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TRANSLATION

o THE .

SOURYA-SIDDHANTA,

WITH NOTES, AND AN APPENDIX.

Communiosied to the American Orieatal Soclet, 19, 1668, and published |
v hMVd-olh’Jo.:’ud.]

InTroDUCTORY NoTa.

Soon after my chtrance upon the missionary field, in the Marith
country of western India, in the year 1839, my attention was directe:
to the preparation, in the MarAthl language, of an astronomical text
book for schools. I was thus led to a study of the Hindu science o
astronomy, as exhibited in the native text-books, and to an examinatio:
of what been written mpocﬁngithlykumpemocholm Ia
onoe found myself, on the one hand, highly interested by the subjec
itself, and, on the other, somewhat embarrassed for want of a
introduction to it. A comprehensivo exhibition of the Hindu system ha
nowhere been made. The Astronomio Indienne of Bailly, the first ex
tended work upon ita subject, had long been acknowl t0 be foundec
upon insufficient data, to contain a greatly exagge estimate of the
Anﬁ&uity snd value of the Hindu astronomy, and to havo been writter
for the of supporting an untenable theory. The articles in the
Asiati es, by Davis, Colebrooke, and Bentloy, which were the
first, as thoy still remain the most important, sources of knowledge re-
Mn%nd:: mm:ifth which they deal, ux only to e
points o system, of especial prominence interest. s
volume on Hindu astronomy is ml:inlyoecu jod with an endeavor to
ascertain the age of the principal ical treatiscs, and the epochs
of jcal discovery and and is, moreover, even in these
mn. an exceedingly unsafe guide. The treatment of the subject by

bre, in his Eutor{of Ancient Astronomy, being founded caly
upon Bailly and the earliest of the essays in the Asiatic Researches,
pastakes, of course, of the incompleteness of his suthorities Works
of value have been published in India also, into which more or les of
Hindu astronomy enters, as Warrea's Kils Saakalita, Jervies Weights
Moasures and Coins of India, Hoisington’s Orieatal Astronomes, and



un

the like; H_Mtoo.givo.foﬂhomoumhwlym than the

practical em ed!npnmd‘thu{-tem.mdth are, like
masy of outhoriﬁupblinsdymnﬁoned,onywithdimcnﬁymud-
ble. In nbnthm was nothing in existence which showed the world
how m how little the Hindus know of astronomy, as also their
mode of ting the subject in its totality, the intermixtare in their
science of old ideas with mew, of astronomy with astrology, of obeerva-
tion and mathematical deduction with arbitrary theory, m y
eo::fuy, imagination. It seemed to me that nothing w
) supply odeﬁoionguthehnduﬁonuddehihd ication
treatise of Hindu sstrovomy: and this work I accord-
th :.;ou SiddhAutas, or text-books of ' existing
o different 8i or astronomy, exi

by Bk gt s b il o7

purpose ° ota. it is one o most
esteemed, best known, and most uently employed, of all, must b{
evident to any one who has noticed much oftener than any other
it is referred to as authority in the various papers on the Hindu astron-

omy. Infact, the science as practised in modern India is in the
part founded upon its data and In the lists of Bi tas
mbyuﬁnuﬂwriﬁuitb most invariably mentioned second, the
ma-SiddhAnta being placed first: the latter enjoys this preminence,
perhaps, maiunl account of its name; it is, at any rate, compara-
tively rare and little known. For completeness, simplicity, and concise-
mess combineds the Sarya-SiddbAuta is believed not to be surpassed by
any other. It is also more easily obtainable. lngmenl,ithdiﬁcult,
without official influence or exorbitant pay, to gain possession of texts
which are rare and held in high esteem. During my stay in India, I
was able to procure copies of only threo astronomical treatises besides
the Birya-Siddbinta; the ya-Sanhith of the Brabma-SiddhAata,
the Siddhata-Ciromani of and the Graha-LAghava, of which
the two latter have also been printed at Calcatta. Of the Btrys-
SiddbAnta I obtained three copies, two of them giving the text alone,
sad the third also the commentary entitled Go aprakicaks, by
Rangandths, of which the date is unknown to me. The latter manu-
in with the edition of the SOrywSiddMnh,
commeatary, of which the publication, in the
sories estitled Bibliotheca Indica, has been commenced in India by
sa American scholar, and & member of this , Prof. Fits-Edward
of Benares; to this I bave aleo had access, not uptil my

My first of the tranelation and motes was made while I
otill in India, with the

aid of Brahmans who were familiar with the
ia Hindu astronomical science. lnnﬁvil.»hh

from the mative Professor of Mathematics in the
Sanskrit College ot Pina. But notwithstanding this, there remained
ot obsoure and diffloult points, connected with the domonetration
Mm-ofﬁomhqhhmm In the solution of
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work falling to Prof, Whitaey—enriched the notes with much addition:
matter of value. My whole collected material, in Mvu}ﬂwed i
their hands for revision, oxpansion, and reduction to the form be:
answoring to the requiremonts of modern scholars, my own en, in
occupations, and distance from the place of publication, as weli as m
confidence in their ability and judgment, leading me to prefer to imtrm
this work to them rather than to undertake its execution mysclf. -
We have also to express our acknowledgmonts to Mr. lubert A
Nowton, Professor of Mathematics in Yale College, for valuable aid ren
dered us in the-more difficult demonstrations, and in the comparison o

" the Hindu and Greek astronomies, as well as for his constant advice anc

suggestions, which add not a little to the valae of the work.

The Strys-SiddhAnta, like the larger portion of the Sanskrit litcra
tuve, is written in the verse commonl od the gloka, or in stanzas ol
two lines, each line being com, of two halves, or pddas, of eighi
syllables each. With its metrical form are connected one or two pecu-
harities which call for notice. In the first place, for the terms used
there are often many synonyms, which are employed according to the
exigencies of the verse: thus, the sun bas twelve diffcrent names, Mars
six, the divisions of time two or thrce each, radius six or cight, and so
on. Agsin, the method of expressing numbcers, large or sall, is by
naming the figures which com them, beginning with tho last and

in ard; using for cach figure not only its own &mpcr name,

t 51» of any object associated in the Ilindu mind with the number it
represents. us, the number 1,577,017,828 (i. 37) is thus given:

" Vasu (s claas of deities, eight in number) -two-eight-mountain (the seven

mythical chains of mountains) -form-figure (the nine digits) scven-moun-
Qun-lu'lrr dny'l (:fr which thc::f n‘: Sifteen ilih't.bo h f-mr:l:uh). Omd
more, the style of expression e treatise is, in excessiv
concise and elliptical, often to & degree that vouldxg':ko ita nuniné
entirely unintelligible without a commentary, the exposition of a native
teacher, or such a knowledge of the subject treated of as should show
what the text must be meant to say. Somo striking instances are
inted out in the notes. This over-concisences, however, is not wholly
ue to the metrical form of the treatise : it is characteristic of much of
the Hindu scientific literatare, in its various branches ; its text-books are
wont to be intended as only the text for written comment or oral expli-
cation, and hint, rather than fully express, the meaning they countain.
In our translation, we have mot th ¢ it worth while to indicate, by
perenthescs or otherwise, the words and phrases introduced by us to
make the mesning of the text evideat: such a course would occasion
the reader much juore embarrassment than satisfaction. Our endeavor
s, in all cases, to hit the true mean between unintelligibility and diffuse-
nees, altering the ph and construction of the original only so
far as is nooessary. In the translation and the motes, moreover,
we kng.muudilyhvhwthoiw of the two classes of readers for
whoee the work is undertaken : those who are orientalists with-
out being sstronomers, and those who are sstrovomors withost being
otientalists. For the sakeof the former, our explanations and demos-
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strations ate miade more elementary and full than would be necessary,
were we addressing mathematicians ouly : for the sake of the latter, we
east the whole into & form as oocidental as may be, transiating every
technical term which sdmits of translation: since to compel all those who
may desire to inform themselves respecting the scientific content of the
Hindu sstronomy to learn the Banskrit technical language would be
highl nnuou{:lo. To furnish no of complaint, however, to
those who ate familiar with and od to these terms, we insert them
liberally in the translation, in conuection with their English equivalents.
The detivation and literal siguification of the greater part of the tech-

notes,
such an ofthohhto:{dnmnhoﬂnmnﬁdtoh
fall comprehension, and throws valuable light upon the conceptions of
those by whom it was originally applied.
‘We adopt, as the text of out translation, the published edition of the
referred to above, its readings and its order of ar-

te be worth motice, are mentioned in the notes.

p
mouth, s are the other lin otters, §, 4, B
hﬂy.thﬂthoﬂunhhruedutmd(whki‘:ldnoith&dw
ssme of the Slavonic dialects) is written with a dot underneath, as r.
The demonstrations of § &I:nud}momgiun the native
commentary are made help of figures. The which
we introdwoe are for the most part our own, although a of them
oot obtained in India, from mative mathe-

;
i
[
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SORYA-SIDDHANTA.

CHAPTER L

OF THE MEAN MOTIONS OF THE PLANEKTS.

Coxrznre :—1, homage to the Deity ; 2-9, revelation of the preseat treatiss; 10-11,
modes of dividing time ; 11-12, subdivisions of & day; 12-14, of & year; 14-17,
of the Ages; 18-19, of an Eoan; 20-31, of Dralwua's life; 21-28, part of it
already elapsed ; 24, time occupied in the work of creation; 26-27, 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; 34-89, umber of days and mouths, of different kinde, in an Ags; 40, in an
Zoun ; ¢1-44, number of revolutions, in an Zon, of the apsides and nodes of the
planets ; 4541, time elapeed from the end of creation to that of the Golden Age;
48-81, rule for the reductien to civil days of the whole time since the creatien;
§1-83, method of finding the lords of the day, the month, and the year; 53-34,
rule for finding the mean place of & planet, and of its apais and node ; 55, to flad
the curtent year of the cycle of Jupiter; 86, simplification of the above caloula-
tions; §7-88, situation of the planets, and of the moon's apsis and node, at the
end of the Goldea Age; §9-60, dimensions of the earth; 60-61, correction, for
difference of longitade, of the mean place of & planet as found ; 62, situatien of
the principal meridian ; 63-65, ascertainment of difference of lengitede by differ
ence between obeerved aad computed time of & luar eclipse; 68, difference of
time owing to difference of longitude ; 67, to find the mean place of s planet for
any required hear of the day; 68-70, inclisatien of the orbits of the planets.

1. To him whose s is inconceivable and unmanifested,
wh~ is unaffected by the ?ulities, whose nature is mht&
wlise form is the support of the entire creation—to Br&nu
homage |

The usual m{;:uto expression of homage to some deity, with
which Hinda :OI' mrv’rolt to commence. &

2. When but little of the Golden Age (kria yuga) was left,
great demon (asura), named Mays, being desirous i)o know that
mysterious, supreme, and exalted science,

8. That chief auxi of the scripture (veddnga), in its en-
tirety—the cause, namely, of the motion of the heavenly bodies

jyotis), performed, in propitiation of the Sun, very severe ro-
1 .




2 . Srya-Siddhdnia. fi.s-

Aocording to this, the Sdrya-SiddhAnta was revealed more than
2,164,960 ago, that amount of time having elapsed, according to
ng, since the end of the Golden ; see below, under

veree 48, for the computation of the period. regards the actual
ddodthoﬁu&e,itrlikedlduuinﬂinduhmorymdthehiwoq
of Hindu literature, exceedingly difficult to ascertain. It is the more
difcult, because, unlike most, or all, of the astronomical treatises, the
Strys-SiddhAnts attaches itself to the name of no individual as’its

or, bat to be a direct revelation from the Sun (sérya). A
treatiss of name, however, is confessedly among the earliest text-
books of the Indian science. It was one of the five earlier works

which was founded the Pafica-siddbintiks, Compendinm of Five As-

: “Mqoévmmh;mdmﬂﬁu;nuommmw::umw:
ve part, preserved to us, and who is supposed to have liv

Mﬁ?‘eﬁu of the sixth century of our era. A Strya-Siddhénta

is also referred to by Brahmagupta, who is assigned to the close of the

same and the commencement of the one following. The argu-
ments by which Mr. Bentley (Hindu Astronomy, p. 158, etc.) attem

to prove Varhba-mihirs to bave lived in the sixteenth century, and his

works to be forgeries and impositions, are sufficiently refuted

the testimony of al-Birtin] (the same person as the Abu-r-RaibAs, so

woted in the first article of this volume), who visited India under

d of Ghasna, and wrote in A.D. 1031 an account of the coun-

try: be of Varkba-mihira and of his Paica-siddhintika, assign-

Ing to y the same age as is attributed to them by the modern

Himdus (see Reinaud in the Journal AumforSerpu-Oct. 1844, ivee

Bérie, iv. 266; and aleo his Mémoire sur . He also of the

itself, and ascribes its auth to Lata (Mémoire sur

:Eﬁ: 381 ll:z,vbom Weber orlesungen tber Indische Liters-
byﬁ&&pp\.

i

] lLc:‘ol\jootm'ally identifies with a who is cited
tioy has endeavored to show by internal evi-
dence that the Strya-Siddhanta bolongs to the end of the eleventh
osntury : see below, under verses $0-34, where his method and results
V“dedhgn,wd' linsbe of the Voda® sclsnces mﬂhry. th
(] to the
umd‘a:rn-,mﬁ-oldmod&o be the first and chief, as
rescnting the eyes; grammar the mouth, ceremonial the hn'z
(see SiddhAnta-Ciromani, i. 13-14). The import-

Q!
i
&

Gratiiied by these austarities, and rendered
&&Md“{(m uw'may:, who b.ﬁ'ﬁu&

™~
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Le) Translation and Note. s

The blessed Sun spoke:

5. Thine intent is known to me; I am gratified by thine aus-
terities; I will give thee the science upon which time is founded,
the grand system of the planets. .

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

The manuscripts without commentary insert hore the following verse :

“@o therefore to Romaka-city, thine own residence; there, under-

ing incarnation as a barbarian, owing to & curse of Brahma, I will

to thee this science.”
this verse really formed a of the text, it would be as clear

‘ an nchovledgmnt as the or could well convey indirectly, that
lom the é.ruh.

the science diwsplayed in his treatise was derived
Bomsh-ah zoﬁo o.@;hogmt(mehopol‘ i;onhoWe‘it.;ium' joh is
iven in & wib, apter (see xii. 30) as upon uator, ai
to lhoweugoflndin. The inaruﬁonpzf the ::a there :'{
ian, for the purpose of revealing astronomy to & demon of the
Hindu Pantheon, is but & transparent artifice for referriﬁofonigl
science, after all, to a Hindu origin. But the verse is clearly out of
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
snd introduced. The verse itself is found in many of the manuscripts
of this SiddhAnta; snd the incarnation of the Sun at Romaka-city,
among the Yavanss, or Greeks, and his revelation of the science of
astronomy there, are variously alluded to in later works; as, for instance,
in the JAAna-bhhskara (see Weber's Catalogue of the Berlin Sanskrit . -
l(nnnl::gn 287, ete.), where he is amerted to have revealed aleo the
Rom § Is this verse, then, o ont of a different, and -
more ancient, account of the origin of the treatise, for whieh,
a8 conveying too uous & confession of the source of the Hindu
astronomy, another has boen substituted later! Such o cuprhoo.’
certainly, does not lack plausibility. There is something which looks
the same way in the selection of a demon, an Asura, to be the mediuni
of the sun's revelation ; uiif,whilotheeueu‘t‘il?lmthmdu:rdth
system was acknowledged, it were sought to affix a stigma to the source
whence the Hindus derived it. Weber (Ind. Stud. ii. 343; Ind. Lit. p.
228), noticing that the name of the tian sovereign Ptolemaios
occurs in inscriptions in the form conjectures that
Asura Maya is an alteration of that name, and that the demon Maya ac-

cordingly represents the anthor of the Almagest himself; and the conj
ture is powerfully su the fact that al-Birbni '(see Reinaod, as .
above) ascribes the j ta, which the later Hindus attribute

to a Pulica, to Paulus al-Ytnan}, Paulus the Greek, and that another of the
astronomical treatises, alluded to above, is ealled the Romaks-SiddhAnta.

It would be premature to discuss here the relation of the Hindu
sstronomy to the Greek; we to sum up, at the end of this

"*“work, the evidence upoa the which it contains,

v
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L18)  Translation and Notes. 3

The epithet kalandtmaka, applied to actual time in the first half of
the verse, is not easy of interpretation. The commnentary translates it
“is an object of knowledge, is capable of being known,” which docs not
seem satisfactory. It evidently contains & suggested etymology (kdle,
« time,” from kalana), and in translating it as abovo we have seen in it
also an antithesis to the epithet bestowed upon Time the divimity.
Perhaps it should be rather “ has for its office euumcration.” :

11. That which begins with respirations Smﬁ,aa) is called real;
that which begins with atoms (¢rufs) is called unreal. Six respi-
rations make a vinddy, sixty of these a nddi ;

12. And sixty nidis make a sidereal day and night. . ..

The manuscripts without commentary insert, as the first half of v. 11,
the usual definition of the length of a respiration : “ the time occupied
in pronouncing ten long syllables is called a respiration.”

e table of the divisions of sidereal time is then as follows :
10 Tables == 1 respiration of four H
oh"" (I""“"‘):” vi p (pv:‘w:-'p::;dh -e-)-.b)
6o vinddie == 1 nidi (period of twenty-four minutes);
6o akdie =31 day.

This is the method of division usually adopted in the astronomical
text-books: it poesesses the convenient pm&ort that its lowest sub- -
division, the respiration, is the same part of the X-
the circle, so that a rsrinﬁonofhme is equivalent to a minute of
revolution of the heavenly bodies about the earth. The respiration is
much more frequentl led asw, in the text both of this and of the
other SiddhAntas. e vinkdl is practically of small consequence, and
is only two or three times made usc of in the treatise : its usual modera
name i but as this term nowhere occurs in our text, we have not
felt justified in substituting it for vinddi. For nAdl alto, the more
common name is danda, but this, too, the Sﬁr;.-Siddhhh nowhere
employs, although it uses instead of nidi, and quite as often, nddiké and
ghatikd. We uniformly make use in our translation of the terms

above, since there are no English equivalents which admit of
ing substituted for them.
¢ ordinary Puranic division of the day is slightly different from the
sstronomical, vis :

30 minutes -nbow(nddu;);

30 hours == ) day.
Manu (i. 64) gives the same, excepting that he makes the bit to
sist of latvillkrm Other umg amign different values toez
h.am“mofﬁmc,bntull in the main fact of the division of
the day ;ll“g thirty&l)o:om yhi:g:;eing perhaps an hatuﬁon of the
division e month into thirty is unquestionabl; h

i sHindu method olmmbonin? tnn:ml 7 the secient and

giving the imaginary subdivisions of the respiration which make wp

as the minute is of -




'3 Strya-Siddhania, fl1s-

“gareal” time. They are thos stated in BhAskara's 8i
(L 19, 20), along with the other, the astronomical, table:

100 atoms (tru) == 1 speck (tatpare);
30 specks == 1 twinkliog (némeohe);
18 twinklings 5::&:(&&;)&); )
30 bita = 1 mioute (keld);

|
t
3
|
1
ii:

which dalights talf with arb theorisings, and i unrestrai by
w.
Meuldqumnd-vnhm e oy vied

12. ... Of thirty of these sidereal days is composed & month ;
& civil (Mvana) month consists of ss many sunrises ;
18. A lunar month, of as mu&lunud:ys(h’lht‘);ulohr
) month is determined by the entrance of the sun into a
sign of the sodiac: twelve months make & year. . . .
‘We have here described days of three different kinds, and mouths
of four; since, ing to the commentary, the last clause
elve months of each denominstion make up &
denomination. Of some of these, the practical use
made to appear later; but as others are not elsewhere

several erely arbitrary divisiome
h.h:uoﬁrnvoundm.,"wmu{umbmm
tvolﬁbmtbodz‘i:
are
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1.13]) v Translation and Noles. 7

tioned in this work, or, so far a3 we know, made account of in any -
Hindu method of reckoning time. The civil (sdvana) day is the nataral
day : it is counted, in India, from sunrise to sunrise (see below, v. 36),
and is accordingly of variable length : it is, of course, an important
element in all eo‘l:rbﬁou of time. A month of thirty, and a year of
three hundred dﬁ, such days, are supposed to have formed the
basis of the earliest Hindu chmnoiog{. 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 nataral days re:recﬁnly, without intercalations, are
elsewhere assumed and made use of only in determining, for astrological
pu the lords of the month and year (see below, v. 52).

¢ standard of tho lunar measure of time is the lunar month, the

" period of the moon's synodical revolution. It is reckoned cither from

new-moon to new-moon, or from fall-moon to full-moon ; generally, the
former is called mukAye, * primary,” and the latter gduna, “secondary " :
but, acoording to our commentator, cither of them may be denominated
primary, although in fact, in this treatise, only the first of them is 2o
regarded ; and the secondary lunar month is that which is reckoned
from any given lunar day to the next of the same name. This natural
month, contsining about twenty-nine and a half days, mean solar time,
is then divided into thirty lunar days (¢itAs), and this division, although
of so unnatural and u-bttnx a character, the lunar days begini% and
ending s 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 m:l religious ceremonies (see below, zi. 13), and
upon it depend the chiel considerations of propitious and unpropitious
til:cq and the like. Of the lunar year of twelve lunar months, how-
ever, we know of no use made in India, either formerly or now, except
s it has been introduced and med by the Mohammedans.

Finally, the ycar last mentio e solar yoar, is that by which time
is ordinarily reckoned in India. It is, however, not the ical solar
year, which we employ, but the sidereal, no account being made of the
precession of the equinoxes. The solar month is measured by the con-
tinuance of the sun in each successive sign, and varies, according to the
np‘dlx:nf his motion, from about twenty-nine and a third, to a little
more thirty-one and a half, da ere is no day corresponding
to this measure of the month and of the year. ‘

In the ordi rockoning of time, these elements arb variously com-
bived. Th Sooxern India (see Warren's Kila Sankalita,
Madras: 1825, i,ue.).tho'zur month made use of are the
solar, and the day the civil ; the beginning of each month and year
being counted, in practice, from the sunrise nearest to the moment of
their actual commencement. In all Northern India the is Juni-
solar ; the month is lunar, and is divided into both lunar and civil days ;
the year is com of a variable number of months, either twelve or
thirteen, begi always with the lunar month of which the com-
mencemaent Dext precedes the trus commencement of the sidereal year.
Bat, underneath this division, the divisioa of the sctual sidereal ‘year
into twelve solar months is likewise kapt up, and to maiatain the cea-
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currence of the civil and lunar days, and the lanar and solar months, is
a process of great complexity, into the details of which we need not
mhm(lemn,u-bon,J.M,m It will be seen later in
this chapter (vv. 48-51) that the nta reckons time by this

- Intter system, by the combination of civil, lunar, and sidereal elements.

18. ... This is called a da oftl;:g:da. :
14, The day and night of the and of the demons aie
to one another. Six times sixty of them are

'lyelrozl 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
imstance, anything more was meant by calling the ycar a day of the
gods than to intimate that those beings of a higher order reckoned time

?us or scalo : just as the month was said to be a day of the

-1l

'athers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the
Patriarche (xiv. 31), and the Zon (v. 20), & day of Brahma; all thess
bdzﬁmiliu Puranic designations. In the astronomical reconstruction
of the Puranic system, however, a physical meaning has been givea to
this day of the gods : the gods are made to reside at the north pole, and
the demons at the south; and thenm, of course, during the -year
the , it ia day to the and night to
the other half-year, the contrary. The subject
pon at some length in the twelfth cluw (xii. 48, etc.).
such a division accurate, the year ought to be the tropical, and
the sidereal; but the author of the Strya-SiddhAuta has not
to take into account the precession. aowlmhuid npon&
ia the thind (vv. 9-10).
year of the or the divine year, is employed only in des-
cribing the immense periods of which the statement now follows.
. Twelve thousand of these divine years are denominated

&

" & Quadruple Age (caturyuga); of ten thousand times four hun-

dred and thirty-two solar years
Is Q’udm

that le with its dawn and twi-
Muofthe ldﬁgo'md the other ]
numedbygediﬂminthenmbuofthofeetof irtae

in each, is as follows: .
17. The tenth part of an Age, multiplied sucoessively by four,
three, two, and one, gives the q:{tho the Golden and the other
Ages, ib order: the sixth part'of each belongs to its dawn and
I ll “ . L] ‘
The of 4,320,000 years is ordinarily styled Great Age (me-
Adyugs), or, as above ia two instances, Quadru caluryuge
) hﬁog:! hww*,thoh“mrhﬁgt(omohn&
. and the latter ocours ouly in thede verses; elsswhere, Age hnlou
is employed to denote it; and always denotes it, unless y
174 /
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10 Soryo-Siddhénta, [L11-

We ought to remark, however, that in the text iteelf of Manu (. 68-71)
the duration of the Great Age, called by him Divine Age, is given as
twdntb::und y‘:: simply, MMM Lthi: his commentator who, by
ese to be divine in u's cosmogony to an agree-
ivine yoar o an aferth ud“tf:tith.mi:fd. ion

an t, e peri 4,320,000 years
huu’;'uioaofu;imghonoofli,ooo. Vututh'uperioydh.
however, it is far from satisfying the Hindu craving after infimty. We
are pext ealléd upon to construct & new period by multiplying it by a

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

19. In an Xon (kalpa) are fourteen such Patriarchs
many) with thoinugoﬁve twilights; at the commencement of
the is o fiteenth dawn, having the length of a Golden

|

5Ef

The Zon is accordingly thws composed :
Divise years.

Fourtosn Patriarchates, ‘13,995,200 * 4,318,372,000
* Tolal daration of an Kon, 13,000,000 Osw—oo
y the factors fourteen and seventy-one were thus used in making
ZEon is not obvious; unless, indeed, in the division by fourteen

ual twilights, or interme-
which the Hin;?l th demanded. The
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Ly Tvanslation and Noks, 1

We have already found indications of an sssumed destruction of
existing things at the termination of the lesser periods called the Age
and the Patriarchate, in the neccasity of a new revelation of virtue and
knowledge for every %Ee, and of a new father of the human race for
every Pofm:'ch' .e‘:l‘ ese are left, ll:r‘ghe?uldad”lem hdohow us how 1!':‘
system of cosmical periods to r dimensions. The
full development of it, as exhibited in the Pudp.:?ﬂ here, admits only
two kinds of destruction : the one occurring at the end of each Zon,
or day of Brahma, when all creatures, although not the substance of the
world, und dissolution, and remain buried in chaos during his niﬁt;

to be snew when his day begius again; the other taking p
at the end of Brahma's life, A e sl e .
ultimate source.

According to the commentary, the “bhundred” in vcrse 21 means a hua-
drod years, each composed of three hundrod and sixty days and nights,
snd not a hundred days and nights only, as the text might be understood
to signify; since, in all statements respec ‘5 :g:hyunm necessarily
understood to be intended. The length ma's life would be,
then, 864,000,200,000 divine years, or 311,040,000,000,000 solar Jears.
n’:riodidwulledinﬁ»ehﬂgu-m % extreme period,” and
its half a pardrdia (see Wilson's Vish. Pur. p. 25) ; although the latter
term has obtained an independent use, as signifying a period still
more enormous (ibid. p. 630). It is curious that the commentator does
not seem to recognise the affinity with thil"periodofthe e:smiou
used in the text, param dyuh, “extreme age,” but gives two different

lanations of it, both of which are forced and unnataral.
u?l‘ho author of the work before us is modestly content with the number
of years thus placed at his disposal, and attempts nothing farther. So
i;‘ :h;ho (;';r‘h the - in ge&enl; d&o& some them.“- .the
u (Wilson, p. 637) assert that two o greater pardrdies con-
stitute only a da;. of Vishnu, and others (ibid. p. 25) that Brabma's
whole life 1 but a twinkling of the eye of Kyshpa or of Giva.

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

22. And of this Xon, six Patriarchs (manu) are past, with
their respective twilights; and of the Patri Manu son of
Vivasvant, twenty-seven Ages are past; ) :

28. Of the &r:ent, the twenty-eighth, Age, this Golden Age
is past: from this point, reckoning up the time, one should com-
pute together the whole number.

The designation of the already elapeed of this immenne period
um&obcdugvthnuhw. It agrees in general with that given

Purhnas, and, so far as ePMmhnmﬁ'theit iods are con-
with Manu also. The name of the present Kon is Virdie,
of the boar,” because Brahma, in performing anew at its com-

the act of creation, put on the form of that animal (see
"Vilh.Pnt.x.ﬂ. ). The ope preceding is called the Pédme,
of the lotws.” This momenclatare, however, is not waiversally

é?iéﬁ?
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12 " Strya-Siddhdnia, [i.9s-

sccepted : under the word kelpg, in the Lexicou of Bhtlingk and Roth,
may be found another of names for theso periods. Manu (i. 61,
Puttous i siher puricalars rsperin shee, A ala Feepociog thos
or em,
which oﬁlltox (see Wilson's Vish. Pur. p. 259, ete.). "8
The end of the Golden Age of the current Great Age is the time at
the Strya-Siddhinta claims to have been revealed, and the epoch
from which its calculations profess to commence. Wo will, ingly,
as the Sun directs, compute the number of years which are su; to
have elspsed before that period.

Divine years. Solar years.

Dawa of -l-.“ﬂ. 4800 © 1,728,000
Six §,140,800 1,850,688,000
Tweatyeoven Great Ages, 324,000 116,640,000

Total ti1 commencoment of present Great S$469,600 056,000
Gelden Age of present Great Age, Ao 4800 wﬁt

Total time elapeed of current Kon, - 8474400 1,970,784,000
Half Brabma's lifs, 433,000,000,000 155,520,000,000,000

Total time elapeed from of Brak-
-‘i“h.‘dhﬂbmm } £32,005474/400 155,531,970,784,000
umowmmmmmdmm:

That is to say: :
Divine yeass. Solar years.
From the total abeve 8474400 1970784000
deduct the time in ereation, 47400 19,004,000
the remainder I 8,427,000 1,953,730,000
This, then, is the time from the true commencement of the ex-

tho:dotoﬂhin&to e epoch of this work. The deduction of this
period as spent by the Deity in the work of creation is & peculiar featare
of the Barya-Siddhbnta. e shall revert to it later (see below, under
vV, 30-34), as its significance ¢annot be shown other data are
before'ns. .

25. The planets, moving westward with exceeding veloci
precisel prooeedin, in its own path.
n&ﬁthvomgmmoﬁon. From the number
‘their revolutions is derived their daily motion, which is dif-
forent according to, the sise of their orbits; in proportion to this
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L1 Tyanslation and Notes. 18

27. One which moves swiftly passes through them in a short
time; one which moves slowly, in a long time. By their move-
ment, the revolution is accounted cdinplete at the end of the

‘We have here pres o part of the physical theory of the
motions, that anu”f: the mrahny.rloum ¢ the mph;c:g
menud by the explanation given in the next chapter of the disturbing
which give rise to the irregularities of movement. The earth is &
sphere, and sustained immovable in the centre of the universe ‘xii. 33),
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 movement, the as the commentary explains it, are, owing
to their weight and the weakness of their vortices, by the aster-
isms (nakshatre or dAa, the of stars coustituting the lunar maa-

sions [sce below, chapter viii used here, as in various other places,
to the whole firmament of fixed stars), and accordingly fall
behind (lambante =m labuntur, delabuntur), as if from shame: and this ie
the ion of their eastward motion, which is only apparent and rela-
tive, although wout to be regarded as real by those who do not under-
staud the true 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 castward motion. It is asserted that
the planets lag behind o%ully, or that each, moving in its own orbit,
loses an amount daily, as compared with the asterisms. And we
shall find er on (xii. 73-89) that the dimensions of the planetary
orbits are constructed 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. Nowﬂ&oﬂindnidudduz:nmcﬁymdhmydth
it cotanly 2 ery awkwand and wnsaidaciory way of complying wil
was s awkw uusa way of com wi
thudemuXh':{bdw relative motions dono,u’eom ¥ :s‘dnln
fixed stars, equal, and the real motions so vastly different from one aa-
other. Wokmlduthuupecﬂhumomﬂhodwoddhnbeende-
vised for making the latter come out alike, and the foriner unlike, and the
result of differences in the weights of the planets and the forces of the
iropelling currents. It looks as if this principle, and the conformity to it
of the dimensions of the orbits, might have come from those who regarded
the apparent daily motion as the real motion. But we koow that Arya-
held the opinion that the earth revolved upon its axis, causing
¥tho t westward motion of the heavenly bodies (soe Cole-
brooke’s Hindu Pp. xxxviii ; Essays, ii. 467), and so, of course,
that the planets moved eastward at an oqual rate among the stars;
snd nhhovﬁdu later astronomers are nearly unanimous against him,
we ocannot help surmising that the theory of the planetary orbits ema-
h from some other of like opinion. Itis
aware, that any Hindu astronower, of
period, held, as did some of the Greek phi (see Whewell's
Eﬁqdﬁohduﬁn B.V.ch. i) a theory.
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The absolute motion eastward of all the ets being equal, their
motion is, of course, in the (inverse) ratio of their distance, or
the dimensions of their owbits.

The word translated * revolution” is 8Aagana, literally * troop of aster-
fsmms ;" the verbal root translated “pass through™ is bAyj, * enjoy,” from
T o et %l Boon Pt

i “ onj t! en & t enj 0 W,
of “h{m," !:gu made a complete revolution.
initial point of the fixed Hindu sphere, from which longitudes are
reckoned, and at which the planetary motions are held by all the seshools
of Hindu astronomy to bave commenced at the creation, is the end of
the asterism Revat, or the beginning of Agvinl (see chapler viii. for a
account of the asterisms). Its situation is most nuls,muhdby
of the principal star of Revall, which, according to the Strya-
ta, is 10’ to the west of it, but aconrding to other authorities
coincides with it. That star is by all authorities identified with
of which the longitude at present, as reckoned by us, from the
is 17° 54’. Making due allowance for the precession, we
coincided in position with the vernal equinox not far from the
the sixth ocentury, or about A. D. 570. As such coincidence
jon of the point being fixed upon as the beginning of the
of its oocurrence matks approximately the era of -the
Hinda. sstronory.Wo. sy approritssaly ouly. bucaaen Jo (b ot
u astronomy. 0 say & only, n
ylnl,uwilﬁn{hown in connection wit.h{ho e{ghth cbapter, the accu-
ﬂdthomndnohuuﬁmninmwbndkd nponwithinadeglvw;

y in the second place, the limits of the asterisms being already long

to take the beginning of some one of them

a8 aodxoﬂindumq ave regarded that of Agrinl
s sufficiently near to the equinox for thetr purpose, when it was, in fact,
or yet more, remote from it, on either side; and

each degree of removal would correspond to a difference in time of about

sncieat recorded lists of the Hindu asteriems (in the texts

of the Atharva-Veda), Krttikh, now the
me whea the ing of that aster
uinox would be nearly two thousand
the coincidence with it of the first
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.degm(ugo'o,t' of the is composed &
H ™y a revolution (dkagana).

Hindu divisions of the circle are thus seen to be the same with

the Greek and with our own, and we shall acoordingly make use, in
i mdnlau ) little

use is made; it is not more than two or three times all to
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"L34) Tvanslation and Note, ‘16

" The proper signification of rdyi, translated *sign,” is simply
heap, quantity;” it is doubtless applied to designate a sign as being &
certain number, or sum, of degrees, analogous to the use of gans in
bhagana (explained above, in the last note), and of rdgi itself in Jinrlp’,
“gsum of days” (below, v. 58). In the Hindu description of an arc, the
sign ie 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 was the same. We shall hereafter
see that the signs into which any circle of revolution is divided are named
Aries, Taurus, etc., beginning the point which is regarded as the
starting point; so that these names are applied simply to indicate the
order of succession of the arcs of thirty degrees.

29. In an Age (yuga), the revolutions of the sun, Mercury,
and Venus, and of the)’conjnnctions (stghra) of Mars,
and Jupiter, moving eastward, are four million, three ki
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
e Meccry! (¢ighra illion,

. ercury's conjunction seventeen million, nine
hundred and thirty-seven thousand, am}’ sixty; of Jupiter, three
hundred and sixty-four thousand, two hundred and twenty;

82. Of Venus's conjunction (sighra), seven million, twenty-two
thousand, three hundred and seventy-six; of Saturn, one hun-
dred and forty-six thousand, five hundred and sixty-eight;

88. Of the moon's apsis (ucca), in an Age, four hundred and
eighty-eight thousand, two hundred and three; of its node (péta
in the contrary direction, two hundred and thirty-two thom&

~ two hundred and thirty-eight ;

84. Of the asterisms, one billion, five hundred and ei hty-ﬁo
million, two hundred and thirty-seven thousand, eight hundred
and twenty-eight. ...

These are the fundamental and most important elements l‘lcon which
is founded the astronomical system of the Strya-Siddhdnta. 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
wo have omitted from the table.

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require
20 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
the moon we add also her synodical revolutions, anticipated from the next
following passage (see v. 35). By the moon's “apsis” s to be under-.
stood her apogee; wcea is literally “height,” i. e. *extreme distance”
the commentary explains it by mandocoa, “ apex of slowest motion " se
the same word is used to designate lhel;ph ia of the planets, we were
obliged to take in translating it the indifferent term apsis, which applies
equally to both tric and heliocentric motion. The “node” 1 the
“tﬁn‘nodo 8¢ il. 7); the dual *modes” is mever employed in this
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the appareat motions of the planets are greatly complicated
unknown to the Greek and thpo Hindu, that they mpmolv-
ocentre about which the earth algo is revolving. When any
tbemddeoﬂhemnﬁomuqmdh ingly mov-
ina jon contrary to ours, the effect of our change of
increase the rate of its apparent change of place; again, when
our side of the sun, and moving in the same direction with us,
of our motion is to retard its a| t motion, and even to
to retrograde. This explains the “revolutions of the
jon” of the three superior planets : their “ conjunctions” revolve
sameo rate with the earth, being always upon the opposite side of
the sun from us; and when, by the combination of its own proper
-oﬁon“ withtht:‘gti; eti):jnnehon, the phnetlgvh into the latter, i;
rate t n Mboeomi:f ess in proportion as
mmd position. The meani the wonf which we have
tranelated *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
could express it. In the case of the inferior planets, the
revolution of the conjunction takes the place of the motion of
the itaelfl By the definition given in verse 27, & et must, in
order to ete & revolution, pass the whole sodinc; this
Mercury and Venus are only able to do as sccompany the sun in
his nmmt somual revolution about the u:'ix. To the Hindus,
no idea of their movement sbout the sun, the ann
motion must have seemed the principal one; and that by virtue of which, .
in their progress through the sodisc, they moved now faster and now
slower, must have only of secondary importance. The term
“ conjunction,” as in reference to thees planets, must be restricted,
superior conjunction. The physical theories by which
conjunction (gigAra) js explained, are given in the next
chapter. Ia the ub{uht ws we have placed opposite each planet

only.
Oobooburnd’tlmdl the numbers of revolutions, ex-
cepting those of the moon's apeis and node, are, divisible by four, so
s of an Age, or 1,080,000 years, ndut
aw A'il,h eir common period. This is a point of so much
in the system of the Sarya-SiddhAnta, that we bave added,

In the third column, we add the period of revolution of each planet,
-hnn\‘:ydi' by the number of revolutions of each the number
of an (which js équal to the number of sidereal days,
B 1 i e et e e e ek, o s

v. 87); are vil respira-
tia-;' thnl&cmybomvuhdhton?ngdmnho‘tbomw
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- spproximating somewbat nearly to & general conjunction in tluu:ﬁ

is4) Translation and Notes. 17
Mean Motions of the Plancts.
Numberof | Number of
Son, 4,320,000 | - 1,080,000 335:' 3'1 3.:4 ’ 5.9”0 .;u:;
Mercury, 17937060 | 4,484,365 875810557 4 533 % Lig
Veaw, 2,022,376 | 3,755504 | 324 41 84 5.08] 136 743 I
|| 2| ment dun
upiter, 230 1, 2 19 14 3
Msum. 146,568 ] lqﬂ‘?ﬂoz 2 012534
sider. rev. §7,753,336 | 14,438,334 27 19 18 0.16| 13 10 3¢ 53 38
synod. rev. | 53,433,336 | 13,358,334 29 31t 50 0.70| 13 11 26 41 534
rov. of apeis, 488,303 12 3332 53136 6 4n 58 425
“ “ pode, 232,238 58.059}' 6,794 33 59 2.35 30 dd a2
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The arbitrary and artificial method in w
ments of the solar system aro Here presented is not peculiar to the
Strya-Siddbanta; it is aleo adopted by all the other text-books, and is
to be od as a characteristic feature of the astrooomical
|{:t:m the Hindue. Instead of deducing the rate of motion of each

et from at least two recorded obeervations of its place, and estab-

ishing & genuine epoch, with the ascertained position of each at that
ﬁme,ngtheyg‘:‘hﬂ with the assumption that, upot:e inning of the
present order of things, all the ets, with their apsides and nodes,

commenced their movement er at that point in the heavens (near
{ Piscium, as cxplained above, under verse 27) fixed upon as the initial
poiut of the sidereal sphere, and that they return, at certain fixed inter-
vals, t0 & universal conjunction at the same ‘foint. As regards, however,
the time when the motion commenced, the freq
of the conjunction, and the date of that which last took place, there is
discordance among the different anthorities. With the Strya-8id-
dhbAuta, 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 yugs); sulm.emlnbe planets are assumed to
have been in mean conjunction for the time at the initial point of
the sphere, the former conjunctions baving taken place at intervals of
l,OBO,MOyounviou The instant at which the 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 beﬁning of the 588,466th day
Scivil reckoning}ol the Julian Period, or between the 17th and 18th of
‘ebruary 1612 J.P, or 3102 B. C. (see below, under vv. 456-53, for the
computation of .the number of days since ). Now, although no
such conjunction as that assumed by the Hindu astronomers ever di
wevet.vill take place, the planets were wtully,u the time

£

borhood of the initial point of the Hindu sphere; this is shown by
pext table, in which we give their actoal mean positions with reference
to that point (includi
they have beea




18

in
a

e moon
Tables

)

Positions of the. Plancts, midnight, at Ujjayint, Feb. 11-18, 3103 B. 0.

being 68° 27
of comparison
and by

es, as reckoned

P‘l
n.

atoire, tom. ii (aleo

gme édition, tom. v, 1857), that of
g
and 50° 29’ 20" west of

iven date, for the sake

8

LeVerrier's times of
node by Haneen's
regarded as bei

beerv.
in the interval

3
y (Hind. Ast.,

and Nautical Almanac. The
v
), which we aleo sul

are obtained
1, 1860,
Bentle

an,
precession

origin of the Hi

) The
8" cast of the vernal

emeris
by

pp- 111, 188

Eph
the Annales de I’

primary planets

real revolutio

of the

equinox of J;
given

n.ﬂ‘min

Astronom!

in & second column, the mean

thet of Fob. 17, 3108 B. C; the
. [ ]

HAA . Tl

with the similsr date

equinox

’s tables, and those of its

Biot’s
Pei
la Lune.

W

tendeat of the American

tions of the

Bailly(Ast. Ind. ot Or,

-

them to suppose
3 but, however

61 313 26| 6t 13 33

144 38 32 | 144 37 &t

at 50 remote an

even yot

y

1

igegeregse
RIRLR"R "
-ZRIE3833%

and uncertai
of the heaven
n may have led
."“gm itylctnll

calty

‘RRIRNB2ASAS
87 RB "3 2T

.r3TSeR g

1t 4141144

between tboruuluofthethmdiﬂ‘mnt.in-
that the calculations of the sstronomers who

positions

N - |
RIGITEE

{1

illostrates the diffl

want of

epoch was

ot that time would
28 to make
entered as

as shown
aocordingly
080,000

backward, and that it was
conj
bement ¢ Ag.
and node, however, were treated in a different
onoe in 1

sphere,

it of & donbtytlm the
of the world, becanse
postions
0y were

unction, and made to
nt of the
Th
notion

nitial
g
a

w

ber of revolutions was

.mmm

il
fijldh

from thei
g&ﬂoh@
0 Is

£rpi3
[~

é nwrmw HIH 7T

for time
y

totbmn,ubo:a
quadrant,
utohhz

v. 34

all

(

one a
at the epoch, the time

e

come o-sjd

ju
o ot to

of the initial

opoch
vance
be made.

the
in od



L34 Tvanslation and Notes. 19

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,

with & remainder of three quarter-Ages; for the moon's nude, 1n like
manncr, 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 Aon and that of the current Iron Age is equal to 1826
quarter- with an odd surplus of 864,000 years: from it subtract
an amount of time which shall contain this surplus, together with three,
seven, cleven, fifteen, or the like, (any number excecding by three a mul-
tiple of four), quarter-Ages, and the remainder will fulfil the conditions
. thﬂ“rpl em. The deduction actually made is of fifteen periods 4

o surplus.

This deduction is a clear indication that, as remarked above (under
v. 17), the astronomical system was compelled to adapt itself to sa
already established Puranic chronology. It could, indeed, fix the w
viously undetermined epoch of the commencement of the Iron Age, but
hmn{dmdwthemmtddlepneeding’peﬁodn.

It is evident that, with whatover accuracy the mean positions of the
rlhneh may, st s given time, be ascertained by obeervation by the

indu astronomers, their false assumption of a conjunction at the epoch
of 3102 B. C. must introduce an elemeut of error into their determina-
tion of the pl motions. The annual amount of that error may
indeed be small, owing to the remoteness of the epoch, and the grest
number of years among which the errors of assumed position are divi-
ded, yet it must in time grow to an amount not to be ignored or neglect-
od even by observers 50 inaccurate, and theorists so unecry a8 the
Hindus. This is actually the case with the elements of
dbinta; the positions of the planets, as calculated by them for the
mntﬁme,m in some cases ncarly 9° from the true places. The

astronomers of India, however, have known how to deal with such .
difficulties without abrogating their ancient text-books. As the Btrys-
SiddbAnta is at present employed in astronomical calculations, there are
introduced into its planetary elements certain corrections, called dfje
g:'mpropeﬂ v{ja; the word means literally “seed”; we do not know
it at its siguifications in tho mathematical

or subtractions

the numbers are all divisible by four, in order not to interfere with the
calcolation by the lesser period of 1,080,000 yoars. We have added
the number of revolutions, for both the sod lesser-
mmmmdmolnﬁon,upn-ndil.'ndudirﬁmd




L.

Sdrye-Siddhnta,

soveral treatises of that as well as of later dste, not haviag

by others intended to secare yet greater correctacss.

T i

Moan Motions of the Planctis as correctsd by the blja.

~
133234744
:22QROSRY
regrRReIee
- ”l‘lOG’
¢ - -

o000

o

-31983:34%
5838482
aos7aene

XTI T

gl

[ L

.’.“
UK 2 UK 3

1

..F:_..

-

ik it A m,?

humwwmmn m.wmmwwmm nmmww“ mmu mh

mm".wm”mwmﬁa wu,.mw ik

g mun mwmam,u¢ menmuﬂ mu

sl e hil

mmm mmmﬁ.mm ”m%m&,,ww |
w wﬁmmmms¢w.;

i

siied mmm HiY mir



l

i-

i.84] Translation and Notes. B )|

" Now if it is possible by this method to arrive approximately at the
date of & correction applied to the elements of a Siddhants, it should
be possible in like manner to arrivo at the date of thosc clements them-
selves. 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 treatisc was composed,
and wet:h made to ent:; : d.: clu;wnt into t}:le comncuth'o:l’;fh i:
system, the comparison o dates of no error will point to the

its composition. The method, indeed, as is well knoP:‘ to all those who
have made any studies in the history of Hindu astronomy, has already
been applied to this purpose, by Mr. Bentlcy. It was first originated
snd put forth by him (in vol. vi. of tho Asiatic Researches) at a time
when the false estimate of the ago and value of the Hindu astronomy
presented by Bailly was still the prevailing one in Europe; be strenu-
ously d od 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 & means of determining tho age of the
different SiddhAntas. We present below the table from which, in the
latter work (p. 126), he deduces the ago of the Sirys-SiddhAnta; the
oolumn of approximate dates of no error we have ourselves added.

Bentley's Table of K in the Positions of the P calculated,
}wu&{ummud{smm

i

- “.
—

From an a of tho results thus obtained, Bentloy draws the coa-
elusion that the a-SiddbAnta dates from the latter part of the elev-
enth century; or, more exactly, A. D, 1091, T

The general soundness of Bentley’s method will, we apprebend, be
denied at the present time by few, and he is certainly entitied to not a
little credit for bis ingenuity in devising it, for the persevering ind
shown in its jcation, and for the seal and bokfn:-withwbieh he
E;poundod ddnd:& it B;";neeeodod {n thr::’ing not a little

t upon an obscure mi ended subject, is investige-
tions have mﬁhudveqxﬁdly to mprjuent understanding of

. the Hindu systoms of sstronomy. B¢t the details of his work are mot

to be accepted without careful testing, and his general conclusions are
often unsound, and require essential modification, or are to be rej
%‘l‘hhnvﬂl attempt to show in connection with his treat-
meat Sérys-SiddkAata.
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Sarya-Siddhdnta, [i. 34.

In the firet place, Bentley has made a very serious error in that part
his calculations which concerns the planet Mescury. As that planet
st the epoch, many degrees behind its assumed place, it was neces-
of course, to assign to it a slower than its true rate of motion.
the rate actually given it by the text is not quite enough slower,
instead of exhausting the original error of position in the tenth
our ers, as stated by Bentley, would not so dispose of it for
red years yet to come. Hence the correction of the b{ja, a8
Bonﬂoyiimlf.inmadofgivingblmry,utooﬂthe
correct rate of motion, is made to have the contrary effect,
e sooner to run out the original error of assumed position,
C between the calculated and the true places of

of the other planets, the times of no error found by
pretty nearly with those which we have ourselves ob-
by calculating backward from the errors of A. D. 1860,
downward from those of B. O, 8102, and which are
iven under verse 67. Upon compariug the two
| be seen at once that Bentley’s conclusions are
e sidereal errors of position of the planets, but from
positions as compared with that of the sun, and that
cnor'l:lo maknei::o ueocl;.nt ﬁrlo:n. This js & mﬁm
certainly a mu explanation justi
bhas soen Mu&ywhm to give of it. The Hindu 3pbm
ong, and in 1o wise bound to the movement of the sun.
the other planets, was not in the position assumed for him
B. C, ‘snd consequently the rate of motion
tbocymm:‘pdpoblydiﬂ’mntﬁoum real ove
the sidereal year is aboat three minutes and a half too long. Why thea
should the suu's error be and the sidereal motions of the other
plancts considered only with reference to the incorrect rate of motion
established for him? It s ovident that Bentley t to bave taken
fully into covsideration the sun’s position also, and to have shown either
that it gave a like result with those obtained from the other planets, or,
¥ not, what was the reasou of the discrepancy, By failiug to do so, he
has, in our opinion, omitted the most fundamental datum of the whole
calealation, and the one which leads to the most important conclusions.
‘We have seen, in treating of the d{ja, that it has been the aim of the
modera Hinda astronomers, leaving the sun’s error untouched, to amend
e other planets to an acoordance with it. Now, as things
be managed ia the Hindu literature, it would be no matter
if corrections were incorporated into the text itself:
SArys-SiddhAata been, at the beginning of the sixteenth
ly distributed, its data so universally known, and
Hindu science outlived already that growing and productive
when 8 echool of sstronomy might put a cor-
of an ancient authority, and um’to see it make its way
crowding : out, and causing to y
& process' of alteration might, in our view,
it, and euch a text might have beea dowa to our
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time as Bentley would have pronounced, upon internal evidence, to have
been com early in the sixteenth century; while, nevertheless, the
original error of the sun would remain, untouched and increasing, to in-
. dicate what was the true state of the case.
. But what is the actual position of things with regard to our Sid-
dhinta?! We find that it presents us a set of planctary elements, which,

_ when teated by the errors of position, in the manner already explained,

do not appear to have been constructed 5o as to give the true sidereal
positions at any assiguable 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 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 hﬁr, of Sanskrit literature can be, that
there was a 8trya-SiddbAnta in existence long before that date; there
is also evidence in the referonces 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 tho titlo ; and we have
seen above, in verse 8, a not very obscure intimation that the present
work does not present precisely the same elements which had been ac-
cepted formerly as those of the 84rya-SidduAnta. What can lie nearer,
then, than to sup that in the tenth or eleventh century a corroction
of bija was for application to the elements of the SiddbAnta,
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, besng dependent upon the correctness with which the sun's place
was first ined, and thea referred to the &oint assumed as the
origin of the sphere. It was, of course, impossible to obsorve dircctly-
when the san's centre, by his moan motion, was 10 east of { Piecium,
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
sodisc. And a mistake of 1° in the determination of the sun’s place
would occasion a difference of 420 years in the resulting date of mo
error.  Wo shall have occasion to recur to this subject in conmection
with the eighth chapter.

There is aleo an alternative ition to that which we have made

.Mmpecﬁ:gthooonclmiu 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 toxt-books of the
science, that date wonltgoint to the origin rather of the whole 3“@
than of any treaties which might exhibit it. DBut although the different
SiddhAntas nearly with one another respecting the length of the
sidereal year, they do mot entirely accord, as is mado evident by the
folh:.ingmg in ;hn&h.muded all the ultlw;iﬁu to which
we have aoccess, either or as reported by Colobrooke,
Beatley, and Warrea: i . Y
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thro nmofoummnte,mdthe ition of each, accordi
mosy& in 1850; the latter bein rockp::od moumahod,ﬁ::
the vernal equinox. Farther are addod the actual positions for Jaa. 1,
1850, as given by Biot (Traité d’ Astronomie, tom. v. 629), and finally,
the errors of the positione as determined by this Siddhinta.

Table of Revolutions and Present Position ¢f the Apeides and Nodes of
the Planets.

No ol .,.,_.,Mm,m Trae | Brver
el o e Al A P
| Apeides : e ° ¢ o
Sun, 387 | 110637909 | 5168 | o5 4 | 10022 | - S16
Meroury, | 368 11,739,304 5435 | 23815 | 255 7 | - 16 5s
Veous, | 535 80747664 | 3138 | 9739 | o9 ad | -1
Mars, 204 21,176,4706 9804 | 14749 | 15318 | = S5 39
Jupiter, | 900 4,800,000.0 2223 { 189 9 | 11 85 |- 2 48
”’“&tm 39 | 110769,330.8 | 51983 | 354 24 | 270 6 | - 15 4o
Maroury,| 488 | 88534500 | 4op8 | 38m | 62 |- s 6
Veaus, 903 4,784,053.2 mb 77 26 7519 |+ 2 7
L |h | gt gd )| B3| BR)E o
b | 37 27,5863 | n1 -t
Saturn, | 662 6,515,678.3 “ :O, 7 | 11333 |4+ 545
A mere i of this tablo is sufficient to show that tho Iindu

astronomers Mpnctlall recognize any motion of the apsides and
nodes of tho planets; umee,znnm the ease ! of those to which they
mgnedd:ematnpldmohon.twoum\mndyun,ntbeluu,wuld
be required to produce such a chango ommuthey,mth their im-
perfect means of observation, would be

This will, however, be made still more clearl :pp.mtbythonm
following table, in which we give the positions of the apsides and nodes
as determined by four different text-books of the Hindu science, for the
commencement of the Ison Age.
qumMMNd«d‘meu,wﬂwbIﬁM

Authorities, at the Commencement of the Iron Age, 8103 B. C.

Siddbanta- Phrdcare-

Plaset. Glromagi. e, | Sadem
‘,‘“: Gev) o o ¢ wj(ev) e o ¢ dqrev) 8 e ¢ ni(ev) 0 & ¢ o

Sun, ?75) 217 748(219) 21745 36(210) 3137 4536(219) 31745
Meroury, 166) 7 50 19 13 l.’n) 71447 3(154) 7 01434(163) 7 o 4o

;::, (242) 31939 331 310(300) 0171643 (240) 23042

4 4 818 4 3% 34 4280
g A JJ; 5:::5' ;:% LRLY ] ;2; 5::5

(17) 7636 (u)hosn-(no) 4294536 (34) 79814

Meroury, (231~ s 238-)

Vew” (#0920 1 @l(iod)s ‘o3 Fn)s o8 Midys e 3
Mare, {(97=) 1 10 8 24{(132-) 0 21 59 (:‘t 11018 ::El;: s 9‘;
Jupiter, 3% 20
Satura, ",-);::glj&’;.- ;:’;;;3 (&3- 3108 ofs88- { 28 24

3o




- 28 Srya-Sddhdnta, [l 44~

dats of the and SiddhAntas, from which th,
e e o Bt

Ast, 180, 144). To each is prefixed the number of com-
pu-sp' v 2’ the case of the ;
whole rev.

the actoal and able phenomenon; but,
ph
knowing that the moon's apsis and nodo moved, they fancied that the

In their then, i to these points such a
mwwnﬁoum&n M&mmmm to them
say motion which admitted of detection, make their positions what they
:ppudthunuhdlytobo. Tho differences in respect to the number

revolutions were in part rendered necessary by the differences of other
features of the systems; thus, while that of the Siddhin

motlons commence st the be,ginningof oﬁ
8arys-Siddhinta 17,064,000 yeams
sad by that o‘lhz. gysiddhhh, 8,0243;)00 yoars
p. 180): in however, they are

although the ta agrees with the Sid-
a8 to the time of the beginning of things, its numbers

i
|

1
P
;

;

. of revolutions correspond in two instances with those of the latter.

It may be farther that the closs acoordance of the different
ssironomical systems in fixing the position of which are so difficult
of observation and deduction as the nodes spddqmonglyindiutm ’
oither that the Hindus were remarkably accurate obeervers, and
sarrived independently at a near to the truth, or that some

-
~———
-—
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the present Golden Age (

180 Translation and Notes. " 29

; from their sum subtract ihe
time of creation, 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-
threemﬂlion,mhnnindmdtmtythomdwlnym

‘We have already presented this computation, in full, in the notes to
24, .

4. Thotw'enty-nven:ﬁgu ) that are past, and likewiso
ria
1

48. To this, add the number of years of the time sincs
w-... °
As the 8 iddhAnta professes to have been revealed by the Sun
about the end of the Golden Age, it is of course precluded from taki
any notice of the divisions of time posterior ht.hatrmd’ : there
nowhere in the treatise an allusion to any of the eras which are actually
made use of by the inhabitants of Indis in reckoning time, with the
ception of the of sixty years, which, by its nature, is bound
date or period (see below, v. 55). The astronomical era is the
mencement of the Iron Age, the epoch, according to this Sidd
the last gemeral conjunction of the planets; this coincides, as
above (under vv, 20-34) with Feb. 18, 1612 J. P, or 81
that time will have upon the eleventh of April, 185
putacon of the whete peiod fom the ‘bogiaing of thepressat
putation e W C i
o(thingl.itbuum
From end of creation to end of lest Golden Age, 1,953, 720000
Silver Age, 1,396,000
Brasea Age, 864,000
Of Irom Age, 4500 3104560
Total from end of creation to April, 1889, T T

Since the Strya-SiddhAnta, as will appear from the following verses,
m?lwdmﬁWu&eddLA.lmm
the end of the solar year of that number, but that of
solar year, which, by Hindu reckoning, is completed upon the
the same month (see Ward, Kila ita, Table, p. xxxii).

the

third
48.... Reduce the sum to months, and add the mon
&?indoltbocumtyw,beginning.withtholighthﬂf
tra.

49. Set the result down in two places; multiply it by the °
pumber of in monthe, and divide by that of
months, and’add to the last result the number of intercalary
months thus found ; reduce the sum to days, and add the days
ugndotthomtmonth;

. Set the result down in two places; multiply it by the
number of omitted lunar days, and divide Mogfum ys;
subtract from the last the number of omitted lunar days
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side' ),hnhﬁvmnnmoonhhﬂmoon,wwhﬂatbombnxh‘.
the other, called the dark half (krskna paksha, “black side”), lasts from
full moon to new mooun, or while the moon is wunn&

The table shows that Jan. 1, 1800, is the daof testh -

month of the 4961st year of the Iron Age. Thet.mo, for which
“hsuﬁoﬂndtbommo(dayt,nl,m,m,My.,Om.ﬂd. ‘
Number of complete yoars elapesd, 1,955,884, 960
' Mﬁﬂyh}m&d*mﬂhhly‘m 12
Number of months, 334708195%
add moaths elapeed of cusrent year, ' 9
‘Whole number of moaths elapeed, 2347081953

Now a proportion is made: as the whole zumber of solar monthe
in an Age is to the number of intercalary months in the same period, so
is the number of months above found to that of the

hmhrymontho or,
51,840,000 : 1,593,336 1 : 23,470,619,539 ¢ 723,384,703 +
‘Whole number of months, as abeve, 33470819539
add intercalary months, 21,384,703
‘Whole number of lunar mosths, 34,192,004{,332
maltiply by number of lonar days in & meath, Jo
Number of lunar days, 725,760,136,980
nddhnrdqldlpddmd-uﬁ. . 7
‘Whole number of lunar days elapeed, 735,760,136,967

Tondueqqtﬁthonmbuoﬂm days thus found to the corres-
ing number a proportion is made, as before: as the
whoh-umbaoflmrdny'ilnAgouwthomhro(othm
dsylmdu same period, 00 is the number of lunar days in the peried

whwhthomddnpinqumdmﬁudﬁom
omitted lunar days: or,

1,603,000,080 : 25,083,351 : : 725,760,136,967 : 13,356,018,393 +

Whole number of luner days as abeve, 725,760,136,967
deduct omitted lusar days, 11,356,018,395
Tetal number of civil from ead of erestion
o beginning of J:’:. 106»...'l 714404308578
This, then, ia the required sum of da forthobeghn of the
A.D. 1860, at mi ”qt,upolthc . o

The first wee whi womhnuudwnnholdnmuﬁnob-
hinodunnmhgiedou

51.‘;‘dh$thumyboﬁoundthclmdlndmﬁoda tll::
sun, num

na'fhbymoz,w' mmmh&eladdﬁoday,b
%vﬂeﬁemnmbcbyﬁonmbcddqnhs
month and in & year, multiply the one quotient by two and the
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i.52) Translation and Notes. 88
Mome of day. Presidiag Plaset. .'"""'"". “';_':‘;

Ravivira, Soaday, Sun, | Y R |
Somavira, Mooday, Moon, s 5 6 ¢«
Maogalavira,  Tuesday, Mars, 3 s 4 29
Budhavirs, ‘Wednesdsy, Mercury, 4 6 2 3
Guruvin, Thureday, Jupit, 5 3 9 6
Cukravirs, Friday, Venus, 6 7 5 o
QCanivira, Saturday, Satam, 7 4 3 S

' A-:hoﬁrud of the subsistence of the present order of things is

to-have been a Sunday, it is only necessary to divide the sum

ys by seven, and the remainder will be found, in the first column,

ﬂpoute e name of the planet to which the day belongs.

the sam of days found above, adding o it one, for the fiest

ofhn\nry molf. and dividing by seven, we have :
7) 714404,108,573
) 102,057,739.796 1
'nxoﬂutofhnury, 1860, accordingly, falls on a S8unday by Hiada

reckoning, as by

..zm., mheuue,nwmbomuchemocmm
followoncnoﬂ\u ternhoftwoplm Tohd.ﬂ\ud’onz

mnm. process, the lord of themonthinwhwhoeunuy‘im
ﬁnt the sum of da bytbn:{ theqnoﬁcut,lqocblgth
mainder, is the sumber J' q)led mnluplythubytw that
mhmthluy the succession forward add one for the
current month, d byminoldatogund whole series, and
the remainder is, in the column of lords of the day, the number of the
ngmofﬁc-ooﬁnqlind. Thus:

30) 714/404,108.573
ﬁﬁluvo.*:i-

hMm-’ﬂ:
7)47M9l°-'m
" 68038486527
gb ‘“m‘m M:&o , saving that,
s process ]
hd!dﬁownmdmswuuhw’v&w three places, the
three instead of by two. Upon out the
innﬂbo ndduuhoﬁulmdukthln,
Rreeping here and i’ “',..‘f.n'n'.':‘ Somnge 23 17,76, n0 reurvace a
ere n 8, no
made in the S4rys-Siddhiata tothovuk.ctoﬂn’unuoﬂhhyl.
Indeed, it is not correct to speak of tho week st all in comnection with

o(bme,w.puiodbbomkomdby, they knew oaly of a certaia order
of sucoession, in which the days were placed under the regency of the
ooven planets, And dleo.m.un-nhd above (undee wv. 11,

£

F



" Sarya-Siddhdnta, [i. 53-

18), never made that division of the day into twentyfour hours

upoa h the order depend-.iﬂollomthﬂhovbokx

uwwhﬁnoﬁg&%md into India along with other

elements of the modern sciences of astronomy and astrology, to which
proper

foundation, the lordship of the successive hours,
shown by the other xil. 76) to have been also known to the

8

* Hindue; and the name by which the mtbmuﬂod(riq&-)

indicates beyond s question the source whenoe they derived

88. Multiply the sum of days (dirardgs) by the number of
revolations l;litny ‘nd’:hsldo by )the’numbu' of civil
days; the result is the position of that planet, in virtue of its

7808 : 4330,000 : 1 7144010857 : 1,455,884 gome B0 170 48 1/
‘The mean longitude of the sun, therefore, Jan. 1st, 1860, at t
on the meridian of Ujjayinl, is 857°48' 7%, We bave calcalated in

|

" masner the positions of all the planets, and of the moon's apsis and

Piae e -

‘ o Grev) e o 1 L [] . " .
Sum, ¢ 1 (4g60) 8 17 48 7| 8 17 &8 9

. Movowry, = Ks05g7) 4 25 213 8| 4 8 36 16
\ | Veous, (8083) 30 31 8 S9| 310 16 11 9
\ | Mars, ) ( S o4 17 | 5 o 17 ¥
Juplten, @8) 2 386 o 7] 2 2 41 &
Satam, (168) 3 20 51 13| 3 35 8 %o
Mosn, 18) 51 25 23 af| 11 15 23 o4

®  apes, (560) 10 9 42 86|10 8 3 13

h ®  nede, (36-) 9 a4 96 ‘4| 9 22 8 5

nedo—svailing ourselves, however, of the permision given below, in
Mibolﬂcpoehofeonj%lncﬁon,m'b-

i
:
E
&

of the Iron Ags (fom which time the sum of dayu i 1,811948), '
Sorsc el

Moan Places of the Planeis, Jan. 104, 1860, midnight, ¢ Ugjayint.

The positions are 0. deduced both from the numbers of
hmﬂh-ﬁrumumwdn

A



188 Tvanslation and Notes.

dtja : prefixed are the numbers .of complets revolutions
since the epoch. In the cases of the moon's apsis and

it was necessary to employ the numbers of revolutions for
whole Age, these not being divisible by four, and also to to
ascertained amount of movement their longitude at the epoch (see
under vv. 57, 58).

54. Thus also are ascertained the places of the conjuncti
(sighra) and apsis (mandocca) of each m&, which bave
mentioned as moving eastward ; and in like manner of the

which have & retrograde motion, subtracting the result
whole circle.

The places of the apsides and nodes have already been givea
under vv. 41-44), both for the commencement ol’tho'lton Age, and
r A.D. 1850. The place of the conjunctions of the three '

planeta is, of course, the mean longitade of the san. In the case of the
inferior planets, the place of the conjunction js, in fact, the mean
the planet itself in its proper orbit, and it is this which we bave given for
l(emrynndVonuinthomdinghbh: while to the u appre-
heasion, the mean place of planets is the same with that of the sun.

56. Multiply by twelve the revolutions of Jupiter, add

i opthe current nvolszi':n, and divide byuu;:ty; the
vgnindu marks the year of Jupiter's cycle, counting from
yays.
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1.58] Translation and Notss. 37

MMvewhvosMMMMWh
expressed in whole signs.
It is curious to observe how the 84 hénta, lest it should seem

‘to admit a later origin than that which it claims in the second verse of

this chapter, is compelled to ignore the real astronomical epoch, the
beghninpuzf&olmnm;mdnbohwitlvoﬂsuyopnw
nition of the lesser e of 1,080,000 years, by which its calculations
are 50 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. ¢, the Silver, Age.” Ia this be
is only helping to keep up the protence of the work to immemorial an-
ﬁg,im, even going therein beyond the text itself, which expressly says:
“ any duil‘x (ishtatas) yuga.” Possibly, however, we hnhz:-
too great a liberty in rendering yuga by “epoch,” and it should rather
be ® Age,” i. e, *beginning of an Age.” Tho word yuga comes from
the root yuwj, “to join " (Latin, jungo; Greek, Ledyrwps : the word itself
i /:yunc-ﬂv),nndmtohvebeenoﬁgiwlynp-
plied to indicate & cycle, or period, by means of which the conjunctioa
or correspondence of discordant modes of reckoning time was kept up ;
thus it still signifies aleo the lusirum, or cycle of five years, which, with
an intercalated month, anciently maintained the correspondence of the
year of 860 days with the true solar year. From such uses it was trans-
ferred to designate the vaster periods of the Hindu chronology.
As half an Age, or two of the lessor periods, are accounted to have
elapsed between the end of tho Golden and the beginning of the Iron
Qge,tbo-plnoh,uthomcgoeh,hn@nutumedtou it
meaneonjunedon:tbemoounodn,aho,udillintheﬁm Libea,
spals has changed its place half a revolution, to the first of
20-34). The positions of the apsides and
the other planets at the same time have been given already,

The Hindu names of the signs correspond in signification with our own,
hvingbeenhwghthtolndhﬁomthow:tg‘nmhmhmil
this work any allusion to them as constellations, or as having any fixed
position of their own in the heavens : they are simply the aames of the
nnoeanindguirdp‘,“c)intowhichmycinlobdnided.ndithh&
to be ined by the connection, in any case, from what point they
shall be counted. Here, of course, it is the initial point of the fixed
Hindu sphere (see above, under v. 27). As the sigus are, in the sequel,
frequently cited by name, we present annexed, for the convenience of
reﬁtqeoofﬁgoobyhmm«ymmua_ﬁmil’iuinhom

1
;
1

Pl
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38 Sdrya-Siddhdnta, (i s8-
In the translation given above of the second half of verse 88, not &
little violence is done to the natural construction. This would seem to
pequire that it be rendered : “ and the rest are in whole sigus (have come
%0 8 position which is without a remainder of degrees); they, being of
motion, stated here.” But the actual condition of things
the epoch renders mecessary tho former translation, which is that of
the commentator sleo. We cannot avoid conjectaring that the natural

f he ccarstof he reutos compelod the athe amd brood iterpr
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1. 60.] Translation and Notes. 89

' ought not to vary far from eighteen inches; but the higher measures
' . dxg:rgluﬂ in their relation to it. mmdmkomi%:mkutbo
yojana 82,000 cubits, but it is also sometimes as eom-
of 16,000 cubits; and it is accordingly estimated by different au-
thorities at from four and a half to rather more than ten miles English.
This uncertainty is no merely modern condition of things : Hiuen-Theang,

the Chiness monk who visited India in the middle of the seventh cen- |

tury, reports (see Stanislas Julien's Mémoires de Hiouen-'l\:n:‘g‘i. 89,
0«3 that in Indis “according to ancieut tradition a yojana equals forty

4i; ‘sccording to the customary wee of the Indian kingdoms, it is thirty - -
%, but the yojana mentioned in the sacred books containe only sixteen
& this smallest yojana, according to the value of the & given by Wil-
liams (Middlo Kinﬁom.ii. 154), being equal to from five to six ish

miles. At the same time, Hiuen-Thsang states the subdivisions of the

A i:pu ‘i: s n:nw :&u;nke iit. ml;arld only lbﬁooo cubits. Mtho

¥ e oondition t is cl impoasiblo to appreciate

val:fof the Hindu uttmat:s:’l the etl‘ﬁlyl dm;iou, or to determine
. how far the disagreement of the different astronomers on this point may
be owing to the difference of their standards of measurement.
m(m Colebrooke's Hind. Alg. p. xxxviii; Essays, ii. 468) states the
's dismeter to be 10560 yojanss; Bhiskara (8iddh.-Gir. vii. 1) gives
it as 1581 : the latter author, 1 his Lilivatl (i. §, 6), makes the yojana
eounsist of 32,000 cubits.

The ratio of the diameter to the circumference of a circle is here
made to be 1:./10, or 1:3.1623, which is no very near approximation.
It is not a little surprising to find this determination in the same treatise
with the much more accurate one afforded by the table of sines given in
the next chapter (vv. 17-21), of 3438 : 10,800, or 1:3.14136 ; and then
farther, to find the former, and not tho latter, made we of in calcolating
the dimensions of the planetary orbits (see below, xii. 83). But the
same inconsistency is found also in other astronomical and mathematical
suthorities, ﬁuW(m Colebrooke, as above) calculates the
earth's circumference its diameter by the ratio 7 : 22, or 1 : 3.14288,
butnl}:dtbonﬁolxlo&eb:uofhihbhofdmndBnhz

pta Cridhara adopt tho latter. Bhiskara, in stati
‘c:rd:'n circumference at 4967 8‘ is very near the tmtb..‘dm
1581:4967::1:8.14168 : his LilAvatl (v. 201) gives 7:22, and also,
a8 more exact, 1250 : 8927, or 1:3.1416. This subject will be reverted
baeonucﬁonviththe ublooc;f&ms. )

e greatest circumference e earth, as calculated according %o
thod.usnd::dbodoﬂhohxt,:dmo.liuyojm ‘l}emonhd
must be regarded as an independent standard of measurement,
z;whhbb estimate the value of the other dimensions of the solar
system stated in ‘this treatise. To make the earth’s mean diameter cor-
rect aa determined by the Sarya-SiddbAnta, the yojana should equal
3:% miles; to make the circumference correct, it should equal
m .



" Terveatrial latitads is styled akoka, “uce” which arm, a agposrs from
]

. Sorye-Sidddnta, 1. 60-

0

latitade being, in effect, the radius of the circle of latitude. Radiue and

cosine of latitude are tabular number, derived from the table to be

given afterward (see below, ii. 17-21). This treatise is not ascustomed
ocosines directly in its calculations, but has special names for

is
;Oi of tho : mnezhﬁfndo!n;lh’ mw:::ifﬂg.u ;EEE

‘Washington being 38° 54/, thoe sine of its co-latitude
8438 : 2675 :: 50590.64 : 3936.75 gives us, then,
the earth’s circumfersnce at Washington as 3936.75 yojanas.
in Sougitde (durbiare of sey place, aud Avide by i corrosed
an; an its co;
circumference ; y
6l. The quotient, in minutes, subtract from the mean position
b add, I 1 bo-wests i ool m sho pllne’s mesn po-
H it be west; result is 's mean
sition at the given place. ' P>
rules stated have ascertained the of th
prviony st barsswraond e e plce of e
for the same midnight upon any other meridian, or,
difference the mean already found.
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Lesg) Translation and Notes. 41

amsigned to Lankh might not be easy to determine. The “seat of the
g‘dp"inﬂonntlem. situated at the north pole (see below, xii. 34, etc.).

¢ meridian is usually styled that of Lankd, and “at LankA” is the
ordi phrase made use of in this treatise (as, for instance, above, v.
bo;l:um:.iﬁ.“)toddgubldmﬁu cither of no longitude or of
no latitade,

But the circumstance which actually fixes the position of the prime
meridian is the situation of the city of Ujjayini, the Olyry of the Groeks,
tho modern Ojein. It is called in the text by one of its ancient names,
Avantl, It is tho capital of the rich and populous province of Milava,
oocupying thoe platesu of the Vindhya mountains just north of the
principal ridge and of the river Narmadh (Nerbudda), snd from old
time a ‘chief seat of Hindu literature, science, and arts. Of all the cen-
tres of Hindu culture, it lay nearest to the great ocean-route by which,
during the first three centuries of our ers, 0 im & commerce was
carried on between Alexandria, as the mart of and India and the
countries lying still farther east. That the prime meridian was made

pass thro &icityrovuittohubeentbecndhoﬂbomndu
science of astronomy, or its principal seat during its early history. Its
actaal situation is stated by Warren (KAla Sankalita, p. 9) as lat. 23°
11’ 80” N,, long. 75° 53’ E. from Greenwich : a later authority, Thora-
ton’s Gesettoer of India (London: 1857), makes it to be in lat. 23° 10’ N,
long. 75° 47’ E.; in our farther calculations, we shall assume the latter
* position to be the correct one.

The situation of Rohitaka is not o clear; we have not succeeded ia
findi mhlpheomﬁonedinmywotkontbonciutmupb,
of India to which we have access, nor is it to be traced upon Lasen's
map of ancient India. A city called Rohtuk, however, is inentioned
Thornton (Gasetteer, p. 836), as the chiel place of 8 modern Brit
district of the same name, and its situation, a little to the north-west of
Delbi, in the midst of the ancient Kurukshetra, lesds ue to regard it as
Wﬁﬂﬁﬁﬁo%ﬁsd@om&ﬁnﬁﬁemﬂh&ﬁm
wuexpn-l recog! [} over the Kurukshetra, mMemora-
ble site of the twml?dbytheﬂwnh,mdu&
Bhiskara (Bid h.-Cir, Gan., vii. 2) describes it as follows: “the line
which, passing above Lankd and Ujjayini, and touching the region of
the Kurukshetrs, etc., thi Meru—that line is by the wise
regarded as the ceatral meridian (madAyarekAd) of the earth” Our
own commentary also explains sennsAitass sarad, which we have tranla-

ighly i
spplied to a tract of country: we have therefors thought it safest
mﬁmuwﬂmowm«mmmmm«mm
to what 3

If Rob! and Robtak ify the same place, we have hete a
measure of the accuracy of l‘ﬁiod‘dmmiuﬁo-d i
Thoruton gives its o as 76° 38', or 51’ to the east of Ujjayial.

Tllolus«lb'yw an observer is to determine his distance from
the prime meridian is mext explained. : -

. L]



Sérya-Siddhdnta, [i. 68~

en, in a total eclipee of the moon, the emergence
) takes place after the calculated time for its occur-
the.place of the observer is to the east of the central

it takes place before the cafoulated time, his place
west: the same thing may be ascertained likewise from
the immersion (nimtlana). Multiply by the difference of the two
o corrected circumference of the earth at the

And divide by sixty: the result, in yojanas, indicates the
distanoe of the observer from the meridian, to the east or to the
his own parallel; and by means of that is made the
eorrection for difference of longi

 Chelce is made, of course, of a lunar eclipss, and not of a solar, for
determination of itude, because its phenomens,
are seen everywhere at the samo instaut of

the moments of total di and first
in & total eclipse are unlemd,boumgo
eir oocurrence is observable with more accuracy than
last contact of the moon with the shadow. For
terme here used see the chapters upon eclipses

the computed and obeerved time being sscer-
distance in longitude (degdniara) is found by the simple
whole number of nddls in s day (sixty) is to the inter-
0 is the circumference of the at the latitade
of obeervation to the distance of that point from the prime
moasured on the parallel Thus, for instance, the distance of
from Greenwich, in time, 84 3= g9, and that of Washing-
Greenwich 84 8= 119 (Am. Naut. Almanac), that of Ujjayinl
from Washington is 10% 11= 199, or, in Hindu time, 25® 28Y 12.8, or
2524718 : and by the 60:25.4718 :: 8036.75 : 1671.28, we
ob:i‘l 167138 e the distance in longitudo (depdniara) of
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i67] Tvanslation and Notes. 48

This verse appears to us to be ‘an astrological precept, amerting the
regeucy of th?lun and the other planets, in their order, over thnesue-
cessive portions of time asigned to each, to begin everywhere at the
same instant of absolute time, that of their true commencement upon
the ptime meridian; so that, for instance, at Washin, Sunday, s
the day placed under the guardisnship of the sun, would really begin at
eleven minutes before two on Satu afternoon, by local time. The

£ local time, mpheum" ot 2o et o the ;nu'a;h:n,o‘e:hn:poﬁ
o time, in east west e idi to
the true beginning of the day upon the prime meridian, and he is at
much pains to defend the verse from the ch of being superfluous
and uonecessary, to which it is indeed liable, if be its only meaning.

The rules thus far given have directed us only how to find the meas
places of the planets st a given midnight. The following verse teaches
:.Ih: method of ascertaining their position at any required hour of the

y.

67. Multiply the mean daily motion of s planet by the number -
of nidts of the time fixed upon, and divide by sixty: subtract
the quotient from the place of the planet, if the time be before
midnight; add, if it be after: the result is its place at the givea
time.

Tbopmporﬁoniufollon:uthenumbcofudhiloda{(lixz)
is to those in the interval between midnight and the time for which the
mean place of the planet is sought, s0 is the whole daily motion of the
planet to ita motion during the interval; and the result is additive or
nmﬁve,ofmo,umdingulhoﬁmhodnpuidupnw
midnight.

In order to furnish a practical test of tho accuracy of this text-book
of astronomy, and of its ability to yield correct results at the present
time, we have calculated, by the rule given in this verse, the mean longi-
tudes of the planets for a time after midnight of the first of January,
1860, on the moridisuoijjnyin!,whichnoqultotbo distance m
time of the meridian of Washington, viz. 258 28¥ 17.8, or 0442453 ; and .
we present the results in the annexed table. The longitudes are givea
a8 reckoned from the vernal equinox of that date, which we make to be
distant 18° &’ 87.25 from the point established by the 8 i
uthoboginnzgoftboﬂindulidendsphm; is i (see below,
viiiglo'eut { Piscium. We have ascertained the mean places
a3 determined by the text of our Siddbnta, and by the same with the
correction of the dfje. Added are the actual mean places at the time
::ifu&ed:thouofﬁ':dpﬁmny?lumhnbm from Le Ver-
jer's elements, in Biot's treatise, as cited above ;* those of
the moon, and of her apsis and node, were kindly furnished us from the
office of the American Nautical Almanae, at Cambridge.

-

® We would warn eur readers, however, of a serieus errer of the ia the
ﬂo-dmbyld;nbmwdbﬂmdmm“




“ Strya-Siddhdnia, © [Ler-

Moon Longitudes of the Planets, Jan. 138, 1860, midnight, af Washinglon,

to Sdrys-fiddhimta: | According te |
‘MJ.. with bjja. meoderns.
21| o6 18 21|00 5 6
30| 148 35 39| 151 38 20
855|334 5 18[33 13 ¥

5| 199 3 17 36 3

o 103 35 19
38| 133 o4 13 10 10
9| 9 4 1 4 23
sf| 328 12 36 & 3
51 | 310 5 312 8 10

*
158
339
9
104
198

9
b
312

838
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table is farther given a view of the errors of the
determinations—both the absolute errors, as compared with the
mh&-nd.mddunhﬁn,uwmpcndwith
hich it is the aim of the Hindu astronomical
adapt the elements of the other planets, Annexed to each

st which it was nothing, or at which it
by dividing the amount of present
gain, ute or relative, of each
wbym'm;«'::um
scceleration of her motion.
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L.70) Translation and Notss. %

9. n&fbr, to the ninth part of that mul;irlied two;

J
to the same amount multiplied by three; Mercury, Venus,
ﬁlﬂmmb thoirnoduwna?to deviabbr{ham
amount multiplied by four.
70. So also, twenty-seven, nine, twelve, six, twelve, and twelve,
multiplied respectively by ten, give the number of minutes of
mean lati (vikshepa) of the moon and the rest, in their order.

The deviation of the *rom the of the ecliptic is here
“mud in two different mm& 'ivqph“bowmr, the -.W resulite;
us :

Moon, % maw e« .YXiomnymLLW
Mare, -”7!-)(3- [ gXi10om 9o m1®d
Mocoury, ’ﬂxu-ud « 19X 10m 130 m 1
Juplier, .—?xa- 6o’ ..r OXt10om 6 m®
Veous, ?—Jxluud [ 19 X 10 = 3130 == 2°
Saturs, ?xl-uﬁ o 17 X 10 == 130 == 2°

Tho subject of the latitude of the planets is completed in verses 6-8,
and verse 87, of the following chapter; the former pamage

the manner, and indicates the direction, in which the node uces its
j ng offect ; the latter gives the rule for calculating the apparest
Inimdoo‘l'u ian _stmypoi-:ei‘niun&olnﬁon.

There is o discrepancy betwoen the two specifications presented
hﬁmvmum&ﬁod&wﬁpﬁud&oqnﬁﬁuwﬂdv
the one states them to be the amounts of (paremes) deviation
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Hindus: in this treatiss, at the distance of the node from the
apsis (mandoocs) is not introd s an element into the procees for
determining & 's latitude. The other cause of varistion is duly
allowed for nobo:).\;.ii.t:'l). Iheﬂeclt.,ﬁi:u;bounoﬂbethmnm
rior planets, is to e their greatest o sometimes "y
3 the inclination of their otrbits, mrgu‘:rc the
than to the sun, or the contrary ; hence the values
Mars, Jupiter, and Saturn, as they represent the
os lati of the distance of each planet
ould nearly equal the inclination. In the case of
also, the quantities stated are the mean of the differ-
mwdmdﬁoﬁmmheliounwhhﬁmwtthimm
hdmmlu,udhdmnvwmnehhqﬁutheindim' .
PlolenL,inthoehbonu ; the theory of the latitude oon-
the thirteenth book of his Syntaxis, has deduced the actual
faclination of the orbits of the two inferior plavets: this the Hindus do
attem

Wo:mtbolownmp.nﬁn table of the inclinations of the

orbita ﬁbleudeindZPblmyudbymodernm
mvﬂ those of the Hindus, 50 far as given directly by the Sdrys-

Fnolination of the Orbits of the Planeis, according te Different Authoritioe,

Plaset  [SbrysSidinion| Puiemy. Moderss.

—® OB ' . .

Merewry, | ... ? 79 o §
Vesws, | ..... 3% 3 3y
Mare, 1 J ] 1 5 5
Jupiter, ] 1 Jo 1 18 b
Saturs, ] 2 J 3 29 o8
Py Meon, 4 3o 5 5 8 4

The verd in verses 68 and 69, which we have translated “caused to
" literally % is hurled away,” digiicitur ; from it is
Hvdﬁohr?uad.hn?.:mw i oduhdhl:u;mdo,oihb-
pa, ®disjection.’ us messure the latitude, however, as we
to potice more particularly hereafter, npon’n circle

of declination, and not upon a secondary to the ecliptic. In the words

E
i

\
—
-.'{M- - .
1]
1]
-
~
7
)2
P



5] . Translation and Notes. a

CHAPTER IL
OF THE TRUE PLACES OF THE PLANETS.

Oowrzxts :=—1-3, causes of the irregularities of the planetary motions; ¢-8, distarb-
ing infinence of the apsis and coojunction; 6-8, of the node; 9-11, differeat
degree of irregularily of the motion of the different planets; 12-13, different
kinde of planetary motion; 14, purpose of this chapter; 16-16, rule for con-
structing the table of sines; 17-28, table of sines; 23-27, table of versed sines;
98, inclination of the ecliptic, and rule for floding the declination of any point im .
it; £9-30, to find the sine and cosine of the amomaly; 31-3%, to find, by interpo-
lation, the sine or versed sine corresponding to any fiven arc; 33, to find, in like
manner, the are corresponding to & given sine or versed sine; 34-37, dimensicns
of the epleycles of the planets; 38, to fiod the true dimensions of the epicycle at
any point ia the orbit; 39, to find the equation of the apsis, or of the centre;
4043, to find the equation of the conjunction, or the annual equation; 4348,

of these equations in finding the true places of the different planets;
48, correction of the place of a planet for difference between mean and apparest
solar time; 4749, how to correct the daily motion of the planets for the effect of
the apeis; §0-81, the same for that of the conjunction; §1-85, retrogradation of
the lesser planets; 86, correction of the place of the node ; 67-88, to find the celes-
tial latitode of & planet, and its declination as affected by latitude ; §9, to find the
length of the day of aay planet; 60, to find the radiue of the divrnal circle;
61-43, to find the day-sine, and the respective length of the day and night ; 64,
to find the cumber of asterisms traversed by a planet, and of days elapsed, since
the commencement of the current revolution; 65, to find the yege; 66, to find
the cutrent lunar day, and the time im it of & given instant ; 6749, of the divislons
of the lunar month called Aaregs.

1. Forms of Time, of invisible shape, stationed in the sodiss
(bkagana), called the conjunction (gighrocca), apsis (mandocca),
and node (pda), are causes of the motion of the planets.

2. The phneu%attnched to these beings by cords of air, are
drawn away by them, with the right and left hand, forward or
backward, according to nearness, toward their own place.

. 8. A wind, moreover, called provector (pravaka) im them
toward their own apices (ucca) ; being drawn away fo! and
backward, they proceed by a n.r{ing motion.

4. The so-called apex (ucos), when in the half-orbit in front of
the hnet&ndnwa the planet forward; in like manner, whea in
the half-orbit behind the planet, it draws it backward. )

5. When the planets, dpnwn away by their apices (ucca), move
forward in their orbita, the amount of the motion 80 caused is
called their excess (dAana); when they move backward, it is
called their deficiéncy (rna).

In these verses is laid before us the Hindu theory of the gemeral
aatare of the forces which produce the irregularities of the spparest
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5] Tvanslation and Notes. 49

Upon passing this point, the planct Legius to fall behind its mean place,
but at the same time to gain velocity, so that at the quadrature it is

- farthest behind, but is moving at its mean rate; during the next quad-

rant it gains both in rate of motion and in until at the perigee, or
ihelion, it is moving most rapidly, and has made up what i:'ﬁ;ou
ost, 20 that the mean and true coincide. Upon passing that point

in, it ‘Etim upon its mean rs;.:e during the first quadrant, and loscs
what it m‘fllneddnri the second, until mean and true place again
coincide at tho apsis. 'l"lhgm the equation of motion is greatest at the
apsides, and nothing at the quadratures, while the e'g\uuon of thcv is
greatest at tho quadratures, and nodxinist the apsides; and thus tho
planet is always behind its mean placo while passing from the higher to
the lower apais, and always in advance of it while passing from the
lower to the higher; that is, it is constantly drawn away from its mean
place toward the higher apsis, mandocca.

In treating of the effect of the conjunction, the pfghrocea, we have to
distinguish two kinds of cases. With Mercury and Venus (sce above,
i. 29, 81, 32), the revolution of the conjunction takes the place, in the
Hindu system as in the Greek, of that of the planct itself, the conjunc-
tion bein od as making tho circuit of the zodisc in the same
time, and in the same direction, as the planct really revolves about the
sun; while the mean place of theso plancts is always that of the sun
itself. Witile, therefore, the conjunction is making the half-tour of the
heavens eastward from the sun, the planct is making its eastward elon-
gation and retarning to the sun again, being all the time in advance
of its mean pisce, the sun; when the conjunction reaches a point in the
heavens opposite to the sun, the et is in its inforior conjunction, or
at its mean place; during tho other half of the revolution of the con-
junction, when it is nearest the planet upon the western side, the latter
s making and losing its western elongation, or is behind its mean place.
Accordingly, as stated in the text, the planet is constantly drawn awa
from its mean place, the sun, toward that side of tho heavens in whi
the conjunction is.

Once more, as concerns the superior plancts. Tho revolutions ‘as-

od to these by the Hindus are their true revolutions; their mean
are their mean heliocentric longitudes; and the place of the con-
Junction (gtghrocoa) of each is the mean place of the sun. Since they
move but slowly, as compared with the sun, it is their, conjunction
which approaches, overtakes, and passes them, and not they the con-
junction. Their time of slowest motion is when in opposition with the
sun; of swiftest, when in conjunction with him: from opmﬁon o to
©conj therefore, or whifo the sun is uppronchinof from be-
hind, they are, with constantly increasing velocity of motion, all the
while behind theit mean places, or drawn away from them in the direc-
tion of the sun; but no soomer has the sun overtaken and passed them,
than they, leaving with their most rapid motion the point of coinci-
dence betweqn mean and true are at oace in advance, and con-
tinue to be s0 until ition s reached again; that is to say, they
are otill drawa away their mean place in the direction of the
conjunction.
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The words used in verse 8 for * cxcees™ sd * deficiency,” or for sddi-
tive and subtractive equation, mean literally *wealth” (dAana) and
“debt” (r3ea). :

6. In like manner, also, the node, Réhu, by its force,
. causes the deviation in latitude (vikuiepa) of the moon and the
other planets, northward and southward, from their point of

:

apakrama).
7. Whon(m the half-orbit behind tll::lfhnet, the node causes
it to deviate northward; when in the half-orbit in front, it draws
it awz southward,

8. In the case of Mercury and Venus, however, when the
. node is thus situated with to the eons'nmﬁon (stghra),

. these two planets are caused to deviate in latitude, in the manner
stated, by the attraction exercised by the node upon the con-

The name RAhu, by which the sscending ncde is here designated, is

m and belongs to the monster in the heavens, which,

the us, a8 by more than one other people, was believed

to ocossion the eclipses of the sun and moon by attempting to devour
them. The word which we have tramslated * " is rankes, more
- ity, violent motion :” in em g it here, the text evi-

to an et for a8 coming from the root

red otmh."h::ﬁ‘on": mb&'n same motWob:rg (Ind. Stud. i
272) has conneoted the group of words in which rdAu seems to belong.
the Hindu fable respecting RAbu, seo Wilson's Vishnu Purdna, p. 78.
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10. Mars and the rest, on account of their small size, are, by
the supernatural beings (ddivata) called conjunction (gighrocen)
aud apsis (mandocca), drawn away very far, being causcd to
vacillate exceedingly. '

11. Hence the excess (dhana) and deficiency (rna) of these
latter is very great, according to their rate of motion. Thus do
the planets, attracted by those beings, move in the firmament,
carried on by the wind.

The dimensions of the sun and moon are stated below, in iv. 1; those
of the other planets, in vii. 13.

‘We have ventured to translato ativegita, at the end of the tenth verse,
a3 it is given above, because that transiation scemed s0 much better to
suit the requirements of the sense than the better-supported renderiug
“ caused to move with exceeding velocity.” In so doing, we have assumed
that the noun wega, of which the word in question is & demominative, re-
tains something of the proper meaning of the root ofj, “to tremble,”
from which it comes, :

12. The motion of the planets is of eight kinds: retrograde
(vakra), somewhat retrogmdm;vahu , transverse (kutilu),
slow (mandua), very slow (| , even (sama) ; very
swift (¢ighratara), and swift (¢ighra).

18, Of these, the very swift (aticighra), that called swift, the
slow, the very slow, the even—all these five are forms of the
motion called direct (rju) ; the somewhat retrograde is retrograde.

This minute clasification of the phuuofug:nﬁ motion is quite

itous, 00 far as this Siddhinta is concerned, for the terms here given

o not once oocur afterward in the text, with the single exception of

vakra, which, with its derivatives, is in not infrequent use to designate

ion. Nor does the commeutary take the trouble to explain
the precise differences of the kinds of motion specified. According to
Mr. Hoisington (Oriental Astronomer [Tamil and English}, Jaffoa: 1848,
P- 133), anuvakra is applied to the mouon‘p ot:hphnet.whqin retro-
ing, it into & preceding sign. From the clasification given in
nc%nd m two verses it b?notmd that kutila is ommﬁu s
::tdingtothooommuuw;,ithmuo bhooinelude:lh“oqon“ g the forms
retrograde motion ; we bave conjectured, however, might possi-
bly be used to designate the motion of & planet when, bua.g:knh
moment stationary in respect to longitude, and accordingly neither ad-
vneit:ﬁ‘nor retrograding, it is changing its Jatitude; and we bave trans-

lated the word acoordingly.

14. By reason, of this and that rate of motion, from day to
day, the ‘g;lmeh thus come to an accordance with their observed
&lﬁeu (drg)—this, their correction (sphufikarana), I shall caro-

y explain. .
Haviog mow disposed of matters of general theory and prelini
the proper subject of tbindupuv,thoulouhﬁu’:’lm:z
(sphuta) from the mean of the ditfereat planets, is ready to be
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hhx. And the first thing in order is the table of sines, by means of
which all the after calculations are performed.

15. The eighth part of the minutes of a sign is called the first
sine (jydrdha); that, increased by the remainder left after sub-
tracting from it the quotient arising from dividing it by itaelf, is
u”lﬁ.'l‘h n::.vldmg he tabular by the first,

ividing the ta sines in suocession ]
lndsddin‘:'tothem,inuchcue,whu isleﬁaﬁerm{ i
the quotients from tho first, the result is twenty-four tabular

sines " l, in order, as follows :

17. ) and twenty-five; four hundred and forty-
nine; six hundred and seventy-one; eight hundred and ninety ;
eleven hundred and five; thirteen lmngred and fifteen;

18. Fifteen hundred and twenty; seventeen hundred and nine-
toen ; nineteen hundred and ten; two thousand and ninety-three;

19. Two thousand two hundred and sixty-seven; two thous-
and four hundred and thirty-one; two thousand five hundred
and a’gll‘l‘t'y-ﬁve; two thousand seven hundred and tweng-eight-

. 30, Two thousand eight hundred and fifty-nine; two ousand
nine hundred and seventy-eight; three thousand and eighty-
_ four; three thousand one hun and seventy-seven ;

21. Three thousand two hundred and fifty-six; three thousand
three hundred and twenty-one; three thousand three hundred
and soventy-two; three thousand four hundred and nine;
and four hundved and. Shirtyight.  Subleackng’ there, in 15

and thirty-eight. Subtracting these, in re-
order, from the m, gives the tabular versed-

28. Seven; twenty-nine; -#ix; one hundred and seven-
toen; one hundred and eigilty-tw ; two hundred and sixty-one;
three hundred and fifty-four;

24. Four hundred and sixty; five hundred and seventy-nine;
seven hundred and ten; eight hundred and fifty-three; one
thousand and seven; eleven hundred and seventy-one;

25. Thirteen hundred and forty-five; fifteen hundred and
tnwden‘tnyd-ei ht; seventeen hundred and nineteen; nineteen hund-

teen ;

26. Two thousand one hundred and twenty-three: two thous-
and three hundred and thirty-three; two thousand five hundred
and forty-eight; two thousand seven hundred and sixty-seven ;
- 27. Two nine hundred and eighty-nine; three thous-
and two hundred and thirteen ; three thousand four hundred and
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tions after the Hindu method, we have added a column of the differences
ari of e adia For the”parposs of urating the sccwrcy of tbe
e radiue. For the illustrating
Mubh.nhavoahomuod&:mvdmoﬂhom' m«:-.u,
found by our modern tables. Comparison may aleo be made of the deci-
nmal column with the corresponding values given in our ordinary tables
of natural sines.
Table ¢f Sines and Versed Sines.

me ') W’ In' | DI |mperseefrad| ia’ "’
' P45 2% 2% oy 065445 224'84 ’;
3 73| 450 7 130509 4487
3 |11y ]| 6% o' ::: 195172 67067 6:
g ': goo/ 890 | o5 | 258871 88¢/.76 ';"
e 1 A 45| ns¥ | 110% 1o J314o8 | 1105.03 ;6 "

22° 30| 1350 | Y | oo | 382489 | 1nYS9+ Js;
0 30" | ttoa | toig [ | Sococs | srewse |
9 |3 45| 108 | 1gio |10 | ssssss 190991 | 379
T EFEHEIEAE
1 | 45 700 | 23’ 2: 707097 | 3430'.86 | 1007
13 | @& | ny | 258Y > 951894 | 258464 | 1’
14 | 52° 30| US0 2% o 793484 | 2727.35- '349'
15 [ 56045 L 335 | a85g | | Blses | sd5p38-| 1528
16 | 60° . oo’ | ¥ 1 108 866201 ;Zg.-e- :7':’
0 (o7 S0 | dso | 3 | %% | ks | sugane| sy
19 | 7° 18| 4298 | 3350 | oo | 947062 | 325531 233y
2 |95 5o | Bar | o, | 965509 33’0:.01 3¢
o o] o | | 2| s | S| ey
2 oo -
33 |66 ¥ | S10% | N ’; 997986 | 3430.39-| 1Y
% | g S0 | 3@ 1000000 | 343795 | 36®

The rule by which the sines are, in the text, directed to be found, may

o mme +c-;-
' ene .
o wme’ 4o T,

’
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aad 30 on, through the whole series, any fraction | than a half bein
counted s one, and & amaller fraction being rejected. In the majority

©sees, a8 is made evident by the table, this process yields correct resuits:
we bave marked in the column of “ true sines” with & plus or minus sign
such modern values of the sines as differ by more than half a minute
from those assigned by the Hindu table.

It is not to be su , however, that the Hindu sines were originall
obtained by the process described in the text. That process was, in all
probability, l:{oh-&:"? the successive differences in the values

y determined by other methods. Nor is it diffioult
discover what were those methods; they are indiuhd:ey d,o.l:;nig

45',
howmin of the trigonometrical methods of the Hindus.
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sive of the com

the siue was already known, it being to the square root of

difference between the squarce of radius and of the given sine. This

er to the rule for finding the versed sine, which is given above in

kg e e s o5 g

in, the compari similar trian w

of an arc was & roporti between its versed sine and

iamoter ; an@ this led to a method of finding the sine of half any

hich the sine was known: it was equal to half the square root

not of the diameter into the versed sine. That the Hindus

Mdmali.:ppw&om the text of this

of Ranganitha, which is the one

by our manuscript and by the published edition ; but it is distinctly

in the commentary hiothmhadibhbnndt(A-.Ru:ii.M'I‘),}
mi
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j one here comstructed. The sine
obmoqtdtondiu,ndthodmoIWtohalfudiu:
5°, 22° 80’, and 11° 15';
18° 7° 80', and 8° 45’. The sines thus ob-

the plementary arcs, or of 86°15’, 82°

8°, eto.; and the sine of 75°, again, would give those of
the same the table of sines
twon? r divisions of the quad-
wothing farther, unless by intro-
minutes; which mmddrik.bmm the xmnetry
antage
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donloped.tho one from the other, in order, nothing could be more
tohhtbodnﬂ'uomoﬂhomomud the differ-
ences of those differences, as we have given them under the headings A’
and A” in the annexed table.

Hindu Sines, with their First and Second Differences.

E!’

Mo |mime. | & | &7 || Mo | Sme. | & ; a*
o 000 12 | 24N 10
] 215 ::: ] 13 | 2585 :45: "
3 | Mo L, 2 1 178, | 1
3| 6m| ., 3 15 | 9859 | | 19 1]
4| 6| 28] 4] r6 |age| 2| 3
5 | 1105 st0 5 17 | 3084 o 3
6 |15 208 5 18 | iy » [ 7]
7 | 15% X ] 19 | 3256 P 4
8 |19 ’92 8 20 |3B3n 5 14
9 | 1910 l:, 8 3t | 33 » 14
10 | 3093 | 9 23 | 3409 2 15
1 | 21367 6| 23 | N 1)
19 | 243 10 4 | 3438 ?

‘With these differences before him, an acute observer could hardly fail
to notice the remarkable fact that the differences of the second order in-
crease as the sines; and that each, mf.ct,-.bo-ttho,hdl of the
conupondngm Nowhtlhownnmbowhdbyo,a,
¢, ", ¢", ¢ and o0 on; and let g equal g}y, or 5 ; let the first diffor

ences bo da8—0, d'==t/ =3, d''=¢'' =0/, d'"'=2¢'" =2, oto. The sec-
onddiﬁuuouwﬂl be: —ogmd’'~d, 0’,-" -d', 0" =d"-d"
olc. These last expressions give

& md —og =e—-n

& md —dgme—og—dyg

P'md' = 'gma~og - 0t'g - o''q ole.

wleo o me 4+& =os 4o-n
Vg &= to—-0g—-dg
l":.l'+‘l'-‘ll+. ” - 'l,_ ‘l' A
and 80 on, according to the rule givea ia the text. :

‘l‘luuho ﬂ‘auoamthevdm-dthonwwmpuraw
to the sines themeelves, was probably known to the Hindus osly by ob-
servation. Had their trigonometry sufficed to demonstrate it, they might
easily have constructed a much more complete and socurate table of
sines. Wo add the demonstration givea by Delambre (Histoire de I'As-
mioAncinno,i.“e).ﬁomwhouthvhnbmuMhn
been substantially taken,

Lot @ be any arc in the series, and put 3° 43’ =u. Thea sin (¢—n),
sin e, sin (¢ 4 n), will be three succemsive terms in the series: eia
&= sin (¢~n), sad sin (¢ 4 n) —sin &, will be differences of the fint
order; and their difference, sin (& 4+ %) 4- sin (¢ — n) — Ssin ¢, will
be & difference of the second order. But ut this last expression, by virtwe




. 66 Sérya-Siddhdnta, - [ik. 27,
of the formula R sin (e =) = sine cosn == cos s sin 8, reduces to
Ssin € 008 8 - R— 2sina, or 8 9;?’-.—1 sin a. That is to say, the

socond difference is tothepodneto“hdnooﬂhmcinton
certain constant quantity, or it varies as the sine. When n equals 3° 45/,

ifferences inoreass; and it wil
Jast second difference is 16’ 16’ 48’", Apv?orﬁon :
the radius the second difference is of this value, what will it be at any
sine! or, taking the first sine as an example, 3438’ : 15’ 16" 48" :: 225
t1. Nothing can be clearer, however, than that this pretended result of
inspection is one of caloulation merely. It would be utterly impossible
to estimate by the eye the value of a difference with such accuracy, and,
were it that difference would be found very considerably removed

exact]
Th’m‘dnhﬂmﬁondthdnqhedcnhﬂon,brmm
which mmm&ofimhh Mm’bnhd (s00 Whewell's
Sciences, B. ch. iv. 8) to the Arab astron- -
omer us (al-Battdni), who flourished in the latter part of the
oo our era. It can t uestion, however,
niath of I bardly admit of question, ho y
il S s el Ty SR
3 mathematioal
&:}{Mthlnthintofdnhnmnni-
t of caloulation may aleo
come to them from that country. This cannot be asserted, however,
muoch confidence, becanse the substitution of the sines for the chords
soems 50 natural and easy, that it may well enough have been hit u

the Arabs; it is a matter for i t, a8
Y Dot Gt dn Thsemo 40 Mo Agy . 5,
no

g
|
g

hh&:&hﬁom&d&o mathematicisns, who
w
went on by degrees to form aleo tables of tangeats and co-tangents, seonnts
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In this pasmage, the sine is called jydrdha, “ half-chord ;" hereafter, .
. however, that term does not once oocur, but jyd “ chord * (literally = bow- .
" string") is itself employed, as are also its synouyms jivd, maurvikd, t0
denote the sine. The usage of Albategnius is the same. The sines of the
table are called pinda, or jydpinda, “ the quantity corresponding to the
sine.” The term used for versed dnqul&umajylm“ilvm
sine,” the column of versed sines being found by subtracting that of
sines in inverse order from radiua.
The ratio of the diameter to the circumference involved in the expres-
» sion of the value of radius by 3438’ is, as remarked above (under i. 59,
60), 1:3.14186. The commentator asserts that value to come from the
ratio 1250 : 8937, or 1 : 3.1416, and it is, in fact, the nearest whole num-
ber to the result given by that ratio. If the ratio were adopted which
bhas boeen stated above (in i. 59), of 1: /10, the value of radius would be
only 8415°. It is to be obeerved with regard to this latter ratio, that it
oould not possibly be the direct result of any actual process adopted for
asoertaining the value of the diameter from that of the circumference, or
the contrary. It was bly fixed upon by the Hindus because it
looked and sounded well, and was at the same time a sufficiently mear
approximation to the truth to be applied in cases where exactuess was
neither atainable by their methods, nor of much practical consequence ;
as in fixing the dimensions of the earth, and of the planetary orbits.
mnstuudthoop:mdmﬁondd‘:ﬂindundmdtmdy
recurring extraction of square roots in their trigonometrical processes,
vouldngnuduuggcﬁontoﬂnm,muehmouuuulll than to the
Greeks, of this artificial ratio, as vot far from the truth; their science
was just of that character to choose for some uses a relation expressed in
& maaner so simple, and of an aspect 20 systematical, evea known
toboinumWodo&ot tbouﬁoinqu:.ﬁon.d N ”
generall amoug the u astronomers, as haviag any higher
nlun’dngmﬂouuth{nthu. TG

28. The sine of greatest declination is thirteen hundred and
inety-seven; by this maultiply any siue, and divide by radius;
the arc corresponding to the result is said to be the declination.’

The greatest declination, that is to say, the inclination of the piane of
the ecliptic, is here stated to be 24°, 1397’ being the sine of that angle.
The true inclination in the year 300 of our ers, which we may assume
to have been not far from the time when the Hindu astronomy was
established, was a little less than 23° 40/, s0 that the error of the (Y
determination was then more thn!ﬂ':at&mt.it is 32/34". The
value amigned by Ptolemy (Byntaxis, i) to the inclination was betweon
23° 50/ and 23° 52 30”; aa error, s compared with its true value in
the time of Hipparchus, of only about 7.

The second of the verse gives, in the usual vague and elliptical

of the treatise, the rule for finding the declination of any givea

point in the ecliptic. 'We have not in this case supplied the ellipses in
Fardicimrepia oaves &‘»amw bk sy

ucing an ¢, whi was sod

hhnht:‘oeeolnwmm“km-uk anht‘::ﬁl’lpuﬁil

N

’
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10 of the next chapter. The “sine” em-

the loogitade Mﬁw&d oo the ogeine, o
» o n. ~

Tbonmadlgmwmnplnnby i mummdiﬁ

ACE represent a quadrant of the of the equatorial, and
o quadrant of that of the ecliptio, AC tho'eoﬂbo;‘r

st that point, sud SF the sine of "
s that ! v

The same result i, by our modern
try? acmsiag sin G or, n the iangls ABTL rightasgie
: sine . ; or, in the

st HdaBHemsin 8Asin 8AH.

29. Sabtract the longitude of a planet from that of its apsis
mandocos) ; 80 also, subtract it from that of its conjunction
); the remainder is its anomaly (kendra); from that is
the quadrant (pada) ; from this, the base-sine (Bhusasyd),
likewise that of the perpendicular (kos).
80. In an odd (vishama) quadraat, the base-sine is taken from
the part past, the dicular from that to come; but in an
even (yugma) q t, the base-sine (bdAujyd) is taken from
tlnpmtoeoma,mdthoporpendicuhr-dnogmmﬂmpn&
" The distance of a planet from either of its two apices of motion, or
'm‘o{mbundiﬁhdn'mrdi:zhﬁew
distance from the (mandoccs) is called meandakendra, and
oonjunction ) is flghrakendra : the Bérys-
however, nowhere has occasion to employ thess terms.

two corresponds to what in modera astronomy is called
the latter to what is known as the commutation. The
. word bendra is not of Banekrit otigin, but is the Greek xirrger; it is o
eironmsatance no less significant to meet with & Greek word thus at the

E



,mhmmh translating them, becanss, as before remarked,
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foundation of the method of calculating the true place of a planet
b';r{nuuof)'.lm t.b th:‘tohdou,:llodwlm

under i. §2), at the o theory phnehtymgcyu w
Sq)uddleumundmeee-iondthods of ocpko.‘
snomaly and commutation, it will be moti
treatise, to be reckoned always forward from the planet to aad
covjunction respectively; excepting that, in the case of Mercury aad
Venus, owing to the exchan withngmltotbongnﬁdthpl‘a
of the planet itself with of its conjunction, the commutation is
really reckoned the other way. The functions of any are being the
same with those of its megative, it makes mo d
whether the distance is measured from the to the apex (uccs), or
from the apex to the planet.

The quantities actually made use of in tiss esalculations which are te
bﬂowmﬁodunﬁeuind&omdmro‘ﬁom'
The terme employed in the text require & e
means “arm;” it is covstantly appliod, as are its symonyms dAx aad
dos, to the base of & nght-angled triangle; befi is properly

the values, as sines, of the base ! of a

triangle of which the hypothenuse is made radius : owing to the relation

to one another of the oblique an of such & they are re-
vely ao sine and cosine. We have not been to

Hindus do not scem to have conceived of the ecsine,

g
gho¥
Eig?;a
112
i
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s
?éi ;?:E
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determined by the arc A P, the arc passed over iu reckoning the anom-
aly, while AG or EM, the perpendicular-sine, or cosine, is taken from
the arc A Q, the remainin gnno(ﬁ:eq\udrmt. The same is true in
the other odd qudrnnt,ﬁ s the sine CH, or EL, comes from RC,
the of the quadrant between the nfhnet and the apeis; the cosine
CL is from its complement. But in the even quadrants, QR and 8 P,
the case is reversed ; the sives, B H, or EF, and DM, are determined by
the arcs BR and D P, the of the quadrant not included in the
awomaly, and the cosines, BF and K D, or E M, correspond to the other
P praces, of fiadiog whis pomon."'l’.of greater thaa & quad

| log W. any arc an & o
rast s to be upaoy.dnfn detenmining its siwe, i ordinarily eallad in
Hindu calculations * taking the dAuja of an arc.”

81. Divide the minutes contained in any arc by two hundred
snd twenty-five; the quotient is the number of the preceding
tabular sine (jydpi: ). Multiply the remainder by the differ-
ence of the preceding and following tabular sines, and divide
by two hundred and tmm;e-

83. The quotient thus obtained add to the tabular sine called
the preceding; the result is the required sine. The same method
hg‘r;-uﬁbedahowithrupeono e versed sines.

' Subtract from any given sine the next less tabular sine:
multiply the remainder by two hundred and twenty-five, an

divide by the difference between the next less and next greater
tabular sines; add the quotient to the uct of the serial num-
‘ber of the noxt less sine into two hundred and twenty-five: the
result is the required aro.

* The table of sines and versed sines gives only those belonging to arce
+which are multi drw;&oﬂxgt‘tvovzma%mm
ithe method of finding, by simple interpolation, the sine or versed sine

of the arcs to which the sines belong, but as com

. of the sines themsslves in their order Tbodueonummg
%) gdmowmd,utbodt&,hlul’: the difference con
it and the next sine is 908, Now a proportion is made: if,
ot this point in the &R addition of 238/ to the arc causes an
fncrease in the sine , what inérease will be caused by an addition
to the are of 90’: that is to say, 335 : 905 : : 90 : 82. Upon adding the
lﬂw,b&odﬂldﬂq&oml 97, is the sine of the given

o otated in verse 38. The; value, it may be remarked, of

sine of 24°, is 130030, ! :

-
\
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The extreme concissness aimed st in the phraseology of the text, and
not unfrequently carried by it beyond the limit of distinctness, or even
of intellignbility, is well illustrated by verse 33, which, literally trane-
lated, thus: “hving subtracted the sine, the remainder, multi- -
plied by 228, divided by its difference, having added to the product of
the number and 225, it is called the arc.” In verse 31, also, the.
im t word “remainder” is not found in the text. .
. for this passage would seem to be immediately after

the table of sines and versed sines: it is not to see why verses -
28-30 should have been inserted between, or i why the subject of
the inclination of the ecliptic is introduced at all in this part of the
chapter, as no use is made of it for a long time to come.

84. The degrees of the sun's epicycle of the apsis (manda-
paridhs) are fourteen, of that of the moon, thirty-two, at the end
of the even quadrants; and at the end of the odd quadrants,

are twenty minutes less for botb.

. At the end of the even quadrants, they are seventy-five,
thirty, thirty-three, tw.el;a, tflt:.rty-nine; at the g Sz;)h they are
seventy-two, twen t, thirty-two, eleven, farty-eight,

86. orllmgd‘ﬁonn;’f:nbu,thodegmohbepi-
oycle of the conjunction ) are, at the end of the evea

uadrants, two hundred thirty-five, one bundred and thirty-
seventy, two hundred and sixty-two, thirty-nine;

87. At the end of the odd quadrants, they are stated to be
two hundred and thirty-two, one hundred and thirty-
soventy-two, two hundred and sixty, and forty, as made use
in the ion for the conjunction (| ).

88. Multiply the base-sine (bhwjajyd) by the difference of the
epicycles at the odd and even quadrants, and divide by radius -
(trijyd); the result, lied to the even epicycle (vriia), and
additive (dkana) or su ive (rna), acoording as this is less or
-greater than the odd, gives the corrected (sphufa) epicycle.

The corrections of the mean longitudes of the planets for the die-
tarbing effect of the apsis (mandoccs) and conjunction (ciphreccs)
each—that is to say, for the effect of the ellipticity of their orbits, and
for that of the NWMJNM' of the earth in its

: u

8

.



o2 Strya-Siddhdnia, (. 88~
of the week, vis, Nars, Mercury, Jupiter, Venus, and Saturn (see
nder i, 51, 52). The nnn:sxedpublo gives the dimensions of

the epicycles, both their circumferences, which are nted directly

zthbﬂ.uddneirndii,whiehwohn calcul after the method
this SiddbAnts, assuming the radius of the orbit to be 3438

Dimensions of the Epicycles of the Planets.
l'lq-lodlh.:‘pln Epleysle of the conjonction
o 2

a4 even quad .
olcs. | nd elre. rod, olee. | red olre. | nd

Plaset,

Sen, 14° | 13790 | 13°407 | 130’53 | coee | creeene eees | eeennes
Mosa, 32° | 30560 | 31° 40/ | 302’4 | oo | coennnns veve | sueenes
Merewy, 8° 30740 | 133° | 1370".15 | 132° | 126060
Veaws, | 13° | uid'bo | 11® 105.05 | 262° | 2507".10 | 260° | 348%.00
Mars, 75° | 216.35 | 72® 68760 | 235° | 2244".35 | 232° | 231560

33° | i¥as5 | 32® 305'60 | 70°| 66050 | 92° | 687.60
Satura, | 49° | 46795 | @° 45940 | 39° | 37245 | 4o° | 382.00

A remarkable peculiarity of the Hindu system is that the epicycles
are supposed to contract J:yeir dimensions as they leave the npaismgtho
junction ively (excepting in the case of the epicycles of the
:;uoﬁn of Jupiter and Satarn, which expand instead of contracting),
becoming smallest at the quadrature, then again expanding till the lower
apsis, or i is reachod, and decreasing and increasing in like
manner in the other half of the orbit; the rate of increase diminu-
the sine of the distance from the apsis, or conjunction.
iv:ra. 38, forlilding fo?n:l :tdm dim&ndom kthe cpi-
at any orbit, Itis upon the sim|

ﬁ.: a ud!:,h:b of the distance at wh?c.ia the dimgnng'o:pz:r
the amouut of diminution 'S.or of increase) at

of the given distance to the i

dimination (or increase) ; ﬂlosgzliedb- of the correction thus obtai
to the dimensions of the epioycle at the apsis, or conjunction, gives the
Wo&':ll.mmﬁnhconbthonbjmdth’uehmhthodima-

qundtoduohﬁoepncyele.’ paridhi, means si

© circumforence, w“dnh;"hhthowhiehinuedehowh:l?z

this treatise for the circumference of the earth, ete. In a single instance,
we have vrits instead of paridhi; its signification is the

g
;
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away from its mean place by the distarbi inloence of he apuin. In
ern phraseol h'nu{hdtboﬂmi:gudity,duw&o ipticity

of the orbit; or, the equation of the centre,

Figure 3, upon the next page, will serve to illustrate the method of

the process.

Let A MM’P represent a of the orbit of auy planet, which is
supposed to be a true circle, having E, the earth, for its centre. Along
this orbit the planet would move, in the direction indicated by the
arrow, from A through M and M’ to P, and %0 on, with aa equable
motion, were it not for the attraction of the beings situated at the apsis
(mandoccs) and conjunction (sfghroces) ively. The gemeral mode
ofneﬁondthmtdnglbubmexpluudabou,uduvml-i
of this chapter: we have now to sscertain the amount of the disturb-

'l‘hemod devised is that of an mdqnpolthodmmcf
which the planet revolves with an eq
epicycle traverses the orbit with a velocity equal to that of the planet's
mean motion, baving always a position coincident with the mean place
of the planet. At present, we vohdooalywithtbooqi{{dcvhieh
ts the disturbing effect of the apsis (mandoces). period of
the et’s revolution about the centre of the epicycle is the time
which it takes the latter to make the circuit of the orbit from the apsis

case of all the planets excepting the moon, since their apsides are re-
by the %indu u“mury(m above, under i. 41-44): the
moon’s apsis, however, has a forward motion of more than 40°in a
ear; hence the moon's anomalistic revolution is nz K:nq)dﬂ
ger than ite sidereal, being 274 13% 18, The arc cpcyd{
traversed by the planet at any mean point in its revolution is accord-
y always equal to the arc of the orbit intercepted between that
poiut and the apsis, of to the mean anomaly, when the latter is reckoned,
in the usual manner, from the apsis forward to the planet. Thus, in the

su A o be the of the a 'mandocea, the apoges of
s g ol e o s el e i oy r

opposite point (perigee, or perihelion ; it has in this treatise no distinet-
ive mef? let M and M’ be two mean positions of the planet, or
actual positions of the centre of the epicycle; the lesser drawa

about four points ¢t the : thie is made, in the
ur points represent the epicycle » m

phnu’l‘mnuintho icycle is at @ ; as the centre advances to M, M’,
, the planet moves in the opposite direction, to m, ', and », the
arc «'m being oaultoAl.c".’toAl’,uda"ptoAP. Itis as if
while the axis Ee revolves about E, the part of it Ae remained cen-
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all cases small, m » may without any considcrable error be assumed to
be equal to 0 g, which is the sine of the arc oM, the equation: this
assumption is accordingly made, and the conversion of m n, as sine, iste
its corresponding arc, gives the equation required. ’

The same explanation :Krliu to the position of the planet at M': «*
m', the equivalent of A M M’ is here the arc of the epicycle traversed ;
m’ o, its sine, is calculated from N’B’, as before, and is assumed to
equal o ¢/, the sine of the equation o/ N’.

To give a farthor and practical illustration of the process, we will
& to calculate the equation of the apsis for the moon, at the time

r which ber mean place has been found in the notes to the last chap-
ter, vix, tho 1st of January, 1860, midnight, at Washington.

Mooa's mean longitads, midnight, at Ujjayiat (L 53), 19 15° 3¥ 34"

add the equation for difference of meridian (depdntarephels),

oc for her motion between miduight at Ujj.and Wash. (L 00,061 § > 35 7.
Moon's mean longitude at required lime, 11 30 59
Loogitude of moon's apsis, midnight, at Ujjayiat (L. 53), 10 9 42 %6

add for difference of meridian, as above, 2 5
Loogitude of moon's apais at required time, 10 9 45 6

deduct moon’s mean longitude (il 29), 1120 S9
Mooa's mean anomaly (wendakendre), 10 18 48 18

The anomaly being reckoned forward on the orbit from the plamet,
the position thus found for the moon relative to the apais is, vearly
enough for purposes of illustration, represented by M in the figure. By
the rule given above, in verse 30, the base-sive (SAvjmjyd)—since the

uom:l‘yu in the fourth, an even.qudnn&—il to be taken from the
part of the quadrant not included in the anomaly, or A M; the per-
nndienlnnino (kotijyd) is that corresponding to its complement, or .
D. Thatis to say:
From the anemaly, 100 18° 48 157
deduct three quadrants, 9
remaing the are M D, 118 46 8
take this from & quadrant, 3
remaine the arc A M, TN

And by the method already illnstrated under verses 31, 32, the sine
corresponding to the latter arc, which is the base-sine (8Awjwjd), or the
sine of mean anomaly, M B, is found to be 2266/; that from M D, which
is NF, or EB, tho perpendicularsine (kofijyd), or cosine of mean
anomaly, is 2585'..

The next point is to find the true size of the epicycle at M. E‘y
verse 34, the contraction of its circumference amonnts at D to 207;
hence, according to the rule in versc 38, we make the proportiom, sin
AD:20::sin AN :diminution at M; or,

3438:20::2266:13
Deducting from 32°, the circomference of the cpicycle at A, the amoust
of diminution thus ascertained, we have 31° 47 as its dimensions at M.
9
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Onoce more, by verse 39, wo make the proportion, cire. of orbit : cire.

of epicycle:: MB:mn; or,
360° : 31° 47’ :: 2266 : 200

The value, then, of mn, the result from the base-sine (dAsjajydphale),
i 800’; which, as mn is assumed to equal ¢ ¢, is the n‘nooftheegu-
tion. Being less than 225/, its arc (see the table of sives, above) is of
the sameo valuo: 3° 20, acoordingly, is the moon’s equation of the apsis
ménda phala) at the given time: the figure shows it to be subtractive
rna), as the rule in verse 45 also declares it.: Henoe, from the

Mocn's mean Jongitude, lll:o’.'a’",

dodest the equation, . 3w
Mosa's true longitude, RINAR 3

‘Wo prosent below, in a briefer form, the results of a similar calculs-
tion mode for the sun, at the same time. '

Sun's mesn longitude, midaight, at Ujjayiel (L §3), . ”17° 48t g
add for difference of meridiaa (L 60, 61), B - Y
Sun's mean longitade at required timse, 0 818 1313
Longitude of sun's apels (L 41), -2°17 17. 34
Sun's mean anomaly (il. 89), S 411
subtract from two quadrants (il 90), 6 .
Base-sine (bhoyaipdf L
Dimensioas of epicyele (il 88), (7 .
Result from base-sine (Meyjejydphals), or sine of equation (iL. 89), ¥y
Equation (ménds phels, i 45), +
Sun's tree Jongitede, % 18° 1%

In making these caleulations, we bave neglected the seconds, rejecti
the fraction of a minute, or counting it as a minute, .eeovdinguit -"3
Jess or greater than a half. For, considering that this method s followed
fa the table of sines, which lies at the foundation of the whole
aad considering that the sine of the arc in the epicycle is assumed to be
oqual to that of the equation, it would evidently be a waste of labor, and
an sffectation of an exactness greater than the process contemplates, or
than its method renders practicable, to carry into seconds the data

stated below, in verse 43, the equation thus found is the only one
required in determining the true longitude of the sun and of the moon:
in the eaee of the other however, of which the apparent place is
affected by the motion thour&.nmueblongwndmonm&l.w
fs necessary,-of which the commenoes with the next

The method of makisg the onlculation of the equation of
the sun and moon is illustrated by the annexed figure

E, A, M, ¢, s, and o, correspond with those simi-
marked ia the lest figure (Fig. 3). The ocemtre of the ecomtrie
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circle is at ¢, and E¢, which equals A e, is the eccentricity, which is given.
Join em ; the angle mea equals ME A, the mean anomaly, sad Em ¢
equals M Eo, theequation. Extend . .
m ¢ to d, where it meets Ed, s per- Fig. &.
Rudieululetfdl upon it from E. " '

en, in the right-angled triangle
Eed, the side E¢ the
—since Eed equals mea—are
given, to find the other sides, ed |
and dE.  Add ¢d to ¢m, the ra-
dius; add the square of the sum
to that of Ed; the square root
oftdnir:‘li:; isEm: thenéin the
right-an triangle mEd, all
the n'dulndthoglghunghm L
given, to find the angie Em ¢, the

ﬂlm .

This process is equivalent to a transfer of the epicycle from M to E;

fEr:mmm. the r:sqé::m the MI;: (::-‘);/yl“};al:.)‘, ;:d dethat

pmndicn ine (kotijydphala), a e angle of ¢ uation
is found in the same mur(:,‘;{l sine, u,h‘oundintboﬂind:qm
next to be explained ; while, in that which we have been considering, Ed
fs assumed to be toec.

Ptolemy aleo to the moon's orbit an epicycle, to account for ber
second ins?ulity. the evection, the discovery of which does him s0 much
bonor. this inequality the Hindus take no notice. -

40. The result from the ndicular-sine (kotiphale) of the
distance from the oonjunotiogei?:o be added to ra iué:heo the
distanoe (kendra) is in the half-orbit beginning with Capricorn;
but when in that beginning with Cancer, the result from the
perpendicular-sine is to be subtracted.

41. To the square of this sum or difference add the square of
the result from the base-sine (b6huphala); the squarc root of
their sum is the hypothenuse (karpa) called variable (cala).
Multiply the result gom the base-sine by radius, and divide by
the vanable hypothenuse : T

42. The arc corresponding to the quotient is, in minutes, ete.,
the equation of the conjunction (pdighrya phala); it is employed
n the first and in the fourth process of correction (karman) for
Mars and the other planets.

The process prescribed by this passage is essentially the same with that
explained and illustrated I’mder the preceding vene{ the only diffcrence
being that here the sine of the required equation, instead of being
assumed equal to that of the aro traversed by the planet in the epicycle,
is obtained K calculation from it. The annexed figure (Fig. 5) will ex-
hibit the rsued. :

'l\ol?uanm CN N’ O, represents, as before, the orbit in which
any one of the planets, as aleo the being at its conjunction (sighroccs) are

e e
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Suppose, now, the mean place of the planet, relative to its conjunction
(ﬂ,gm&ntc.bbou)l:iuphccintboepicyeloiantn,uﬁrfnn

, in either direction, as M from C. The arc oftlaotpieﬁl:alnuly
teaversed is indicated in this Sigure, as in Fig. 3, by the heavier line.
Draw Em, cutting the orbit in o; then o is the planet’s true place, and
oM ia tho equation, or the amount of removal from the mean place by
the attraction of the being at C.

The sine and cosine of the distance from the conjunction, the dimen- -

sions of the epicycle, and the value of the correspondents in the epi

to the sine and cosine, are found as in the ing process. Add s M,
the result from the cosine (kotijydphela), to M E, tho radius: the result
is the perpendicular, En, of the triangle Enm. To the square of En
add that of the base am, the result from the sine (uvjcj;g

square root of the sum is the line Em, the hypothenuse: it is termed
variable hypothenuse (cale karsa) from its constantly elnngng its
length. We bave now the two similar triangles Emn and Eog, &
vomparison of the corresponding parts of which gives us the proportion
Em:mn::Eoe:og; that ks to say, o g, which is the sine of the equation
oM, equalis the product of Eo, the radius, into m n, the result from the
base-sine, divided by tho variable hypothenuse, Em.

When the planet's mean place 1s in the quadrant D O, as at M’, the
result from tbmndiculwoim (kotijyéphala), or M’ w’, is subtracted
from radius, the remainder, En’, is employed as before to find the
valuo of Em’, the variable h use : the comparison of the
similar triangles Em’n’ and Eo’g’ gives o'g’, the sine of the equation,
o' M’

It is obvious that when the mean distance of a planet from its conjuno-
tion is less than a quadrant in either direction, as at M, the base En is

er than radins; when that distance is more than a quadrant, as at

', the base En’ is leas than radius: the cosine is to be added to radine

in the one case, and subtracted from it in the other. This is the mean- -

ing of the rule in verse 40: compare the notes to i. 58 and ii. 30.

In illurtration of the we will calculate the equation of the
conjanction of Mercu the given time, or for midnight precediag
January lst, 1860, at Washington.

8inco the Hindu system, like the Greek, interchanges in the case of the
two inferior planets the motion and place of the planet itself and of the
sun, giving to the former as its mean motion that which is the mesa
apparent motion of the sun, and assiguing to the conjunction (sfghroccs)
s revolution which is actually that of the plaset in its orbit, the mean
position of Mercury at the given time is that found above (under v. 39)
to be that of the sun at the sawe time, while to find that of its conjunc-
tion we bave to add the equation for difference of meridian (depdatare-
Phala, i. 80, 61), to the longitude given under i. 53 e that of the planet.

Longitude of Mercury's conjunction (cighresss), mideight, at Ujjayind, 4° 15° 13’ 8"

add for difference of s 44 4
Leagitode of conjunction at required time, 416 57
Meaa longitude of Mercury, 8 18 13 93

Meaa commuintion (righratmdrs,), 78 4 9

s the
M)m'




Strya-Siddhdnta, [t. 43-

pdbolo(lmwv{wuhnhmbﬂummumd
very vearly that of M', in Fig. 6. Tlumwhi’daddummulbo
Aﬂaqul). OH’ je 58° 44', while M'D, its complement,
whi tbopqnndmhrdu(h(y‘)hhku,iﬂ‘u' The
eurqondugdnq M'B’ and M'G, m”ae'nd l'lM'luseeﬂ y

“.‘l'bo l«uryinondegmle.nDtbu

rgg? 3

3438:60:: 2938: 51
51’ as the diminution at M': tlneimmﬁnneooftbocpqhdl,
s 13800, ‘l‘htwopmpotﬁou
360°:239° ¢::2938:1078, aad 360°:132° ¢/ :: 1784 : 655,

give ws the valee of m’n’ as 1078', and that of »' M’ as 6556’. The
mmwngmthn&mndh.thnnimn‘u,wia&o
halforbit beginming with Cancer, the fourth sign, »’M’1e to be sub-
lnuulgou M’, or radive, 3438'; tllonnllndor 2783', is the perpen-
dicnler En’, -

Te the square of En’, 7.745089
add the equare of »’w/, © 1,163,084
of their cum, 8,907,073
the equare reok, 2984

is the variable hypothenuse cala karga), Ewm'. 'l'boeonpuinnoﬂh
trisngies En'n’ and Eo'y’ mthopvog'wﬁonku :w'n's:Ed: oy, or
2984 : 1078 :: 3438 ; 1342
hovulnofdf.{odnoﬂbo equation, is sccordingly 1242': the cor-
nTud ﬁmndbylhopvmpmmbodinvmutobo
81 ll'. shows the equation to be subtractive.
hthomlho“boealcuhmdtboqu-

ﬂuo‘theujluﬁon(mm)bnhﬁnplm
MfﬁcMMﬁrﬂmyWMqu'thth

133 1070
260 13, 3226
1 sJa l 3303
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il. 45.] Translation and Notes. 1.

44. To the mean place of the planet apply half the equation
of the conjunction (¢ighraphala), hkewise balf the equation of the
apsis; to the mean place of the planet apply the whole equation
of the apsis (mandaphala), and also that of the conjunction.

45. In the case of all the planets, and both in the process of
correction for the conjunction and in that for the apsis, the equa-
tion is additive (dham&:hen the distance (kendra) is in the half-
orbit beginning with Aries; subtractive (rna), when'in the half-
orbit beginning with Libra.

The rule contained in the last verse is a geveral one, a; to all
the processes of calculation of the equations of lueo.n!l;z:u‘dmdy
been anticipated by us above. lumu:'i:}i, when the anomaly,

mandakendra), or commutation (gighrakendra), reckoned always forward
the planet to the apsis or conjunction, is less than six sigms, the
equation of is additive; when the former is more than six si
the equation is subtractive. The reason is ruade clear by the figures given
above, and by the explanations uuder verses 1-5 of this chapter.

It should have been mentioned above, under verse 29, where the word

kendra was first introduced, that, as employed in this senee by the Hin-

dus, it ignifies the position (see note to i. 53) of the “ centre”
of the e{n?&?o—’-%?ch eoinei\;:“vith the mean place of the planet itsell
—relative to the apsis or conjunction respectively. In the text of the
Sarys-Siddhanta it is used only with this signification : the commentary
em&on-iuho to designate the centre of any circle.

ince the sun and moon bave but a single inequality, according to the
Hiodu system, the calculation of their true places is sim emy.
‘With the other planets the case is different, on account of the existence
of two causes of disturbance in their orbits, and the consequent necessit
bothofspﬂyingtwo i ondsl.oofullowingfwt.becﬂ'eetofuc{
cause in iniug the equation due to the other. For, to the appre-
b quations fom the mcea plce ofthe lane; o, again 10 caclal
two mean 3 nor, again, to calculate
either of the two from the mean phca.md,buing:g“iedit,h take
the new position thus found ae a basis from which to Iate the other
since the planet is virtually drawa away from its mean place by
divinity at either apex (uoca) before it is submitted to the action of the
other. The method adopted in this Siddbinta of balancing the two
jnfluences, and arriving at their !oint effect upon the planet, is stated in

£

verses 43 and 44. ' The p! of the text is not entirely explicit,
and would bear, if taken alone, & iﬂ‘mtintmlﬁoufm at which
the commentary puts upon it, and which the to be given later show
tobei:tg:mh ;thbiluo?l:;:c: first calculate from the mean
place planet uation conjunction, aud s, the balf
nw?‘o&unphe:.;.:ﬁvmtbo f;tfion,mrb.obuino&f;’hmtbo
apeis, it to i a8 alread
hi nzr'lndmmdn::fmofﬁo 4 '




(] Strya-Siddhdnta, [ii. 48.

‘We bave calculated by this method the true places of the five planets,
- and present the results of the processes in the following tables. Those
of the first procese have been already given under the preceding pas-
sage: the application of half the equations there found to the mean
longitude gives us the longitude onoe equated as s besis for the mext

m
Results of the Second Process for finding the Trus Places of the Planets.

L Pl e ool I vmornl Rl g o v
{ B} ] 9 o . wlg o . . . . L[] . P
Morewry, |8 28 511 1568 5)--
Veaus, 9331:;53:;';1:3; ’“l :?40 +:,;'
Mars, 610 11410 240|10 0 3| 2977 |72 34| ~10 3
Juplter, [2365915213219[ 23423|3420(32 0|45 5
Saturs, 3322 1|{738334]| 4 4372029 (B8 11|+62
Again, the application of half these equations to the longitudes as
mquhdhmbbumdnufonhol:?rdpmm Thelon%.itnd-of

Results of the Third Process for finding the Trus Placss of the Planets.

Plasot. Lotgitede. | Asomely. sy m of Apole.
Ld [ 18 o . 0 i) . ¢
Moroury, 8 6 XM 3 54| 15 -
Veaus, 9|$l;tlu'0;::zl;+;:;
Mars, 6 3 oj0 5 3| W4 |7 B3 -z 3o
Jupiter, 3 :g 30| 2 31 52 3403 |32 1|45 4
Saturn, 3 st 4 1 27) 2932 |48 9|46 B3
The origisal mean longitudes are now corrected by the results of the
third process, to obtain a position from which shall be once more calou-
lated the equation of the conjunction; and the application of this to the
m-ﬁaﬁmumu.mwwommam
Rosults of the Fourth Process for finding the Trus Places of the Planets.
Eeonted Roouk [Rasuh [y rr
Pl L.u"‘_"“*l".u‘fl%l.*,m Hrrois | 7o, | Lomgnte
.;l'ﬁl.! ; .o'ﬂ . lsa '0 II.OI 6'|6 30;9 -;na'o ;;4.';1
enus, [0 18 36|2 3 14 260 13| 3218 {1118 | 5067 | 435 59| 9 14 35
515 1|3 31330133 of 3313 134 | 3984 | 433 44| 6 18 45
|3 1 6{317 9 70 97| 150| 656 | 2786 |+ 3 5|3 4
) 338 45431 38)0141| 39 37| 236| 28| MSe |+ 417|4 1 9
‘We cannot furnish a com of the Hindu determinations of the
tree places of the wthnwnleﬁmuMndz
mndul until after the subject of the latitude has been

1
f
;
i
;
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ii. 45 Translation and Nodes. (]

that, hampered by false assumptions, aad imperfectly provided with
instruments, they were able to construct a science -containing so much
of truth, and serving as a secure basis for the improvements of after
time: whether we pay the same tribute to the genius of the Hiadu will
depend upon whether we consider him also, like all the rest of the world,
to bave been the pupil of the Greek in astronomical science, or whether
wo sball believe him to have arrived independently at a system so
closely the counterpart of that of the West.

The differences between the two systems are much less fundamental
and important. The assumption of a centre of equal distance different
from that of equal angular motion—and, in the case of Mercury, itself
also movable—is unknown to the Hiudus: this, however, appears to be
an jnnovation introduced into the Groek urum by Ptolemy, and wa-
known before his time; it was adopted by him, in spite of its seeming
arbitrariness, becavec it gave him results according more vesrly with hie
obeervations. The moon's evection, the diacovery of Ptolenr. s equally
wanting in the Hinda astronomy. As regards the combined application
of the eqnations of the apsis and the conjunction, the two are
likewise at variance. Ptolemy follows the truer, as well as Jhr.
method : he applics first the whole correction for the occentricity z

.orbit, obtaining as & result, in the caso of the superior planets,

et's true heliocentric place; and this he then corrects for the paral-
of the carth'’s jon. Here, too, ignorant as he was of the actual
relation between the two equations, we inay suppose him to have beea
guided by the better coincidence with obeervation of the results of his
rocesses when thus conducted. The Hindus, on the other hand, not
wing to which of the two supernatural boingl at the apeis and cen-
Jjunction should be attributed the priority of influence, concsived them
to act simultaneously, and adopted the method stated above, in verse 44,
of obtaining an average place whence their joint effect should be calen-
lated. This is the only point where they forsook the geometrical method,
and suffered their theory respecting the character of the forces produ-
cing the inequalities of motion to modify their processes and resalts.
The change of dimensions of the epicycles is also a striking peculiarity
of the Hindu system, and to ua, thos far, its most onigmatical feature.
The virtaal cffect of the alteration upon thoop:{du themaeives is to
give them a form approximating to the elli Bat, although the
epicycles of the conjunction of the inferior represcat the proper
orbits of those planets, and those of the superior the orbit of the earth,
it is_not possible to see in this alteration an unconaciows recoguition of
the principle of ellipticity, because the major axis of the quasi-sllipse—
or, in the case of Jupiter and Saturn, the minor axis—is comstantly
pointed toward the earth. Its effect upon the orbit described by the
phutigueommthoq;i:iclo of the apsis, to give to the eccentric
circle an ovoid shape, flattened in the first and quadrants, balging
inthoneondudthitd:tbiuh.ooﬁruitmn,m jon to-
ward Ptolemy’s vittual orbit, a circle described about & ceatre distant
from the carth’s place by only half the equivalent of the radius of the
Hiodu epicycle (the circle A'P in SIRC): bat the -ipnmmﬁu
soems too distant to farnish axy hint of an explsaatica. A diminstion
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dﬁ‘qﬁeydolh‘mlmex:nd' diminution of the equation,
m:ozl-um'lm ':gﬁoninmw-oﬁn,udhck-
w, is additive: but we hardly feel justified in min&ﬂm
be od as an empirical correction, applied to make the re-
more nearly with those of observation, becanse
o relation which we have been able to

&;f%:
i
th
Eh‘*
-] ;r

¢

i}

1

1

apprecisble importance. We are com

of this difficulty, if it shall prove solnble, to later
more extended comparison of the different text-
ical science.

the aumerical value of the elements adopted by the two
mutaal relation, and their respective relations to the true
science, are exbibited in the annexed
the comparative dimensions of the
the radius of each in terms of that of

it
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’s orbit. In the case of Mercury and Venun, this is

3ﬁ0m«ﬁcﬂhdm.ﬁeyelo(oﬂbooonjnmn)ww
the orbit; in the case of the superior planets, by that of the radiue
dﬁou&hﬁorﬂiuﬂdﬁ:. Eor oﬂiﬁnm

was necessary to two values in every case, derived respectiv
the sad dimensions of the epicycles. Snehanlm’ndo-
dﬁtm’uuﬂgo{mmhe:nldmboowud:m
abeolute dimenslons will be found stated (s under iv. 3 and xii.

&

84). The second part of the table gives, as the fairest practicable com-

Radius of the Orbis. Jrentest Equation of the Contre.

Joven quad .u..!"ﬂ-vll"-pu':& l"""" m"“"‘-

San, 90000 | 5.0000 | 30000 | 30000 | 21031 | 3 233|185
Mesn, - soces | eoeee | coces | eeees S 24|5 1]61713
Merewsy, ol| 6| NSo| N | 4B | KN O
Venus, A8 s | Jigb| 933]| 145 3| s BV]|or s
Mos, 15139 | 1553 | 18190 | 15037 |32 32 3|01 3]0 1 B3
Juplier, * 8.1439 | 5.0000 | 53174 | 5.30s8 | 5 558 8 165 31 14
Gatarn, 93308 | 90000 | 93308 | 95389 | 739 32| 6 321636 1s
46. Multiply the daily motion (bhukti) of a planet by the sun's

result frora 52 h.o-dnz (bdhuphala), uddiv?do by the number
of minutes in o circle (Macakra) ; the result, in ininutes, spply
%0 the planet’s true place, in the same di . oeqnmn



)

iL.49] Translation and Notes.

By this rule, allowance is made for that part of the equation of time,
o{lhcdlﬂmmbotwmmudappomuduumo,wh ich is due
hthcdﬂmbotvmtho sun’s mean and true places. The instra-
cm yodb the Hindus in measuring time are described,
innﬁuondy, in the thirteenth of this work: ia
pmhbduy&ogmudﬁadowwumm'gludum,uuy

3

] hwhm&up-?otbu. parent time alone is re-
poc/ ovllthomnoudmthoe?i-
noetulmmadolmthoechpuc.thomwulbotvnnbomd i
mean and his true place across the meridian would be the same part of
8 day, as the difference of the two places is of a circle: beace the pro-
portion upon which the rule in the text is founded : as the sumber of
mmhsuldnbtothuntbomoequbon(vhwh is the same
with his “result from the base-sine:” m.bove.v”),nutbowlnh
daily motion of any planet to its motion during the interval. Aad
nne.,whudum isin -dvueoofb-tnnyhu,ho comes later to
the meridian, the moving on during the interval, sad the reverss,
the result is ve to the planet's place, or subtractive from it, accord-

the sun's equation is additive or subtractive.
of difference between truo snd apparent time, the
Mmhmd?mtdmmdmdtmhvhﬂ
the thoee of the mnoehd,vhnhuythom

o
¢
§

Atmmbtw:whwoh‘;:mﬁmh the true leoh(
SUR 18 80 DEAr pengee, \ ) uation
ndl,thﬂitmdmmrynomdnﬂuﬁo:qdm
g’m:mﬁomnmmbuumdlﬁuholdsmddmn‘
interval betwoen mean sod spparent midnight.
By bAukti, as used in this verse, we are to understand, of course, sot
mean, but the actual, daily motion of the ¢ the commentary
the word this interpretation. How the actual rate of motien

7. From the mean daily motion of the moon subtract the
duly mohon of its apsis (ﬂumda), and, having treated the differ-
ence in emnwm by the next rule, apply the result,

ve eq\uuon, to the duly motion.
The equation of a planet's daily motion is to be calculated
hkothesln ace of the hneun the process for the apsis: multi-
ply the ily motion by the difference of tabular sines corre-
to the base-sine (dorjyd) of anomaly, and then divide
bytwo undred and tweaty-five;

49, Multiply the result by the correspond of the
A ),mddlndobyaonmbe‘rmh.
rele ); the result, in minutes, is additive whea ia the

halforbit beginning with- , and subtractive when in that
beginning with Capricorn.
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Lo Translation and Nokes. 79

Moon'’s mean daily meties (L 30), . 990’ 38"
dedust daily motion of apele (L 83), : 6 &

Moon’s ssean anemalistic metien, 27 3
ho:kt.ho process of calculation of the mooa's true place, givea sbeve,
we

Moon's mesa anomaly, 190 18° 46/ 15

Bine of ancmaly (Mgigipd) . 2268
From the table of sines (ii. 15-27), we fiad -

Oserespending difference of tabular sinss, . 4
Henos the proportion

22¥: :74' 1983’ 34! : 6ol 13"

dmthbmoﬂhduo(noudyhsdayuﬁu to be
606/ 18%, Thdimndoudduopkydovmhﬂb 31° 47
Hence the

360° ;: 31° 47'::600’ 137 : 53" 31
ginuﬁodmudoquﬁuo(nobon,u“’ﬂ" By verse 40 it is

anomal
from the

Mooca’s mean daily metion, ' 9907 357
subtrest the equatien, 8 %
Moon’s tree dally metien a given time, M 4

The roughness of the process is well illustrated tlhm-plo.
Had the sine of anomaly mmrwmﬂm

mldhnbonw’lqudthooquﬁonody.bmw
ctsmdthonu motion, calculated in & similar manner, js
found to be -3’ 187, sad his true motion 61/ 26,
mmw«mdmmm'ﬂhﬁmﬂc
the next following passage.

60 Snbﬁutthodﬁl moﬁo;‘:;fa ot}:u corrected for
L] motion its junction
gghm)kthenm hplyﬁomminbytbodxﬁuu::tu'_

divide b thovmsblohypotbnm cala karpa): the
mnlt is additive toytho daily motion when the ( X use is
gmurthanudm,mdmbmchv&:nhg‘%u ,:td:dbn
subtracti uation is y vot
i zmdthom motion,
retrograde (vakra) direction.
The commeatary | no demounstration of the rule by which we are
hare taught to the variation of the rate of motien of &
occasioned by the action of its conjuaction: the figure, how-
ever (Fig. 7), will illustrate the priaciple upoa which it is
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i) Transiation and Notes.

In illvstration of the rule, wo will calculate the true rate of daily
‘motion of the planet Mars, at the same time for which the previows
el S

rocess
oqu’zion Mm'ohﬂyn{oﬁubrﬁodmdﬁolpﬁum&-
the data of the third process for ascertaining his true place, is fouad s
be ~¥ 41, the difference of tabular sines beiag 131’. Accerdisgly,

4

from (he mesn daily metien of Mars (1. 84), . 3’ 207
dodust the equatien for the apals, 3 &
Mars's equated daily metien, ” &

Now, to find the equated daily sywodical motion,

from the dally motion of Marv's cenjunction (the sun), Sy o
dedust his equated daily metion, neo
Mars's equated daily aynedical metion, )

The varisble bypothenuse used in the last process for finding the tree
Place was 3084’; its excess above radius is 546°. The proportien
Ig847:548:: 30/ ¥ 1 4 18"
shows, thes, that the equation of motion due to the conjunctien at the
om time is 4’187, Bince the b use is thaa radiee—
is to say, since the planet is in the half-orbit ia which the influsnce
the conjunction is accelerative—the equation is additive. Therefore,
o Mare's equated daily meticn, o - ad
odd the equatien for the conjunstion, 40

Mare's tree daily metion at the given time, » I

In this calculstion we have followed the rule stated ia the
we sccepted the amendment of the eommestary, aad, in

8
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i85 Translation and Notes. B

The first verse gives the theory of the physical canse of the phenome-
non:itistobo‘leom ?3.&. ingm-naofdn" er,
particularly verse 8. We note here, again, the entire disavowal of the
system of epicycles as a representation of the actnal movements of the
planets. How the slackness of the cords by which each planet is
attached to, and attracted by, the supernatural boimuiu conjunction,
furnishes an explanation of its retrogradation which should commend
iteelf as satisfactory to the mind even of one who believed in the snper-
patural being and the cords, we find it very hard to see, in spite of the
explanation of the commentary: it might have been better to omit
verse 82 altogether, and to suffer the phenomenon to rest upon
simple and intelligible explanstion given at the end of the preceding
vorse, which is a true statement of its cause, expressed in terms of the
Hindu . The actnal reason of the t retrogradation i,
indeed, different in the case of the inferior and of the superior planets.
As regards the former, when they are traversing the inferior portion of
their orbits, or are nearly between the sun the earth, their helin-
centric eastward motion becomes, of course, as seen from the earth,
westward, or retrograde; by the parallax of the earth's motion.in the
same direction this apparent retrogradation is diminished, both in rate
and in mﬁnmeo,at is not prevented, because ths motion of the
inferior is more rapid than that of the earth. The ret
tion of the superior planets, on the other band, is due to the lax of
the earth’s motion in the same direction when between thews and the
sun, and is lessened by their own motion in their orbits, although pot
done away with altogether, becawse their motion is less rapid than that

4

i

- of the earth. But, in the Hindu system, the revolution of the plaset in

the epicycle of the conjunction represents in the one case the
motion of the planet, in the other, that of the earth, reversed ;
whenever its appareat amount, in & contrary direction, exceeds that of
thowmdthommdlbeqizdo—wbiehb,inthmm.
that of the earth, in the other, that of the planet itself—retrogradation

i

pianets in the order, Mars, M ,Jnﬁiuf,Vmu,ud&tun(m
above, under i. 51, 62). That is to say, Mercu 3
equated commutation, as made uso of in the fourth muforﬁndi-g
his true place (see above, under vv. 43-45), is more 144° and less
+ Veaus, when her commutation, in like manner, is between

163° and 197°; Mar, between 104° and 196°; Jupiter, between 130°
sud 230°; Saturn, between 115° and 248°. These limits omght not,
bowever, even according to the theory of this SiddbAnta, to be laid
dowa with such exactness; for the precise point at which the subtractive
e planet st epond, 1 Tore apon the varying et of hs aer

° must " ¢ varying rate 0

s affected by its eoeuuieit_v,’::mm:r v differ a little at
different times. We have net thought it worth while te calculate the
m&d&hnﬁa&qmbdnvup a comparison of the Hinda
with the Greek aad the modern Jdeterminations of the limits of retre-

-



84 ‘ Strya-Siddhdnta, [ii. 8-

gradation, since theso are dependent for their correctness upon the accu-
dmdmummd,udthepmemmplmbuhof
l&oboadn.dynﬁciwﬂyillmud.

verse

"~ The of the passage adds little to what had boen already
said, being merely & repetition, in other and less ise terms, of the
of the preceding verse, together with tho assertion of &
relation between the limits of retrogradation and the dimensions of the
respective epicycles; a relation which is only empirical, and which, ss
regards Venus and Mars, does not quite hold good. :
56. To the nodes of Mars, Saturn, and Jupiter, the equation
of tboo:}iunoﬁonino be applied, as to tho‘;’)lmeu th:gulvea
respectively; to those of Mercury and Venus, the equation of

the apsis, as found l:g‘ﬂn third prooess, in the contrary direction.
The sine of the are found by subtracting the place of the
node from that of the planet—or, in the case of Venus and
Mercury, from that of the conjunction—being multiplied by the
extreme latitude, and divided by the last hypothenuse—or, in
the case of the moon, by radius—gives the latitade (mu&pas.
68. When latitade and declination (apakrama) are of like
direction, the declination (kndnti) is increased by the latitude;
when of different direction, it is diminished by it, to find the
true (spashfa) declination: that of the sun remains as already

ffie
?‘i:
i
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34
i
§';§.

devistion in latitade from the ecliptic.
which the amount of a planet’s deviation in latitnde
io is here directed to be found is more correct than might
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found, as nearly ss the Hindus are able to find it, the true heliocentric
place of the the distance from which to the node determines, of
course, the amount of removal from the ecliptic. Instead, bowever, of
taking this distance directly, rejecting altogether the fourth equatios,
that for the lax of the earth's place, the Hindus ‘Pl’:{“" latter
both to the planet and to the node; their relative positi us remsaine
the same as if the other method bad been ado;

Thus, for instance, the position of Jupiter's vode wpon the first of
January, 1860, is found from the data already given above (see i. 41-44)
to be 20 10° 40/; bis true heliocentric longitnde, employed s a datum in
the fourth process (see p. 216), is 3¢ 1° 8’; Jupiter's heliocentric dis-
tance from the node is, accordingly, 11° 26/, Or, by the Hindu method,
the planets truo geocontric is 3% 4° 11/, and the corrected longi-
tude of its node is 20 28° 45/; the distance remaina, as before, 11° 3¢,

In the case of the inferior plancts, as the assumptions of the Hindus
respecting them were farther removed from the truth of natare, so their
meothod of finding the distance from the node is more arbitrary snd less
accurate. In their system the heliocentric position of the planet is rep-
resented by the place of its conjanction (gighra), and they had, as &
shown tbove(mim ized the fact that it was the gdistance of
the latter from the which determined the amount of deviation from
the ecliptic. Now, in ascertaining the heliocentric distance of an jnfe-
rior planet from its node, allowance needs to be made, of course, for th
effect npoa its position of the eccentricity of its orbit. But the H
equation of the apsis is no true representative of this effoct : it is calew-
lated in order to be applied to the mean place of the snm, the assumed
centre of the epi that is, of the true orbit; its value, as found, is

ntric, an appears by the table on p. 220, is widely different
its heliocentric value; and its sign is plus or minus i
its influence is to carry the planet, as seen from the earth, esstward or
westward ; while, in either case, the true heliocentric effect may be st
mﬁmbbﬁnﬁe&we&mh»aﬂuﬁmwwﬂhw
from, the node. e Hindus, however, overlooking these ities,
and having, apparently, no distinct views of the subject to guide them
to a correcter method, follow with regard to Venus and Mercury what
seeais to them tho same rule ss was employed in the case of the other
planets—they apply the equation of the apsis, the result ‘of the third
to the mean place of the conjunction ; only here, as before, by
an indirect : instead of applying it to the conjunction itself, they
apply it with a contrary sign to the nods, the effect upon the relative
position of the two bei e same.

Thua, for instance, the itade of Mercury’s conjunction at the
gimﬁmi-(m&!l()vl 57°; from this subtract 3° 2/, the equa-
tion of the apsis ndby&otbidmmdiu&. d
is 4% 14° 55’: pow deducting the longitude of the
time, which is 20°°41/, we ascertain the ’s distance from
to be 8° 34° 14°. Or, by the Hindu
S £ Sl e g T
sl mesa
tance is, a8 before, 90, 24° 14, .
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s obtained by modern science. The comparison is made in the annexed
table. As the longitudes given by the Sarya-SiddhAnta contain a con-
stant error of 2° 207, owing to the incorvect rate of precession adopted
bythot:utiu.andthoﬁlnpuidou(hem j to the equinox, we

ve, under the head of longitude, the distance of each planet from
&o Hindu equivox, and from the truo vernal equinox of Jan. 1, 1860,
The Hindu daily motions are reduced from longitude to right ascension
by the rule given in the next following verse (v. 59). The modern data
True Places and Motions of the Planeis, Jan. 1st, 1860, midnight, af

Washinglon, according to the Sirye-SiddAdnta end to Modern Science.

Tree Longitude. . Daily Metien
Paset. | Sdrys Siddblate: | Declination. l-m"m
from Sirya-

nm.'...":'.., troe eg. | e | Moderse. |28, | Moderns.
Sum, 270 4o | 276 20 | 280 5 03"03. ;3 .58. +é¢ .s 066;
Moom, 84 S4 727| 83aN.| 6 56N.| 4683 So | 4655 4
Mercury, | 355 16| 252 56 | 257 25 | 31 68.| 20 £28. |+ 3113 |+ 50 I
Venes, [305 0|302 403033521 488.|20388.|]4+925%|+8 6
Mars, 219 10| 316 S0 | 331 33 | 13 @88.]| 14 338. ]+ 2 58 |+ X 19
Jupiter, | 10436 | 113 16 | 031 34| 31 YN | 29 1N - B 21 |0 07
Saturm, (141 27|13 7| 145 | S YN 415N |~ 3 3|~ 29
The proper subjoct of the secoud chapter, the determination of the

9. Multiply the daily motion of a planet by the time of
rising of the sign in wkhich it is, and divide by eiih:en bua-
dred; the quotient add t&:rmbmotﬁ'om,tlunnm of respi-
rations in & revolution: the result is the number of respirations
in the day and night of that planet.
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88

manser of this SiddbAnts, or from transit to transit across the inferior
meridian, differs from a sidereal day : the difference is additive when the

motion of the fe direct; subtractive, when this is retrograde.
Thus, te find the length of the sun's day, or the interval betwecn two
suoosssive t transits, st the time for which his true longitude and
nte of nm:n already been ascertained. The sun's longitude, as
Mt&mmbmrw; be is aocordingly in the tenth
sign, of which the time of rising d(udcyduuo), or the equivalent in right
fs 10387, His rate of daily motion in longitude is 61’ 26~.
Heace the proportioa , :

1800’3 3935P ¢ : 61’ 36’ : 667.04

that his day differs from the true sidereal dn{“by 11V 02,04, As
his motioe is direct, the difference is additive: the length of the I:rh
ot day is therefore 60% 11V 0.04, which is Aoz:inlont to 34h 0= 8705,
08¢, it js 244 0% 3806,

mean solar time. A to the Nantical

ld-ilug:oeqth of Jupiter’s day at the same time is
fouad to be 50 87 47, or 335 §5= 30°.8; by tho Nautical Almanac, it
fs 230 g0m

60.

|

Calculate the sine and versed sine of declination: then
radius, diminished by the versed-sine, is the day-radius: it is
either south or north.

The quantitios made use of, and the prooesses preecribed, in this and
followiag may be explained and illustrated by means of the

(Fig. 8
Lat the circle Sixwﬁamwﬂhdagivupluqc
. being the oentre, the
glmoﬂbeobnrvor,
N the section of the
of hishorison—
being the south, and
N the north point—2
;\ndl’ thcunit:o::d
ts opposite t,
. .4 the nadir, P and P¥
\ § the north and south
poles, and E and E’
the points oa the me-
ridisn cut by the
oquator. Let ED be
the declination of a
planetatagiven time;
then D D’ will be the
diameter of the circle
of diurnal revolution
Mund b tul::
radius of that circle:
B D s the line which

the “day-redies” Draw DF perpeadicularto EO:
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then it is evident that BD is equal to EC diminished by EF, which is
the versod sine of ED, tho declination. .

For “radius” we bavo hitherto bad only tho term #rijyd (or its equiv-
alents, rijtvd, tribhajtvd, tribhajyd, tribhamaurvikd), literally “the sine
of three signa,” that ia, of 00°. That term, howerver, is icable only
to tho radius of a great circle, or to tabular radiue. In this verse,
accordingly, we have for “ day-radius” the word dinarydsedala, * half-
dismeter of the day;” and other expressions synonymous with this are
found used instead of it in other passages. A more frequent name for
the samo quantity in modern Ilindu sstronomy is dywjyd, *day-sine
thia, although employed by the commentary, is not found anywhere in
our text,

It is & matter for surpriso that wo do not find the day-radius declared
equal simply to the cosine (kotijyd) of declination,

In illustration of the rule, it will be-sufficient to find tho radius of the
diurnal circle described by tho sun at the timo for which his place has
been determined. His declination, Ed (Fig. 8) was foand to be 23° 41/:
of this the versed sine, EF, is, by the table given above (ii. 82-!7),
200’ ; the difference between this and radins, EC, or 3438, is 3148°,
which is the value of CF or bd, the day-radius. The declination in
this case being south, the day-radius is also south of the equator.

61. Multiply the sine of declination by the equinoctial shadow,’
and divide gy twelve; the result is the ea:&-oine kehitijyd) ;
this, maltiplied by radius and divided by the day- iuai,gl;m
the sine of the ascensional difference (cara): number of
irations due to the ascensional difference
2. Is shown by the oon:gonding arc. Add these to, and
subtract them from, the fourth part of the eorrur;:ll::&gay
and night, and the sum and remainder are, when decli »
north, the half-day and balf-night;
68. When declination is south, the reverse ; multiplied
mtwo, are the day and the night, The day and night of
asterisms (3ha) may be found in like manner, by means of
their declination, increased or diminished by their latitude.
‘We were taught in verse 59 how to find the leagth of thé eatire
of a planet at any given time; this pasmage gives ws the netbodd?t
sacertaining the length of its da; andofitsnigft,otof“pﬁoﬂh
:l:ydur'ingwhiehthophmtil and that during which it is below,
o horizon.

In order to this, it is mecessary to ascertain, for the planet in ;
its sacensional difference (carw), or the difference between its r?;hm
oblique ascension, the amount of which varies with the ination
the planet and the latitude of the observes. The method of doi i
meiamot:hn:Ihuﬂnnd' means of the last

(Fig. 8). First, tho valne of the line A B, which s callod the -
sine” (kshitijyd), s found, by comparing the two trit?luABC
CHE, which are similar, since thonln{laACde EH are
equal to the latitude of the obeerver. The trisangle C H E is represeated

A :
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constantly varying amount by which the day and night differ
&onﬂn’oqumddayndb{ightdm fﬁovlnybdayadn. The
gnomon, the equinoctial shadow, etc,, are trested of in the next chapter.

GLTheForﬁon(Moga)ofmmrim(bha)il ight hundred
minutes; of a lunar day (tiths), in like mnet,o:‘vgin bundred
and twenty. If the lougitude of a planet, in minutes, be divided
by the portion of an asterism, the result is its position in aster-
isms: by means of the daily motion are found the days, ete.
iu;l::f ecliptio is dividedh(me:al;viii) into gmm "“by
oqual amount; bence the portion o ecliptic oocupied
each asterism is 13° 20/, or 800". In order to find, accordingly, ia
which asterism, st a given time, the moon or any other of the planets
is, we have only to neeihh»ﬁ-de,uotmmdﬁo‘rm
to minutes, and divide by 800: the quotient is the num ssteriome
hvotud,ndtbomu’ndctbegthvﬂnddﬁom' in which
the planet is. The last clanse ipté

ing
planet’s true daily motion the and the to come of the
eumtmim,{ndthoqwﬁ:z‘rﬁedapnmmb-dahy
which the planet has pased, and is to pas, in that ssteristn. This in-
Wuiwﬁby&eankud&oﬂbﬂqm-‘h
btless correct.

The true longitade of the moon was fonnd above (under v. 39) to be
110 17° 39/, or 2085¢9". Dividing by 800, we find that, at the given
time, the moon is in the 87th, or ssterism, named Revatl, of which
it has traversed 8¢, and has 741’ atill to pess over. Ihddl{-oﬁu
:);ing'u‘l',ithulputtvo,nd has yot to coatinue 14 0% fov 37, in
o asterism.

The latter part of this process upon the sswmption that the
Planet’s rate of motion remasine the same during its whole contissance
ah%Admﬂnam:sﬁu.itvﬂlhnﬁuﬂ,b-:‘hhd
© processes verse 89 onward ; its inaccuracy is greatest, of ceurse,
where the moon's motion is concerned.

Respecting the lunar day ((ithi) see below, ander vetee 66.

65. From the number of minutes in the sum of the Wngitudes
of the sun and moon are found the by dividing that sum

yogas,
btbosonlo’ bﬁuof astersm. Itiply the tes
p!nm too:m(o t)llom.:nntyopb]sgxtyﬂl{nddinvil::by
. the sum of the daily motions of the two planets: the result s
the time in néqfs. -
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) the for each day, with the time of its terminstion. The
names of the twenty-seven yogas are as follows:

1. Viehkambha. 10. Gapda. 19. Parigha.
s Pritl. 11, Vyddhi. 30, Civa.

13, Dhruva, a1, Siddba,
13, Vyighita, 23, Sddhya.
14 Harshaga. 33, Qubba.
15. Vajra, 24. Qukla,
16, Siddbi 35, Brahman,
17. Vyatiphta, 26, Indra.
18. Variyss. 27. Vaidbytl,

.use in India (see Colebrooke, as above) another
enty-eight in number, baving for the most part
these, and governed by other rules in their succes-
-y&t:m the Strya-SiddbAnta :dr:uenh m bich
time in yogas corresponding to rw o
calculations have been made.
i of the moon at that time is 11° 17° 30/, that of the
18/; their sum is 8° 5° 54, or 14,754'. Dividing by 800,
cighteen yogas of the series are past, and that the current
nineteonth, Parigha, of which 354’ are past, and 446’ to
sacertain the time at which the current yoga and that
is to emd, we divide these parta respectively by 798}, the
daily motions of the sun and moon at the given time, and
uce the results to nddls : and we find that Pari
by Nl (b ”mm b 13:' ﬁm;;':hed
which this astrologi iod is is appli
, a8 d ing the period during which the “sum”
o ot ke ol e e
. It seems an en i evice °
nor & n:d‘i?uion of one, not being of
we can discover in determining the relative position, or
with which it deals, nor Iuvini:ny sssignable
with which it is attompted to be brought into
Woere there thirty yogas, instead of twenty-seven, the
Elodwonldm an artificial counterpart to the lunar day, which is
subject of the next verse; being derived from the sum, as the other
from the difference, of the of the sun and moon.

66. From the number of minutes in the longitude of the moon
diminished by that of the sun are found the lunar days (tiths),
ydividin difference by the portion (dioga) of a lunar day.
. Multiply the minutes and to come of the current lunar day
zdxty, and divide by the difference of the daily motions of
.the two planets: the result is the time in nfdfs,

The ﬂlﬂ,ulmdnl ilgul.u)m thirtieth of a lunar month,
or of the time during w ich e moon gains in longitade upon the son
a whole revol or 360°: it is, therofore, the period during which
the difference of the increment of longitude of the two planets amounts
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to 13°, or 720/, which arc, as stated in verse 64, is its portion (Bhoge).
To find the current lunsr day, we divide by this amount the whole ex-
cess of the longitude of the moon over that of the sun at the given
time; and to find the part pest and to come of the current day, we coa-
vert longitode into time in 8 manner analogous to that employed in the
case of om

Thus, to the date in lunar time of the midnight preceding the
first of January, 1860, we first deduct the longitude of the sun from that
of the moon; the remainder is 8¢ 20° 24/, or 5364': dividing by 720,
it appears that the current lunar day is the eighth, and that 324’ of its
portion are traversed, leaving 396’ to be traversed. Multiplying thess
numbers respectively by 60, and dividing by 675’ 38, the difference of
the daily motions at the time, we find that 26® 467 27 have pased sincs
- the beginning of the lunar day, and that it still bas 352 107 8 to rus.

The lunar days bave, for the most part, no distinctive names, but
those of each half month (paksha—soe above, under i 48-51) are
called first, second, third, fourth, ete., up to fourteenth, The last, or
fifteenth, of each half has, however, a special appeliation : that which
m;ll“l;du the first, the Iighthdf,endiuganlzmd%
is plurnamést, pirnimd, pirnamd, “ moon ;
;hhich closes I:L;l. m and enth‘. w:‘thdt:a e{njum' ”d the two

nets, is st “the welling together.

Each llu’rdny’- faﬂherdividen{inw two bgalvu,edlulhqt.u
appears from the next following passage.

67. The fixed (dAruva) karanas, namel , ndga, cstush-
padathethird,u(td ! na,meounm"theww
of the fourteenth day of the dark half-month.

68. After these, the karapas called movable (cara), namely
bava, eto., seven of them: each of these karapas occurs eight
"0, TLAIf the portion (Mhoga) o a lunar day is establshed

X e portion a lunar is i ]
tlutofthekuu;’:s.... d

Of the eleven Zeranas, four occur enly once in the lunar moath,
while the other seven are repeated each of them cight times to £l out
the remainder of the month. Their names, and aumbers of the
half lunar days to which each is applied, are preseated below :

seb '
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. u“td"ud“ udrnpod.;qxo i:h?if‘ l”“hd“‘ ““hf::t:':
serpent, erana €s, by derivation, s
enn:"ilvlmqm it is ied to denote these divisions of the
mouth, we do not know. Nor have we found anywhere an explanation
value and use of the karanas in Hindu astronomy or
timovbiohnhvohdinminonrothor cnhhombem&-
iuho'nndcrﬂn 7 passage, in the first balf of the
duy,h,ofmne,inﬁe ftecuth karans, which is named Vish¢i.

The remaining bhalf-verse is simply a winding-up of the chapter.

09. .... Thus has been declared the corrected (sphufa) mo-
tion of the sun and the other planets.

ﬁ led the “chapter of the th §
'!:":r:'ﬁ"f'z.:. " icoring b e comostrs, o et
to mqu
& el by th s ' ey o e pepily i rcpciog

CHAPTER IIL

OF DIRECTION, PLACE, AND TIME.

Oosrawra—1-8, conelruction of the dial, and description of its parts; 7, the
. messure of amplitede; 8, of the gnomon, hypothenwss, and sbedow, any twe
being given, to find the third; 9-18, precession of the equicoxses; 13-13, the

shadow; 13-14, fo find, from the equinoctial shadow, the latitude asd
oo-latitude ; 14-17, the oun's declimation being known, to find, from a given
chadew at noon, his senith-dwtance, the latitude, and its sine and cosine ; 17, lati-
tuds being given, to find the equinoctial shedow ; 17-20, te find, from the lat-
tude and the sun's senith-distance at noom, his declioation and his true and mean
Jongitude; 20-13, latitude and declioation being given, to fiod the noon-shadow
and hypothenuse; $2-33, from the sun’s declination and the equinoctial shadow,
to find the measure of amplitade; 23-26, to find, from the equinoctial shadow
and the measure of amplitude at any given time, the base of the shadow ; $5-37,
to find the hypothenuse of the shadow whea the sun is upon the prime vertical;
$7-28, the sun’s declination and the latitude being given, to find the sine and the
mensure of amplitade ; 38-33, te find the sines of the altitade and senith-distamce
of the eum, when upoa the south-east and south-west vertical circles; 33-84, to
find the perresponding shadow aad hypotheouse; 84-86, the eun’s asconsiomal dif-
farence and the heur-angle being given, to find the sines of his altitude and senith-
distanss, and the corresponding shadow and hypothenuee ; 37-39, to fiad, by a
esntrary precess, from the shadow of a givea time, the eun's altitude and senith-
distanse, and the heur-angle ; 40-41, the latitude asd the ewn’s amplitude being
. known, to find his declimation aad ; 4148, to draw the path de-
oufbed by the extremity of the ; 4345, to find the ares of rigit aad
ohlique ascension corresponding te the several sigus of the edliptis; 46-48, the
oun’s longitude and the time being known, te find the point of the esliptic which
s upen the herissn; 49, the sun's Jongitude and the heur-angle being kaown, fo
find the point of the ecliptis which is upon the meridian; 50-51, determination
of time by means of these dota.

I
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1. On a stony surface, made water-level, or upon hard plaster,
made level, tbgo draw an even circle, of a nm equal to any
uired number of the digits (engula) of the gnomon (canku).
n%. At its centre set up the gnomon, of twelve digits of the
measure fixed upon; and where the extremity of its shadow
touches the circle in the former and after parts of the day,

8. There fixing two poiuts upon the circle, and calling them
the forenoon and afternoon points, draw midway between them,
by means of a fish-figure (tims), a north and south line.

4. Midway between the north and south directions draw, by
a fish-figure, an eait and west line: and in_like manner also, by
fish-figures (maisya) between the four cardinal directions, draw
the intermediate directions.

6. Draw a circumscribing square, by meaus of the lines goi
out from the centre; by tge digits of its base-line (bhwyjasiitre
projected upon that is any given shadow reckoned.

In this passage is described the method of construction of the Hinda
dial, if that can prorrlzbo called & dial which is without hourines,
- and does not give the time by simple inspection. It is, as will be at
once remar a horizontal dial of the simplest character, with a verti-
cal goomon. This n, whatever may be the length chosen for it,
is as divided into twelve eq nrmulleddigih(uph.
" “finger”). The ordiuary digit is one twelfth of a span (vilasti), or one
Swenty-fourth of a cubit (Aasta): if made according to this mesasurs,
then, the gnomon would be about nine inches long. btless the first
guomons were of such a length, and the rules of the gnomonic science
were constructed aocordingly, “twelve™ and “the gnomon” being used,
a3 they are used everywhere in this treatise, as convertible terms : thus
twelve digits became the unvarying conventional leagth of the staff, aad
lﬂmmhdthodm.ndmw«mm“hw
respond. How the digit was subdivided, we have nowhere any hiat.
In determining the directions, the same medmdvuu::lo ed which is
still in use; namely, that of marking the points at whi ¢ extremity
AL W et
° e gnomon; these points being, if we suppose sun'’s
declination to have remained the same during the interval, at an equal
distance upon either side from the meridian line. In order to bisect the
live joining these ﬁoillll another st right angles to it, which will be
the meridian, the Hindus draw the figure which s called here the “fish ™
(matsys or timi); that is to sy, from the two extremities of the line ia
question as centres, and with a radiuve equal to the line iteelf, arcs of
circles are described, cutting one another in two points. The lenticular
figure formed by the two arcs is the “fish;” th the points of
intersection, which are called (in the commentary) the ® mouth” and
“tail,” a line is drawn, which is the one required. The meridiag being
potat of drecioo, s 1id dows fro . by » svpettion of e ste

ts of directions, are lai itLtbys ith wme
process. A square (csluresre, “having four corners”) is thea farther
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described about the general centre, or about a circle drawn about that
centre, the eastern and western sides of which are divided into digits;
its use is, to aid in ascertaining the “base” (8Avja) of any given shadow,
which is the value of the latter when projected upon a north and south
Ene (soo below, vv, 23-25); the square is drawn, as explained by the
, in order to insure the correctness of the projection, by a
. lime strictly parallel to the east and west line. :

.d‘( O)inenbdow,nndavm’l,wﬂlmm&ﬁom

as

. The
-of the i escribed in thi

The term uodfor“gnomon"ipnm& means simply “ staff.”
1 many Placon probhi and bady whih property Sgui the vty appor

w n 0 v

site of thadow, nimely *light, radiance 3 it is dificult to see how they
should come to be used in this sense; so far as we are aware, they are
applied to n0 other shadow than that of the gnomon.

6. The east and west line is called the prime vertical (sama-
mnh); it ‘is likewise denominated the east and west hour
(wamandala) and the equinoctial circle (vishuvanmandalu).

The line drawn east and west through the base of the gnomon may
be regarded as the line of common intersection at that point of three -
circles, as being a diameter to each of the three, and as thus enti-

|

to t them all. Theeo circles are the ones which in the last
“IN’RE 8, p. 88) are shown projected in their diameters ZZ', PP,
aad B ;:?:heuh:ig,inwh' btbodizu;minum&t,iliuolf"dz
projection e L question here. ! represents the prime v
ul,wlkhhlg::mm literally “even circle:” PP’ is the
hour circle, or of declination, which passes through the east and
west poiats of the observer’s horison; it is called unmandala, * up-cir-
clo"—that is to say, the circle which in the oblique sphere is elevated ;
B , the equator, has the name of vishw or vishw

) §
opita, * of the equinoxes;” the equinoctial points themselves
beiag denominated vid:qnl,orvﬂm:l?kh may beponudond“poinl

‘The same line of the dial might be regarded as
like manner of a fourth circle, that of the horison
in the in SN: bence the commentary adds
three; it mimdh&ommaqummith
represonted by the whole circle drawa about the of the gnomon,

The specifications of this verse, especially of the latter half of it, are
dmwmnm tiee, for there hardly arises a
in which the east and west. axis of the

dial comes to be taken as standing for theee circles, or any one of them.
In drawing the base ( 'roﬂh , indeed, it does t the
v (s0s below, uader vv. 23-28); but this is

pot stated, and the name of the prime vertical (ssmamondala
eccurs in ome other passage (below, v. 26): the east and weet hour-

z
|

|

E
g._
Eg
|
1

[

cirole (unmenqais) is nowhere referred to : and the equator, as
will be seen under the mext verse, is represented on the dial,
2ot by its cast and west axie, but by the line of the equinoctial shadow.
0
‘ / 'li e N
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7. Draw likewise an east and west line through the extremity
of the equinoctial shadow (vishuvadbhd); the interval between
any given shadow and the line of the equinoctial shadow is de-
nominated the measure of amplitude (agrd).

The equinoctial shadow is defined in a subscyvent passage (vv. 12,
13); itoiz, a8 we have already bad occasion to notice (under ii. 61-63

‘the shadow cast at mid-day when the sun is at either equinox—that

to say, when he is in the plane of the equator. Now as the equator is
a circle of diurnal revolution, the line of intersection of its Pluowith
that of the borizon will be an east and west line; and since it i alsc s
great circle, that line will pass th the centre, the place of the ob-
server: if, therefore, we draw th the extremity of the equinoctial
shadow a line paraliel to the east west axis of the dial, it will repee-
sent the intersection with the dial of an equinoctial plane
through the top of the gnomon, and ia it will terminate the lines drawa
h that poi ﬁm%point of the equator; and
hence, it will i extremity of the shadow

|
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98
Eme of the equinoctial shadow, or de, d'¢, k¢, l e, m e respoctively, in
denominated the egré of that shadow or of that time. '
torm agrd we have translated “ messuro of amplitude,” becauso
im fact represent the sine of the sun's amplitade—understanding
by “amplitade” the distance of the sum at rising or setting from the
east or weet point of the horizon— uryinﬂ with the hypothenuse of the
shadow, and always maintaining to that hypothenusce the fixed ratio’of
the sine of amplitude to radive. That this i so, is assumed by the text
in its treatment of the agré, but is nowhere distinctly stated, nor is the
at the paine of doinoustrating the principle. Since, how-
ever, it is not an immediately obvious one, we will the liberty of
giving the proof of it.

In unudlgnn(ﬁg.lo)kt(}npmnﬂhobpdthcmon.
sad Jot K be any given position of the sun in the heavens, K
at right angles to the plane of the prime vertical, moeting that

Fig. 10

-

plase in IV, and Mth,sointofiuinhmﬁonwithtbo.phmofthe
gﬂwhinlﬁ. Join KC, F'C, and I’C, Then KC is radius, and
Kmul to the sive of the sun’s amplitude: for if, in the sun's
daily ution, the polut K is bronght to the horizon, E’ B’ will di
a right angle, KC I will be tho amplitude,
but, with & givon doclination, the valuo of KK re-
maine slways the same, sinco it is # lino drawn in a constant direction
between two parallel planes, that of the circle of declination and that of
the equator. Now comceive the three lines intersocting in C to be pro-
duced nutil they moot the plane of the dial in ¥, ¢, aunc &re:rcﬁuly;
these three polnts will be in the same straight line, being in the line of
with the horison of the KB'C uced, and this
¥ n{uwly , since it is the lino of interseo-
of two planes, of which is at right angles to the plane of the
¥ lies. KD’ snd &¥ are th lel,
the trisagles C &' K and C ¢ k are similar,and ¢ £ : Ck: : P K : CK.
Ck is the hypethenuse of the shadow at the given time, and ¢k is
agrd, or measure of amplitude, since ¢, by what was said above, &s
in the line of the equinostial shadow ; therefore meu.nu&l::h
shed. : :oin ampl. s R,  Honey, if the declination and the wh
fogether determine the sine of amplitude, be given, the measure of
-ﬂnlowﬂl\m'y'hhchohypﬁumdmm.udm
/ ' .

1y
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measure of amplitude of any given shadow will be to that of any other,
a3 the hypothenuse of the er to that of the latter.
The let&eting:{ the above figure is made to eormrod. aa nearly s
may be, with of the one proceding, and aleo with that of the ome
iven later, under verses 18 and 14, in either of which the relations of
e problem may be farther cxamined.
iere are other methods of proving the constancy of the ratio borme
by the measare of amplitade to the hiypothenuse of the shadow, but we
have choscn to give the one which secmed to us most likely to be that
by which tlwl l;ld:ll. ﬂlen:;lvu deduced it.  Our danlo':ltmm inin
one respect only liable to objoction as representing a llindw process—
it is founded, namely, upon the comparison of obhguo-sngled triangien,
which elsewhere in this treatiso are hardly employed at all.  8till,
althongh the Hindus bad no methods of solving probleme excepting
in right-anglod trigonometry, it is hardly to be supposed that they re-
frained from deriving proportions from the similanty of oblique-angled
triangles. The principle in question admits of being proved by meams
of right-angled tri alons, bat these would be situated in diffcrest
Why the line on the dial which thws measures the sun's amplitade is
d&ﬁoa&r‘,wﬂmh&um&uhwdw word,
a feminine adjective robably, to rekhd, *line,” understood),
literally munj:?‘u oxm:m?'eznt" ‘onibly it may be in some way
connected with the use of entyd, “final, lowest,” to designate the line
Eg or EG (Fig. 8, p. 88): see below, under v. 35. The sine of ampli-
tude itself, a C or A C (Fig. 8), is called below (vv. 27-30) agrejpd.

8. The square motofthemmoftha:z‘mdthemm
and shadow is the hypothenuse: if from the square of the latier
the square of the be subtracted, the square root of the
remainder is the w: the gnomon is by the converse
process.

This is simply an application of the familiar rule, that in a right-

triangle the equare of the hypothenuse is equal to the sum of

the squares of the other two sides, to the trmlo’ndwd by the

swmonu perpendicular, the shadow as base,

o shadow, the line drawn from the top of the gnomon to the extrem-
ity of the shadow, as hypotbenuse.

The subject next considered is that of the precession of the equinexes.

9. In an Age (yuga), the circle of the asterisms (bhs falls
back eastward thirty score of revolutions. Of the t ob-
tained after multiplying the sum of days (dymgana) by this num-
ber, and dividing by the number of nunm in an Age,

10. Take the which determines the sine, multiply it by
three, and divide by ten ; thus are found dzemauuﬂdthm
of the precession (ayana). From the longi of a planet s
ocorrected by these are to be caloulated the declination, shadow,
asocnsional difference (caradals), eto.
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11. The circle, as thus corrected, accords with its observed
place at the solstice gaytma) and at either equinox ; it has moved
eastward, when the longitude of the sun, as obtained by calcu-
Jation, is less than that derived from the shadow,

12. Bi:w number of degrees of the difference; then, turning

it has moved westward by the amount of difference, when
the calculated longitude is greater. .. .

Nodliag eoi:'ld well be ﬁ:,-n:; :;vhmd and eonfn:l:d than this mo}iodof
stating the e precession of the equinoxes, of de-
seribing its and rate, and of directing howi:quponnt at any
timse is to be found. The theory which the passage, in its present form,
fs actually iutended to put forth 1 as follows : the vernal equinox librates
watnn{ud eastward from the fixed point, near { Piscium, assumed as
the commencement of the sidereal sphero—the limits of the libratory
movement being 27° in either direction from that point, and the time
a complete revolution of libration being the six-hundredth part of
jod called the Great Age (see above, under i. 15-17), or 7200
the annual rate of motion of the equinox is 54”. We
with some care the language in which this theory is con-
important results are believed to be deducible from it.
half of verse 9 professes to teach the fandamental fact of the
precession. The words dAdndm cakram, which we have ron-
rele of the ai ” 1. e, the fixed sodiac, would admit of
ng translated “circle of the signs,” i. e, the movable sodiac, as
reckoned from the actual equinox, since dka is usod in this treatise in
either sonse. But our iuterpretation is shown to be the correct one b,
the directions qinn in verses 11 and 12, which teach that when the sun's
caleulated longitade—which is his distance from the initial point of the
sphere—is less than that derived from the shadow by the process
tanght below (vv, 17-19)—which is his distance from tho equinox
circle has moved esstward, and the contrary : it is evident, then,
the initial point of the sphere is od as thoe movable point,
the equinox as the fixed one. Now this is no less strange than in-
t with the usage of the rest of the treatise. Elsewhere I Pis-
is treated as the one established limit, from which all motion com-
at the creation, and by reference to which all motion is reckoned,
hilohmitiumndoneondnrybngointof which the position among
is constantly shifting, and which hardly has higher value than
ich the Hindu astronomy in general treats it (see p. 86).
the motion (lembats) is the same with that

- §
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guage; it means literally to “ lag, hang
here we have it farther combined with the prefix
Mg”vhkﬁmpwdwddtboﬂaofn
jon in the retrograde direction indicated by it, and we

linwm This verse, thes, contains mo hint
movement, but the distinct statement of a contin-
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circumstance is one of less significance, that the form in which the
number of revolutions is stated, tringatkriyas, “ thirty twentics,” has no
parallel in the usage of this SiddbAnta elsewhere,

We may also mention in this connection that Bhidskara, the great
Hindu astronomer of the twelfth century, declares iu his Siddhinta-
Ciromani (GolAdh,, vi. 17) that the revolutions of the equinox are given
by the Strya-SiddhAnta as thirty in an Ago (see Colebrooke, As. Res,
xii. 209, etc.; Essays, ii. 374, etc,, for s full discnssion of this pasage
* and its buringl ; thus not only ignoring the theory of libration, but

giving a very diffcrent number of revolntions from that preseated by our
text. As this latter point, howerer, the change of a single letter
in the ern reading (substituting tringatkrtves, “ thirty timea” for
tringatkriyas, “ thirty twenties”) would make it accord with Bhiskara's
statement. We shall retorn again to this subjoct.

The number of revolutions, of whatever kind they may be, being 600
in_an Age, the position st any given time of the initial point of the
sphere with reference to the equinox is found byapt:Tonion,u follows:
aa the number of days in an Age is to the number of revolutions in the
same period, so is the given “sum of days” (seo above, under i. 48-51)
to the revolutions and parts of a revolution accomplished down to the
given time. Thus, lct vs find, in illustration of the process, the amount
of precession on the first of January, 1860. Since the nmlmof{nn
ela before the beginning of the present Iron Age (keli yuss) i di-
visible by 7200, it is un to make our calculation from the com-
mencement of the present order of things: we may take the sum of
daye since the current Age began, whai' is (sco above, under i. 83)
1,811,045. Ilence the proportion

1,577/917,8384 : Goorev :: 1,811,9454 : orev 348° ¥ B9

gives us the portiou accomplished of the current revolution. Of thia
we are now directed (v. 10) to take the part which determines the sine
dos, or bhuja—for the origin and meaning of the phrasc, see above,
under ii. 29, O(;z. This direction determines the character of the motion
as li . For a motion of 91°, 92°, 03°, etc.,, gives, by it, & preces-
sion of 89°, 88° 87°, etc.; s0 that the movable point virtually returne
upon its own track, and, after moving 180°, has reverted to its starting-
pma‘. 80 its farther motion, from 180° to 270°, gives a jon in-
creasing from 0° to 90° in the opposite direction; and this,
reduced to 0° by the motion from 270° to 360°. It is as if the
and third quadrants were folded over upon the first and fourth, so
the movable point caa never, in any quadrant of its motion, be
than 90° dietant from the fixed equinox. Thus, in the inetance taken,
the duja of 248° 2’ 87.9 ia its su t, or 68° 2’ 87.0; the first
180° having culy brought the movable point back to its original posi-
tion, its present distance from that position is the excess over 180°
of the arc obtained as the result of the first process. Iut this distance
we are now farther dirocted to multiply by thres and divide by tea:
this is squivaleat to reducing it to the measure of an arc of 27°, i
doo'.utho.z.udnnol jou, since $:10::27:90, This
done, we find the actual distance of the initial point of the sphere
the equinox on the first of January, 1860, to be 20° 24’ 38%.67.

H?
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The question now arises, in.which direction is the precession, thus
ancertained, to be rockoned!? And here especially is brought to light
the awkwardness and imﬂlcienﬁy, and even the incounsistency, of the
m‘: tanght in the text. Not only havo we no rule givon which
N us the direetion, along with the amount, of the preccssional
movemont, bat it would even be a fair and strictly legitimate deduction
from versc 9, that that movcinent is taking place at the present time in
an opposite dircction from the actual one. We have alrcady remarked
above that the last complete period of libratory revolution closed with
the close of the last Drazon Age, and the process of calculation has
shown that we are now in the third quarter of a new period, and in tho
2:&:! quadrant of the curront r:;olnﬁou. l'l‘lnuekr'eforo. if the mo!l:‘:lioe:

nmndou,uhufhﬁn o text, only taking place upon s
circle, 50 as to be.made libratory, the present pon?hon of &?monbh
. meﬂhtwhbthowutofdmeqninox,inwdofw
the eant, a it ly is. It was probably on account of this unfortu-

mate flaw in the process, that no rule with to the direction was

excepting the experimental one contained in verscs 11 and 12,
which, moreover, is not properly supplementary to the ing rulea,
but rather an independent method of determining, from ol ation, both
the direction and the amount of the procession. In vorse 13, it may be
remarked, in the word dvpiya, “turning back,” is found the only distinct
fntimation (o be discovered in the passage of the character of the motion

as libratory. '

We bave already sbove (under ii. 28) hinted our suspicions that the
oltbosxneunonwnmdo no sccount of in the original
coraposition of the S84rya-S8iddbAnta, and that the notice taken of it by
. the treatise as it is at present is an afterthought: we will now procoed

huymdnmndsofthmmpm i
It 10, in the upon record (see Colebrooke, As. Res, xii. 215 ;
Igmormit o4 o igwote, the peiodial otion of the squinores; Drabree
or o periodi n e equinoxes; Brahma-
gwpts himeelf is mentioned among those whoso systems took no account
of it; it is, then, not at all impossible that the Strya-SiddhAnta, if an
may originally bave done the same. Among the positive
evidences to that effect, we would first direct attention to the significant
fact that, if the verscs at the head of this note were expunged, there
would not be found, in the whole body of the treatise besides, a single
hiat of the precession. Now it is not a little difficult to suppose that s
phenomenon of s nmm« as this, and which enters as an
cloment into s0 many processes, should, had it been borne
is mind in the framing of the treatise, have beon bid(!on away

r
(ol

|
i

mwpm;bhmidwmt,mdonlythom
“ete,” b b, Tt bas s o mdtbmupecting'i?f
- being even here presen as much more the

an sfer-thought, a found necessary at a date subsequent to
the origisal composition, and therefore ivserted, with orders to “appl
RMRQ‘W” The place where the subject bhhoduej
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looks the same way : as having to do with a revolution, as entering into
the calculation of mean longitudes, it should have found a place where
such matters are treated of, in the first chapter; and even in the accond
chapter, in connection with the rule for finding the declination, it wouhl
have been better introduced than it is here. Aguain, in the twelfth
chapter, where the orbits of the heavenly bodies are given, in terms
dependent upon their times of revolution, such an orbit is assigned to
the asterisns (v. 88) as implics a revolution once in sixty yeam: it is,
indeed, very difficult to sce what can have been intended by such a revo-
lution as this; but if tho doctrine respecting the revolution of the
asterisms given in verse  of this chapter had in the mind of the
author of the twelfth chapter, he would hardly have added another and
a couflicting statement respecting the same or a kindred phenomenon.
It appears to us even to admit of question whether the adoption by the
Hindus of the sidereal year as the unit of time does not imply s failure
to recoguize the fact that the equinox was variable. We should expeet,
at any rate, that if, at the outset, the ever-increasing discordance be-
tween the solar and the sidereal year had been fully taken into acecoust
by them, tbg would have more thoroughly established and defined the
relations of the two, and made the precession a more conspicuous feature
of their gencral system than they appear to have done. In the con-
struction of their cosmical periods they bave reckoned by sidereal
only, at the same time assuming (as, for instance, above, i. 13, 14) that
the sidoroal year is composcd of the two eyanes, * progresscs”™ of the
s from noﬂticotosolaiee. The sdpposition of an afer-corroction
likewiso secms to furnish the most satisfactory explanation of the form
given to the theory of tho procemion. The aystem laving boen first
eomtﬂwt.«dw‘l q;n the mptl‘l::: of the equality 1;:' tllw i dl and n“le-kl.,

years, when it Legan later to appear, too plainly to isroyn
that the equinox had ebmgeditsp?not,lbeqlpuﬁozwu how to intro-
duce the new clemeut. Now to amign to the cquinox a complete reve-
lution would d the wholo system, acknowledging a different num-
ber of solar from si years in the chronoloyical periods ; if, however,
a libratory motion were assumed, the equilibrium would be maintsined,
since what the solar ycar lost in one part of the revolution of libeation
it would gain in another, and 00 the tropical and sidercal years would
coincide, in wumber and in limits, in each great period. ¢ circum-
stance vhicll:udemimd the limit b;’B:ﬂ“‘fl?:d‘.oAm libration &"e
conceivo to have been, as suggested i s, p. 132
Iheudbtmadedﬂinduymhldbm&b ¥ 'P.bu "n
entered the asterism Kittikd, or was 26° 40’ west th.npoint fixed

R as the commencement of the sidereal sphere for all time (see

e, under i. 27),'on which account it was desirable to make the are
* Baie thene consderaion, Sren hom

Besides these rawn from the general history of the

Hindu astronomy, asd the position of the element of the in
the system of the 86 ta, wo have still to o blind and
i%’mguvdluugim‘x:‘nmtd Phesomence,
) exposed above. ore is to compare with it
respect in any other part of the treatise, snd we are uawilling to believe
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-, that in the original composition of the SiddbAnta a clearer explanation,
and one more consistont inltamthodmd language with those of the
treatise generally, would not have been found for the subject. We even
discover of more than one revision of the The first

i :5 what follows

with
to proof that the theory forth in the Sarya-Siddhanta was at one
ﬁ-otbudleompkhrr:tohbon. Thoum?eoneluonuuoulmle
strengthened, farther, by tbemro-bditbof deducing from verse 9,
ﬁ"ﬂ verses, & true ex
sion ﬂnm novmtstpn:n.tg' wammnox

'by,lﬂnw came from the same hand, at the same time, °
mhnbm avoided; while it is readily explain-

dn that the libratory theory of verse 10 was
u to the theory of verse 9, while at the same

dﬁohﬁumleﬂumundumd-mb:.
‘l'bcto seess, .ecordingly sufficient glon suspecting n the
SArys-Siddhiata, as onglul‘{{o 10 accouut was taken of the
; that its n is a later interpolation, and was made

ot first in the form ofnm:or{vof complete revolution, being afterward
altered to its present shape. Whother the statement of Bhdskara trul
represents the carlior y 88 dnplayod in the Sﬁqﬁ'-SuldMnu of bis
time, wo must leave an |ndounm o very slow rate

by it to the movemout of the .z:mox—only 9" a year—throws

& doubt wpon the matter: but it must bo borne in mind that, so far as

we can s00, the actual amount of the precession since about A. D. 670
* (vee nbon, under i. $7) might by that first theory have been distributed
over the whole duration oftbomtAge.de.C 3108,

In his own astronomy, Bh teaches the complete revolution
of the equinoxes, vmg "the numbor of revolutions in an /Eon (of
4,320,000,000 years) as 199,609 ; this makes the time of a smglo revo-
lution to be 21,685.8073 ymudﬂw l..r'l‘{ reccssion
8979007, It is mot to be su that he co eredbmueftoluu
determined the rate with muvonld‘iwcpmlythodd
nember of 199,869 revolutions to the LEon; the number doubtless
stands in some relation which we do Mng resent eompnhomlwﬂxa
other elements of his astronomical haskara’s own comamenta-
tors, however, ,ujeethhtlnory hold to that of a libration, which
has beon and is altogether the prevailing doctrine throughout India, and
ssoms t0 bave made its way thence into the Arabian, and even into the

l-mpul sstronomy (see Colebrooke, as above).
X may be remarked-here, altogether denies (Hind. Ast, p.
130, ) lilm&ion of the’ equinoxes is taught in the Strya-
with arrogant and unbecoming depreciation of
vaovumno & different opinion, that its theory ia that of
circumference is

i,

i

8 oontiawows revolution in an epicycle, of which the
qdblﬂ'ofth sodise. In truth, Iwwonr,Benﬂeyu wnﬁeory
derives 20 color of from the text of the Siddhbuta, and is besides
huw«l}\ It i mot a little strango that ke shonld not

1NN
"

-
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bavo perceived that, if the precession were to bo explained by a revola-
tion in an epicrcle, its rate of incrcaso would notboequlnl:’lmtutho
incremont of tho sine of tho arc in the epicycle traversed by the mova-
blo point, farther varied by the varying distance at which it would he
socn from the centre in different I:rl- of tho revolution ; and aleo that,
the dimensions of tho cpicyele being 108°, the amount of 5
would never come to equal 27°, ut would, when Emiat, | short of
18°, being determined by the radius of the epicycle. Ientley's whole

- treatment of tho passage shows a thorongh misapprohenesion of its mean-
ing and relations: ho even commits thoe blunder of understanding the
first half of verse 9 to refer to the motion of the equinox, instead of to
that of the initial point of the sidereal sphere.

Among the Grock astronomers, llipparchus is regarded as the first
who discovered tho precession of the equinoxes; their rato of inotion,
however, scems not to have been confidently determined by him,
slthough he pronounces it to be at any rate not lcas than 36" yearly.
For & thorough discusmion of tho subject of the procession in Greek
sstronomy sce Delambre’s History of Ancient Astronomy, ii. 247, ote.
From the obscrvations rcported as the data whenco Jlipparchus nunle
his discovery, Delambre deduccs vory noarly the true rate of the
sion. DPtolemy, however, was 80 unfortunato as to for the true
rate Il us's minimum, of 36’ a year: the subject is treated of by
him in the seventh book of the Syntaxis. The actnal motion of the
equinox at the present time is 507.25 ; ite rate is slowly on the increase,
baving been, at the epoch of the Greek astronomy, soinewhat less than

" 50". How the Hindus succeoded in arriving at a deternination of it so
much more accurate than was made by tho great Grock astronomer, or
whether it was anything more than s lucky hit on their part, we will
Tk Sy A
e term by whi precession is desi in this

ayandnga, “dogrecs of the eyana” The latter word is employed in
different scnses: by derivation, it means simply * going, progress,” and
it seems to have beon first introduced into tho astronomical language to
dosignate the half-revolutions of the sun, from solstice to solatice ; those
being called respectively (sco xiv. 9) the wilardyens and dakshindyans,
“porthern "ud“-outher;mn-." From this uso the word
vuhdemr:dmdntho ices themaclves, as we haye trans-
il:udbi:in ihclmh&lfofmn‘:l. In the l:lt:;t:‘-el:w'::nedn

to be employed in the com ayandngs ; ough w| nameo
of the precession should boP;:ﬁvedﬁontbowldieewe’lnuublo
clearly to see. The term ; i, “movement of the mode of
declination,” which is often met with in modern works on Hindu astrom-
omy, does not occur in the Strya-Siddhlnta,

12. ... In like manner, the equatorial shadow which is cast
at mid-day at one's place of observation

18. Upon the north and south line of the dial—that is the
equinoctial shadow (vishuvatprabid) of that place. . . .

The equinoctial sbadow has becn already sufficiently explained, in
connection with & preceding passage (above, v. 7). I this treatise it is
M

-
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onl formed by combining ono of the words for
ahdows pradrd), with wishuvat, “oquinox” (sco above,
uwnder v. 6). In Hindu u'.rouomzit is called ekshabAd,
“gshadow of "—i. e, which detormines tho latitude—and pala-
A4, of which, as weed in this sense, the meaning is obscure.

18.... Radi ultiplied rufnﬁvel by gnomon and shadow,
and divided by the equinoctial yé&u ’
14. Gives the sines of oo-latitude ( ) and of latitude
(aksha): the ocorresponding arcs are co-latitude and latitude,

always south. . . .
' nponvhi:l; tli::oll"nhl mhfonnded are illustrated
figure (Fig. :‘ieh,n ”apnviouim
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17, Is the sine of co-latitude. . ..

This passage applies to cases in which the sun is not the oquator,
but huaeorhiﬂoeliuﬁon,o(vhichtbo amount mm are
known. Then, from the shadow cast at noon, may be derived his zenith-
distance when upon the meridian, and the latitude. Thus, supposing
ﬂnnn.hm::ﬂhdeeliuﬁonED(ﬁg.ll),bbolpuﬁonuidh-,
st D: the of the gnomon will be 8 d, and the proportion

. Cd:db::CD:DB" :
mDB"". the sine of the sun’s zcnith-distance, ZD, which is found
it by the conversion of sine into arc by a rule previously given
gi.”). D in this case being south, and B ing north, their sum,

Z, is tho latitude ; if, tho declination being south, the sun were at I,

tive belonging to the lintds *mi
lb:rmm;degna" mdmm&:mnﬂoyoi;:
farther vv. 34-36), to designate hour-angile.
mm&wﬁ:’mmm)’mamb-d(mwmu{
. 17....The sine of latitude, multiplied by twelve, and divi-
ded by the sine of co-latitude, gives the equinoctial oo
That is 11
®e 11 BC:BE::Cb:de

the value of the gnomon in digits being substitated in the rule for the
gnomon itself.

=1
s
|

17. .. . The difference of the latitude of the place of observa-
tion mdﬁﬁ:ﬁa l\lldI:l muidan‘hmith-dishneo in degrees (wafa-
bhdgds), i ir direction ¢ same, or their .

18, ¥t cheir direcion be diffsrent, s the san's declination: if
the?dthhhwbomﬂggﬁed radimdindod' ::’llul::
sine of groatest declination, t, con to
mmnlongimde,ifheninthequdnntmn:;’ngm

es;

19. If in that commencing with Cancer, subtract from a half-
circle; if in that commencing with Libra, add a half-circle; if in
that commencing with Capricorn, subtract from a circle: the re-
ul;,.d‘m each case, is the true (spAxfu) longitude of the sun st
mi 2

m.'foth'niftheequﬁonoftbouplil(“ﬂ-h)bo
M’u li:d,iwith a coutrary sign, the sun's mean longi-
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This toaches how, when the Iatitude of the obscrver is
known, the sun’s declination, and his truo and moan longitudes, may bo
found by obeorving his scnith-distanco at noon. Tho scveral parts of
the procees aro all of thom tho converso of processes previously given,
and requiro no explanation. To find tho sun’s declination from his

- moridian senith-distance and the latitudo (rockonod as south, by v.‘:?,

ﬁonlogx:ahove,invom 15 and 16, is inverted ; the true longitude
is found tho doclination by the inversion of the method taught in
ii. 28, account being taken of the quadrant in which tho sun may be
acoording to the principlo of ii. 30: and finally, tho mean may be de-
rivod from the truo longitude by a method of succcssivo approximation,
quyi in revorse tho equation of tho centre, as ealmlm«f by ii. 89.
Itie ly neceasary to romark that this is a very rough proccss for
sacertaining the sun’s longitude, and could give, mi)eci.llyinthehmds

" . of Hindu rosuits only distantly approaching to accuracy.

20. . .. The sum of the latitude of the place of observation
and thd sun's declination, if their direction is the same, or, in tho
oonhzcue.theirdiﬂ‘emee,

21. Is the sun's meridian zenith-distance (naidngis); of that
find the base-sine (bahujyd) and the perpendicular-sine (l:ﬁg’v’yd).
If, then, the base-sine and radius be multiplied respectively by
the measure of the gnomon in digits,

ivi the perpendicular-sine, the results are tho
and h uso at mid-day. . . .

problem hero is to determino the length of the shadow which
oast at mid-day when the sun has a given doclination, the latitado
observer being also known. First, tho sun’s meridian zenith-dis-
found, by a procoes the converse of that taught in vorses 15 and
ocorresponding sine and cosino having becn calculated, a
pvgorﬁongimthoddmltmlt. Thus, let us supposo the sun
(Fig.11, p. 106); tho sum of his south declination, ED’,
worth latitude, EZ, gives tho zonith-distance, ZD: its sino
MAajajyd) is D’ B”, and its cosine (kotijyd) is CB”. Then
. CB»:B*D’::Cb:bd’
CB»™:CD'::Cb:Cd'
proportions, reduced to equations, give the valuo of dd’, the
shadow, and Cd, its hypothenuse. o '
" 32... 'l‘he.;ise(‘;)fm& multiplied by the %qnmoctu\l
yﬁdungn, vi e gnomon-sine (panku;ivd)
Gives, when farther n{nltipl?:d the h enuse of an
given shadow, and divide