years
the amount of precession a year is approximately 35 seconds.® Other texts

1PB. i, 20 mmumwﬂdmumamumdﬁ].
Bouché Lecleroq, p. 161 Bee also Albirlini, ii, p. 204,

(1) JA7S 1838, p. 244, (2) India ii, 88. (3) SS. i, 9-10. (4) Whitney gives 800 but poinis out that
Bhiskars gives 30. The phrase in guestion pﬁmm'%qﬂ'ﬂﬂﬁumw
precession of 328"

* Ptolemy s value was 36 seconds.
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appear to give 27 as the radius of the epicycle.! Bhiskara discards the libration theory
and gives a complete revolution in about 21,636 years or a yearly rate of practically’
one minute of arc : but Bhiskara's teachirg on this point was not accepted by the-
Hindu astronomers and the libration theory seems generally to have prevailed.?

Hixpu Star Lists.

63. The determination of the position of the stars with exactitude does not
seem to have interested the ancient Hindu astronomers® In early works the
brief lists of stars with celestial co-ordinates given are generally in connexion
with the path of the sun and moon through the nakshatras. In each nakshatra
the position of a junction star or yogatdrd was determined. The Pasichasid-
dhdntikd mentions seven of these while the Sirya Siddhanta gives the position
of 28, one for each nakshatra, and also of seven other stars.

The Pasichasiddhintikd record is as follows:—

“The yogatdrs of KRitriki is at the end of the sixth degree and three
and & half hastas to the north of the ecliptic; that of Romiyi
is at the end of the eighth degree, and five and a half hastas
to the south of the ecliptic.” (XIV, 34) “ The two stars of
PunaARvVAsU are at the eighth degree, and to the north and south
of the ecliptic at an interval of eight hastas. The star of PusaYa
is at the fourth degree, three aid a half hastas to the north.”
“ Of AsLesEi the southern star is at the first degree one hasta
(south); so also the northern star of MacHA, the conjunction takes

place in its own field,* at the sixth degree. Of CuiTrA at seven
and a half degrees, three hastas to the south.”s

! According to Theon some ancient astrologers had found that the stars had an oscillation of 8 degrees back
wards and forwards in 672 years. {DErassss, ii, 625) Aba'] Hassn sssumed that the motion took place in & eirele.
whose radins occupied 10 degrees of the ecliptic and whose centre was absolutely fixed. The rate of motion was
nppoudtnhaiﬂ'ﬂ‘inlmlvﬂﬂ.'hhhwmdlhunmpdﬂ'lymhlhndipﬁnitnlﬂlginm
tanus gave the circle & radius of 4° 18", Copernicus sxsmined the theory of trepidation and pointed out that the
mm.wmmmapmmﬁmhmm;mnmmmmmmtm
jta regularity waa re-established. * The suthority of Tycho Hrahe was so great that the mere fact of his having
wmwdmﬁmmwmwmmﬁummﬂmmmdUmm
(or & t!ousand years and possibly much longer." Duryer, Tycho Brake, p. 356.

* Albiriini (Indis i, 366) thonght that the Hindus discovered that the real solstice preceded the solstice of
1mmﬁnhm.m;muwmm"Pnsph_,m-umuutmmuxauu,npmum
year 854 of the Sakakila the real solstice pregeded his caloulation by 6° 50, and that this difference will increase
in future by one minute every year." Bee also Corzsmooxe Essays ii, 332, 333

3 Alberusi writsé (I1, 83) : “ The Hindus are very little informed regarding the fixed stare. 1 never came
mmmdﬁummmwmdmmm-mmmm-hhwpﬂmm
oat to me with his fingers” 7 4 ie., on the ecliptic.

'MHWHIMM&MHMMNMMHIEMMMMM
as 32 minates (58. IV, 1) we havc spproximstely 1 afigula = 2° 8 and 1 hasts = 61" 12° roughly ; but possibly
1 afiruia Wii meant 1o messure 2 minotes. Also 27 makshatras ocoupy 360° and one therefore occupies 13} degrees,
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The Siarya Sidddanta gives the positions of the chief stars of the naksha-
‘tras in terms of polar latitude and longitude The Sirya Siddhinte stars
are given in appendix iii, table 1.

Hinpu AsTROXOMICAL INSTRUMENTS.

64. The only mstruments of practical utility for astronomical purposes
described in ancient Hindu works are the sun-dial and clepsydra. An armillary
sphere is also described as an instrument for purposes of demonstration. The
only Hindu instrument of any antiquity actvally found is the clepsydra, con-
sisting of a metal bowl floating in a vessel of water.?

The following is a summary of those parts of the early Hindu texts that
deal with astronomical instruments. (1) The CrLeEpsyDprA or Water clock is
referred to in the Jyotisha Vedange, where the amount of water that measures
a nadika (=24 minutes) is given. The more ancient form of water clock
appears to have been simply a vessel with a small orifice at the bottom, through
which the water flowed out in a nddikd®, but later on there came into use the
form described in the Sirya Siddhanta (XI1I, 23): “ A copper vessel, with a
hole in the bottom, set in a vessel of pure water, sinks sixty times in a
day and night, and is an accurate hemispherical instrument.” The Pasicha-
siddhantikd description* (XIV, 32) is similar, but adds * Or else a ndadikd
may be measured by the time in which sixty slokas, each consisting of sixty
long syllables, can be read out.”

A later description of the clepsydra is as follows: “ A copper vessel, weigh-
ing 10 palas, six adgulas in height and twice as much in breadth at the mouth
—this vessel of the capacity of 60 palas of water, and hemispherical in form,
is called a ghati. The aforesaid copper vessel, hored with a needle made of
3} mashas® of gold and 4 adigulas long, gets filled in one madikd.” -

In practice, no doubt, the dimensions of the bowl and the orifice were
determined by experiment. Bhaskara (XI, 8) indeed says: “ See how often it
is filled and falls to the bottom of the pail of water in which it is placed.
Divide 60 ghatis of day and night by the quotient, and it will give the measure
of the clepsydra.”

(ii) Tue Gxomox.—The sun-dial described in the early treatises is of the
simplest kind, consisting of a vertical rod, or gnomon, divided into 12 divisions.
The descriptions are of a theoretical nature, and do not apply so much to the
construction of instruments as to theoretical calculations. The Paiichasidhin-
tiki (XIV, 14-16) instructions are: “Mark from the centre three times the
end of the gnomon's shadow, and then describe two fish figures. Thereupon
describe a circle, taking for radius a string that is fastened to the point in

1 Bee page 53,

% It is the only instrument described in the din-i-Akbari (Ed. Jasret 111, 16).

3 J. F. Fieet The Ancient Indian Waer Clock J.R.A8,, 1015, pp. 213-230.

s Lala Thhottee Lil's Jyotisha Vedisga, p 12

5 About 56 grains troy. Fleet quotes another ruls, which gives the weight as & surrarno (=16 mdshasy, and
length 4 afgulas, drawn out round or square. Bhiskara simply says (X1, 8) it ** should linve & hole vored in its

bottom.”'
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which the two strings issuing from the heads of the fish figures mtersect,
and that is so long as to reach the three points marked. On the given day
viue shadow of the gnomon moves in that circle, and the base of the gnomon
is the south-north line;and the interval, in the north direction, is the midday
shadow.” (III, 1-7) This means, mark on any particular day the extremity
of the shadow at three different times—and these three points are supposed
to lie on a circle, the centre of which is found (in the usual way) by the
so-called fish figures.!

The Siirya Siddhinta directions (III, 1-7) are more elaborate but relate to
exactly the same type of dial. They are as follows :—

“(On a stony surface, made water level, or upon hard plaster, made
level, there draw an even circle of a radius equal to any required
number of digits of thegnomon. At its centre set up the gnomon
of twelve digits of the measure fixed upon; and, where the
extremity of its shadow touches the circle in the former and after
parts of the day, there, fixing two points upon the circle, and
calling them the forenoon and afternoon points, draw midway
between them, by means of a fish figure, a north and south line.
Midway between the north and south directions draw, by a fish
figure, an east and west line: and, in like manner, also by the
fish figures, between the four cardinal directions, draw the inter-
mediate directions. Draw a circumscribing square, by means of
the lines going out from the centre: by the digits of its base
lines projected upon that, is any . given shadow reckoned. The
east and west line is called the prime vertical (pama-mandala):
it is likewise denominated the east and west hour circle (unman-
dala), and the equinoctial circle (vishuvan mandala). Draw likewise
an east and west line through the equinoctial shadow (vishuvad-
bhd); the interval between any given shadow and the line of the
equinoctial shadow is denominated the measures of the amplitude
{m}‘ji

fiii) Armirrary Seuere.—The Sarya Siddhanta (XIII, 1-16) gives instructions
for the making of an elaborate armillary sphere:—

“ Let the teacher, for the imstruction of the pupil ...... prepare the
wonder working fabric of the terrestrial and stellar sphere (bhaibha
gola). Having fashioned an earth-globe of wood, of the desired
size, fix a staff, passing through the midst of it and protruding at
aitherni&aiurﬂ'un;andlikawiuamuplnufminingbandﬂ
and the equinoctial circle; these are to be made with graduated
divisions of degrees of the circle. Further, by means of the several
day-radii, as adspted to the scale established for those other
circles, and, by means of the degrees of declination and latitude
marked off upon the latter, at their own respective distances in

i The *fish figure” is the common part of two intersecting ciroles.
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declination, according to the declination of Arivus, ete., three bands
are to be prepared and fastened: these answer also inversely for
Cancer, etc. In the same manner, three for Libra, etc., answering
also inversely for Capricorn, etc.: and, situated in the southern
hemisphere, are to be made and fastened to the two band-suppor-
ters. Those, likewise, of the asterisms situated in the southern and
northern hemispheres, of Abhijit, of the Seven Sages (Saptarshayas)
of Agastya, of Brahma, etc., are to be fixed. Just in the midst
of all the equinoctial band is fixed. Above the points of inter-
section of that and the supporting bands are the two solstices
(ayana) -and the two equinoxes (vishuvat). From the place of the
equinox, with the exact number of degrees, as proportioned to the
whole circle, fix by oblique chords, the spaces of Aries and the
rest : and so, likewise, another band, running obliquely from solstice
to solstice, and called the circle of declination (krdnti): upon that
the sun constantly revolves giving light: the moon and the other
planets, also by their own nodes, which are situated in the ecliptic
(apa mandala), being drawn away from it, are beheld at the limit
of their removal in latitude (vikshepa) from the corresponding point
of declination. The orient ecliptic point (lagna) is that of the
orient horizon ; the occident point (astamgachhat) is similarly deter-
mined. The meridian ecliptic point (madhyama) is as calculated by
the equivalents in right ascension (lankodayds), for mid heaven
(hamadhya) above. The sine which is between the meridian and
the horizon (kshitija) is styled the day measure (antya), and the
sine of the sun’s ascensional distance (charadala) is to be recognised
as the interval between the equator and the horizon. Having
turned upward one’s own place, the circle of the horison is midway
of the sphere. As covered with a casing (vestra) and as left
uncovered, it is the sphere surrounded by Lokiloka. By the appli-
cation of water is made ascertainment of the revolution of time.
One may construct a sphere instrument combined with quicksilver;
this is a mystery, if plainly described it would be generally intel-
ligible to the world. Therefore let the supreme sphere be con-
structed according to the mstruction of the preceptor. In each
successive age, this cunst:mctiun having become lost, is by the
sun’s favour again revealed to one or other at his pleasure.”
(iv) Oraer InsTRUMENTS.—" So ulsu," the text continues, “ one should
construct instruments (yantras) for the ascertainment of time.
When quite alone, one should apply quicksilver to the wonder
causing mstrument.! By the gnomon (danku), staff (yashti) arc
fﬂ.ﬁauu}, circle (chakra), instruments for taking the shadow of
2 Gee the Siddhdnia Siromapi xi 50-51. The instrument appears to be sperpetual motion machine, which eon-

sists of & wheel with hollow (7 tangential) spokes, which are filled with mercary. * The wheel thus filled will, whea
ih-dm--dlnppuhﬂhrtwpnm,molwnimﬂi."

L
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various kinds .......... By water instruments, the hemisphere
(kapala), etc., by the peacock, man, ‘monkey, and by stringed sand
receptacles, one may determine time accurately. Quicksilver-holes,
water, and cords, ropes and oil and water, mercury, and sand are

used in these: these applications, too, are difficult ........ So
also a dial (noreyontra) is good in daytime, and when the sun
is clear.”

Such is the orthodox Hindu text relating to instruments. Nothing of
material value appears to have been added to these instructions until the
methods of the Yavanas were introduced, by Mahendra Siri and others; but
Bhaskara claims to have invented an instrument called PHALAKA YANTRA,'
which, he says, is an ' excellent instrument, calculated to remove always the
darkness of ignorance and is the delight ef clever astronomers.” This instru-
ment is simply a board divided by horizontals into 90 equal parts. At the
centre of the 30th graduation from the top, a pin, or style, is placed perpendi-
cular to the board, and round it a circle is drawn of radius =30 divisions,
which is gradusted in ghatis and degrees, and attached to the pin iz an index
arm (pattika). The instrument is suspended by a chain, and is used for obser-
vational purposes. It is in fact part of a very simple astrolabe. Bhiskara did
not seem very pleased with his instrument, for, he concludes (XI, 40) by
saying “ But what does a man of genius want with instruments, about which
numerous works have treated ? Let him cnly take a staff in his hand, and
look at any object along it, casting his eye from its end to the top. There
is nothing of which he will not then tell: its altitude, dimensions, etc.”

' Campace the * Balance Fhorarie ou Fezaire * desaribed by DEvassee Astronomie du Moyen Age, p. 52).
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CHAPTER IX.

Mathematical astronomy.’

65. The following notes are the result of an attempt to summarise, with
the aid of modern mathematical formuls, the more technical portions of the
classical Sanskrit astronomical texts.

The texts dealt with are the Aryabhatiya (A.p. 498), the Panchasiddhdn-
tikd (circa A.D. 550), the Brahmasphutasiddhanta (A.n. 628), and the later Sirya .
Siddhinta (citea A.p. 1000). The period covered, it will be noticed, corresponds
pretty closely with the period that was characterised by a remarkable rennais-
cance of literature, art and science in India; and the following paragraphs indi-
cate in a somewhat foreible manner, but, of course, only in part, the scope
of intellectual activity in India in that early time. This summary may
indeed, be looked upon as an aid to the study of a particular intellectual
phase of that period; and this ancillary function has partly determined the form of
presentation of the material.

SpuericAL TRIGONOMETRY.

Although no formal spherical trigonometry is exhibited in any text, the
early Hindu astronomers were obviously acquainted with principles that enabled
them to solve spherical triangles. This statement, however, requires some quali-
Geation. The Hindu school of mathematicians preferred to deal in lengths
rather than angles; they had no geometry of angles; and their rules are in
all cases stated as results without reference to the methods by which they
were obtained, and these methods are consequently buried in obscurity. As
these ancient astronomers were chiefly interested in results it is possible, if we
assume that they obtained these results from outside sources and were not
interested in the mathematical principles involved, tb conceive that they were
not acquainted with those principles; but the assumption is rather a strain,
as there are too many formule based upon the spherical triangle to be ex-
plained away. We may therefore certainly say that traces of the principal
formule of spherical trigonometry are found in the Hindu texts.® On the
other hand there occur indications which point to some lack of a knowledge
of the mathematical principles involved, and we may certainly say that these
pri::fcipleu were treated with a certain amount of indifference. In several of
the astronomical rules summarised below there are then at least traces of the
following rules of spherical trignonometry :—

(i) cos ¢ = cos @ cos b + sin a sin b cos C
(ii) sin A4 sin ¢ = sin a sin C
(iii) cos 4 sin ¢ — cos a cos b — sina cos b cos G
where A, B,Cmthaangleaufaspheﬁcdt:hngln,mdu.b.cmm
corresponding opposite sides.
1 appeared Journal of the Amaiic Sociely of Beagal, 1019
&?:n“;?:zmﬂu 'Fa:l:::fﬂ filker Efmlidkir Trigonometrie, p. 41,

Ll



72 HINDU ASTRONOMY.

The Indian astronomers employed the sine function principally, and the
versed sine (=1 — cos a) occasiomally; they never employed the tangent func-
tion ; and generally, but not always, preferred to emplov the sine of the com-
plementary angle rather than the cosine function.

In translating the Hindu rules into modern notation it must be borne in
mind that the Hindu sine function is a length. not a ratio; and denoting the
Paulida sine by sin P, the Aryabhata sine by sin A, the Brahmagupta sine
by sin B and the modern sine by sin a, where the arcs P, 4, B and a are
the same, we have

ginP _ sind _sinB
il i e AL
a, p and b being the Aryabhata, Pauliéa and Brahmagupta radii, measured in
different units. When actual values for the sines are given, which is very
seldom in the texts,! we have
simnP _snAd _ sinB
120 3438 3270

66. It should also be borne in mind that the rules are always expressed
fully in words, and that the more complicated formulse are built up in stages.
Here is a foirly typical example? in which the stages are marked A, B, C,
etc.

“(A) If the radius be multiplied by a given shadow and divided by the
corresponding hypotenuse, the result is the sine of the zenith distance. (B)
The square-root of the difference of the squure of that and the square of the
radius is the sine of the altitude, (C) which multiplied by "the radius and
givided by the sine of the co-latitude gives the divisor.’ (D) Multiply the
latter by the radius and divide by the radius of the diurnal circle and the
quotient is the sine of the umnata: (E) this, then, being subtracted from the
day measure and the remainder turmed into arc by means of the tables of
versed sines, the final result is the hour angle.”

The operations indicated are:

(A) sin z =rs/H, (B) sin (90° —2) = /r* — A,

(C) rB | sin (90° — o), (D) rC  rcos 8, where rcos 3 is the
‘radius of the diurnal circle, () r 4+ rtan ¢ tand — D, where r + rtang
tan 3 is the ‘ day measure.’

This means

versin h =r + r tan ¢ tan 3 — CJcos 3
=74 r tan ¢ tan 3 — rB/cos ¥ cos ¢
=f+ftanwtap3—rcms,-'mnlmaqs
or cosh =cos z [cos 8 cos 9 — tan 7 tan 3
when r =1.

= sin a

= sin a.

' The Paulifa Siddhdnia (PS.—iv, 24) gives sin 24° = 48" 48", while the Sirya Siddhdnia (i, 28) gives sin 2u°
= 1387, the modern valos bemg 0-4067 approximately. Now 4067 x 120 = 45004 and 4067 x 33" = 1393-2°
Sen also § &4,

* From the Sdrve Siddsanta—iii, 37-39. Fer paragraph 88(4) iv, below.
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DEeFIsITIONS.

67. (@) In figure 1 the horizon (kshitija) is represented by NES, the equator (vishu-
vadvritta) by EQ, the pole is P, the zenith (dyis) is Z, and FGR is the diurnal path of a
star. The angle PON =Z0Q = ¢ is the terrestrial latitude (aksha) of the place O, the
angle ROQ = 3 is the declination (krdnti) of the star and the angle EOF = a, is its

->

F1'§. L ‘
amplitude when on the horizon. The circle PGE, passing through the pole and the east
and west points, is the so-called ‘ six-hour circle’ (unmandala).
Denoting the radius QO by r we have
(i) RC =r cos 8, the ‘ day radius’ (dinavydsadala)
(ii) CD =r sin 3 tan ¢, the ‘ earth sine’ (kshitijya)
(i) sina, = 0D/OF = sin 8/cos ¢
(iv) RD =rcos83+ rsin3tang = r cos 3 (1 + tan ¢ tan 8) where
(1 + tan g tan 3) is termed the ‘ day measure ’ (antyd)

T
M
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(v) sin GCF = CD/CF = CD|RC = r sin3 tan ¢fr cos3 =tan ¢ tan 3, and
GCF = A ais termed the * ascensional difference * {charaj.!

* At sun-rise the hour angle RCF = 90° + A @, consequently cos b = — sin Aa = — tanp tan §

-y
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(b) In Eigure 2, NES is the horizon, NZMS is the meridian (yamyottarav-
ritta), QKE is the equator, ZE is the prime vertical (samomandala); X is the
position of a star, and MXF is its diurnal path. The angle ZPX =} is the
hour angle (nata), the arc NSH =a is the azimuth, ZXP is the parallactic
angle, NXS is the so-called ‘circle of position,” and NXP = £ is the aksha
valana, or * deflection due to latitude.’

(2) In figure 3, @ T R represents the equator and € T L the ecliptic (apa-
mandala). The point T is the so-called ‘first point of Aries.” The sun moves
along the ecliptic in the direction *dL. The circle PXP' is a declination circle
(Ardntivritta) through the star X, and KXK' is a circle of latitude (vikshepa).
In some Hindu texts ra instead of vd is termed the longitude of X, and
Xa instead of Xd is termed the latitude. These are sometimes called the

Fig 3.

‘polar’ or ‘false ' longitude and latitude. The obliquity @ =L T R is only
indicated as the maximum declination of the sun, or LR, and is generally
assumed to be 24 degrees. Denoting the true longitude ¥ d by » and the
ialse longitude T @ by %', and similarly the true (dr) and false (ax) latidudes
by p and f, and the angle Yab by 4, and noting that the angle of a T }
= o, and T ba =90° and also ¥ d ¢ = 90° we obtain from the spherical triangles
ya b and zda :
(i) tan 4 = cot wfcos ¥, (ii) sin 4 = sin Bfsin B
(iii) sin A — ¥ = tan Bftan 4.

(d) In figure 4, OA =- g represents a vertical gnomon (fanku), NOS and
EOW are the north and south and east and west lines through the base of
the gnomon. 1f OF =¢ is the equinoctial noon-day shadow (vishuvadhd) for
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northern latitude ¢, then F@, parallel to OW, is the locus of the equinoctial
shadow, and the line BO = s represents the shadow at a time when the sun’s
declination is south. Draw BH parallel to NS and denote BG by A4; then
BH =4+ e. The line BH = ssin6 is termed the bhuja, BC = s.cosh t]m
koti, and BG or 4 =s.sin 6 —e is termed the agrd.! The angle FAO =

- and BAO =z

RULES AND PROBLEMS.
68. In this section we summarise the principal rules given in the

siddhantas.

Fig. 4.

(@) The gnomon.—From figure 4 the following are obtained :—
(i) Angle CAO =2z, 4 9 — 3
(@) , FA0 =9
(iii) tan 9 = OF[0A4 =¢jg
(iv) sin z = BO/BA = s/H
(v) cos 2 = AO/BA =g/H.

(b) The hour angle, azimuth and zemith distance.—In the triangle XPZ ia
figure 2 we have ZP —90° — g XP —00°—38, ZX =z, ZPX =h and XZP
= 360° — a. From formule i-iii in paragraph 65 we obtain

(i) cos z = sin psin 3 + cos pcos Bcos h

(ii) sin@ginz = —cosdsin h
(iil) cos @ gin z == cos  sin 8 — sin pcos S cos &
and from these we get

{IV} cos h = cos zfcos ¢ cos 3 — tan ¢ tar 3
= (g/H cos  — sin 3 sin g/cos ¢)/cos
(v) cos @ = sin 38/sin z cos ¢ — tan ¢/tan z.
*4 =2 (ssin 8@ — ¢) when B is porth of EW (the positive sign to be taken when it is north of F(7).
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At the moment of rising since z = 90°, we have from (iv)
(vi) cos h = —tan ¢ tan 3

or, if A=90° 4+ Az we get
(vii)! sin Az = tan ¢ tan 8

where A « is called the ascensional difference (chara or ‘variable’,).

(¢) Declination and longitude.—In figure 3, if a is the position of a star
on the ecliptic then T 4 is its longitnde ), its declination § = ab, and its maximum
declination @ = LRor L ' R. Solving the right-angled triangle T ab we have

sin 8§ = sinag Thsing T
=s5in gin A

(d) To find the zenith distance when the star is on the prime vertical. —1f
the star is on the prime vertical, that is at z in figure 2, then a = 270°
and cos @ =0 and from () (i) and (iii)

co8 2= sin &/ sin 9 = sin A sin w/sin .

(€) The konasanku.®*—Again in figure 2, if SH = 45° then a = 180° + 45
and vos a = —1/4/2, and from the triangle XPZ or b (v) we get
- nin3=mazaincp+ainzcua@cosa

= €08 2 8in ¢ — 8in z cos 9/4/2
orcos*z (2tan® ¢ + 1)— 4 tan ¢ cos z sin §/cos ¢ + 2 sin? 3/ cos?p e 1-0.

Substituting in this e/g for tan ¢ and sin a, for sind/cose, and solving for coss,
we get

gesing, (9" (i—sin"a) | (gesinay
Rt e Tt e

CO8 Z =

(/) The agra.—Substituting sin a, for sin $/cosp, s/H for sin z, and g/H for

cos z in (B) (v), we get

(i) 8 cos @ + ¢ = H sin a,
For the point B in figure 4 we have g and z both positive, 8 negative (which
makes sin a, negative), @ = 00° 4+ BOH and cos ¢ — — sin BOH.
Consequently (i) becomes s sin BOH— e = H sina, But sin BOH =
BG+GH)/BO=(A+¢)/s and 5 sin BOH — e — A. Consequently

(1) A= H sin 6, = H sin §/cos ¢,
where A is the gara—which may be defined as the perpendjcular from the
extremity of the shadow to the equinoctial line,

(9) The drikshepa—The central ecliptic point, or point on the ecliptic that
is 90 degrees from the horizon is termed the nonagesimal point or tribkona-
lagna or vitribha, and the sine of its zenith distance (z) is termed drikshepa,
and its cosine driggati. The rule for the drikshepa or sin z,is evolved thus:
In figure 5 where N T H is the ecliptic, T E the equator, EHS the horizon,
ZMS the meridian and N ‘the nonagesimal, we have HY N = 90 degrees

HTYTE =ewand Y EH = 90°— o. From the triangle HE we obtain sin
HE sin TEH= sin YH sin H YE, or

10O these only (iv) and (¥ii) appear explicitly In the texts.
¥ flrge Eifdbenmie iii, P4,
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(i) sin a;, = sin X sin g/cos 9,
where a; denotes the amplitude of the rising sign or lagna (H) and % denotes
its longitude (TH). Also HE = 84, since ES = 00° and HA = 90° and there-
' I

Fi§. 5.
fore the angle MZN =a;, Now in the triangle ZMN we have MZN = a
ZN =2, ZM =z, and the angle ZNM = 90°; and consequently sin ZN
— sin ZMN sin ZM, or sin z, =sin ZMNg sin z. If now ZMN be considered
a plain triangle we have sin ZMN = cos MZN = cos a, and finally

(1) sin z, = sin z cos @

=,/sin’z — sin?: sn'e

as given in the texts.

(k) The valana.—In figure 6, NES is the horizon, CX the ecliptic, NX5
is the circle of position of X, P is the pole of the equator and K is the
pole of the ecliptic; PX =90° — 3 is the hour circle of X and XPZ = h
is its hour angle, Z being the zenith; PN =gpand PK = w. .

Fi§. 6.

According to the Paulifa siddhdnta the valana or angle of position of the
point X on the ecliptic is the angle NXP = &° but later 'siddhintas more

'mﬂ::mmwm“dm‘ﬂﬂhﬂm‘{miﬂc}.

M
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correctly imply that it is the angle NXK = £ — x, that is, the angle between the
cirde of position and the circle of latitude, or, what is the same thing, the
angle CXE' between a circle (XE') parallel to the prime vertical and the
ecliptic. :

In the triangle PXK gsince KXP = x, PK = v, KX =90° and XP
= 90° — 3, we have

(i) sin x = sin PX sin XKP/fsin XP
= sin o gin (90° 4+ A )/cos 3
and in the triangle NXP
(ii) sin £ = sin PN X sin ¢/ cos 3,
for which the text substitutes sin h sin p/cos 3. The angle NXP = is termed
aksha valana, or * deflection due to latitude, and the angle x is termed dyana
valana, or * deflection due to obliquity.’

(i) The drikarma and planetary conjunctions. By some of the later Hindu
astronomers the subject of planetary conjunctions is considered. Two planets
are said to be in conjunction when they are on the same circle of position (that
is on the same secondary to the prune vertical), and on such a circle the

L 2 .
stars rise and set simultaneously. Unless, however, the circle of position coin-
cide with a circle of latitude, the two stars cannot have the same true longi-
tude, and it becomes necessary to find the longitude of the point of inter-
section of the circle of position with the ecliptic, when the true longitude of
the star is known.

In figure 7, z'a is a portion of the ecliptic, and aX and 2’X are respect-
ively the circle of latitude and the circle of position through the heavenly
body at X. The problem is to find the longitude of z’ when that of a is known.

Let zah be the day circle of the point @ and z the point of intersection
between this day circle and the circle of position, then the first step in the
solution of the problem is to assume that az is sufficiently nearly equal to
«'a for the purpose .in hand
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Draw the declination circles Pz, Pa, Pb through the points z, a, and X,
the last cutting the day circle in b, and denote the angles aPb and zPb by
¥ and Yy

We have za — zb — ab, and it may be noted that at the solstices aX and
aP coincide and ab disappears. The process of determining ab is therefore
called d@yanadrikarma; while at the equator aX and Pb would coincide and
then zb would disappear and the process of determining zb is termed akshadri-
karma.
(i) Ayanadrikarma.—The angle PaX between the circle of declination Pa
-and the circle of latitude aX is the ayanavalana (see (A)) and we have

gin Y, = gin aX sin PaX fsin PX
= sin £ sin x/cos 8.

(i) Akshadrikarma.—The angle PzX is nearly equal to the akshavalana,
E, and sin zX = sin bX/sin Xzb and BX = @', the polar latitude, so we
have

sin , = sin zX sin PzX[sin PX
= gin B’ sin E/cos 3 sin Xzb nearly,
and at the horizon the angle Xzb is equal to the colatitude of the place.

THE ASCENSIONAL DIFFERENCE.

69. At the equator, where the horizon is at right angles to the equator,
the apparent daily paths of the stars are circles at right angles to the horizon,
and we have right ascensions ; while at the poles the apparent daily paths are
parallel to the horizon; but at any other latitude (¢) they are inclined to
the horizon and we have oblique ascensions. The Greek astronomers paid con-
sidetable attention to the relation between right and oblique ascensions and
determined therefrom correct rules for the calculation of the length of the
day, rules and tables connected with the rising sign or ascendant or horo-
scope, culminating signs, and problems in which the sun’s declination and terres-
trial latitude were involved.

In figures 8 and 9 the horizon is represented by AC, the ecliptic by Cr
and the equator by Ar. The arc Av is termed the ascensional equivalent
of TC, the arc 1A being that portion of the equator and vC that portion
of the ecliptic that rise in the same period. At the equator CB coincides

[
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with C4 and T4 = TB is the equivalent of vC in right ascension, or the
right co-ascendant; for the latitude o the equivalent in oblique ascension (or
oblique co-ascendant) is T4, and AB is the ascensional difference.

Fi§ 9.

In the triangles TABC we have vC = Aor 360° — 3 CB =3 the angle

ArC = w, and the angle ACB = ¢; and consequently

(i) sin vB = sina, = sin A cos w/cos 8

(ii) sin AB = sin A 2 = tan p tan 3

(i) vd=a =a, Fa
where a, denotes right ascension, a, oblique ascension, and Aa ascensional difference.

To calculate the time of rising of any particular sign we have

{“r} b = Oy — (Aa, — Mn—-l}
where f, is expressed in degrees, and # refers to the n™ sign according to
the order given in tables 9 and 10.

The Paulifa Siddhdnta gives the' ascensional differences in the form 20e,
163¢, 6¢ where e is the equinoctial noonday shadow. Brahmagupta similarly
gives 19¢, 16}e, 6e. The only table of oblique ascensions appears to be the
very rough one in Variha Mihira’s Brikaj Jataka; the later Sarye Siddhinta
gives right ascensions, but none of the early Hindu texts appears to give
correct tables for oblique ascensions or ascensional differences. The fairly accu-
rate tables given in tables ® and 10 are taken from Ab@i ‘Ali al-Marrikoshi
(18th century).

70. THE rAGNA.—The point of the ecliptic on t.he horizon (horoscope,
ascendens) at any time is termed the lagna. Its determination may be ex-
plained by an esample. Suppose that 7 hours 17 minutes has elapsed since
sunrise at a place whose latitude is 36°N., and that the longitude of the sun
is 42 degrees. The table of oblique ascensions (table 9), converted into time
units, gives for latitude 36° 1

e 1M1 e I 2 = 1 =, = P2
Since the sun has advanced 12 degrees into the second sign we have fret o
find how much of ¢ has not been used up. This is {1'31-3 X (30° — 12°)/30° = 53
minutes approximately. '
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"Now

17T =55+ 12 57 + 2 21= 4 (22 47). :
the last term being less than t,. The time then corresponds to some point
in ¢, (Leo) ; and since

/30 = (2° 47)/(2" 287)
gives z = 25° 8' the longitude of the lagna is approximately 4 signs 25 degrees
8 minutes.!

71. Lexeta oF pay.—The difference between the length of the day and
night is equivalent to four times the angle GOF in figure 1, when FGR represents
the path of the sun. Now sinGCF or sinda has been shown (§ 5(a) v)
to be equal to tanp tand. The length of the day in hours is therefore
(180° 4+ 2 Aa)/15 and in ghatis it is (180° 4+ 2 A 4)f6 where sinda= tangg
tand, and for ‘the longest day sinAs = tang tanw.t This rule is given
by Paulifa (P.S. iii, 11) and Brahmagupta, and Aryabhata (G 19) notes the
connexion with the * six hour circle.

No tables of the lengths of days are given in the early Hindu texts: the
following is taken from Abdi ‘Ali al-Marrakoshi.

Longest days for different latitudes.

Latitade. - rlrir|wtl:'|u"ﬂ' H-'|n-lw ﬂ"lriﬂ"ﬂ' w wtn- 5 sr-ln-lu- o
I i - |
P BT FT BTN ETRFTRETE P ETY FTRETY ETY STR ETY BTY PT :n‘u 1 17|18 {10 |ss.
o
Misutes . . . .fw|m]onfejsa s|ir|ew|eise|nfee| sfem|nnles|w| e
Beconts . . . . ok|1s|enfe0 sa 20| afoz|oefoaae| sise] af12ios 4| 4 a| 4| 0|m
THE PLANETs.

72. All the planets, including the sun and moon, are supposed to have
the same absclute daily motion of about 12,000 yojanas. The orhit of the
moon being known, the orbits of the other planets are found by (orbit of moon)
x R./R,, where R, and R, are the revolutions in a cycle of the moon and
the planet respectively. Whether the elements for the moon were obtained
from parallax observations or not is uncertain, but there is no direct evidence

* Theon (e. a.0. 350) calculated the lagna or * horoscope ' in the same way, but with reference to temporary hours.
Apparently the Hindus did not at any time employ * temporary * mul@rios or gphatis, but see Albirdni (Indio i
338), who discusses this interesting topic.

+ In modern notation cos b = — tan g tan 3 where 24/15 ia the length of the day in hours.

3 The Jyotishe Veddiga rule is:— _

length of day = 12 4 2 (183 — »)/6]1 muhirtas
where n is the oumber of days connting from a solstice. The longest day is therefors 18 mubiirtas = 14 hours 24
minutes, the shortest day is 12 mubfirtas = 9 hours 36 minutes, and the daily incresse is 2/6] muhiirtas = 1 minuts
34 seronds.  The Paitimaho Siddhdnts gives 1581 palas ( = 10 hours 36 minutes 24 seconds) for the shortest Gay
and 3 palas for the daily increase.
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of such observations. The following table is based on the elements of the later
Strya Siddhinta :— Y

A B A=+B
Onmirs. SIDEREAL Meax Dy

Prrions. MoTioxs.

Yojanas. Days. Yojanas,
Moox * 324,000 27-321874 11,8587
MERcURY 1,043,200 87-080702 11,858-7
Vexus - 5 . . » 5 . . . 2,664,637 224-608588 11,8587
Sux | 4,331,500 365-258756 11,8557
Mans 8,146,000 686-097404 11,8587
JUFITER . . . - : . . . . 51,375,764 4,232-320852 11,8587
Baromw . . . . . ‘ . . = 127,668,255 10,765-773076 11,858-T

The diameters of the planets other than the sun and moon are generally given
in terms of that of the moon. There is little agreement as to the values,
some of which are shown in table 4.

The mean motions of the planets are shown in the form of the number
of revolutions in a yuga or cycle. For example? Aryabhata gives the sidereal
revolutions in 4,320,000 years as

Bow . % . - 4,320,000 MERCURY . . « 17,937,920

Moox . 5 : . B7,753,339 JurrrER . . 364,224

Maes . : : . 2906824 VExUSs - . : 7,022,368
BATURN . A . 146,564

Since at the beginning of the Kaliyuga (i.e., sunrise at Ujjain, 18th February,
3102 B.c), or at the beginning of the Kalpa, all the planets were supposed to
be in conjunction, the finding of the mean place at any particular time is
not & difficult matter. If ¢ be the time elapsed from the epoch, then having
reduced ¢ to sivana days, d (i.e, having calculated the ahargana) the position
is obtained by dR/Y.Y|

There is no indication as to the means by which the revolutions (R) given
were obtained. They first appear in the texts in a fairly accurate form and
their appearance coincides with the introduction of the larger cycles—which, indeed,
were introduced in order to express the planetary revolutions in integral quantities.-

73. Sysopic REvorvTioNs.—The synodic revolutions are not usually given
in the texts, but they occur in s somewhat disguised form in the Pasichasid-
dhantiki (Ch. xviil), If P, is the synodic period of a planet and P, is
its sidereal pericd and E is the sidereal year we have

’mmnhdnm"ndmmwmdthmmdﬁnp{uu,htmnyh
place them in the * week-day order.’ 1

¥ For other values see tabls 5.

Téhhpﬂ{ﬂdﬁﬂhﬂhmmmmnﬂhﬂlﬁﬂﬂnul singls element—gee, .

however, the Podchasiddidaiiba, Ch. XVL
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1 1 1
ol s
where the upper sign is to be taken for a superior and the lower for an
inferior planet; and since P, = YE/R we have P, = YE| 4 (Y — R) which
is the rule implied by Variha Mihira. His synodic revolutions are given in
saura days as follows :—
Mars. Meroury. Jupiter. Venua Baturn.
7683 11454 303% 515} 3723 saura days.
and since 360 saura days = 365256 mean solar days approximately . these

values become
Mars. Mercury. Jupiter. Venus. Saturmn.
780 1159 3058 5839 378 days.

74. Epiovouss.—The caleulated mean positions of the planets were corrected
for the so-called ‘first inequality’ (that one, namely, which depends on the
planet’s position relative to the sun), in the Greek fashion, by assuming certain
epicyclic motions. The Greek astronomers taught that, while the planet’s mean
motion could be represented as a movement on the circumference of one circle,
called the deferent, its actual motion was on the circumference of another circle,
called the epicycle, whose centre was the mean position on the circumference
of the deferent. This is the scheme in broad outline only : it was apparently
based on the principle that the motions of a heavenly body must be made up
of pure circular motions—a principle that does not appear to have influenced
the Hindus.

Ha

In figure 10 the epicyclic motion of an outer planet of the type of Mars
is roughly represented. The point E represents the position of the earth, the
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circle 4, 4, 4,, etc., is the deferent, and the circle b, B, is the epicycle when
the mean position of the planet is at 4,. The epicycle is not drawn for other
mean positions, but its radius is marked (4, B, As B, etc.). The points
4, A, A, ete, mark the mean position on the deferent at intervals of 30
degrees, the corresponding positions on the epicycle being B, B, B, etc. The
period of revolution of 4 on the deferent is the gidereal period (P*) of the
planet, and the period of revolution of B on the circumference of the epicycle
is the sidereal year (E). At Ed, B, the earth, sun and planet are in line:
the point B moves from B, to B while the point 4 moves from 4, to 4,
and we have

LB A b R e
:?Egﬂhf'E%d;: 1.1";,]5-‘— = 1'8 in the figure.

From B, to B, the planet retrogrades and the angle of retrogression is in the
figure approximately 25 degrees. The stationary points are determined (fig. 10a) by
Br/EB = (velocity in deferent)/(velocity in epicyele) = ujv.t

I£ S, 5, S, etc., represents the orbit of the sun, (fig. 10a) then BS, BS, B,
etc., represent the distance of the planet from the sun, and, since ES is, with
the superior planets,® always parallel to AB (because the period of B is the
same as that of S, namely the sidereal year), BS is always equal to EA.

The plonet is nearest the earth when in opposition and furthest away
when in conjunctivn.

The superior and inferior planets require different treatment with reference
to the relative motions in the deferent and epicycle. If the anomaly (that is
the motion in the epicycle) be reckoned in the more modern way from the
radius A, b, always parallel to the original direction 4, By, then the following
scheme holds * :—

Pemrons or REVoLUTION.

On the deferent. - On the epicyele.
Superior planeta | Sidereal period Sidereal

MODERN WAT . . . { Y m s o
Inferior o yoar. Bidereal period of

l g

But the Greeks and the Hindusgenerally reckoned the anomaly from the directions

+ Bee § 78 1. 10 (a).
3 For Meroury snd Venus the centre of the epicyele is on the line | ointing to the mean place of the sun
since in these cases the pedod of A is the same as that of 8. ¥
3In fig 10 what may be termed the * modern anomaly ' is v + w, while the * ancient snomaly’ i v; and
gince for & sa; erior planet. ‘ -
§1E=1P,+ 1/P: or (P, + P,)P. = PyE;
and also (v 4 v /u = Po/E, we paves's = P, Pe. Bimilurly for an inner planet, as
i B S S e T T
E P P, . PP o v
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EA, EA, etc., that is from the apogee of the epicycle, and consequently the
periods were—

On the deferent. I! Om the epicycle.
e et -
uperior planets | Sidereal  period  of | Synodic  period ol
ANCIENT WAY . . . . . planet. planet.,
Inferior . Sidereal year. Bynodie  period of
planet.

75. Tue Hinpu scueme.—The general explanation of the disturbing causes
of the planetary motions is, in the words of the.Sirya Siddhanta (i, 1—4),
as follows :—

“ Forms of time, of invisible shape, stationed in the zodiac, called
§igrochcha, mandochcha and pdta, are causes of the motions of the planets. The
planets aftached to these beings by cords of air are drawn away by
them with the right hand and left hand, forward and backward according to
pearness towards their own place. A wind, moreover, called pravaha, impels
them towards their own points ; being drawn away forward or backward they
proceed by a varying motion. The so-called wucheha, when in the half orbit
in front of the planet, draws the planet forward: in like manner, when in the
half orbit being the planet, it draws it backward.” The term mandochcha, or
‘apex of slowest motion,’ corresponds to the term aphelion, while the term

heha, or ‘apex of swiftest motion,’ corresponds to the term conjunction.!

In the earlier siddhintas the line of apsides appears to have been considered
as fixed, but later a definite motion was given—possibly on the analogy of
the motion of the moon's line of apsides; but on what principle the actual
values given were obtained is not indicated. For the positions of apogee or aphelion
the following longitudes are given * :—

Sun. Mara. Mercury. Jupiter. Venme,  Baturn.
Pobichasigdbintike. = . . 10° 20° 160° 80°  240°
Brihmuphutuiddhinh - e 127° 297° 1707 a0° 252°
Sarya Siddhinta : ¢y i 130° 220° 171° 80° 237°

and the following are the revolutions given to the lines of apsides in
4,320,000,000 years :—

Bun. Moon. Mars.  Mercury. Jupiter. Veans oaturn.
Brahmagupta 480 488,105,858 292 382 855 653 41
Siirya Siddhanta 387 438,208,000 204 368 900 535 39

For Saturn the motion of apheﬁol]. amounts to about one minute of arc
in five thousand years! .

The Paschasiddhdntiki says—'The Sun is the so-called sighra,” and in
the Hindu system, as in the Greek, the revolution of the conjunction of an
inferior planet takes the place of the actual revolution of the planet itself.?

1% Superior conjunction ' is meant.
'lqlbhlhﬁmﬂ“lwmwdﬂum Barth, assuming that this was the result of direct cbeervation,
to estimate therefrom the date of Aryabhata's astromomy.
|gmdnﬁnnmmﬁdﬂdmmﬂuhmhmm;huthdpmdww'mmm=m Vednr
Mmmﬂrﬂuhmﬂﬂumymﬂrﬁmhihwmmtm
K
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75(a). TuE Two EPIcYCLES.—The Hindu scheme differs considerably in detail from
that of Ptolemy. The object appears to have been the attainment of the
correct apparent position of the planet without reference to the representation
of its actual motion. As far as information is available we gather that the
planet was regarded as actually moving in the deferent, and that the system
of epicycles was solely for the purpose of ascertaining the apparent position
in the deferent at any time.

The Hindu system involves the use of two different and independent epi-
cycles for each planet (except the sun and moon) and four sets of calcula-
tions, and the epicycles, at least in the later works, vary in dimensions with
reference to their positions on the deferent. In the Sirya Siddhanta these epi-
cycles are termed manda paridhi, or ‘ epicycle of the apsis, and Sighra paridhi,
or ‘epicycle of conjunction’ and their dimensions as given in that work are

as follows! :—

Dimensions of Epicycles.
Circumference of mands paridhi | Circumference of fighra paridhi
= g =N
Anomaly Anomaly Anomal Anomaly
0" or 180°, 00" or 2707, 0° or 1807, 80° or 2707,
Sox 4 o 13* W
Aloos g o 1 40
Mamns 75 0 =0 25 0 o35
MEROURY . . - - - . b a5 0 133* o 132 ¢
JUPITER 33 0 3 0 70° 0 = 0
Vesva . . . . . . 12t 0 11* o 262" 0 260° o
Batvex . . . - . . 49° 0 48 0 | 0 0 " o
J -

The change in the dimension of the epicycle is proportional to the sine
of the anomaly. If AE is the difference as given in the table and 8 the
anomaly then the dimension at 6 is given by E — A Esinb, or, if the Hindu
sine function is used, by E — AEsinffr. This result. is based upon the
proportion.

z __ sinb
AE = sin90°
where z is the diminution at 6. If
e.360° = E— AE#in 0, or E—2Egin 0
we may term ‘e’ the reduced epicycle.

Bnt E and e360° are ovly apparent dimensions, and the change is probably

dae to a supposed change in the distance from the centre of the deferent to

! Brahmagupta gives: Sun 14° to 13° 40" ; Moon 36° 317 to 307 44%
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the centre of the epicycle, and is connected with the ‘second inequality "—due
to the excentricity of the orbits.!

The values of E are for the circumference of the epicycle in terms of the
circumference of the deferent. For example the value 72 for Mars means that
the circumference of epicycle _ 72 _ 1
the circumference of deferent 360 5
or rfry = 1/5 where r, is the radius of the epicycle and 7, is the radius
of the deferent. We shall denote r,/r, by e, or e, according as the epicycle of the

apsis or the epicycle of conjunction is employed.

76. THE EQUATION OF THE CENTRE.—The processes involved in determining
the equation of the centre are generally four. If A denotes the mean position
of the planet then the first correction gives A = A + &/2 where is the
equation arrived at by employing the epicycle of conjunction; the second correc-
tion gives 3 =}, -+ &/2 where ¢, is the equation derived by employing the epicycle of
the apsis ; 3 = A + ¢, where again the epicycle of the apsis is employed ; and finally
% =% -+ ¢ where the epicycle of conjunction is again employed.

The calculations may be summarised thus :—

€. 8in v,

(i) % = 2 + &/2 where sin ¢, =_./e,’+ St 1
[ﬁ] Mn=M+5/2 ., gsine, = .80y
(i) % =2 + & , HDg= &.8N0
= i LR e, SN
‘ {“rl }$=,'1+‘1 1 SN 3, = JE'!_I_EEFME_'_I
where h=AN—2din=A—A it =% —1;

and v = A, — & ; and consequently
n=t—gandy, = v’ —ef2
The calculations according to the Pasichasiddhantikd (ch. xvi) may be
expressed i the following form. The later texts give rather more complicated
but not essentially different rules, of which a specimen will be exhibited in due course.

ii. | i 1 iv.
a=rcsnr . il : o] sa=euine’ | oy =esinn’ | a, = ¢ sina.
h=¢coavr . N . . 0 aeae P b= e conm
G=JaTF@EER o o x| e wos | G AT F (ra T BP-
£ = ain-! g vy e . . . .| g=sn"a, g =sinla, |e=rsinta,rg/e,
=2+ . o ] =N w2 Ww=12+m A=t .

! The term * oval ' has been applied to the epicycle in this connexion but is not altogether appropriste.

Theoretically, at least, the origin of the change in dimension of the epicyele is known. In the case of the moon
the effect of the second inequality was always to increase the absolute value of the first one, particularly in the
quadratures.  * The obrious inference was,” writes J. L. E. Druyer [Planetary Sysfems, p. 193), * that the radins
of the epicydle appeared to be of variable length, greater in quadratare than in syzygy.” But Ptolemy made the
centre of the epicyele move on an excentric so that its distance from the earth varied and consequently so did the
apparent dimensions of the epicycle. The excentric appears comparatively Iste in India. See the SiddAénic

Siromawi, 4. ¥, . -
53
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The Hindu method as applied to a superior planet is illustrated in hgm
10. The period of the epicycle is the synodic period of the planet {mlfnmg
in the Greek fashion always from EA) and that of the deferent is the sidereal
period of the planet. We have

A, BA,| M4, B, =PJP, ot “ =§' .
DR Mye

The problem is to calculate e=BEA4, The line BM=a is perpendicular  to

EA, while 4, M=b. Now EM?® 4 a* = EB}?
or (ry 4+ b)’ +o*=EB} “"‘E‘B,"* gine;

but b = r,. cos v and a = r,. sin v, therefore

(i) sine =

L Rk e ey

A simpler formula is

11 — BilJH-—* r'.'.'.
B e

g 2

W (f2+ r.cos v + r}, sin's

r, .80 v

€. 8nwv

 f

g sinv

= 14ecosw
but the Hindus, like the Greeks, did not employ the tangent function.
The maximum value of ¢ occurs when EB is a tangent to the epicycle,
that is when AB is at right angles to EB ; and then sin e=r,/r,=e, v=00"4¢.!
76(a). The following calculation for the equation of the centre of Venus is

sin ©

sin v

le 4 cose'

r
where & =.;',

based upon the later Sirya Siddhdnia elements 2 :—
The equation of the centre for Venus.
‘Given mean mf“’dﬂ . " " . « B° 18° 13,
Longitude of conjunction . . sl 7o « 10 21° 50 : smomaly e=2" 3° 37",
Longitode of apsts . « 219" 52': anomaly v'=§" 18° 35,
Epicycle of conjunction + _ + E, verien from 2060° to 262°. Difference AE, =2°
Reduced epicycle e, = (rE,—AE, sin v} /3680 r.
Epicycle of apsis i . B, varica from 11° tol12° Difference AE=1°. Reduced
epieycle e,={(rE,—AE_sin «)/360 r.
L i fii. iv.
For equation of | For equation of | For equation of | For equation of
eonjunction. apsin, apsis. econjunction.
Longitude A=8 18" 13| A=0 1"17| hu=9 1°28"| 3y =82'1B" 00
Apomaly . r=2 3379 HIFNW | o'=5518"N| | n=2 W
win v sin ¢ = 3080° | sin o= 680" | wmin g'= 601" | sin oy = 3069

1 Since * = 00 4 ¢ we have
tan c= & DDE £

g I—erne

of which & solution iy sin e= e.
1 Bee JAQS., 1858, 213f.

or sin e= ¢ (1 —sin®e ) /(1 — & =in g)
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ocos v
Corrected epicyele ¢ .
8 = ggnw

b = e cosp

e=va F C I -

- pin—l ar [ 0 =g
Corrected longitude .

Far oqlilinnui Fﬂl'dqiﬁllll of
conjunction. apais.

oos v = 1527° | cos v’ = 33607

e = 7133 e = 0328

@, == 2226 ay = 2%

5 = 1104 h = 1

6 = 5058’ ¢y = 3548°

5 =287 g =0

A E=1 17+ B =012

il
For equation of
npais.

ooa v’ =3308
- 8 = 0328
a5 = 2
by = 1104
£y = 358"
g = 0723
A2y =8" 18" 36"

Fuaq:;:ﬂocud
oonjunction.
cos vy= 1548
e = T
G, = 2218
b, = 1119

g, = 5067

5, — 25°59

23450 14° 35’

The process, it will be seen, is the same as that of the Pafichasiddhiintikd except that variable epicycles

have been introdused.

The only process required in the cases of the sun and moon is the * correction for the
ﬂplilr’ which may be rep‘l‘ﬁﬂ'ntﬂﬂ by tan e= (e sin v)f(1 4 e cos v). The early texts
give tabular results by means of which the calculations may, to some extent, be avoid-
ed. These, however, are not very complete and are not altogether in agreement.

Retrogression—1In figure 10 (a) if Bg or Bf (=r. Avorr. Av') is the arc on
the epicycle passed over in time Af, 7 being the radius of the epicycle, and » — CAB
or CAB' being the anomaly, then if B is small, the angle Bfn = ABB’ and fn= Bp
cos ABB'. But 8y EB = ax/R where R is the radius of the deferent, therefore

Bp cos ABE

za’=R. gn'EB=R.

EB

o NP

%

Fig ©a)

R. r.Av. B _ B’.‘,R.ﬂm or E%“?R.ﬁn.

umdh;m.lmm_'md&uu:wmau.i.mm:ir.lmmt-mnrm.hm'mmﬁ
epicycle ' (§ 75a) is generally employed.
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If a'= is equal and npposite‘tu the motion in the deferent, that is if

B= _ Au

EB~ Av

and B is a “station’ of the planet and 24EB is the angle of retrogression.
Instead of Br the Sirya Siddhanta gives ‘ the difference between the hypotenuse-
and the radius,” that is R — EB,or EF —R.

The text then gives the angles ABE for the stationary points B as.
follows :—

R. Au —-gi R.Ap=0, then

Mars. Mercury. Jupiter. Venua Saturn.

16 a6 50 17 65
from which the angles of retrogression AEB may easily be calculated if r/ R
be known. The Hindu texts do not give this value definitely, but it is approxi-
mately e, calculated for the epicycle of *conjunction.’

77. LatrrupE.—The node, Rahu, is said to cause the deviation of the
planets in latitude (8S. ii, 6). The later rule for latitude given is
aris f sin A
rfr

where ' is the maximum deviation as seen from the earth at its mean dis-
tance, r is the true distance of the planet from the earth, and ¢ is its mean

distance, and Ar is the distance of the planet from its node. The deviations
are given as follows:—

Moon. Mara. Meroury. Jupiter. Venue l Saturm.

Pafichasiddhintiki : e 0 17 41" 2 15 1° 41 2* 15 2* 15

Siirys Siddhinta : 4° 30’ 1° 30 * 0 | L 2 o0 2 o
ParaLLAX.

78. In works of the earlier period there is no reference to parallax and
there is no real attempt to measure the distances of the sun, moon and other
planets; while in later works the subject of parallax occurs only in connexion
with eclipses. The later Sirya Siddhanta treats of parallax in longitude (harija,
Gk. opleny), and parallax in latitude (avanati, * depression’): it states that
there is no solar parallax in latitude when the ecliptic is a vertical circle, and
slso that there is no parallax of the sun in longitude when that planet is.in
the meridian. This latter statement is not true, as Whitney points out,! unless
the ecliptic is also bisected by the meridian. (See §68 (g)).

Thahnﬁzmtalpamlh:oftheaunnrmooninmumedtohaequal to the
motion of the planet during four nadikas, or one-fifteenth part of a day. We
thus have o

= = (daily. motion of sun)/15=6,'15 for the horizontal parallax -of the sun,

= == (daily motion of moon)[15=:6,,/15 for the horizontal parallax of the moon,

! JAOS., —1858, p. 286,
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where 6 is the angular motion of the planet during the day.® Since 6 =gs/r
nearly, where r is the radius of the orbit and s is the arc traversed in one
day and since, in the Indian system, s is constant for all planets and is equal
to 12000 yojanas,® we have s/15 = 800 yojanas, which is the Hindu value of
the earth’s radins: and = becomes equal to s/15r = p/r which is approxi-
‘mately true when r is great compared with p.

Sometimes the difference between the parallax of the sun and moon is
given. Thus the parallax in latitude is given in forms that may be expressed by
g — %y = (0, — 6,) (sin 2,)/15=49" (sin 2,)/r
= (sin ,)/70

where sin z, is the drikshepa (see page 76).
The rule for parallax in longitude may be expressed by
™, = % €08 £, sin h‘r_")
where 2 is the longitude of the star and 3, is the longitude of the nonagesi-
mﬁl-‘
The Hindu rules for parallax may then be summarised thus:

(i) Horizontal parallax == 6/15

(i) Parallax in latitude =g = = sin 2,

(i) Parallax in longitude =, = = cos z, sin A —A
while the corresponding approximately correct formulae are

() sin == pfr

(ii) =g = = sin B, sin (y — B)/sin y

(iii) nx-nmﬁ,am (h, — ) /cos p
where A and B are the star’s geocentric longitude and latitude, and X, and B, are
the longitude and latitude of the zenith, and

tan y = tan BJoos (A, ——1).

We then have

(i) 0/15=¢p/r nearly ;

(ii) =sin 2, = wsin B, sin (y—B)/siny;
and  (iil) = cos g, sin (Ay—2")= wcos §, sin (A,—A)fcos B ;
ard as B is generally considered negligible in these Hindu calculations we have

z, = B, and sin (ly—2) = sin (A, — 2)

where 3’ is the apparent longitude; and as a matter of fact the zenith distance
(z) of the ﬂ'onggmimnl is equal to the latitude of the zenith (), and the longitudes
of the zenith (A) and the nonagesimal (i,) are the same.

LuxaAr ECLIPSES.

79. DiaMeTER OF THE sHADOW.—In figure 11 we have
(i) the angle TEM = PTE — POE = PTE — Q'ES = PTE — (QES —- QEQ")

i The mean values of the daily motion usually given are : moon 13° 10° 34" ; sun 50° &%, which make ='= 525
and = 30 : but the texts give noactual parallax values explicitly. The Sirya™ Siddhinta implies ='= 53-3
and =" — wm = 49, g

2 The Sirya Siddhdnta value is 11,8587 yojanas.

'hmmhmmﬂmmthmﬂmhhwhdfnmwaL
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where S, E, and M are the centres of the sun, earth and moon respectively,
EP and SQ are perpendiculars to OPQ, TM is

Fif 12.-

perpendicular to OS, and EQ’ is parallel to PQ. 1f R, R,, R, R, denote the
radii of the shadow, the moon, the earth and the sun respectively, and if
7. and r, denote the distances of the centres of the moon and sun from the
centre of the Eﬂ..‘l't]l, then, since the H-Ilg]ﬂ are all small, we obtain from {i]‘
(ﬁ} Rl = R,— R, {RJR- — 1} TulTs
The Paulifa Siddhanta simply assumes that R,= 38°; the old Sirya Siddhinta
gives the rule in the form
r. 90

2R, = 36’ — 36’ Y. 276
which! is obtained from (i) by making

R, =18 and R, = 732':
while the modern Sirya Siddhinta gives it thus—

K. = R,m. + R,m, (RJR,) — R, m, (R./R,)

where m, and m, are the ratios of the true daily motions to the mean daily
motions of the moon and sun respectively. This rule implies two assumptions,
neither of which is strictly accurate : (a) that the ratio of the true daily motion
to the mean daily motion is equal to the ratio of the mean distance to the
true distance; (b) that R, /R,=r_/r, which implies that the mean apparent
values of the diameters of the sun and moon are equal.

Doratios.—In figure 12 let M be the centre of the moon when about to
enter the shadow, € the centre of the shadow whose radius is R, ; let AN
be the ecliptic and MN the moon's path. If v is the velocity with which the
moon travels from M to M’ then the duration of the eclipse is

o g e e
(iii) t = 2MM'Jp = .-, v (R. £ R)*—F

¥ Here the Tlllﬁilﬂ.hlluﬂ.gthm.‘ the corresponding value of the moon's orbit would be

324000
"800 - 16 = 290 (we table 7).
Tu;mmhminubuolmnmutthﬂuhnmu!ﬁpl;h:mylﬂTTm
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where f is the moon's latitude at the time of opposition, and there are
60 nadikis in a day

For the time between the first and last moments of internal contact we
have

(%) ¢ =3 VR — Ry —
The Paulifa Siddhanta gives rule (iv) in the form

2 21

(=7 . 5V/4 (6—) (10— (E—a))
Binee B/240" = &in Alfsn.g 80°,
where 240" is the moon’s greatest latitude, and Ax is the difference in longi-
tude between the moon and its node; and since
sin A [ sin 1D‘ Ax/ 10,
nearly, where 10° is the limit from the node for a total eclipse; we hn.ve
B=240"Xx 21 X AN10 X 120=21 AA5,

where 21 is the sine of 10 degrees and 120" is the sine of 90 degrees acn:urd-
ing to the Paulifa Siddhanta tables (see table 11). We now have

=§/21,_ (21:1:;.) _221J{5_51)(1u-(5—ﬁ1])

These rules appear to ignore the variation in latitude that takes place, but the
Sirya Siddhdnte directs us to find the value of the moon's latitude at first
~ contact from the wvalue of ¢, to substitute this value and repeat the process
till ¢ .is constant: that is, as we know the longitude of the moon at the time
of first contact, we calculate the latitude and substitute the wvalue so obtained
and repeat the process until the results no longer differ.

80. SoLar EcLIPSES.—Apart from the preliminary calculations ‘nvolving
parallax very little is given about solar eclipses. The Paulifs Siddhdnta gives
the time of duration as

t=%v61 —ax
which appears to be obtained from the usual rule %/TR. F B)F =Bt for ﬁ_=§ Al

approximately, and R, + R. = 36, and v = 720/60 is the difference between the
mean motions of the moon and sun in a nadika.

8l. THE PROJECTION OF ECLIPSES.—" Since, without a projection (chedyaka),
the precise difference between two eclipses are not understood, I shall proceed to ex-
plain the exalted doctrine of the projection,”” writes the author of the Sirya Sﬂdﬁﬁm‘

In figure 6 let X be the position of the moon at the moment of oppo-
gition, then NX& is the circle of position and marks the north and south direc-
tion with reference to the moon, while the circle XE' at right angles to NX§

+ The time rules (iii) and iv) may be obtained direct from the modern rule
=/ BP—UFs (m—filL
where b is the rate of the moon’s motion in Istitwie, and m and s are the rates of the sun's motion in longitode, by
making 8 =B, & Ea and solving for &
Formulse (iii) and (iv) neglect bt but the Sirya Siddhdnia rule is an sttempt to account for this term.
t For the Greek treatment of this topic sce the dlmagest, VI, xi-xiil o
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marks the east and west direction. The angle NXP = CXE' is the walana,
which gives the directions of the ecliptic with reference to the ‘circle of posi-
tion’' and the east and west line (XE').

In figure 13 the centre of the moon at opposition is at M and Mn
(=16') is its radius. The circle of position is represented by NS and the line
EW corresponds to E'X in figure 6. The moon is supposed to be stationary
and the centre of the shadow circle is supposed to move from b at the first
contact, to e at opposition, to b at last contact, and the problem is to find
the locus of bed.

The radius of the circle ENWS, whose centre is at M, is equal to the
sum of the radii of the moon, and the shadow (16’ 4 41’ =57") a0 that the
points b and d must lie on this circle. Now make the angles EMa, ellN,
and WMc equal to the valana at first contact, opposition, and last contact
respectively, and make ab, Me and ed equal to the latitude of the centre of
the moon at those times, due care being taken with reference to the directions
The points b, ¢, d are thus fixed and the circle drawn through these points is
assumed to be the path of the centre of the shadow.

The Siirya Siddhdnta concludes the section dealing with this subject with
the caution that “ This mystery of the gods is not to be imparted indiscriminately.”

Nore.—See R. Scussu Eclipses of the Snm in India (sppended to Ssweet and Digsarr's [ndian Calendar).
Jacos notes thas * the eolipses mentioned in inscriptions are not always observed eclipses, but caleulate! an=t
E.L i pp. 422-423).
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CHAPTER X.

Conclusion.

82. The chief phases of the history of Hindu astronomy are connected with
the Vedas, the Vediiigas and the medimval text books, or siddhantas. Vedic
astronomy is naturally of the unscientific order, the Vedinga astronomy is
formal but crude, while the astronomy of the later siddhintas is, on the whole
of a very high intellectual order. The more important items of the available
“evidence that illustrate these phases have been given in the previous chapters,
but there are certain matters to which further reference may be made,—for example:
the relationship of the Vedinga astronomy to the current thought of the time, the
exotic astronomy of the later period, the controversy regarding the antiquity of the
Vedas, the evolution of astrology and the astrondmical deities ot India.

83. It will be recalled that the Jyotisha Vedanga and similar works very
strangely omit all reference to the planets and their motions, while in the epics
and other popular works of the period such references, informal though they,
be, are numerons. Let us assume that the Vedingas, Jitakas, the epics and
Purfinas more or less overlapped chronologically, and as a matter of conveni-
ence let us fix the whole period embraced. by these works as from 400 B.C.
to AD. 400. We are then forced toome of two conclusions, namely, that
either («) all the more advanced astronomical notions displayed “in the popular
" works are late additions or interpolations; or (b) the knowledge of astronomy
indicated in the popular works was in advance of that exhibited in the formal
astronomical works. The first alternative (a) seems to be untenable, since the
references to the planets, &c., in the popular works are far too numerous to
be -easily explained away, and their mode ofi occurrence, in some cases ab
least, does” not suggest interpolation; and, of course, in the west the knowledge
in question was widely diffused during this (assumed) period. We are thus
led to the sécond of the alternatives (b), and to the fairly legitimate deduc-
tion therefrom that the Vedanga astronomy was of the traditional order, and that
the professional astronomer had not kept pace with the time.! This conclusion,
that the Vedanga astronomy was not thoroughly representative of the period,
depends, however, upon the assumption made as to the chronology of the works
in guestion.

84. The second point is perhaps more important. The facts and the
chronology are, within reasonable limits of error, firmly established. About
AD. 430 the Hindu teachers began to expound a new astronomy that had
been received trom the west. The Hindus of this period were not obsessed
by tradition, they were ina plastic state of mind and their attitude in intel-
lectual and msthetic matters was one of rather eager receptivity. All that

i The same has happened in India in quite modern times. Even now the so-called orthodox teacher
mqﬂﬁ;pwmlmnﬂmmumd lore, and be often displays considerable ingenuity in trying ‘to save the
phemomena’, In Eumpe.nnt-ulm;go.!Mmdﬂhnﬂuuhhgﬂumrwumﬂndmmlnmd
fmith. e
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appeared good was welcomed, and, partly in consequence of this intelligent
attitude, there began for India a period that has been appropriately desig-
nated its ‘golden age’ In striking contrast is the beginning, at the same
period, of the ‘ dark ages’ in Earope, where a bigoted hierarchy disconded the inesti-
mable gifts of the heathen Greeks. India welcomed and assimilated as much of
the Greek teaching as could reach her; but from Alexandria to Ujjain was in
those days along journey, and the transmission of knowledge was hindered in
many ways, so that finally the Greek knowledge was received in India in a some-
what frayed condition.

There is an interesting corollary to this. Tradition says that the Arabs
first received their knowledge of scientific astronomy from India,! and, it is possible
hat the Arabs were thus instigated to acquire knowledge from the Greek writers
also. Later, Europe received from the Arabs the teaching it had spurned so long
betore.

85. The investigations of H. Jacobi and B. G. Tilak are worthy of special mention.
By means of certain quasi-astronomical passages they independently came to
the conclusion that portions of the early texts were composed some 4,500 years
before the Christian era. Jacobi is one of the most learned of the European
orientalists, end his opinion is, in.itself, of extreme value; but we are com-
pelled to reject some of his conclusions. Further, if my suggestion that the
nakshatras formed, at least in some cases, merely a relative scale whose initial
point was an equinox or solstice, be of any value, then the arguments of Jacobi
and Tilak generally fail.

86, In all countries, in the early stages of intellectual development, the
connexion between astronomy and religion has been intimate. For: India the
history of this connexion is particularly interesting and the literature relating
to it is sometimes beautiful. In comparatively late times an exotic astronomical cult
and an exotic astrological system tended to obscure the historical development ;
but the cult never became predominant and the scheme of astrology was alto-
gether subordinated to the spirit of Hinduism. Itis impossible to elaborate these
themes in the present volume but the summary accounts of Hindu astronomi-
cal deities and astrology in India appended may serve a useful purpose if they
draw attention to these interesting topics and the important part they have
played in the progress of civilisation. :

4 See also pages 47 and 49,
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APPENDIX L
Astrology in India.

Astrology has played an important part in the past and its preseut in-
fluence is enormous over that portion of the human race whose view of the
universe may be characterised as anthropocentric and whose capacity for credu-
lity is not very definitely limited. Its importance as a factor in the develop-
ment (or retardation) of civilisation has been recognised to a limited extent.
Bouché-Leclercq, Cumont, Housman, von Oefele , Nallino and others have dealt with
astrology in KEurope, Egypt, Mesopotamia and among the Muslims generally;
but with reference to India the only general account is Thibaut's very brief
summary in the Grundriss der Indo-Arischen Philologie. The following note
is merely an attempt to draw attention to a subject which, particularly in
India, has influenced thought generally and astronomy specifically.

Recent researches into the early history of civilisation seem to indicate
that astrology developed at a very early period and that its roots were deeper
planted and its branches more widely spread than was formerly held ; but we
must accept with caution wide and vague conclusions that are not supported
by direct evidence. The astrology that von Oefele writes of, for example, is
planetary astrology, and he states that “even in the most remote ages the
periods of evolution peculiar to the seven planets had been studied.” But
such a statement cannot be accepted without question. As based upon our
knowledge of Babylonian and Egyptian astronomy it might be accepted with
modification ; but such a statement is not needed as a postulate unless it is
assumed that astrology was necessarily planetary astrology in its earlier stages
It would not be difficult to formulate a genealogy of astrology vommencing
with the animistic vogue of the primitive mind and ending wv che stage
when the planetary motions had been observed with fair accuracy. For
undounbtedly astrology exhibits a phase of the tendency of the primitive mind
to endow inanimate objects with spiritual life, and it has little concern with
the astronomical discoveries of the last two thousand years,

In studying the earliest records of Indian literature and science we are
impressed with the absence of unambiguous records of the planets, and it is
generally conceded that planetary astrology was an importation from the west,
But this absence of official record may only mean that the older Indian hier-
archy rejected astrological principles, for there is evidence in the early popular
literature of a fairly wide diffusion of astrological practice. The early Buddhist
texts condemn such practice with reason, for it did not square with the funda-
mental principles of Buddhism ; and possibly this attitude influenced the Brah-
mans also. We do, indeed, find, in the Atharva Veda for example, notices
and indications of practices in Hindu literature of what might well have
developed into formal astrology; but it is only with the decay of Buddhism
in India that such formal astrology becomes prevalent.!

T This is possibly merely » chronological coincidence. Later Buddhism itself absorbed certain astrological
notions.
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The nakshatra list of the Atharva Veda is apparently of an astrological
character. It occurs in the seventh section of book xix and is as follows:—
1. Seeking favour of the twenty-eight-fold () wondrous ones, shining in the sky together,
ever-moving, hasting in the creation, I worship with songs the days, the firmament.
. 2. Easy of invocation for me the Krittikis and Rohini ; be Mrigadiras excellent, Ardri healthful ;
be the two Punarvasus pleasantness, Pushya what is agreeable, the Adleshas light, the Maghiis progress.

3. Be the former Phalgunis and Hasta here auspicious; be Chitrd propitious, and Sviti
easy for me; be the two Viikhis bestowal, Anuridhi easy of invocation, Jyeshthi a good
asterism, Mila uninjured.

4, Let the former Ashidhis give me food ; let the latter ones bring refreshment ; let Abhijit
give me what is auspicious, let Sravapa (snd) the Sravishthis make good prosperity.

5. Let Satabhishaj (bring) to me what is great widely ; let the double Proshthapadas (bring)
to me good protection ; let Revati and the two Aévayuj (bring) fortune to me ; let the Bharanis
bring to me wealth,

But this is not planetary astrology, and a considerable period elapses before
the planets are introduced into the rather crude astronomical magic that
appears to have prevailed in post-vedic times. A very interesting but com-
paratively late fragment from Khotan, written in debased Sanskrit, seems to
couple up the later formal astrology with the magical formularies of the Atharva
Veda. What is intelligible of this fragment ! reads as follows : _

* A formuls of medical herbe............ In this respect effective are Chitri, Mrigadini,
Sravapi, Nidbana, Punarvasu, Sviti, Satabhishi............ of those who abandon disputes, quarrels,
knives (1) sud.....rites. Csusers of misfortune are Krittiks, Phalguni, Ashidhi, ............
rough works, having made a firm path. Causers of sucoess in this respect are Plirva-phalguni,
Piirva-ashidhs, Pirva-bhadrapada............ arrangers to go on & secret path are Ardri and
Dhanishthi in combination. One may do here all fierce rites,......... here firm, foremost friends
are Adleshi and Jyeshtha. If Uttora-Bhadrapadi be here the third (), let him do............ for
the benefit of living beings, according to circumstances, having kmown, and various wise men

The fourteenth day again has Yama for its deity : he should proceed to act as in the former

The shadow turns round, and here Aévinf leads the night, but Anuridhd the sun towards
the southern quarter........ by Suras (and) Rishis thou art encouraged, and in this month (and)
field by Rikshasas, men, serpents (and) Yakshas. Vrifohika ....ccovicemmeecs

Now the Rishi Kharushta addressed the whole congregation, which stood with folded
hands, and said ............ ‘ you have seen, heard, understood the fields, hours (hord), signs,
positions,, progresses, revolutions ;and likewise............ the motions of nakshatras and planets
(graha) ; are you satisfied and content or not'1? Now then, all, bowing with folded hands,
spoke thus: * Thou art the preceptor of all the Devas. the best sage in the world of Suras and
Asurss, unlike any other,............ a well-wisher of all living beings, possessed of all eminences,
pastmaster in all virtues, endowed with an equal range of the three periods of time, nor has any
other such knowledge as thou, to give instruction with regard to nights, days, moments,
nakshatras, planets, half-months, months............ccevun Y

This interesting fragment, although found beyond the borders of India
proper. is Indian (probably Buddhistic) in character and language and appears
to belong to an intermediate stage in astrological lore and practice.

! Manwscript Bemaine of Buddhist Literature found in E. T HI'H.."_;;L‘ : 121122 trans-
lation is admittedly nﬂﬂ::.ﬂnrjr+ i > L % i
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The great Indian works on formal astrology are Variha Mihira's Brihat
Samhitd and his Brihaj Jataka ; and it is in the introduction to the latter (con-
sisting of the first two chapters) that the part in which we are particularly
intercsted, the hord tanira proper, occurs. Since the time of Varihs Mihira
(sixth century A.D.) no changes of fundamental importance have been made
in this science. The following notes summarise the contents of his Brikaj Jataka : —

~ He invokes the aid of the Sun (1), refers to previous works ! and to the difficulty of the
task (2). The signs of the zodiac are connected with the nakshatras and the term ‘sign’ is
defined (4). The western pictorial representations of the signs are detailed (5). The planets
as rulers of the signs and of the novenaries and duodenaries (6), and of the terms or limits of
the signs (7) are explained. The Greek pames of the signs (8) and definitions of the term
‘decan ', ‘novenary ', ‘duodenary’, degree and ‘hordi’ are given (9). Day and night (10)
harmful an  favourable, male and female, movable and fixed signs are enumerated (11). The
-exaltations and dejections of the planets (13) and their most auspicious positions and the plane-
tary domiciles are explained (14). The influence of each house (15-16) and the terms applied
to the several houses (17-18) and the values of the signs according to their position in the dia-
gram are given (19), together with a rough table of oblique ascensions (19). The chapter ends
with a list of the colours attached to the signs and a definition of the term * vesi’ (20).

Chapter IT gives the values of the planets (1), their names (2-3), their colours (4-5), the
quarters they rule (G), their sex and elements (6), the castes they influence (7), descriptions of
persons of each planet (8-11), the places over which they rule (12), their metals, ete. (12). Then
are disoussed the aspects of the planets (13), their friendly or unfriendly relations” with each
other (15-18), and their favourable positions (19-20).

The remainder, and by far the greater portion of the book, applies the notions already
given to problems relating to birth, death, length of life, vocations, king-ship, etc. There are
also chapters on particular configurations, lost horoscopes, ete.

i He mentions the following suthorities Mayn (wvii, 1 ; xii, 6), Yavancharya (vii, 1; viii, 9; =i, 1; xii, 6; xxi,
3), Satyficharya (i, 15; vii, 9, 10, 11; =i, 2; xxi, 3), Vishyn Gupta (vil, 7; xxi, 3), Dovaswimi (vii, 7),
Siddhasens (vii, T), Jiva Sarma (vii, 9: xi, 1) Pindayi (vii, 7, 8, 11, 12, 13), Manittha (vii, 1) Saktipirva (vii, 1),

Prithu (xxv, 13).
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The following tables give the principal elements of Varaha Mihira’s astrology :—

1. Houses,
Designations (i, 16-18), Infinencing {i, 15-16).
I | Horl, Lagns The Body Btrength.
I1 | Pansphars . + | Relatives Wealth.
I | Apoklima »  « | Brothers Valoar.
IV | Hibuks Friends Home.
V | Trikons, Papsphams Bons
V1 | Apoklima Enemies Injury.
VII | JEmites Wives
VIO | Pagaphars . s+ | Death Weaknom,
IX | Apoklims « | Morality Religion.
X | Meshiirans, Earma Dignity Honour,
X1 | Papaphara . Income Gain.
XII | Apoklima® . Expenditure Loss.
H::rml.l?.ﬂlud X are also designated Eanpaks (* pointed '), Chatusrasrs (* square *), Kendra
(* central’).
3. The Signs.
Names (i, 6L 8) [ CO00 | Sex (i, 11). A | Gw. | @
*l | Arrex Mesha, Kriyat | Red Mals Harmful E. Night Movable.
2 | Tavmes Vrisha, Tivurd | White Female Good B. Night | Fixed.
3 Gml_-: » | Mithuos, Jituma' Yellow Male Harmful W. Night | Common,
4 | Cascma Karks, Kulira . | Pale red Female Good N. Night | Movabls,
5 | Lmo » | Simbs, Leys . | Bmoky Males ‘| Harmful Day Fixzed.
4 | Vmeo Eanys, Pithons | Variegated | Female Good Day Common.
T | Lsma Tuli, Juks . | Black Male Harmful Day Movable,
8 | Bcomro Vridchika, Golden Female Good Day Fixed.
9 | Bacrrramies . | Dbanus, Tauk- | Ta Male
. o Wy Harmful Night | Commn.
10 | Carnrcomwes Makara, Anckero Grey Female Good Night Movabls,
11 | Agramrvs Kumbhs, Hrid- | Mongoose | Male Harmful Day Fixed,
roga.
i1 | Pmoes Mina, Itthya . | White Fenale Harmfnl Day Common,
+The Hindus numbered the signs 1 to 12, not as the Arabs did 0 to 11,
71‘h-ﬂneknlmuu!ﬂmaiphul-hudyhmgimtmm
1ﬂlrhﬂ%ﬂ!ﬂfﬂmh"'hﬁ;bfﬂmmiplﬂ:m- Of the others epanaphors * succedent’
terma, ) i - y
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4+ The rulers of the Signs, &c.

Rulers. Signa. Their duodenaries. Their Novenaries Their terms or limits.
Aries . Mans Mars, Venus, ste. Mars, Venus, sto. Ma 5 Sat. 5 Jup. 8 Me. 7 Ve. 5
Tanrus, Veaus Venus, Mercury, ebe. | Baturn, Saturn, ete. | Ve. 6 Me. 7 Ju. 8 Ga. 5 Ma. &
Gemini. Mzrcomy | Mercury, Moon, sta. Venns, Mars, sto. Ma. 58a 5Ju. 8 Me. 7 Ve. 5
1&::-. Moox Moaon, Sun, ste. Moon, Bun, eto. Vo 5Me 7Ju B88a. 5Ma 5
Leo . Sux Sun, Meroury, ste. Mars, Venus, eto. | Ma. 5 8a. 5 Ju. 8 Mo. 7 Ve. 5
Virge . « | MEnovRy | Mercury, Venuas, eto. | | Saturmn, Saturn, eto. | Vo. 5 Me. 7 Ju. 8 Ba 5 Ma 5
Llh VeEsuos Venns, Mars, sto, Venus, Mars, oto, Ma. 5B8a 5 Ju. B Me. 7 Ve 5
Boarpio. Mams i Mars, Jupiter, ete. Moon, Sun, ete, Ve 5Mo. 7Ju. 858a. 6 Ma
Bagittarius . | JurrrEn !!Jtpiw.&h:m.uh. Mars, Venus, etc. ihlﬂl-ih.s Me. 7 Ve 5
Capricornus . | Sarvrs | Satum, Satum, ste. | Saturn, Satarn, ete. | Ve. 5 Me. 7 Ju. 8 Sa. 5 Ma. 5
Aquarius . | Batorx !Blhnn.anihr.ah. | Venus, Mars, ete. Mo 58a 65Ju. BMe TVe &
Pisces . . |Jormen | Jupiter, Mam, ofe. ) | Moon, Sun, ete. | Ve.5Me 7Ju. 8 8 5Ma 5

The only other phase of the history of this subject to mote now is the
interaction between Indian and Muhammadan astrology.

“The Musalman writers mention seven or eight Indian astrologers, whose
names, however, it has not as yet been possible to identify with the corre-
sponding Sanskrit. The most important is K:n-k-h or K-t-k-h, who, according
to some Arabic writers, appears to have come to Baghdid to the court of the
khalif al-Mansur, bringing thither astronomical books of India,and according to
others, making known Indian arithmetic. The Arabs attribute to him writings on
the numudar (that is on the method of ascertaining a factitious ascendant of the
nativity), on the nativities, and on the conjunctions of the planets ; it is therefore
plain that he had also treated of the partof Indian astrology called in Sanskrit
hord or jataka, which arose through Greek influence.”*

On the other hand we note that the common Indian term Tajaks applied
to works on astrological divination is of Arabic origin, and also that in com-
paratively modern times the Muhammadan astronomers and astrologers had con-
siderable influence in India.

The chief studies on Indian Astrology are noted below :—

ALsirOx1's India. Edited by E. C. Sachau. Vol. ii, ch. LXXX.
Kerx, H. The Brihat Badhits, or complete system of natural astrology, by Varihamihira.
Text.—Bib. Indica, 1865. -
Translation.—JRAS iv—vi. 1870-1875. Also in his Verspereide Geschriften Vols., i
and ii See also Ind. Stud. x and xiv.
Cmarrersze, H. P. The Bribajjatakam of Variha Mihira. Allahabad, 1012
Jacoss, H. Die Astrologiss Indicas * Hori * appellatae originibus. Ind. Streife 1879, 165,
168, &. 4
Wenes, A. Zur Geschichte der Indischen Astrologie. Ind. Std. ii (1363) 236-351.
Tareavr, G Astronomie, Astrologie und Mathematik (Grundriss der indo-arischen Philologie,
- i, 9 :

*C. A. Nallino ERE Vol. xii, p. 90,
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APPENDIX IL*
Hindu Astronomical Deities.

Vepic Derrres.

In,Vedic times there was a group of gods—Sirya, Savitri, Mitra and the
other Adityas—that has, with some propriety, been called a sun-god group.
In the Rig Veda, hovever, the only one of these that is definitely astronomicai
. is Siirya, who was more closely related with the physical object than the
others, occasionally, indeed, being the actual object itselfi He was the source
of light, the day-measurer, the dispeller of darkness, etc.; Savitri, the vivifier,
represents & more abstract notion; Mitra was, something like the Mithra of
the west, rather vaguely a god of light; while the other Adityas were still
less definitely astronomical.

Although there is nothing in the Rig Veda that marks any one of these
gods, except Sirya, as definitely connected with an astronomical body or
phenomenon, yet they are all closely related to Sirya and .even are on some
occasions definitely equated with him (and with each other) by name, and
also, rather indefinitely, by attributes and functions. The main characteristics
of the group may be roughly summarised as follows:—

Surya.! BavrreL® . Mrrea.? Aprryas.s
Bon::_.!.ﬂ.iti' Miﬂl‘t}:' An 1 L] Mitrs
Son 5 - == Bhags coupled Aryaman
Pmdnm.vuhnpd-' = Mitra * Varupa.! Bhags
Husband of Ushas ¢ = Bavitfi | == Siirys = Bavityi Asiia
Dakshs
Varuna !
Martanda *
Eye of Mitra and Varuga * Golden hands, etc. Savikri ¥
A bird * Sirys
Chariot with seven horses Chariot with two horses * Indra
Measures days * . | The vivifier * - Stirs up men and brings | As » gods of ()
mﬂlmﬂ . them L] “%‘hli
Drives sway sickness and evil | Drives away evil dreams,
dreama ¥ civil epi and sor-
o F

2. We have not included in the above group either Piishan or Vishnu.
The former is sometimes said to be a sun-god but the connexion is extremely

'&ppﬂ:ﬂhﬂlmﬂrdhﬂnimﬂdmdmmqm}m.

1(1) RV x, 881 ; §, 101%; viil, 901, (2) x, 37" (3) i, 127; ix, 96%; &o. (4)'wil, 76% (5) & 11&
vi, 511; vii, 63" ; x, 37'; &e. (6) v, 45% (7) i, BO*; v, 13%; v, 45°; vii, 80° ; but vii, 83* gives coly one
steed and in i, 1159, x, 37, &e., the number is indefinite. (8) L, 50%. (9) vil, 63 ; x, 37% -(10) x, 37*[AV xiii
summarises Slrya's charscteristica].

5 (1) wiii, 182, (2) v, 82'; vii, 384* (3) v, B1*(4) 5, 360, ™ vi, TI%, ¢; vil, 38%; vil, 45% (5) i, 35% (6)
iii, gas*  (7) i, 35°%; v, 824 ; vii, 38", =

8 (1) ii, 27 (2) v, 62; &o.; &o (3) il BO*; v, B1%; vii, 367 ;

4(1) The first six names are given in i, 27 ; see also viii, 18" ; &e. (2) =, 72% °3) vii, 854 (4) A A,
umm?dklﬂiu;m-ul.mm:mm&rdm _

P2
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loose, although in later times Piishan is used as a name of the sun.! Vishmu
in post-Vedic times became the first of the -Adityas and one of the great gods
of the Hindu triad; but in the Rig Veda he holds a subordinate position.
He is there characterised chiefly by his ‘three steps,” which general opinion,
without much warrant, refers to the course of the sun. In one not very
clear passage (RV i, 155') he appears to be connected with the fomr quarters
of the year, each of which consists of 90 days. In modern times his purely
theistic characteristics hide any possible solar relationship.? He has few physical
traits left, practically the only one being his anthropomorphic °three strides.’

3. Other quasi-astronomical deities are the twin Aé&vins and Soma. The
former have been supposed to be connected with the morning and evening
star,’ but their connexion with any astronomical phenomenon is really very
vague, although they are often associated with Siryd, the daughter of the
Stirya.* Their name implies the possession of horses and they have other traits
which suggest some parallelism with the Greek Dioskourci. Asvini is the name
of the nakshatra usually identified with P and y Arietis.

Soma is, in the Rig Veda, hardly comnected with the moon at all* ; but
perhaps in the later books® and certainly in the Atharva Veda,” Soma is a
name of the moon. In later works the moon as a separate divinity is rarely
mentioned and in modern times shares the subordinate position of the planetary
gods. Considering the importance of the original Soma and the large part
the moon plays in regulating religious practice in India, it is surprising to find
that a moon-god proper has no place of importance in the Hindu pantheon.

4. There is some diversity of opinion regarding the relationship of these
deities with astronomical bodies. We have, for example, Oldenberg's suggestion
connecting the Adityas with the planets® and Hillebrandt's theory that the
whole Rik is centred round a lunar cult. But these hypotheses really relate to the
remote origins of the Vedic deities and have but little direct bearing on the
characteristics of these deities as conceived by the Rishis. From vur point of
view is seen the importance of the fact that in the Rig Veda none of the
gods except Siirya shows hardly any astronomical traits: any astronomieal

1 " The door of the true is covered with & golden disk. Open that, O Piishan, that we may see the nature of
the true. O Pilshan, only seer, Yama Biirys, son of Prajipati, spread thy rays and gather them.” [ai Upan.
15-186.

* Oldenberg deems that every trace of solar chamcter is lacking in Vishpu (MacoosErr Ved. Mythol. 30) :
bntintbqurlnunm.mnhMphindhhd.w."Thulun,whhhkthniutemllumhmginghgm,
in supremely & portion of Vishnu ; and its supreme stimulator is the utterance OM." Fishnu Purdna ii, 8.

2 A. A Macoosxrr. Fed. Myth. 53. Attempts to identify them with the sun and moon have been made.

'Huﬂ;r:ll:hwhﬂhylmmihﬂwﬂhthmiu.nmmtin.gﬂnzirm.lnd‘-ha;ppemm
be their joint wife. Onoe she is connected with Piishan (RV vi, 58 ¢), and (1) once with the moon (x, 85).

¥ Bee, however, the reference to Hillebrandt's view in the next paragraph.

teg RV x, 8505,

Tvii, 81%; xi, 8"

¥ Oldenberg suggests that Mitrs, Varuns and the Aditysa are the sun, moon and planets, and that these had
been borrowed from the Semites or Sumerians, or bad received their astronomical character from them. Die Reli-
gion des Veda, 185f, Bee also 0. Bcmmiven m ERE ii, 36.

I;IMHMIMLM mmd verwandte GBtter). See also A. A Macvosmr Vedic Mythology
p. f
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connexion there may have been has become obscured. Consequently from the
Vedic deities of this type we may not derive the post-Vedic and mediaeval
astronomical gods of India.

5. Of Vedic ritual specially applicable to Siirya there is no information
but, as all the gods were worshipped so, no doubt, was Siirya, possibly with
appropriate ritual. ““ Adoration to Slrya ......... celebrate the rite! enjoined by
him and sing his praise.” (RV x, 37%). :

Posr-VEDIC.

6. Between the Vedas and any subsequent body of Indian literature there
is probably a big time-gap. At any rate the intervening period sufficed to
alter considerably the general conception of the celestial deities. In the Atharva
Veda there are indications of the coming change. In the Brihmanas® the
Adityas are twelve and represent the twelve months of the year. Later the
whole group became merged into one sun-god, named indiscriminately Siirya,
Savitri, Mitra, Aryman, Piishan, ete. In the Upanishads the sun is of great
importance.® In the epics.a sort of heliolatry is indicated :* the Mahidbharata
gives 108 names of the sun:* the Ramayana devotesa canto to his praise.®
The Jatakas’ also refer to the worship of the sun; the Purinas relate solar
myths, tell of a race of solar kings® and give in outline the ritual of sun
~ worship that still obtains.?

7: Already there are indications of two conceptions of the solar deity that
were, possibly, independent of each other or even fundamentally antagonistic—
the one being purely Hindu and the other of foreign origin or largely influ-
enced by exotic cults. In Hinduism the sun ““is blended so inextricably with
the ‘conception of Brahma, beginning with the famous Gayatrl stanza,'® as to
justify the statement that there is scarcely any theosophic hymn which does
not more or less distinctly, primarily or secondarily, have in mind the great
heavenly body.” On the other hand a solar cult of a lessabstract nature, which

1 The rendering, however, is not certain.

188 vi, 1, 2%; xi, 6, 3%

3 Satyavajna Paulishi meditates on the sun as * the self ' (Ch. [V, iii, i} * That golden person who is seen,
within the sun. . . . ia the lord of all the worlds ™ (Ch. U. 1, 6*—2). Chapter iii of the same Upanishad is & medi-
tation upon theraysof the sun, to, See also the Kaushitaki Upanishad, ii,7, ete., ete.

dyii, 83

i, 3%

®vi, 106, Agastys says—" O mighty Rima, listen to the old mystery by which thou wilt conquer all the foes
in the battle. Having daily repeated the Aditynhpidays the holy prayer which destroys all enemies, gives
victory, removes all sins, sorrows and distress, increases life, and which is the blessing of all blessings,—worship
the rising sun and the splendid sun, who is respected by both gods and demons, who gives light to all bodies and
is the rich Jord of all the worlds, ete., ete.”

T Seenos. 150, 534, ete.  Ed. E. B. Cowell.

* Compare the official cult of the Sol invietws instituted by Aurelian (A.1.270-275) and its connexion with the

worship of the Emperora. The Chiefs of Udaipur, Jodbpur, Jaipur and Sirmir claim to be of the * solar raon.'

'YE I 11, ete.

19 The GEvatel (BRV iii, 62') is really a Savitri mantra, and it is doubtful whether it originally referred to the
gun. It has been rendered thus: May we attain that excellent glory of Skvitri the God : So may he stimulate
our prayers
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found plenty of justification in the Vedas, but which was probably not alto-
gether indigenous, was in vogue in northern India for a fairly long period.

AstroNoMIicaL MyrHs.

8. Some of the astronomical myths show Vedic origins but most of them
belong in spirit to the epic age and some of them show no Vedic relation-
ship at all.! The most important of these myths naturally relate to the sun
and moon; but, judged by the references in popular literature, by far the
best known were those relating to Rohipi* and R&hu® In very brief outline
the more important myths are as follows :—

The Sun (Sirya) married Safijfis, but his light was so overpowering that
she gave him Chhiyd (Shadow) as a handmaid. Safijfii retired into a forest
and assumed the form of a mare, but Siirya, as a horse, discovered her. Among
their offspring were the two Aévins. Safijfia’s father, in order to reduce the
Sun’s power, placed him ona lathe and cut away an eighth part. From the
fragments cut off were produced the discus of Vishgu, the trident of Siva
the lance of Karttikeya, etc. The sun was also a great scholar: he taught
the Vedas* to Yajfiavalkya,® and to Mays the system of the planets.*

The Moon (Chandra), of doubtful parentage, married the 27 daughters of
Daksha, thit is the 27 nakshatras. Rohini (usually identified with Aldebaran)
was the favourite, and the others in their jealousy appealed to Daksha, who
punished the moon with the disease of consumption, which was afterwards
mitigatadtothautmtulmlkingitpariudimlun]y: hence the waning and
waxing. A second lunar myth’ relates that the Moon carried off Tard, thereby
causing a wide-spread quarrel among the gods. Budha (Mercury) was born to
Tarda and the Moon; and from Budha sprang the lunar race.

Mars is said to be the son of Siva, and is sometimes equated with Kartti-
keys, who was also the son of Siva. Karttikeya is the god of war and rides
a peacock and carries 4 bow and arrows. He was fostered by the Krittikis
(? the Pleiades) and hence his name.

Mercury is Budha (‘wise’) and the son of the Moon and Tard; Venus
(Sukra, ‘brilliant’) is the son of Bhrigu; Jupiter is Brihaspati or ‘ Lord of
prayer ' ; Saturn (Sani), the son of the Sun and Chhayi, always has a malig-
nant influence. Of these four planets no specially significant myths are related.

Rihu, a semi-reptilian monster, stole and drank some of the ampite of the
gods and so became immortal. Vishpu thereupon struck off his head, but, as
he had secured immortality (for his head at least), Rahv was placed in the

! The only Vedio solar myth relates that Indra sto ¢ Srya's wheel. RV i, 176*; iv, 30%

3 ¢ * For blest with Rima's love is she, As with the Moon's sweet Rohinl" Vilmiki's Rdmdyona ii, 16.

% og. ** Like the fair moon from Rihu's jaws set free.”” Mrichehhakafikd iv. See also Jafokas nos 25, 451,
400, 537 ; Rémdyona ii, 4; 114, iii, 27, 37, &4 ; iv, 22; wi, 71, ete.

% of. ** Thus the adorable sun, whose self is the Veda, who abides in the Veda and whose seif is Vedic know
ledge, is called the supreme soul." Mark. Pur, cii, 20.

¥ Armteoxt India i, 120,

* Siryo Siddhdnis i, 1 £.

. VP iv, 6, oto.
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heavens. It is said that Rahu's theft of the amrita was discovered by the
Sun and Moon and that in revenge he occasionally swallows them and thus
causes eclipses. The myth is, possibly, partly exotic. Astronomically Rahu
became the moon’s ascending node, and Ketu, a later introduction, the des-
cending node. There is some confusion in modern texts: Rahu was called
Kabandha, ° headless, but the introduction of Ketu as Cauda Draconis made
this nomenclature anomalous.

According to Jacobi, Garuda was a sun-god.! Vinatd, a daughter of
Daksha, impatiently opened one of her eggs. It contained a bird (Arupa)
whose upper half only was developed . Arupa became the charioteer of the
sun. Vinatd’s second egg produced Garuda, an enormous bird. He became
the servant of the Nagas, who, however, promised to set him free if he pro-
sured for them the ampita. Eventually he vanquished the guardian gods and pro-
cured it, in spite of Indra, whose thunderbolt (vajra) caused the loss of only
one feather. On the ground strewn with kufa grass Garuda placed the amrita
and invited the snakes to partake of it. While they bathed, Indra, who had
become friendly with Garuda, carried off the ampita. Garuda was rewarded
by Vishnu who chose him as his vdhana, and gave him his standard to rest upon.

There is a quasi-astronomical myth based upon RV i, 71° (and AB iii, 33°),
which becomes a star picture embracing Sirius, Orion’s Belt and Aldebaran.
The Taittiriya Brihmana gives a star picture of Prajapati, and the Brihat
Sambhits (lviii, 105) gives a nakshatra purusha,® which is obviously dérived
from the kala purusha (' time man’)—a human figure made up of sll the signs
of the zodiac—given in the Bribajjataka (i, 4).

MEDIAEVAL SOLAR UULTS.

9. There is abundant evidence, dating from the early years of tk> Christian
era, showing the practice in mediaeval India of a solar cult, and to a more
limited extent of a planetary cult also. Philostratus mentions® a temple of
the sun at Taxila; Yajiiavalkya and Variha Mihira give details of ritual;*
Yuan Chaung refers® to the sun temple at Multan and to the offering of
fowers and perfumes to the image of Sirya there, and Albirini also mentions®
the same temple, of the founding of which there is an account in the Bha- -
vishya Purina.’ Ananda Giri, a writer of the ninth century, counted six
formal divisions of sun worshippers, of whom some worshipped the rising, some
the setting, and some the noon-day sun, others all three as tri-miirti® The
earliest known Indian inscription referring to this cult is dated A.D. 466, but
from that time onward there is plenty of evidence of this type. :

1 ERE ii, 804. It is doubtful, but the m,ﬂ:hgimhumdihdmﬂndl}ﬂihthﬂlhumyﬁ.
& See also the Malsys Purdna, ch. liv. ;

3 Life of Apollonius of Tyana ii, xxiv.
4 Spe paragraph 13. s Brav vol. i, ¥74-275.
¢ India, i, 118. iCh. cxxxix,

» W. Horkixs Heligions of India, 447. For a solar tri-mirti inlgem'ﬁ.ﬂ.hmé'nlif:&hlﬂgu of
Gods and Goddesses, fig. 144.
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The following are brief quotations from some of the earlier inscriptions:
(@) “May that Sun....whom Brihmans of enlightened minds, according to due
yite. .. ... to be applled to a lamp for the divine Sun! (b)) “ May that Sun
protect you who is worshipped by the host of gods for existence, and by
the Siddhas who wish for supernatural powers....who is the cause of the des-
truction and the commencement of the universe. Reverence to that Sun whom
the Brihmanical sages....failed to comprehend, who nourishes the whole of the
three worlds; who, when he is risen, is praised by Gandharvas, gods, Siddhas,
Kinnaras and Naras, and who grants desires to those who worship....”® (¢)
“ Let it be known to you that this village is given by me ..to the holy Aditya
....with libations of water, to be enjoyed as long as the moon, the sun, and
the planets endure...... s

10. Evidence of another type occurs in a work on astronomy. The best
known of the mediseval text-books of this science in India, the Sirya Siddhania
gives the following interesting-account of its own origin:—

“When but little of the Krita age was left,' a great Asura named Maya®
became desirous of knowing this mysterious, supreme, pure and exalted science—
the chief Vedanga—in its entirety: the cause namely, of the motion of the
heavenly bodies.

“ He performed in propitiation of the Sun very severe religious austerities.
Gratified by these austerities and rendered propitious, the Sun himself delivered
unto that Maya who besought a boon the system of the planets.

“The blessed Sun said: ‘ Your intent is kmown to me and I am gratified
by your austerities. 1 will give you the science on which time is founded
the grand system of the planets. No one s able to endure my brilliancy
For communication I have no leisure.® This person, who is a part of me,
ghail relate to you the whole. Go therefore to the city of Romaka where
you reside. There, undergoing incarnation as a barbarian, owing to a curse of
Brahma, 1 will impart to you this science.’ "7

GeocrarHICAL DIsTRIBUTION.

11. The geographical distribution of the temples devoted to the worship of
the sun is noteworthy. Most of those of which we now have any record
were situated in the north-west of India—from Kathidiwad to Taxila; but there
are remains also in upper Bengal and Orissa. In South India only one, in
Tanjore, is known. Images of Siirya are much more numerous but cover muth
the same ground. Sculptures of the nine planets are more rare but occur
in the same parts of northern India, and at Kolhapur is a so-called Nava-

* Indor inscriptioh of Bkandagupts, AD. 466-466. CII iii, 71

¥ Mandasor inseription of Kumars Gupta, A.D, 473474, CIT iii, 87.

* Ragholi plates of Jaysvardhans ii (Balaghat) EI ix, 47.

4 Le. some 2,000,000 years B.C.

¢ Possibly the Avestan Abura Mazda is meant.

cwhmi“ﬂh}ihnpﬂmudihnﬁmtuwhhmth‘ﬁdu,mm-ﬂ:“Ewhthll.pn-ihleu
I‘#p‘mm?" AretrteT India i, 120,

Whitoey thinks the last verse is an ioterpolatinn, but it is found in many of the manuseripts.
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graha temple. The Saiva temples of South India are said often to contain
images of the planets, but definite records, except for a set at the temple in
Tanjore already mentioned, are lacking. Besides these monumental remains
there are inscriptions which naturally occur in the same localities, the most
interesting being at Gwalior and Bulandshahar. The most notable centres of
sun (and planet) worship appear to have been at Mudhera in Gujardt, Osid
and Sirohi in Rajputina. Multin in the Punjab and Kondrak in Orissa. The
(?) solitary South Indian sun temple is at Saryanirkovil in Tanjore.

There is also faint evidence of a separate lunar cult in India. Certain coins
of the Kushin rulers of the second century A.D. bear images of a moon-god
and there is also the Paurinic tradition of a lunar race of kings.!

MEepIAEVAL RiTUaL.

12. The Yajfavalkyasmriti, which was possibly composed in the fourth
century of the Christian era, contains directions for the worship of the planets:
“Those desirous of prosperity or desirous of peace should worship the
planets. For rain, for long life, for nourishment act in the same
way. The Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn,

Rihu and Ketu should be remembered as planets.

“The planets ehould be offered copper, crystal, red sandal, gold, silver,
iron, lead and bronze in order. They should be marked on a
board in their own colours in circles by sandal-woed, or their
several colours should be indicated by pieces of cloth or flowers.
Also perfumes, garlands and incense of guggulu should be offered,
and oblations should be made with mantras.”

Then are indicated the appropriate mantras, which have a very special
interest as obviously they were considered the most suitable of the Vedic
texts for the several planets. The connexion, except in the cases of the Sun
and Moon, and perhaps, Jupiter, is generally merely a matter of some verbal
similarity : for example the Budha (Mercury) mantra begins with udbudhya, etc.,
ie. “ Wake up, etc.” The following translations are taken from Griffith's edition
of the White Yajur Veda.

Tee Sux.—" Throughout the dusky firmament advancing, laying to rest the
immortal and the mortal, borne in his golden chariot he cometh,
Savitri, God, beholding living creatures.” (WYV xxxiii, 43; RV i,
35%.)

Tar Moox.—" Gods quicken me that none may be my rival for domi-
nation, mighty lordship, me son of such a man and such a woman,
of such a tribe. This is your king, ye tribesmen: Soma is lord and
king of us the Brahmans” (WYV ix, 40)

Mars.—* Agni is head and height of heaven, the master { the earth is
he. He quickeneth the water's seed.” (WYV iii, 12; RV wviii, 44™)

! The chiefs of Karauli and Jaisslmer claim to be of the * iunar race.
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Mercury —* Wake up, O Agni, thou, and keep him watchful. Wish
and fruition meet and be together. In this and the loftier habitation
be seated, All-gods, and the sacrificer.” (WYV xv, 54.)

JuriTER.—" Give us, Brihaspati, that wondrous treasure, that which
exceeds the merit of the foeman, which shines among the folk effectual,
splendid, that son of law which is might refulgent: taken upon a
base art thou. Thee for Brihaspati—This is thy home. Thee for
Brihaspati.” (WYV xxvi, 3; from RV ii, 23.%%)

Vexvus.—" Prajipati by Brahma drank the essence from the foaming food,
the princely power, the pure bright drinking off of juice. The power
of Indra was this sweet immortal milk.” (WYV xix, 75.)

SaTURN.—" May the celestial waters, our helpers, be sweet for us to
drink, and flow with health and strength for us” (WYV xxxvi, 12;
see also RV x, 9%)

Rinu.—" What succour will he bring to us, wonderful, ever prospering
friend # With what most mighty company 7’ (WYV xxvii, 39; RV
iv, 31%.

Keru.—" Thou, making light where no light was, and form, O men, where
form was not, wast born together with the dawns.” . (WYV xxix, 37;
RV i, 6)

13. Variha Mihira (6th cent. AD) also gives* a faint outline of ritual.

His directions are as follows :— )

“The Sun and Mars should be wora!upp-ed with red flowers, sandal
paste, the wvakula flower, and gifts of copper, gold and oxen to
Brahmans. The Moon should be worshipped by the gift of a
white cow. Venus should be worshipped with white flowers, and
by gifts of silver, and sweet and nutritious things. Saturn
should be worshipped by gifts of black substances; Mercury by
the gift of gems, silver and with the tilaka flower. Jupiter should
be worshipped with yellow flowers and by the gift of yellow sub-
stances.”

ICONOGRAPHY,

14, Besides the sculptures that have been preserved there is a certain

amount of information relating to planetary imagery recorded in the Puripas,
in the early astrological works, and in the modern paddhatis or manuals of
ritual, and padichigas or almanacks.

Separate sun images occur and these are not necessarily connected with ile

planetary group. These sun images are often very elaborate and exhibit, Le-
sides the sun-god himself, a number of attendants.

' The whole set of the nine planets, the navagraha, is, in early examples,

generally shown in relief on a rectangular stone slab, which often formed a
temple lintel. Except in the cases of Rihu and Ketu each planet is shown

 Bribnt Sambith civ, 47.
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as a human figure—all of them, including the Moon and Venus, being males!
To some extent the several deities are differentiated by (a) the symbols or
weapons held in the hands, (b) the vakanas or ‘ vehicles,” (c) colours, (d) materials,
(e) special symbols, (f) position, (g) dress, pose, etc.

In the earlier examples the vihanes are seldom, if ever, shown. Possibly
the images were sometimes coloured, but evidence is generally lacking? The
special materiels were probably only employed in actual worship in connexion
with the symbols which represented the planets. The arrangement of the
planets in sculpture is, generally the week-day order as shown in the tables
below, with the sun on the (proper) right®; but in certain ceremonies they (or their
symbolic subatitutes) are often arranged in some such circular order as is in-
dicated in columnh F of the table below. The early sculptural representations
therefore give us evidence only with reference to the weapons and symbols in
the hands, pose, dress and order. Modern representations, pictorial principally
but occasionally in brass and stone, show also the different vihanas, etc. The
symbolism becomes more complicated with the advance of time, and except in
the cases of the Sun, Rahu and Ketu is now much obscured—the Moon, Mars,
Mercury, Jupiter, Venus and Saturn being in many representations almost
characterless in their similarity.

In the case of the Sun, besides abundant sculptural evidence, we have
Varaha Mihira’s explicit directions for its imagery.* “ The Sun ought to be
made,” he says, “with large nose, forehead, legs, thighs, cheeks and breast.
In adprning the image the method adopted in the northern countries should
be followed. From breast to feet should be covered. He should hold .a lotus
in eack hand, wear a diadem and a necklace; he should be adorned with
ear-rings, and a girdle (ovyasnga) should be about his waist.”

15. Certain details connected with the grovp of planets are now given in a
summary form.

The hands. The symbols, weapons, etc. placed in the hands of the plape-
tary deities vary considerably in modern representations. The practice of giving
four arms to each deity is exhibited in mone of the early sculptures, bub the
Matsya Purina (Ch. XCXIV) gives four hands to all except the Sun, Moon
and Ketun.

In moutmmtheﬂuncanimalutu.uinmhhmd:inmrthmimagm
the lotus is often full-blossomed, while in the images of Southern India it is
said generally to be only helf open. Also the northern images sometimes place

‘Emuuﬂri.lpjjluhIi.!.thmthtlmud?mnmhrutmhﬂuﬂpwmdﬁuedum.
hmm.m.nm,mﬂ;pm:Mﬁunmmu:nuﬂwmmmhu
wrongly described the Hindu Veaos s female. M.LMEIMIMMF.NIM"H-
Ennl.nkmlpq.uno{?m{ﬁpﬂ]u?hﬂd'nmﬁhﬂm-ﬂhlﬂmmﬂﬂmw‘;nndﬂl_r
W. W. Hunter (Orissa i, 203) repeats this curious error. Immmﬂy,i;ﬂﬂplPHn:;ﬂﬂhﬂ.P—ﬂ}“
a drawing (not & photograph) of o/ navagraha slab that sppears to give enus a female

'ﬁhﬂﬁmm;mﬁnﬁhﬂw.mﬂﬁﬁnﬂm. {India i, 118).

'Inmnm:tlm‘llﬂd.lumﬂﬂ]thl;minthinmdﬂlﬁn\ll.

& Bribat Sombitg Ivili 47, o
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the hands level with the waist, while in the southern figures they are often
raised to the shoulders.!

There is little consistency in the cases of the other planets, but in several
early sculptures Rahu is shown with huge outspread hands. The pitcher and
rosary occur pretty often: the Kondrak and Jagedvar sculptures give these to
each planet except the Sun, Rihu and Ketu. Mercury in some early cases
holds an arrow and has a bow at his side, and Saturn holds a staff or standard.
Rihu appears to hold a vajra in each hand in one case (Kondrak) and in
another a vajra is placed beneath him. The numerous weapons etc., as given in
modern pafichibgas, appear to have little traditional warrant.

Maxoar SYMBOLS.

SUN MOON MARS | MERCURY | JUFITER VENDS AATURN RimU KETO
Agni Purina | Sword) Rosary, | Rosary, | Bow Rosary, | Rosary, | Girdle of | Hall- Sword,
(i) Pitcher | Bpear Pitcher | Pitcher | bells moon Tarch
Matsya Pu- | Lotus Club Lance Sword, Beafi, Staff, Lance, Sword, Mace
rina | xoxiv) & Club Shield & | Rosary | Hosary Bow & Bhicld &
Club & Pit- & Pit- Arrow Spear
cher cher
Sculpture Lotus' Roawy, | Rosary, | Bow, Rosary, | Rosary, | Rosary,
Cal. Mus. Pitchor | Spear Arrow Pitcher | Pitcher | Standard
no. 4168
Konarak Lotus Rosary Rosary, | Rosary, | Rosary, | Rosary, | Rosary Vajra Rosa
Pitcher | Pitcher | Pitcher | Pitcher | Pitcher | Pitcher A i ol
Modern Lil Staff, Trident | Rosary, | Rosary, | Staff Half-moon| Rosary
Paddhatis o B Pitcher Pitcher | Pitcher | Piteher Sword,
% Panichf- Shield,
a8 Flag

Vihanas.—Except in the case of the Sun the vihana appa:aru to be a
matter of fairly modern fashion. The Sun has a chariot, sometimes with one
wheel only,? drawn by seven horses. In one very early case there are, inthe Greek
fashion, only four horses’; and modern examples often show a single horse
with seven heads. According to the Agni Puripa (li) the Sun may be repre-
sented alone on a horse and there are such examples at Konirak. The Purinas
generally give a chariot with eight or ten horses to each of the other planets
but the modern practice is to give to each a distinct vihana. A Lucknow
Museum relief shows beneath the planets in order—a horse, a bird with an
animal’s head, a peacock, a boar (?), a bird with a horse’s head, a frog (?),
a horse, a vajra.

:T_Loqpiu.ﬂuﬂmuyu:"m&uﬁh&mﬁpmdﬂﬁq:m.ulmh,mmmum
as the shoulders, snd are made to hold lotus flowers which are only half blossomed. . . . The northern images, on the

other hand, bave generally their hands at the natoral level of the hips or the elbowa" Elements of Hindu feomo.

graphy, p- 311 .
Q. P. xxxix ; AP li ; Cal. Mub. 5827, ctec.

* Arch. Sur. Beport, 1008-0, pl. li ; R. MrrTaa Buddha Gaya pl. 1.
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Colours.—There is fair unanimity regarding the colours but that of Mercury
is somewhat doubtful In the West also specific colours were allotted to the

-geveral planets,

BTN r MOON MARS MERCTURY | JUPITER VENTS SATUEN RAHD EETT
Garuds Pu- | — | White Yellow | White | Black
ripas (xxxix)
Matsys Pu- | Lotus | White | White Yellow Yellow White Green Blue
ripa (xoxiv) | colour bair < =
Variha Mi- | Red White | Very red | Green Yellow White or | Black
hira? blue
Paddhatis Red White | Red Yellow Yellow | White . | Black Black  |Smoky
Ptolemy Red | Variable | White Yellow Black

Materials—As in the West the materials allotted depend principally on their
colours, but the Hindus did not confine the selection to metals altogether.

]
SUN MOON ( Mans ] MERCURY I JUFITEE | VENUS SATURN | RAHD KETT

Variha AMi. | Copper | Gems | Gold Alloy | Bilver Pearls Iron

hira®
Yij.  Val. | Copper | Crystal | Red san- | Gold Gold Silver Iron Lead Brouze

Smgiti dal
Paddhatis Copper | Crystal ﬁ san- | Gold Gald Bilver Iron Lead ' | Bronze
Greek Gold Silver | Red iron | Tin Yellow | Copper | Lead

electron

Special Symbols.—The actual images are sometimes replaced by pieces of
cloth of the appropriate colour or by pieces of metal of certain shapes or with
certain designs engraved upon them. These symbolic designs are of interest as
they appear to have some affinity with the western symbals: they are enu.
merated in the table below.

Dress, etc.—In some early cculptures the Sun and Mercury are distinguished
by special head dresses. In one case that of Mercury is particularly noteworthy
In northern images the Sun often wears high boots, a girdle that is supposed
to be of Magian origin, and sometimes a sword at his side.

Posture—In most of the carly sculptures the planets are, with the excep-
ﬁonufRihuaudKetmmnding;andinwmenfthmmMmryig
particularly differentiated from the others by standing with legs crossed. In
several examples Saturn is represented as lame: one of his names is Pasigu
“the lame,” which is possibly derived from his apparent slow motion. Rahy
and Ketu are sometimes combined in ome figure.’

t Brihat Samhitd civ. 47 : Brikairitaka, ii, 4 5

* Brikaijdiaka, ii, 12.
* Lucknow Museum H 100 ete
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The following table roughly summarises the planetary attributes :—
A I B C D E F G
3 Special
The hands. Vihsna. Colour. | Material. | Symbel. | Position.! features.
Bor . Lotus in each | Car with seven | Red . | Copper . Circle Centre . [Magian girdle!
hand. horsea, High boots.®
: Bword.*
| Coat of mail-7
| Attendants.”
Mooxw . Rosary & pit- | Car with ten | White . Crystal | Crescent | B.E.
cher. horses {Deer)®. Gems,
Mavs . Rosary & spear | (Kam)* . «| Red . Hﬁ. san- Triangle | B.
MxnoURy h&m.rmtwmm.m.m.m.smm
with trunk). legs crossed.”
Bpecial head-
. dress. '
JuriTER BRosa & pit- | (Elephant  or | Yellow . Gold . | Rectangle | N.
rhrrihwkmt; nﬂn}; Lotus *
sword),?
Varus Rosary & Pit- | (Horse or frog).! White . | Silver Star | E.
cher {Ianu.j' Pearls, Squarel,
bag & book).
BaTURK Rosary & Staff | (Vulture or | Black . | Irom . | Bow W. . | Lame.2t
{buffalo.)* Btafl. .
Rimv . Vajra . + | (Licay . . | Black . | Lead . - &W. Moon symbol®
Bearded.
Large canine
teeth,
. |Kiga hood.
Large hands.
Erru . | 8word, torch | (Vulture)? . | Bmoky . | Brouze . | Flagt . | N.W. .| Niga tail
(Flag, _shield, - -
spear).!

i These are taken from modsrn paddhatis and panchifgas. See also J. Borosss Indion Astiguary xxxiii,
1904, p. 61 @
'Hﬁg-ih'unhdﬂth-m‘hnumﬁthnmm
# Matsys Purigs ch. xciv.
1 B8 qiv., 47.
* BS giv, 47 and many soulptures.
® AP li; Cal. Mus. 3928, etc.
* GP xxxix.
‘Hﬂmﬂﬁnﬂ{mﬂyﬂ‘ﬂmﬁ.ﬁﬁpﬁaﬂd‘mdmﬂhvﬂhaM';Grk;ﬁmugun.#.m

* Cal, Mus. 4817, 4818, ete. ; Luck Mus. H §9 ; eto.
% Cal. Mus. 4617, 4615, ote.
11 Luck. Mus. H 09, H 100 ; Cal. Mus. 4182, 4183.
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PrEsExT PrACTIORE.—Sun Wm.&i;;:.

17. The devotions of the pious Hindu are, to a considerable extent, imbued
with a sort of astronomical cult, which includes.!
(a) The recitation, on awakening, of some such mantra as the follow-
ing :
“May Brahma, Vishnu, Siva, the Sun, the Moon, Mars, Mercury,
Jupiter, Venus Rihu and Ketu make the morning auspicious for

”w
me.

(5) The recitation of the Gayatri and meditation thereon.
(¢) The offering to the Sun of libations of water, accompanied by the
recitation of the Gayatri and other mantras, e.g.

“ Salutation to Vivasvat, salutation to the luminous one possessing
the energy of Vishnpu. Salutation to the creator of the world,
to Savitri, the awarder of fruitful deeds.””*

“ Come, O Siirya, of a thousand rays, the storehouse of all the energy of the
world. Have mercy on me the sacrificer. Accept this offering, O
meker of day.” :

fd) Worshipping the Sun and reciting, eg. RV i, 115—

“ The Wonderful host of rays has risen, the eye of Mitra , Varuna and
Agni, Siirya, the soul of all that moves or is immovable, has
filled the heaven, the earth and the air.

" The Sun follows the divine and brilliant Ushas as a man a woman—
at which season pious men perform ancient (ceremonies), worship-
ping the auspicicus for the sake of reward.

“The auspicious swift horses of the Sun, well-limbed, road ‘raversing,
who deserve to be pleased with praise, reverenced, by us, have
ascended to the summit of the sky, and quickly move round
earth and heaven.

“Such is the divinity, such is the majesty of Siirya, that, when he
has set, he has withdrawn what spread over the unfinished work.
When he has unyoked his horses from their chariot, then night
veils everything in darkness.

“8iirya in sight of Mitra and Varuna displays his form in the middle
of the heavens; and his rays extend on one hand his brilliant
and infinite power, or, on the other, bring on the blacknesss of
night.

“This day, O gods, while Siirya is rising, deliver us from grievous sin.
May Mitra, Varuna, Aditi, Ocean, Earth and Heaven grant this
(prayer).”

The following passage from the Vishnu Purina (ii, 8) is a nawve comment on
the practice of sun worship: * The performance of the Samdhyd sacrifice must
1 The ritual does not appear to be rigidly fixed but some such practice is followed by orthodox Bribmans

Bee E.C. Viovamwava Douy Practice of the Hindus. See also B. E. Extroves The Folk-lore of Gujarat p. 7 ii.

Com-are the cpening verses of Aryabhata's Gapita, ete.
¥ Vishou Puriins iii, 11. Xote also that the Sun is present mn the person of & guest.
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never, therefore, be delayed; for he who neglects it is guilty of the murder
of the Bun. Protected thus by the Brihmans and the Valakhilyas, the sun
goes on his course to give light to the world.”

Presext PracticE—Planetary Worship.

17. There 1 a practice of different type altogether from that just des-
cribed. The following details pertain particularly to the ceremony connected
with the investiture of the sacred thread. On a small vedi about eighteen
inches square a lotus with eight open petals is drawn and each of the petals
is smeared with the appropriate colour of the planet to which it is assigned.
The celebrant places on the lotus figure in the proper order either images of
the planets or pieces of metal, etc., stamped with the appropriate symbols,
pieces of coloured cloth, and small heaps of rice mixed with curds. But first
each piece of metal is washed with the paiich ampita to the accompaniment of
appropriate mantras. In setting up the planets the wyikyiti is recited for each
and the attendant delties are addressed and placed on the right and left of
each planet. Meditation ou the form and eymbolism of each planet follows
and offerings of special food to each are made.’ The materials for the sacrifice
are then consecrated: special fuel for each planet having been gathered and
prepared the homa is offered with appropriate mantras. Such is the merest
outline* of a very lengthy ritual to which the greater part of a day is devoted.
On other occasions (eg., marriages), a briefer ceremony is practised.®

IxFLuENCES.

18. Certain evidence relating to sun and planet worship in India has been given
in outline. From Vedic times tothe present day some such worship has ob-
tained, but there have been cousiderable changes. Itis obvious that two types
of influence have been at work—one pertaining to pure Hinduism, and the
other, as pointed out by Sir R. G. Bhandarkar,' of exctic origin. The modemn
practice of sun worship by the devout Brahman may be traced back to Vedic
times, and here the practice is part of the gemeral pantheistic scheme. Planet-
ary worship is probably & foreign importation—possibly of Magian origin,
possibly influenced too by the Mithraic teaching that developed to such an
extent in the west in the early centuries of the Christian era, and possibly
also, to some extent affected by Manichaean practices.

The connexion between Hindu practice and Mithraism is not very marked
and probably is evidence only of parallel development, or it may, possibly,
indicate some intercommunication. Invoking the sun at dawn, noon and dusk:

libations to the planete; the association of particular colours and metals with
them, etc., occur in both schemes. Hindu and Mithraic art also have simi-

s+ For delails as to the symbola, colours, positions, etc., see the tables in § 16.

* This brief description is based upon & Kumson Pedidbati.  Se- also the Matsya Purdpa Ch. lxxii and bxxiii.

* For references to sun and planct worship cmone noo-Brabman communities see W. CrooRE The Tribes and
Camea of the North- iWestern Provinces and Gud) i, 109 ; ii, 185, 421, 400 ; i, 112, 132, 247, 311, 378, 436 ; iv, 88,
etc. 7. C. Honsox I'he Nega Tribes of Monipur, 189, 170 ; The Meisheis, P 103, eto.

# Fureign elements, gic. [ndian Antiquary XL, 1911, 17 o a2,
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larities and might 5= with some profit compared—for example, certain of the
attendants of Sdrya with the Mithraic Dadophori, the Indian Navagraha sculp-
tures on lintels with the Bologffa bas-relief, etc.,! the Mithraic Kronos with
certain figures at Kondrak, the ﬁm relief? with certain Mithraic sculptures,® ete.

For the conmexion with Magianism there is more definite information.*
According to Variha MiMfra the (Indian) Magas were worshippers of the Sun®:
the Bhavishya Puriina gives their history and refers to a Jarafasta (Zara-
thustra) as a son of the Sun, and there is a legend of a son of Krishna being
cured of leprosy by these Magas;® Albiriini says:’ “ There are some Magians
. Up to the present time in India, where they are called Maga”; an_inscription
© of AD. 1137 mentions them®; and “there are traces of Maga Brahmans in
India to-day. In his Castes and Sects of Bengal® Mr. Nagendra Nath Vasu
traces the origin of these Magas and gives some account of their position and
influence in India. The several legends he relates overlap to some extent but
they are very interesting and are here summarised—(a) When Praiyavrata, king
of Sikadvipa, desired to erect a temple and place in 1t a golden image of the
Sun, he brought eight Brahmans, known as Sauryas, from foreign parts. (b)
The king, after erecting a temple und placing the image of the Sun in it
prayed to the god to provide priests to carry on the worship; and the god
created eight Brahmans from the eight parts of his body. (¢) The Graha
Yamala relates that the eight Munis, Markanda, Mindava, Garga, Parisara,
Bhrigu, Sanitana, Angird and Jahnu belonged to Sakadvipa. Their sons, who
were planet worshippers, were by the orders of 8ri Krishna brought to Samba-
pir (Multan) by Garuda. The descendants of these Sakadvipi Brahmans and
Vaishya women are Ganakas. (d) Sadanka, king of Gaur, being ill, sent for certain Maga
Brahmans from the banks of the river Sarju (Ghogra). By propitiating the planets
these Magas effected a cure and they were persuaded to settle in the country, and tbe
planet worshippers (Graha Vipras) are said to be their descendants.

! F. Cowost Textes ef momuments figurés relatifs auz mystéres de Mithra ii, fig. 989,

4 Arch. Report. Soathern Circle, 1917-18, pl. xvib. '
'Eﬂm‘" Hm- lil'l lm-u I_’l; ete.

* See Sir R. G. Buawpankan Vaishnaciem, Saiviem & Minor Religious Systenia.

* Brikat Sashitd LX, 19.

*CL 11 Kings, 5.

* India 1, 21.

* Epigraphica Indica ii, 330.

* Vol. ii, part iv. See also the Archaological Survey of Mayurabhans. vil. i po il seg
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APPENDIX IIL
1. Nakshatras.

Hindu Nakshstras Usual identifications. So-called * Junction Stars.’
1 Krittiks {7 Tauri, ete.) 7 Tauri.

2 Rohini {2, 8, v, 3, « Tauri) « Tauri

3 Mrigabiras (% %1» 5., Orionis) . 3 Orionis
4 Ardri. (= Orionis) « Orionis
& Punarvssu (B, = Geminorum) « | B Geminorom
6 Pushya {8, 3, v Caneri) | 8 Caneri

7 Adleshd (¢, 3, o, v, p Hydrm) - | = Hydrs
8 Maghi . (2. m, v, T, , Leonis) . ;ﬂlﬂml
9 Parva-Phalguni . | (3, 0 Leonis) 3 Leonis
10 Uttars-Phalgoni . | (8, 93 Leonis) B Leonis
11 Hasta (3, . &, =, B Corvi). 3 Corvi
12 Chitrii (= Virginia) . & Virginis
13 Bvidl . (= Bootis) . . | = Bootia
14 Visikhi (& ¥, B, « Librm) : l s Libre

15 Anuridhi . (8, B, =, Soorpii) 8 Beorpii
18 Jyeshihi (=, @, 7, Beorpii) & Beorpii
17 Mals . Il.mﬂ.p,ﬁ.pn. A Beorpii
18  Parva-Achidhi (8, = Sagittarii) | B Sagittarii
19 Uttars-Ashidhi . | (o, T Sagittarii) . |.o Bagittasii
20  Abhijis (a, £, § Lyrm) . & Llymm
21 Bravana (= B, v Aquilas) - iu Aquilas
22 Bravishthi {B, = v, 3, Delphini) | B Delphini
23  Batabishaj « | (% Aquasii, ete.) % Aquarii
24  Pirva Bhidrapads | (a, § Pegasi) .| & Pegasi
25 Uttars-Bhidrapadi| (v Pegasi, x Andromedms) a Andromeds
26  Revati (% Piscinm, ete.) ¢ Piscium
27 Advinl (B, v Arietis) B Arietis
28 Bharas!

. | (35, 39, 41 Anetis) .

.ilaia:i-m




Years,

1000
2,000 .
3,000 .
4,000
5,000 .
6,000 .
7,000 .
8,000 .
0,000 .

Degrees. Degrees. ] Years,
13-08 1 T71-833
e ] 143-285
41-88 3 204898
5584 4 286-530
69-50 5 358163
83-76 8 429-708
9772 T 501-428

111-88 B 673-061
125-64 ] 4803

3. Longitudes of certain stars (After H. Jacobi,
‘Ind. Ant. XXIII, 1894, 150).

119

! Asterism in

Nams of star. gmam.:_i-a,monu 2,000 B.C. | 1,000 B.C. A.D. 45 | A.D. 560 “fi:h"tf;
to be located.
nTeuri .| 34168° | 35435° 708° | 1987 27 | 39907 | Kritika
& Tauri .| 35048 413 16-86 29-85 | 4252 4975 | Rohini
A Orionis . 538 1805 | 3078°| 4357 | 5644 | 6367 | Mrigadiras
o Orionis - 42 2200 35-88 4881 ! B1-48 8871 Ardri
f Geminorum Il-!l 47-61 60-34 73-13 J'F 86-00 9323 | Punarvas
3Caneri 50-41 63-08 7581 88-60 [ 10147 | 10870 | Pushys
sHydm .| 5404 | 6671 | 744 | 9228 | 10510 | 11233 | Adlesta
 Leonis 7152 | 8419 | 9692 | 10071 f 12258 | 12081 | Magha
Leonis .| 8296 | 9663 | 10838 | 12115 ‘ 13402 | 14125 | P. Phalgun:

PLeonis .| 0332 | 10500 | 11872 | 13151 14438 | 15161 | U, Phalguni
3Corvi .| 11516 | 12783 | 14056 | 16335 | 16622 | 17345 | Hasta
® Vieginis . | 12562 | 13719 | 16092 | 16371 | 17658 | 18381 | Chits
® Bootis .| 123501 | 13835 | 15131 | 18410 17697 | 18420 | Bvay
t Libre 15271 | 16538 | 17811 ! 10000 20877 | 21100 | Visakng
3Scorpii .| 16428 | 17695 | 18968 | 20247 21534 | 22957 | Anuesana
@ Scorpii .| 17044 | 18311 | 19684 | 20003 W50 | ¥IT3 | Jyeshihd
AScorpii .. 18626 | 19803 | 21166 | 22445 23732 | 24455 | Mala
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Names of star. | 4,000 B. | 3,000 B.C. | ,000 B.C.| 1,000 B.C| A. D. 45. | A.D. 500 | hich the

8 Sagittarii . | 19626 | 20893 | 22164 | 20443 | 24730 | 25463 | P. Ashidbi
o Sagittarii . | 20306 | 21673 | 22948 | 242:25-| 25512 | 26235 | U. Ashidba

«Lyrm .| 206906 | 20063 | 28236 | 24515 | 23802 | 26525 | Abbijit

= Aquile .| 22339 | 23606 | 24879 | 20038 | 27445 | 281468 | Sravapa

B Delphini , | 23802 | 26060 | 20342 | 27691 | 28908 | 20631 | Sravishtbs
1

A Aquerii . | 26926 | 27503 | 28806 | 30145 | 31432 | 32155 | Satabhishej

@ Pegasi .| 27516 | 267-83 | 30050 | 31335 | 32622 | 33345 | P. Bhidrapads -
a Andromeds | 20084 | 30351 | 31624 | 32003 | 34190 | 34013 |U. Bbidrapedd

T Pisciom . | 20134 | 31421 | 32693 | 33073 | 35260 | 85983 | Revaus

B Arietis - : 315-84 328-31 HI04 353-53 670 13-83 | Asvini

35 Arietis . | 32781 | 34128 | 35401 80 m-n" 26-90 | Bharact

4. Cycles, years, months and days.

Jyotishs | Romaks | 0ld Sorya abhata | s
edings. | SiddbAnta. | Siddbinta ﬂmm.{ Brahmagupta. Siddug:u.
I

1

Yearsincycle .| ¥ 5 2,850 | 180,000 | 4320000 |  4,320000.000 | 4.320.000
Intercalary months | M, 2 1,062 66,359 | 1,603,336 |  1,503,300,000 | 1,503,336
Omitted tithis . | D, 30 16,547 Lm- ﬁ.mm. 25,082,550,000 25,082,252
Solar months . illl, L) 34,200 | 2,160,000 | 51,840,000 | 51,840,000,000 | 51,840,000
8ynedic months . ! AL u 35,250 | 2,226,380 | 53,433,336 | 53.433,300,000 | 534337336
Sidereal months |![, a7 38,100 2,406,358 57,753,336 | 57,753.300,000 | 57,753,336
Solar days ; J D, 1,600 | 1,026,000 | 64,800,000 (1,555,200.000 |1,555,200,000,000(1,535,200,000
Natural days 1 D 1,830 | 1,040,953 | 65,746,575 |1.577,017,500 |1,577,916,450,000(1,577 917,828
Tithis . J i 1,860 | 1,067,500 | 66,791,670 |1,603,000,080 (1,602,999,000.000(1,803,000,080
{ :
Sidereal davs . | D, 1835 | 1043843 | 65,926,575 |1,562,237,500 I.im.mmoil.m.ﬂi.m
3

Note. =M. 2 12Y D, =30M, M; =M,
M, =M 4M, D .30M D, =D—D




5. Sidereal revolutions of planets.

AFFENDIX 1I1.

P S e SAgeyte. | Siddbanta
Sow « | 1 4,320,000 4,320,000 | 4,320,000,000 4,320,000
Moox . | 57,753,339 67,753,336 | 57,753,300,000 57,758,538
Mans 2,200,824 2,208,824 2,296,828,522 2,206,632
Mercvry. 17,937,920 17,037,000 | 17,938,908 522 17,937.080
Jurrres . 364,224 364,220 384,226,453 384,220
VEsps . 7,022,358 7,022 338 7,022,3580,402 7.022,378
SaTTRy . 146,564 146,584 146,567,208 148,568

6. Revolutions in 4,320,000,000 years of
Arsipes. Nopzs,
= ‘ Brahmagupta. |Bdrya Siddbints |Brahmagupts Eﬂﬂunﬂﬂdhlm
i
Sux J’ 480 387 I naie
Moox! .| 488,105,858 | 488,203,000 232,511,188 232,238,000
Mazs i 202 204 287 24
Mercrry a3z 348 521 488
JrrmrER 855 w0 | €3 174
Vesva . 633 335 803 803
SaroEx 41 34 554 LA2

Paliza gives 453,219 and 232,224,

121
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7. The later Surya Siddhanta elements.

- = =z
A ] A+B Mean Synodic Apparent
= Orbits. Sidereal | Mean daily motion. | distances periods dismeters.
periods. :
Yojsnaa. Days. Yojanaa .B jnr“ : "4 Yojanna, Days.
Moox . | 324,000 27-321674 118587 | 474349 51,566 29-530879 3z’
]
Meecoey | 1,043,200 §7-960702 | 118587 | 147323 188,031 | 115004168 3
VExvs . 2,864,837 224-808568 | 118587 5,787-7 1 424,080 | 553006043 &
Sow .| 4331500 | 865268756 | 118687 | 35482 680,378 s o
Mams .| 8146000 | 686U0T404 | 118587 | 1,8865 | 1,206,018 | 779930565 | 21’
Jurrrer . | 61,375,764 | 4,332-320852 | 118587 200-1 8,176,687 | 308-B88850 3 30
Sarumw . | 127,668,255 | 10,765773075 I 118687 | 1204 | 20318981 | 37808611 2 307
i |

Sun's horizontal parallax ; - . . s . . FoSe4T

Moon's borizontal parallax- . : . 53"20'.

Mean semi-dismeter of the sun . . - » . 3250 yojanas or 168" 12°

" " w moon . . . . . . G - 18 o
Semi-diameter of the earth . . . . . . 8500 yojanas.
Obliqui’y of the ecliptic . a1ty SRR

Mean distance of earth to moon

®
®
3

-

61,666 yojanas or 6446 radii

-F sun . . - .
{Fleet's estimate of the value of the
.

. GB89.378

yojans is O, miles. See JEAS, 1907, p. 856).

8. Divisions of Day.

|

|Vl-ﬂil;l-i“ Kidi o EquivaLENTS
= Vipala. g Priipa. i ghsti. Mubliirts. Dina, day. b
1#: 2 =
| |
1 vipals . | = 1) B Rl 5 : | 4 sec. 1
1 prina . | = 10 1 . e 5 . |-Ilnc. 1’
1 winfdi . B0 ] 1 A e * | 24 pec. 8
1oidi .| = 3800 360 &0 1 & = ii«lmin. (5
1 mohirte = 7200 T20 120 3 1 .. il!m.i.n. 1
1 day . | =216000 21600 3600 80 » 1 24 bours.| 36
9. Ascensional differences for certain latitudes.
| Latitmde,
Frans, ' — =
|ty | ¢ [ [ w o [l [
Aries Flaces m e 1" rﬂ*':"ﬂjl‘ n'rwr:r!uru-u' ¥ II‘FLO'II‘:.-.}*H.'
Towes .| Aguaris . [20* B W T W & 31 | € 8P o wwwiwnn-r o u..’w“
Gaminl .| Capricornes | 32° 12° 36" | P 20° |8 B0 | B" 10F 11" 4T L4 DO [INT 31 R BT 2 o w |0t F o
Cancer .| Sagitturios. [22° 1% 3¢ |2 14 (€ 30" [0 5 |0 22 1 101 o 19t ey s g o “.!“.“,
Lo Bemplo B YU |11 [P B (T [P OIF€ o [P oy i @ 100 19 [0 ar jerens
Virgo .| L .rr-s.f:'frrrrrr‘rrrrrrrurfrvvn-a-rf.ru
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10. Oblique ascensions or periods of risings of signs for certain

latitudes.
Latitude.
sio8s. - —
- | 18 T ar a6 l o s P o oe
—_I ! —_ —_—
Aries o o Puee .  Limeosrlze e vim L R R R LT
Tanris oo | Agueris . |29 8| ETC 52| B 4 | B W |2 21 Tt @ s | & et e
Oemini. . . | Copricorsns . [21° 4F (31" 34 00 5% (307 o7 |20 54 |m0° 17 o9 a8 ar gy e ap| =2 ue | ot ae
Wheer ., | Sagittscims . |30 3 (500 T 300 [aw swioe | oo |3 e e e lae s e
Leo i » | Bearple « 30" BF (31" S6 3T 00| 340|050 BT | 900500 | 3B 4T 40t 3T | 4et riur .wlw.w
Virgo . B T O O R TS [T [YCT) PO PP PR I) PR e
11. Tables of Sines.
Are r . | Pasilism, dryabhaga. Drabmagupts Aro. Peolemy Poulisa. | Aryabibhata, |I.I-l=ll||||||phril
6. u(‘h‘lri Bin 0, &b, | b & |owazh | Smb | "swb- 'l i 6.
;-u-i-;-w“r s s f ne Wy jorar we| oo n'l £585° [ i
TN 18w oar| 1y oW Ty aur | &2 ar |t 1T (1) 'r. =g’ : [3AT%
' 15 2 & a0 | 2y o o g B 16|08 4 35T 00 40| mr | o
W n oy W u'r[ B ey o o hor sy | 10y S| T . esar
1 45 |38 s s W ey | sy o w10y ar ¢ | 101 ] e | =mar
B et e | W ny 12817 o W 1T B BET| 16X JTT e’
Wi wor| s s s 1aae neay oy arse | ny | sme | osww
Wwowewl we me 1 1y ™ rr.u' W “.I war | s
“'“'!' w T [ 1mo : =r 78* &% 17 ar e vy o4t arr l T
TR Wy v oy o e oo ur e ny 0l M | oamer
" T T - 1 B8 15 [119° &4 38 1100 487, AT 26y
U oW s 3 | my W oriet o 1 1 M s

12. Summary Table (From H. Jacobi, El, i, p. 442).

- Sirys Siddbhinta. | Arya Siddhinta. Brahma Siddhinta,

Sun's revolutions in a yuga . 4,320,000 4,320,000 | 4,320,000
Civil days - . 1,577,017,828 1,5677.917,600 | 1,577,916,450
Lunar tithis w .| 1,603,000,080 1,603,000,050 | 1,602,999,000
Moon's synod. rev. ,, . 53,433,336 53,433,338 53,433,300
o | o e 25 57,753,336 57,753,336 57,753,300

o R thi ¢ by 57,265,133 57,265,117 57,265,104-142
nodes ,, . - —232.238 —I32.926 | —232,311-168

e MR T 1 458,203 483,219 458,105 558
Jupiter s ok R R 364,220 364.224 364,226-455

| I
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— Strys Siddhinta. .lq-m1 Brahma Siddbinta.
Rev. of sun’s spsis in s yugs . : + 387 e . 480
Place of sun's spsisat O Kaliyugs . ™ Tw | W v e 1T 45 38"
. MDOET oy i ¢ 0 00 0w o 0 125° 239" 46°
N oy ee i v o v v o 3%9° 27" 30"
Circenm. of sun's epicycle . A et 147 to 13° 40" 13* 3 14" to 13° &0
v moon's ,, P I 31° 30 31° 36" 1o 30° 4

13. Modern Values.

l SIDEREAL PERIOR.
Bynodle | Rudereal | Imclination Equatorisi Men Msan A of

Meas | period fn fmean dally] 1o eTC- Tongitods of m retre-

= |deiamer yean spdae | Tropiml | dave® | el eeliptie. meter. the pode. sreica.

| ey * Fese.
M— l = b “ w e 4 L Bl
Moca € i 71T i 0531 -2 [ S ¥ e - o - K
sune 2| 1amm | eseorn| 1esos | Trees | nessor| 1t s ew o o o o wose| ¢ o
Mercary | 3671 BT-0003 | 02408 11588 | 1ATIET| T OF 100 3T AT B 1 (TR L a1 3
Joremin oy S2ums | 4332388 | 1recEm | 30888 gy | i aor| row|erarjir v osrl Y 1L
Vemma 31| 07283 euqol | esse | ssaer | sTeToT| o= aTA B0 |78 8T pr 1o aw sar | W g
Batarn | D558 I 1075020 4T ATR-00 19045 | " B =X U OSTY UEFM YT N N O §
¥ i | 0 v O o o m ..
Barth @] 10000 | 3633564 1-00 | aae8 _ Inr &
Lregih of meath
B P 50-2504" - 0:00022 ( — 1000) yecdical . ADLLECES days = S04 1IN dim 26
Obiiqmity of the be £3° 2T B B0 D8R T — 1000). Bidamal . . ETREID 0 = 554 THOTm 0P
Eq alinx of the moon 57" T-43°, Avemslbtle . STLEAECO ., == 574 00A 1im §31°.
Mean distamce mﬂth moon 384,411 kilometre = 238 808
“MH::“MIM 01 kl'emetren = 02, ERT. 418 H.dl‘l'lﬂ, 22k fim 4091 of moam peler flme
: i L Mesmsolsr . B4A Tm EOESE" ol aldoreel lime
ropien . 385MA2IFTH — C-000000814  — 1000) dayn. Equatoris]l radims . CSTP-CE8 Rifcmetros = 00204 shetily

Bidecesd . BO5-28030042 — -0000MO01L (f — 1900) dsye.

. 30000 kilcmelry = 0460 siatcls
mbles.

Pelar radive

| ihras vabies emerpl thoss merisd * am taken om the dwerioen Keviicsl 4lmener for the Year 1019)
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ABBREVIATIONS EMPLOYED.

AB = Aitareya Brihmana.
AP = Agni Purina.
As. Res. = Asistic Researches.
AV = Atharva Veda.
BJ = Brihaj-Jataka.
BS = Brihat Samhiti.
Ch. U = Chhindogya Upanishad.
CIT = Corpus Inscriptionum Indicarum.
EI = Epigraphia Indica.
ERE = Encyclopedia of Religion and Ethics.
GP = Garuda Puripa.
Ind. Ant. = Indian Antiquary.
Ind. Btud. = Indische Studien.
JAOS = Journal of the American Oriental Bociety.
JASB = Journal of the Asiatic Society of Bengal.
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ADDITIONAL NOTES.

1. The introduction of Greek astronomy,

In the text of this memoir I have not referred to the question, raised by
Whitney and others, why certain improvements introduced by Ptolemy into-
Greek astronomy do not appear in the Indian works of the sixth century on-
wards. On this basis it huh-aenmggesbadthattheﬂmkntmncmy (and
astrology) introduced into India is pre-Ptolemaic. Apparently this means that
after about the second century A.D. India accepted no further intellectual
material from the west, and in particular it seems to mean that the astrono-
mers of the sixth century onwards knew ncthing of Greek astronomical science
later than that of the early second ceriury. On the other hand the earliest
Hindu-Greek astronomical work known to us is of the early sixth century
AD:?

Whitney definitely suggests that Greek astronomy carhe to India by the
sea route, and not overland, before the time of Ptolemy. His arbitrary closure
of the land route is unacceptable; and, of course, in the first and second cen:
tury A.D. a good deal of western astrological and astronomical lore was current
in, say Ujjain and Taxila. No one would deny that; but it is difficult, if not
impossible, to accept the suggestion that no further western knowledge found
its way into western India after the publication of Ptolemy’s great work.
Either that is meant or, possibly, it is meant that the Hindu astronomers re-
jected part of Ptolemy's teaching, and stuck to a Greek tradition that had
been handed down to them from pre-Ptolemaic times.

As a matter of fact the conditions that hold are normal enough. The
Hindu astronomers of the period took just what they waited from the western
works that reached them. They were not overwhelmed with the renown of
Ptolemy and it is quite possible that many Alexandrian text-books of the fifth
century neither mentioned him nor his improvements (which indeed in Whitney's
time were rather exaggerated). Undoubtedly Variha Mihira had Greek text-
books at hand and his exposition of his subject seems to indicate that he was
introducing new ideas, or, at least, ideas and terms that were not common ; and
certainly some of these notions are post-Ptolemaic. The surprise is, not that
there are points of difference, but that there is such close correspondeace.

The persistence of old ideas and the neglect of new ones are among the
commonest phenomens pertaining to the history of intellectual development.
Indeed these phenomena have prevailed (and still prevail) with ‘the school-men’
of aimost every country. In India, during the period under consideration, a
phase of intellectual assimilation obtained and the preserved records exemplify
thm fashion in no particularly abnormal way.

‘mm&rnnnﬂnuqlrphnjniﬂhdmmﬂhyﬂﬂm Prasad Shastri in Nepal (JASHE, 1897, 311)
possibly belongs to the third century A.D. but is valueless. Scealso Dr. ¥V V. Bamas-Sastriy in The Classical
Repiew 1922, p. 20, 3

T
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2. Buddhist astronomy.

According to Vinaya ii, 217,' a monk who lives in the forest is  to learn
the positions of the nakshatras, either the whole or ome section, and is %o
know the cardinal points.” At the end of the ordination service the procest
of ‘measuring the shadow’ is performed in order to determine the seniority
of the monk, and he is instructed in the length of the seasons and division
of the day. * * *  The earth, a flat disc, is 1,203,450 yojanas
in diameter and 3,610,350 in circumference. In the centre is Mt. Meru, rising
84,000 yojanas above the surface of the earth, and round it circle the sun,
moon and stars, shining in turn on the four continents round Mt. Meru. The
diameter of the moon is 49 yojanas and the circumference 147; of the sun
50 and 150 respectively. The sum ...... is one yojana higher in position than
the moon.?

! SBE, xx 204.
*E. J. Thomas, ERE, xii, 71.
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