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NOTE.

It was in 1860 A.D. that Reverend E. Burgess published
his famous translation of the Sarya Siddhanta, in the Journal® of
the American Oriental Society. Owing to the time, thought and
patient diligence that he and his colleagues devoted to the task,
this translation stands out as a model of research work in the
field of Hindu astronomy. Now after a lapse of three quarters
of a century it has become alinost inaccessible to any Indian
researcher of the present times. The Calcutta University is now
publishing a reprint of this valuable work and this, it is hoped,
will remove a long-felt want. The supervision of the work of
reprinting was done by Mr. Phanindra Lal Ganguly, M.A.,
B.L., P.R.S., of the Department of Pure Mathematics, Calcutta
University.

To the reprint is prefixed an introduction which attempts at
tracing the growth and development of the S#rya Siddhanta as
to its date, authorship and methods according to the most recent
researches of its writer ; it also aims at showing the indepen-
dence of the Hindu scientific astronomy of any foreign, more
specially the Greek, source.

The cost of publishing this reprint is met out of the Research
Fund in Indian Astronomy and Mathematics created by the
late Mahz{raja, Sir Manindrachandra Nandi, X.C.I.E., of
Cossimbazar. ‘

CarLcurra,
August, 1935,
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INTRODUCTION

The Hindu scientific astronomical works are divided into
two classes. Some of these are works of distinguished astro-
pomers like Aryabhata I (499 A.D.), Latadeva (505 ADY*
Varahamihira (550 A.D.),+ Brahmagupta (628 A.D.), Lalla
(748 A.D.),; Maifijula (932 A.D.), Sripati (1028 A.D.) and
Bhaskara II (1150 A.D.), whose works are :

Works. Authors.
The Aryabhatiya and another Tantra ... Aryabhata I
The Romaka and the Paulida Siddhantas Liatadeva § (Expounder;
 The Pafica Siddhantika Varahamihira
" The Brihmasphuta Siddhinta and the
Khandakhadyaka ... Brahmagupta
The Sigyadhivrddhida ... Lalla
The Laghuminasa and the Brha-
nmanasa ... Maijula
The Siddhanta ASfekhara ... Sripati
The Siddhania Siromani ... Bhiaskara II

These works and their suthors are now well known. Of
these Latadevall was a direct pupil of Aryabhata I. There is
now no doubt asto the times when they lived and composed
their works.

Some again of the Hindu astronomical works are alleged P
revelations, which means that their authors have hid their names

* QAT ATH@I AHHIEW, otc., Pasica Siddhantika, i. 8.

4 Varaha mentions Aryabhata I (Pafica Siddhantika, xv, 20), and’ is mentioned
by Brahmagupta (Brahmasphuta Siddhanta, xxi, 89).

1 P. C. Sengupta, Introduction to the Khandakhadyaka, pp. xxiv-xxvii, Calcuttsa
University Pross. The Khandakhadyaka was known to Burgess as the Khandakataka
in its Arabic version, p. 241.

§ Pance Siddhantiks, i, 8.

Il P. C. Sengupts, Introduction to the Khandakhddyaka, p. xix.
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and their times with the definite motive of making their astro-
nomical systems and calculations acceptable to the people of
Hindu India, by representing them as direct transmission from
their gods. To this class belong the following Siddhantas :—

1, Sarya Siddhanta. 10. Marici Siddhanla.

2. Paitamaha Siddhanta. 11. Manu Siddhanta.

8. Vyasa Siddhanta. 12. Angira Siddhanta.

4. Vasigtha Siddhanta 13. Lomasa (Romaka ?) Siddhanta.
5, Atri Siddhanta, 14. Paulisa Siddhanta.

6. Parasara Siddhanta. 15. Cyavana Siddhanta.

7. Kasyapa Siddhanta. 16. Yavana Siddhanta.

8. Narada Siddhanta. 17. Bhrqu Siddhanta.

9. Garga Siddhanta. 18. Saunaka Siddhanta.

Their name is eighteen * to match the Purdnas of which also
the name is eighteen ; so revelation is eighteen ways stated. The
versifier might have easily pushed up the number o twenty which
is the number of the authors of the Dharma Sastras.t But
at the time of Variha only five of these Siddhantas were known,
viz., the Paulida, Romaka, Vasistha, Saure and the Puitamaha
Siddhantas.+ Iven at the time of Bhaskara 11, the well-known
ones were five,§ and regarded as ganitas or treatises on astro-
nomy. Some of these eigliteen works are known from the
quotations made from them by Bhattotpala (966 A.D.) in his
commentary on the Brhat Samhiti of Varahamihira, while the
rest are known in name only. Some of these, again, were purely
astrological treatises. The S#rya Siddhinta is at the top of
this class of revelations. It was revealed to Maya an Asura, in all
propability an Assyrian or rather a Babylonian. The date is

* gdr, framet s afrdista; g | wG ARG T FArIRGREC: 0

e Nferis o @ gad 9 QaFiserenda AfarERanEr |
Quoted by Sudhakara, wga<fydt, ¥ ¢ )

Cf. Burgess' quotation on pp. 322-24.

t safafegea-araas s siwTT | gRq@adaal; sraEageEdar |
qaREans RafEar waqadt qraradl ey yHErRARn |

Yajiavalkya Smrti.
1 NfawQusafes-bameng e | Peica Siddlantika, i, 8.
§ wnfearfa a5 qgﬁagrq{ﬂam q: | Lilavati, 250, the last stanza.
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stated to be 2163102 B.C.* Yo which no historical value may be
attached. Again the S#rya Siddhanta is the most important of
this class of works and some attempt should yet be made to
ascertain its true date. From internal evidence alone Burgess
came to the couclusion that the superior limit to its date is
490 A.D.+ and that the lower limit is 1091 A.D.} as ascertained
by Bentley, and took the mean date to be 560 A.D. Our view as
to the nature of the work is that it is a composite growth dating
from about 400 A.D. to the middle of the eighth century or the
lower limit may even be the end of the eleventh century as found
by Bentley. The date of its commentator Ranhganitha is 1603
A.D., when it was made sufe from the hands nf its interpolators.
It is possible to distinguish three distinct stages of its growth :—

{a) The original work as it existed before Varihamihira.

(b) Varaha's redaction with the epicyeclic theory in it.

(c) Later additions and alterations.

Evidence of Astronomical constants compared.

All these three stages are discernible firstly from a comparison
of the astronomical constants of the modern book with those of
Aryabhata I as given or indicated in the Khandukhdidyaka of
Brahmagupta with those of the S#rya Siddhdnia of the Pafica
Siddhintika of Varaha.

A. Planctury Revolutions in a Mahdyuga of 4,820,000 years.

According to the | According to the | According to Change in

Planet. |Khandakhadyaka.| Sarya Siddhanta the modern the modern

of Variha. Sirya Siddhanta.| Strya Siddhénta.
Moon 57753336 57753336 57753336 nil - e
Sun 4320000 4320000 4320000 nil
Mars 2296824 2296824 2296882 + 8 revols.
Jupiter 864220 364220 364220 nil
Saturn 146564 146564 146568 + 4 revols.
Moon's 448219 448219 448203 — 16 revols

Apogee. .
Venus 7022388 7022388 7022376 — 12 revols.
Mercury 17987000 17987000 17987060 + GO0 revols.
M%Ion(;n 232226 232226 232238 + 12 revols.
ode.

* Surya Siddhanta , i, 57.
% Translation, p. 24, also Bentley's Hindu Astronomy, p. 108,

+ Translation, p. 344,
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Tt is clear from the above table that the modern Sarya-
Siddhanta is different from the state in which Vardaha left it.
'Thus far as regards its planetary revolutions only.
‘other changes also as will appear presently.

B.. Longitudes of the apogees or aphelia of the orbits at 399 A.D.

There were

. Accordin scordin According t .
 Phanet, | o the t’«?;V;,;,ﬁ;nﬁs th rdie i | o mosern
khadyaka. | Siddhantu. | Siddhanta. | °%7Y9 Siddhanta. rules.
-Sun 80° 80° 77° 77°14 77°15°
‘Mercury 220° 220° 207° 220°26" 234°11’
Vénus 80° 80° 907 79°49 290°4’ *
Mars 110° ‘ 110° 127° 130°0° 128°28"
Jupiter 160° 160° 170° 171°16’ 170°29
Saturn 240° 240° 252° 286°37' 243°40°

From this table it is seen that the modern book if not in

agreement with Varaha's Sarya Siddhanta.

As to the longi-

tudes of the apogee and aphelia of Sun, Mars and Jupiter the
modern Siddhanta is in agreement with the more correct values
of the Brahmasphuta Siddhanta of Brahmagupta or that it has
borrowed these elements from the latter work.

C. Dimensions of Epicycles of Apsis.

According to According to According to | According to

Planet. the Khanda- Varaha's the Uttara { " the modern
khadyaka. Siarya Siddhanta.| Khandakhadyaka.! Sarya Siddhénta.

Sun 14° 14 ! 13°40’ 13°40" to 14°
Moon 81° - 81° 81°39” 81°40° to 82°
Mercury 28° 28° — 28°  to 86*
Venus 14° 14° — 11° tol2°
Mars 70° 70° — 72°  to 78°
Jupiter 82° 82° - 82°  to38°
Baturn 60° 60° 48° 48" to4p°

* The great disagreement in the estimate of the longitude of the aphelion of Venus
by the ancients is due to the fact that the eccentricity of its orbit was taken as mil
by them; the centre of the Venus' epicycle was taken more or less coincident with
the apparent Sun.
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Here also the modern S#@rya Siddhanta seems to have borrow-
ed from Brahmagupta, specially in the cases of the Sun, Moon
and Saturn.

D. Dimensions of the Sighra Epicycles (Epicycles of Conjunction).

Planet. According to the i According to Varaha's | According to the
Khandakhadyaka. ‘ Sarya Siddhanta. mod. S. S’tddhan:a.
Baturn 40° 40° 39° to 40°
Jupiter 72° 72° 70° to 72°
Mars 234° 234° 232’ to 285°
Venus 260° 260° 260° to 262°
Mercury 132° 132° 132° to 133°

E. Longitudes of the Nodes of the orbits of Planets at 499 A.D.

According to 1 According ‘ According to As calculated

Planet. the Khanda- to Varaha's the modern from modern
khadyalka. l Strya Siddh&nta.‘ Sarya Siddhanta. rules.
Saturn 100° i 100°25" 100°32’
Not given in |
Jupiter 80° the text of 79°41’ 85°13’
Pafica

Mars 40° Siddhantika. 40°5” 37°69"
Venus 60° 59°46” 63°16"
Mercury 20° 20°44 30°85

It will appear that in the elements under D and E the modern
book has not changed much from Varaha’s Sarya Siddhanta.

F. Geocentric Orbital Inclination.

According to the According to the According to
Planet. Khandakhadyaka. Siarya Siddhanta the modern
of Variha. Sarya Siddhanta.

Mars 90’ 100 o0’
Mercury 120 135° 120
Jupiter 60’ 101’ 60’
Venus 120/ 101’ 120
Saturn 120’ 185" 120
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Here we see the modern book follow the Khandakhdidyaka,
but the figures of Varaha’s Sarya Siddhanta show that there was
a Sarya Siddhdnta before his time and that he did not think it
necessary to change these elements.

G. Number of Civil days in a Mahayuga.

According to the Khandakhadyaka =1577917800.
ve Vardha's S. Siddhanta =1577917800.

»s the modern S. Siddhanta =1577917828,

which shows an excess of 28 days, evidently a later innovation
done by some unknown person after the time of Varidha at least.

Now as the Khandakhddyaka constants are taken from Arya-
bhata I's drdhardatrika (midnight) system of astronomy and as the
constants of the Sirya Siddhanta of Variha as given in his
Paiica Siddhantikd are almost the same as those of the Khanda-
khadyaka, it is clear that the old S#rya Siddhinta was made
up to date by Varaha by replacing ‘the old constants in it by new
ones from Aryabhata I's ‘midnight’ system.* A subsequent
redactor of the Sérya Siddhdnta changed the constants as intro-
duced by Varaha by following Brahmagupta’s teachings in his
Brahmasphuta Siddhanta and the Uttare Khandakhidyaka, as has
been shown above in the elements under the beadings B and C.
He also made other changes as have been noted already under
the headings 4 and G.

.

Thus from a comparison of astronomical constants we have
established that there was a book named the Siarya Siddhanta
before Varaha’s time. Variha was one of the first to im-
prove upon it and make it up to date. The present redaction
took place decidedly after the time of Brahmagupta. In course
of time even these changed constants were thought out of
date, and according to Bentley at about the beginning of

- * Cf. P. C. Sengupts, Introduction to the Khandakhadyaka,
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the sixteenth century, the planetary revolutions were further
changed thus:—* '

Revolutions in Changed revolutions J
Planets. the mpdern as corrected by bija. Change.
Siarya Siddhanta.
3
Sun 4820000 4320000 0
Moon 57758336 57753336 0
Moon's apogee 488203 486199 -4
" Node 232238 232242 + 4
Mercury 17987060 17937044 - 16
Venus ‘ 7022376 7022364 - 12
Mars k 2296832 2296832 0
Jupiter 364220 364212 -8
Saturn 146568 146580 + 12

According to Diksita these new corrections were introduced
by the author of the Makaranda tables.t

The position we have taken as to the nature of the modern
S#rya Siddhanta is further corroborated by

The Evidence of Planetary Theories in the Modern Book.

Even in the modern S#@rya Siddhanta the traces of its oldest
structure can be recognised. We can actually find two distinct
planetary theories in the second chapter, the first of which is
a cruder planetary theory which is followed by the regular epi-
cyclic theory. The first few stanzas run as follows :—

¢ Forms of time, of invisible shape, stationed in the zodiac,
called the conjunction (Sighrocca), apsis (mandocca) and the
node (pdta), are the causes of the motion of the planets. The
planets attached to these beings by cords of air, are drawn away
by them, with the right and left hand, forward or backward,

* Burgess, py 22.
+ Dikgita’s WA sféure, p. 184,
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according to nearness, towards their own places. A wind, more-
over, called provector (pravaha) impels them towards their apices
(ucea) ; being drawn away forward and backward, they proceed
by a varying motion. When the planets, drawn away by their
apices (ucca) move forward in their orbit, the amount of motion
so caused is called their excess (dhana) ; when they move back-
ward, it is their deficiency (rnpa).”” *

This represents a system of astronomy prior to and quite
distinct from the epicyclic astronomy. The wucca is conceived
as of two classes, the first, the mandocca, in the case of the sun
and the moon, means the apogee where this angular motion is
slowest and in the case of other planets it is the aphelion point
of the orbit. The other type of ucca is the Sighrocca (the apex
of quick motion), which in the case of superior planets coincides
with the mean place of the sun, and in the case of an inferior
planet, is an imaginary point moving round the earth with the
same angular velocity as the angular velocity of the planet round
the sun ; its direction from the earth is always parallel to the line
joining the sun and the inferior planet.t The pata means the
ascending node of the orbit.

We first proceed to explain the action of the mandoccas on
the mean positions of planets.

Let UP M N M’ be the circular
orbit of the sun or the moon round the
earth E. U the position of -the god
of mandocca who is supposed to be N u
sitting there facing E, the earth.

When the mean planet is anywhere at

M in the half circle UMN, it is drawn

to a point P which is nearer to U, M P
the pull or rather the displacement is M P and is negative ; hence
according to this theory the equation of the centre is negative
from the apogee U to the perigee N. In the other half circle
N P'U, the pull is exerted by the left hand, the mean planet M’
is drawn forward to the point P’ and the equation of the centre

]
P

* Translation, pp. 54-55.
+ i, 20 and xii, 85-86.
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is now positive. Thus so far as the character of the equation
was concerned this crude theory was deemed sufficient. The
mean motion was thought to be produced by the planets being
beaten by asterisms as described in I, 25-26. The etrings of air
by which the god of apogee produced the displacerents were
given the name pravaha. Tt is further evident ‘the ideas of
‘attraction ’° and the “consequent ‘displacement’ were not
fully distinguished. To sum up, this represents a system of
astronomy which only recogrised the inequalities due to apsis
and tabulated the equatious according to the position of the mean
planet relative to the apogee.

We now proceed to consider the other planetary inequality,
and this was considered to take place under the attraction of the
god of Sighra or the qaick apex. The older theory of modern
bouk also tells us that this god also draws the planet towards
himself. This is now separately illustrated for inferior and
superior planets.

Stighra of Inferior Planets.

/
v
y%\V 0
H

E \ s,

Let E, H, V be the positions respectively of the earth, the
sun and an inferior planet in superior conjunction.” From the
line EHO, cut off ES=HYV the radius of the orbit of V, then 8§
is the position of the 8ighra of V. After some days let B’ and
V’ be the positions of the earth and the inferior planet. From
B’ draw E’S’ equal and parallel to HV’, then 8’ is the new
position of the &ighra.
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The inferior planet is seen from £’ in the direction E'V’.
The 8ighre god has, as it were, drawn the mean inferior planet
from the direction E'H to the direction B'V’ and the displace-
ment produced is measured by the arc HM shown in the figure
and is in the direction of 3'—the line B'H is, as it were, turned:
towards E’S" to the position E'V’. In other positions of
E, V and 8 the displacements due to sighra are also readily.
explained.

Sighra of Superior Planets.

Jy

Let E, H, J be the positions of the earth, the sun and a
superior planet at conjunction. Liet E' and J' be the positions
in the respective orbits of the earth and superior planet after
some days. The superior planet is now seen in the direction
E'J’ from E’. From E’ draw E'O parallel to EHJ, and E'J,
equal and parallel to HJ'. Here the &ighra is H. The planet
instead of being seen in the direction B'J, is actually seen from
E’ in the direction E'J’. The displacement due to the dighra H
is represented by the angle J'E'T , or the arc J,M shown in the
figure. The turning of the line E’J, into the position E'J’ is
towards the direction E'H of the &ighra. Similarly in other
positions of E; H and J, the displacements due to %ghra are
readily explained. '

It is evident that the imagined displacements due to this god
of 8ighra are always towards himself and are sometimes positive
and sometimes negative,
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The state of development of astronomy is apparently pre-
epicyclic. Tt shows that both the planetary inequalities were
separated, however imperfect this separation might have been.
Ptolemy might claim that it was he who first separated the two-
fold planetary inequalities,* but his claim to 6rigiqg.llty should
now be set aside. KEven Hipparchus is now regarded more as a
verifier and corrector of Babylonian astronomy than as the maker
of a new science.t *

Having finished our explanation of the older planetary theory
of the Siirya Siddhanta as to the action of the gods of manda and
stghra on the motion of planets, we turn to the action of the
patas on the ascending noues which is thus described :

“ Tn like manner, alsn, the node Rdhu, by its proper (own ?)
force causes the deviaticn in latitude (viksepa) of the moon and
the other planets, northward and southward, fcom their point of
declination (apakrama). When in the half orbit behind the
planet, the node causes it to deviate northward ; when in the
half orbit in front, it draws it away southward. In the case of
Mercury and Venus, however, when the mnode is thus situated
with regard to the conjunction (3ighra), these two planets are
caused to deviate in latitude, in the manner stated, by the attrac-
tion exerted by the node upon the conjunction (3ighra).”” II, 6-8.

This statement here unmistakably means the ascending node.
In the case of the inferior planets a very great advance was made
when their celestial latitude could be recognised as depending on
the distance of the sighra from the node. This step must have
had a long history behind it, which is now lost.

We omit the next three stanzas which are unimportant ; the
next two are : b

‘ The motion of the planets is of eight kinds: retrograde
(vakra), somewhat retrograde (anuvakra), transverse (kutila), slow
(manda), very slow (mandatara), even (sama); also, . very swift
(atistghra), and that called swift (82ghra). Of these, the very swift

* Thibaut, Iotroduction to Pafica Siddhantika, p. lii.

+ Encyclopedis Britannica, History of Astronomy, Babylonian Astronomy.
Manitins also io his introduction to his edition of the Syntagis repudiates the ipordi-
nate claims of Ptolemy (Teubner, Leipzig, 1913).
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(atidighra), that called swift, the slow, the very slow, the even-—
all these five are forms of the motion called direct (yju); the some-
" what retrograde is retrograde.”’ 1II, 12-13.

The concluding portion of the last stanza has not been
properly translated by Burgess. The last sentence should have
been ‘‘ what are retrograde motions have been enumerated in
proximity to anuvakra motion."”” The last stanza means that the
last five sorts of motion enumerated in the twelfth stanza are
direct and the first three are retrograde. Burgess’s observation
on this is worth gnoting. He says ‘¢ this minute classification
of the phases of a planet’s motion is quite gratuitous, so far
as this siddhanta is concerned, for the terms here given do not
occur afterward in the text.”’ We think he could have also said
that the conception of the gods of manda and ézghra for explain-
ing planetary inequalities was equally so. But we hold with
reason that these eight ways of planetary motion are a relic of a
forgotten history of Hindu astronomy. Such eight-way motions
of planets are thus referred to by Brahmagupta :

““ A person who has said that Aryabhata knew the eight-way
motions of planets has made an incorrect statement.’’ *

Again of these eight-way motions of planets we find two used
in the Pafica Siddhantikd, Chapter XVI1II, which describes what
is known ae grahacara (the courses of planets). These are the
vakra and the anuvakra motions ; the latter motion spoken of as
taking place after the vakra motion (retrograde wnotion), is accord-
ing to the literal meaning of the term anuvakra, when the planet
is reaching the next stationary point.

‘The next stanza of our siddhdnta runs as follows: ** By
reason of this and that rate of motion, from day to day, the
planets thus come into accordance with their observed places
¢dys)—this their correction, I shall carefully explain.”

* The translation though not very exact yet sufficiently conveys
the idea. After these introductory words one would naturally

*  wEWE Ay aTereafd agmatagae (
Brahmasphuta Siddranta, xi, 9.

df. also Brhat Sawnhita, vii, 15-16, and commentary thereon which quotes from
Vrddha Garga.
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expect that the author would give us tables of equations of apsis of
all the planets andG in the cases of the ° star planets ’ the different
stages of their eight-way motions together with their amounts
in different periods of time. Instead of this we percieve the
hand of the interpolator breaking the continuity of the .opic and
all on a sudden bringing in a table of ¢ sines ' copied verbatim
from the Aryabhatiya, * and how to use it for finding the ¢ sine ’
and the ¢ cosine ’ of any given arc and the converse process ; tHe
method of finding the sun’s declination, how to find the anomalies
of apsis and of the Sighra; the dimensions of the epicycles of
either class for the planets; the methods for the calculation of
the equations of apsis and of the Sighra and how to apply them ;
the methods of calculating the instantaneous daily motions of
planets both for the apsis and the Sighm borrowed respectively
from Aryabhata I and Brahmagupta as we shall see later on.
Then suddenly the older planetary theory is suffered to remain
in its original for.n, viz.,

“ When at a great distance from its conjunction (Stghrocca),
a placet, having its substance (body ?) drawn to the left and
right by slack cords, comes then to have a retrograde motion.’
11, 52.

The older theory of cords of air of the gods of Manda and
Sighra has been spared by the interpolator. The stanza shows
a recognition of the fact that in the case of a superior planet, the
retrograde motion takes place near about the opposition and in
the case of an inferior planet near about its inferior conjunction.
How this old stanza could be permitted by the mterpola.tor to
remain in the book with all its vagueness seems to us a mystery.
In the very preceding stanza is described the explanation for tfe
retrograde motion under the epicyclic theory. After this we can
nc further find any trace of the older theory left in it. - Thus
also we find another argument in support of our theory that the
modern S@rya Siddhanta is a composite work showing the relics
of its older strata yet contained in it.

% Kryabhata’s value of the * sine ’ of 60° is wrong, while those of Brahmagupi;;
and Bhaskara II are accurate. B. S. Siddhéanta, ii, 2-5; Siddhanta Siromays
Grahaganita, Spastadhikara, ii, 3-6. - -
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Evidence of Astronomical Methods

We now proceed to consider some of the astronomical methods
of the modern S#rya Siddhanta and to show that it has drawn
largely from Aryabhata I and Brahmagupta.

(0) Instantaneous Daily Motion of Planets affected by the
« Inequality of Apsis only.

The planets meant are of course the sun and the moon
according to the Siddhdntas. The rule for finding the instantaneous
daily motion of either of these ‘ planets’ is perhaps best illustrated
by considering the case of the moon.

According to the modern Sarye Siddhanta (11, 39, 43) the
equation giving the longitude I of the moon on any day is

Pe xR sin (m —a)
360°

l=m-—

where m is the moon’s mean longitude, « the longitude of the
apogee, P°=the periphery of the moon’s epicycle of apsis where
the circumference of the concentric =360° and R=3438".

If n andn’ be the rates of the mean daily motion of the
moon and her apogee in minutes, the instantaneous daily motion
of the moon is expressed as

_— (n—n/yP° x Tabular difference of ‘ sines ’ at arc (m—a)
360°,x 225/

II, 47-49.

Here the term ° sine ' means the Indian sine and is=R sin 4,
where 6 is the arc. The value of R is also 3438 according to
Aryabhata I, but is=8270' according to Brahmagupta and 120/
dccording to Vardahamihira. The sines are calculated at intervals
of 225’ of arc. The above formula for instantaneous daily motion
is readily demonstrated as follows:—

Suppose I to be the longitute of the moon after a fraction r, of
a day, then

V=m+nr-— 3%?) x R sin {m—a+m—nr},



INTRODUCTION 2xi
*. the instantaneous daily motion

V-1 P

= =7 - . _ o _ . o
T B8O~ [Rsin {m—a+(n—n)r}—R sin (m—a)]

_._ Pm-n) . L, _

=n 360° x 9957 x Tab. Diffce. of ‘ sinas ’ at are (m—a).

This rule itself is expressed by Lalla in his Sisyadhivrddhida,
ii, 15 thus:

The instantaneous daily motion of the moon

—,, — _Tabular Differeuce of ‘sines’ at arc (m—a) x 10
) 33 ’

which is really equal to

_ (n—n’) x81°80' x Tab. Diffce. of ‘sines’ at arc (m -—a)
860° x 225

Here, n="790'35", n=6/40", 31°80/=P°

the periphery of the moon’s epicycle of apsis according to
Aryabhata I and in fact

(n—n/) x 31°81/ _ 100/
860° x 225 328 ’

which is taken by Lalla as ’}593,‘

The divisor 2256 shows that the moon’s mean anomaly was
not really contemplated to receive an increment of more than
925'; n—n' itself is about 784/,

This rule is again found fault with by Lalla in Chapter iii, 43,
where he says,

““ The rule of dividing the daily motion in anomaly of the
moon by 225 by which the pupils of Aryabhata have obtained
the cotrection to her mean daily motion, gives the apparens
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daily motion of the moon for the day elapsed and it cannot be
used for the current day.’” *

We are not going to discuss the truth or otherwise of Lalla’s
allegation ; what concerns us bhere is to show that the rule we
are considering was obtained by Aryabhata I's pupils under the
guidance of their teacher. The same rule is copied from
Aryabhata I by Vardhamihira in his Pasica Siddhantika, IX.

Thibaut translates it as follows:

‘¢ Multiply (the motion of the anomaly) by the difference of
the sines of (at ?) the anomaly, and divide by 225 ; reduce the
result (to terms of the epicycle). The arc of the result is to ba
deducted from the mean motion in the six signs beginning with
Capricorn, and to be added to it in the six signs beginning with
Cancer.’’

Put symbolically it is equivalent to:

The instantaneous daily motion

_ P(n—n’) x Tab. Diffce. of ‘sines’ at arc (m —a) x 235
860 x 225 x 7'51/1

=n

Here the multiplier 8%)6 reduces the result to terms of the epicycle,

and the factor 226 reduces the result to arc. As Varaha’s radius

751
=120/, his ‘sine’ of 226'=7/51".

The rule of the modern S#rya Siddhdnta under consideration
is thus proved to be taken from Aryabhata I's or his pupil’s
works. We had to cite the rules of the Sigyadhivrddhida and
the S#rya Siddhanta of the Paf@ica Siddhantikd, only because
the Aryabhatiya does not contain it. The rule in the form

*  pyedeaas TiReE W G sraamee i |
an szt e Agyfrarenty wdmmar ag 1< AR |
Sudhékara Dvivedi's Rdition.
t  smegrryfum fafawarg a1 v afcer
AT T g ATERIRAY |

Pafica Siddhantika, ix, 18,
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in which Vardha gives it is given also by Brahmagupta and may
be symbolically expressed as

n— (n—n') x Tab. Diffce. of ‘sines’ abt arc (m —a) x P;*
360 x 214 ’

Instantaneous Daily Motion of the ‘Star Planets.’

We next consider the instantaneous daily motion of tHe
planets which are affected also by the inequality of the Sighra or
conjunction.

" The rule of the modern S#rya Siddhanta runs as follows :—

‘“ Subtract the daily motion of a planet, thus corrected for
the apsis (manda), from the daily motion of its conjunction
(Sighra); then multiply the remainder by the difference between
the last hypotenuse and radius, and divide by the variable
hypotenuse (cala xarna); the result is additive to the daily motion
when the hypotenuse is greater than the radius, and subiractive
when this is less ; if, when subtractive, the equation is greater
than the daily motion, deduct the latter from it, and the re-
mainder is the daily motion in a retrograde (Vakra) direction.’”
IT, 50-51.

Symbolically it means, that the instantaneons daily motion of
such a planet

- (n’—n)H(H—R)

in form, when n represents the mean daily motion of the planet
as corrected for the apsis, n’ the mean daily motion of the Sighsa
(conjunction), H stands for the hypotenuse of the fourth step in
finding the longitude of the planet, R the radius=238438' in-all
the siddhantas which are ‘revelations.’

*  gewmdgyineiwgfomsasisar (Rys) war i
= w zafefuw’ waatuvd wefag o

s iRgTw @waEta; o zisa R |
B. 8. Siddhanta, ii, 41 + 42§.
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Now = + ———————(”'—’;g[(E_R)

readily transforms into

1 (W=n)xR
e

e

in which form it is given in the Soma Siddhdnta thus:—

““ Multiply the daily motion of the Sighra {conjunction)
anomaly by the radius and divide by the hypotenuse ; the result
applied negatively to the daily motion of the Sighra (conjunction)
i8 the true daily motion, the motion is retrograde when the
subtraction has to be done in the inverse way.” * II, 29.

This rule is evidently taken from the Brahmasphuta Siddhdinta
of Brahmagupta where it is stated in the form:

¢ Multiply the motion of the SJighra (conjunction) of the
planets of which Mars is the first, lessened by their mean
motion as corrected for apsis, by the tabular difference of ‘sines’
used for finding the Sighra equation and divide the product by
the first sine (214’) ; multiply the result by the radius and divide
by the Sighra hypotenuse, subtract this last result taken as
minuates from the motion of the Sighra (conjunction), the remain-
der is the instantaneous daily motion of the planet.’’t

If B, denotes the Sighra equation of the planet, then

duymafafaarger agfgar woq
Mg wg yhadmgeiamd iven

Soma Siddhanta, i1, 29, edited by Mm. V. P. Dvidedi, Benarea.

T ofrefd ARGAERey ATt FAEIE w80
MNuawerAsardfoal aeiagr s
weafad ey fawTaEy Wwwa gsan
T frvfa: egreyfmdati o

Brahmasphute Siddhanta, ii, 42%-44%.
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adopting the same notation as before the rule may be symboli-
cally expressed as

= - (n’—n) x Tab. Diffce. of ‘sines’ at arc Es x R*
214 x H

Now the first thirteen of Brahmagupta’s ‘sines’ are
LJ

214, 427, 638, 846, 1051, 1251, 1446, 1635, 1817, 1991,
2156, 2312, 2456.

Hence the first {hirteen tabular differences are :

214, 213, 211, 208, 205 200, 195, 189, 182, 174, 165, 154,
144.%

Each of these divided separately by 214, the first ‘sine’
gives very nearly a result=1, and a calculator seeing that the
Sighra equation does never exceed 47° and using Brahma-
gupta’s rule simplified the fraction

Tab. Diffce. of ‘sines’ at Es
214

to unity and thus gave the rule as

(n—n)R
H ’

=nl—

which was modified in form and included in the modern S#&rya
Siddhanta.

This rule of Brahmagupta has not beer traced to any other
earlier writer. It does not occur in the Padca Siddhintikd of
Vardhamihira. Lalla has quoted Brahmagupta's rule with only
one necessary change in his Sisyadhivrddhida, ii, 44-46. The

* For a proof of the rule the reader may consult the paper ** Infinitesimal Galculus
in Indian Mathematics’’—by me in the Cal. Univ. Journal of Letters, Vol. XXIT,

pp. 8-11.
P
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proof of it is to be found in my paper on the Infinitesimal
Calculus already referred to, and which is substantially the
same as given by Bhaskara II in his Grahaganita, Spastadhikara,
Comm. on stapza 39. Burgess has given a new proof of the rule
in his translation which is now quite unnecessary. |

Other instances might be cited showing how the modern
Sirya Siddhanta has borrowed from Aryabhata I and Brabhma-
gupta. Some of these we will discuss later on.

Thus by some arguments by similarity of method we come to
the conclusion that the modern S#@rya Siddhanta developed
into its present form after the time of Brahmagupta. We now
proceed to consider the date of the Sarya Siddhanta from another

evidence, viz.,
Evidence from the Polar Longitudes of Junction Stars.

The polar longitudes of the ¢ Junction Stars ' as given by
Brahmagupta, Lalla, and the modern Sarye Siddhinta are now
brought into evidence. Some of these longitudes are traditional,
viz., those that are the same in these three works, some are
corrected by the authors themselves. We may be enabled to
find both the superior and inferior limits to the date of the
Sarya Siddhanta from a comparative study. The Pafice
Siddhantika of Vardha also gives the polar longitudes (according
to Thibaut) of seven of these ‘junction’ stars which wo shall take
to be of the old S#rya Siddhinta as it existed before the time of
Varéha.
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Polar Longitudes of Junction Stars.

3 s | E s
0-: :'_,g' B3 F ] £ < Re.naxil_j: &bou: the
Stax. g%’ 3 g;g; bs '__.S: DS g 5 &oge;*: %"id?ih 6:1]::
85 S 5 a .
Q:'g QEE Q-A§ mgg 8 U0 source
Agvini 8°0’ 8°8’ 8°0 l Traditionak .
Bharani 20°0” 20°0" 20°0 Do.
Krttikd 32°40° 87°28 36°0° 37°80° | Brahmagupta
Robipi 45" 49°28° 49°0° 49°80° Do.
Mrgasira 63°0° 62°0” 63°0” Do.
Ardra 6 °0 70°0” 67°20° | New 2
Punarvasu 88°0’ 938°3° 92°0 93°0" Brahmagupta
Pugya 97°20" | 198°0/ 105°20° | 106°0’ Do.
Adlesd 107°40” 108°¢° 114°0 109°0 New
Magha 126°0° 129°0° 128°0° 129°0 Brahmagupta
P. Phsalguni 147°0° 139°2(v 144°0° Traditional
U. Phalguni 1E5°0" 154°0° 155°0" Brahmagupta
Hasta 170°0” 178°0” 170°0° Do.
Citra 180°50° | 188°( 184°20° | 180°0° | Traditional
(180°?)
8vati 199°0" 197°20° 199°0° Brahmagupta
Vidakha 212°5° 212°0" 218°0° Newx
Anuradha 224°5° 222°0/ 224°0° Brahmagupta
Jyestha 229°5 228°0° 229°0 Do.
Maila " 241°0° 241°0/ 241°0° deitional
P. Kpadhd 264°0" | 254°0" | 264°0° Do. ¢
U. Zgadha 260°0° 267°0" 260°0° | Brahmagupta
Abhijit 26K°0° 267°20" | 266°0" | New
Sravapi 278°0" 088°10° | 280°0° | New
Dhanisthi 290°0" 296°20" 290°0" Brahmagupta
Satabhisa 320°0° 318°20" 320°0" . Do.
P. Bhadrapads 826°0" 827°0" 326°0° . Do.
U. Bhadrapada 387°0" 885°0° '837°0° Do. .
Revatl 0°0 859°0" 859°50”
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For the date of the old Swrya Siddhinta we select the followe
ing stars:

e abmagupte.

Krttika 4° 48
Rohini 1° 28/
Punarvasu 5° g
Magha 3° o
P. Phalguni 3° 0
Citra 3° 0

Sum =20° 19

The mean excess in Brahmagupta’s longitude comes out
for these six stars to be 3° 23/, which at the rate of 72 years per
degree is the excess for a period of 244 years. As we know
definitely that Brahmagupta’s date is 628 A.D., the date of
the original S#rya Siddhanta becomes 384 A.D., this date we
may set down as 400 A.D., which is the upper limit to the
date.

To find the lower limit to the date we have to select the
following stars:

Ezcess in P. Long. over

Brahmagupta.
Aédlesa 1o
Visakha ... .o 1o
Abhijit ... o 100
Sravana ... e 200

The mean excess over Brahmagupta’s polar longitudes for
these four stars works out to be 1° 15/, which may be taken to
correspond to 90 years after the time of Brahmagupta the date
comes to about 718 A.D.
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We are thus led to the conclusion that the modern Sarya
Siddhanta became a composite growth from about 400 A.D. to
725 A.D. from the evidence of its star table alone. The method
we have followed is perhaps more correct than the one that has
been followed by Bentley and Burgess as to this star table.
We have assumed that Brahmagupta and other observers of
stars before and after him have been liable to the same
sorts of errors. While no data are available to push up tBe
upper limit to its date, the lower limit as calculated by Bentley
from the latest value of the planetary revolutions cannot be
challenged.

The S#@rua Siddhan.a has thus undergone progressive changes
n its constants and the star table from 400 to 1100 A.D. The
original work was in an amorphous condition before the time
of Varaha who gave it a crystalline structure by including in
it the new astronomical constants and the epicyclic theory from
Aryabhata T. Not only these, Variha also put into his S#rya
Siddhanta even the astronomical methods of Aryabhata I and his
pupils, as we have seen in some cases already. More will be
evident later on.

The changed Siddhinta was known to Brahmagupta *
perhaps as a distinct and different book from its fragmentary
redaction in the Pafica Siddhantikd. Bhattotpala (966 A.D.),
the commentator of the Brhat Sawmhita of Varahamihira, cites
some stanzas ! from the S#rya Siddhanta currant in his time.

*  EmgyfendwRafgsgaq@: | Brahmasphuta Siddhanta, xx, .

} weasmwwe frw’ wemd a0 ww wwsfieE @ @ weww o
Asrat Mea: q@f geratewaEsn (s o ews adriwiE@fvan
fau=s 91 GIfd WaEEREAT @ 1 Q9 99 ¥ JEwEs aEga @

Brhat Sarhhitd, IV.
yegrat wfwwmmt @ wiat (sewt) axfed | e faawfafes: @roavesty
T wifea eRmdsfafaRafanr 1 @ wrafe g SETEE W WY 0
aRwTE aa JEhmuEige: | e sefaaay ... afcafeE o

. Ibid, IV. Quoted by Diksits in his wrcdta sqifa:wra,p. 179.
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These, however, cannot be traced in the modern book. It appears
that some stanzas have been deleted or replaced by new ones ;
some again were rejected as interpolation by the commentator
Ranganitha. To this latter class belongs a stanza got by
Burgess after I, 6 in his manuscripts without the commentary.
A Bengali edition * of the S#rya Siddhdinta records twenty-one
gdditional stanzas between xiv, 23 and 24, which speak of the
application of a system of corrections called B?ja to the mean
places as calculated from the S#@rya Siddhdnta. These stanzas
were no doubt a later addition Burgess at the end of his
translation rightly observes:

‘“ The S#@rya Siddhanta, in the form in which it is here
presented, as accepted by Ranganatha and fixed by his com-
mentary, contains exactly five hundred verses. This number, of
course, cannot plausibly be worked upon as altogether accidental ;
no one will question that the treatise has been intentionally
wrought into its present COMPAass.....coeveviiriiiiiiiiiiiieiiiieninn e, .
There can be no reasonable doubt that the text of the treatise
has undergone since its origin not unimportant extension and
modification.”’

As we have already said we are inclined to understand that
the original S#rya Siddhdnia came from the asura or Babylonian
source, and the date of its arrival was about 400 A.D. The
question now is, could it not have arrived much earlier? In
our opinion this does not seem probable for reasons set forth in
the following brief historical review of Hindu astronomy from
the earliest Vedic times.

* A Bird’s-eye View of Hindu Astronomy from the
" Vedic Times to 80 A.D.

So far as we have come to discover of the astronomical
knowledge current in Vedic times, we find that the chief require-
ments for the performance of Vedic sacrifices were to find as
accurately as possible the equinoctial and solstitial days, and

* Sirya Siddhanta, rendered into Bengali, by Vimald Prasids Siddhants-
Sarssvati, Calcutta, 1896,
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.2

thence to find the seasons. The Vedic months were synodic
months and reckoned from a full-moon to the next full-moon.
The month of Mdgha for instance was begun from the fu]l—mobn
at the star group Maghds, of which the central star is o Leonis
or Regulus till the full-moon at the star group Uttara Phalguni
B Leonis and a Virgo.* The year was comprised of twelve or
thirteen lunar months ;+ so that even in Vedic times there was
always an attempt at adjusting the lunar calendar to the solar.
The solar year was begun either from an observation of the sun’s
rising at its extreme south point or from the sun’s rising at the
east point exactly. Sometimes the year was begun one month
before the sun’3 arriving at the vernal equinox I or with the
spring. The seasons werw, the winter, spring, summer, rains,
autumn, the kemanta or pre-winter, and six in number. Some-
times hemanta and winter were counted as one season.§ The
duration of each of these six seasons was two months and
winter began when the sun turned north and the rains when he
turned south.

Again at the earliest Brahmana period (i) the sun reached
the winter solstice || at the full moon of Mdgha, (ii) the year was
considered to be at its end at the full-moon at the star group
P. Phalguni,N (@) the Kpitikas (Pleiades group) rose exactly at

* With the procession of the equinoxes and solstices, the same month of Magha
came to be reckoned from the new-moon preceding the full-moon a the Maghas till
the following new-moon. Later on due to the same cause the month of Migha was
taken to end with the full moon at the Maghas. These two ways have survived up
to now througb the adoption of the sidereal year in place of the eonbemplated tropical
year of the Vedic and later Vedic times.

t W AT § eRn a1 daeTE AT (el

Satapatha Brahmane, 1I Kanda, 2 P, I Br., 27

t gEMT@ETHIREM |l AL LR ¢ o

§ wgE wAR: TR | Satapatha Br., TI Kinda, 1 P., 6 Br., 8.

CRAHET UNH ) Swminiu: gwE |
I« % aremEermyeEETEREEndR | g
) Kaugitaki Brahmana, XIX, 8.
. < = f—
O g@ N o YaqET g HEgd Rea gEget 9 7= |
Kaugitaki Brahmana, V. 1,

Cf. also Satapatha Brahmana, VI Kanda, 2 Adhyays, 2 Br. 18 and also Tasttiriya

Brahmage, 1,1, 2, 8.
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the east point* and that (iv) the spring + set in one
day after the new moon of Caitra. TFrom all of which we gather
that the summer solstitial colure of the earliest Brahmana period
passed very nearly through the star 6 Lieonis and that the date
when this was the case, was 3100 B.C.} The vernal
equinoctial colure passed through the star Rohini or Aldebaran. In
the later Vedic times the sun’s turning north very probably took
place a fortnight earlier. The Satapatha Brihmana says that
‘“ some want to have a few nights more ; if they want some more
then they should begin the sacrifices on the night on which the
moon becomes first visible before the full moon at the Phal-
gunis.”’§ These sacrifies were begun a8 soon as the sun turned
north. It shows that the solstices had preceded by about 15° and
that the date when this took place was 2000 B.C. The earliest
Brihmana period may be called the Rohini-Phalguni period.
Even at this time the five early luni-solar cycle was known.ll
The calendar was luni-solar in character. The chief signals
for the beginning and the end of the year were the full-moon at
the U. Phalguni and that at the P. Phalguni respectively ; from
which the intercalary months were detected.

Then we have the record of a Krttiki-Magha period, i.e.,
when the full-moons at the Pleiades and the Regulus were
regarded auspicious times for the baths at holy places. The
summer solstitial colure passed through the star Regulus and
the vernal equinoctial colure passed through the stur group
Pleiades. 1t can be shewn that this was the case at the time
of the Mahabharata heroes, the Pan javas, who are also mentioned
inthe Aitareya and the Satapatha Brdhmanas.** Time of this

* gar e § Wi fedq v saw—~Satepatha Brahmana, IT Kanda, Ch. 1, Br. 2, 8.

t SgemEreE wrre gufter @ emEd v wafa—
1 P. C. Sengupta, Age of the Brahmanas, in the Indian Historical Quarterly,

Vol. X, No. 3 (1934).
§ Satapatha Brahmana, II Kanda, Ch. 6, 4 Br., 11.

I ygEtgy a1 oy a5 sfq 1 Tasttiriya Brahmana, 2, 7, 11.
¢ MBh., Santi, Ch. 182, 17-18; Anuéasana, Ch. 25, 35 and 46; also Anufasana,

Ch. 94.
**  Aitareya Brahmagpa, IV, 8, 21; Setapatha Brahmaga, X111 Kapda, V, 4, 3.



INTRODUCTION xxxiii

determination of the equinoxes and solstices was about 2450 B.C.
The knowledge of astronomy only progressed up to this that in
every five years there were two intercalary months. The months
were counted by nights, and perhaps not by tithis as we know
them to be now. The nights were named by the stars to which
the moon was in corjunction ; thus ‘I went out with the moon
at the Pusya and have returned with the moon at the Sravana.’' *
We have no definite record whether the ecliptic was divided
into 27 equal parts, or into unequal parts as we find mention of
iu the Brahmasphuta Siddhanta, XIV, 47-52.

‘We next have a record that the sun turned south at the
beginning of the naksatra Magha.+ The date or this on the basis
of the Padica Siddhantika waksatra division the oldest at present
known is about 1880 B.C. We do not kuow of any details of
the development of astronomical knowledge in India at this point. .

Then as we come to the time of Jyolisavedinga we meet
with a statement that the sun turned south at the middle of the
naksatra Aslesd. If we accept the same Pdsica Siddhantika nakgatra
division, the time of this becomes about 1400 B.C.} The progress
of the knowledge of astronomy was up to this that—

In a period of five yearly luni-solar cycle,
there were (1) 1,830 civil days,
(11) 62 synodic months
(i) 30 omitted tithis.

We notice the adoption of the new chronometrical unit the

* MBh,, Salyu, Ch. 34, 3. -

t+ ““The half (year) commencing with the asterism Magha and ending with the
half of the Sravisthd belongs to Agni, while the eun performs his southern ]ourney
(Cowell). Maitr¥ Upanisad Prapa, 6

1 Archdeacon Pratt made a mistake by taking the beﬂmnlng of the Magha at
9° behind the star Regulus; the beginning of Magha is placed .ccording to the
Paiica Siddhantika at 6° behind the same star. His date 1181 B.C., muost therefore
be placed back by about 216 years; the corrected date would be about 1400 B.C.
This position of the solstices did not belong to the Pandava time, as taken by all
European researchers from Sir Wm. Jones, Colebrooke, Davis to the time of Pratt.
The astronomer I’arifara was not the father of Vyisa the common ancestor of the
Pindavas and the Knauravas. Here we have an error of wrong identification by
similarity of names, c¢f. Dr. Pradhan's chronology of Ancient India, Calcutta Univer.
sity Prees, pp. 269-71; slso J.A.8.B., 1862, p. 51.

»
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tithi, i.c., in which the moon gains 12° of longitude over the
sun. TFrom this time the lunar months very probably began to
bs reckoned from a new moon to the next new moon.

This crude astronomy continued till the time of the present
redaction of the Mahabhdrata or the Sravanidi Kala, i.e., the
time when the winter solstitial colure passed through the naksatra
gtra,van&.' The nine planets, v7z., ‘sun, moon, Mercury, Venus,
Mars, Jupiter, Saturn and the moon’s nodes, had been already
discovered.t The signs of the zodiac were recognised to be
12 in number but they are not named in it. (MBh., Adi, Ch. 3.)

They were probably taken as parts of the ecliptic traversed by
the sun in one month.

The knowledge of astronomy did not progress any further
also at the time of Kautilya (300 B.C.), who in his Arthaéastra,
gives the same account of the knowledge of astronomy.

At this time perhaps the only addition was the so-called
Grahacdras or courses of the star planets discovered. (Artha-
sastra, Ch. 41, mentions the ciras of Venus and probably of
Jupiter also.) )

Then came the time of the S@rya Prajfiapti or the Abhijitadi
Kala, i.e., when the full-moon at the naksatra Abhijil, marked
the summer solstice. The time for this was about 200 B.C.—
the knowledge of astronomy was at the same state, excepting
perhaps a theory of a flat carth, with its mountains, two suns
and two moons, causing days and nights.

The same state of the knowledge of astronomy continued in
India even up to 80 A. D., the date from which the calculation
of the Paitamaha Siddhanta as known to Variha starts.? The
signs of the zodiac were perhaps not yel called by the names,

#  Mahabharata, Anuéasana, Chapter 44.

+ As to the discovery of Jupiter we have in the Taittiriya Brahmana, 5,1, 1,
geafa: agd sigam: | fawt amﬁ:zjma:q or when ‘‘Jupiter was first born
he defeated the maksatra Tugyi by his brilliance.”” The star group Pusy®
(3, n,v cancri) has no bright stars in it and the planet Jupiter was detected when
it came near to this star group.

+  Paiica Siddhaniika, xii, 1-2.
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Mesa, Vrsa, &c.* A peculiar fe aiure of the knowledge of astrono-
my of thiy period was the idea that the moon was more distant
than the sun,t which is also noticeable in the Purinas.

Thus from 100 to 400 A.D. we have a great gap of three
hundred years in which astronomical knowledge from Babylonia
and Greece came to India The oldest S#rya Siddhanta was
transmitted to this country during this period and its astronomy
was most probably of a little more improved type than that of the
Vasistha Siddkinta of the Pafica Siddhantika ‘P. 7. Sengupta,
Aryabhata, Cal. Univ. Journal of Letters, Vol. XVIII,
pp- 9-15).

We sccordingly conclade that the earliest date of the S#@rya
Siddhinta, cannot be pushed up much higher than 400 A.D.,
while 499 A.D. was the date of cur mose famous astronomner
Aryabhata J.

Opinicns as to its Date and Authorship.
(1) Nityananda, the author of the Siddhantaraja.

In his commentary on the Pufica Siddhantika Mm. Sudhakara
Dvivedi bhas said that the datc of composition of the Sarya
Siddhianta was stated by Nityananda to have been the Kali era
3,600 years elapsed § =421 of Sakaelapsed = 499 A.D., the time
of Aryabhata I. What were his rcasons underlying his statement
are not stated. One reason perhaps was this:—

That according to the modern Sirya Siddhanta, the total preces-
sion from the beginning of Aries at this date = 0. The process is

* In the Yajusa Jyctisa there is a stanza which speaks of the signs of
the zodiac beginning with Mina or Pisces, but is regarded as an interpolatiam
by Mm. Sudhakara Dvivedi. It is an unnumbered stanza put between 4 and §
in Suadhikara’s edition. For a history of the formation and naming the signs
of the zodiac c¢f. Encyclopaedia Britannica, History of Astronomy, Babylonian
Astronomy . .

t+ The idea is combated by ‘Brahmagupta in the Bralimasphuta Siddhanta,
VII, 1.

“If the moon were higher up than the sun, how could the phases of the moon be
calculated, as tlw lower half of the moon presented to the earth would always be
white 2

§ gafggmaTEEy fMamed fGgmnea @@ agfangaEa  w=ag
A FMCR | Paitce Siddhantiki Pralkasika, p. 2.
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briefly shown below :

Total number of years elapsed since
‘creation ’ till the end of the last

Krta Yuga = 195,37,20,000
No. of years of the Tretda and Dwva-
para ages = 21,60,000
. » ” ,, Kali age elapsed... = 8,600
Total = 195,58,83,600 years.

Now the number of alleged *‘oscillations *’ of the cquinoxes in
482,000 years = 600

(S. 8., iii, 9-10)
. the total number of oscillations done in 1,955,883,600 years

_ 1955883600 x 600

"74320000

]

271,6503.

Now half an oscillation or a revolution gives no arc for
finding the ‘ sine’ ; hence at 499 A. D., according to the rule of
the modern book the ayandméa or the total precession = 0.
If we accept the explanation of the commentator, the * circle of
constellations’ was about to swing eastward at 499 A. D, as
the first oscillation according to him began in the westward
direction. The rule itself is awkward. Moreover what is taken
to mean 600, may, from a strict grammatical point of view, mean
retlly 30 as was understood by Bhaskara I1.*

The rules for finding the total ayanaméa, is regarded as an
interpolation in the modern S#rya Siddhanta by many critics.
Burgess himself (p. 119) says, ‘‘ There seems, accordingly,
sufficient ground for suspecting that in the S#rya Siddhanta, as
originally constituted, no account was taken of the precession ;
that its recognition is a later interpolation.”” We do not find any

* Bhaskars, Gola, Golabandhadhikara, 17, FEWANL QT - wgAAL TH 1
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rule for calculating the precossional change in Aryabhatiya, the
Brahmasphuta Siddhdnta (628 A.D.), the Sisyadhivrddhida (748
A. D.). These rules are undoubtedly of later origin. The date,
499 A. D. or 421 Saka year, is the date of the Hirdu scientific
astronomy from which really all calculations start acrording to
the Aryabhatiya and the modern Sw@rya Siddhanta.* The posi-
tion, however, i3 that the modern S#rya Siddhanta bears un-
mistakable signs of its indebtedness to Aryabhata I and Brahma®
gupta, a8 we have already pointed out. The modern book can-
not be taken to have been composed at 499 A. D., nor can we
subscribe to the view of Muniévara (1646 A.D.) that its author
was Aryabhata T himself. There are indeed similarities between
the Aryabhatiya and the modern S#rya Siddhania, but there are
dissimilarities too ; here is an example:

The rule in the modern S#@rya Siddhanta for finding the ‘sine’
of the zenith distance of the nonagesimal is evidently taken from
the Aryabhatiya.

Aryabhatiya,
Gola, 33.

Strya Siddhanta,
V, 5-6.

Multiply the ¢ meridian sine ’
by the ‘Orient sine’ and divide
by the radius: square the result,
and subtract it from the square
of the ° meridian sine ’ : the
square root of the remainder is
the ‘sine’ of the ecliptic zenith
distance (drkksepa).

What is obtained by multi-
plying the ‘meridian sine ’ by
the ‘ orjent sine ’ and dividing
by the radius—the square root
of the difference of the square
of that 8’93 the square of the
¢ meridian sinc * is the ‘sine’ of
the observer’s ecliptic zenith
distance (drkksepa).

>

This rule is only approximate as Burgess observes, ‘‘ the value,
then, of the *sine’ of the ecliptic zenith distance (drkkgepa) as
determined by this process is always less than the truth.”

The aim here is to find the ‘sine’ of the zenith distance of

the nonagesimal, as a leading step to find expressions for the

* The Jatakarnava rule for the total shifting of equinoxes start from 421 A, D, ;
¢f. P. C. Sengupta, Introduction to the Khandakhadyaka, p. xix ; the Eryabha;iya,
Kalakriya, 10; also P. C. Sengupta, Aryabhats, the Father of Indian Epicyclie
Astronomy, pp. 85-36.
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parallaxes in latitude and longitude of the sun and the moon at
the time of solar eclipses. Aryabhata I's rules may be expressed
symbolically thus :—

Parallux in latitude = sin"‘(% X dﬂrkgvpa)*
¢
c Parallux in longitude = sin“( % v R2sin2Z — (dﬂc@ﬁtﬁ"’)- t
¢

where 1 is the radius of the earth, d the distance of the planet fromn
the carth and Z the zenith distanec of the planet ; the assumption is
that the celestial latitude of the moon is also = z.

The abuve rules of Aryabhata I, are found in the Panca Siddhantika.
They are re'erred to as such by Brahmagupta in Chapter xi, 238-25, and
found fault with as ‘‘ tedius operations.”’{

Herc

drkksepa = ,\/ (Meridian * Sine’)2 — {__‘?T"_@"“f_si?ffﬁ Merid *St }

according to Aryabhata I.

The mistake in the rule for finding the drkksepa was perhaps first
pointed out by Prthidaka in his commentary on the DBrihina-
sphuta Si.dh nta, xi, 27.

Drthuadaka takes a station on the arctic circle where as
soon as the first point of Aries is on the horizon, the ecliptic coin-
cides with the horizon. Now if the sun’s longitude be 90°, the
sun is at the north poiMat that time, thus,

The ¢ sine ’ of his amplitude or the ¢ orient sine’ = R, the
radius;

The so-called ‘¢ meridian ¢ sine ’ is also equal to R, as the

culminating point of the ecliptic is the south point.

So, Orient Sine x Meridian Sine _ RxR _ R

T R R

* Paiica Siddhantika, ix, 24-25.

+  Ibid, ix, 19-23.

3 wrw2aifae afa eyl fawd weq &6 @9 |
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.*. the ‘ sine ’ of the cecliptie zenith distance, the drkkscpa

= ¥ (Merid-Sine)? — (Orient Sine x Mer. Sine)?
B
= v RE-RZ = o

Hence the parallax in latitude which is proportional to drkkscpa,
is = 0.

In this case the parallax in latitude has evidently maximum
value, viz., the horizontal parallax. Aryabhata’s rule fails hope-
lessly in this case.

Again under the same conditions, the sun’s zenith distance

= 90°, hence the ¢ sine ' of the sun’s zenith distance=R.

Hence the parallax in longitude

= gin (il x &/ RE sin Z—((I.rhk.scpa)'ﬁ)
«

= sin (“ vRE-0 )=sin~ ( @ xR)
d d
= Horizontal parallax.

But here the parallax in longitude is clearly =0, and Arya-
bhata's rule fails here also.

The chief defect in Aryabhata’s rules are those for finding the
drklsepa, or the ‘sine ’ of the zenith distance of the nonagesimal,
and there is no doubt that the modern Sarya Siddhanta has
copied the wrong rule of Aryabhata I up to this point ; but has
subsequently followed Brahmagupta for finding the parallaxes in
longitude and latitude. .

The rule of the modern Sarya Siddhanta for parallactic shift-
ing of the instant of conjunction is expressed as

_ Rsin I—=N) _ —4xRsin (12'; N) x R cos Z/ ghatikas,
R \2 )
(3)

— . S#rya Siddhanta, 1V, 7-8,
R cos Z/

where 1 stands for the sun’s longitude. N for the longitude of
the nonagesimal, Z’ the zenith distance of the nonagesimal, and
R the radius.
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Brahmagupta’s rule is
) VR
4 R cos Z’

which is practically the same in form as that of the modern
Sarya Siddhanta.

Again the rule in the modern S#rya Siddhanta for finding the
parallax in latitude

— _(n'—mn) x drkisepa
16 xR (Y’ 10).

According to the Brahmasphuta Siddhanta (V, 24, also xi,
23-24).

(n'—n) R sin Z

T =
he same xR

Here n’ and n are the apparent daily motions of the moon
and the sun, Z’ the zenith distance of the nonagesimal; drkhsepa
and the ¢ sine ' of the zenith distance of the nonagesimal are
taken as identical. Here the modern S@rya Siddhanta has given
up the rules of Aryabhata I, which bring in the radius of the
earth and the distance of the planet in the equations, and
calculating the parallaxes in longitude and latitude separately for
the sun and the moon, and which have been branded by Brahma-
gupta as tedious.

Hence the opinion of Nitydnanda that the modern Sirya
Siddhanta was composed at 3,600 of the Kali years elapsed and
that of Muniévara that it was written by Aryabhata I himself
are not tenable.

(%) Then again Albsrini has said in his Indika that the
Surya Siddhanta was composed by Latadeva.t We now know
that Lata, the expounder of the Romaka and the Pauliéa
Siddhantas according to Varihamihira, was a direct pupil of

% PBrahmasphuta Siddhanta, v, 4-5.
4 Alberiini's Tndia, Translation by Sachau, Vol. T, p. 153.



" INTRODUCTION xli

Aryabhata I * and got the appellation of @sfa¥mw, the teacher
of all tvhe systems of Siddhantas. If he did really compose
the S@rya Siddhanta the date of the work should have been 427
of the Saka era and not the end of the last Krta yuga.
Further Liata’s ahargana starts from a sunset at Yavanapura,t.
while Aryabhata’s starts either from the midnight or the sunrise
according to his two systems of astronomy.f If Lata had &
¢ midnight’ system as well, we would have got a mention of it
from Varidhamihira. Of course both the S#rya Siddhantas, of
Varaha and the modern, make their ahargana start from the
midnight at Lanka or Ujjayini.

Hence all these speculations as to the date and the authorship
of the S#rya Siddhdanta a* any of its stages of growth are not ac-
ceptable. Suffice it to say that it has had a composite growth, the
earliest date as we worked out from the star table being 400 A.D.,
and that there is no room left by which its date can be pushed
up higher. It took its present form decidedly after the time of
Brahmagupta. The earliest person by whom its constants and
methods were changed was no doubt Varihamihira, the changes
effected were certainly taken from Aryabhata I’s ardhardtrika or
the ‘ midnight ’ system. The new constants, the kgepakas and
tiie methods in Varaha's revision or redaction, all corroborate
this conclusion. §

Further Indebtedness of the Modern Sarya Sidlhanta to
Brahmagupta.

Other instances where the modern book borrows from Brahma-
gupta may be found ; but one of the most important is the
following rule for finding the sun’s altitude when on the S.E..,
8. W., N.E., and N.W. verticals, »iz., the konasamku.

# P, C. Sengupts, Introduction to the Khandakhadyaka, p. xix.
t gwdrsta ... ... | WS qangsaTataa g2 uLen
Panica Siddhantika, XV, 18; cf. also I, 8,
1 P.C. Sengupta, Introduction to the Khandakhadyaka, ix, et seq.
§ Cf. wxuywared gfagrm | Brhat Saihhita, xvii, 1, here Variha appears
to admit that he himself was the author of his Sirya Siddhdnta of the Pafica
Siddhantika.
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Brahmagupta’s Rule,

‘“ Half the square of the
radius diminished by the square
of the ‘sine’ of the amplitude
(Agra), multiplied by the square
of 12 is called the adya and the
anya is the product of agrd, 12
and the equinoctial shadow
when both are divided by the
square of the equinoctial
shadows to which 72 have been
added. The square root of the
adya to which the square of the
anya has been added, increased
or decreased by the anya, accord-
ing as the sun is in the northern
or southern hemisphere, is the
‘sine’ of the sun’s altitude in
the S.E. and S.W. verticals.
When the sun is in the northern
hemisphere the anye diminish-
ed and increased by the square
root are respectively the ¢ sine ’
of the sun’s altitude in the
N.E. and the S.E. verticals.
This will not be true if the sun
goes south of the prime ver-
tical (?). The length of the
shadow and the time may be
found as before.”’

Brahmasphuta Siddhanta,
- iii, 54-56.

P fruit

SURYA SIDDHANTA

Rule of the Swrya Siddhanta.

¢« If from half the square of
radius the square of the sine of
amplitude (agrajyd) be subtract-
ed, and the remainder multi-
plied by twelve and again mul-
tiplied by twelve, and then
further divided by the square
of the square of the equinoctial
shadow increased by half the
square of the gnomon (i.e., 72)—
The result obtained by the wise
is called the ‘surd’ (karani);
this let the wise man set down
in two places. Then multiply
the equinoctial shadow by
twelve and again by the ¢ sine ’
of the amplitude and divide as
before: the result is styled the
(phula). Add  1s
square to the ‘ surd ’ and take
the square root of their sum ;
this diminished and increased
by the fruit for the southern
and northern hemispheres is
the ¢ sine ’ of altitude (Sammku)
of the southern intermediate
directions ; and equally, whether
the sun’s revolution takes place
to the south or to the north of
the gnomon (Samku)—Only, in
the latter case, the ‘sine ’ of
the altitude is that of the
northern intermediate stations.’’

Sarya Siddhanta, iii, 28-392.



INTRODUCTION - liii

If 4 stands for agrs or the ‘sine’ of the amplitude, P for
the equinoctial shadow, R the radius, then

2
I; —A2 )12 x 12
Brahmagupta’s adya= TP TR = Karani of the 8.8.
_12xA»P _ ]
anya= -7721—,-75——phala of the S.8S.

‘Sine’ of the sun’s allitudc

_ 4 12aP / 12AP \2 (M—»-—A2 x12x1 2
= A (w5 ) -

priTs LR P PTT 73

= +anya + 4/ (anya)2 +ddya of Brahmagupta
= 4 phalu+ o (phala)® + Karapi  of the Surya Siddhanta.

Here by this insertion of Brahmagupta’s rule in the modern
Sarya Siddhanta, the renowned astronomer and mathematician
has been most unfairly deprived of his due credit.

We shall not any further study the similarity between the
Brahmasphuta Siddhante and the modern S#rya Siddhanta; as
we believe that we have established our view as to tlie nature of
the modern S#ryus Siddhanta, that its earliest date is 400 AlD.,
Variha was a most important innovator to it at the middle of
the sixth century ; that its last redaction took place after the
time of Brahmagupta, and that Bentley’s finding of this date, viz.,
1100 A.D. is quite reasonable. '

Other Extant Siddhantas called Revelations.

As the modern Swrye Siddhanta is a composite growth so
must be the case with the modern Soma Siddhinta, and other
Hindu astronomical treatises called revelations. These works gre
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more or less of a fragmentary character and hence incomplete.
Some of these have been published by Mm. Vindhyesvari Prasada
Dvivedi of Benares. These are the Soma Siddhanta, the
Brahma Siddhdinta of the Sdakalya Sawhita,  Paitdmaha
Siddhdnta of the Visnudharmottara Pnrdna, the Vyddha Vasistha
Siddhanta, etc. The authors of these books have not only
done injustice to our great astronomers Aryabhata I and his
phpils, Varahamihira, Brahmagupta, etc., but to some extent
to themselves as well by hiding their own names and times.
We are not enabled even to honour them where honour is
their due. If we examine the Puaitamaha Siddhanta of the
Vignudharmottara  Purina, in the way in which we have
examined the S. Siddhanta, we readily come to the conclusion
that it represents almost a wholesale purloining of the important
portions of the Brahmasphula Siddhanta of Brahmagupta, and
that this nefarious act was done by a person who had absolutely
no pretension to originality and whose style of Sanskrit appears
ludicrous. A similar examination of the Vrddha Vasistha
Siddhanta would lead us to the conclusion that it was written by
some unknown person after the time of Bhaskara 11.

The Originality of Hindu Astronomy.

The date of the scientific Hindu astronomy is indeed 421
years elapsed of the Saka era, or 499 A.D., the time of Aryabhata
I, but we can show it is not a wholesale borrowing either from
the Babylonian or the Greek science.

* First of all in planetary theory the term Sighra or the
‘apex of quick motion’ has not the same meaning as ‘conjunc-
tion’ to which it has been identified. Then the term mandocca,
the point or ‘apex of slowest motion’ does not mean a point
furthest from the earth as ‘apogee’ does, though wucca means
‘a high place.” Thus the meanings of the terms ¢ Sighrocca’
and ‘mandocca,’ should show some originality of idea of the
Hindu astronomers. We are not wurging that the Hindu
Epicyclic Astronomy as it was developed by Aryabhata I and his
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pupils was quite uninfluenced by Babylonian and Greek sciences
us they came to India. The chief difficulty in finding how
far the Hindu astronomers were original as regards planetary
theory, appears unsurmountable. They were S#trakdras, or
aphorism-givers who have only stated their results but not the
methods by which tliey ohtained them. These methods were at
first transwitted through generations of Gurus or teachers, and
in the long course of ages they were all lost. Aryabhata I has
condescended to give only one stanza as regards his astronomical
methods, viz.,

fafe-fading fame W@gdmg safuassg:
fEarRe g 988 JCCET G5 W8S\ HT@hRAT |

““The day-maker has been determined from the conjunction of
the earth (or the horizop) and the sun ; and the moon from her
conjunctions with the sun. In the same way the ‘star planets’
have been determined from their cobnjunctions with the

"

moon.
Kalakriya, 48.

The stanza has been considered in detail by me in the
Bulletin of the Calcutta Mathematical Society, Vol. XII, No. 3,
where it has been shown that by these methods the sicgeresl
periods of Sun, Mars, Jupiter and Saturn, and the synodic month
and hence the sidereal months may be determined. Also the
geocentric sidereal periods of Mercury and Venus may be found
to be the same as the sidereal period of the sun.

No othex Hindu astronomer has left us anything of their astro-
nomical methods. In 1150 A.D. Bhaskara II tried to explain
how the number of sidereal revolutions of ‘planets’ could be
verified,* but his expositions are not satisfactory, and in places
faulty. We cannot for want of space examine them here ;
this examination can be taken up in & separate thesis. We,
accordingly, must confine ourselves to a comparative presentation
of the Hindu and Greek astronomical constants.

* (Grahagaenita, Bhaganadhyaye, Comm. on I, 6,
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4 SURYA SIDDHANTA

It will appear from the above presentation that the Hindu
values of the astronomical constants are alinost all different from
their Greek values. Hence both the systems must be indepen-
dent of each other. Therec is no doubt that Greek astronomy
had come to India before the time of Aryabhata I and Varaha
‘has given us a summary in his Pafica Siddhantikd, of what was
known by the name of the Romaka Siddhanta, but we do not
find any thing of the epicyclic theory init. A verbal transmis-
sion of the idea of that theory together with that of a few
astronomical terms with it from a foreign country, was quite
possible. 1t must be said to the credit of Hindu astronomers
that they determined all the constants anew. Even in lunar
theory, Mafjula (932 A.D.) discovered the second inequality, and
Bhiskara II (1150 A.D.) discovered the third inequality, viz.,
¢ variation.” * The Hindu form of the * evection equation ’ is
much better than that of DPtolemy, and stands on a par with
that of Copernicus.’t It is from some imperfections also that this
independence may be established ; for instance, the early Hindu
astronomers up to the tenth century A.D., recognised only
one part of the equation of time, viz., that due to the unequal
motion of the sun along the ecliptic, when in 1028 A.D. Sripati
first discovered the part of it due to the obliquity of the
ecliptic.¥ In Greek astronomy both the parts were detected by
Ptolemy. Turther in my paper on ¢ Greek and Hindu Methods
in Spherical Astronomy’§ T have established that the Hindu
astronomers were in no way indebted to the Greeks in this part
of the subject ; the methods of the former were indeed of the
most elementary character, while that of Ptolemy was much ad-
vanced and more elegant ; yet the Hindu astronomers could solve
some problems where DPtolemy failed, viz., to find the time by

% P. C. Sengupta, Appendix to the Klundakladyaka.
+ Godfray’s Lunar Theory, Historical appendix.
1 Introduction to the Siddhanta Sekhara edited by Pt. Babua Miéra, Calcufta

University Press.

§ P. C. Sengupta, Greek and Hindu Methods in Spherical Astronomy, Calcutta
University Journal of the Department of Letters, Vol. XXI, also Appendix II to the
Khandakhadyalka.
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altitude and to find the altitude from the sun's azimuth. For
this the reader is referred to my paper mentioned above.

We thus come to the conclusion that although the scientific
Hindu astroncmy is dated much later than the time f Ptolemy,
barring the mere idea of an epicyclic theory from outside, its
constants and methods are all original. Tven as to the idea, the
term Sighra (the apex of quick motion) which has beer wrongly
translated by the word ‘ conjunction,’ shows that the Hindu angle
of vision was quite different from the Greek, while the idea
of the gods of ¢ Manda ' and Sighra, presents a phase of
growth of the science bcfore the epicyclic theory came into being,
be tha idea Hindu or Babylonian.

In discussing the originality of Hindu astronomy we have
peposzly avoided the Sarya Siddhanta, becanse no definite date
can be assigned to the work, its latest development taking place
about 1100 A.D. Yet the modern Sarya Siddhanta is a complete
book on Hindu astronomy and at the same time an attractive
book too  No student of Hindu astronomy would be deemed
well equipped for research without thoroughly studying it and
Burgess's translation, indeed, gives a very clear and complete
exposition and discussion of every rule that it contains together
with illustrations also. Besides his views about the originality
of Hindu astronomy are the sanest and still substantially correct.*
This translation is indispersable to any rcsearcher also for the
wealth of references contained in it. It is indeed a real monu-
ment to his own memory left by the late Reverend K. Burgess

himself.

CALCUTTA. ‘
P. (3. SENGUPTA.

January 16, 1935.

Pp. 387-92,
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deduction with arbitrary theory, mythology, cosmogony, and pure imagina-
tion. It seemed to me that nothing would so well supply the deficiency
as the {ranslation and detailed cxplication of a complete treatise of Hindu
astronomy : and this work I aceordingly undertook to execute.

Among the diffecrent Siddhantas, or text-books of astronomy, existing
in India in the Sanskrit language, none appeared better suited to my
purpose than the Sirya-Siddhénta. That it is one of the most highly
esteemed, best known, and most frequently employed, of all, must be
evident to any onc who has noticed how much oftener than any other it is
referred to as authority in the various papers on the Hindu astronomy.
In fact, the science as practised in modern Tndia is in the greater part
founded upon its data and processes. In the lists of Siddhintas given by
native authorities it is altnost invariably mentioned second, the Brahma-
Siddhanta being placed first: the latter enjoys this pre-eminence, perhaps,
mamh on acecount of its name; it is, at any ratc, comparatively rare and
little known. For completencss, simplicity, and conciseness combined,
the Sarya-Siddhanta is believed not to be surpassed by any other. Tt is
also more easily obtainable. In general, it is difticult, without ofticial
influcnee or cxorbitant pay, to gain possession of texts which are rare and
held in high esteem. During my stay in India, T was able to procure
copies of only three astronomical treatises besides the Sirya-Siddhénta;
the Q&kalya-Szmhitﬁ, of the Brahma-Siddhaénta, the Siddhanta- Qiromut_li of
Bhaskara, and the Graha-Laghava, of which the two latter have also been
printed at Calcutta. Of the Siurya-Siddhinta I obfained three copies, two
of them giving the text alone, and the third also the commentary entitled
Gtdharthaprukigaka, by Ranganétha, of which the date is unknown to
me. The latter manuscript agrees in all respects with the edition of the
8irya-Siddhénta, accompanied by the same corumentary, of which the
publication, in the series cntitled Bibliotheca Indica, has becn commenecerd
in India by an American scholar, and a member of this Society, Prof. Fitz-
Edward Hall of Benares; to this T have also had access, although not until
my work was nearly completed.

My first rough draft of the translation and notes was made while T
was still in India, with the aid of Brahmans who were familiar with the
Banskrit and well versed in Hindu astronomical science. In a few points
also I received help from the native Professor of Mathematics in the
Sanskrit College at Pina. But notwithstanding this, there remained not
a few obscure and difficult points, connected with the demonstration and
application of the processes taught in the text. In the solution of these,
T have rcceived very important assistance from the Committee of Publication
of the Society. They have also—the main share of the work falling to
Prof. Whitney—enriched the notes with much additional matter of value.
My whole collected material, in fact, was placed in their hands for revision,
expansion, and reduction to the form best answering to the requirements
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of modern scholars, my own engrossing occupations, and distance from
the place of publicaiion, as well as my confidence in their ability and
judgment, leading me to prefer to intrust this work to them rather than to
undertake its exceution mysclf.

We have also to express our acknowledgments to Mr.” Hubert A.
Newton, Professor of Mathematics in Yale College, for valuable aid rendered
us in the morc difficult demonstrations, and in the comparison of the Hindu
and Greek astronomics, as well as for his constant advice and suggestions,
which add not a little to the value of the work. >

The Strya-Siddhanta, like the larger portion of the Sanskrit literature,
is written in the verse commonly called the ¢loka, or in stonzas of two
lines, each line being comnposed of two halves, or pdidas, of eight syllables
each.  With its metricai form aro conneeted one or two peculiaritics which
call for notice. In the first place, for the terms used there are often many™
synonyms, which are cmployzd according to the exigencies of the verse:
thus, the sun has twelve different names, Mars six, the divisions of time
two o three cach, radius six or cight, and so on. Again, the method of
expressing numbers, large or small, is by naming the figures which compose
them, beginning with the last and going backward; using for each figure
not only its own proper name, but that of any object associated in the
Hindu mind with the number it represents.  Thus, the number 1,577,917,828
(i. 87) is thus given: Vasu (a class of deitics, eight in number) -two-eight-
mountain (the seven mythical chains of mountains) -form-figure (the nine
digits) -seven-mountain-lunar days (of which there are fifteen in the half-
month). Once more, the style of expression of the treatise is, in general,
excessively concise and clliptical, often to a degree thai would make its
meaning entirely unintelligible without a commentary, the cxposition of a
native teacher, or such a knowledge of the subject treated of as should
show what the text must be meant to say. Some strikmg instances are
pojuted out in the noles. This over-conciseness, however, is not wholly
due to the metrical form of the trealisc: it is characteristic of much of
the Hindu scientific literature, in its various branches; its text-books are
wont to be intended as only the text for written comment or oral explication
and hint, rather than fully express, the meaning they contain. Invour
translation, we have not thought it worth while to indicate, by parentheses
or otherwise, the words and phrases introduced by us to make the meaning
of the text evident: sueh o course would occasion the reader much more
embarrassment than satisfaction. Our cndeavour is, in all cases, to hit the
true mean between unintelligibility and diffuseness, altering the phraseology
and construction of the original only so far as is necessary. In both the
translation and the notes, moreover, we keep steadily in view the interests
of the two classes of readers for whose benefit the work is undertaken:
those who are orientalists without being astronomers, and those who are
astronomers without being orientalists. For the suke of the former, our
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explanations and demonstrations are made more elementary and full than
wc_;uld be necessary, were we addressing mathematicians only: for the suke
of the latter, we; cast the whole into a form as occidental as may be, trans-
lating every technical term which admits of translation: since to compel
all those who muay desire to inform themselves respecting the scientific
content of the Hindu astronomy to learn the Sanskrit technical language
would be highly unreasongble. To furnish no ground of complaint, however,
to those who are familiar with and attached to these terms, we insert them,
liberally in the translation, in connection with their English equivalents.
The derivation and literal signification of the greater part of the technical
terms employed in the treatise are also given in the notes, since such an
explanation of the history of a term is often essential to its full compre-
hension, and throws valuable light upon the conceptions of those by whomn
it was originally applied.

We adopt, as the text of our translation, the published edition of the
Siddhénta, referred to above, following its readings and its order of arrange-
ment, wherever they differ, as they do in many places, from those of the
manuscripts without commentary in our possession. The discordances of
the two versions, when they are of sufficient consequence to be worth
notice, are mentioned in the notes.

As regards the transeription of Sanskrit words in Roman letters, we
need only specify that ¢ represents the sound of the English ch in ** church,’’
Italian ¢ before ¢ and i: that j is the English j: that ¢ is pronounced like
the English sh, German sch, French ch, while sh is a sound nearly resem-
bling it, but uttered with the tip of the tongue turned back into the %op
of the mouth, as are the other lingual letters, ¢, d, n: finally, that the
Sanskrit 7 used as & vowel (which value it has also in some of the Slavonic
dialects) is written with a dot undernesh, as 7.

The demonstrations of principles and processes given by the native
commentary are made without the help of figures. The figures which we
introduce are for the most part our own, although a few of them were
suggested by those of a set obtained in India, from native mathematicians.

For the discussion of such general questions relating to this Siddhanta
as it& age, its authorship, the alterations which it may have undergone
before being brought into its present form, the stage which it represents
in the progress of Hindu mathematical science, the extent and characler
of the mathematical and astronomical knowledge displayed in it, and the
relation of the same to that of other ancient nations, especially of the
Greeks, the reader is referred to the notes upon the text. The form in
which our publication is made does not allow us to sum up here, in a preface,
the final results of our investigations into these and kindred topics. It
may perhaps be found advisable to present such a summary at the end cf
the article, in connection with the additional notes and other matters t>

be there given.



SURYA-SIDDHANTA

CHAPTER 1.

Or THE MEAN MOTIONS OF THE PLANETS.

ConTenTs :—1, homage to the Deity; 2-9, revelation of the present treatise; 10-11, modes
of dividing time; 11.12, subdivisions of a day; 12-14, of a year; 14-17, of the Ages;y
18-19, of an Alon; 20-21, of Brahma’s life; 21-28, part of it already elapsed; 24, time
occupied in the work of creation; 25-27, general account of the movements of the
planets; 28, subdivisions of the circle; 29-33, number of revolutions of the planets,

. and of the moon's apsis and node, in an Age: 34-39, number of days and months,

of different kinds, in an Age; 40, in an Zon; 41-44, number of revolutions, in an
Zon, of the apsides and nodes of the planets; 45-47, time elapsed from the end of
creation to that of the Golden Age; 48-51, rule for the reduction to civil dayas of the
whole time since the creation; 51-52, method of finding the lords of the day, the
month, and the year; 58-54, rule for finding the mean place of a planet, and of its
apsis and node; 65, to find the current year of the cycle of Jupiter; 56, simplification
of the above calculations; 57-58, situation of the planets, and of the moon'e apsis and
node, at the end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction,
for difference of longitude, of the mean place of a planet as found; 62, situation of
. the principal meridian; 68-65, ascertainment of difference of longitude by difference
between observed and computed time of a lunar eclipse; 66, difference of time owing
to difference of longitude; 67, to find the mean place of a planet for any required
hour of the day; 68-70, inclination of the orbits of the planets. .

1. To him whose shape is inconceivable and unmanifes-
ted, who is unaffected by the qualities, whose nature is quality,
whose form is the support of the entire creation—to Brahma be

homage ! .
The usual propitiatory expression of homage to some deity, with

which Hindu works are wont to commence.

2. When but little of the Golden Age (krta yuga) was left,
a great demon (asuna), named Maya, being desirous to know that
mysterious, supreme, pure and exalted science.

3. That chief auxiliary of the scripture (veddnga), in its
entirety—the cause, namely of the motion of the heavenly bodies

.



2 Strya-Siddhdnta

(jyotis), performed, in propitiation of the Sun, very severe reli-
gious austerities.

According to this, the Strya-Siddhanta was revealed more than
2,164,960 years ago, that amount of time having elapsed, according to Hindu
reckoning, since the end of the Golden Age; see below, under verse 48, for
the computation of the period. As regards the actual date of the treatise,
it is, like all dates in Hindu history and the history of Hindu literature,
exceedingly difficult to ascertain. It is the more difficult, because, unlike
most, or all, 6f the astronomical treatises, the Strya-Siddhanta attaches
itself to the name of no individual as its author, but professes to be a
direct revelation from the Sun (siirya). A treatise of this name, however,
is confessedly among the earliest text-books of the Indian science,. It was
one of the five earlier works upon which was founded the Pafica-siddhén-
tika, Compendium of IKive Astronomies, of Varéha-mihira, one of
the earliest astronomers whose works have been, in part, preserved to
us, and who is supposed to have lived about the beginning of the sixth cen-
tury of our era. A Sarya-Siddhénta is also referred to by Brahmagupta,
who is assigned to the close of the same century and the commencement
of the one following. The arguments by which Mr. Bentley (Hindu Astro-
nomy, p. 158, ete.) attempts to prove Varéha-mihira to have lived in the
sixteenth century, and his professed works to be forgeries and impositions,
are sufficiently refuted by the testimony of al-Birni (the same person as
the Abu-r-Raihén, so often quoted in the first article of this volume), who
visited India under Mahmud of Ghazna, and wrote in A.D. 1031 an account
of the country; he speaks of Variha-mihira and of his Pafica-siddhéntika,
assigning to both nearly the same age as is attributed to them by the
modern Hindus’ (see Reinaud in the Journal Asiatique for Sept.-Oct., 1844,
ivme Série, iv. 286 ; and also his Mémoire swr 1'Inde). He also speaks of the
Strya-Siddhanta itself, and ascribes its authorship to Lata (Mémoir sur
I’Inde, pp. 881, 382), whom Weber (Vorlesungen iiber Indische Literatur-
geschichte, p. 229) conjecturally identifies with & Ladha who is cited by
Brahmagupta. Bentley has endeavoured to show by internal evidence that
the Sirya-Siddhénta belongs to the end of the eleventh century ; see below,
under verses 29-34, where his method and results are explained, and their
value estimated.

Of the six Vedéngas, '‘ limbs of the Veda,’’ sciences auxiliary to the
sacred scriptures, astronomy is claimed to be the first and chief, as repre-
senting the cyes; grammar being the mouth, ceremonial the hands, pro-
sody the feet, etc. (see Siddhﬁuta-giromani, i. 12-14). The importance of '
astronomy to the system of religious observance lies in the fact that by it
are determined the proper times of sacrifice and the like. There is a special:
treatise, the Jyotisha of Lagadha, or Lagata, which, attaching itself to the
Vedic texts, and representing a more primitive phase of Hindu science,
claims to be the astronomical Vedanga; but it is said to be of late date
and of small importance.
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The word jyotis, ‘‘ heavenly body,” literally ‘‘ light,”’ although the
surrent names for astronomy and astronomers are derived from it, does
not elsewhere occur in this treatise.

4. Grat'fied by these austerities, and render>d propitious,
the Sun himself delivered unto that Maya, who besought a boon,
the system of the planets.

The blessed Sun spoke : -

5. Thine intent is known to me; I am gratified by thine
austerities; I will give thee the science upon which time is found-
ed, the grand system of the plancts.

6. No one is able to endure my brilliancy; for communica-
tion I have no leisure; this person, who is a part of me, shall relate
to thee the whole.

The manuscripts without cornmentary insert here the following verse:
“ Go therefore to Romaka-city, thine own residence; there, undergoing
incarnation as a barbarian, owing to a curse of Brahma, I will impart to
thec this science.’’

If this verse really formed a part of the text, it would be as clear an
acknowledgment as the author could well convey indirectly, that the
science displayed in his treatise was derived from the Greeks. Romaka-
city is Rome, the great metropolis of the West; its situation is given in a
following chapter (see xii. 89) as upon the cquator, ninety degrees to the
west of India. The incarnation of the Sun there as a barbarian, for the
purpose of revealing astronomy to a demon of the Hindu Pantheon, is but
a transparent artifice for referring the foreign science, after all, to a Hindv
origin. But the verse ir clearly out of place here; it is inconsistent with
the other verses among which it occurs, which give a different version of
the method of revelation. How comes it here then? It can hardly have
been gratuitously devised and introduced. The verse itself is found in many
of the manuscripts of this Siddhénta; and the incarnation of the Sun at
Romaka-city, “among the Yavanas, or Greeks, and his revelation o¢ the
science of astronomy there, are variously alluded to in later works; as, for
instance, in the Jiéna-bhéskara (see Weber's Catalogue of the Berlin
Sanskrit Manuscripts, p. 287, etc.), where hec is asserted to have revealed
also the Romaka-Siddhanta. Is this verse, then, a fragment of a different,
and perhaps more ancient, account of the origin of the treatise, for which,
as conveying too ingenuous a confession of the source of the Hindu astrono-
my, another has been substituted later? Such a supposition certainly does
not lack plausibility. There is something which looks the same way in the
selection of a demon, an Asura, to be the medium of the sun’s revelation;
ag if, while the essential truth and value of the system was acknowledged,
it were sought to affix a stigma to the source whence the Hindus derived
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it. Weber (Ind. Stud. ii. 242; Ind. Lit., p. 225), noticing that the name
of the Egyptian sovereign Ptolemaios occurs in Indian inscriptions in the
forin Turamaya, conjectures that Asura Maya is an alteration of that naine,
and that the demon Maya accordingly represents the author of the Almagest
himself; and the conjecture is powerfully supported by the fact that al-
Birtni (see Reinaud, as above) ascribes the Pauliga-Siddhénta, which the
later Hindus attribute to a Pulica, to Paulus al-Yémani, Paulus the Greek,
and.that another of the astronomical treatises, alluded to above, is called
the Romake-Siddhanta.

It would be premature to discuss here the relation of the Hindu
astronomy to the Greek; we propose to sum up, at the end of this work,
the evidence upon the subject. which it contains.

7. Thus having spoken, the god disappeared, having
given directions unto the part of himself. This latter person thus
addressed Maya, as he stood bowed forward, his hands suppliantly
joined before him :

8. Listen with concentrated attention to the ancient and
exalted science, which has been spoken, in each successive Age, to
the Great Sages (maharshi), by the Sun himself. )

9. This is that very same original text-book which the Sun
of old promulgated : only, by reason of the revolution of the Ages,
there is here a difference of times.

According to the commentary, the meaning of these last verses is that,
in the successive Great Ages, or periods of 4,820,000 years (see below,
under vv. 15-17), there are slight differences in the motions of the heavenly
bodies, which render necessary a new revelation from time to time on the
part of the Sun, suited to the altered conditions of things; and that when,
moreover, even during the continuance of the same Age, differences of
motion are notieed owing to a difference of period, it is customary to
apply to the data given a correction, which is called bija. Al this is
very suitable for the commentator to say, but it seems not a little curious
to find the Sun’s superhuman representative himself insisting that this his
revelation is the same one as had formerly been made by the Sun, only
with different data. We cannot help suspecting in the ninth verse, rather,
a virtual confession on the part of the promulgators of this treatise, that
there was another, or that there were others, in existence, claiming to be
the Bun’s revelation, or else that the data presented in this were different
from those which had been previously current as revealed by the Sun.
We shall have more to say hereafter (see below, under vv. 29-84) of the
probable existence of more than one version of the Sitrya-Siddhénta, of
the correction called bija, and of its incorporation into the text of the
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treatise itself. The repeated revelation of the system in each successive
Great Age, as stated in verse 8, presents no difficulty. It is the Puranic
doctrine (see Wilson’s Vishnu Purdna, p. 269, etc.) that during the Iron
Age the sources of knowledge become either corrupted or lost, so that
8 new revelation of scripture, law, and science becomes necessary during
the Age succeeding. ‘

10. Time is the destroyer of the worlds; another Time has
for its nature to bring to pass. This latter, according as it is
gross or minute, is called by two names, real (mdirta) and unreal
(amdirta).

There is in this verse a curious mingling together of the poetical, the

theoretical, and the practical. To the Hindus, us to us, Time is, in a
metaphorical sense, the great destroyer of all things; as such, he is identi-
fied with Death, and with Yama, the ruler of the dead. Time, again, in
the ordinary acceptation of the word, has both its imaginary, and its appre-
ciable and practically useful divisions: the former are called real (mirta,
literally ‘' embodied ), the latter unreal (amdirta, literally ‘ unem-
bodied *’). The following verse explaing these divisions more fully.
» The epithet kalandtmaka, applied to actual time in the first half
of the verse, is not easy of interpretation. The commentary translates
it ‘‘ is an object of knowledge, is capable of being known,” which does
not scem satisfactory. Tt evidently contains a suggested etymology (kdla,
“‘ time,"”’ from kalana), and in translating it as above we have seen in it
also an antithesis to the epithet bestowed upon Time the divinity. Perhaps
it should be rather ‘* hag for its office enumeration.”

11. That which begins with respirations (prdnae) is called
real; that which begins with atoms (truti) is called unreal. Six
respirations make a vinddi, sixty of these a nddi;

12. And sixty nidis make a sidereal day and night

The maﬂhséripts without commentary insert, as the first half of
v. 11, the usual definition of the length of a respiration: ‘‘ the time occu-
pied in pronouncing ten long syllables is called a respiration.’

The table of the divisions of sidereal time is then as follows:

10 long syllables (gurvakshara) = 1 respiration (prdna, period of four seconds) ;

6 respirations = 1 vinddi (period of twenty-four seconds);
60- vinadis = 1 nadi (period of twenty-four minutes) ;
60 nédts = 1 day.

This is the method of division usually adopted in the astronomical
text-books : it possesses the convenient property that its lowest subdivision,
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the respiration, is the same part of the day as the minute is of the circle,
so that a respiration of time is equivalent to a minute of revolution of the
heavenly bodies about the earth. The respiration is much more frequently
called asu, in the text both of this and of the other Siddhéntas. The vinadi
is practically of small consequence, and is only two or three times made
use of in the treatise; its usual modern name is pala, but as this term
nowhere occurs in our text, we have not felt justified in substituting it for
vingdi. For nédi also, the more common name is dandae, but this, too,
the Strya-Siddhanta nowhere employs, although it uses instead of nadi, and
quite as often, nddikd and ghatikd. We shall uniformly make use in our
translation of the terms presented above, since there are no English
equivalents which admit of being substituted for them.

The ordinary Puranic division of the day is slightly different from
the astronomical, viz.:

15 twinklings (nimesha) 1 bit (k8shthd);

30 bits = 1 minute (kald);
80 minutes = 1 hour (muhtrta);
30 hours = 1 day.

Manu (i. 64) gives the same, excepting that he makes the bit to
consist of 18 twinklings. Other authorities assign different values to the
lesser measures of time, but all agree in the main fact of the division of
the day into thirty hours, which, being perhaps an imitation of the division
of the month into thirty days, is unquestionably the ancient and original
Hindu method of reckoning time.

The Surya-Siddhénta, with commendable moderation, refrains from
giving the imaginary subdivisions of the respiration, which make up * un-
real ’’ time. They are thus stated in Bhéskara’s Siddhanta- (liromani
(i. 19, 20), along with the other, the astronomical, table:

100 atoms (trut) 1 speck (tatpara);

30 specks = 1 twinkling (nimesha) ;
18 twinklings = 1 bit (kfAshthd);
80 bits = 1 minute (kald);
30 minutes = 1 half-hour (ghatikd);
2 half-hours = 1 hour (kshana) ;

€ 80 hours =1 day.

This makes the atom equal to y5-75-$s5-vosth of a day, or szYsoth
of a second. Some of the Purinas (see Wilson’s Vish. Pur., p. 22) give a
different division, which makes the atom about yy>;5th of a second; but
they carry the division three steps farther, to the subtilissima (paramdnu),
which equals s—zg5—soo-oosth of a day, or very nearly 33-%s th of a
second.

We have introduced here a statement of these minute subdivisions,
because they form a natural counterpart to the immense periods which we
shall soon have to consider, and are, with the latter, curiously illustrative
of a fundamental trait of Hindu character: a fantastic imaginativeness,
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which delights itself with arbitrary theorizings, and is unrestrained by, and
careless of, actual realities. Thus, having no instruments by which they
could measure even seconds with any tolerable precision, they vied with
one another in dividing the second down to the farthest conceivable limit
of minuteness; thus, seeking infinity in the other direction also, while
they were almost destitute of a chronology or a history, end could hardly
fix with accuracy the date of any event beyond the memory of the living
generation, they devised, and put forth as actual, a frame-work of chsono-
logy reaching for millions of millions of years back into the past and forward
into the future.

12....0f thirty of these sidereal days is composed a month;
a civil (sdvana) month consists of as many sunrises;

13. A lunar month, of as many lunar days (tithi); a solar
(sdura) month 1s determined by the entrance of the sun into a sign
of the zodiac : twelve months make a year............

We have here described days of three different kinds, and months
and years of four; since, according to the commentary, the last clause
translated means that twelve months of cach denomination make up a
- year of the same denomination. Of some of these, the practical use and
value will be made to appear later; but as others are not elsewhere
referred to in this treatise, and as several are merely arbitrary divisions
of time, of which, so far as we can discover, no use has ever been made,
it may not be amiss briefly to characterize them here.

Of the measures of time referred to in the twelfth verse, the day is
evidently the starting-point and standard. The sidereal day is the time of
the earth’s revolution on its axis; data for determining its length are given
below, in v. 84, but it does not enter as an element into the later pro-
cesses. Nor is a sidereal month of thirty sidereal days“, or a sidereal year
of three hundred and sixty such days (being less than the true sidereal
year by about six and a quarter sidereal days), elsewhere mentioned in
this work, or, so far as we know, made account of in any Hindu metheod of
reckoning time. The civil (sdvana) day is the natural day: it is counted.
in India, from sunrise to sunrise (see below, v. 86), and is accordingly of
variable length: it is, of course, an important element in all computa-
tions of time. A month of thirty, and a year of three hundred and sixty,
such days, are supposed to have formed the basis of the earliest Hindu
chronology, an intercalary month being added once in five years. This
method is long since out of use, however, and the month and year referred
to here in the text, of thirty and three hundred and sixty natural days
respectively without intercalations, are elsewhere assumed and made use
of only in determining, for astrological purposes, the lords of the month
and year (see below, v. 52).
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The standard of the lunar measure of time is the lunar month, the
period of the moon’s synodical revolution. It is reckoned either from
new-moon to new-moon, or from full-moon to full-moon; generally, the
former is called mukhya, ‘‘ primary,”’ and the latter gauna, ** secondary '*:
. but according to our commentator, either of them may be denominated

primary, although in fact, in this treatise, only the first of them is so
regarded ; and the secondary lunar month is that which is reckoned from
anycgiven lunar day to the next of the same name. This natural month,
containing about twenty-nine and a half days, mean solar time, is then
divided into thirty lunar days ((ithi), and this division, although of so
unnatural and arbitrary a character, the lunar days beginning and ending
at any moment of the natural day and night, is, to the Hindu, of the most
prominent practical importance, since by it are regulated the performance
of many religious ceremonies (see below, xiv. 13), and upon it depend the
chief considerations of propitious and  unpropitious times, and the like.
Of the lunar year of twelve lunar months, however, we know of no use
made in India, either formerly or now, except as it has been introduced
end employed by the Mohammedans. -

Finally, the year last mentioned, the solar year, is that by which time
is ordinarily reckoned in India. 1t is, however, not the tropical solar year,
which we employ, but the sidereal, no account being made of the -pre-
cession of the equinoxes. The solar month is measured by the continuance
of the sun in each successive sign, and varies, according to the rapidity of
his motion, from about twenty-nine and a third, to a little more than
thirty-one and a half, days. There is no day corresponding to this measure
of the month and of the year.

In the ordinary reckoning of time, these elements are variously com-
bined. Throughout Southern India (see Warren’s Kala Sankalita, Madras:
1825, p. 4, etc.), the year and month made use of are the solar, and the
day the civil; the beginning of cach month and year being counted, in prac-
tice, from the sunrise nearest to the moment of their actual commence-
ment. In all Northern India the year is lunisolar; the month is lunar, and
is dieided into both lunar and civil days; the year is composed of a variable
number of months, either twelve or thirteen, beginning always with the
lunar month of which the commencement next precedes the true com-
mencement of the sidereal year. But, underneath this division, the divi-
sion of the actual sidereal year into twelve solar months is likewise kept
up, and to maintain the concurrence of the civil and lunar days, and the
lunar and solar months, is a process of great complexity, into the details
of which we need not enter here (see Warren, as above, p. 57, etc.). It
will be seen later in this chapter (vv. 48-51) that the Strya-Siddhénta
reckons time by this latter system, by the combination of civil, lunar, and
sidereal elements.

13....This is called a day of the gods.
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14." The day and night of the gods and of the demons are
mutually opposed to one another. Six times sixty of them are a
year of the gods, and likewise of the demons.

‘* This is called,”’ etc.: that is, as the commentary explains, the year
composed of twelve solar months, as being those last mentioned; the
sidereal year. It appears to us very questionable whether, in the first
instance, anything more was meant by calling the year a day of the gpds
than to intimate that those beings of a higher order reckoned time upon a
grander scale: just as the month was said to be a day of the Fathers, or
Manes (xiv. 14), the Patriarchate (v. 18), a day of the Patriarchs (xiv. 21),
and the Aon (v. 20), a day of Brahma; all these being familiar Puranic
designations. In the astronomical reconstruction of the Puranic
system, however, a physical meaning has been given to this day of the
gods: the gods arc made to reside at the north pole, and the demons at
the south ; and then, of course, during the half year when the sun is north
of the equator, it is day to the gods and night to the demons; and during
the other half-year, the contrary. The subject is dwelt upon at some
length in the twelfth chapter (xii. 45, etc.). To make such a division
accurate, the year ought to be the tropical, and not the sidereal; but the
author of the Sirya-Siddhanta has not yet begun to take into account the
precession. See what is said upon this subject in the third chapter
(vv. 9-10).

The year of the gods, or the divine year, is employed only in des-
cribing the immense periods of which the statement now follows.

15. Twelve thousand of these divine years are denominated
a Quadruple Age (caturyuga); of ten thousand times four hundred
and thirty-two solar years

16. Is composed that Quadruple Age, with its dawn and
twilight. The difference of the Golden and the other Ages, as
measured by the difference in the number of the feet of Vn'tue
in each, is as follows :

17. The tenth part of an Age, multiplied successxvely
by four, three, two, and one, gives the length of the Golden and
the other Ages, in order : the sixth part of each belongs to its dawn
and twilight.

The period of 4,320,000 years is ordinarily styled Great Age
(mahdyuga), or, as above in two instances, Quadruple Age (caturyuga).
In the S0rys-8iddhénta, however, the former term is not once found, and
the latter oceurs only in these verses; elsewhere, Age (yuga) alone is
employed to denocte it, and always denotes it, unless expressly limited by
the name of the Golden (krta) Age.

p
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The composition of the Age, or Great Age, is then as follows:

Divine years Solar years
Dawn, 400 144,000
Golden Age (krta yuga), 4,000 1,440,003
Twilight, 400 144,000
Total duration of the Golden Age, 4,800 1,728,000
oDawn, 300 108,000
Silver Age (tretd yuga), 8,000 1,(80,000
Twilight,- 300 108,000
Total duration of the Silver Age, 3,600 1,296,000
Dawn, 200 72,000
Brazen Age (dvdpara yuga), 2,000 726,000
Twilight, . 200 72,000
Total duration of the Brazen Age, 2,400 864,000
“Dawn, " 100 35,000
Iron Age (kali yuga), 1,000 360,000
Twilight, 100 36,000
Total duration of the Iron Age, 1,200 432,000
Total duration of a Great Age, 12,000 4,820,000

Neither of the names of the last three ages is once mentioned in the
Strya-Siddhénta. The first and last of the four are derived from the game
of dice: krta *‘ made, won,’’ is the side of the die marked with four dots—
the lucky, or winning one; kali is the side murked with one dot only—the
unfortunate, the losing one. In the other names, of which we do not know
the original and proper meaning, the numerals tri, ‘‘ three.”” and duvd,
‘‘two,”’ are plainly recognizable. The relation of the numbers four, three,
two, and one, to the length of the several periods, as expressed in divine
years, and also as compared with one another, is not less clearly apparent.
The character attached to the different Ages by the Hindu mythological
and legendary history so closely resembles that which is attributed to the
Golden, Silver, Brazen, and Iron Ages, that we have not hesitated to
tramsfer to them the latter appellations. An account of this character is
given in Manu i. 81-86. During the Golden Age, Virtue stands firm upon
four feet, truth and justice abound, and the life of man is four centuries ;
in each following Age Virtue loses a foot, and the length of life is reduced
by a century, so that in the present, the Iron Age, she has but one left to
hobble upon, while the extreme age attained by mortals is but a hundred
years. See also Wilson’s Vishnu Puréna, p. 622, etc., for a description of
the vices of the Iron Age.

This system of periods is not of astronomical origin, although the
fixing of the commencement of the Iron Age, the only possibly historical
point in it, is, as we shall see hereafter, the result of astronomical computa-
tion. Ite arbitrary and artificial character is apparent. It is the system
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of the Purdnas and of Manu, a part of the received Hindu cosmogony, to
which astronomy was compelled to adapt itself. We ought to remark,
however, that in the text itself of Manu (i. 68-71) the duration of the
Great Age, called by him Divine Age, is given as twelve thousand years
simply, and that it is his commentator who, by asserting these to be divine
years, brings Manu’s cosmogony to an agreement with that of the Purénas
This is & strong indication that the divine year is an afterthought, and that
the period of 4,820.000 years is an expansion of an earlier one of 124000.
Vast as this period is, however, it is far from satisfying the Hindu craving
after infinity. = We are next called upon to construct a new period by
multiplying it by a thousand.

18. One and seventy Ages are styled here a Patriarchate
(manvantara); at its end is said to be a twilight which has the
number of years of a Golden Age, and which is a deluge.

19. In an Aon (kalpa) are reckoned fourteen such
Patriarchs (manu) with their respective twilights; at the com-
mencement of the Afon is a fifteenth dawn, having the length
of a Golden Age.

The Alon is accordingly thus composed :

Divine years. Solar yearg.
The introductory dawn, 4,800 1,728,000
Seventy-one Great Ages, 852,000 306,720,000
A twilight, 4,800 1,728,000
Duration of one Patriarchate, 856,800 308,448,000
Fourteen Patriarchates, 11,995,200 4,318,272,000
e
Total duration of an Eon, 12,000,000 4,320,000,000

Why the factors fourteen and seventy-one were thus used in making
up the Alon is not obvious; unless, indeed, in the division by fourteen
is to be recognized the influence of the number seven, while at the same
time such a division furnished the equal twilights, or intermediate petiods
of transition, which the Hindu theory demanded. The system, however,
is still that of the Purdnas (see Wilson’s Vish. Pur., p. 24, etc.); and Manu
(i. 72, 79) presents virtually the same, although he has not the term Aon
{lcalpa), but states simply that a thousand Divine Ages make up a day of
Brahma, and seventy-one a Patriarchate. The term manvantara, ‘‘ patri-
archate,”’ means literally ** another Manu,” or, ‘‘ the interval of & Manu.”
Manu, a word identical in origin and meaning with our ‘‘ man,’”’ became
to the Hindus the name of a being personified as son of the Sun (Vivasvant)
and progenitor of the human race. In each Patriarchate there arises a
new Manu, who becomes for his own period the progenitor of mankind (see
Wilson’s Vish. Pur., p. 24).
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920. The Aon, thus composed of a thousand Ages, and
which brings about the destruction of all that exists, is styled a
day of Brahma; his night is of the same length.

21. His extreme age is a hundred according to this valua-
tion of a day and a night......

We have already found indications of an assumed destruction of
existing things at the termination of the lesser periods called the Age and
the Patriarchate, in the necessity of a new revelation of virbue and know-
ledge for every Age, and of a new father of the human race for every
Patriarchate. These are left, it should seem, to show us how the system
of cosmical periods grew to larger and larger dimensions. The full deve-
lopment of it, as ‘exhibited in the Puranas and here, admits only two kinds
of destruction: the one occurring at the end of each Afon, or day of
Brahma, when all creatures, although' not the substance of the world,
undergo dissolution, and remain buried in chaos during his night, to be
created snew when his day begins again; the other taking place at the
end of Brahma’s life, when all matter even is resolved into its ultimate
source.

According to the commentary, the ‘‘ hundred '’ in verse 21 means
a hundred years, each composed of three hundred and sixty days and
nights, and not a hundred days and nights only, as the text might be un-
derstood to signify; since, in all statements respecting age, years are
necessarily understood to be intended. The length of Brahma’s life would
be, then, 864,000,000,000 divine years, or 311,040,000,000,000 solar years.
This period is also called in the Purénas a para, ‘‘ extreme period,” and
its half a pardrdha (see Wilson’s Vish. Pur., p. 25); although the latter
term has obtained also an independent use, as signifying a period still more
enormous (ibid. p. 680). It is curious that the commentator does not seem
to0 recognize the affinity with this period of the expression used in the text,
param dyuh, ‘‘ extreme age,”’ but gives two different explanations of it,
both of which are forced and unnatural.

® The suthor of the work before us is modestly content with
the number of years thus placed at his dispossl, and attempts nothing
farther. So is it also with the Purdnas in general; although some of
them, as the Vishnu (Wilson, p. 687), assert that two of the greater pardr-
dhas constitute only a day of Vishpu, and others (ibid. p. 25) that
Brahma’s whole life is but a twinkling of the eye of Krehna or of '-Y‘i“'"

21...The half of his life is past; of the remainder, this is
the first Aon.

22. And of this Aon, six Patriarchs (manu) are past, with
their respective twilights; and of the Patriarch Manu son of
Vivasvant, twenty-seven Ages are past;
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23. Of the present the twenty-eighth, Age, this Golden Age
is past : from this point, reckoning up the time, one should compute
together the whole number.

The designation of the part already elapsed of this immense period
seems to be altogether arbitrary. It agrees in general with that given in
the Puréinas, and, so far as the Patriarchs and their periods are concerned,
with Manu also. The name of the present Fon is Vdrdha, ‘ that Jf the
bosr,”” because Brahma, in performing anew at its commencement the
act of creation, put on the form of that animal (see Wilson’s Vish. Pur.,
p. 27, etc.). The one preceding is called the Pddma, ‘* that of the lotus.”
This nomenclature, however, is not universally accepted: under the
word kalpa, in the Lexicon of Bohtlingk and Roth, may be found another
system of names for these periods. Manu (i. 61, 62) gives the names of
the Patriarchs of the past Patriarchates; the Purdnas add other particulars
respecting them, and also respecting those which are still to come (see
Wilson’s Vish. Pur., p. 259, etc.).

The end of the Golden Age of the current Great Age is the time at
which the Sarya-Siddhénta claims to have been revealed, and the epoch
from which ite caiculations profess to commence. We will, accordingly,
as the Sun directs, compute the number of years which are supposed to
have elapsed before that period. .

Divine years, Solar years,
Dawn of current Zon, 4,800 1,%28,000
8ix Patriarchates, 5,140,800 1,850,688,000
Twenty-seven Great Ages, 824,000 116,640,000
Total till commencement of present Great Age, - 5,489,800 1,969,056,000
Golden Age of present Grreat Age, 4,800 1,728,000
Total time elapsed of current Aon, 5,474,400 84,000
Half Brahma's life, 432,000,000,000 155, 520 000 000 ,000

Brahma's life to end of last Golden Age,

-

Total time elapsed from beginning of
432,005,474,400 155,521,970,484,000

As the existing creation dates from the commencement of the current
Zon, the second of the above totals is the cnly one with which the Sdrya-
Siddhénta henceforth has anything to do.

We are next informed that the present order of things virtually be-
gan at a period less distant than the commencement of the Zon.

24. One hundred times four hundred and seventy-four
divine years passed while the All-wise was employed in creating
the animate and inanimate creation, plants, stars, gods, demons,
‘and the rest.
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That is to eay:

Divine years. Solar years.
From the total above given, 5,474,400 1,970,784,000
deduct the time occupied in creation, 47,400 17,064,000
the remainder is 5,427,000 1,958,720,000

This, then, is the time elapsed from the true commencement of the
existing order of things to the epoch of this work. The deduction of this
period as spent by the Deity in the work of creation is a peculiar feature
of the Sirya-Siddhanta. We shall revert to it later (see below, under
vv. 20-34), as its significance cannot be shown until other data are be-
fore us.

25. The planets moving westward with exceeding velocity,
but constantly beaten by the asterisms, fall behind, at a rate pre-
cisely equal, proceeding each in its:own path.

26. Hence they have an eastward motion. From the
number of their revolutions is derived their da.ily motion, which
is different according to the size of their orbits; in proportion to
this daily motion they pass through the asterisms.

27. One which moves swiftly passes through them in a
short time; one which moves slowly, in a long time. By their
movement, the revolution is accounted complete at the end of the
asterism Revati.

"We have here presented a part of the physical theory of the planetary
motions, that which accounts for the mean motions: the theory is supple-
mented by the explanation given in the next chapter of the disturbing
forces which give rise to the irregularities of movement. The earth is a
sphere, and sustained immovable in the centre of the universe (xii. 82),
while all the heavenly bodies, impelled by winds, or vortices, called pro-
vectors (ii. 8), revolve about it from east to west. In this general west-
ward mpvement, the plancts, as the commentary explains it, are, owing
to their weight and the weakness of their vortices, beaten by the as-
terisms (nakshatra or bha, the groups of stars constituting the lunar man-
siong [see below, chapter viii], and used here, as in various other places,
to designate the whole firmament of fixed stars), and accordingly fall behind
(lambante =labuntur, delabuntur), as if from shame: and this is the ex-
planation of their eastward motion, which is only apparent and relative,
although wont to be regarded as real by those who do not understand the
crue causes of things. But now a new element is introduced into the
theory, which does not seem entirely consistent with this view of the
merely relative character of the eastward motion. It is asserted that the
planets lag behind equally, or that each, moving in its own orbit, loses an
equal amount daily, as compared with the asterisms. And we ghall find
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farther on (xii. 73-89) that the dimensions of the planetary orbits are cons-
tructed upon this sole principle, of making the mean daily motion of each
planet eastward to be the same in amount, namely 11,858,717 yojanas:
the amount of westward motion being equal, in each case, to the difference
between this amount and the whole orbit of the planet. Now if the Hindu
ides of the symmetry and harmony of the universe demanded that the
movements of the planets should be equal, it was certainly a very awk-
ward and unsatisfactory way of complying with that demand to gnake
the relative motions alone, as compared with the fixed stars, equal, and the
real motions so vastly different from one another. We ghould rather ex-
pect that some method would have been devised for making the latter
come out alike, and the former unlike, and the result of differences in the
weights of the planets and the forces of the impelling currents. It looks
ag if this principle, and the conformity to it of the dimensions of the
orbits, might have come from those who regarded the apparent daily mo-
tion as the real motion. But we know that Aryabhatta held the opinion
that the earth revolved upon its axis, causing thereby the apparent west-
ward motion of the heavenly bodies (see Colebrooke’s Hindu Algebra,
p. xxxviii; Essays, ii. 467), and so, of course, that the planets really moved
eastward et an equal rate among the stars; and although the later astrono-
mers are nearly unanimous against him, we cannot help surmising thab
the theory of the planetary orbits emanated from him or his school, or
from some other of like opinion. It is not upon record, so far ag we are
aware, that any Hindu astronomer, of any period, held, as did some of
the Greek philosophers (see Whewell’s History of the Inductive Sciences,
B.V. ch. i), a heliocentric theory.

The absolute motion eastward of all the planets being equal, their
apparent motion is, of course, in the (inverse) ratio of their distance, or of
the dimensions of their orbits.

The word translated *‘ revolution ** is bhagana, iiterally ** troop of
asterismsg; *’ the verbal root translated *‘ pass through ’ is bhuj, '* enjoy,”’
from which comes also the common term for the daily motion of & planet,
bhukti, literally ‘* enjoyment.”’ When a planet has “ enjoyed the thole
troop of asterisms,” it has made a complete revolution.

The initial point of the fixed Hindu sphere, from which longitudes
are reckoned, and at which the planetary motions are held by all the
schools of Hindu astronomy to have commenced at the creation, is the
end of the asterism Revati, or the beginning of Agvini (see chapter viii,
for a full account of the asterisms). Its situation is most nearly marked
by that of the principal star of Revati, which, according to the Strya-
Siddhénta, is 10/ to the west of it, but according to other authorities exactly
coincides with it. That star is by all authorities identified with ¢ Piscium,
of which the longitude at present, as reckoned by us, from the vernal
‘equinox, is 17° 54/. Making due allowance for the precession, we find that
it coincided in position with the vernal equinox not far from the middle of
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the sixth century, or about A.D. 570. Ae such coincidence was the ocea-
sion of the point being fixed upon as the beginning of the sphere, the time
of its occurrence marks approximately the era of the fixation of the sphere,
and of the commencement of the history of modern Hindu astronomy.
‘We say approximately only, because, in the first place, as will be shown
in connection with the eighth chapter, the accuracy of the Hindu observa-
tions is not to be relied upon within a degree; and, in the second place,
the limits of the asterisms being already long before fixed, it was necessary
to take the beginning of some one of them as that of the sphere, and the
Hindus may have regarded that of Acvini as sufficiently near to the equinox
for their purpose, when it was, in fact, two or three degrees, or yet mors,
remote from it, on either side; and each degree of removal would corres-
pond to a difference in time of about seventy years.

In the most ancient recorded lists of the Hindu asterisms (in the
texts of the Black Yajur-Veda and of the Atharva-Veda), Krttikd, now the
third, appears as the first. The time when the beginning of that asterism
coincided with the vernal equinox would be nearly two thousand years
earlier than that given above for the coincidence with it of the first point
of Agvini.

28. Sixty seconds (vikald) make a minute (kald); sixty of
these, a degree (bhdga); of thirty of the latter is composed a sign
(rdgi); twelve of these are a revolution (bhagana).

) The Hindu divisions of the circle are thus seen to be the same with
the Greek and with our own, and we shall accordingly make use, in trans-
lating, of our own familiar terms. Of the second (vikald) very little prac-
tical use is made; it is not more than two or three times alluded to in all
the rest of the treatise. The minute (kald) is8 much more often called
liptd (or liptikd); this is not an original Sanskrit word, but was borrowed

from the Greek Aemrov, The degree is called either bhdga or anga; both
\

words, like the equivalent Greek word potpa, mean a *‘ part, portion,”’ The
propér signification of rd¢i, translated ‘‘sign,’’ is simply ‘‘heap, quantity;’’ it
is doubtless applied to designate a sign as being a certain number, or sum,
of degrees, analogous to the use of gana in bhagana (explained above, in the
last note), and of rdgi itself in dinardgi, *‘ sum of days *’ (below, v. §83).
In the Hindu description of an arc, the sign is as essential an element as
the degree, and no arcs of greater length than thirty degrees are reckoned
in degrees alone, as we are accustomed to reckon them. The Greek usage
wag the same. We shall hereafter see that the eigns into which any
circle of revolution is divided are named Aries, Taurus, etc., beginning from
the point which is regarded as the starting point; so that these names
are applied simply to indicate the order of sueccession of the arce of thirty
degrees,
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99. Inan Age (yuga), the revolutions of the sun, Mercury,
and Venus, and of the conjunctions (¢cighra) of Mars, Saturn, and
Jupiter, moving eastward, are four million, three hundred and
twenty thousand; .

80. Of the moon, fifty-seven million, seven”hundred and
fifty-three thousand, three hundred and thirty-six; of Mars, two
million, two hundred and ninety-six thousand, eight hundred and
_thirty-two;

- 81. Of Mercury’s con]unctlon (¢ighra). seventeen million,
nine hundred and thirty-seven thousand, and sixty; of Jupiter,
three hundred and sixty-four thousand, two hundred and twenty;

32. Of Venus’s conjunction (¢ighra), seven million,
twenty-two thousand, three hundred and seventy-six; of Saturn,

~one hundred and forty-six thousand five hundred and sixty-eight;

33. Of the moon’s apsis (ucca), in an Age, four hundred
and eighty-eight thousand, two hundred and three; of its node
(pdta), in the contrary direction two hundred and thirty-two
thousand, two hundred and thirty-eight;

34. Of the asterisms, one billion, five hundred and eighty-
two million, two hundred and thirty-seven thousand, eight hun-

dred and twenty-eight....

These are the fundamental and most important elements upon which
is founded the astronomical system of the Surya-Siddhédnta. We present
them below in a tabular form, but must first explain the character of some
of them especially of some of those contained in verse 29. which we have
omitted from the table.

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require
no remark, save the obvious one that those of the sun are in fact sidereal
revolutions of the earth about the sun. To the sidereal revolutions of ¢he
moon we add algd her synodical revolutions, anticipated from the next
following passage (see v. 85). By the moon’s ‘‘ apsis *’ is to be under-
stood her apogee; wucca is literally ‘* height,”’ i.e., ‘ extreme distance:"’
the commentary explains it by mandocca, *‘ apex of slowest motion: ' as
the same word is used to designate the aphclia of the planets, we were
obliged to take in translating it the indifferent term apsis, which applies
équally to both geocentric and heliocentric motion. The ‘‘ node '’ is the
ascending node (see ii. 7); the dual ‘‘ nodes '’ is never employed in this
work. But the apparent motions of the planets are greatly complicated by
the fact, unknown to the Greek and the Hindu, that they are revolving
sbout a centre about which the earth also is revolving. When any planet
is on the opposite side of the sun from us, and is accordmgly moving in '



18 Stirya-Siddhdnta

; space in a direction contrary to ours, the effect of our change of place is

to increase the rate of its apparent change of place; again, when it is upon
our side of the sun, and moving in the same direction with us, the effect
of our motion is to retard its apparent motion and even to cause it to
seem to retrograde.  This explains the ‘‘ revolutions of the conjunction "
of the three superior planets: their * conjunctions ’’ revolve at the same
rate with the earth, being always upon the opposite side of the sun from
us; and when, by the combination of its own proper motion with that of
its conjunction, the planet gets into the latter, its rate of apparent motion
is greatest, becoming less in proportion as it removes from that position.
The meaning of the word which we have translated ‘‘ conjunction '’ is
*“ swift, rapid:’’ a literal rendering of it would be *‘ swift-point,”” or
‘“ apex of swiftest motion;’’ but, after much deliberation, and persevering
trial of more than one term, we have concluded that ‘‘ conjunction ’ was
the least exceptionable word by which we could express it. In the case
of the inferior planets, the revolution of the conjunction takes the place
of the proper motion of the planet itself. By the definition given in verse
27, & planet must, in order to complete a revolution, pass through the
whole zodiac; this Mercury and Venus are only able to do as they accom-
pany the sun in his apparent annual revolution about the earth. To the
Hindus, too, who had no ides of their proper movement about the sun, the
annual motion must have seemed the principal one; and that by virtue of
which, in their progress through the zodiac, they moved now faster and
now slower, must have appeared only of secondary importance. The term
‘“ conjunction *’ as used in reference to these planets, must be restricted,
of course, to the superior conjunction. The physical theories by which
the effect of the conjunction (¢ighra) is explained, are given in the next
chapter. In the table that follows we have placed opposite each planet
its own proper revolutions only.

1

It is farther to be observed that all the numbers of revolutions, ex-
cepting those of the moon’s apsis and node, are divisible by four, so that,
pr'operly speaking, a quarter of an Age, or 1,080,000 years, rather
than a whole Age, is their common period. This is a point of so
much importance in the system of the Sirya-Siddhénta, that we have
added, in a second column, the number of revolutions in the lesser
period.

In the third column, we add the period of revolution of each planet,
as found by dividing by the number of revolutions of each the number of
civil days in an Age (which is equal to the number of sidereal days, given
in v. 84, diminished by the number of revolutions of the sun; see below,
v. 87); they are expressed in days, nadis, vinddis, and respirations; the
latter may be converted into sexagesimals of the third order by moving
the decimal poipt one place farther to the right.

Tn the fourth column are given the mean daily motions.
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We shall present later some comparison of these elements with those
adopted in other systems of astronomy, ancient and modern.

Mean Motions of the Planets.

Number of Number of Lo
Planet. revolutions in | revolutions in Lﬁ?i&gﬁf a f::‘t’é;f'éonﬂ Mean daily motion.
4,320,000 years|l 080,000 years. 8o :

’ " ® Uy

d n v p L] n "we

Sun, 4,320,000 1,080,000 365 15 31 8.14 59 8 10 10.4

Mercury, 17,937,060 4,484,265 87 58 10 5.57 4 5 32 20 41.9

Venus, 7,022,376 1,755,694 224 41 54 5.06 136 7 48 37.3

Mars, 2,296,832 574,208 686 59 50 5.87 31 26 28 11.1

Jupiter, 864,220 91,055 4,332 19 14 2.09 4 59 8 48.6

Saturn, 116,568 36,642 10,7656 46 23 0.41 2 022 53.4
Moon :

sider. rev. 57,753,336 14,438,334 27 19 18 0.16 | 13 10 34 52 3.8

synod. rev. 53,433,336 18,358,334 29 81 50 0.70 | 12 11 26 41 638.4

rev. of apsis, 488,203 122,050% 3,233 5 37 1.86 6 40 68 42.5

s+ Dode. 232,238 58,0594 6,794 23 59 2.35 3 10 44 43.2

The arbitrary and artificial method in which the fundamental ele-
ments of the solar system are here presented is not peculiar to the Sarya-
Siddhanta; it is also adopted by all the other text-books, and is to be
regarded as a characteristic feature of the general astronomical system of
the Hindus. Instead of deducing the rate of motion of each planet from
at least two recorded observations of its place, and establishing a genuine
epoch, with the ascertained position of each at that time, they start with
the assumption that, at the beginning of the present order of things, all
the planets, with their apsides and nodes, commenced their movement
together at that point in the heavens (near ¢ Piscium, as explained above,
under verse 27) fixed upon as the initial point of the sidereal sphere, and
that they return, at certain fixed intervals, to a universal conjunction at
the same point. Ag regards, however, the time when the motion com-
menced, the frequency of recurrence of the conjunction, and the date of
that which last took place, there is discordance among the different aytho-
rities. With the Sirya-Siddhénta, and the other treatises which adopt
the same general method, the determining point of the whole system is
the commencement of the current Iron Age (kali yuga); at that epoch the
planets are assumed to have been in mean conjunction for the last time
at the initial point of the sphere, the former conjunctions having taken
place at intervals of 1,080,000 years previous.
Age is made to commence is midnight on the meridian of Ujjayini (see
below, under v. 62), at the end of the 588,465th and beginning of the
588,466th day (civil reckoning) of the Julian Period, or between the 17th
and 18th of February 1612 J.P., or 8102 B.C. (see below, under vv. 45-53,
for the computation of the number of days since elapsed). Now, although

e

The instant at which the
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no euch conjunction as that assumed by the Hindu astronomers ever did
or ever will take place, the planets were actually, at the time stated, ap-
proximating soméwhat nearly to a general conjunction in the neighbor-
hood of the initial point of the Hindu sphere; this is shown by the next
table, in which we give their actual mean positions with reference to that
point (including also those of the moon’s apogee and node); they have been
obligingly furnished us by Prof. Winlock, Superintendent of the American
Ephemeris and Nautical Almanac. The positions of the primary planets
are’ obtained by LeVerrier’s times of sidercal revolution, given in the

Annales de 1’Observatoire, tom. ii (also in Biot’s Astronomie, 8™ edi-
tion, tom. v. 1857), that of the moon by Peirce’s tables, and those of its
apogee and node by Hansen’s Tables de la Lune. The origin of the
Hindu sphere is regarded as being 18°5/8" east of the vernal equinox of
Jan. 1, 1860, and 50°22/29"” west of that of Feb. 17, 3102 B.C., the pre-
cessgion in the interval being 68°27'37".. We add, in a second column, the
mean longitudes, as reckoned from the vernal equinox of the given date,
for the sake of comparison with the similar data given by Bentley (Hind.
Ast., p. 125) and by Bailly (Ast. Ind. et Or., pp. 111, 182), which we also
subjoin,

Positions of the Planets, midnight, at Ujjayini, Feb. 17-18, 3102 B. (.

1 . .

Planet. 5’%?!]32%?1?;5 Longitude. Bentley. Bailly.
-] ’ ” o ’ ” o ’ ” o ’ n
Sun, — 7 51 48| 801 45 43| gL 1 1| 81 b5 &7
Mercury, — 41 3 26| 28 84 5| 27 35 26| 21 14 21
Venus, + 24 58 59| 834 36 80| 833 44 37| 834 22 18
Mars, — 10 49 26| 289 48 5| 288 65 19| 288 66 66
Jupiter, + 8 38 8| 318 16 7| 818 8 54| 810 22 10
Saturn, — 28 1 13| 281 86 18| 280 1 53| 298 8 21
Moon, = 1 83 41| 308 3 50| 806 53 43 | 800 51 16
do. apsis, | + 95 19 21| 44 56 43| 61 12 26| 61 13 33
do. node, ‘ +198 24 45| 148 2 16| 144 898 82| 144 37 41

¢« The want of agreement between the results of the three different
investigations illustrates the difficulty and uncertainty even yet attending
inquiries into the positions of the heavenly bodies at so remote an epoch.
It is very possible that the calculations of the astronomers who were the
framers of the Hindu system may have led them to suppose the approach
to a conjunction nearer than it actually was; but, however that may be, it
seems hardly to admit of a doubt that the epoch was arrived at by astrono-
mical caleulation carried backward, and that it was fixed upon as the
date of the last general conjunction, and made to determine the com-
mencement of the present Age of the world, because the errors of the
assumed positions of the planets at that time would be so small, and the
number of years since elapsed so great, as to make the errors in the mean
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mobiong into which those positions entered as an element only trifling in
amount.

The moon's apsis and node, however, were treated in a different
manner. Their distance from the initial point of the sphere, as shown by
the table, was too great to be disregarded. They were accordingly
exempted from the general law of a conjunction once in 1,080,000 years,
and such a number of revolutions was assigned to them ss should make
their positiong at the epoch come out, the one a quadrant, the other adalf-
revolution, in advance of the initial point of the sphere.

We can now see why the deduction spoken of above (v. 24), for time
spent in oreation, needed to be made. In order to bring all the planets
to a position of mean conjunction at the epoch, the time previously elapsed
must be an exact multiple of the lesser period of 1,080,000 years, or the
quarter-Age; in order to give its proper position to the moon’s apsis, that
time must contain a certain number of whole Ages, which are the periods
of conjunction of the latter with the planets, together with a remainder of
three quarter-Ages; for the moon’s node, in like manner, it must contain
a certain number of half-Ages, with a remainder of one quarter-Age. Now
the whole number of years elapsed between the beginning of the Afon
and that of the current Iron Age is equal to 1826 quarter-Ages, with an
odd surplus of 864,000 years: from it subtract an amount of time which
shall contain this surplus, together with three, seven, eleven, fifteen, or
the like (any number exceeding by three a multiple of four), quarter-Ages,
and the remainder will fulfil the conditions of the problem. The deduc-
tion actually made is of fifteen periods + the surplus.

This deduction is a clear indication that, as remarked above (under
v. 17), the astronomical system was compelled to adapt itself to an al-
ready established Puranic chronology. It could, indeed, fix the previously
undetermined epoch of the commencement of the Iron Age, but it could
not alter the arrangement of the preceding periods.

It is evident that, with whatever accuracy the mean positions of the
planets may, at a given time, be ascertained by observation by the Hindu
astronomers, their false assumption of a conjunction at the epoch of*3102
B.C. must introduce an element of error into their determination of the
planetary mofions. The annual amount of that error may indeed be
small owing to the remoteness of the epoch, and the great number of years
among which the errors of assumed position are divided, yet it must in
time grow to an amount not to be ignored or neglected even by observers
80 inaccurate, and theorists so unscrupulous, as the Hindus. This ig ac-
tually the case with the elements of the Strya-Siddhénta; the positions of
the planets, as calculated by them for the present time, are in some cases
nearly 9° from the true places. The later astronomers of India, however,
have known how to deal with such difficulties without abrogating their
mncient text-books. As the Surya-Siddhénta is at present employed im
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astronomical calculations, there are introduced into its planetary elements
certain corrections, called bija (more properly vija; the word means lite-
rally ‘‘ seed "’ ; we do not know how it arrived at its present significations
in the mathematical language). That this was so, was known to Davis
(As. Res., ii. 286), but he was unable to state the amount of the correc-
tions, excepting in the case of the moon’s apsis and node (ibid., p. 275).
Bentley (Hind. Ast., p. 179) gives them in full, and upon his authority
we Present them in the annexed table. They are in the form, it will be
noticed, of additions to, or subtractions from, the number of revolutions
given for an Age, and the numbers are all divisible by four, in order not
to interfere with the calculation by the lesser period of 1,080,000 years.
We have added the corrected number of revolutions, for both the greater
and lesser period, the corrected time of revolution, expressed in Hindu
divisions of the day, and the corrected amount of mean daily motion.

These corrections were first applied, according to Mr. Bentley
(As. Res., viii. 220), about the beginning of the sixteenth century; they
are presented by several treatises of that as well as of later date, not
having been yet superseded by others intended to secure yet greater correct-

ness.

Mean Motions of the Planets as corrected by the bija.

g  |Corrected number of revolu-
Pl 3 tions Corrected time of Corrected daily
anet. 2 | in 4,820,000 [ in 1,080,000| revolution. motion.
8 years. years.
@]
d n v p o ’ "o ”ne
Sun, 0 4,320,000 1,080,000 365 15 81 3.14 59 8 10 10.4
Mercury, -16 | 17,937,044 4,484,261 87 68 11 1.26 4 5 3219 54.5
Venus, -12 7,022,364 1,755,591 224 41 56 1.36 13 743 1.8
Mars, 0 2,296,832 574,208 686 59 50 5.87 31 26 28 11.1
Jupiter, - 8 364,212 91,058 | 4,332 24 66 5.56 459 8 24.9
Satyrn, +12 146,580 36,645 | 10,764 53 30 1.11 2 023 28.9
Moon, 0| 57,753,336 | 14,438,334 2719 18 0.16 | 13 10 34 62 3.8
. apsis, | — 4| 488199 | 1320493 3,282 712 8.37 6 40 58 30.7
,,» node, + 4 232,242 58,0604 6,794 16 58 0.66 3 10 44 55.0

We need not, however, rely on external testimony alone for informa-
ticn as to the period when this correction was made. If the attempt to
modify the elements in such a manner as to make them give the true posi-
tions of the planets at the time when they were so modified was in any
tolerable degree successful, we ought to be able to discover by calculation
the date of the alteration. If we ascertain for any given time the posi-
tions of the planets as given by the system, and compare them with the
true positions as found by our best modern methods, and if we then divide
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the differences of position by the differences in the mean motions, we shall
discover, in each separate case, when the error was or will be reduced to
nothing. The results of such a calculation, made for Jan. 1, 1860, are
given below under v. 67. We see there that, if regard is had only to the
absolute errors in the positions of the planets, no conclurion of value ecan
be arrived at; the discrepancies between the dates of no error are al-
together too great to allow of their being regarded as indicating any definite
epoch of correcticn. If, on the other hand, we assume the place 8f the
sun to have been the standard by which the positions of the other
planets were tcsted, the dates of no error are seen to point quite dis-
tinetly to the first half of the sixteenth century as the time of the correc-
tion, their mean being A.D. 1541. Upon this assumption, also, we see
why no correction of bija was applied to Mars or to the moon: the former
had, at the given time, only just passed his time of complete accordance
with the sun, and the molion of the moon was also already so closely ad-
justed to that of the sun, that the difference between their errors of posi-
tior ig even now less than 10/. Nor is there any other supposition which
will explain why the serious error in the position of the sun himself was
overlooked at the time of the general correction, and why, by that correc-
tion, the absolute errors of position of more than one of the planets are
made greater than they would otherwise have been, as is the case. It is,
in shert, clearly evident that the alteration of the elements of the Strya-
Siddhénta which was effected early in the sixteenth century, was an adap-
tation of the errors of position of the other planets to that of the sun,
assumed to be correct and regarded as the standard.

Now if it is possible by this method to arrive approximately at the
date of a correction applied to the elements of a Siddh&nta, it should be
possible in like manner to arrive at the date of those elements themselves.
For, owing to the false assumption of position at the epoch, there is but
one point of time at which any of the periods of revolution will give the
true place of its planet : if, then, as is to be presumed, the true places were
nearly determined when any treatise was composed, and were made tg enter
as an element into the construction of its system, the comparison of the
dates of no error will point to the epoch of its composition. The, method,
indeed, as is well known to all those who have made any studies in the
history of Hindu astronomy, has already been applied to this purpose, by
Mr. Bentley. It was first originated and put forth by him (in vol. vi. of
the Asiatic Researches) at a time when the false estimate of the age and
value of the Hindu astronomy presented by Bailly was still the prevailing
one in Europe; he strenuously defended it against more than one attack
(As. Res., viii, and Hind. Ast.), and finally employed it very extensively
in his volume on the History of Hindu Astronomy, as a means of deter-
mining the age of the different SiddhAntas. We present below the table
from which, in the latter work (p. 126), he deduces the age of the 8lrya-



P 3 - Strya-Siddhdnta
Biddhénta ; the column of approzimate dates of no efror we have oulselves
added.

Bentley's Table of Errors in the Positions of the Planets, as calculated,
for successive periods, according to the Sirya-Siddhdnta.

Planet, Iron Age 0,| 1. A.1000, | L. A.2000, { I.A. 3000, I.A.8639, |\ I.A. 4102, | When

. B.C.Bi02. | B.C.2102. | B.C.1102. | B.C. 102. | A. D. 538. | A. D.1081. | correct

o s n o s n o s u o 4 n °o 7 n o s+ n| A D

Mercury, 133 26 36[+25 9 52|+16 54 9|+ 8 88 26|+ 3 21 40/— 1 12 28] 945
Venus, +32 43 36/—24 87 31|16 81 26|~ 8 25 21|— 3 14 45|+ 1 14 3 939
Mars, +12 5 42/+ 9 26 32+ 6 47 22|+ 4 8 12/+ 2 26 80|+ O B8 29| 1458
Jupiter, =17 2 53!—12 44 16/— 8 25 39/— 4 7 2— 1 21 47|+ 0 41 14/ 906
Saturn, +20 59 3'+15 43 20/+10 27 37|+ 5 11 54{+ 1 50 10/— 1 4 25| 887
Moon, ~ 552 41— 350 48— 2 9 17— 052 83— 018 30— 0 O 11} 1097
,» apsis, |[—30 11 25|—23 9 36{—16 7 47— 9 5 58— 4 36 26/— 0 48 10| 1193
., node, |+23 87 31|+17 59 21{+12 31 11{+ 7 3 1|+ 3 83 19/+ 0 81 50 1188

From an average of the results thus obtained, Bentley draws the
conclusion that the Sarya-Siddhinta dates from the latter part of the
eleventh century ; or, more exactly, A. D. 1091.

The general soundness of Bentley’s method will, we apprehend, be
denied at the present time by few, and he is certainly entitled to not a
little credit for his ingenuity in devising it, for the persevering industry
shown in its application, and for the zeal and boldness with which he pro-
pounded and defended it. He succeeded in throwing not a little light upon
an obscure and misapprehended subject, and his investigations have contri-
buted very essentially to our present understanding of the Hindu systems
of astronomy. But the details of his work are not to be accepted without
careful testing, and his general conclusions are often unsound, and require
essential modification, or are to be rejected altogether. This we will
attempt to show in connection with his treatment of the Sirya-Siddhénta.

In the first place, Bentley has made a very serious error in that part
of his calculations which concerns the planct Mercury. As that planet was,
at the epoch, many degrees behind its assumed place, it was necessary,
of course, to assign to it a slower than its true rate of motion. But the
rate actually given it by the text is not quite enough slower, and, instead of
exhausting the original error of position in the tenth century of our era, as
stated by Bentley, would not so dispose of it for many hundred years yet
to come. Hence the correction of the bija, as reported by Bentley himself,
instead of giving to Mercury, as to all the rest, a more correct rate of motion,
is made to have the contrary effect, in order the sooner to run out the
original error of assumed position, and produce a coincidence between the
calculated and the true places of the planet.

In the case of the other planets, the times of no error found by Bentley
agree pretty nearly with those which we have ourselves obtained, both by
calculating backward from the errors of A.D. 1860, and by calculating
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downward from those of B.C. 8102, and which are presented in the table
given under verse 7. Upon comparing the two tables, however, it will be
seen at once that Bentley’s conclusions are drawn, not from the sidereal
errors of position of the planets, but from the errors of their positions as
compared with that of the sun, and that of the sun’s own error he makes
no account at all. This is a method of procedure which’ certainly requires
a much fuller explanation and justification than he has seen fit anywhere
to give of it. The Hindu sphere is a sidereal one, and in no wise bourfd to
the movement of the sun. The sun, like the other planets, was not in the
position assumed for him at the epoch of 3102 B.C., and consequently the
rate of motion assigned to him by the system is palpably different from
the real one: the sidereal year is about three minutes and a half too long.
Why then should the sun’s error be ignored, and the sidereal motions of
the other planets considered only with reference to the incorrect rate of
motion established for him? It is evident that Bentley ought to have
taken fully into consideration the sun’s position also, and to have shown
either that it gave a like result with those obtained from the other planets,
or, if not, what was the reason of the discrepancy. By failing to do so,
he has, in our opinion, omiited the most fundamental datum of the whole
calculation, and the one which leads to the most important conclusions.
We have seen, in treating of the bija, that it has been the aim of the
modern Hindu astronomers, leaving the sun’s error untouched, to amend
those of the other planets to an accordance with it. Now, as things are
wont to be managed in the Hindu literature, it would be no matter for sur-
prise if such corrections were incorporated into the text itself: had not the
Strya-Siddhanta been, at the beginning of the sixteenth century, so widely
distributed, and its data so universally known, and had not the Hindu
science outlived already that growing and productive period of its history
.when a school of astronomy might put forth a corrected text of an ancient
authority, and expect to see it make its way to general acceptance, crowd-
ing out, and finally causing to disappear, the older version—such a process
of alteration might, in our view, have passed upon it, and such a text
might have been handed down to our time as Bentley would have®pro-
nounced, upon”internal evidence, to have been composed early in the
sixteenth century; while, nevertheless, the original error of the sun would
remain, untouched and increasing, to indicate what was the true state of
the case.

But what is the actual position of things with regard to our Siddhénta ?
We find that it presents us a set of planetary elements, which, when tested
by the .errors of position, in the manner already explained, do not appear
to have been constructed so as to give the true sidereal positions at any
assignable epoch, but which, on the other hand, exhibit evidences of an
attempt to bring the places of the other planets into an accordance with
that of the sun, made sometime in the tenth or eleventh century—the
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precise time is very doubtful, the discrepancies of the times of no error
being far too great to give a certain result. Now it is as certain as anything
in the history of Sanskrit literature can be, that there was a Strya-
Siddhénta in existence long before that date; there is also evidence in the
references and citations of other astronomical works (see Colebrooke,
Essays, ii. 484; Hind. Alg., p. 1) that there have been more versions than
one of a treatise bearing the title; and we have seen above, in verse 9, a
not°very obscure intimation that the present work does not present precisely
the same elements which had been accepted formerly as those of the Sirya-
Siddhénta. What can lie nearer, then, than to suppose that in the tenth
or cleventh century a correction of bija was calculated for application to
the elements of the Siddhanta, and was then incorporated into the text,
by the easy alteration of four or five of its verses; and accordingly, that
while the comparative errors of the other planets betray the date of the
correction, the absolute error of the sun indicates approximately the true
date of the treatise?

In our table the time of no error of the sun is given as A.D. 250.
The correctness of this date, however, is not to be too strongly insisted
upon, being dependent upon the correctness with which the sun's place
was first determined, and then referred to the point assumed as the origin
of the sphere. Tt was, of course, impossible to observe directly when the
sun’s centre, by his mean motion, was 10’ east of ; Piscium, and there are
grave errors in the determination by the Hindus of the distances from that
point of the other points fixed by them in their zodiac. And a mistake
of 1° in the determination of the sun’s place would occasion a difference
of 425 years in the resulting date of no error. We shall have occasion to
recur to this subject in connection with the eighth chapter.

There is also an alternative supposition to that which we have made
above, respecting the conclusion from the date of no error of the sun. If
the error in the sun’s motion were a fundamental feature of the whole Hindu
system, appearing alike in all the different text-books of the science, that
date would point to the origin rather of the whole system than of any
treatise which might exhiibt it. But although the different Siddhéntas
nearly agree with one another respecting the length of the sidereal year,
they do not entirely accord, as is made evident by the following statement,
in which are included all the authorities to which we have access, either
in the original, or as reported by Colebrocke, Bentley, and Warren :

Authority. Length of sidercal year. Error.
S8drya-Siddhanta, 365 6* 12" 96°.56 +3™ 25° .81
Pguli¢a-Siddhédnta, 865 6 12 36 +3 25.25
PirA¢ara-Siddhanta, 365 6 12 81.50 +3 20.75
Arya-Siddhanta, 365 6 12 £0.84 +3 20,09
Laghu-Arya-Siddhénts, 35 6 12 30 +3 19.25
Siddh&nts-Qiromani, 365 6 12 9 +2 58.25
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The first five of these might be regarded as unimportant variations of
the same error, but it would seem that the last is an independent defermi-
nation, and one of later date than the others; while, if all are independ-
ent, that of the Strya-Siddhanta has the appearance of being the most
sncient. Such questions as these, however, are not to be to» hastily decided,
nor from single indications merely ; they demand the most thorough inves-
tigation of each different treatise, and the careful collection of all the
evidence which cun be brought to bear upon them. »

Here lies Bentley’s chief error. He relied solely upon his method
of examining the elements, applying even that, as we have seen, only
partially and uncritically, and never allowing his rseults to be controlled
or corrected by evidence of any other character. He had, in fact, no philo-
logy, and he‘was deficient in sournd critical judgment. He thoroughly mis-
apprekended the character of the Hindu astronomical literature, thinking
it to be, in the main, a mass of forgeries framed for the purpose
of deceiving the world respecting the antiquity of the Hindu people. Many
of his most confident conclusions have already been overthrown by evi-
dence of which not even he would venture to question the verity, and
we are persuaded that but little of his work would stand the test of a
thorough examination.

The annexed table presents a comparison of the times of mean sidereal
revolution of the planets assumed by the Hindu astronomy, as represented
by two of its principal text-books, with those adopted by the great Greek
astronomer, and those which modern science has established. The latter
are, for the primary planets, from Le Verrier; for the moon, from Nichol
(Cyclopedia of the Physical Sciences, London: 1857). Those of Ptolemy
are deduced from the mean daily rates of motion in longitude given by
him in the Syntaxis, allowing for the movement of the equinox according
to the false rate adopted by him, of 86/ yearly.

Comparative Table of the Sidereal Revolutions of the Planets.

»
Planet. ‘Bdrya-Siddbanta. %’gﬂlx:;: Ptolemy. Moderns.
d hm s d hm s d hm s d hm &
Sun, 3656 6 12 36.6] 866 612 9.0/ 386536 9 48.6] 365 6 9 10.8
Mercury, 87 23 16 22.3 87 23 16 41.5 87 23 16 42.9 87 23 15 48.9
Venus, 224 16 45 56.2) 224 16 46 1.9| 224 16 51 56.8] 234 16 49 8.0
Mars, 686 23 56 23.5| 686 23 67 1.5/ 686 23 31 56.1] 686 23 30 41.4
Jupiter, 4,852 7 41 44.4] 4,332 b5 45 43.7| 4,332 18 9 10.5| 4,332 14 2 8.6
%daturn, 10,765 18 33 13.6| 10,765 19 33 56.5| 10,7568 17 48 14,9} 10,759 5 16 32.2
oon :
sid. rev. 21 7 43 12.6 27 743121 27 7 43 12.1 27 743 114
synod. rev.- 29 12 44 B8 29 12 44 2.3 29 12 44 3.3 20 12 4 2.
rev. of apsis, | 8,232 2 14 53.4| 3,232 17 37 6.0| 3,232 9 52 13.6] 3,232 13 48 29.
»n wbode, | 6,794 9 85 46.4] 6,792 6 b 41.9] 6,799 23 18 39.4) 6,798 6 41 45.

S DO
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In the additional notes at the end of the work, we shall revert to
the subject of these data, and of the light thrown by them upon the origin
and age of the system.

34....The number of risings of the asterisms, diminished by
the number of the revolutions of each planet respectively, gives the
number of risings of the planets in an Age.

35. The number of lunar months is the difference between
the number of revolutions of the sun and of the moon. If from it
the number of solar months be subtracted, the remainder is the
number of intercalary months.

36. Take the civil days from the lunar, the remainder is
the number of omitted lunar days (tithikshaya). From rising to
rising of the sun are reckoned terrestrial civil days;

37. Of these there are, in an Age, one billion, five hundred
and seventy-seven million, nine hundred and seventeen thousand,
eight hundred and twenty-eight; of lunar days, one billion, six
hundred and three million, and eighty;

38. Of intercalary months, one million, five hundred and
ninety-three thousand, three hundred and thirty-six; of omitted
lunar days, twenty-five million, eighty-two thousand, two hundred
and fifty-two;

39. Of solar months, fifty-one million, eight hundred and
forty thousand. The number of risings of the asterisms, dimi-
nished by that of the revolutions of the sun, gives the number of
terrestrial days.

40. The intercalary months, the omitted lunar days, the
sidereal, lunar, and civil days—these, multiplied by a thousand,
are the number of revolutions, ete., in an Aon.

The. data here given are combinations of, and deductions from, those
contained in the preceding passage (vv. 29-34). For convenience of re-
ference, we present them below in a tabular form.

In 4,320,000 years, In 1,080,000 years.
Sidereal days, 1,5682,237,828 895,559,457
deduct solar revolutions, 4,320,000 1,080,000
Natural, or civil days, 1,577,917,828 394,479,457
Sideral solar years, 4,820,000 1,080,000
multiply by no. of solar months in a year, 12 12

falar me athg, 51,840,000 12,960,000
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Moon’s sidereal revolutions, - 87,758,383 14 488,314

deduct solar revolutions, 4,320,000 1,080,000
Synodical revolutions, lunar months, 53,483,386 18,358,534
deduct solar months, 51,840,000 12,960,000
Intercalary months, 1,693,386 . 398,334
Lunar months, 53,433,336 13,358,334
multiply by no. of lunar days in a month, 30 « 30
Lunar days, ,603,000,080 400,750,020,
deduct civil days, ,077,917,828 394,479, 457
Omitted lunar days, 25,082,252 6,270,563

We add a few explanatory remarks respecting scme of the terms em-
ployed in this passage, or the divisions of time which they designate.

The natural day, nvethemeron, is, for astronomical purposes, reckoned
in the Strya-Siddhénta from midnight- to midnight, and is of invariable
length ; for the practical uses of life, the Hindus count it from sunrise to
sunrise; which would cause its duration to vary, in a latitude as high as
our own, sometimes as much as two or three minutes. As above noticed,
the system of Brahmagupta and some others reckon the astronomical day
also from sunrise.

For the lunar day, the lunar and solar month, and the general cons-
titution of the year, see above, under verse 18. The lunar month, which
is the one practically reckoned by, is named from the solar month in which
it commences. An intercalation takes place when two lunar months begin
in the same solar month: the former of the two is called an intercalary
month (adhimdsa, or adhimdsake, ‘* extra month ), of the same name as
that which succeeds it.

The term *‘ omitted lunar day '’ (Hthikshaya, ‘‘loss of a lunar day’’)
is explained by the method adopted in the calendar, and in practice, of
naming the days of the month. The civil day receives the name of the
lunar day which ends in it ; but if two lunar days end in the same solar day,
the former of them is reckoned as loss (kshaya), and is omxtted the day
being named from the other. o

41. The revolutions of the sun’s apsis (manda), moving
eastward, in an Zon, are three hundred and eighty-seven; of that
of Mars, twp hundred and four; of that of Mercury, three hundred
and sixty-eight;

42. Of that of Jupiter, nine hundred; of that of Venus,
five hundred and thirty-five; of the apsis of Saturn, thirty-nine.
Farther, the revolutions of the nodes, retrograde, are :

43. Of that of Mars, two hundred and fourteen; of that of
Mercury, four hundred and eighty-eight; of that of Jupiter, one
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hundred and seventy-four; of that of Venus, nine hundred and
three;

44, Of the node of Saturn, the revolutions in an Aon are
six hundred and sixty-two : the revolutions of the moon’s apsis
and node have been given here already.

In illustration of the curious feature of the Hindu system of astro-
nomy presented in this passage, we first give the annexed table; which
shows the number of revolutions in the Afon, or period of 4,3820,000,000
years, assigned by the text to the apsis and node of each planet, the result-
ing time of revolution, the number of years which each would require to
pass through an arc of one minute, and the position of each, according
to the system, in 1850 ; the latter being reckoned in our method, from the
vernal equinox. Farther are added the actual positions for Jan. 1, 1850, as
given by Biot (Iraité d’ Astronomie, tom. v. 529); and finally, the errors
of the positions ag determined by this Siddhénta.

Tabie of Revolutions and Present Position of the Apsides and Nodes of

the Planets.

No. of T f revoluti N:r' <th Resulting True Error of

Planet. | rev. in 1mei§ y:a‘.lx?su ton, | ¥ el’ gf © | position, | position, Hindu
‘gan Aon. motion. 4.D. 1850. | A.D. 1850.| position.

Apsides : ° ° °
Sun, 387 11,162,790.7 516.8 95 4 10022 | — 6516
Mercury,| 368 11,739,130.4 543.5 238 156 256 7 | — 16 b2
Venus, 535 8,074,766.4 373.8 97 39 809 24 | —211 45
Mars, 204 21,176,470.6 980.4 147 49 153 18 - 629
Jupiter, 900 4,800,000.0 222.2 189 9 191 65 | — 246
Saturn, 39 110,769,220.8 5128.2 254 24 270 6 | — 15 42

Nodes :

Mercury,| 488 8,852,459.0 409.8 ag 27 46383 | - 8 6
Venus, 903 4,784,053.2 221.5 77 26 %19 |+ 2 7
Mars, 214 20,186,915.9 984.6 57 49 4823 | + 926
Jupiter, 174 24,827,586.2 1149.4 97 26 9864 | — 128
Saturn, 662 6,625,678.2 - 802.1 118 7 11222 | + 5456

A mere inspection of this table is sufficient to show that the Hindu
astronomers did not practically recognize any motion of the apsides and
nodes of the planets; since, even in the case of those to which they aesigned
the most rapid motion, two thousand years, at the least, would be required
to produce such a change of place as they, with their imperfect means of
observation, would be able to detect.

This will, however, be made still more clearly apparent by the next
following table, in which we give the positions of the apsides and nodes
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as determined by four different text-books of the Hindu science, for the
commencement of the Iron Age.

Positions of the Apsides and Nodes of the Planets, according to Different
Authorities, at the Commencement of the Iron Age, 8102 B. C.

; Siddhéntes | ' Phrdgara-

Planet. | Strys-Siddhénta. Qiroma i. Arya-Siddhanta. Giddbante.

E— 2
Apsides . (tev.) 8 o ¢+ n (rev.) 8 o + » (I'EV-) B o / » (rev.) B o ¢+ n
Bun, (175) 217 7 48 |(219) 217 45 36 | (210) 2 17 45 86 | (319) 2 17 45 36
Mercury, | (166) 7 10 19 12 |(151) 7 14 47 2 |(154) 7 014 24 |(162) 7 0 40 19
Venus, | (242) 21989 0|(298) 221 210 |(300) C 17 18 48 | (240) 2 20 42 43
Mars, (92) 4 95736 ((133) 4 818 14 |(186) 4 850 24 |(149) 4 2 43 26
Jupiter, |(407) 521 O 0 |(390) 5 22 15 86 | (378) 5 22 48 0 | (448) 5 22 35 24
Sr:iturn. (7) 7263636 | (18) 8205331 | (16) 4 29 45 86 | (24) 7 28 14 52

Nodes :

Mercury, | (221-) ¢ 20 52 48 | (288-) 0 21 20 563 | (239-) 0 20 9 36 | (296-) 0 21 1 26
Venus, {(409-) 2 0 148 [(408-)2 0 5 2|(482-)2 028 48 |(408-)2 0 5 2
Mars, (97-) 110 8 24 |(122-) 0 21 59 46 | (136-) 1 10 19 32 | (112-) 1 9 3 86
Jupiter, | (79-) 2 19 44 24 | (29-) 222 2 88 | (44-) 2 20 38 24 | (87-) 2 21 43 12
Seturn, |(300-) 3 10 87 12 | (267-) 3 18 23 31 | (283-) 3 10 48 0 | (288-) 3 10 26 24

The data of the Arya and Parécara Siddhéntas, from which the posi-
tions given in the table are calculated, are derived from Bentley (Hind.
Ast. pp. 139, 144). To each position is prefixed the number of completed
revolutions ; or, in the case of the nodes, of which the motion is retrograde,
the number of whole revolutions of which each falls short by the amount
expressed by its position.

The almost universal disagreement of these four authorities with
respect to the number of whole revolutions accomplished, and their general
agreement as to the remainder, which determines the position,* prove that
the Hindus had no idea of any motion of the apsides and nodes of the
planets as an actual and observable phenomenon; but, knowing that the
moon’s apsis and node moved, they fancied that the symmetry of the uni-
verse required that those of the other planets should move also; and they
constructed their systems accordingly. They held, too, as will be seen at
the beginning of the second chapter, that the nodes and apsides, as wéll as
the conjunctions (¢ighra), were beings, stationed in the heavens, .nd ex-
ercising a physical influence over their respective planets, and, as the con-
junctions revolved, so must these also. In framing their systems, then, they
assigned to these points such a number of revolutions in an Zon as should,
without attributing to them any motion which admitted df detection, make
their positions what they supposed them actually to be. The differences

* It is altogether probable that, in the two cases where the Arya-Siddhinta seems
to disagree with the others, its data were either given incorrectly by Bentley's suthority,
or have been incorrectly reported by him,
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in respect to the number of revolutions were in part rendered necessary by
the differences of other features of the systems; thus, while that of the
Siddhanta Ciromani makes the planetary motions commence at the begin-
ning of the Fon, by that of the Stirya-Siddhénta they commence 17,064,000
years later (see above, v. 24), and by that of the Arya-Siddhanta, 8,024,000
years later (Bentley, Hind. Ast. p. 189): in part, however, they are merely
arbitrary ; for, although the Paricara-Siddhanta agrees with the Sdidhanta-
Ciromani as to the time of the beginning of things, its numbers of revolu-
tions correspond only in two instances with those of the latter.

It may be farther remarked, that the close accordance of the different
astronomical systems in fixing the position of points which are so difficult
of observation and deduction as the nodes and apsides, strongly indicates,
either that the Hindus were remarkably accurate observers, and all arrived
independently at a near approximation to the truth, or that some one of
them was followed as an avthority by the others, or that all alike derived
their data from a common source, whether native or foreign. We reserve
to the end of this work the discussion of these different possibilities, and
the presentation of data which may tend to settle the question between
them.

45. Now add together the time of the six Patriarchs
(manu), with their respective twilights, and with the dawn at the
commencement of the Kon (kalpa); farther, of the Patriarch
Manu, son of Vivasvant,

46. The twenty-seven Ages (yuga) that are past, and like-
wise the present Golden Age (krta yuga); from their sum subtract
the time of creation, already stated in terms of divine years,

47. In solar years: the result is the time elapsed at the
end of the Golden Age; namely, one billion, nine hundred and
fifty-three million, seven hundred and twenty thousand solar
years.

We have already presented this computation, in full, in the notes to
verses 23 and 24.
48. To this, add the number of years of the time since

As the Strya-Siddhénta professes to have been revealed by the Sun
about the end of the Golden Age, it is of course precluded from taking
any notice of the divisions of time posterior to that period: there is no-
where in the treatise an allusion to any of the eras which are actually made
use of by the inhabitants of India in reckoning time, with the exception
of the cycle of sixty years, which, by its nature, is bound to no date or
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period (see below, v. 55). TLe astronomical ere is the commencement of
the Iron Age, the epoch, according to this Siddhénta, of the last general
conjunction of the planets; this coincides, as stated above (under vv. 29-84)
with Feb. 18, 1612 J. P., or 8102 B.C. From that time will have elapsed,.
upon the eleventh of April, 1859, the number of 4960 complete sidereal
years of the Iron Age. The computation of the whole period, from the
beginning of the present order of things, is tnen as follows:

From end of crestion to end of last Golden Age, 1,958,720,000
Silver Age, 1,298,000
Brazen Age, 864,000
Of Iron Age, 4,960 2,164,960
Total from end of creation to April, 1859, 1,955,884 960

Since the Shrya-Siddhauta, as will appear from the following verses,
reckons by luni-solar years, it regards as the end of I.A. 4960 not the end
of the solar sidereal year of that number, but that of the luni-solar year,
which, by Hindu reckoning, is completed upon the third of the same
month (see Ward, Kéla Sankalita, Table, p. xxxii).

48....Reduce the sum to months, and add the months expired
of the current year, beginning with the light half of Ciitra.

49. Set the result down in two places; multiply it by the
number of intercalary months, and divide by that of solar months,
and add to the last result the number of intercalary months thus
found; reduce the sum to days, and add the days expired of the
current month;

50. Set the result down in two places; multiply it by the
number of omitted lunar days, and divide by that of lunar days;
subtract from the last result the number of omitted lupar days
thussobtained : the remainder is, at midnight, on the meridian of
Lanka, .

51. The sum of days, in civil reckoning.........

In these verses is taught the method of one of the most important
and frequently recurring processes in Hindu Astronomy, the finding, name-
ly, of the number of civil or natural days which have elapséd at any given
date, reckoning either from the beginning of the present creation, or (see
below, v. 58) from any required epoch since that time. In the modern
technical language, the result is uniformly styled the ehargana, ‘‘ sum of
days;”’ that precise term, however, does not once occur in the text of the
Sdrya-Siddhénta: in the present passage we have dyugana, which mesns
the same thing, and in verse 58 dinardgi, *‘ heap or quantity of days.”



34 Sirya-Siddhdnta

The process will be best illustrated and explained by an example.
Let it be required to find the sum of days to the beginning of Jan. 1, 1860.

It is first necessary to know what date corresponds to this in Hindu
reckoning. We have remarked above that the 4960th year of the Iron
Age is completed in April, 1859; in order to exhibit the place in the next
following year of the date required, and, at the same time, to present the
nsmes and succession of the months, which in this treatise are assumed
asdmown, and are nowhere stated, we have constructed the following ekele-
ton of a Hindu calendar for the year 4961 of the Iron Age.

Solar Year.
month. first day.
(I. A. 4960.) Lunij-solar Year.
12, Caitra Mar. 13, 1859. month. first day.
(1. A, 4961.) . (L. A, 49€1.)
1. Vii¢hkha, Apr. 12, do. 1. Céitra, Apr. 4, 1859.
2, Jyhishtha, May 13, do. 2. Véigakha, May 8, do.
8. Ashidha, June 14, do. 3. Jytishtha, June 2, do.
4. Qrbvapa, July 15, do. 4. Ashigha, July 1, do.
5. Bhédrapada,  Aug. 16, do. 5. OQravaua, July 31, do.
6. Agvina, Sept. 16, do. 6. Bhédrapada Aug. 29, do.
7. Xarttika, Oct. 16, de. 7. Agvins, Sept. 28, do.
8. Margecirsha, Nov. 15, do. 8. Kérttika, Oct. 27, do.
9. Pausha, Dec. 15, do. 9. Mérgagtrsha, Nov. 26, do.
10, Maégha, Jan. 18, 1860. 10. Pausha, Dec. 25, do.
11. Phélguns, Feb. 11, do. 11. Maigha, Jan. 24, 1860.
12. Ciitra, Mar. 12, do. 12. Phélguna, Feb. 22, do.
(I. A. 4962.)
1. Caitra, Mar. 23, do.

The names of the solar months are derived from the names of the
aeterisms (see below, chap. viii.) in which, at the time of their being first
so designated, the moon was full during their continuance. =~ The same
names are transferred to the lunar months. FEach lunar month is divided
info two parts; the first, called the light half (¢ukle paksha, *‘ bright
side "’), lasts from new moon to full moon, or while the moon is waxing;
the other, called the dark half (krshna paksha, ** black side '’), lasts from
full moon to new moon, or while the moon is waning.

The table shows that Jan. 1, 1860, is the eighth day of the tenth
month of the 49681st year of the Iron Age. The time, then, for which we
have to find the sum of days, is 1,955,884,960 y., 9 m., 7 d.

Number of complete years elapsed, 1,955,884,960
multiply by number of solar months in a year, 12

Number of months, 28,470,619,520
add months elapsed of current year, 9

——nnrc—

‘Whole number of months elapsed, 28,470,619,529
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Now a proportion is made: as the whole number of solar months in
an Age is to the number of intercalary months in the same period, go is
the number of months above found to that of the corresponding intercalary
months: or,

51,840.000 : 1,593,336 :: 23,470,619,529 : 721,384,703 +

Whole number of months, as above, 23,470,619,529
add intercalary months, 721,384,703
Whole number of lunar mouths, 24,192,004,232
multiply by number of lunar days in a month, 30

Number of lunar days, 725,760,126,960
add lunar days elapsed of current month, 7

Whole number of lunar days elapsed, 725,760,126,967

To reduce, again, the number of lunar days thus found to the corres-
ponding number of solar days, a proportion is made, as before: as the whole
number of lunar days in an Age is to the number of omitted lunar days in
the same period, so is the number of lunar days in the period for which
the sum of days is required to that of the corresponding omitted lunar days:
or,

1,603,000,080 : 25,082,252 :: 725,760,126,967 : 11,356,018,395 +

Whole number of lunar days, as above, 725,760,126,967
deduct omitted lunar days, 11,356,018,395

beginning of Jan. 1, 1860,

"J'otal number of civil days from end of creation to
714,404,108,572

This, then, is the required sum of days, for the beginning of the year
A.D. 1860, at midnight, upon the Hindu prime meridian.

The first use which we are instructed to make of the result thus ob-
tained is an astrological one.

51....From this may be found the lords of the day, the
month, and the year, counting from the sun. If the number be
divided by seven, the remainder marks the lord of the day, begin-
ning with the sun.

52. Divide the same number by the number of days in
a month and in a year, multiply the one quotient by two and the
other by three, add one to each product, and divide by seven; the
remainders indicate the lords of the month and of the year.

These verses explain the method of ascertaining, from the sum of days
already found, the planet which is accounted to preside over the day, and
also those under whose charge are placed the month and year in which
that day occurs.

To find the lord of the day is to find the day of the week, since the
latter derives its name from the former. The week, with the names and
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succession of its days, is the same in India as with us, having been derived
both from a eommon source. The principle upon which the assignment
of the days to their respective guardians was made has been handed down
by ancient authors (see Ideler, Handbuch d. math. u. tech. Chrenologie,
i. 178, etc.), and is well known. It depends upon the division of the day
- into twenty-four hours, and the assignment of each of these in guccession
to the planets, in their natural order; the day being regarded as under the
dothinion of that planet to which its first hour belongs. Thus, the planets
being set down in the order of their proximity to the earth, as determined
by the ancient systems of astronomy (for the Hindu, see below, xii. 84-88),
beginning with the remotest, as follows: Saturn, Jupiter, Mars, sun, Venus,
Mercury, moon, and the first hour of the twenty-four being assigned to the
sun, as chief of the planets, the second to Venus, ete., it will be found that
the twenty-fifth hour; or the first of the sccond day, belongs to the moon;
the forty-ninth, or the first of the third day, to Muars, and so on. Thus is
obtained a new arrangement of the plancts, and this is the one in which
this Siddhanta, when referring to them, always assumes them to stand
(see, for instance, below, v. 70; ii. 85-37): it has the convenient property
that by it the sun and moon are scparated from the other planets, from
which they are by so many peculiarities distinguished. Upon this: order
depend the rules here given for ascertaining also the lords of the month and
of the year. The latter, as appears both from the explanation of the com-
mentator, and from the rules themselves, are no actual months and years,
but periods of thirty and three hundred and sixty days, following one
another in uniform succession, and supposed to be placed, like the day,
under the guardianship of the plancts to whom belong their first subdivi-
sions: thus the lord of the day is the lord of its first hour; the
lord of the month is the lord of its first day (and so of its first hour); the
lord of the year is the lord of its first month (and so of its first day and
hour). We give below this artificial arrangement of the planets, with the
order in which they are found to succeed one another as lords of the periods
of one, thirty, and three hundred and sixty days; we add their natural
ordér of succession, as lords of the hours; and we farther prefix the ordi-
nary names of the days, with their English cquivalents.  Other of the
numerous names of the planets, it is to be remarked, may be put before
the word vdra to form the name of the day : wdra itself means literally
‘ succesgive time,"" or ' turn,”’ and is not used, so far as we are aware,
in any other connection, to deriote a day.

. 8 jon, as Lord of
Nuane of day, Presiding Planet, ocession, ns Lord

. day, tnonth, year, hour.
Ravivira,+ Sunday, Sun, 1 1
Somavira, Monday, Moon, 2 5 6 4
Mangalavira, Tuesday, Mars, 3 2 4 7
Budhavéra, Wednesday, Mercury, 4 6 2 3
Guruvéra, Thursday, Jupiter, 5 8 7 ¢

ukravira, Friday, Venus, 6 7 65 2
anivira, Saturday, Saturn, 7 4 3 ]
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As the first day of the subsistence of the present order of things is
supposcd to have been a Sunday, it is only necessary to divide the sum of
days by seven, and the remainder will be found, in the first column, opposite
the name of the planet to which the required day belongs. Thus, taking
the sum of days found above, adding to it one, for the first of January
itself, and dividing by seven, we have:

7)714,404,108,573 .
102,057,729,796 — 1

The first of January, 1860, accordingly, falls on a Sunday by Hindu
reckoning, as by our own.

On referring to the table, it will be seen that the lords of the months
follow one another at intervals of two places. To find, therefore, by a
summary process, the lord of the month in which occurs any given day,
first divide the sum of days by thirty; the quotient, rejecting the re-
mainder, is the number of months clapsed, multiply this by two, that
each month may push the succesgion forward two steps, add one for the
current month, divide by seven in order to get rid of whole series, and
the remainder is, in the column of lords of the day, the number of the
regent of the month required. Thus:

30)714,404,108,572
23,818,470,285 4
2

47,626,940,570
1

7)47,626,940,571
6,803,848,652 -7

The regent of the month in question is therefore Saturn.

By a like process is found the lord of the year, saving that, as the
lords of the year succeed one another at intervals of three places, the
multiplication is by three instead of by two. Upon working out the pro-
cess, it will be found that the final remainder is five, which designates
Jupiter as the lord of the year at the given time. . -

Excepting here and in the parallel passage xii. 77, 78, no reference is
made in the Sdrya-Siddhénta to the week, or to the names of its days.
Indeed, it is not correct to speak of the week at all in connection with
India, for the Hindus do not seem ever to have regarded it as a division
of time, or a period to be reckoned by ; they knew only of a certain order
of succession, in which the days were placed under the regency of the
seven planets. And since, moreover, as remarked above (under vv. 11,
12), they never made that division of the day into twenty-four hours upon
which the order of regency depends, it follows that the whole system was
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of foreign origin, and introduced into India along with other elements of
the modern sciences of astronomy and astrology, to which it belonged. Its
proper foundation, the lordship of the successive hours, is shown by the
other passage (xii. 78) to have been also known to the Hindus; and the
name by which the hours are there called (hord=&va) indicates beyond
8 question the source whence they derived it.

Stirya-Siddhdnta

« 53. Multiply the sum of days (dinardgi) by the number of
revolutions of any planet, and divide by the number of civil days;
the result is the position of that planet, in virtue of its mean
motion, in revolutions and parts of a revolution.

By the number of revolutions and of civil days is meant, of course,
their number, as stated above, in an Age. For ‘* position of the planet,”’
cte., the text has, according to its usual succinet mode of expression,
simply ** is the planet, in revolutions, etc.”” There is no word for ** posi-
tion ’ or ** place '’ in the vocabulary of this Siddhanta.

This verse gives the method of finding the mean place of the planets
at any given time for which the sum of days has been ascertained, by
a simple proportion: as the number of civil days in a period is to the
number of revolutions during the same period, so is the sum of days to
the number of revolutions and parts of a revolution accomplished down
to the given time. Thus, for the sun:

1,577,917,828 : 4,820,000 :: 714,404,108,572 : 1,955,884,960rev 85 17° 48’ 7"

The mean longitude of the sun, therefore, Jan. 1st, 1860, at midnight
on the meridian of Ujjayini, is 257° 48’ 7. We have calculated in this
manner the positions of all the planets, and of the moon’s apsis and node—
availing ourselves, however, of the permission given below, in verse 56,
and reckoning only from the last epoch of conjunction. the beginning of the
Iron Age (from which time the sum of days is 1,811,945), and also em-
ploying the numbers afforded by the lesser period of 1,080,000 years—and
present the results in the following table.

L
Mecan Places of the Planets, Jan. 1st, 1860, midnight at Ujjayini.

Planet According to the The same
e Sarya-Biddhanta, corrected by the btja.
(rev.) 8 ° ’ " 8 ° ’ "
Sun, (4,960) 8 17 48 7 8 17 48 7
Mercury, (20,597) 4 15 13 8 4 8 36 16
Venus, (8,068) 10 21 8 59 10 16 11 22
Mars, (2,687) 5 24 17 36 5 24 17 86
Jupiter, (418) 2 26 0 7 2 22 41 41
Saturn, (168) 8 20 11 12 3 25 8 50
Moon, (66,318) 11 15 28 24 11 16 28 24
,  8psis, (560) 10 9 42 26 10 8 3 138
,»  mnode, (267-) 9 24 2 4 9 22 46 51
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The positions are given as deduced both from the numbers of revolu-
tions stated in the text, and from the same as corrected by the bija:
prefixed are the numbers of complete revolutions accomplished since the
epoch. In the cases of the moon’s apsis and node, however, it was
necessary to employ the numbers of revolutions given for the whole Age,
these not being divisible by four, and also to add to iheir ascertained
amount of movement their longitude at the epoch (see below, undef vv.
57, 58).

54. Thus also are ascertained the places of the conjunction
(¢ighra) and apsis (mandocca) of each planet, which have been
mentioned as moving eastward; and in like manner of the nodes,
which have a retrograde mntion. subtracting the result from a
wholz circle.

The places of the apsides and nodes have already been given above
(under vv. 41.44), both for the commencement of the Iron Age, and
for A.D. 1850. The place of the conjunctions of the three superior plansts
is, of course, the mean longitude of the sun. In the case of the inferior
planets, the place of the conjunction is, in fact, the mean place of the
planet itself in its proper orbit, and it is this which we have given for
Mercury and Venus in the preceding table: while to the Hindu apprehen-
sion, the mean place of those planets is the same with that of the sun.

55. Multiply by twelve the past revolutions of Jupiter, add
the signs of the current revolution, and divide by sixty; the
remainder marks the year of Jupiter’s cycle, counting from
Vijaya.

This is the rule for finding the current year of the cycle of sixty years,
which is in use throughout all Tndia, and which is ealled the ecygle of
Jupiter, because the length of its years is measured by the passage of that
planet, by ifs mean motion, through one sign of the zodiac. According
to the data given in the text of this Siddhanta, the length of Jupiter's year
is 8361d Oh 88m; the correction of the biia makes it about 12m longer. Tt was
doubtless on account of the near coincidence of this period with the true
solar year that it was adopted as a measure of time; but it has not been
aotisfactorily ascertained, so far as we are aware, where the cvele originated,
or what is its age, or why it was made to consist of sixty years, including
five whole revolutions of the planet. There was, indeed, also in use a cycle
of twelve of Jupiter’s years, or the time of one sidereal revolution: see
below, xiv. 17. Davis (As. Res. iii. 209, etc.) and Warren (Kéla Sankalita,
p- 197, etc.) have treated at some length of the greater cycle, and of the
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different modes of reckoning end nsming its years usual in the different
provinces of India.

In illustration of the rule, let us ascertain the year of the eycle cor-
responding to the present year, A.D. 1859. It is not necessary to make
the calculation from the creation, as the rule contemplates; for, since
the number of Jupiter’s revolutions in the period of 1,080,000 years is
divisible by five, a certain number of whole cycles, without a remainder,
will thave elapsed at the beginning of the Iron Age. The revolutions of
the planet since that time, as stated in the table last given, are 418, and
it is in the 8rd sign of the 419th revolution; the reduction of the whole
amount of movement to signs shows wus that the current year is the
5019th since the epoch: divide this by 60, to cast out whole cycles, and
the remainder, 39, is the number of the year in the current cycle. This
treatise nowhere gives the names of the years of Jupiter, but, as in the
case of the months, the signs of the zodiac, and other similar matters,
assumes them to be already familiarly known in their succession: we
accordingly present them below. We take them from Mr. Davwis’s paper,
alluded to above, not having access at present to any original authority
which contains them.

1. Vijaya. 21. PramAdin. 41. Qrtmukha.
2. Jaye. 22. Ananda. 42. Bhéva.
3. Manmatha. 23. Rékshasa. 43. Yuvan.
4. Durmukha. 24. Anala. 44. Dhétar.
5. Hemalamba. 25. Pingala. 45. Tovara.
6. Vilamba. 26. XKélayukta. 46. Bahudhanya.
7. Vikérin. 27. Siddhérthin. 47. Praméthin.
8. Qurvari. 28. Béudra, 48. Vikrama.
9. Plava. 29. Durmati. 49. Bhrgys.
10. Qubhakrt. 30. Dundubhi. 50. Citrabhfinu.
11. Qobhana. 31. Rudhirodgérin. 51. Subhénn.
12. Krodhin. 32. Rakthksha. 52. Térana.
13. Vigvivasu. 33. Krodhana. 53. Parthiva.
14. Pardbhava. 34. Kshaya. 54, Vyaya.
15. Plavanga. 35. Prabhava. b5. Sarvajit.
16. Kilaka. 36. Vibhava. 56, Sarvadhirin.
17. Séumya. 87. Qukla. 87. Virodhin.
¢ 18. Sadhirana. 38. Pramoda. 58. Vikrta.
19. Virodhakrt. 39. Prajipati. 59. Khars.
20, Paridhévin. 40. Angiras. 60. Nandana.

It appears, then, that the current year of Jupiter's cycle is named
Prajapati: upon dividing by the planet’s mean daily motion the part of
the current sign already passed over, it will be found that, according to
the text, that year commenced on the twenty-third of February, 1859 ;
or, if the correction of the biia be admitted. on the third of April.

Although it is thus evident that the Sirya-SiddhAnta regards both
the existing order of things and the Iron Age as having begun with Vijaya,
that year is nob generally accounted as the first, but as the twenty-seventh,
of the cycle, which is thus made to commence with Prabhava, An
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explanation of this discrepancy might perhaps throw important light upon
the origin or history of the cycle.

This method of reckoning time is called (sec below, xiv. 1, 2) the
bdrhaspatya mdna, ‘ measure of Jupitor.’’

66. The processes which have thus been state in full detail,
are practically applied in an abridged form. The calculation of
the mean place of the planets may be made from any epc;ch
(yuga) that may be fixed upon.

57. Now, at the end of the Golden Age (krta yuga), all the
planets, by their mean motion—excepting, however, their nodes
and apsides (mandocca)—are in conjunction in the first of Aries.

58. The moon’s apsis (ucca) is in the first of Capricorn, and
its node is in the first of Libra; and the rest, which have been
stated above to have a slow motion—their position cannot be
expressed in whole signs. '

It is curious to observe how the Sirya-Siddhanta, lest it should seem
to admit a later origin than that which it claims in the sccond verse of
this chapter, is compelled to ignore the real astronomical epoch, the
beginning of the Iron Age; and also how it avoids any open recognition
of the lesser eycle of 1,080,000 years, by which its calculations are so
evidently intended to be made.

The words at the end of verse 56 the commentator interprets to mean:
‘“from the beginning of the current, i.e., the Silver, Age.”” In this he
is only helping to keep up the pretence of the work to immemorial an-
tiquity, even going therein beyond the text itself, which cxpressly says:
‘“ from any desired (ishiatas) yuga.”” Possibly, however, we have taken
too great a liberty in rendering yuga by ‘‘ epoch,” and it should rather
be ‘“ Age,”’ i.e., ‘‘ beginning of an Age.””  The word yuge comes fmom
the root yuj, ‘““to join *' (Latin, jungo; Greek, ¢e/ywyur : the word itself
is the same with jugum, {vyév), and seems to have been originally applied
to indicate a cycle, or period, by means of which t