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; INTRODUG’I‘ORY NOTE

. Soon after my entrance npon the mmslonary ﬁeld in the Maré.tha,
. country of western India, in the vear 1889, my attention was divected
 tothe preparation, in the Marathi ]anguage, of an astronomical text-

. book for schools, I was thus led to a study of the Hindu science of
_astronomy, as exhibited in the native text-books, and to an examination
of what ad been written respecting it by European scholars. I at
onee found ‘myself, on the one hand, highly interested by the sub_]e(zt‘-
’f, and, on the other, somewhat embarrassed for want of a satisfactory
it compxehehswe exhibition of the Hindu system had
been made. The Astronomie Indierme of ]3a.xﬂy, the first ex-
rk upon its subject, had long been acknowledged to be founded
; suflicient data, to contain a greatly exaggerated estimate of the =
value of the Hindu astronomy, and to have been written
11){ wrpose of sapporting an untenable theory. The aticles in the
esearches, by Davis, Colebrooke, and Bentley, which were the
as they' still remnain the most important, sources of knowledge re-
“matters with which they deal, relate only to partloular
system, of especm} prominence and interest. Bentley’s
volu Hindu astronomy is mainly decupied with an endeavor to
. ascerlain the age of the principal astronomical treatises, and the epochs
ot “,stronommﬂl discovery and progress, and is, moreover, even in these
respects, an exceedingly unsafe guide. The treatment of the subject by
‘Delambre, m hw History of Ancient Astrouomy, bemg foxmded only
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. the like; ‘ : :
-~ practical processes employed in parts of the systen

~ Tnany of the authorities already mentioned, ouly wit s
. ble.” In short, there was nothing in existénce which showed the world -
" how mich and how little the Hindus know of astronomy, as also their

y enters, as Warren’s K ,
, and bt
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but these, too, give, for the most part, har

© mode of presenting the subject in its totality, the intermixture in their

%

seience of old ideas with new, of astronomy with astrology, of observa-

tion and mathematical deduction with arbitrary theory, mythology,

cokmogony, and pure imagination. It seemed to me that nothing would

8o well sipply the deficiency as the translation and detailed explication
 of u complete treatise of Hindu astronomy: and this work I accord-

ingly undertook to execute. L i ‘
Among the different Siddhéntas, or text-books of astronomy, existing
in Iudia in the Sanskrit language, none appeared better suited to my

 purpose than the Sarya-Siddhinta, That it is one of ‘the most highly

 esteemed, best known, and most frequently employed, of all, must be.

_evident to any one who has noticed how much oftener than any other

8 on the Hindu astron-

it is refefred fo as authority in the various pape

‘omy. Infact, the science as practised in nodern India is in the greater

part founded upon its data and processes. In the lists of Siddhantas

given by native authorities it is almost invariably mentioned second, the

Brahma-Siddhanta being placed first: the latter enjoys this preminence,
perhaps, mainly on account of its namej it is, at any rate, compara-
tively rare and Tittle known. For completeness, simplicity, and, coucise-
ness combined, the $rya-SiddhAnta is believed not to be surpassed by
any other. It is also more easily obtainable. In general, it is difficult,
without official influence or exorbitant pay, to gain possession of texts
which are rare and held in high esteem. During my stay in India, 1.
was able o proeure copies of ouly three astronomical treatises besides

the Strya-Siddhénta; the CakalyaBanhitd of the Brahma-Siddhants,

the Siddhanta-Ciromani of Bhéskara, and the Oraha-Laghava, of which ‘

the two latter have also been printed at Calcutta. Of the Sfrys-
Siddhanta T obtained three copies, two of them giving the text alone, -
and the third also the commentary entitled Gtidhéarthaprakégcaka, by

~ Rangandthy, of which the date is unknown to me, The latter manw-

soript agreeg in all respects with the edition of the Btirya-Siddhénta,
accompanied by the same commentary, of which the publication, in the
series entitled Bibliotheca Indica, has been commenced in India by
an American scholar, and a member of this Society, Prof. Fitz-Edward

Hallof Benares; to this T have also had access, although not until my

work was nearly completed.

My first rough draft of the translation and notes was made while I
was still in Tndia, with the aid of Brahmans who were familiar with the
Sanskrit and well versed in Hindu astronomical science. In a few poiuts
also I received help from the native Professor of Mathematics Au the



g, But o anding this, there roms
~ not a few obscure and difficult points, connected with the demonstratior
~ and application of the processes taught in the text. In the solution o

- these, I have received very im :
Publication of the Society. They have also—the main sharve of the
work falling to Prof, Whitney-—enriched the notes with much additional
matter of value, My whole collected material, in fact, was placed in
their hands for revision, expansion, and reduction to the form best
~ answering fo the requirements of modern scholars, my own engrossing
_ occupations, and distance from the place of publication, as well as my
confidence in their ability and judgment, leading me to prefer to intrust.
this work to them rather than to undertake its execution myself.
We have also to express onr acknowledgments to Mr, Hubert A,

Newton, Professor of Mathematics in Yale College, for valuable aid ren-
. dered us in the more difficult demonstrations, and in the comparison of
| the Hindu and Greek astronomies, as well as for his constant advice and
" suggestions, which add not a little to the value of the work.

The Sﬁi‘ya~Sié1dhé.nta,‘ like the larger portion of the Sanskrit litera-
ture, is written in the verse commonly called the gloka, ov in stanzas of

' two lines, each line being composed of two halves, or pddas, of eight

syllables each. = With its metrical form are connected one or two pecu-

liarities 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 has twelve different names, Mars
six, the divisions of time two or three each, radius six or eight, and so

. on. Again, the method of expressing numbers, large or small, is by
naming the figures which compose them, beginning with the last and
going backward ; using for each figure not only its own proper name,

but that of any object associated in the Hindn mind with the number it

_ represents. . Thus, the number 1,677,917,828 (i. 87) is thus given:
- Vasu (a class of deities, eight in number) -two-eight-mountain (the severn
mythical chains of mountains) -form-figure (the nine digits) -seven-moun-
tain-lunar days (of which there are fifteen in the half-month). Once

more, the style of expression of the treatise is, in general, excessively ‘

‘concise and elliptical, often to a degree that would make its meaning
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. Some strilking instances are
pointed out in the notes. This over-conciseness, howeyer, is not wholly
' due to the metrical form of the treatise: itiis characteristic of much of
the Hindu scientific literature, in its various branches; its text-books are
wont to be intended as only the text for written comment ov oral expli-
cation, and hint, rather than fully express, the meaning they contain.
In our translation, we have not thought it worth while to indicate, by
parentheses or otherwise, the words and phrases introduced by us to
make the meaning of the text evident: such a conrse would occasion
the reader much more embarrassment than satisfaction, Our endeayor
i, in all cases, to hit the true mean between unintelligibility and diffuse-
ness, altering the phraseology and construction of the oviginal only so

%ortant assistance fromthe Committee of |

-
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. far as is mecessary. In both the translation and the notes, mdreoVer,

we keep steadily in view the interests of the two classes of readers for
whose %}eneﬁt the work is undertaken : those who are orientalists with-
out being astronomers, and those who are astronomers without being
orientalists.  For the sake of the former, our explanations and demon-

_strations are made more elementary and full than would be necessary,

were we addressing mathematicians only : for the sake of the latter, we
cast the whole into a form as occidental as may be, translating every
technical term which admits of translation : since to compel all those who
may desire to inform themselyes vespecting the scientific content of the
Tindu astronomy to learn the Sauskrit technical language would be
highly unreasonable. To furnish no ground of complaint, however, to
those who are familiar with and attached to these terms, we insert them
liberally in the translation, in connection with their English equivalents.
"The devivation and literal signification of the greater part of the tech-
nical terms employed in the treatise are also given in the notes, since

sach an explanation of the history of a term is often essential to its .
full comprehension, and throws valuable light upou the conceptions of

those by whom it was originally applied.

‘We adopt, as the text of our translation, the published edition of the
Siddhanta, referred to above, following its readings and its order of ar-
rangenient, wherever they differ, as they do in many places, from those

of the manuscripts without commentary in our possession. The dis-

cordances of the two versions, when they are of sufficient consequence
1o be worth notice, are mentioned in the notes. . ' i

As regards the transeription of Sanskrit words in Roman letters, we
need only specify that ¢ represents the sound of the English ¢k in
“ church,” Italian ¢ before ¢ and 7 that j is the English 7 : that ¢ is pro-
nounced like the English sk, German sch, French ch, while sk is a sound

* mearly resembling it, but uttered with the tip of the tongue turned back

into the top of the mouth, as are the other lingual letters, ¢, dy n:
finally, that the Sanskrit r used as a vowel (which value it has also in
some of the Slavonic dialects) is written with a dot underneath, as r.
The demonstrations of principles and processes given by the native
commentary are made without, the help of figures. The figures which
wo introduce are for the most part our own, although a few of them
were suggested by those of a set obtained in India, from pative mathe-
maticians, L
For the discussion of such general questions relating to this Siddhénta
as its age, its anthorship, the alterations which it may have undergone
before being brought into its present form, the stage which it represents
in the progress of Hindu mathematical science, the extent and character
of the mathematical and astronomical knowledge displayed in it, and
the relation of the same to that of other ancient nations, especially of
the Greeks, the reader is referred to the notes upon the text. The form

in which our publication is made does not allow us to sum up bere, in =
“a preface, the final results of our investigations into these and kindred

topics, It may perhaps be found advisable to present such a summary
at the end of the article, in connection with the additional notes and
other matters to be there given. :




SURYASIDDHANTA

CHAPTE}.\. 1

OF THD MEAN MOTIONS O’E THE I’LANETS.

Oammm's ——-1 ‘homage to the Deity ; 2-9, vevelation of the present treatise ; s 1011,
. modes of dividing time ; 11-12, subdivisions of a day; 12-14, of a year; 14-17,
. of the Ages; 18-19, of an Alon; 20-21, of Brahma's life; 21-23, part of it
‘a]xea.d‘y elapsed; 24, time ot‘cupled in the work of creation 25-21, general
_account of the movements of the planets; 28, subdivisions of tho circla; 29-33,
i ‘numbe% of revolutions of the planets, and of the moon's apsis and node, in an
[ Ages 34»—39 number of days and months, of dxﬁ’erent kinds, in an Age ; 40, in :m
| Hon ; 4144, uumber of revolutions, in an on, of the apsxdes and nodes of the
o pla.nets 45-47, time elapsed from the end of creation to that of the Golden Age i
48-51, rule for the reduction 6 civil days of the whole time since the creation ; i
| B1-82, methnd of finding the lords of the day, the month, and the year; 68-b4,
. xule for finding the mean place of a planet, and. of its apsis and node 85, to fiad
. the current year of the eycle of Jupiter ; 56, sxmphﬁcatlop of the abave caleula-
: tlons, 5788, situation of the planets, and of the moon’s apsis and node, at the :
' end of the Golden Age; 59~ 60 dlmeusxons of the earth; 60-61, coxrect;on, for el
 difference of longitude, of the mean. place of a planet as found ; 62, Jaituation oty 4
‘the pnnclpal meridian ; 63-65, ascertainment of difference of hmﬂitude by dlﬁ'etv i
ence between observed and computed time of a lunar eclipse ; 66, dxﬁ‘erence of
| time owing to difference of longitude ; 617, to find the mean place of & plzmeb for
j ”any reqmred hour of the day; 68«*’0 inclination of the otblts of the plﬂnets :

iy To him whose shape is inconceivable and unmanlfested ‘
Wh is unaffected by the qualities, whose nature is quahty,
‘whose form is tbe support of the entire creation—to Brahma be
homagel

The usual propltmtory e‘(pre%slou of homage to some deity, thh
whmh Hmdu wozks are wont to commence.

out little of the Golden Age (krta yuga) was left, a
great demon (asura), named Maya, being desirous to Lnow that
mesterlous, supreme, pure, and exalted science,

8. That chief auxiliary of the scripture (veddnga), in 1ts en-
tlre’ny———the cause, namely, of the motion of the heavenly bodies
(gyotes), performed, in propltmtlon of the Sun Very severs re-
ligious austerities.
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© According to this, th
2,164,960 'y&ar‘s:‘ago,qtb c
Hindu reckoning, since the end the Gol

verso 48, for the computation of the pi

o i
od. As regards
s i

date of the treatise, it is, like all dates'in Hindu history an
of Hindu literature, exceedingly difficult to ascer (k6 s
diffienlt, because, unlike most, or all, of the astronomical treatise
‘Strya-Siddhanta attaches itsclf to. the name of no individual S
author, but professes to be a direct revelation from the Sun (sirya). A
treatise of this name, however, is confessedly among the ‘earliest text~
books of the Indian science. It was one of the five earlier works npon
which was founded the Panca-siddhéntika, Compendium of Five As-
tronomies, of Variha-mihiva, one of the earlicst astronomenrs whose works
have been, in part, preserved to us, and who is supposed to have hived ot
about the beginning of the sixth century of our cra, - A Stya-Siddhanta ;
is also reforred to by Brahmagupta, who is assigned to the close of thed
same century and the commencement of the one following. The argu-
ments by which Mr, Bentley (Hindu Astronomy, p. 158, ete,) attempts
to ptove Vardha-mihira to have lived in the sixteenth century, and his
professed works to be forgeries and impositions, arc sufficiently, refuted
by the testimony of al-Birtini (the same person as the Abu-r-Raibin, s0
often quoted in the first artiele of this volume), who visited India und
Mahmbid of Ghazna, and wrote in A.D. 1031 an account of the cow
vy he speaks of Vardha-mihira and of his Panc; siddhantika, assign-
. ing to hoth nearly the same age as is attributed to the - the 1
. Hindus (see Reiaud in the Journal Asiatique for Sept—Oct. 1

Série, iv. 2863 and also his Mémoire sur UInde). ‘He also speaks
Sarya-Siddhanta itself, and ascribes its authorship to Lata (Mémoire sur.
VPInde, pp. 831, 832), whom Weber (Vorlesungen ther Indische Litera-
turgeschichte, p. 2292 conjecturally identifies with a Ladha who is cited
by Brahmagupta, Bentley has endeavored to show by internal evi-
donce that the Strya-Siddhanta belongs to the end of the eleventh
century ; sec below, under verses 2034, where his method and results
are explained, and their value estimated. : S S
Of the six Vedangas, “limbs of the Veda,” sciences auxiliary to the -
sacred seriptares, astronomy is claimed to be the first and chief, as vep- -
resenting the eyes; grammar being the mouth, ceremouial the hands,
prosody the foet, efe. (sce Siddhanta-Qiromani, 1. 12-14). - The import-
anice of astronomy to the system of religious observance lies in the fact
that by it are determined the proper times of sacrifice and the like.
There s a special treatise, the Jyotisha of Lagadha, or Lagata, which,
attaching itself to the Vedic texts, and reprosenting a morc. primitive:
phase of Hindu science, claims to be the astronomical Vedanga; but it
i4 said to be of late date and of small importance, s G
The word Jjyotis, “ heavenly body,” literally “light,” although the
current niames for astronomy and astronomers are derived from it, does
not elsewhere oceur in this treatise. : A L

4 Gratified by these austerities, and rendered propitions, t‘:_he' :
Sun himself deliyered unto that Maya, who besought a boon,
the system of the planets. Ll Sy




for communicatio
. of me, shall rela

! ithout commentary insert here the following verse:
therefore to Romaka-city, thine own residence; there, nnder
carnation as a barbarian, owing to a curse of Brahma, I w
o Shee! thig science) il G e
f this verse really formed a part of the text, it would be as clear
aq]gnbm'letlgménﬁ as the author could well convey indirectly, that

cience displayed in his treatise was derived from the Greeks,

Romaka-city is Rowe, the great metropolis of the West; its situation is
ven in a following chapter (see xii, 89) as upon the equator, viety
sarecs to the west of Tndia, The incarvation of the sun there as a

n, for the purpose of revealing astronomy to a demon of the
antheon, is but a transparont artifice for referrirg the foreign
ter all, to a Hindu origin. = But the verse is clearly out of
; is incomsistent with ‘the other verses among which it
. oceurs, which give a different version of the method of revelation.
How comes it here then? It can hardly have been gratuitously devised
d introduced.  The verse itself is found in many of the manuscripts

of this Siddhanta; and the incarnation of the gﬂn at Romalka-eity,
among the Yavanas, or Grecks, and his revelation of thie science of
astronomy there, are variously alluded to in later works; as, for instance,

in the Jidna-bhiskara (see Weber's Catalogue of the Berlin Sanskrit
- Manuscripts, gL 287, etc.), where he is asserted to have revealed also the
Romaka-Siddhanta. Is this verse, then, a fragment of a different, and
perhaps more ancient, account of the origin of the treatise, for which,
as conveying too ingenmuous a confession of the source of the Hindu
_ astronomy, another has been substituted later?  Such a supposition,
 certainly, does not lack plausibility. There is something which looks -

' the same way iu the selection of a demon, an Asura, to be the medinm
of the sun’s revelation ; s if, while the essential truth and value of the =
: knowledged, it were sought to affix a stigioa to the source '
erived'it.  Weber (Ind. Stud. i1, 243 ; Ind. Lit. p;
at the name of the Egyptian sovereign Ptolemaios
an inseriptions in the form Zwamaya, cojectures that
is'an alteration of that name, and that the demon Maya ac-
presents the author of the Almagest himself; and the conjec-
“ture is powerfully supported by the fact that al-Birtnd (see Reinand, as
above) aseribes the Paulica-Siddhénta, which the later Hindus attribute
to a Puliga, to Paulus al-¥ tmani, Panlus the Greek, and thatanother of the
. astronomical treatises, alluded to above, is called the Romaka-Siddhanta,
Tt would be premature to discuss here the relation of the Hindu
astronomy to the Greek; we propose to sum up, at the end of this

work, the evidence upon, the subject which it contains.
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7. Thus having spoken, the god disappeared, having given
directions unto the part of himself, This Jatter person thus ad-
dressed Maya, as he stood bowed forward, his hands suppliantly
joined before him: = L e
8. Listen with concentrated attention to the ancient and exalted
_ seience, which has been spoken, in each successive Age, to the
Great Sages (maharsht), by the Sun himself. i L
9. This is that very same original text-book which the Sun of
old promulgated : only, by reason of the revolution of the Ages,
there is here a difference of times. ’

According to the commentary, the meaning of these last verses is
that, in' the successive Great Ages, or periods of 4,820,000 years (see
below, under vv. 15-17), there are slight differences in the motions of
the heavenly bodies, which render necessary a new revelation from time
to time on the part of the Sun, suited to the altered conditions of things ;
and that when, moreover, even during the continuance of the same Agéd,
differences of motion are noticed, owing to a difference of period, it is

' customary to apply to the data given a correction, which is called bija.
All this is vely suitable for the commentator to say, but it seeriis not a
little curious to find the Sun’s supethuman representagive himself in-
sisting that this his revelation is the same one as had§ formerly been
made by the Sun, only with different data. We cannot fielp suspecting
in the ninth verse, rather, a virtual confession on the part of the promul-
gators of this treatise, that there was another, or that there were others,
in existence, claiming to be the sun’s vevelation, or else that the data

 presented in this were different from those which had been previously
current as revealed by the Sun,  'We shall have more to say hereafter
(see below, under vy. 29-84) of the probable existence of more than
one version of.the Stirya-Siddhinta, of the correction called bijo, and
of its incorporation into the text of the treatise itself. The repeated
revelation of the system in each successive Great Age, as stated in verse
8, presents no difficulty, It is the Puranic doctrine %see ‘Wilson’s Vishnu
Purina, p. 269, ete.) that during the Tron Age the sources of knowledge
become either corrupted or lost, so that a new revelation of scripture,
law, and science becomes necessary during the Age succeeding,

10. Time is the destroyer of the worlds; another Time has
for its nature to bring to pass. This latter, according as it is
gross or minute, is called by two names, real (m7réa) and unreal
(amdurta), © ‘ ‘ s

There is in this verse a curious mingling together of the poetical, the
theoretical, and the practical. To the Hindus, as to. us, Time is, in a
metaphorical sense, the great destroyer of all things; as such, he is
identified with Death, and with Yama, the tuler of the dead.  Time,
again, in the ordinary acceptation of the word, has both its imaginary,
and its appreeiable and practically useful divisions : the former are called
real (mirle, literally “ embodied”), the latter unreal (amdrta, literally
“npembodied”).  The following verse explaing these divisions more fully.




qal  Srya-Siddhnta. 19

The epithet Aulundtmaka, applied to actual time in the first half of

 the verse, is not easy of interpretation. The commentary translates it
s an object of knowledge, is capable of being known,” which does not
seem satisfactory. 1t evidently contains a suggested etymology (kdla,
“time,” from kalana), and in translating it as above we have.seen in it
~algo an antithesis to the epithet hestowed upon Time the divinity.

Perhaps it should be rather “ has for its office enameration.”

- 11, That which begins with respirations (prdna) is called real;

that which begins with atoms (trufi) is called unreal. = Six respi-

rations make a vinddi, sixty of these a nddi :
12, And sixty nddis make a sidereal day and night. . . .

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

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

10 long syllables (guvakshara) == 1 respiration (prdpe, period of four seconds);

6 respirations == 1 vinadi (period of twenty-four seconds);
6o vinadis : == 1 ndi (period of twenty-four minutes);
* 6o uadis =1 day.

This is the method of division usually adopted in the astronomical
text-books: it possesses the convenient property that its lowest sub-
division, the respiration, is the same part of the day as the minute is of
the circle, so that a respiration of time is equivalent to a minute of
revolution of the heavenly bodies about the earth. The respiration is
much more frequently called asu, in the text both of this and of the
other Siddh&ntas. The vin&di is practically of small consequence, and

. is only two or three times made use of in the treatise : its usual modern
" name is pala, but ag this term nowhere oceurs in our text, we have not

[

felt justified in substituting it for vinddi, For nAdi also, the more
common name is danda, buy this, too, the Strya-Siddhéinta nowhere
employs, althou%h it uses instead of nédi, and quite as often, nddikd and

‘ghatikd, 'We shall uniformly malke use in our translation of the terms

presented above, since there are no English equivalents which admit of
being substituted for them. ‘

The ordinary Puranic division of the day 1s slightly different from the
astronomical, viz:

| = 1 bit (kdshthd);

B0 bite, 0 i == 1 minute (kald);
3o minates K. i =1 hour (mulinta):.

i 30 hours =1 day. ' :

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

The Strya-Siddhbnta, with commendable moderation, refrains from
giving the imaginary subdivisions of the respiration which make up

15 twinklings (nimesha)

3
o
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“unreal” time.  They are thus stated in Bhaskara’s Siddhanta-Ciror

(i. 19, 20), along with the other, the astronomical, ta.ble e

‘Yoo atoms (k) | =1 speck (Gatpara)y
130 mpecks 11 i == 1 twinkling (nimesha);
18 twinklings | == bt (Adshthd) il :
3ol bits [ =1 minute (kald); Ll . :
Jo minutes == 1 halfhour (ghatikd); :
2 half-hours == b (Refigma)ls i
30 bours / e dayya

This makes the atom equal to sy doooosth of a day, or zutyth
of a second. Some of the ParAnas (see Wilson’s Vish. Pun p. 22) give
a different division, which makes the atom about »+iwth of a second;

“but they carry the division three steps farther, to the subtilissima
(paraménu), which equals gygp-dossoeth of a day, or very nearly
! snbanth ol o second. i i

‘We have infroduced here a statement of these minute subdivisions,
because they form a natural counterpart to the immense periods which we
shall soon lave to consider, and are, with the latter, curiously illustrative
of a fandamental trait of Hindu character : a fantastic imaginativeness,
which delights itself with arbitrary theorizings, and is unrestrained by,
and careless of, actual realities. Thus, having no instruments by which
they could measure ever seconds with any tolerable precision, they vied
with one another in dividing the second down to the farthest conceivable
Jimit of minuteness; thus, seeking infinity in the other direction also,
while they were almost destitute of a chronology or a history, and could
liardly fix with accuracy the date of any event beyond the memory of

“the living generation, they devised, and put forth as actual, a frame-
work of chronology reaching for millions of millions of years back into
the past and forward into the future. o

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

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

‘We have here deseribed days of three different kinds, and months
and years of four; since, according to the commentary, the last clause
translated means that twelve months of each denomination make up a
year of the same denomination. Of some of these, the practical use
and value will be made to appeardater; but as others are not elsewhere
veferred to in#his treatise, and as several are merely arbitrary division
of time, of which, so far as we can discover, no use has ever been macde
it may not be amiss briefly to characterize them here, ‘ e

' Of the measures of time referred to in the twelfth verse, the day is.
evidently the starting-point and standard. The sidereal day is the time
of the earth’s revolution on its axis; data for determining its length are
given below, in v. 84, but it does not enter as an element into the later
processes.  Nor it a sidereal month of thirty sidereal days, or a sideveal
year of three hundred and sixty such days (being less than the true
sidereal year by about six and a quarter sidereal days), elsewhere men-

&




to sunrise (see below, v. 86),

¢, The ¢
1 Sunrise.

h st Hin
in five years. This method is long since out of use, however, and

e month and year referred to here in the text, of thirty and three

‘elsewhere assumed and made use of only in determining, for astrological
purposes, the lords of the month and year (see below, v, B2y e i

 period of the moon’s synodical revolution, It is reckoned either from

- former js called mukhya, * primary,” and the latter gduna, “sccondary ' ;

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, containing about twenty-nine and a half days, mean solar time,
is then divided into thirty lunar days (¢ithi), and this division, although
tural and atbitrary a character, the lunar days beginning and

! 1y motment of the natural day and night, is, to the Hindu,
of the most promingnt practical importance, since by it are regulated
the performance of many religions ceremonies (sce below, xiv. 13), and
upon it depend the chief considerations of propitious and unpropitious

times, and the like, Of the lunar year of twelve lunar months, how- ||

ever, we know of no use made in India, either formerly or now, except
as it has been introduced and employed by the Mohammedans.

_ Finally, the year last mentioned, the solar year, is that by which time |

.18 ordinarily reckoned in India. Tt is, howeyer, not the tropical solar
. year, which we employ, but the sidereal, no account being made of the
.~ precession of the equinoxés,  The solar month is measured by the con-
. tinnance of the sun in each successive sign, and varies, according to the

rapidity of his motion, from about twenty-nine and a third, to a little

i mote than thirt)
- to this measure of the month and of the year, ;
. In the ordinary reckoning of time, these elements aro variously com-
Mined. | Throughout Southern India (see Warren’s Kala Sankalita,
. Madras: 1825, p. 4, ete.), the year and month wade uie of are the
~ solar, and the day the civil ; the beginning of each month and year
. being counted, in practice, from the suntise nearest to the moment of
. their actual commencement. In all Northern India the year is luni-
A solar ; the month is lunar, and is divided into both lunar and civil days ;
| the year is composed of a variable number of months, cither twelve or
i thirteen, beginning always with the lunar month of which the com-
‘mencement next precedes the true commuencement of the sidereal year,
But, underneath this division, the division of the actual sidereal year
into twelve solar months is likewise kept up, and to maintain the cons

y-one and a half, days. There is no day corresponding

Ay L1 O
variable length : it is, of course, an important
lons of time. A month of thirty, and a year of

ty, such days, are supposed to have formed the
ndu chronology, an intercalary month being added

hundred and sixty natural days respectively, without intercalations, are

. The standard of the lunar measure of time is the lupar month, the
~ new-moon to new-moon, or from full-moon to full-moon ; generally, the

~ but, according fo our commentator, either of them may he denominated
primary, although in fact, in this treatise, only the first of them is so
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eurrence of the civil and lunar dgzys,{éhd the lunar, and solar months, is

@ process of great complexity, into the details of which we need not

enter here (sec Warren, as above, p. 57, ete.). It will be seen later in

this chapter (vv. 48-51) that the Strya-Siddhéanta reckons time by this

Iatter system, by the combination of civil, lunar, and sidereal elements.
' 18.... . This is called a day of the gods, : .
14, The day and night of the gods and of the demons are
mutually opposed to one another, Six fimes sixty of them are
a year of the gods, and likewise of the demons. ‘

«This s called” ete.: that is, as the commentary explains, the year

‘composed of twelve solar months, as being those last mentioned ; the

sidereal year, It appears to us very questionable whether, in the first
instance, anything more was meant by calling the year a day of the
gods than to intimate that those beings of a higher order reckoned time
upon & grander scale: just as the month was said to be a day of the
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the
Patriarchs (xiv. 21), and the Aon (v. 20), a day of Brahma; all these
being familiar Puranic designations. In the astronomical reconstruction
of the Puranic system, however, a physical meaning has been given to
this-day of the gods : the gods are made to reside at the north pole, and
the demons at the south; and then, of course, during the half-year
when the sun is north of the equator, it is day to the gods and night to
the demons ; and during the other half-year, the coutrary. The subject
is dwelt upon at some length in the twelfth chapter (xii. 45, ete.).
To make such a division accurate, the year ought to be the tropical, and
not the sidereal: but the author of the Strya-Siddhanta has not yeb
begun to take into account the precession. S);e what is said upon this
subject in the third chapter (vv. 9-10). L
The year of the gods, or the divine year, is employed only in des-
cribing the immense periods of which the statement now follows.

15, Twelve thousand of these divine years are denominated
a Quadruple Age (caturyuga); of ten thousand times four hun-
dred and thirty-two solar years ‘ :

16. Is composed that Quadruple Age, with its dawn and twi-
light. . The difference of the Golden and the other Ages, as
measured by the difference in the number of the feet of Virtue
in each, is as follows : bl

17, The tenth part of an Age, multiplied successively by four,
three, two, 4nd one, gives the length of the Golden and the other
Ages, in order: the sixth part of each belongs to its dawn and

twilight.

The period of 4,320,000 years is ordinarily styled Great Age {(ma-
hiyuga), or, as above in two instances, Quadruple Age (caturyuga).
In the SGrya-Siddhénta, however, the former term is not once found,
and the latter occurs only in these verses; elsewhere, Age (yuga? alone
is employed to denote it ; and always denotes it, unless expressly limited
by the name of the Golden (kria) Age. ;
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e S S Divine veara.t 40 Bolar )‘?earsi;‘ ‘
S b e G R doo [ 144,000
i ' Golden Age (kita yuga), . 4ooo . 4ddoooo
1 Twilight, e o V. 144,000 ‘ s
"‘I“c‘)t‘gl‘crh‘xmt‘ji‘on of thq Golden Age, = . 4800 L 1,728,000 ';'é;j pat
‘Dawn, | : i 308 1 108,600 ) R
Silver Age (tretd yuga), | 3000 1,080,000
Tywilight, : ; g 108,000
Total duration of the Silver Age, 3,600 1,296!000
. Daom, L ‘ | 200 72,000 !
Brazen Age (dvdpara yuga), 19000 720,000
L Twilight, ! ‘ 200 72,000
Total duration of the Brazen Age, 2,400 ) 864,000
Dawn, ‘ 100 36,000 3 86 #
Iron Age (kali yuga), { 1000 ' 360,000 |
Pwilight, ‘ ; 100 36,000
* Total duration of the Iron Age, 1,200 o 432,000
Total duration of a Great Age, 12,000 4,320,000

Neither of the names of the last three ages is once mentioned in the
Stirya-Siddhanta. The first and last of the four are derived from the
ame of dice : kria, “ made, won,” is the side of the die marked with-
four dots—the lucky, or winning one; kali is the side marked with one |
dot only—the unfortunate, the losing one. In the other mames, of |
which we do not know the original and proper meaning, the numerals |
tri, “three,” and dvd, “two,” are plainly recognizable. The relation
of the numbers four, three, two, and one, to the length of the several
periods, as expressed in divine years, and also as compared with one |
another, is not less clearly apparent. The character attached to the | ‘ z
different, Ages by the Hindu mythological and legendary history so | Bt
closely resembles that which is attributed to the Golden, Silver, Brazen, ' ” Ay
and Tron Ages, that we have not hesitated to transfer to them the latter
appellations. An account of this character is given in Mani 1. 81-86.
During the Golden Age, Virtue stands firm upon four feet, truth and
. justice abound; and the life of man is four centuries; in each following
. Age Virtue loses a foot, and the length of life is reduced by a century,
| so that in the present, the Iron Age, she has but one le%s to hobble
 upon, while the extreme age attained by mortals is but a hundred years. -
See also Wilson’s Vishnu Purdna, p. 622, etc,, for a description of the
vices of the Iron Age. i ‘ A
. This system of periods is:not of astronomical arigin, although the
fixing of the commencement of the Iron Age, the only possibly hiis-
torical point in it, is, as we shall see hereafter, the result' of astro-
" pomical computation. Its arbitrary and artificial character is apparent.
It is the system of the Purinas and of Manu, a part of the received
Hindu cosmogony, to which astronomy was compelled to adapt itself.
T 20 o Foknle
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asserting these to be divine years, brings Manu's cosmogony to an agree-
ment with that of the Purfnas. This is a strong indication that the
divine year is an afterthought, and that the period of 4,820,000 years
is ‘an expansion of an eatlier one of 12,000, Vast as this period is,

. however, it is far from satisfying the Hindu craving after infinity. We

are next called upon to construct & mew period by multiplying it by a
thousand. ‘ ‘

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

19. In an Aion (kalpa) are reckoned fourteen such Patriarchs
(manw) with their respective twilights; at the commencement of
the Aon is a fifteenth dawn, having the length of a Golden
Age. j i

The Aon is accordingly thus composed ;

Divine years. Solar years.

The introductory dawn, 4800 1,728,000
Seventy-one Great Ages, 852,000 ‘. 80b;720,000
A twilight, ‘ 4,800 1,738,000
Duration of one Patriarchate, 856,800 . 308,448,000 |
Fourteen Patriarchates, ¢ T12,99590000 i 4,318,272,000
Total duration of an Aon, 12,000,000 4,320,000,000

Why the factors fourteen and seventy-one were thus used in making
up the Alon is not obvious; unless, indeed, in the division by fourteen
is to be recognized the influence of the number seven, while at the
same time such a division furnished the equal twilights, or interme-
diate periods of transition, which the Hindu theory demanded. The
system, however, is still that of the Purinas (see Wilson’s Vish. Pur. p.
24, ete.); and Mann (i, 72, 79) presents virtually the same, although he
has not the term Aon (kalpa), but states simply that a thousand Divine
Ages make up a day of Brahma, and seventy-one a Patriarchate. The
term manvantara, ¢ patriarchate,” means literally “another Manu,” or,
“the interval of a Manu.” Manu, a word identical in origin and mean-
ing with our *man,” became to the Hindus the name of a being per-
sonified as €in of the Sun (Vivasvant) and progenitor of the human
race, In each Patriarchate therc arises a new Manu, who becomes for
his own period the progenitor of mankind (see Wilson's Vish, Pur. p.
24). g |

20. The Aton, thus composed of a thousand Ages, and which
brings: about the destruction of all that exists, is styled a day of
Brahma; his night is of the same length. ‘

21. His extreme age is a hundred, according to this valuation
of a day and a night. ... : G

We ought to remark, however, that in the test itelf of Mann. Giedanly
‘the duration of the Great Age, called by him Divine Age, is given ag
twelve thousand years simply, and that it is his commentator who, by




StryasSiddhina.

‘é);:_isting'«.th-in» s at the termination of the lesser periods called the Age
 knowledge for every Age, and of a new father of the human race for

. every Patriarchate. These are left, it should seem, to show us how the
systern of cosmical periods grew to larger and larger dimensions. The

& e

We have already found indications of an assumed destrustion of

. and the Patriarchate; in the necessity of a new revelation of virtue and

full development of it, as exhibited in the Puranas and here, admits only

two kinds of destruction : the one accurring ab the end of each Aon,

. or day of Bralima, when all creatures, although not tlie substance of the
world, undergo dissolution, and remain buried in chaos during his night,
" to be created anew when his day begins again ; the other taking place
at the end of Brahma’s life, when all matter even is resolved into its
ultimate source. ; j i
~ According to the commentary, the * hundred” in verse 21 means a hun-
dred years, each composed of three hundred and sixty days and nights,
' and 1ot a hundred days and nights only, as the text might be understood
© o signify; since, in all statements respecting age, yearsiare necessarily
understood to be intended. The length of Brahma’s life would be,
ther, 864,000,000,000 divine years, or 311,040,000,000,000 solar years.
This pewod is also called in the Purfnas a pore, *extremo period,” and
its half a pardrdha (see Wilson's Vish. Pur. p. 25) 3 although the latter
term has obtained also an independent use, as signifying a period still
more enormous (ibid. p. 630). Tt is carious that the commentator does
not seem to recognize the affinity with this period of the expression
used in the text, param dyuh, *extrenme age,” but gives two different

. explanations of it, both of which are forced and unnatural,

The author of the work before us is modestly content with the number
of ‘years thus placed at his disposal, and attempts nothing farther. So
is it also with the Purénas in general; although some of them, as the
Vishnu (Wilson, p. 637) assert that two of the greater pardrdhas con-
gtitute only a day of Vishnu, and others (ibid. p. 25) that Brahma's
whole life 18 bgta twinkling of the eye of Krshna or of Uiva,

91.... The half of his life is past; of the remainder, this is
the firgt Alon, » A :

99, And of this Fon, six Patriarchs (manu) are past, with
their respective twilights; and of the Patriarch Manu son of
Vivasvant, twenty-seven Ages are past; ;

98. Of the present, the twenty-eighth, Age, this Golden Age
is past: from this point, reckoning up the time, one should com-
pute together the whole number. : )

i

The designation of the part already olapsed of this immense period
seems to be altogether arbitrary, It agrees in general with that given
in the Purinag, and, so far as the Patriarchs and their periods are con-
_cerned, with Manu also. The name of the present Aon is Varaha,
“that of the boar,” because Brahma, in performing anew ab its com-
mencement the act of creation, put on the form of that animal (see
Wilson's Vish, Pur. p. 27, etc.). 'The one preceding is called the Padme,
“that of the lotus.” This nomenclature, howevet, is not universally

B #
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accepted : under “ﬁhe“‘,‘\'voirci kalpa, in the Lexicon of Baht} ingk and

myy be found another system of mames for these periods. Manu (i. 6

| 82) gives the names of the Patriarchs of the past ‘Patriarchates; the

Purénas add other particulars respecting them, and also respecting those

which are still to come (see Wilson's Vish. Pur. p. 259, ete))..

Ll The end of the Golden Age of the current Great Age is the time at
W Which the Stirya-Siddh&nta claims to have been revealed, and the epoch
| from which its calculations profess to commence. We will, accordingly .
as the Sun.directs, compute the number of years which are supposed to

L R elapsed before that period. Al
o St : ‘ Divine years. . ' | Solar years:

Dawn of current Aon, i S A8 NG ema e
Six Patriarchates, SR ; 5,140,800 11,850,688,000
Twenty-seven Great Ages, ‘ i 324,009 ia6640,000
Total till commencement of present Great Age, 5,469,600 1,969,056,000
Golden Age of present Great Age, © 4,800 ! 1,728,000
Total time elapsed of current Hon, it 5,474,400 1,970,784,000

Half Brahma's life, i ‘

Total time elapsed from beginning of Brah- ]
ma’s life to end of last Golden: Age, | g 4sveondndace b

. As the existing creation dates from the.commencement of the Qurrevh‘t;‘ i
/Hon, the second of the above totals is the only one with which Bhe
Sdrya-Siddhénta henceforth has any thing to do.. 4] S

.+ We are next informed that the present order of things virtually began

- ata period less distant than the commencement of the Aon, ~ =

432,000,000,000 . 155,520,000,000000

f55,52 1,670,784,000

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

That is to say :

~ Divine years. | Bolak years.

From the total above given, 5,404,400 1,070,784,000
deduct the time occupied in creation, 47,400 17,0640
the remainder is ; 5,427,000 r,'95§,7‘2,6pg.' S

This, then, is the time elapsed from the true commencement of o Ry
isting order of things to the epoch of this work. The deduction of this i

1 period as spent by the Deity in the work of creation is a peculiar feature

' of the Birya-Siddhénta. We shall revert to it later (see below, under
Vv. 20-84), as its significance cannot be shown until other data are
before us, ‘ ! | ‘ i sy

- 25. The planets, moving westward with exceeding velocity,
" but constantly beaten by the asterisms, fall behind, at a rate
precizely equal, proceeding each in its own path, L
26. Hence they have an eastward motion. From the number
of their reyolutions is derived their daily motion, which is dif-
ferent according to the size of their orbits’ in proportion to this :
daily motion they pass through the asterisms. ; : "



27, One which moves swifily passes through them in a shor
time; one which moves slowly, in a long time. By their move-

asterism Revatf,

- We have Lere presented a part of the physical theory of the planetary
motions, that which accounts for the mean motions: the theory is sup-
plemented by the explanation given in the next chapter of the disturbing
forces which give rise to the irregularities of movement. The earth is a
sphere, and sustained immovable in the centre of the universe (xii. 82),
while all the heavenly bodies, impelled by winds, or vortices, called pro-
vectors (i, 8), revolve about it from east to west. In this general west-
ward movement, the planets, as the commentary explains.if, are, owing
to their weight and the weakness of their vortices, beaten by the aster-
isms. (nakshatra or bha, the groups of stars constituting the lunar man-
sions [see below, chapter viii|, and used here, as in various other places,
to designate the whole firmament of fixed stars), and accordingly fall
behind (lambante==labuntur, delabuntur), as if from shame: and this is
« the explanation of their eastward motion, which is only apparent and rela-
tive, although wont to be regarded as real by those who do mot under-
stand the true causes of things. But now a new element is introduced

into the theory, which does nat seem entirely consistent with this view of. i
the merely relative character of the eastward motion. It is asserted that

the planets lag behind equally, ov that each, moving in its own orbit,
¢ loses an equal amount daily, as compared with the asterisms.  And we
| shall find farther on (xii. 78-89) that the dimensions of the planetary

L Syl % BT

ment, the revolution is accounted complete at the end of the

| orbits are construeted upon this sole principle, of making the mean daily |

. motion of each planet eastward to be the same in amount, namely

11,858,717 yojanas: the amount of westward motion being equal, in |

each case, to the difference between this amount and the whole orbit of
the planet. Now if the Hindu idea of the symmetry and harmony of the
universe demanded that the movements of the planets should be equal, it

was certainly a very awkward and unsatisfactory way of complying with

that demand to make the relative motions alone, as compared with the
fixed stars, equal, and the real motions so vastly different from one an-
- other. “We should rather expect that some method would have been de-
vised for making the latter come out alike, and the former unlike, and the
vesult of differences in the weights of the plancts and the forces of the
impelling 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 knaw that Arya-
bhatta held the opinion that the earth revolved upon its axis, causing
thereby the apparent westward motion of the heavenly bodies (see Cole-
brooke's Hindu Algebra, p. xxxviii; Hssays, ii. 467), and so, of course,
that the planets really moved eastward at an equal rate among the stars ;
and although the later astronomers are nearly unanimous against him,
we cannot help surmising that the theory of the planetary orbits ema-
nated from him or his school, or from some other of like opinion, Tt is
not upon record, so far as we are aware, that any Hindu astronomer, of
_any period, held, as did some of the Greek philosophers (see Whewell's
History of the Inductive Sciences, B, V. ch. i), a heliocentric theory,

2
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of the dimensions of their orbits.

The word translated “revolution” is bhagana, 'l'itemlly & troop of aster-

~  isms;? the verbal root translated “pass through?” is bhuj, “ enjoy,” from .
' which comes also the common term for the ‘daily motion of a planet,
| Bhukti, literally ¢ enjoyment.”  When a planet has “enjoyed the whole

© troop of asterisms,” it has made a complete revolution.
. The initial goint of the fixed Hindu sphere, from which longitudes are -
reckoned, and at which the planetary motions are held by all the sehools

.

of Hindu astronomy to thave commenced at the creation, is the end of
the asterism Revafl, or the béginning of Agvini (see chapter viii. for a
full account of the asterisms). Its situation is most nearly marked by
that of the principal star of Revati, which, according to the Strya-
Siddhanta, is 10" to the west of it, but according to other authorities

exaotly coincides with it That staris by all anthorities identified witi

¢ Piscium, of which the longitude at present, as reckoned by ns, from the

vernal equinox, is 17° 54" Making due allowance for the precession, we
q ) g d ! 5

. find that it coincided in position with the vernal equinox not far from the

middle of the sixth century, or about A. D.570. As such coincidence

* yas the occasion of the point being fised upon as the beginning of the

sphere, the time of its occurrence marks approximately the era of the

; fization of the sphere, and of the commencement of the histprz_»qf modern
| Hindu astronomy. We say approximately only, because, in  the first

place, as will be shown in conmection with the eighth chapter, the altu-
macy of the Hindu observations is not to be relied upon within a degree
and, in the second place, the limits of the asterisms being already long

before fixed, it Wwas necessary to take the beginning of some one of them

as that of the sphere, and the Hindus may have regarded that of Agyini
as sufficiently near to the equinox for their purpose, when it was, in fact,
two or three degrees, or yet more, remote from it, on either side; and

each degree of removal would correspond to 2 difference in time of about

seventy years. d i L ; '
Tn the most ancient tecorded lists of the Hindu astetisms (in the texts

of the Black Yajur-Veda and of the Atharva-Veda), Krttika, now the

fam coineided with the vernal equinox would be nearly two thousand
years earlier than that given above for the coincidence with it of the first

point of Agvini.

98, Sixty, seconds (vikald) make a minute (kaldy; sixty of

these, a degree (bhdgo); of thirty of the latter is composed a
sign (rdgr); twelve of these are a revolution (bhegana). -

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

the Greek and with our own, and we shall accordingly miake use, in
translating, of our own familiar terms. Of the second (vikald) very little
actical use is mades it is not more than two or three times alluded to
in all the rest of the treatise. The minufe (kald) is much more often
called lipld (o liptika); this is not an original Sanskrit word, but was
borrowed from the Greek aemzéy, The degree is called either bhéga or
ange; both words, like the equivalent Groek word poipe, mean g “ part,

........ 3

mdtiun.:‘éastwsiid‘}rofn' all the planets be‘inl‘g]éqmﬂ,y% e
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third, appears as the first. The time when the beginning of that aster-  *
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“heap, quantity ;" it is doubtless applied to designate a sign as being a
certain number, or sum, of degrees, analogous to the use of gane in
bhagana (explained above, in the last note), and of rdgi itself in dinardgoi,
“sum of days” (below, v. 53).  In the Hindu description of an are, the
sign is as essential an element as the degree, and no ares 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 cirele of revolution is divided are named
Aries, Taurus, ete., beginning from 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, Tn an Age (yuga), the revolutions of the sun, Mercury,
and Venus, and of the conjunctions (¢ighra) of Mars, Saturn,
and Jupiter, moving eastward, are four million, three hundred
and twenty thousand;

three thousand, three hundred and thirty-six; of Mars, two
million, two hundred and ninety-six thousand, eight hundred
" and thirty-two ; i | ‘ ;
. 81. Of Mereury's conjunction (¢ighra), seventeen million, nine
hundred and thirty-seven thousand, and sixty ; of Jupiter, three
hundred and gixty-four thousand, two hundred and twenty ;

; 82. Of Venus's conjunction (¢lghra), seven million, twenty-two
i thousand, three hundred and seventy-six; of Saturn, one hun-
. dred and forty-six thousand, five hundred and sixty-eight;
e 88. Of the moon’s apsis (ucca), in an Age, four hundred and
| eighty-eight thousand, two hundred and three; of its node (pdta),

" in the contrary direction, two hundred and thirty-two thousand;

e two hundred and thirty-eight ; _ h
| « 84, Of the asterisms, one billion, five hundred and eighty-two
b . million, two hundred and thirty-seven thousand, eight hundred
f and twenty-eight. . .. Y egl 28T B4 :

e These are the fundamental and/ most important elements upon 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 yverse 29, which
we have omitted from: the table: 3
‘ ‘ The revolutitns of the sun, and of Mars, Jupiter, and Saturn, require
yi { no remark, save the obvious one that those of the sun are in fact sidereal”
Tl revolutions of the earth about the sun, To the sidereal revolitions of
. the moon we add also her synodical revolutions, anticipated from the next
following. passage (sec v. 85). By the moon’s “apsis” is fo be under-
stood her apogee; ueca is literally “height,” i e * extreme distance :
the commentary explains it by mandocea, * apex of slowest motion:” as
the same word is used to designate the aphelia of the planets, we were
obliged to take in tramslating it the indifferent term apsis, which applies
equally to both geocentric and heliocentric motion. The “node” is the
ascending node (see il. 7); the dual “nodes” is never employed it this.

portion. The proper si niﬁcat‘ibu“of‘ rdgi, translated “sign,” is simpl
P proper signince 2 ply

. 80. Of the moon, fifiy-seven million, seven hundred and fifty- “’




~ work. But the apparent motions of the planets are greatly complicate
by the fact, unknown to the Greek and the Hindv, that they are revolv:
_ing about a centre about which the earth also is revolving. When an
vlanet is on the opposite side of the sun from us, and is accordin‘%‘ly'mbw e
ing in space in a direction contrary to ours, the effect of our change of
place is to inerease the rate of its apparent change of place; again, when
it i upon our side of the sun, and moving in the same direction with us,
' the effect of our motion is to retard its apparent motion, and even fo
cause it to seem to retrograde, This explaing the * revolutions of the
conjunction” of the three superior planets: ‘their % conjunctions” revolve
at the same rate with the earth, being always upon the opposite side of
the sun from us; and when, by the combination of its own proper
motion with that of its conjunction, the planet gets into the latter, its
rate of apparent motion is’ greatest, becoming less in proportion as it
removes from that position. ~ The meaning of the word which we have
translated “ conjunction” is “swift, rapid:” a literal rendering of it
would be “swift-point,” or “apex of swiftest motion ; but, after
_ much deliberation, and persevering trial of more than one term, we Have
concluded that “ conjunction” was the least exceptionable word by
which we could express it. In the case of the inferior planets, the
revolution of the conjunction takes the place of the proper motion of
the planet itself. By the definition given in verse 217, a planet must, in
order to complete a revolution, pass through the whole zodiac; this
Mercury and Venus are only able fo do as they accompany the sun in
his apparent annual revolufion about the emrth. To the Hindus, too,
who had no idea of their proper movement about the sun, the annual
motion must have seemed the principal one; and that by virtue of which,
in their progress through the zodiac, they moved now faster and now
slower, must have appeared only of secondary importance. The term
“ conjunction;,” as used in reference to these plancts, must be restricted,
of course, to the superior conjunction. The physical theories by which
the effect of the conjunetion {¢ighra) is explained, are given in the next
chapter. In the table that follows we have placed opposite each planet
its own proper revolutions only. _ ! L
Tt is farther to be observed that all the numbers of revolutions, ex-

cepting those of the moon’s apsis and node, are divisible by four, s0. =

that, properly speaking, a quarter of an Age, or 1,080,000 rears, rather
B {> J 2B AR g ¥ )

than a whole Age, is their common period. This is a point of so much

importance in the system of the Strya-Siddhénta, that we have added,
in a second column, the number of revolutions in the lesser petiod,

_ In the third column, we add the period of revolution of each planet,
as found by dividing by the number of revolutions of each the number
of civil days in an Age (which is equal to the number of sidereal days,
%fiven\in v. 84, diminished by the number of revolutions of the sun; see .
elow, v. 87) 3 they are expressed in days, nadis, vinidis, and respiras
tions ; the latter may be converted into sexagesimals of the third order
by moving the decimal point one place farther to the right. '

"In the fourth column are given the mean daily motions, .

We shall present later some comparison of these elements with those
adopted in other systems of astronomy, ancient and modern,

7y
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| Strye-Siddidnte,

| Mean Motions of the Planets.

i ‘:"N“.'“,l’."""""f Number of! T.ength of a revolution o R
o 14,380,000 yare 1,080,000 years.| 18 mean soler time. S
; S i SR i i i d i P‘ A TR LA (s
1 Sun, L 4320000 | 1,080,000 365 15 31 3.4 59 8 10 104
I Mercury, ' 17,037,060 | 4,484,265 8758 10 5,571 4.5 32 200419
| Venns, 7,029.376. 1,955,504 224 4154 5.06] 1. 36" 7 43 37:3
Mars, 12,206,832 | | 574,208 || 686 59 50 5.87 31 96 48 111
o L dapiter, i 364990 1091085 | 433219 14 3091 4 59 1 8480
Saturn, 146,566 36,642 | 10,765 46 23 0.41 o it 198 5344
MooR < ‘ ‘
sider.rev. | | 57,753,336 | 14,438,334 27 19,18 0.16| 13 10,34 52 3.8
synod, rev, | 53433,336 | 13,358,334 29 31 50 0.70| 12 11 26 41 53.4
rev. of apsis, 488,203 129,000% 3,232 5 3y 1.36 6 4o 58 42.5
. node, 232,238 58,0504 6,794 23 59 2.35 3 10 44 43.2

| 'The arbitrary and artificial method in which the fundamental ele-
ments of the solar system are here presented is not peculiar to the

o Stirya-Siddhantay it is also adopted by all the other text-books, and is

i to be regarded as a characteristic feature of the general astronomical

W system of the Hindus. Instead of deducing the rate of motion of each
lanet from at least two recorded observations of its place, and estab-

ishing a genuine epoch, with the ascertained position of each at that
time, they start with the assumption that, at the beginning of the
present order of things, all the planets, with their apsides and nodes,

. eommenced their movement together at that point in the heavens (near
t Piscium, as explained above, under verse 27) fixed upon as the initial
point of the sidereal sphere, and that they return, at certain fixed inter
vals, to a universal conjunction at the same point. As regards, however, /
the time when the motion commenced, the frequency of recurrence
of the conjunction, and the date of that which last took place, there is.
discordance among the different anthorities. With the Strya-Sid-

. dhénta, and the other treatises which adopt the same general method,
the determining point of the whole system is the commencement of the
current Iron Age (kali yuga); ab that epoch the planets are assumed to
have been in mean conjunction for the last time at the initial point of

| . the sphere, the former conjunctions having taken place at intervals of

i 1,080,000 years previous, The instant at which the Age is made to

: © eommience is midnight on the meridian of Ujjayini (see below, under v.
62), at the end of the 588,465th and beginning of the 588,466th day

(civil reckoning) of the Julian Period, or between the 17612 and 18th of

. February 1612 J.P, or 8102 B. C. (see below, under vv. 45-58, for the
- computation of the number of days since elapsed). Now, although no
guch conjunction as that assumed by the Hindn astronomers ever did

~or ever will take place, the planets were actually, at the time stated,
approximating somewhat nearly to a'general conjunction in the neigh- | »

. borhood of the initial point of the Hindu sphere; this is shown by the

_ next table, in which we give their actual mean positions with reference

to that point (including also those of the moon's apogee and node);

‘they. have been obligingly furnished us by Prof. Winlock, Superin-
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~ real revolution, given in the Annales de I'Observatoire, tom. ii (also in
(Biot's Astronomie, 3me édition, tom. v, 1857), that of the moon by

Peiree's tables, and those of its apogee and node by Hansen's Tables de |

la Tune. The origin of the Hindu sphere is regarded as being 18° 5'
87 east of the vernal equinox of Jan. 1, 1860, and 50° 22/ 20'" west of
. that of Feb, 17, 8102 B. C,, the precession in the interval being 68° 27
87", 'We add, in a second column, the mean longitudes, as reckoned
from the vernal equinox of the given date, for the sake of comparison
with the similar data given by Bentley (Hind. Ast., p.125) and by
Bailly (Ast. Ind. et Or,, pp. 111, 182), which we also subjoin. |

Positions of the Planets, midnight, at Ujjayint, Feb. 17-18, 8102 B, C.

Planet. g’%‘?ﬂ;’;ﬁ;‘g‘;’r‘f Longitude, Bantley. - Bailly.

BSun, =i iheliaRi doy AR Adl [/ 8ox 1y o 6L
Mereury, A o TR D e Reg R s e e L T U o G B
Venus, 4a4 ‘58 6ol 334 36 do7) 333 44 371 334 9 18

| Mars, =19 4o 26| 280 48 5| 288 55 19 [ 288 55 56 {
Jupiter, W 80383611818 alh) 3181 31 64 | 3o 90 Yo
(| Saturn, Liia8 oy Y30 a8 86, 18 980 11 158 i d03 8 Ak
Moon, w033 e Q68 il ihg 306" A3 4180 bt V6
do. apsis, [ 495 19 ari| 44 56 4| 61 12 96 1 62 13 33
do, node, 4108 24 45 | 148 2 16 | 144 38 32 | 144 37 41

The want of agreement between the results of the three different in-
. vestigations illustrates the difficulty and uncertainty even yet attending

inquiries into the positions of the heavenly bodies at so remote an
" epoch. Tt is very possible that the calculations of the astronomers whio

were the framers of the Hindu system may have led them to suppose
the approach to a conjunction nearer than it actually was ; but, however
that may be, it seems hardly to admit of a doubt that the epoch was
arvived at by astronomical ealculation carried backward, and that it was
fixed upon as the date of the last general conjunction, and made to
determine the commencement of the present Age of the world, because

the errors of the assumed positions of the planets at that time would -

be so small, and the number of years since elapsed so great, as to make
the errors in the mean motions into which those positions entered as
an element only trifling in amount. ‘

The moox's apsis and node, however, were treated in a different
manner. Their distance from the initial point of the sphere, as shown
by the table, was too great to be disregarded. They were accordingly

ingly exempted from the general law of a conjunction once in 1,080,000 -

“ years, and such a number of revolutions was assigned to them as should

| make their positions af the epoch come out, the one a quadrant, the

“other a half-revolution, in advance of the initial point of the sphere.
We can now see why the deduction spoken of above (v. 24}, for time
spent in creation, needed to be made. In order to bring all the planets
to 4 position of mean conjunction at the epoch, the time previously

. tendent of the Ahﬁﬁé&ﬁ Hphemeris and 'Néutiésﬁ,l Almanac. The posi- 7‘
~ tions of the primary planets are obtained by LeVerrier's times of side-
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. elapsed must be an exact multiple of the lesser period of 1,080,000 years,
ot the quarter-Age; in order to give it proper position to the moon’s =
apsis, that time must contain a cerfain number of whole Ages, which

_ are the periods of comjunction of the latter with the planets, together
 with a remainder of three quarter-Ages; for the moon’s node, in like

‘manner, it must contain a certain number of half-Ages, with a remainder

‘of one quarter-Age. Now the whole number of years elapsed between the

‘beginning of the Afon and that of the current Iron Age is equal to 1826

quarter-Ages, with an odd surplus of 864,000 years: from it subtract

an amount of time which shall contain this surplus, together with three,
seven, eleven, fifteen, or the like (any number exceeding by three a mul-
tiple of four), quarter-Ages, and the remainder will fulfil the conditions
of the problem., The deduction actually made is of fifteen periods -+

the surplus. ‘ v i

. This deduction is a clear indication that; as remarked above (under @ = ¢
i v. 17), the astronomical system was compelled to adapt itself to an :
| : already established Puranic chronology. It could, indeed, fix the pre-
i viously undetermined epoch of the commencement of the Ivon Age, but
it could not alter the arrangement of the preceding periods.

Tt is ‘evident that, with whatever accuracy the mean positions of the
Eaneta may, 'at a given time, be ascertained by observation by the
‘Hindu astronomers, their false assumption of a conjunction ab the epoch
of 8102 B. . must introduce an element of error into their determina- o
tion of the planetary motions. The annual amount of that error may )
indeed be small, owing to the remoteness of the epoch, and the great = i
number of years among which the crrors of assumed position are divi- |
ded, yet it must in time grow to an amount not to be ignored or neglect- ;
ed even by observers so maccurate, and theorists so unscrupulous, as the | |
Hindus. This is actually the case with the elements of the Strya-Sid- | :
dhanta; the positions of the planets, as caleulated by them for the |
present time, are in some cases nearly 9° from the true places. The
e later astronomers of India, however, have known how to deal with such |

‘ : difficulties without abrogating their ancient text-books. As the Strya-
0 Siddhénta is at present employed in astronomical calculations, there are
S introduced into its planetary elements certain corrections, called bija
.+ (more: properly vija ; the word means literally “ seed”; we do not know

L ‘how it arrived at its present significations in the mathematical language).
: That. this was so, was known to Davis (As. Res, ii. 286), but he was
| T unable to state the amount of the corrections, excepting in the case of

! the moon’s apsis and node (ibid,, p. 275).\ Bentley (Hind, Ast., p. 179) |

~ gives them in full, and upon his authority we present them in the o

. annexed table. They are in the form, it will be noticed, of additions to,

or subtractions from, the number of revolutions given for an Age, and

the numbers are all divisible by four, in order not to interfere with the

~ calculation by the lesser period of 1,080,000 years: YWe have added

< the corrected number of revolutions, for both the greater and lesser

period, the corrected tims of revolution, expressed in Hindu divisions of

* the day, and the corrected amount of mean daily motion. :

These corrections were first applied, according to Mr. Bentley (As,

Res,, vili, 220), about the beginning of the sixteenth century; they are

*A<




: ;gxéﬁeﬂtéd;by‘r4séwerdl;.ﬁ,$r¢§atinés‘bf‘.t‘«ha‘ aa"wal‘l‘fi; of
~ been yet superseded by others intended tosecure yef greater correctness.
Ly Mean Motzom«:f the Planets ascof'rected By the bija. ‘

g Skl ; _,.(fu;raitednumhsr',ot"revolu- N e SR

L Cotrec) b tjon_s‘ e e Carreetad | e "C‘ovrectiag!‘ S
cll FEEER L gien,  |in 4,320,000 ) in 1,080,000 | time of réyolution. ' daily motion,
f A yeam yoars, i { by

J T " n / T a i g p" i PR ”"‘ ‘”““‘“‘
| 8un, 01 0]l 4,320,000 | 1,080,000 1 365 15 31 3.14 59 8 10 10.4
Merenry, ~ 16 117,037,044 | 4,484,261 [87.68 11 10| 1416 397 5o BAR
Venus, =izl 7,022,364 1,955,591 204 4166 1,351 1136 948 K8l

| Mars, 0| 2,206,832 574,008 | | 686 59 5o 587  3x 26 28 111

| Jupiter, - 8] 364912 01,063 | 4,332 24 56 5.56 41698 240
Saturn, + 19/ 546,580 36,645 | 10,764 53 30 t.r1 2 023289
Moon, 0 67,753,336 |14,438,334 9719 18 016,113 1034 52 3.8

® apsis, - 4] 488,109t 19204081 3,332 713 3.39 6 4o 58 3077

4 mode, |+ 4| 232,9431 58,0604 6,704 16 58 0.66 3 10 44 55.0,

o

date, not having

‘We need not, however, rely on external testimony alone for informa-

tion as to the period when this correction was wade. If the attempt to

modify the elements in such a manner as to make them give the true

positions of the planets at the time when they were so. modifid was in |
. any tolerable degree suceessful, we ought to be able to discover by cal-

culation the date of the alteration. If we ascertain for any given time

the positions of the planets as given by the system, and compare them

with the true positions as found by our best modern methods, and if we

then divide the differences of position by the differences in the mean
motions, we shall discover, in each separate case, when the error was ov

‘will be reduced to nothing. The results of such a calculation, made ft

Jan, 1, 1860, are given below, under v. 67. We see there that, if regard
is had only to the absolute errors in the positions of the planets, no con-
slusion of value can be arrived at; the discrepancies between the dates’
i no error are altogether too great to allow of their being regarded as -
indicating any definite epoch of correction. If, on the other hand, we

assume the place of the sun to have been the standard by which the

_ positions of the other planets were tested, the dates of no ervor ave scen

to point quite distinctly to the first half of the sixteenth century as the

time of the correction, their mean being A. D. 1541. Upon this as-
sumption, also, we see why no correction of bija was applied to Mars or.

to the moon: the former had, at the given time, only just passed his
time of complete accordance with the sun, and the motion of the moon

was also already so closely adjusted to that of the sun, that the differ-

ence betweer: their errors of position is even now less than 10%. Nor
is there any other supposition which will explain why the serious error

in the position of the sun himself was overlooked at the time of the

general correction, and why, by that correction, the absolite errors of

position of more than one of the planets are made greater than they
* would otherwise have been, as is the ‘case. It is, in short, clearly evident

that the alteration of the elements of the Strya-Siddhianta which was
effected early in the sixteenth century, was an adaptation of the errors
of position of the other planets to that of the sun, assumed to be cor-
rect and regarded as the standard, iy i -




-~ column of approximate dates of no ervor we have ourselyes added.

o Berg.tley/is Table of Errors in the Positions of the Planets, as caleulated,

clusi

~ ment of the Strya-Siddhénta, | : e
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. Nowif it pdssib}éqby-:th‘is'mathod? tgﬁéirﬁ%e ,ag)proximaﬁely at/ t’hé‘,{,- i
 date of & correction applied to the elements of a Siddhauta, it should

be possible in like manner to arrive at the date of those elements them-

 selves. For, owing to the false assumption of position at the epoch,

there is but one point of time at whick any of the periods of revolution
will give the true place of its planet : if; then, &s is to be presumed, the
true places wers nearly determined when any treatise was composed,
and were made to enter as an element, into the construction of its

system, the comparison of the dates of no error will point to the epoch of o
its composition. The method, indeed, as is well known to all those whol, oS

have made any studies in the history of Hindu astronomy, has alveady

~ been: applied to this purpose, by Mr, Bentley, It was first originated

and put forth by him (i vol. vi. of the Asiatic Researches) at a time ;
when the false estimate of the age and value of the Hindu astronomy” © . . 2
presented by Bailly was still the prevailing one in Europe he strenu-

‘ously defended it against move than one attack (As. Res, viii, and Hind. .

~ Ast), and finally employed it very extensively in his volume on the

‘History of Hindu Astronomy, as a means of determining the age of the
different Siddhantas.  We present below the table from which, in the'
latter work (p. 126), he deduces the age of the Strya-Siddhanta; the

. Jfor successive periods, according to the Strya-Siddhdnta.

Planet Tron Age 0, | T. A, 1000, | I A, 2000, | L. .A.‘a_()‘(})g,s[, A. /3639,
i ; 3

s VA 4199, When
B. G, 3102, | B, €. 2102, | B, €. 1102} B L ALD. 638, [ AvDy

1091, [corract

i 7’ Wi e e R o ' :— 9 R 3 T r o CUEB R 4
| Meroury,  |+33 25 350125 9 52416 84 948 38 2643 21 oj-1 12 28/
Venus,  |-32 43 36/~24 37 31/-16 31.26|-8 25 m'~3 14 450t 148l
1 Mars, l+xa. 5 dalt 9 26 32146 47 2244 8 1242 26 3oj+o 58 29

‘Jupiter,  |-17. 2 53|12 44116- 8 25 39i-4 7 2%-1 21 47{+0 41 14
Saturn, 1420 59 3/+15 43 20lk10 27 37145 11 5441 50 1011 4 26
| Moon, ~ 5 52 41|~ 3 50 48— 2 9 17/-0 52 33 -0 18 Jo|-0 "0 11}
“ apsis,|-3o 11 2523 9 36|16 7 47/-9 .5 58-4 36 26|-0 43 10/ :
L ‘node, 403 37 31417 50 21412 31 1147 3 1t+3 33 1glk0 3t Hof 11881

& o

an’ average. of the results thus obtainied, Bentley draws the con- |
fthat the Strya-Siddhanta dates from the latter part of the elev-{ \ o
enth eentury; or, more exactly, A. D. 1091. ‘ ‘ v
The genéral soundness of Bentley’s method will, we apprehiend, be
denied at the present timo by few, and he is certainly entitled to not a
little credit for his ingenuity in devising it, for the persevising industry = =
shown inits application, and_for the zeal and boldness with which he i
propounded ahd defended it. He sutceeded in throwing not a little <
light upon an obseure and misapprehended subject, and his investiga- L
tions have contributed very essentially to our present understanding'of o
the Hindu systoms of astronomy. But the details of his work are nob.
to be accepted without careful testing, and his general conclusions are \, :
often unsound, and require essential medification, or are to bér_reject,’cwl“}\\';g B
altogether, This we will attempt to show in ¢dliteetion with his treat- D

i k.




 Inthe first place, Bentloy has made a very serious error in that part
~ of his calenlations which concerns the planet Mereury. As that planet

was, at the epoch, many degrees behind its assumed place, it was neces-
sary, of course, to assign to it a slower than its true rate of motion.
But the rate actually given it by the text is not quite enough slower,

and, instead of exhausting the original error of position in. the tenth

‘century of our era, as stated by Bentley, would not so dispose of it for
many hundred years yet to come, Hence the correction of the bija, as
reported by Bentley himself, instead of giving to Mercury, as to all the
vest, a more correct rate of motion, 1s made to have the contrary effect,
. in order the gooner to run out the original error of assumed position,
. and produce a coincidence between the caleulated and the true places of
the planet. ‘ ’ D
In the case of the other planets, the times of no error found by
Bentley agree pretty nearly with those which we have ourselves ob-
tained, both by calculating backward from the errors of A. D. 1860,
and by caleulating downward from those of B. €. 8102, and which are
~ presented in the table given under verse 67, Upon comparing the two
tables, however, 1t will be seen at once that Bentley’s conclusions are
drawn, not from the sidereal errors of position of the planets, but from
the errors of their positions as compared with that of the sun, and that =
of the sun’s own etror he makes no account at all.  This is a method of
procedure which certainly requires a much fuller explanation and justifi-
cation than he has seen fit anywhere to give of it. The Tlindu sphere
is 4 sidereal one, and in no wise bound to the moyement of the sun,
The sun, like the other planets, was not. in the position assumed for him
at the epoch of 3102 B, C, and consequently the rate of smotion
agsigned to him by the system is palpably different from the real one:
the sidereal year is abont three minutes and a half too long. Why then
. should the sun’s error be ignored, and the sidereal motions of the other
~ planets considered only with reference to the incorrect rate of motion
established for him? Tt is evident that Bentley ought to have taken
fully into consideration the sun’s position also, and to have shown either
that it gave a like result with those obtained from the other planets, or,
if not, what was the reason of the diserepancy. By failing to do so, he
has, in our opinion, omitted the most fundamental datum of whole
caleulation, and the one which leads to the most important conf@#ions.
'We have seen, in treating of the bija, that it has been the aim of the
modern Hindu astronomers, leaving the sun’s error untouched, to amend
those of the other planets to an accordance with it, Now, as things
are wont to bo managed in the Hindu literature, it would be no matter
for surprise if such corrections were incorporated into the text itself:
had not the Strya-Siddbanta been, at the beginning of the sixfeenth
century, so widely distributed, and its data so universally known, and
_ had not the Hindu science outlived already that growing and productive
period of its history when a school of astronomy might put forth a cor~
rected text of an ancient authority, and expect to see it make its way
to general acceptance, crowding out, aud finally causing to disappear,
the older version—such a process of alteration might, in our view, haye
passed upon it, and such a text might have been handed down to our
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original error of the sun would remain, untouched and increasing, to in-
 dicate what was the true state of the case, b d :
~ But what is the actual position of things with regard to our Sid-
dbhanta? We find that it presents s a set of planetary elements, which,
~ when tested by the errors of position, in the manner already explained,
~do not appear to have been constructed so as to give the true sidereal
~ positions at any assignable epoch, but which, on the other hand, exhibit
evidences of an attempt to bring the places of the other planets into an
accordance with that of the sun, made sometime in the tenth or cleventh
_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 history of Sanskrit literature can be, that
there was a Stirya-Siddhénta in existence long before that date; there
is also evidence in the references and citations of other astronomical
works (see Colebrooke, Essays, ii. 484 ; Hind. Alg., p. 1) that there have
been more versions than one of a treatise bearing the title ; and we have
seen above, i verse 9, a not very obscure intimation that the present
work does not present precisely the same elements which had been ac-
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, Bentloy would have pronounced, upon internal evidence, to have
~ been composed early in the sixteenth century; while, nevertheless, the

~ cepted formerly as those of the Stirya-Siddhanta, What can lie nearer, |

then, than to suppose that in the tenth or eleventh century a correction ||
of bija was caleulated for application to the elements of the SiddhAnta, |
and was then incorporated into the text, by the easy alteration of four |

or five of its verses; and accordingly, that while the comparative errors
of the other planets betray the date of the correction, the absolute error
of the sun indicates approximately the true date of the treatise?

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

There is also an alternative supposition to that which we have made
above, respecting the conclusion from the date of no erroy of the sun.
If the error in the sun’s motion were a fundamental feature of the whole
Hindu ' system, appearing alike in all the different text-books of the
seience, that date would point to the origin rather of the whole system

- than of any treatise which might exhibit it. But although the different
Siddhantas nemly agree with one another respecting the length of the
sidereal year, they do not entirely accord, as is made evident by the
following statement, in which are included all the authorities to which
we have access, either In the original, or as reported by Colebrooke,
Bentley, and Warren ¢
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' tially and wneritically, and never allowing his

(' Length of sidereal ysar.
| 365d 6b xam 36s.56
365 6 12 36
365 190 3B
Gl d6B Bl doiBA
| Laghy-Arya-Siddbanta, 365 /6 12 30 e
Siddhnta-Clromani, « ~ | 305 6 12 o : 36 i
 The first five of these might be regarded as unimportant variations
of the same error, but it W(J‘ll%d seem that the last is an independent de-
termination, and: one of later date than the others; while, if all are
independent, that of the Strya-Siddhémta has the appearance of being
the most ancient, Such questions as these, however, are not to be too
hastily decided, nor from single indications merely ; they demand the
most thorough investigation of each different treatise, and the careful

Bl T e
| Blrya-Siddhanta,
Paulica-Siddbanta,

‘Pﬁxﬁgara—smdhanm i

. Avya-Siddhanta, |

e s

collection of all the evidence which can be brought to bear upon them,

- Here lies Bentley's chief ervor.  He relied solely upon his method of
examining the elements, applying even that, as we have seen, only par-
results o' be controlled
or corrected by evidence of any other character. He ‘had, in fact, no
philology, and he was deficient in sound critical judgment. “He thor-
oughly misapprehended the character of the Hindu astronomical litera-

tare, thinking it to be, in the main, a mass of forgeries framed for the «

purpose of deceiving the world respecting the antiquity of the Hindu
people. Many of his most confident conclusions have already been
overthrown by evidence of which not even he would venture to ?ues‘tiofi‘
the verity, and we are persuaded that but liftle of his work would stand
“the test of a therough examination, ; o L 0
' . The annexed table presents a comparison of the times of mean side-
real revolntion of the planets assumed by the Hindu astronomy, as rep-
resented by two of its principal text-books, with those adopted by the
great Greek astronomer, and those which modern science has established.
The latter are, for the primary planets, from Le Verrier; forithe moon, -
from Nichol (Cyclopedia of the Physical Sciences, London : 1857).

Those of Ptolemy are deduced from*the mean daily rates of motion in i

longitude given by him in the Syntaxis, allowing for the movement of
the equinox ‘achl'ding to the false rate adopted by him, of 86"/ ye’arly(‘ i

Comparative Tadle of the Sidereal Revolutions of the Planets. . °

" Ptolemy,

| Planet,

Sﬁxya-fiiddhﬁnw.

Siddhanta-Ciromani)

Moderns, '

L SR
- |Mereury,
Venus,
N,
W upiter;ial
Satarn,
Moons
sid. rev,
synod. rev,
rey. of apsis,
KB ‘ﬂode,

Vil i ai
365 612 36,6
873316 22,3
224 16 45 562
686 23 56 23.5
4,332 7 41 444
10,765 18 33 13.6

27 743126
29 12 44 2.8
3232 214 53.4

6,794 9 35 45:4

h' m #
6 12 9.0
23 16 41.5
16 45 1.9
23789 3.5
11645 43
19 33 56.5

d
365
87
204
686
4,332
10,765

243 19
12044 2.8
117,37 60
6 bidrg

27
a9
3,933

6:792‘

d e g
1365136 1 9 48.61

§7.23 16 42.9
224 16 51 56.8
686 23 31.56.1

4,332 18 g 10.5|

10,758 17 48 14,9

137 migd asal

291244 33
32 19 52 13.6

G, 318 39.4

& h ‘m ‘:u"‘:‘.‘ :
365 679108

87 23145439
92416 4o 8 0

43 ‘ ‘
10,759 516 32.31

i ':27‘ 743 11.4

9913 44 2.6 "

13,232 13 48 29.6|
6,708 641 45.6)




A I.'he nu‘ flmmgs of the astemms, chmlmsimed ibyﬂ‘“ \
the number of the reyolutions of each planet re.speotwaly, gives
the number of risings of the pla,nets mn an Age. !
. 85, The number of lunar months is the difference between the -
, olutions of the sun and of the moon., If from it
' the number of solar months be subtra.cted the remainder is the
. number of mterca,hry months. |
86, Take the civil days from the lunar the remamder 18 the
LU nueher o omitted lunar days (ldmkshaya) Fl‘om rising to
gl e 0L the sun are reckoned terrestrial civil days; ‘
Vi 87. Of these there are, in an Age, one billion, five hundred.
and seventy-seven mﬂhon, nine hundred and seventeen thousand,
. eight hundred and twenty-eight ; of lunar days, one billion, six
hundred and three million, and exghty,

/88, Of intercalary months, one million, five hundred and
_nmetyﬂthree thousand, three hundred and thxrty six; of omitted
lunar days, twenty- five million, e1ghty~two thousand, two hun-
dred and fifty-two ; :

89, Of solar months fifty- one million, eig ght hundred and forty
'thousand The number of risings of the asterisms, diminished

by that of the revolutions of the sun, gives the number of ter- -
restrial days. :

40, The intercalary months, the omitted 1unar days, the side-
real, lunar, and civil days—these, multiplied by a thouswnd are
the number of revolutions; ete., in an Aon.

’I‘he data here given are combinations of, and deductmns from, those e
_ contained in the precedmi passage (vv. 29-34), For convenience of o
; reference, we present them below in a tabular form, ,

) i) In 4,920,000 years.  In 1,080,000 years.
) Sldereal days,‘ ‘ b 1,582,237,828 395,600,457

deduct sola.r revolutions, : 4,320,000 1,080,000

Natural, or civil days, 1,577,917,828 394,479,457

Sidereal solar (years, - 4,320,000 . 1/680,000

: mulﬁiply by no. of solar months in a year, 12 12

L Solay months, i 51,840,000 12,960,000

| Moon sidereal revoluhons, i 57,753,336 14,438,334
 deduoct |olar revoluhons, m 4320000 . 1,080,000

j“ ! Synodxcal revolutmns, lunar months, o 53,433,336 113,358,334
v . deduct solar months . 51,840,000 | 12,660,000
| Intercalary months, [ 0 o 1,693,336 368,334

B g R
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_ hundred and seventy-four ; of that of Venus, nine hundred and

33

multiply by po. of lupar deysinamonth, 80 30
" Limae dawdl 0 B B03000,080 foo 750000
. dedbict civil days, LT 1577,917,828 . 394d70uS7
‘,Oz’nitt‘ed‘ lanar dayé, ; ; : 25082252 6270, ‘

. Weadd a fow explanatory remarks respecting some of Vthé»térmé e
ployed in this passage, or the divisions of time which they designate, .

 'The natwral day, nycthemeron, is, for astronomical purposes, reckoned

Tlength 5 for the practical uses of life, the Hindus count it from sunrise
6 sunrises which would cause its duration to vary, in a latitude as high
ds our own, sometimes as much as two or three minutes. As above
noticed, the S{stem of Brahmagupta and some others reckon the astro-
nomical day alsa from sunvise. ;

For the lunar day, the lunar and solar month, and the general con-

stitution of the year, see above, under verse 13, The lunar month,

which is the one practically reckoned by, is named from the solar month

in which it commences. An intercalation takes place‘:when two lunar
months begin in the same solar month : the'former of the two is called

‘an intercalary month (adhimédsa, or adhimdsaka, * estra month”), of the

same name as that which succeeds it.

The term * omitted lunar day” (tethikshaya, “loss of & lunar day”)

is explained by the method adopted in the calendar, and in practice, of
naming the days of ‘the month. The civil day receives the name of the

lunar day which ends in it; but if two lunar days end in the same solar

day, the former of them is reckoned as loss (kshaye), and is omitted, the
day being named from the other. i

‘41. The revolutions of the sun’s apsis (manda), moving east-

in the Sfirya-Siddh&nta from midnight to midnight, and is of inyariable ‘

ward, in an Alon, are three hundred and eighty-seven ; of that

of Mars, two hundred and four; of that of Mercury, three hun-
dred and sixty-eight; Pl Y
' 49, Of that of Jupiter, nine hundred ; of that of Venus, five

‘hundred and thirty-five; of the apsis of Saturn, thirty-nine.
TFarther, the revolutions of the nodes, retrograde, are: i
' 43. Of that of Mars, two hundred and fourteen; of that of

Mercury, four hundred and eighty-eight; of that of Jupiter, one

three: o . o \

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

In illustration of the curious feature of the Hindu system of astronomy
presented in this passage, we fipst give the annexed table; which shows

‘the number of revolutions in the Afon, or period of 4,320,000,000 years,

assigned by the text o the apsis and node of each planet, the resulting
time of revolution, the number of years which each would require to

57




al  Stwyn-Siddhdnia, i
hrough an are of one minute, and the po’siﬁon of each, according
to the system, in 1850; the latter being reckoned in our method, from
~ the yernal equinox. Farther are added the actual positions for Jan. 1,
| 1850, as given by Biot (Traité d' Astronomie, tom, v. 520); and finally,

.  the ervors of the positions as determined by this Siddhonta. ;
e g’dbk of ‘Rev.ol_utions‘ and Present Position of the Aj)sidgs and Nodes of

i ; i " the Planets.
G it i 4
e o e— T AT
N Lol g motion, | A, D. 1850, | A, D). 1850, | position,
‘Apﬁdeé} KR i ! R ol o !
1 Bun, 38y 11,162,790.7 516.8 95 ik 1anlan il B0
Mercury, | 368 11,739,130.4 5435 11199826, (- loB50 o =50 53
i1V enus, 535 8,074,766.4 3738 97 39 . 309 24 | ~211 45
Mars, 204 21,176,470.6 980.4 | 147 49 153 18 | - 5 29
Jupiter, | 900 4,800,000.0. 23221 189 -9 | 19165 [ - 2 46
Satarn, 39 | 110769330.8 | 5128.2 | 254 24 | 290 6 | - 15 42
Nodes : s
Mercuary, | 488 . 8,852,450-0 400, 38 27 4633 |~ .8 6
(g ‘Yemzs,w)‘.‘ gu3 4,784,063.2 22410 77 26 i L Ty
L Mars, ) a4 20,186,015.9 934.6 57 49 48 23 | + 9 26
A Japiter, 174 24,827,586.2 1149.4 97 26 98564} =~ 128
| Saturn, ! 662 6,525,678.2 302.1 118 7.l dia 22 |+ 545

A mere inspection of this table is sufficient to show that the Hindu
astronomers did not practically recognize any motion of the apsides and

nodes of the planets ; since, even in the case of those to which the
assigned the most rapid motion, two thousand years, at the least, wou??'l
be required to produce sith a chauge of place as they, with their im-
perfect means of observation, would be able to detect.

- This will, however, be made still more clearly apparent by the néxt
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 Iron Age. :

Paositions of the Apsides and Nodes of the Planets, according to Different
. Authorities, at the Commencement of the Iron Age, 3102 B, C. :

®

; : Siddhanta- Arya- Pardgara-

‘Ph"‘“‘e’t' S‘W a-Siddhénta.| - Clromani. Sidd'g&nm' Sidd}i‘i}nta.
Ap;i‘dﬁé; (rév.) gle ey imi e BRI (e 81 alE R | CreN) o) 0
Sun, [(175) 2 17 748)(219) 2174536210y 2 17 45 36/(21g) 2 17 45 36
Mercury, 2166) 710 19 12/(151) 7 14 47 2|(154) 7 014 34l(103) 7 040 19
| Venus,” [(242) 2 19 39 ol(298) 221 210(300) o 17 16 48i(240) 2 20 42 43
Mars, | (92) 4 95736[(133) 4 81814(136) 4 350 24(1dg) 4 2 43 26
Jupiter, |(407) 531 o ol(390) 522 1536(378) 52248 0(448) § 22 35 24
e A’rSmmm, {17) 7 26 36 36| (18) 8 2053 31) (16) 4 29 4536] (24) 7 28 14 52

A Nodes: | | S iy

| Mercury, {(221~) 0 20 52 48 %938-—) o 21 20 53/(239-) 0 20 g 36(2g6~) 0 = 1 26)
Venus, [(dog~) 2 o 148/(408~)2 © 5§ 2(433-) 2 028 48/(4o8-) 2 5 g
I . Mars, (97-) 1 10 8 24i(122-) © 2t 59 46(136-) 1 o 19 12{(112-) 1 9 336
. Jupiter, | (79-) 2 19 44 24| (39-) 2 22 2 38) (44-) 2 30 38 24| (87-) 2 21 43 1
gl Saturn, |(300-) 3 10 37 12|(267~) 3 13 23 311(283 -) 3 10 48 0j(288-) 3 1o 26 24|
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‘The data of the Arya and Phrdcara SiddbAntas, from which the posi-
tions given in the table are calculated, ave derived from Bentley (Hind.
Ast, pp. 139, 144).  To each position is prefixed the number of com-
pleted revolutions; or, in the case of the nodes, of swhich the motion is
retrograde, the number of whole revolutions of which each falls short
by the amount expressed by its position. e Tl
The almost universal disagreement of these four authorities with
_ respect to the number of whole revolutions accomplished, and their =
general agreement as to the remainder, which determines the position,*"
prove that the Hindus had no idea of any motion of the apsides and
nodes of the planets as an actual and observable phenomenon; but,
knowing that the moon’s apsis and node moved, they fancied that the
symmetry of the universe required that those of the otlier planets should
move also; and they constructed their systems accordingly,  They held,
100, as will be seen at the begimning of the second chapter, that the
nodes and apsides, as well as the conjunctions (glglhre), were beings,
stationed in the heavens, and exercising a physical influence over their
respective planets, and; as the conjunctions revolved, so must these also.
In framing their systems,‘thenphey assigned to these points such a
number of revolutions in an Aon as should, without attributing to them
* any motion which admitted of detection, make their positions what they
supposed them actually to be. The differences in respect to the number
of revolutions were in part rendered necessary by the differences of other
 features of the systems; thus, while that of the Hiddhanta-Ciromani
makes the planetary motions commence at the beginning of the Abn, ho
by that of the Stirya-Siddbénta they commence 17,064,000 years later .«
(see above, v. 24), and by that of the Arya-Siddhinta, 8,024,000 years
later (Bentley, Hind. Ast. p. 139): in part, owever, they arc merely
arbitrary ; for, although the Parbcara-Siddhanta agrees with the Sid-
dhénta-Ciromani as to the time of the beginning of things, its numbers
of revolutions correspond only in two instances with those of the latter, -+
It may be farther remarked, that the close accordance of the different .
astronomical systems in fixing the position of points which ave so difficult ™"
of observation and deduction as the nodes and apsides, strongly indicates,
either that the Hindus were remarkably acourate obsecrvers, and all |
arrived independently at a near approximation to the truth, or that souwie
one of them was followed as an authority b;\y\the others, or that all alike
derived their data from a eommon source, whether native or foreign.
We reserve to the end of this work the discussion of these different
possibilities, and the presentation of data which may tend to settle the i
question betwen them, ; o : hns
- 45. Now add together the time of the six Patriarchs (manw),
with their respective twilights, and with the dayn af the com- =
. mencement of the Aon (kalpa) ; farther, of the Patriarch Manu, '
son of Vivasvant, N ‘ b D

% T4 s altogether probable that, in the two cases where the Arya-Siddbinta seems
to disagree with the: others, 'its data were either given incorrectly by Bentley's aus
thority, or have been incorrectly reported by him. i ‘
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486, Tﬁe',‘tWenfnySevéﬁ"Ageé (yuga) that are pas’c, and likewise

the present Golden Age (kriw yuga); from their sum subtract the
time of creation, already stated in terms of divine years, e
| 47. Tn solar years: the result is the time elapsed at the end of
the Golden Age: namely, one billion, nine hundred and fifty-
. three million, seven hundred and twenty thousand solar years.

 We have alveady presented this computation, in full, in the notes to '

 yerses 23 and 24,
| 48. Mo this, add the number of years of the time since
past, . .. ; i ‘
. As the Stirya-Siddhénta professes to have been revealed by the Sun
‘about the end of the Golden Age, it is bf course precluded from taking
any notice of the divisions of time posterior to that period ; there is
_ nowhere in the treatise an allusion to any of the eras which are actually
_ made use of by the inhabitants of India in reckoning time, with the ex-
ception of the cycle of sixty years, which, by its nature, is bound to no
_ date or period {see below, v. 55). The astronomical era is the coms
 mencement of the Tron Age, the epoch, according to this Siddhénta, of
. the last general conjunction of the planets; this coincides, as stated
. above (ander vv, 29—34? with Feb, 18, 1612 J. P., or 3102 B. C. From
 that time will have elapsed, upon the eleventh of April, 1859, the
 number of 4960 complete sidereal years of the Iron Age. The com-
_ putation of the whole period, from the beginning of the present order
of things, is then as follows :

From end of ereation to end of last Golden Age, 1,953,720,000
Silver Age, ' ! 1,296,000
Brazen Age, . | 864,000

 Of Iron Age, : 4,960 2,164,560

| Total from end of creation to April, 1859, el 1,005,884,960

Since the Sfirya-Siddhinta, as will appear from the following verses,

reckons by lunisolar years, it regards as the end of L A, 4960 not

* the end of the solar sidereal year of that number, bub that of the lunis

solar year, which, by Hindu reckoning, is completed upon the third of
the same month (see Ward, Kala Sankalita, Table, p. xxxii).

| 48..., Reduce the sum to months, and add the months

. ‘%xpir‘ed of the current year, beginning with the light half of
aitra, .

49. Set the result down in two places; multiply it by the

number of intercalary months, and divide by that of solar

. months, and add to the last vesult the number of intercalary

" months thus found ; reduce the sum to days, and add the days

expired of the current month ; G

50. Set the result down in two places; multiply it by the

number of omitted lunar days, and divide by that of lunar days;

snbtract from the last result the number of omitted lunar days

W o




Bl The sum of days, .n‘ci‘vifreckén‘ihg.f G

Age is completed in April, 1859 ;, in ovder to exhibit the plece in the

ks

s

" The names of the solar monthsi‘arederivad from- the names of

d: tho remainder is, at midnight, on

. In these verses is taught the method of one of the most important

- and frequently recurring processes in Hindu Astronomy, the nding,
. namely, of the number of civil or natural days which have elapsed at =

. any given date, reckoning either from the beginning of the present
 creation, or (see below, v. 56) from any required epoch since that time!

In the modern technical language, the result is uniformly styled the

| @hargana, “sum of days;” that precise term, however, does not once .
oceur in the text of the Strya-Siddhanta: in the present passage we

have dyugana, which means the same thing, and in verse 53 dinardgi, o

“heap or quantity of days.”

 The process will be best illustrated and explained by an exmple

. Let it bo required to find the sum of days to the beginning of Jan. 1,
asde | L e

Tt is first necessary to know what date corresponds to this in Hi@du
reckoning. 'We have remarked above that the 4960th year of the Iron

next following year of the date required, and, at the same time, to pre- i :

sent the names and succession of the months, which in this treatise are
~ assumed as known, and are nowhere stated, we have constructed the

following skeleton of a Hindu calendar for the year 4961 of the Iron
o  Bolar Year.
0 mionthy | A firss day..
AL A. 4obo)y ;

¢ s © Lani-solar Year, ' |
L 12, Cditra,  \ Mar. 13,185

" month. e firht days Vo

(BN destiin bt \

G i et s
‘ A, Vaichiha, . Apr 13 dod 4 1,‘-'_Cﬁn-tvra. Apr. 4 1859,
AT e o Va\l?a'_t‘kha, May 8, do,
B sk ke g ‘3. Jy&xshf;l)a, : Jm;e 2, do. ‘
X 4. Qrivana,  July 15, do. d"AShéF'I . T e
: 5. Biddrindis Aug. 16 o 48, (}r@wmqﬂ July?x, do.r
.6, Agvina, | Sept. 16, do. i s N
9. Kdrttika,  Oct, 16, do. 3 Aonita, s Bvpicas; o,
. 8. Margacirsha, Nov. 15, do e e o
' Pausha, Dec. 15, ‘do. 0 Mﬁmgag‘l}'ahw,‘ NQVA“ e >'
; pshars s ; wo. Phusha, |\ Dee, 95, do;i

. Méaght, © ' Jan, ‘13, 1860, !
. Phalguna,  Feb. 11, ido.
' k3, Chitra, Mar. 12, do,

i

itt. Magha, J
12, /ﬁ?hélgtxna;‘\‘ Fb. ,
l G L LA Aoty L
IR G Oliben Mur 93 dg

S Sw

1860;
Ll

: he
asterisms (see below, chap. viii.) in which, at the time of their being first:
8o designated, the moon was full during their continuance., The same
names are transferred to the lunar months,  Each lunar month is divided
into two parts; the first, called the light half (pukla paksha, « bright

(i 18




s;d§
it

lasts from

full moon to niew moon, or while the moon is wanin

| The table shows that Jan, 1, 1860, is the eighﬁ; d‘ay of the tenth
‘month of the 4961st year of the Iron Age. The time, then, for which

. we have to find the siim of days, is 1,055,884,960 y, 9 m, 7 d.

* Number of complete yéars“élapsed, ; 1956884960

multiply by number of solar months in a year, 12
Number of months, T 23,470,619,520
add months elapsed of current year, | 9

| 'Whole number of months elapsed, 23,470,610529

Now a proportion is mad

intercalary months : or,

To reduce, again, the number of lunar d
ponding numbe
whole number o
days in the same period, so is the number of lunar days
which the sum of days is required to that of the corresponding

for

51,840,000 1,593,336 ; 1 23,470,619,529 ¢ m91,384,703 4
* 1 oy

‘Whole ‘numbé{"‘of months, 4s above, | 23,470,619,529
 ad intercalary months, » 721,384,703
Whole nﬁmber of lunar months, ‘ 24,192,004,532
‘multiply by number of lunar days in a month, 30
Number of 1ifnr days, i 725,760,£26,960
add lunar days elapsed of current ronth, 7
Whole number of lunar days elapsed, : ~725,760,126,967

omitted lunar days: or, |

"This, then, is the required sum of days, for the beginning of the year

1,603,06‘0,080: 25,052,252 58 725,760,.1 26,967 + 11,356,01 8;395-4- :

Whole number of lunar days as above, 725,760,126,067
deduct omitted lunar days, 11,356,018,395

Total number of civil days from end of creation )
to beginning of Jau. 1, 1860, § =14,404,108,572

. A.D. 1860, at midnight, upon the Hindu prime meridian.,

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

 Bl.... From this may be found the lords of the day, the
* month, and the year, counting from the sun. If the number be
 divided by seven, the remainder marks the lord of the day, be-
. ginning with the sun.
' de the same mumber by the number of days in &

. 52. Divi
ltiply the one quotient by two and the

 month and in a year, mu

"), lasts fron new moon t,onful‘l”nmoﬁ,ror. while the 'moqﬁ;i:s waxing ;
other, called the dark half (krshna paksha, “Dblack side”), lasts from

| ot as the whole number of solar months
in an Age is to the ntmber of intercalary months in the same period, so
is the number of months above found to that of the corresponding

ays-thus found to the corres-
r of solar days, a proportion is made, as before: as the
£ Junar days in an Age is to the number of omitted lunar
in the period




hree, add one to each

idd one to ea pro&ucf,* é‘md,“diﬁﬁe‘ by seyen;
indicate the lo

ot
¥ rds ofthe month and o'f_'the' 3

~ the remainder
AR L ; : [ ‘, ‘
_ These verses explain the method of ascertaining, from the sum of days
already found, the planet which is accounted to preside over the day,
- and also those under whose charge are placed the month and yearm
 which that day occurs. o Dlea e e L
~ To find the lord of the day is to find the day of the week, since the =
~ latter derives its name from the former. = The weelk, with the names and i
succession of its days, is the same in India as with us, having been
derived to both from a common source. The principle upon which the
assignment of the days to their respective guardians was made has been
handed down by ancient authors (see Ideler, Handbuch d. math. u. tech,
- Chronologie, 1. 178, ete.), and is well known. It depends upon the
division of the day into twenty-four hours, and the assionment of each
of these in succession to the planets, in their natural order; the day
being regarded as under the dominion of that planet to which its first
hour belongs.  Thus, the planets being set down in the order of their
proximity to the earth, as determined by the ancient systems of as-
tronomy (for the Hindu, see below, xii. 84-88), beginning with the
remotest, as follows : Saturn, Jupiter, Mars, sun, Venus, Mercury, moon,
and the first hour of the twenty-four being assigned to the Sun, as chief
of the planets, the second to Venus, etc., it will be found that the twenty-
fifth hour, or the first of the second day, belongs to the moon ; the forty-
ninth, or the first of the third day, to Mars, and go on, Thus is obtained
anew arangement of the planets, and this is the one in which this  ©
~ Siddhanta, when referring to them, always assumes them to stand (see,®
for instance, below, v, 70; ii. 35-37): it has the convenient property:
that by it the sun and moon are separated from the other planets, from -
- which they are by so many peculiarities distinguished, Upen this oxder
depend the rules here given for ascertaining also the Jords of the menth
and of the year. The latter, as appears both from the explanation of
the commentator, and frora the rules themselyes, ave no actual months
and years, but periods of thirty and three hundred and sixty days, fol-
lowing one another in uniform succession, and supposed to be placed,
like the day, inder the guardianship of the planets to whom belong
their first subdivisions: thus the lord of the day is the lord of its first
hour; the lord of the month is the loxd of its first day (and so of ite
first hour) s the lord of the year is the loxd of its firsst month (and so
“of its first dav and hour). We give below this artificial arrangement =
of the planets, with the order in which they are found to succeed one
another as lords of the periods of one, thirty, and three hundred and
. sixty days; we add their natural order of succession, as lords of the
hours; and we farther prefix the ordinary names of the days, with their
English equivalents. = Other of the numerous names of the planets, it =
|18 to be remarked, may be put before the word vdra to form the name
‘of the day: wvdre itself means literally “successive time,” or “turn,?
and is not used, so far as we are aware, in any other connection, to
 denote a day. : : :
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. Somavdra, ' Monday, = Moon, g
Mangalavirs, = Tuesday, Mams, s RO S
Budhavira, | Wednesday, Mercury, PR

. QGuruyara, . Thureday, Jupiter, . i o
‘Qukravara, Friday, Venus, Gl
Canivéra, Baturday, Saturn, ) 4 3 5

' As the first day of the subsistence of the present order of things is
 supposed to have been a Sunday, it is only necessary to divide the sum

~ of days by seven, and the remainder will be found, in the first column,

. opposite the name of the planet to which the required day belongs.
Thus, taking the sum of days found above, adding to it one, for the first
of January itself, and dividing by séven, we have :
e 7) 714,404,7108,573
‘ ; 102,05%329,796—-: :
The first of January, 1860, accordingly, falls on a Sunday by Hindu
~ reckoning, as by our own,
~ On referring to the table, it will be seen that the lords of the months
. follow one another at intervals of two places. To find, therefore, by &
| summary process, the ford of the month in which oceurs any given day,
 first divide the sum of days by thitty ; the quotient, rejecting the re-
' mainder, is the number of months elapsed; multiply this by two, that
~ each month may push the succession forward two steps, add one for the
_eurrent month, divide by seven in order to get rid of whole series, and
the remainder is, in the column of lords of the day, the number of the
regent of the month required. Thus: :

36) 714,404,108,572

B
23,813,470,285-F

2

- 4n,626,940,570
: )

7)47,626,940,571
T6,603,8486527

The regent of the month in question is therefore Saturn. a0
_ Bya li%ce process is found the lord of the year, saving that, as the
lords of the year succeed one another at intervals of three places, the
multiplication is by three instead of by two. Upon working out the
process, it will be found that the final remainder is five, which designates
Jupiter as the lord of the year at the given time. i
. Excepting here and in the parallel passage xii. 77, 78, no reference is
made in the Strya-Siddhanta to the week, or to the names of its days,
Indeed, it is not correct to speak of the week at all in connection with
India, for the Hindus do not seem ever to have regarded it as a division
of time, or a period to be reckoned by; they knew only of a certain order
of succession, in which the days were placed under the regency of the
seven planets,  And since, moreover, as remarked abave (under vv. 11,
| Yo, vi. 23 ‘
W e i
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- 12), they never ‘made that division of the day into twenty-four hours
npon which the order of regeney depends, it follows that the whole sys-
~ tem was of foreign origin, and introduced into India along with other

elements of the modern sciences ‘of astronomy and astrology, to which
it belonged.  Its proper foundation, the lordship of the successive hours,
is shown by the other passage (xii, 78) to have been also known to the

__ Hindus; and the name by which the hours are there called (hord==dga)
_indieates beyond a question the source whence they derived it. o

© 58, Multiply the sum of days (dinardgd) by the number of
revolutions of any planet, and divide by the number of givil
days; the result is the position of that planet, in virtue of ite
mean motion, in revolutions and parts of a revolution.

‘By the number of revolutions and of civil days is meant, of course,
their number, as stated above, in an Age. For ¢ position of the planet,”
etc., the text has, according to its usual succinet mode of expression,

! simply “is the plavet, in revolutions, ete.” There is no word for “po- |
' sition” or “place” in the vocabulary of this Siddhanta. : j

- 'This verse gives the method of finding the mean place of the planets
at any given time for which the sum of days has been ascertained, by
a simple proportion ; as the number of civil days in a period is to the
number of revolutions during the same period, so is the sum of days o
the number of revolutions and parts of a revolution accomplished down
to the given time. Thus, for the sun: L
1,577,017,828 : 4,320,000 : : 714,404,508,572 1,955,884 960rev 88 179 48/ e ‘
* The mean longitude of the sun, therefore, Jan, 1st, 1860, at midnight
on the meridian of Ujjayini, is 257°48' 7%, 'We have calculated in this
manner the positions of all the planets, and of the moon’s apsis and
node—availing ourselves, however, of the permission given below, in
verse 56, and reckoning only from the last epoch of conjunction, the be-
ginning of the Iron Age (from which time the sum of days is 1,811,945),
and also employing the numbers afforded by the lesser period of
1,080,000 years—and present the results in the following table, i

Mean Places of the Planets, Jan, 1st, 1860, midnight, at Upjayint,

Flgnet. ggf;;dé? dtt(n)ﬁg::. correg:: ﬁ;m bija.

; (rev,) f ° ! o 8 . ¢
Sun, (4060) 8 17 480 9 8 7 4809
Mercary, (gofcn) 4 x5 a3 8 4 8. 3610
Venus, Bo63) 10 21 8 59 1o 160 1r 24
Mars, (2637) 5 24 "7 36| 5 a4 17 36
Jupiter, (G Lo T L i e R G G i 3
Saturn, (168)" 3 a0f 11 xalt i 8 G0
- Moon, (66.318Y 1yinb a8 a4 loax 15003 g
4 dpsis, 60) 10 g g el bro 8 0B aS
% ' node, (267-) 9 24 26 4 Q 22 46 51

The positions are

given as deduced both from ‘the numbers of
revolutions stated in the text, and from th. same as corrected by the
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~ bija: prefixed are ﬁe numbers of complete revolutions accomplished
. since the epoch. In the cases of the moon's apsis and node, however,

it was necessary to employ the numbers of revolutions given for the

. whole Age, these not being divisible by four, and also to add to their

ascertained amount of movement their longitude at the epoch (see below,
under vv. 57, 58). ‘ J ‘ |

'54. Thus also are ascertained the places of the conjunction
(gighra) and apsis (mandocea) of each planet, which have been
mentioned as moving eastward wand in like manner of the nodes,
which have a retrograde motion, subtracting the result from 2

whole circle.

The places of the apsides and nodes have already been given above
(under vv. 41-44), both for the commencement, of the Iron Age, and
for A.D. 1850, The place of the conjunctions of the three superior
planets is, of course, the mean longitade of the sun. In the case of the
inferior planets, the place of the conjun ction is, in fact, the mean place of
the planet itself in its proper orbit, and it is this which we have given for
Mercury and Venus in the preceding table : while to the Hindu appre-
hension, the mean place of those planets is the same with that of the sun.

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

This is the rule for finding the current year of the eycle of sixty
years, which is in use throughout all India, and which is called the cycle
of Jupiter, because the length of its years is measured by the passage
of that planet, by its mean motion, throh%h one sign of the zodiac.
According to the data given in the text of this Siddhanta, the length of
Jupiter’s year is 3614 08 881 ; the correction of the bfja makes it about
12m longer. It was doubtless on account of the near coincidence of

“this period with the true solar year that it was adopted as a measure of

U time; but it has not been satisfactorily ascertained, so far as we are

aware, where the cycle originated, or what is its age, or why it was
made to consist of sixty years, including five whole revolutions of the
planet. ' There was, indeed, also in use a cycle of twelve of Jupiter's
years, or the time of one sidereal vevolution : see below, xiv. 17, Davis
(As. Res. iii, 209, etc.) and Warren (Kala Sankalita, p. 197, etc.) have
treated at some length of the greater cycle, and of the different modes
gf dreckoning and naming its years usual in the different provinces of
ndia. ;

In illustration of the rule, let us ascertain the year of the cycle cor-
responding to the present year, A. . 1859. It is not necessary to make
the calculation from the creation, as the rule contemplates; for, since
the number of Jupiter’s revolutions in the period of 1,080,000 years is
divisible by five, a certain number of whole cycles, without a remainder,
will have elapsed at the beginning of the Iron Age. The revolutions of

\ the planet since that time, as stated in the table last given, are 418, and

it is in the 3td sign of the 419th revolution ; the reduction of the whole

14



~ amount of movement to signs shows us that th#eurrent year is the

5019th since the epoch ; divide this by 60, to cast out whole cycles, and :

. the remainder, 39, is the number of the year in the current cycle. This
treatise nowhere gives the names of the years of Jupiter, but, as in the
case of the mont,%s, the signs of the zodiae, and other similar matters,

assumes them to be already familiarly known in their succession : we

accordingly present them below, We take them from Mr, Davis's paper,
alluded to above, not having access at present to any original authority

' which contains them. ! o | e

1. Vijaya. 21, Pramadin. 41 Qrimukha,

2. Jaya. 22, Ananda. daBhivar 0

3. Manmatha, 23, Rékshasa. 43, Yuvan,

4. Durmukha, 24, Anala. | 44. Dhitar,

5. Hemalamba, 25, Pingala, 45, lgvara,

6. Vilamba. 26. Kélayukta. 46. Bahudhanya.
7. Vikérin, 27, Siddbarthin, 47. Pramithin,

8. Qarvari, 28, Raudra. : 48. Vikrama,

9. Plava, 29. Durmati, 49, Bhreya

10. Cubbakrt. . 3o, Dundubhi. . 50, Citrabhanu,
1L 8ubhaua. 31. Rudhirodgdrin. St. Subbanu,
12. Krodhin, 35, Raktdksha, a9 Tamga,
13, Vigvavasu, . 33 Krodhana. © 0 83 Parthiva.

14, Pardbhava, 34 Kshaya, ‘ 54. Vyaya,

15. Plavanga: o+ 35. Prabhava, | 55, Sarvajit, :
16. Kilaka, ! 36, Vibhava, .56, Sarvadhirin,
17, Sdumya. : 39 Cuklay: 57, Virodhin,

18. Badhdrana. | 38. Pramoda. e BEE ViAo

19. Virodbakrt, | 39, Prajapati, 59. Khara,

20, Paridhdvin. ‘4o, Angiras, | 6o, Nandana,

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

Although it is thus evident that the Strya-Siddbénta regards both
the existing order of things and the Iron Age as having begun with
Vijaya, that year is not generally accounted as the first, but as the
twenty-seventh, of the cycle, which is thus made to commence with
Prabhava. An explanation of this diserepancy might perhaps throw
important light upen the origin or history of the cycle. '

This method of reckoning time is called (see below, xiv. 1,2) the

 bdrhaspatya mana, © measure of Jupiter,”

56. The processes which have thus been stated in full detail,
are practically applied in an abridged form. The calculation of
the mean place of the planets may be made from any epoch
(yuga) that may be fixed upon. Gt

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

58. The moon’s apsis (ucca) is in the first of Capricorn, and
its node is in the first of Libra; and the rest, which have been



stated above to have a slow motion—their position cannot be.

Ay

~ expressed in whole signs. - Wt : B
Tt is curious to observe how the Sfirya-Siddhanta, lest it should seem
 to admit a later origin than that which it ¢laims in the second verse of
this chapter, is compelled to ignore the real astronomical epoch, the

beginning of the Iron Age; and also how it avoids any open vecog-
nition of the lesser cycle of 1,080,000 years, by which its calculations
are so evidently intended to be made.
" The words at the end of verse 56 the commentator interprets to mean :
“from the beginning of the current, i.e., the Silver, Age.” In this he
is only helping to keep up the pretence of the work to immeniorial an-
tiquity, even going therein beyond the text itself, which expressly says
“from any desired (ishtatas) yuga” Possibly, however, we have taken
too great a liberty in rendering yuga by “epoch,” and it should rather
be “Age,” i.e, “ hoginning of an Age.” The word yuga comes from
the root yuj, “to join” (Latin, jungo; Greek, tedyrvue s the word itself
. is the same with jugum, tvyév), and seems to have been originally ap-
plied to indicate & cycle, or period, by means of which the conjunction
or correspondence of discordg,nt modes of reckoning time was kept up; *
thus it still signifies also the ustrum, or cycle of five years, which, with
ant intercalated month, anciently maintained the correspondence of the
year of 360 days with the true solar year. From such uses i was trans- -
ferred to desiguate the vaster periods of the Hindu chronology.

As half an Age, or two of the lesser periods, are accounted to have
elapsed between the end of the Golden and the beginning of the Iron
Age, the planets, at the latter epoch, have again returned to a position
of mean conjunction : the moon's node, also, is still in the first of Libra,
but her apsis has changed its place half a revolution, to the first of
Cancer (see above, under vv, 29-34). The positions of the apsides and
nodes of the other plancts at the same time have been given already,
under verses 41-44, . ‘
 The Hindu names of the signs correspond in signification with eur own,.
having been brought into\india from the West. \ There is nowhere in

_this work any allusion to them as constellations, or as having any fixed
position of their own in the heavens ; they gre simply the names of the
successive signs Srd;;i,, bha) into which any circle is divided, and it is left
to be determined by the connection, in any case, from what point they

" ghall be counted. Here, of course, it is the initial point of the fixed

~ Hindu s%)hera (see above, under v. 27). As the signs are, in the sequel,
frequently cited by name, we present annexed, for the convenience of
reference of those to whose memory they are not familiar in the order
of their succession, their names, Latin and ‘Sanskrit, their numbers, and
the figures generally used to represent them. Those enclosed in

+  brackets do not chance to oceur in our text.

A 1. Avies,  op mesha,aje. 7, 7. Libray £ fuld.

¢ 4. Taurus, 8 wrshan, A8, Seorpio, m  Lvreeika,] 6l
;3. Gemini, [T mithuna. 4 o Sagittarius, § dhenus.
. 4 Cancer, €3 karka, karkata, o 10. Onpricornus, Yf makara, mrya.
5 5 Teo, D [sinkal. { .ty Aquaring, = kumbho,

, 6. Virgo, TR kanyd. s 12, Pisces, ¥ [minal.

9
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In the ‘t.i'vansléutji(cmf:g'iveﬁ‘ above of the sacdnél.(.half of verse 58, n

ittle violence is done to the natural construction. This would seem t

e S
require that, it be rendered : “and the rest are in whole signs (bave come

to a position which is without a remainder of degrees); they, being of
- slow motion, are not stated here.” But the actual condition of things
at the epoch renders necessary the former translation, which is that of
the commentator also. We cannot avoid conjecturing that the natural
rendering was perhaps the original one, and that a subsequent alteration
of the elements of the treatise compelled the other and forced nterpre-
tation to be put upon the passage. R
The commentary gives the positions of the apsides and nodes (those
of the nodes, however, in reverse) for the epoch of the end of the Golden
Age, but, strangely enough, both in the printed edition and in our manu-
script, commits the blunder of giving the position of Saturn’s node a
second time, for that of his apsis, and also of making the seconds of the
gosition of the node of Mars 12, instead of 24. 'Woe therefore add them
elow, in their correct form. i

Motion of the Apsides and Nodes of the Planets, to the End of the lust
Glolden Age. ' i

Planet. Apail. | Node.

(rev.) 8 o ¥ o Crev,) § ° Ottt
Sun, (ig8) 0 & in AR T /
Mercury, (160). 5. 4 4 48| (220) & 11 16 48
Venus, (241} 1113 a1 o | (408) 4 17 95 48%
Mars, e e TR 9 190" a4
Jupiter, (do7), 09 ol ol (78) B 8 56 a4
Saturn, (17) 719 35 24 (209 4 a0/ 13 irali

The method of finding the mean places of the planets for midnight
on the prime meridian having been now fully explained, the treatise
proceeds to show how they may be found for other places, and for other
times of the day.  To this the first requisite is to knew the dimensions
of the earth. ‘ o |

69. Twice eight hundred yojanas are the diameter of the earth:
the square root of ten times the square of that is the earth’s cir-
cumference, .. : i 3

60. This, multiplied by the sine of the co-latitude (lambaj}/dg :
of any place, amf divided by radivs (#ivd), is the eorrecte
{sphuta) circumference of the earth at that place, ... =

There is the same difficulty in the way of ascertaining the exactuess
of the Hindu measurement of the earth as of the Greek; the uncer-
* tain value, namely, of the unit of measure employed. The yojana is
ordinarily divided into kroga, “ cries” (i, e, distances to which a certain
cry may be heard); the kroga into dhanus, « bow-lengths,” or danda,
“poles;” and these again into hasta, “cubits.” By its origin, the latter

* The printed edition, by anerror of the press, givles 4.
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. ought not to vary far from eighteen inches; but the higher measurcs
~ differ greatly in their relation to it. The nsual reckoning makes the
_yojana equal 82,000 cubits, but it is also sometimes regarded as com-
posed 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.
 “T'his uncertainty is no merely modern condition of things : Hiuen-Thsang,
the Chinese monk who visited India in the middle of the seventh cen-
tury, reports (see Stanislas Julien’s Mémoires de Hiouen-Thsang, i. 59,
ete.) that in India “according to ancient tradition a yojana equals forty
23; according to the customary use of the Indian kingdoms, it is thirty
li’; but the yojana mentioned in the sacred books contains only sixteen
% - this smallest yojana, according to the value of the /i given by Wil-
liams (Middle Kingdom, ii. 154), being equal to from five to six English
miles. At the same time, Hiuen-Thsang states the subdivisions of the
%ojana in a manner to make it consist of only 16,000 cubits. Such
eing the condition of things, it is clearly impossible to appreciate the
value of the Hindu estimate of the earth’s dimensions, or to determine
how far the disagreement of the different astronomers on this point may
be owing to the difference of their standards of messurement. Arya-
bhatta (se¢ Colebrooke’s Hind. Alg. p. xxxviii; Essays, ii. 468) states the
earth’s diameter to be 1050 yojanas; Bhéaskara (Siddh.-Cir. vii. 1) gives
it as 1581 : the latter author, in his Lilavati (1. 5, 6), makes the yojana

_consist of 82,000 cubits. :

The ratio of the diameter to the circurnference of a circle is here
made to be 1 :./10, or 1 : 8.1623, 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 3488 : 10,800, or 1:3.14186; and then
farther, to find the former, and not the latter, made use of in calculating
the dimensions of the planetary orbits (see below, xii, 83). But the
same inconsistency is found also in other astronomical and mathematical
authorities, Thus Aryabhatta (see Colebrooke, as above) calculates the
earth’s circumference from its diameter by the ratio 7 : 22, ov 1 : 8.14286,
but makes the ratio 1 : /10 the basis of his table of sines, and Brahma-
gupta and Cridhara also adopt the latter. Bhéskara, in stating the
earth’s circumference at 4967 yojanas, is very near the tvuth, since
1581 : 4967 ::1: 8.14168 : his Lilavatt (v. 201) gives 7:22, and also,
as more exact, 1250 : 3927, or 1 :3.1416.  This subject will be reverted
~ toin connection with the table of sines.

_ The greatest circumference of the earth, as caleulated according to
the data and method of the text, is 5059.556 yojanas, The astronomical
{ojana must be regarded as an independent standard of measurement,

y which to estimate the value of the other dimensions of the solar
system stated in this treatise. To make the earth’s mean diameter cor-
rect as determined by the Sirya-Siddhénta, the yojana should equal

4,94 English miles; to make the circumference correct, it should equal
4,91 miles. o ;

The rule fofinding the circumference of the earth upon a parallel of
latitude is founded upen a simple proportion, viz, rad, ; cos. latitude :
cire, of eavth at equator: do. at the given parallel; the cosine of the

i
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latitude being, in effect, the radius of the cirolo of latitude. Radiusand

cosine of latitude ave tabular numbers, derived from the table to be
given afterward (see below, ii. 17—21)., This treatise is not accustomed
to employ cosines directly in its calculations, but has special names for
~ the complements of the differont ares which it has occasion to use.
Tervestrial latitude is styled aksha, “axle,” which term, as appears from
~ xii, 42, is employed elliptically for akshonnati, * elevation of the axle,”
i e, “of the pole:” lamba, co-latitude, which properly signifies “lag-
ging, dependence, falling off,” is accordingly the depression of the pole,
or its distance from the zenith: Directions for finding the co-latitude
are given below (i, 13, 14). j ‘ : .
he latitude of Washington being 38° 54/, the sine of its co-latitude
i8 2675'; the proportion 8438 : 2675 ::5050.64 : 3936.75 gives us, then
the earth’s eircumference at Washington as 3936.75 yojanas. :

60. ... Multiply the daily motion of a planet by the distance
in longitude (degdntara) of any place, and divide by its corrected
circumference ; T

61. The quotient, in minutes, subtract from the mean position
of the planet as found, if the place be east of the prime meridian

(relhd) ; add, if it be west; the result is the planet's mean po-

gition at the given place.

The rules previonsly stated have ascertained the mean places of the
lanets at a given midnight upon the prime meridian; this teaches us

gow to find them for the same midnight upon any other meridian, or,
how to correct for difference of longitude the mean places already found.
The proportion is: as the circumference of the earth at the latitude of
the point of observation is to the part of it intercepted between that
point and the prime meridian, so is the whole daily motion of each
planet to the amount of its motion during the time between midnight
on the one meridian and on the other, The distance in longitude
(degéntara, literally “difference of region”) is estimated, it will be ob-
served, neither in time nor in are, but in yojanas. Fow it is ascertained
is taught below, in verses 6365,

The geographical position of the prime meridian (rekhd, literally
“line”) is next stated. i ‘

62. Situated upon the line which passes through the haunt of
the demons (rdkshasa) and the mountain which is the seat of the
gods, are Rohitaka and Avantd, as also the adjacent lake.

The “haunt of the demons” is Lank4, the fabled seat of Rivana, the
chief of the Rakshasae, the abduction by whom of Rama's wife, with
_ the expedition to Lankd of her heroie husband for her rescue, its ac-
complishment, and the destruction of Révana and his people, form the
subject of the epic poem called the Rimébyana. In that poem, and to
the general apprehension of the Hindus, Lanks is the island Ceylon; in
the astronomical geography, however (sce below, xii. @), it is a city,
situated upon the equator. How far those who established the meridian
may have regarded the actual position of Ceylon as identical with that
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assigned to Lankd might not be easy to determine. The “seat of the
gods” is Mount Meru, situated at the north pole (see below, xii. 34, etc.).
The meridian is usually styled that of Lankd, and * at Lanka” is the
ordinary phrase made use of in this treatise {as, for instance, above, V.
503 below, iii. 43) to designate a situation either of no longitade or of
_ no latitude. i el
But the circumstance which actua%ﬁxes the position of the prime
meridian is the situation of the city of Ujjayini, the Oty of the Greeks,
the modern Ojein. It is called in the text by one of its ancient names,
. Avanti. It is the capital of the rich and populous province of \Mélava,
occupying the plateau of the Vindhya mountains just north of the
principal ridge and of the river Narmads (Nerbudda), and from old
time & chief scat 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 era, so important a commerce Was
carried on between Alexandria, as the mart of Rome, and India and the
. countries lying still farther east. That the prime meridian was made
| to pass through this city proves it to have been the eradle of the Hindu
science of astronomy, or its principal seat during its early history. Its
actual sitvation is stated by Warren (Kala Sankalita, p. 9) as lat. 299
11/ 30" N., long. 75° 53’ E. from Greenwich : a later authority, Thorn-
ton’s Gazetteer of India (London: 1857), makes it to be in lat. 28° 10" Ny
long. 75° 47' B.; in our farther calculations, we shall assume the latter
position to be the correct one. ;

The situation of Rohitaka is not so clear; we have not succeeded in
finding such a place mentioned in any work on the ancient geography
of India to which we have access, nor is it to be traced upon Lassen's
map of ancient India. A eity called Rohtuk, however, is mentioned by
Thornton (Gazettedr, p. 836), as the chief place of a modern British
district of the same name, and its situation, a little to the north-west of
Delhi, in the midst of the ancient Kurukshetra, leads us to regard it as
identical with the Rohitaka of the text. That the meridian of Lanka
was expressly recognized as passing over the Kurukshetra, the memora-
ble site of the great battle described by the Mahé&bhérata, seems. clear,
Bhéskara (Siddh.-Cir., Gan., vii. 2) describes it as follows : “the line
which, passing above Lanka and Ujjayini, and touching the region of
the Kurukshetra, etc., goes through Meru—that line is by the wise
regarded as the central meridian (madhyarekhd) of the earth.” Our
own commentary also explaing sanmibitam sarah, which we have transla-
ted “adjacent lake,” as signifying Kurukshetra. ~Warren (as above)
takes the same expression to be the name of a city, which seems to us
highly improbable; nor do we see that the word saras can properly be
applied to a tract of country : we have therefore thought it safest to
translate literally the words of the text, confessing that we do not know
to what they refer.

If Rohitaka and Rohtuk signify the same place, we bave here a
measure of the accuracy of the Hindu determinations of longitude;
Thornton gives its longitude as 76° 38/, or 51 to the east of Ujjayini.

The method by which an observer is to determine his distance from
the prime meridian is next explained. . L
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63, When,  total eclipse of the moon, the emergence
(unmilana) takes place after the calculated time for its ocour-
rence, then the place of the observer is to the east of the central
maaridian 4 v e e b, e e
- 64. When it takes place before the calculated time, his place

is to the west: the same thing@may be ascertained likewise from

~ the immersion (nimilana). tiply by the difference of the two
times in nAadis the corrected circumference of the earth at the
‘place of observation, ‘ e i
65. And divide by sixty: the result, in yojanas, indicates the
distance of the observer from the meridian, to the east or to the
west, upon his own parallel; and by means of that is made the

eorreetion for difference of longitude.

Choice is made, of course, of a lunar eclipse, and not of 2 solar, for
the purpose of the determination of longitude, because its phenomena,
being unaffected by parallax, are seen everywhere at the same instant of
absolute time; and the moments of total disappearance and first reap-
pearance of the moon in a total eclipse are farther selected, because the
precise instant of their occurrence 18 observabie with more accuracy than
that of the first and last contact of the moon with the shadow. For
the explanation of the terms here used see the chapters upon eclipses
(below, iv--vi). ) i i
. The interval between the computed and observed time being ascer-
tained, the distance in longitude (degdntara) is found by the simple
proportion: as the whole number of nédis in a day (sixty) is to the inter-
val of time in nédis, so is the circuinference of the earth at the latitude
of the point of observation fo the distance of that point from the prime
meridian, measured on the parallel.  Thus, for instance, the distance of
Ujjayini from Greenwich, in time, being 51 8m 88 and that of Washing-

~ tou from Greenwich 5h 8m 118 (Am. Naut. Almanac), that of Ujjayint
from Washington is 10m 11m 19% or, in Hindu time, 257 287 19,8, or
2574718 : and by the proportion 60 : 254718 : : 3936.75 : 1671.28, we
abtain 1671.28 yojanas as the distance in longitude (degdnfara) of
Washington from the Hindu meridian, the constant quantity to be em-
ployed in finding the mean places of the planets at Washington.
~ We might have expected that calculators so expert as the Hindus
would employ the interval of time direotly in making the correction for
difference of longitude, instead of reducing it first to its value in yojanas.
That they did not measure longitude in our manner, in degrees, ete., 18
owing to the fact that they scem never to have thought of applying to
the globe of the earth the system of measurement by circles and divi-
sions of circles which they used for the sphere of the heavens, but, even
when dividing the earth into zones (see below, xil. 50-66) reduced all
their distances laboriously to yojanas. e

66. The succession of the week-day (vdra) takes place, to the
east of the meridian, at a time after midnight equal to the differ-
ence of longitude in nadis; to the west of the meridian, at a
corresponding time before midnight.
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- This verse appears to us to be an astrological precept, asserting the
. regeucy of the sun and the other planets, in their order, over the sue-
. gessive portions of time assigned to each, to begin everywhere at the
. same instant of absolute time, that of their true commencement npon
. the prime meridian; so that, for instance, at Washington, Sunday, as
~the day placed nnder the guardianship of the sun, would really begin at.
eleven minutes before fwo on Saturday afterncon, by local time. The
- commentator, howevery sees in it merely an intimation of ‘what moment
of local time, in places east and west of the meridian, corresponds to
the true beginning of the day upon the prime meridian, and he is af

- much pains to defend the verse from the charge of being superfluous
and unnecessary, to whiel it is indeed liable, if that be its only meaning.
The rules thus far given have divected us only how to find the mean
places of the planets at a given midnight. The followin@verse teaches
ghe method' of ascertaining their position at any required hour of the
ay. i

67, Multiply the mean daily motion of a planet by the number
of nadis of the time fixed upon, and divide by sixty: subtract
the quotisnt from the place of the planet, if the time be before
midnight; add, if it be after: the result is ifs place at the given b

5 ’ /i FARe (e i i i it ;
tlme" %2 fr\,‘”{bgﬁvf ;ﬁm/j,c«n-:, R{)c’l’ LT #?"ihw'{u.w}‘tw T A o‘(.ﬂh-/g..w;’ 3 3

The proportion is as follows : as the number of nadis in a day (sixty)
is to those in the interval between midnight and the time for which the
mean place of the planet is sought, so is the whole daily motion of the
planet to its motion during the interval; and the vesult is additive or

© subtractive, of course, according as the time fixed upon is after or before
midnight,

In order to furnish a practical test of the accuracy of this text-beok
of astronomy, and of its ability to yield correet 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 meridian of Ujjayini, which is equal to the distance in
time of the meridian of Washington, viz. 252 28¥ 12.8, or 04.42453; and
we present the results in the annexed table, The longitudes are given
as reckoned from the vernal equinox of that date, which we make to be
distant 18° 5/ 87,25 from the point established by the Strya-Siddhanta
as the beginning of the Hindu sidereal sphere; thisis (see below, chap.
viii) 10’ east of ¢ Piscium. We have ascertained the mean places both
as determined by the text of our Siddhanta, and by the same with the i
correction of the dja, Added are the actual mean places at the time el
designated : those of the primary planets have been found from Le Ver- ‘ Cial
rier's elements, presented 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 Almanac, at Cambridge!

* We would warmn our readers, however, of a serious error of the press in the
taf,}ﬂe as given by Biot; as the yearly motion of the earth, rend 1,265,977.88, instead
of .. . D72.88, | o ; ]




" Mean Longitudes of the Planets, Jan. 1st, 1860, midnight, at Washington.

e “According to Strya-Siddhinta: | Accofing to |
D text. | withbije. moderns,
Sun, | o6 18 21 | b 18 2y | 100 it 6
Mercury, 195 a0 3o g8 a5 v 30 4 a8 18 a0
Venus, 339 54 551334 57 ¥8 (336 13 36
Mars, 192 36! 671 fen 36 Bl 1gn 96 G2
L Jupiter, = l'jof 7 22| 100 48 56| 103 35 17
Saturn, 198 iyl 133 4G Erdn ol tra
Moon, g i@y g g liag i Axead
5 . lapsis, 3o 50 a4 {396 1x rv ] 336 47 39 ;
I “ . node, J14 3 DY t8re: 5038 | 3Xa 48 ito 2

In the next following table is farther given a view of the errors of the
Hindu determinations—both the absolute errors, as compared with the
actual mean place of each planet, and the relative, as compared with
the place of the sun, to which it is the aim of the Hindu astronomical
systems to adapt the elements of the other planets. Anunexed to each
error is the approximate date at which it was nothing, or a¢ which it
will hereafter disappear, ascertained by dividing the amount of present
~error by the present yearly loss or gain, absolute or relative, of each
planet; excepting in the case of the moon, where we have made allow-
ance, according to the formula used by the American Nautical Almanac,
for tim acceleration of her motion. - e

Errors of the Mean Lbngiludeé of the Pldne,ts, as calculated according fo
/ the Strya-Siddhanta. ‘ ‘

P, Egrors according to text : The same, with bija :

anet, | T
absolute. c;‘;‘::xt_ rel. to sun, lc:’l::t absolute, c:’rliggt. rel, to sun, ‘"'l’:;_

8 1 (1 A0, 6 A S S ’ 1" i \ n; ’ (e 7

Sun, i [~346 45| 3b0i 0 o of ....} =346 45 50| 0 0 O ..t

Mereury, +3 34 10| 2332 {47 20 55| 3271 | =3 2 41| 1617 |40 ‘44..&‘5 1970

Venus, A3 41 19l 1232 {49 a8 4l ‘941 =1 16 18 2136 +2 30 37| 1909

Mars, —4 50 a7 886 |~x 3 4al 1455 |~4 G0 .27 886 |-1 3 42| 1455

Jupiter, +0°32  Blabyr |44 18 50| 8321 <3 46 91| 4203 |41 0 24 1575
Satum, -8 53 Bg| 606 ~5 6 14 857|-3 55 ar| 1250 -0 8 36| 1825
| Moon, ~3 37.14) 115 {40 g 31| 1067 |3 37 14} 115 |+0 g 31 1067
“ ppsis, | +1 2 49| 1679 | +4 4g 34| 1252 | =0 36 24| 1969 |43 10 21| 1459
“  node, | o 18 19| 1976 |43 28 26| 1162 | —1 57 32} 9714 | 41 4y 13} 1468

To complete the view of the planetary motions, and the statement of
the elements requisite for ascertaining their position in the sky, it only
_remains to give the movement in latitude of each, its deviation from the
general planetary path of the ecliptic. This is done in the concluding
wverses of the chapter, i i

168, The mdon is, by its node, caused to deviate from the limit of
its declination (krdnt), northward and southward, to a distance,
when greatest, of an eightieth part of the minutes of a circle;
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69, Jupiter, to the ninth part of that multiplied by two;
. Mars, to the same amount multiplied by three; Mercury, Venus,
. and Saturn ‘are by their nodes caused to deviate to the same
- 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 latitude (vikshepa) of the moon and the rest, in their order.

The deviation of the planets from the plane of the ecliptic is here
stated in two different ways, which give, however, the same results;
thus : :

‘ 21600" i J
‘Moon, 7 290/ or LRGeS ST (s
| I i 1
‘ 270! .
Mars, —Z}-—- = gol . or . ¢'X 10:== gol = 1730
‘ 270’ U ! ’ {J ©
Mercury, e .4 = 120 or LU 8 T T
B Ty ; ; i
. Jupiter, —9— 3 3= G or 6 XWrg == Gok s
SR ""'-7' : { 270’ : 1 o1 ‘ (4 Q
‘. Yenus, TX4 =120/ or > 18 A o I~ b S 2
gooli b i ‘,
Saturng o w4 = 140 or 128 3¢ im0 == x90/ ==l a®

The subject of the latitude of the planets is completed in verses 6-8,

~ and verse 57, of the following chapter; the former passage describes

. the manner, and indicates the direction, in which the node produces its

disturbing effect ; the latter gives the rule for caleulating the apparent
latitude of a planet at any point in its revolution.

‘There is a little discrepancy between the two specifications presented
in these verses, as regards the description of the quantities specified :
the one states them to be the amounts of greatest (parama) deviation
from the ecliptic; the other, of mean (madhya) deviation, Both de-

 scriptions are also somewhat inaccurate. The first is correct only with
reference to the moon, and the two terms require to be combined, in
order to be made applicable to the other planets. The moon has its
greatest latitude at 90° from its node, and this latitude is obviously
equ‘al‘ to the inclination of its orbit to the ecliptic; for although its
‘absolute distance from the ecliptic at this point of its course varies, as
does its distance from the earth, o account of the eccentricity of its
orbif, and the varying relation of the line of its apsides to that of its
“nodes, its angular distance remains unchanged. © So, to an observer sta-
tioned at the sun, the greatest latitnde of any one of the primary planets
~would be the same in its successive revolutions from node to node, -
and equal to the inclination of its orbit, But its greatest latitude as
seen from the earth is very different in different revolutions, both on
account of the difference of its absolute distance from the ecliptic
when at the point of greatest removal from it in the two halves of its
orbit, and, much more, on account of its varying distance from the earth, |
The former of these two causes of yariation was not recognized by the |
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Hindus: in this treatise, at least, the distance of the
apsis (mandocea) is not introduced as an element into.
determining a planet’s latitude. The other cause of ¢ \
allowed for (see below, ii, 57). Its effect, in the case of the three supe-
rior planets, is to make their greatest latitude sometimes greater, and
sometimes less, than the inclination of their orbits, according as the
planiet is nearer to us than to the sun, or the contrary ; hence the values
. given in the text for Mars, Jupiter, and Saturn, as they represent the
' mean apparent values, as latitude, of the greatest distance of each planet =~
. from the ecliptic, should nearly equal the inclination. ' In the case of
Mercury and Venus, also, the quantities stated are the mean of the differ-
 ent apparent values of the greatest heliocentric latitude, but this mean
is of course less, and for Mercury very much less, than the inclination.
Ptolémy, in the elaborate discussion of the theory of the latitude con-
tained in the thirteenth book of his Syntaxis, has deduced the actual
inclination of the orbits of the two inferior planets: this the Hindus do
not seem to have attempted. | ‘ il ‘
We present below a comparative table of the inclinations of the
orbits of the planets as determined by Ptolemy and by modern astrono-
mers, with those of the Hindus, so far as given directly by the Stirya-
Siddhénta. ‘ ‘ 4

Inclination of the Orbits of the Planeis, according to Different ,.41¢thdri35qa.

node from the
the p .

Planet. Strya-Siddhanta.|  Ptolemy. Moderns.

¥ AR ° v A Ty
Mereuty, o " 7 oo eBRRL L
SNSIAR, 330 LA U G
Mars, 1 30 1 b XLy o "
Jupiter, 1 ) g Lilsad o
Saturn, 2 2 o 2 99148
Moon, 4 30 5 4 8 4o

The verb in verses 68 and 69, which we have translated “cansed to
deviate,” is vi kshipyate, literally “is hurled away,” disjicitur ; from it 15
derived the term used in this treatise to signify celestial latitude, vikshe-
pa, “disjection,” The Hindus measure the latitude, However, as we
shall have occasion to notice more particularly hereafter, upon a circle
of declination, and not upon a secondary to the ecliptic, = In the words
chosen to designate it is seen the influence of the theory of the node's
action, as stated in the first verses of the next chapter, The forcible
removal is from the point of declination (krdnti, “gait,” or apakrama,
“withdrawal,” i. e, from the celestial equator) which the planet onght
ab the time to occupy. ‘ iy

- The title given to this first chapter (adhikira, “ subject, heading™) is.

. madhyamadhikira, which we have represented in the title by “mean,
motions of the planets,” although it would be more aceurately rendered
by “mean places of the planets;” that is to say, the data and methods
requisite for ascertaining their mean places. Now follows the spashid-
diukbra, *chapter of the true, or corrected, places of the planets.”
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omimmRR L.
OF 'THE TRUE PLACES OF THB PLANEIS.

Cowrenms -1-8, causes of the irregularities of the planetary motions; 4-5, disturb-
"ing influerice of the apsis and ‘conjunction; 6-8, of the node; 9-11, different
~ degree of irregularity of the motion of the different planets; 12-18, different
_ kinds of planetary motion; 14, purpose of this chapter; 156-18, rule for con-
structing the table of sines; 17-22, table of sines; 22-27, table of versed sines;
98, inclination of the ecliptic, and rule for finding the declination of any point in
ity 29-80, to find the sine and cosive of the anomaly; 81-82, to find, by interpo-
lation, the sine or versed sine corresponding to any given arc; 88, to find, in like
~ manner, the are corresponding to a given sine or versed sine; 34-8"7, dimensions
of the epicycles of the planets; 88, to find the true dimensions of the epicycle at
any point in the orbit; 89, to find the equation of the apsis, or of the centre;
40-49, to find the equation of the conjunction, or the annual equation; 48-45,
application of these equations in finding the true places of the different planets;
46, correction of the place of a planet for difference between mean and apparent
‘solar timd’: 47-49, how to correct the daily motion of the planets for the effect of
the apsis; 50-51, the same for that of the conjunction; 51-55, retrogradation of
' the lesser planets; 56, correction of the place of the node; 5758, to find the celes-
tial latitude of a planet, and its declination ag affected by latitude; 69, to find the
length of the day of auy planet; 60, to find the radius of the diurnal circle;
61-63, to find the day-sine, and the vespective length of the day and night ; 84,
to find the number of asterisms traversed by a planet, and of days elapsed, since
the commencerient of the current revolution; 65, to find the yoga ; 68, to find
_ the current lunar day, and the time in it of a given instant; 67-69, of the divisions
of the lunar month called Earana. :

1. Forms of Time, of invisible shape, stationed in the zodiac
(bhagana), called the conjunction (gighrocca), apsis (mandocea),
and node (pdla), are causes of the motion of the planets.

2. The planets, attached 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 (pravaha) impels them
toward their own apices (ucca); being drawn away forward and
backward, they proceed by a varying motion.

4. The so-called apex (ucea), when in the half-orbit in front of
the planct, draws the planet forward; in like manner, when in
the half-orbit behind the planet, it draws it backward.

5. When the planets, drawn away by their apices (ucca), move
" forward in their orbits, the amount of the motion so caused is
called their excess (dhana); when they move backward, 1t is
called their deficiency (rna).

In these verses is laid before us the Hindu theory of the general
 pature of the forces which produce the irregularities of the apparent

L




" . attempting nothing farther ; the other is not content without fabricating
‘o fantastic and absurd theory respecting the superbuman }‘fowere which

(¥
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mofion;s;j;"regarﬂed as being ‘.‘the,r‘eal mbbiom,' of ﬂm :planet,sQ The ’v‘évriv;éld-“

wide difference between the spirit of the Hindu astronomy and that of
_ the Greek is not less apparent here than in the manner of presontation. .

of the elements in the last chapter: the one is purely scientific, devis-
ing methods for representing and calculating the observed motions, and .

occasion the moyements with which it is dealing, The Hindu method
hat. this convenient peculiarity, that it absolves from all necessity of

adapting the distarbing forces to one another, and making them form

one consistent system, capable of geometrical representation and mathe-
matical demonstration ; it regards the planets as acmally‘;moving‘ in

¢ giveular orhits, and the whole apparatus of epicyeles, given later in

the chapter, as only a device for estimating the amount of the force,

“and of its resulting motion, exerted at any given point by the disturb-

ing cause. : b
The commentator gives two different explanations of the provector

wind, spoken of in the third verse: one, that it is 4he general current, v

mentioned below, in xil. 73, as impelling the whole firmament of stars,
and which, though itself moving westward, drives the planetd, in some
unexplained way, towards its own apex ‘of motion, in the east; the
other, that a separate vortex for each planet, called provector on account

of its analogy,with that weneral current, although not moving in the

same direction, carries them around in their orbits from west to east,
leaving only the irregularities of their mogion to be produced by the

- disturbing forces.  This latter we regard as the proper meaning of the

text: neither is very consistent with the theory of the Jagging behind
of the planets, given above, in i. 25, 26, as the explanation of theie
aﬁparent eastward motion. The commentary also s}‘a’ceg more explicitly

the method of production of the disturbance's a cord of air, equal in -

\ Jlength to the orbit of each planet lesssthe disk of the' latter itself, is

attached to the extremities of its diameter,tand passes through the two
hands of the being stationed at the point of disturbance ; and he always
draws it toward himself by the shorter of the two parts of the cord.
The term wucce, which we have translated “apex,” applies both to the
apsis (manda, mandocea, “apex of slowest motion”——the apogee in the

¢ case of the sun and moon, the aphelion, though not recognized as such,
. in the case of the other planets), and to the conjunction (¢ighra, clgh-

rocea, “apex of swiftest motion”). \The statement ‘made of the like
effect of the two upon the motion of the planet is liable to cause diffi-
culty, if it be not distinetly kept in mind that the Hindus understand
by the influence of the disturbing canse, not its acceleration and retarda-
tion of the rate of the planet’s motion, but its effect in giving to the
planet a position in advance of, or behind, its mean place. It may be
well, for the sake of aiding sorne of our readers to form a clearer appre-
hension of the Hindu view of the planetary motions, to expand and
illustrate a little this statement of the effect upon them of the two
principal disturbing forces. o i
First, as regards the apsis. This is the remoter extremity of the major
axis of the planet’s proper orbit, and the point of its slowest motion,

b
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_+ Upon passing this point, the planet begins 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 grains both in rate of motion and in place, until at the perigee, or

l{)eﬁhelion, it is moving most rapidly, and has made up what it before

. lost, so that the mean and true places coincide. Upon passing that point

| again, it gains upon its mean place during the first quadrant, and toses
what it thus gained during the second, until mean and true place again
~coincide at the apsis. Thus the equation of motion is greatest at the
apsides, and nothing at the quadratures, while the equation of place is
greatest at the quadratures, and nothing at the apsides; and thus the
planet is always behind its mean place while passing from the higher to
the lower apsis, 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, mandocea.

In treating of the effect of the conjunction, the glghrocea, we hiave to
distinguish two kinds of cases. With Mercury and Venus (see 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 planet itself, the conjune-

tion being regarded as making the cirenit of the zodiac in the same
time, and in the same direction, as the planet really revolves about the

sun; while the mean place of these planets is always that of the sun
itself. 'While, therefore, the conjunction is making the half-tour of the
heavens eastward from the sun, the planet is making its eastward elon-
gation and returning to the sun again, being all the time in advance
of its mean place, the sun; when the conjunction reaches a point in the
heavens opposite to the sun, the planet is in its inferior conjunction; or
at its mean place; during the other half of the revolution of the con-
Jjunction, when it is nearest the planet upon the western gide, the latter
18 making and Josing its western elongation, or is behind its mean place,
Accordingly, as stated in the text, the planet is constantly drawn away
from its mean place, the sun, toward that side of the heaveus in which
the conjunction is.

Once more, as concerns the superior planets, The revolutions as-
signed to these by the Hindus are their true revolutions; their mean

places are their mean heliocentric longitudes; and the place of the con-' =

Junction (¢bghrocea) of each is the mean place of the sun. Eince they
move but slowly, as compared with the sun, it is their  colijunction

which approaches, overtakes, and passes them, and not they the cons
junetion.. Their time of slowest motion is when in opposition with the

sun; of swiftest, when in conjunction with him: from opposition on to
conjunction, therefore, or while ths sun is approaching them from be-
- hind, they are, with constantly increasing velocity of motion, all the
while behind their mean places, or drawn away from them in the direc-
tion of the sun; bub no sooner has the sun overtaken and passed them,
than they, leaving with their most rapid motion the point of coinci-
dence hetween mean and true place, are at once in advance, and con-
tinue to be so until opposition 18 reached again; that is to say, they

are still drawn away from their mean place in the direction of the

conjunction.
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 The words used in verse b for “excess” an
_tive and subtractive equation, mean literally ' ¢ w
o Tl R gl el o
6. In like manner, also, the node, Rihu, by its proper fore
. causes the deviation in latitude (vikshepa) of the moon and th
. other planets, northyard and southward, from their point o
declination (apakrama). : e
7. When in the half-orbit behind the planet, the node causes
it to deviate northward ; when in the half-orbit in front, it draws
it away southward. : v o e
' 8. In the case of Mercury and Venus, however, when the
node is thus situated with regard to the conjunction (chghra),
these two planets are oaused to deviate in latitude, in the manner
stated, by the attraction exercised by the node upon the con- ol
junction, ‘ : i ARl
The name Rahu, by which the ascending node i here designated,is
properly mythologieal, and belongs to the monster in the heavens, which,
by the ancient Hindus, as by more than one other people, was believed
16 occasion the eclipses of the sun and moon by attempting to devour .
them. ‘The word which we have translated “force” is ramhas, more
‘propetly ¢ rapidity, violent motion :” in employing it bere, the text
dently mtends to suggest an atymology for raki, as coming from the root
sah or ranh,* to rus on™: with this same root Weber (Ind. Stud.
272) has connected the group of words in which rdhu seems to belong.
For the Hindu fable respecting Rahu, see Wilson's Vishou Puréna, p. 78,
The moon’s descending node was also personified in a similar way, under
the name of Ketu, but to this no reference is made in the present treatise.
The description of the effect of the node upon the movement of the
lanet is to be understood, in a manner analogous with that of the effect -
of the apices in the next preceding passage, as referving to the direction
in which the planet is made to deviate from the ecliptic, and not to that Ce
in which it is moving with reference to the ecliptic. From the ascending
o node around to the descending, of course, or while the nods is nearest to
i the planet from behind, the Intitude is northern 3 in the other half of the
. revolution it is southern. L L
'~ For an explanation of some of the terms used here, see the note to the
last passage of the preceding chapter. i i
As, in the case of Mercury and Veonus, the revolution of the conjune-
tion takes the place of that of the planet itself in its orbit, it is necessary,
in order to give the node its proper effoct, that it be made to exercise.
its influence upon the planet through the conjunction, The commen-.
‘tator gives himself here not a little trouble, in the attempt to show why
Mercury and Venus should in this yespeot constitute an exception to the
general Tule, but without being able to make out a very plausible case.

9. Owing fo the greatness of its orb, the sun ig drawn away
only a very little; the moon, by reason of the smallness of its
orb, is drawn away much more ; : i ;




. 10. Marg and. the rest, on account of their small size, are, by

the supernatural beings (ddivata) called conjunction’ (glghrocea)

. and apsis (mendocea), drawn away very far, being caused o
vacillate exceedingly. = _ .

11, Hence the excess (dhana) and deficiency (rna) of these

 latter is very great, according to their rafe of motion. Thus do

© the planets, aftracted by those beings, move in the firmament,

~ carried on by the wind. !

The dimensions of the sun and moon are stated below, iniv. 13 those
of the other planets, in vii. 13. ‘ »

' We have ventured to translate ativegila, at the end of the tenth verse,
as it is given above, because that translation seemed so much better to
suit the requirements of the sense than the better-supported rendering
« oaused to move with exceeding velocity.” In so doing, we have assumed
that the noun vega, of which the word in question is a denominative; re-
taing something of the proper meaning of the root vij, “to tremble,”
from whigh it comes. :

12. The motion of the planets is of eight kinds: retrograde
(vakra), somewhat retrograde (anuvakra), transyerse (kutalon),
slow (manda), very slow (mandatara), even (sama) ; also, very
swift (@ghratara), and swift (cighra), ‘

18. Of these, the very swift (atigighra), that called swift, the

. slow, the very slow, the even—all these five are forms of the

. motion called direct (rju) ; the somewhat retrograde 18 retrograde.

" This minute classification of the phases of a planet’s motion is quite

gratuitous, so far as this Siddhanta is concerned, for the terms here given

90 not once occur afterward in the text, with the single exception of

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

retrogradation. Nor does the commentary take the trouble to explain

. the precise differonces of the kinds of motion specified. = According to

Mr. Hoisington (Oriental Astronoraer [Tamil and English], Jaffna : 1848,

p. 133), anuvakra is applied to the ‘motion of a planef, when, in retro-
grading, it passes into a preceding sign. From the classification given in

the second of the two verses it will be noticed that keutile is omitted : ac-
cording to the commentator, it is meant to be included among the forms

* of retrograde motion; we have conjectured, however, that it might possi-

bly be used to designate the motion of a planet when, being for the

moment stationary in respect to longitude, and accordingly neither ad-

= vancing nor retrograding, it is changing its latitude ; and we have trans-

b lated the word accordingly.

14. By reason of this and that rate of motion, from day to
 day, the planets thus come to an accordance with their observed
places (drg)—this, their correction (sphuftharana), I shall care-
fully explain. e . ;
Having now disposed of matters o general theory and preliminary
explanation, the proper subject of this ehapter, the calculation of the true
(sphuta) from the mean places of the different planets, is ready to be
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 takenup. And tho first thing in order is the tabl
which all the after caleulations are performed.

' 15, The eighth part of the minutes of a sign is called the
sine (jydrdho); that, increased by the remainder loft after sub-
tracting from it the quotient arising from dividing it by itself, is
" the gecond sine. R el W e e
16, Thus, dividing the tabular sines in succession by the first,
~ and adding to them, in each case, what is left after subtracting =
_ the quotients from the first, the result is twentyfour tabular
‘sines (jydrdhapinda), in order, as follows: B
17. Mwo hundred and twenty-five; four hundred and forty-
nine; six hundred and seventy-one; eight hundred and ninety s
eleven hundred and five; thirteen hundred and fifteen ; :
18, Fifteen hundred and twenty; seventeen hundred and nine-
teen ; nineteen hundred and ten; two thousand and ninety-three;

19, T'wo thousand two hundred and sixty-seven; two thons-
and four hundred and thirty-one; two thousand five hundred
and eighty-five; two thousand seven hundred and twenty-eight;

90, Two thousand eight hundred and fiffy-nine; two thousand
nine hundred and seventy-eight; three thousand and eighty-
four; three thousand one huné?lred and seventy-seven ; e

91, Three thousand two handred and fifty-six; three thousand
three hundred and twenty-one; three thousand three hundred
. and seventy-two: three thousand four hundred and nine; .
99, Three thousand four hundred and thirty-one; three thous-

and four hundred and thirty-eight, Subtracting these, in re-
versed order, from the half-diameter, gives the tabular versed-
gines (uthramajydrdhapindaka): = LR

93, Seven; twenty-nine; sixty-six; one hundred and seven-
teen; one hundred and eighty-two; two hundred and sixty-one;
three hundred and fifty-four; , WA b

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 fortyfive; fifteen hundred and
twenty-eight ; seventeen hundred and nineteen; nineteen hund-

' red and eighteen; i Gl

96. 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;

. .91. Two thousand nine hundred and eighty-nine; three thous-
- and two hundred and thirteen ; three thousand four hundred and
. thirty-eight: these are the versed sines. G i e

We first present, in the following table, in a form convenient for refer-
ence and use, the Hindu sines and versed sines, with the ares to which
they belong, the Iatter expressed both in minntes and in degrees and
minutes. - To facilitate the practical use of the table in making calould-

Fot s e i el L i
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 tions after me | ‘
of the sines, and have farther surned the sines themselves into decimal
parts of the radius, For the purpose of illustrating the accuracy of the
table, we have also annexed the true values of the sines, in minutes, as

_ found by our modern tables, Comparison may also be made of the deci-
~ mal column with the corresponding values given in our ordinary tables

‘ of‘naturalr sines. D ‘
i Table of Sines and Versed Sines, ‘
Varsed

dta 145 | o700 ‘ 2:}31’ 84 | 707097 | 2430/.86 | 1007
%-3, 48: 45: ;925:‘ :,2085: | 14 | 751894 3584:.64 ; tgz;
1401 5 dol 150 anaf 1350 763484 2927435 1r %
15 | b6 a5l 3dmG0 ) a80gl o 831588 | 285838~ | 1528
16 | 60: . ‘36001 ‘ 2978: 100! 866201 2977:.18- ”[?;:
1; 63° 45! | 3823 | 3084 o3 897033 | 'JoB322- “1923’
I IO ! ! 3 2

z | ”6.7‘0 30,. 4050' 3177, 29/ .924084 3176’.;)7 2; ;3‘:
g | 710 15} 4a75' | 3250 Gae D 947062 325531~ | 2 f
20 75: ' 4500: ‘ 332;: Byt .965969 ?»390;.61 ! 2528’
L ar 78‘:345' 479.5' 3372’ 3 ,980895 3371"70 27 7, i
: A 8:1: 30' 4950 3409’ i 991565 34(:6 .?d— 3983’.
a3 868 181 Hres! 3431 ot 2997964 343039~ | 3218+
24 1 g0 | b4oo’ | 3438 | 1000000 | 343775 3438' i .

&y SEMRIE A Ly

The rule by which the sines are, in the text, dirceted to be found, may
* be illustrated as follows. = Let s, &, 8"/, ', 5", ete., represent the succes-
sive sines. The first of the series, s, is assumed to be equal to its arc, or
295, from which quantity, as is shown in the table above, it differs ouly
by an amount much smaller than the table fakes any account of. Then
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{he Hindn method, wa'have added a column of tho differences

No. Arcs, Hindu Sines, Troo Sines, | Sinas
‘ (e in ! in ! Diff. (inpartaof rad. in ! in s
n L 3] a2 | 238 | g | 066445 | 23484 7
2 72800 | 450 449 | 5ynr | 1130999 448'.72 29"
S e s Bl e 671 219/ 195172 670.67 66:
155 15:' e 902: : 890: S5l 258871 882:.7? lg”)y
,30 45' 1;3_‘ ms, A Jar408 110 ‘.o 1 2' B ".‘ G
6 | 22 8ol | 13500 | 1318 0 on | 082489 1318087 1 268" R 24" =B
7.} 26128 & _k5m5l il abdel 199! 442117 1530048 | 354! e 3}#*
. 8] do 1800 | 1719f 101" Booodo | '1718.88 | 460! G
: 12 33‘: gs: 20;5: It)lg: 183 (5)(5)2535 1909:.91 53:,:: i
10 7° o | 292 9 foeoed rgat | O 784 9092'-77 7l i
11 | 48| adgs ) 2267 | an | 659395 (| 2266167 853 it
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~ and so on, through the whole series, ahy ‘fi"actiop larger.
counted as one, and & smaller fraction being rejected.

an a half being

In

he majorit;

cases, as is made evident by the table, this process yields ‘correct rosults 1

wo have marked in the column of * true sines” with a plugior minus sign

sich modern values of the sines as differ by more:uthari*‘half‘a. minute

from those assigned by the Hindu table.

Tt is not to be supposed, however, that the Hindu sines were originally
obtained by the process described in the text. That process was, in all
probability, suggested by observing the successive differences in the values
‘of the sines as already determined by other methods. Nor is it diffieult
to discover what were those methods; they are indicated by the limita-
tion of the table to arcs differing from one another by 8° 45/, and by
what we know in general of the trigonometrical methods of the Hindus.

The two main principles, by the aid of which the

greater portion of all

the Hindu caleulations are made, are, on the one hand, the equality of the
square of the hypothenuse in a right-angled triangle to the sum of the
squares of the other two sides, and, on the other hand, the proportional

‘which the sine was already known, it being equal
the difference between the squares of radius and of
led farther to the rule for finding the versed sine, w

. " relation of the corresponding parts of similar triangles. The first of th'efs@
. principles gave the Hindus the sine of the complement of any arc of

to the squere root of
the given sine. This -
hich is given above 1n

the text: it was plainly equal to the difference between the sine comple-

ment and radius, Again, the comparison of similar

triangles showed that

the chord of an are was a mean proportional between its versed sine and
the diameter s and this led to a method of finding the sine of half any
are of which the sine was known: it was equal to half the square root
of the product of the diameter info the versed sine. That the Hindus
had deduced this last rale does not directly appear from the text of this
Siddhanta, nor from the commentary of Ranganitha, which is the oné
given by our manuseript and by the published edition ; but it is distinetly
stated in the commentary which Davis had in his hands (As. Res. il 247) 3

and it might be confidently assumed to be known

upon the evidence of

the table itself; for the principles and rules which we have here stated
% would give a table just such as the one here constructed.  The sine
of 90° was obviously equal to radivs, and the sine of 30° to half radins:
from the first could be found the sines of 45°, 22° 80, and 11° 15/
from the latter, those of 15° 7° 30, and 8° 45'. The sines thus ob-
tained would give those of the complementary arcs, or of 86° 15/, 827
30/, 718° 45/, 5%, ete.; and the sine of 75°, again, would give those of
37° 80" and 18° 45'. By continuing the same processes, the table of sines

would soon be made complete for the twenty-four

divisions of the quad~

rant; but these processes could yield nothing farther, unless’ by intro~

ducing fractions of minutes; which was undesirable,

because the symmetry

of the table would thus be destroyed, and no corresponding advantage
gained ; the table was already sufficiently extended to furnish, by inter-
polation, the sines intermediate between those given, with all the accu-

racy which the Hindu caleulations required.

If, now, an attempt were made to ascertain a law of progression for
the series, and to devise an empirical rule by which jts members might

y,l




bo developed, thic one from the other, in order, nothing could be more
‘natural than toitake the differences of the successive sines, and the differ-
. ences of thosedifferences, as we have given them under the headings A’
~ and A" in the’annexed table, i

Hmcfu Sines, with their First and Second Differences,

l\zo ‘Svin‘e.‘ DA No. | Sine. | A2 LA
i 000 | i 2431 16
225 ::j 1 13/ 9585 :2§ 1Y
449 i 2 14 | 2728 35 12
671 i 3 15 | 2859 | 12
8o0 | 7 4 16 | 2978 2103
215 106
1105 i 5 17 1 3084 03 13
1315 S0k 5 18 31 2 14
1520 . 6 1g i 3256 65 14
1719 !9? 8 20 3821 Ay 14
1910 123 8 21 f d8na 3 14
2093 i 9 22 113409 | e 15
g 2267 Y 10 234343 It 15
2431 ! 10 24 | 3438

. With these ﬂiﬁbrences before him, an acute ohserver could hardly fail
‘ to notice the remarkable fact that the differences of the second order in-
| orease as the sines; and that each, in fact, is about the y4+th part of the

 corresponding sine.  Now let the successive sines be represented by 0, s,

3,61, 8", 8" and 50 on; and let ¢ equal 5d+, or 25 let the first differ-

ences be d=s—0, d'=—¢ —s, /=3 —s', d'"'=s""—3" etc. The sec-
ond differences will bo: —sqe=d'—d, ~ 'ged”’—d', _ s'q ==d'""_ ",
ste.  These last expressions give ;
! =d —8g =s—3g ¢
4 =dl —~slg =5~ sq —~slg
{ ! A=l gl 5g - sl — 8''q, ete:
- Henoce, also, ‘ ; ’
; § =8 A-dl =8 48~ sg
8/l =gl A @/ =gl o5 — 5y~ slg
: : am}w sr/_’___ b U s/r+8 —bg - 377__ 8”9'
and 80 on, according to the rule given in the text. ‘
That the second differences in the values of the sines were proportional
to the sines themselves, was probably known to the Hindus only by ob-
servation, Had their trigonometry sufficed to demonstrate it, they might
easily have constructed a much more complete and aceurate table of
sines. We add the demonstration given by Delambre (Histoire de 'As-
tronomie Ancienne, i. 458), from whom the views here expressed have
been substantially taken, .
Let @ be any arc in the series, and put 8° 45' =—nu, Then sin (a—n),
_sina, sin (¢-+n), will be three successive terms in the series: sin
a— sin (@-n), and sin (@ - 2) — sin @, will be differences of the first
order; and their difference, sin (4 -+ n) - sin (@ — %) — 2sin @, will
be a difference of the second order, But this last expression, by virtue

U
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of the formnla R sin(a==#) == sine cosn == cosa sin », reduces fo :

A e Qo0 i s
2sin @ cos m - B— 2sina, or 2 i 1) sin ¢, That is to say, the
. # "

second  difference is equal to the product of the sine of the arc @ into a
certain constant quantity, or it varies as the sine. When n equals 3° 45/,
as in the Hindu table, it is easy to show, upon working out the last ex-
pression by means of the tables, that the constant factor is, as stated by
Delambre, yyh-x, instead of being »is, as empirically determined by
the Hindus, j !

It deserves to be noticed, that the commentary of Ranganatha recog-
nizes the dependence of the rule given in the text upon the value of the
second differences. According to him, however, it is by describing a
circle upon the ground, laying off the arcs, drawing the sines, and deter-
mining their relations by inspection, that the method is ebtained. The
differences of the sines, he says, will be observed to decrease, while the
differences of those differences increase; and it will be noticed that the

last second difference is 157 16 48", A proportion is then made: if at :

theradius the second difference is of this value, what will it be at any
sine? or, taking the first sine as an example, 8438’ : 15’ 16/ 48'":: 225
:1. Nothing can be clearer, however, than that this pretencied result of
inspection is one of calculation merely. It would be utterly impossible
to estimate by the eye the value of a difference with such aceuracy, and,
were it possible, that difference would be found yery considerably removed
from the one here given, being actually only about 14’ 457, The value
15/ 16/ 48'"" is assumed only in order to make its ratio to the radius
exactly sd=. ‘ £
The earliest substitution of the sines, in caleulation, for the chords,
which were employed by the Greeks, is generally attributed (see Whewell’s
History of the Inductive Sciences, B, 1L ch. iv. 8) to the Arab astron-
omer Albategnius (al-Batténi), who flourished in the latter part of the
ninth century of our era. It can hardly admit of question, however,
that sines had already at that time been long employed by the Hindus.
And considering the derivation by the Arabs from India of their system
of notation, and of so many of the elements of their mathematical
selence, it would seem not unlikely that the first hint of this so conveni-
ent and practical improvement of the methods ¢f caloulation may also
haye come to them from that country. This canmdt be asserted, however,
with much confidence, because the substitution of the sines for the chords
seems so natural and easy, that it may well enough have been hit upon
independently by the Arabs; it is a matter for astonishment, as remarked
by Delambre (Histoire de I'Astronomie du Moyen Age, p. 12), that
Ptolemy himself, who came so mear if, should have failed of it. If
Albategnius got the suggestion from India, he, at any rate, got no mere
_than that. His table of sines, much more complete than that of the
Hindus, was made from Ptolemy’s table of chords, by simply halving them.
The method, too, which in India remained comparatively barren, led to
valuable developments in the hands of the Arab mathematicians, who
went on by degrees to form also tables of tangents and co-tangents, secants
and co-secants; while the Hindus do not seem to have distinetly appreci-
ated the significance even of the cosine.



o this passage, the sine is called jydrdha, “halfchord ;™ hereafter,
. however, that term does not once occur, but jyd * chord ” (literally * bow-

string”) is itself employed, as are also its synonyras Jhvd, mburvika, to
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 sine, utlramagyd, means * inverse-order
“sing” the columu of versed sines being found by subtracting that of
gines in inverse order from radius, L :

The ratio of the diameter to the ciroumference involved in the expres-

sion of the value of radius by 8438'is, a8 remarked above (under i, 59,
160),1:8.14186. The commentator asserts that value to come from the

ratio 1250 : 3927, or 1 :8.1416, and it is, in fact, the nearest whole num-
ber to the result given by that ratio. 'If the ratio woere adopted which
has been stated above (in i. 59), of 1 :+/10, the value of radius would be
only 8415". It is to be observed with regard fo this latter ratio, that it
could not possibly be the direct result of any actual process adopted for
ascertaining the value of the diameter from that of the circumference, or
the conttary. It was probably fixed upon by the Hindus because it
looked am% sounded well, and was at the same time a sufliciently near
approximation to the truth to be applied in cases where exactness was

 neither attainable by their methods, nor of much practical consequence;

us in fiving the dimensions of the earth, and of the planetary orbits.

| The nature of the system of notation of the Hindus, and their constantly
recurving extraction of square roots in their trigonometrical processes,

would cause the suggestion to them, much more naturally than to the

 Greeks, of this artificial ratio, as not far from the trath § and their science

was just of that character to choose for some uscs & relation expressed in
a manner 8o simple, and of an aspect 50 systematical, even though known
10 bo inaccurate.  We do not regard the ratio in question, although so
generally adopted among the Hindu astronomers, as haying any higher

 value and significance than this. '
98, The sine of greatest declination is thirteen hundred and

ninety-seven ; by this multiply any sine, and divide by radins;
the are corresponding to the result is said to be the declination.

The greatest declination, that is to say, the inclination of the plane of
the ecliptic, is hero stated to be 24°, 1397’ being the sine of that angle.
The true inclination in the year 800 of our era, 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/, so that the error of the Hindu
determination Wwas then more than 20: at present, it is 82/ 34" The
value assigned by Ptolemy (Syntaxis, 1) to the inclination was between

93° 50¢ and 28° 52/ 30/ an érror, as compared with its true value in

the time of Hipparchus, of only about 7.

The second half of the verse gives, in the usual vague and elliptical
language of the treatise, the rule for finding the declination of any given
point in the ecliptic,. 'We have not in this case supplied the ellipses in
our translation, because it could not be done siéeinetly, or without
introducing an element, that of the precession, which possibly was not
taken into account when the rule was made. See what is said upon this
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subject under verses 9 and 10 of the next chapter. The * sine” em-
ployed is, of course, the sinie of the distance from the vernal equinox, or
of the longitude as corrected by the precession,

The annexed figure will explain the rule, and the method of s
demonstration. ‘

Let ACE represent a quadrant of the plane of the equatorial, and
A CG a quadrant of that of the ecliptic, A C being the line of their
intersection : then A P is the equinoctial colure, P K the solstitial, G E,
or the angle G CE, the inclination of the ecliptic, or the greatest decli-
nation (paramapakrama, or paramakrantt), and G D _its sine ( parama-
Eréntijyd). Let S be the position of the sun, and draw the circle of
declination P H; S H, or the angle
S O H, is the declination of the sun
at that point, and ST the sine of &
declination (Ardntijyd). From S and &
1 draw 8B and B at right angles S
to A C: then 8B is the sine of the § ,
are A S, or of the sun's longitnde.
But GCD and SBF are similar |
right-angled triangles, having their
angles at C and B each equal to the 8
inclination.  Therefore CG:GD ::
A S D
SB:8F; and SF:—LD N

Fig. 1,

Cofc e
S sin inel. X sin long, ; ;
that is, sin decl, = - ——wa—-—g- T SR

The same result is, by our modern : . j
methods, obtained directly from the formula in right-angled spherical
trigunometry: sinc==sina sin C; or, in the triangle AS H, right-angled
at J, sin SH == gsin S A sin S A H,

99. Subtract the longitude of a planet from that of its apsis
(mandocea) ; 8o also, subtract it from that of its conjunction
(chghra); the remainder is its anomaly (kendra); from that is
found the quadrant (pada); from this, the base-sine (bhuyjajyd),
and likewise that of the perpendicular (kofi).

30. In an odd (vishama) guadrant, the base-sine is taken from
the part past, the perpendicular from that to come; but in’ an
even (yugma) gquadrant, the base-sine (bdhujyd) is taken from
the part to come, and the perpendicular-sine from that past.

The distance of a planet from either of its two apices of motion, or
“eentres of disturbance, is called its kendra ; according to the comment-
ary, its distance from the apsis (mandocea) is called mandakendra, and
that from the conjunction (¢éghrocen) is called clghrakendra.: the Strya-
Siddhanta, however, nowhere has occasion to employ thege terms.  The
former of the two corresponds to what in modern astronomy is called
the anomaly, the latter to what is known as the commutation.  The
word kendra is not of Sanskrit origin, but is the Greek #évroor 5 it is &
circumstance no less significant to meet with a Greek word thus at the

o
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very foundation of the method of caloulating the true place of a planet
by means of a system of epicycles, than to find one, as noticed above
(ander 1. 52), at the base of the theory of planetary regency upon which
deépend the names and succession of the days of the week, Both
anomaly and commutation, it will be noticed, are, according to this

treatise, to be reckoned always forward frofn the planet to its apsis and.

conjunction respectively ; excepting that, in the case of Mercury and
Venus, owing to the exchange with regard to those planets of the place
of the planet itself with that of its conjunction, the commutation is
really reckoned the other way. The functions of any arc being the
same with those of its negative, it makes mno difference, of course,
whether the distance is measured from the planet to the apex (ucea), or
from the apex to the planet.

The quantities actually made use of in the calculations which are to
follow are the sine and cosine of the anomaly, or of the commutation.
The terms ' employed in the text require a little explanation. Bhuja
means “arm:” it is constantly applied, as are its synonyms bdkw and
dos, to designate the base of a right-angled triangle; kofé is properly
g recurved extremity,” and, as used to signify the perpendicular in
such a triongle, is conceived of as being the end of the bhuja, or base,
bent up to an upright position : bhuwjajys and kotijyd, then, are literally
the values, as sines, of the base and perpendicular of a right-angled
triungle of which the hypothenuse is made radius: owing to the relation
to one another of the oblique angles of such a triangle, they are re-
spectively as sine and cosine. We have not been willing to employ
these latter terms in translating ther, because, as before remarked, the
Hindus do not seem to have conceived of the cosine, the sine of the
complement, of an arc, as being a function of the arc itself. :

To find the sine and cosine of the planet’s distance from either of its
. apices (ucca) is accordingly the ‘ Tig. 9,

' object of the directions given in S
verse 30 and the latter part of |
thie preceding verse. The rule:
itself is only the awkward Hindu
method of stating the familiar
truth that the sine and cosine of §
an arc'and of its supplement are §
equal,  The accompanying figure
will, it is believed, illustrate the
Hindn manner of looking at the
subject.  Let P be the place of a
planet, and divide its orbit into
the four quadrants P Q, QR, RS,
and SP; the first and third of |
these are called the odd (vishama)
quadrants; the second and fourth, 8 Lo »
the even (yugma) quadrants. Let A, B, C, and D, be four positionsof
the apsis (or of the conjunction); then the ares P A, PQB, PQRC,
PQRSD will be the values of the anomaly in each case. = A M, the
base-sine, or sine of anomaly, when the apsis is in the first quadrant, is
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deterntined by the are A P, the are p_assed' over in reckoning the anom-
* aly, while A G or EM, the perpendicular-sine, or cosine, is taken from
the arc A Q, the remaining part of the quadrant. The same is true in.
‘the other odd quadrant, RS; the sine CIL, or EL, comes from R €,
the part of the quadrant between the planet and the apsis; the cosine ‘
C L is from its complement. Butin the even quadrants, QR and 81,
the case is reversed ; the sines, BI, or EF, and DM, are determined by
the ares BT and D P, the parts of the quadrant net included in the
anomaly, and the cosines, BF and KD, or EM, correspond to the other
portions of each quadrant respectively. A Gl
This process, of finding what portion of any arc greater than a quad-
rant is to be employed in determining its sine, is ordinarily called in
Hindu caleulations “taking the dhwja of an are.”

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

89. The quotient thus obtained add to the tabular sjne called
the preceding; the result is the required sine.. The same method
is prescribed algo with respect to the versed sines, e

33, Subtract from any given sine the next less tabular sine; .
multiply the remainder by two hundred and twenty-five, and
divide by the difference between the next less and next greater
tabular sines; add the quotient to the product of the serial num-
ber of the next less sine into two hundred and twenty-five: the
result’ls the required arc. i

The table of sines and versed sihes gives only those belonging to ares
which are multiples of 8% 45/; the first two verses of this passage state
the method of finding, by simple interpolation, the sine or versed sine
of any intermediate arc; while the third verse gives the rule for the
contrary process, for converting any given sine or versed sine in the
same manner into the corresponding arc. ] ,

In illustration of the first rule, let us ascertain the sine corresponding
to an arc of 24°, or 14404, Upon dividing the latter number by 225,
‘e obtain the quotient 6, and the remainder 90, This preliminary step
is necessary, because the Hindu table is not regarded as containing any
“designation of the arcs to which the sines Delong, but as composed
simply of the sines themselves in their order. The sine corresponding

1o thé quotient obtained, or the sixth, is 1315/ : the difference between

it and the next following sine is 205/,  Now a proportion is made: if,
at this point in the quadrant, an' addition of 2258/ to the arc causes an
increase in the sine of 2054 what increase will be cansed by an addition
to the arc of 90/: that s to say, 225 : 205 :: 00:82. Upon adding the
result, 82/, to the sixth sine, the amount, 1897/ is the sine of the given
are, as stated in verse 28. The actnal value, it may be remarked, of
the sine of 24°, is 1398.26. el 0

The other rule is the reverse of this, and does not require illustration.
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. The extreme concigeness aimed at in the phra

 lated, reads thus: “having subtracted the sine, the remainder, maulti-
plied by 225, divided by ats difference, having added to the product of
the number and 225, it is called the arc” In verse 31, also, the
important word “ remainder” is not found in the text,

The proper place for this passage would seem to be immediately after
the table of sines and versed sines: it is mot easy to see why verses
0830 should have been inserted between, or indeed, 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.

34. The degrees of the sun’s epicycle of the apsis (mandeo
paridhi) are fourteen, of that of the moon, thirty-two, at the end
of the even quadrants; and at the end of the odd quadrants,
they are twenty minutes less for both.

85, At the end of the even quadrants, they are seventy-five,
thirty, thirty-three, twelve, forty-nine; at the odd (oja) they are
seventy-two, twenty-eight, thirty-two, eleven, forty-eight,

36. Tor Mars and the rest; farther, the degrees of the epi-
cycle of the conjunction (¢ighra) are, at the end of the even
quadrants, two hundred and thirty-five, one hundred and thirty-
three, 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-two,
geventy-two, two hundred and sixty, and forty, as made use of
in the caleulation for the conjunction (gighrakarman).

388, Multiply the base-sine (bhujajyd) by the difference of the
epicycles at the odd and even guadrants, and divide by radius
 (triyjyd); the result, applied to the even epicyecle (w;téa?, and

additive (dhana) or subtractive (rpa), according as this is less or
greater than the odd, gives the corrected (sphuta) epicycle.

The corrections of the mean longitudes of the planets for the dis-
turbing effect of the apsis (memdocca) and conjunction (¢lghrocca) of
each—that is to say; for the effect, of the ellipticity of their orbits, and
for that of the annual parallax, or of the motion of the earth in its

is regarded as moving, while the centre of the epicycle revolves about
the general centre of motion. The details of the method, as applied by
the Hindus, will be made clear by the figures and processes to be pre-
sented a little laters in this passage we have only the dimensions of the
epieycles assumed for each planet. For convenience of calculation, they
are measured in degrees of the orbits of the planets to which they
severally belong; hence only their relative dimensions, as compared
with thie orbits, are given us. The data of the text bélong to the planets
in the order in which these succeed one another as regents of the days

' ‘ seology of the text, and
. not unfrequently carried by it beyond the limit of distinctness, or even
of intelligibility, is well illustrated by verse 33, which, literally trans- .

orbit—are made in Hindu astronomy by the Ptolemaic method of epi- ‘
cycles, or secondary ciroles, upon the cireumference of which the planet

i




_ number of degrees in a circle: then, 1l !
the result from the basesine (bhjajydphala) is the equation of
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“of thh. week, viz, Mars, Mercury, Jupitef, Venus, and Saturn (seo

above, under i. 51, 52). The annexed table gives the dimensions of
the epicyeles, both their circumferences, which are presented directly
by the text, and their radii, which we have calculated after the method
of this Siddhinta, assuming the radius of the orbit to be 3438,

}7}\ \(,:1

Dimensions of the Hpicycles of the Plancts. L D
k y Nbics LS
picyels of the apsis ¢ ‘ Epicyele of the conjunction: : :
Planet,  [at aven quadrant,| ut odd quadrant, at even quadrant, at odd quadrant,
i ot rod, etre. [ iead, il relre, rad, - eire, rad;
i i R D G e T s Bl e
Moon, da% L Su8 o 1 dr e Aol onrde UL GGl e e
Mereury, | 30° | 286'.50 | 28° 26940 133° | 1270%15 | 132° | 1260".60
Venus, 122 | ragl6oi| 1x® 10505 1| 264° | 250290 | 260° | 248300 A
Mars, 8% 6l bt 6871.60 | 2359 | 224425 ] 232°% | 225560 1 10
Jupiter, | 33% 1'315.15 1 32° | 30560 |1 70° | 668 50 |79 ] 68760
Saturn, | 49° | 469'.05 | 48° 458040 | 30%| 372945 | 40° | 38aloo

A remarkable peculiarity of the Hindu system is that the epicyeles
are supposed to contract their dimensions as they leave the apsis or the -
conjunction respectively (excepting in the case of the epicyiles of the

‘conjunction of Jupiter and Saturp, which expand instead of contracting),

becoming smallest at the quadrature, then again expanding till the lower
apsis, or opposition, is reached, and decreasing and increasing in like
manner in the other half of the orbit; the rate of increase and diminu-
tion being as the sine of the distance from the apsis, or conjunction,
Hence the rule in verse 38, for finding the true dimensions of the epi-
cycle at any point in the orbit. It is founded upon the simple propor-
tion : as radivs, the sine of the distance at which the diminution (or
increase) is greatest, is to the amount of diminution (or of increase) at
that pomnt, sois the sine of the given distance to the corresponding
diminution (or increase? ; the application of the corvection thus obtained
to the dimensions of the epicycle at the apsis, or conjunction, gives the
true epicycle. : ‘

We shall revert farther on to the subject of this change in the dimen-
sions of the epicycle. . i , e

The term employed to denote the epicycle, paridhi, means simply
“ circumference,” or “circle;” it is the same which is used elsewhere in -
this treatise for the circumference of the earth, ete. In a single instance,
in verse 38, we have writa instead of paridhi; its signification is the
same, and its other uses are closely analogous to those of the more
usual term. :

. 39. By the corrected epicycle multiply the base-sine (bhogagyd)

and perpendicular-sine (kottjyd) respectively, and divide by the
the arc corresponding to

the apsis (médnde phala), in minutes, ete.

All the preliminary operations having heen already performed, this is
the final process by which is ascertained the equation of the apsis, or
the amount by which a planet is, at any point in its revolution, drawn




~ modern phraseology, it is

_ the process.

i ’_

e
away from its mean place by the disturbing influence of the apsis. . In
alled the first inequality, due to the ellipticity

of the orbit; or, the equation of the centre, =+
 Figure 3, upon the next page, will serve to illustrate the method of
Let AMM'P represent. a part of the orbit of any 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 so on, with an _equable
motion, were it not for the attraction of the beings situated at the' apsis
(mandoeca) and conjunction (gtghrocca) respectively. The general mode
of action of these beings has been explained above, under verses 1-5

‘of this chapter: we have now to ascertain the amount of the disturb-

ance produced by them at any given point in the planet’s revolution.
- Themethod devised is that of an epicycle, upon the circumference of
~ which the planet revolves with an equable motion, while the centre of the
epicycle traverses the orbit with a velocity equal to that of the planet’s
mean motion, having always a position coincident with the mean place
of the planet, At present, we have to do only with the epicycle which
| represents ihe disturbing effect of the apsis (mandocea). The period of
‘the planet’s revolution about the centre of the epicycle is the time
 which it takes the latter to make the circnit of the orbit from the apsis
around to the apsis again, or the period of its anomalistic revolution.
This is alinost precisely equal to the period of sidereal revolution in the
~case of all the planets excepting the moon, since their apsides are re-
garded by the Hindus as stationary (see above, under i. 41-44): the
moon’s apsis, however, has a forward motion of more than 40° in a
year; hence the moon’s anomalistic revolution is very perceptibly
longer than ifs sidereal, being 274 18% 18m, The are of the epicycle
traversed by the planet at any mean point in its revolution is accord-
ingly always equal to the arc of the orbit intercepted between that
point and the apsis, or to the mean anomaly, when the latter is reckoned,
in the usual manner, from the apsis forward to the planet. Thus, in the
figure, suppose A to be the place of the apsis (mandocea, the apogee of
the sun and moon, the aphelion of the other planets), and P that of the
_ opposite point (perigee, or perihelion ; it has in this treatise no distinct-
ive name); and let M and M’ be two mean positions of the planet, or
actual positions of the centre of the epicycle; the lesser cireles drawn
about these four points represent the epicycle: this is made, in the figure,
of twice the size of that assumed for the moon, or a little smaller than
that of Mars, Then, when the centre of the epicycle is at A, the
planet’s place in the epioycle is at @ ; as the centre advances to M, M4
_ and P, the planet moves in the opposite direction, to m, m/, and », the
~ are o/m being equal to AM, a’m/ to AM, and ¢ p to A P. It is as if,
while the axis Ko revolves about K, the part of 1t A @ remained con-
stant in direction, parallel to E A, assuming the positions M m, M’ m/,
and Pp successively. The effect of this combination of motions is to
make the planet virtually traverse the orbit indicated in the figure by
the broken line, which is a circle of equal radius with the true orbit,

- but having its centre removed from E, toward A, by a distance equal to
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A a, the radius of the epicycle. This identity of the virtual orbit with
an eccentric cirele, of which the eccentricity is equal to the radiug of
the epicycle, was doubtless known to the Hindus, as to Ptolemy : the
latter, in the third book of his Syntaxis, demonstrates the equivalence of
the suppositions of an epicycle and an eccentric, and chooses the latter
to represent the first inequality : the Hindus have preferred the other
supposition, as better suited to their methods of calculation, and as ad-
mitting a general similarity in the processes for the apsis and the con-
junction. The Hinda theory, howeyer, as remarked above (under vv.
1-5 of this chapter), rejects the idea of the actual motion of the planet
in the epicycle, or on the eccentric circle: the method is but a device
for ascertaining the effect of the atiractive force of the being at the
apsis. . Thus the planet really moves in the circle A MM'P, and if the
lines Em, Em’ be drawn, mecting the orbit in o and o, its actual place
is at o and o/, when its mean place is at M and M/ respectively. o
aséertain the value 'of the ares oM and o' M/, which are the amount of
removal from the mean place, or the equation, is the object of the pro-
cess prescribed by the text.

Suppose the planet’s mean place to be M, its mean distance from the
apsis being A M : it has traversed, as above explained, an equal arc, e/m,
in the epicycle. From M draw MB and M ¥, and from m draw mn,
at vight angles to the lines upon which they respectively fall : then M B
is the base-sine (bhujajyd), or the sine of mean anomaly, and M, or its
equal B, is the perpendicular-gine (kotijyd), or cosine, and mmn and
n M are corresponding sine and cosine in the epicycle. But as the rela-
tion of the circumference of the orbit to that of the epicycle is known,
and as all corresponding parts of two circles are to one another as their
respective circumferences, the values of mn and » M are found by a
proportion, as follows: as 860° is fo the number of degrees in the cir-
cumference of the epicycle at M, so is MB tomn, and EB to M.
Hence mx is called the * result from the base-sine” (bhujajydphale, or,
more briefly, bhujaphala, or bahuphale), and n M the “result from the
perpendicular-sine” (kotijydphala, or kotiphala) : the latter of the two,
however, is not employed in the process for caleulating the equation of
the apsis, Now, as the dimengions of the epicycle of the apsis are in
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the arc oM, the equation: this

rsion of mn, as sine, into

 all cases small, mn mé!,ywithout‘ any
 be equal. to 0 ¢, which is the si
assuin

To give a farther and practical illustration of the process, we will
proceed to calculate the e%ﬁation of the apsis for the moon, a time
for which her mean place has been found in the notes to the last chap-
ter, viz, the 1st of Jannary, 1860, midnight, at Washington. ==

Moon's mean longitude, midnight, at Ujjayini (i 58), 138 158 a3/ a4/
add the equation for difference of meridian (degdniaraphala), 5 3 3
. or for her motion between midnight at Ujj. and Wash. (i. 60, 61), } 7
Moon's mean longitude at required time, 139000 ¢
Longitude of moon’s apsis, midnight, at Ujjayint (i. 63), 16 o 4o 26
add for difference of meridian, as above, ; 280,
'Longitude of moon’s apsis at required time, = 16 9 45 16
. deduct moon’s mean longitude (il. 29), ik 1540 50
Moon’s mean anomaly (mandakendra), 1o 18 46 5

i The anomalﬁ being reckoned forward on the orbit from the planet,

the position thus found for the moon relative to the apsis is nearly
enough for purposes of illustration, represented by M in the figure. By
the rule given above, in verse 30, the base-sine (bhujajyd)—since the
anomaly 18 in the fourth, an even, quadrant—is to be taken from the
part of the quadrant not included in the anomaly, or AM; the per-
: ﬁndicular-sine (kotijy@) is that corresponding to its complement, or

D. That is to say: :

From the anomaly, : 169 18° 46/ 157

. deduct three quadrants, ‘ 9 i |
‘remains the arc M D, 1 1846 13
take this from a quadrant, ‘ ' 3 W
‘remains the arc A M, 111 13 45

And by the method already illustrated under verses 81, 32, the sitie
corresponding to the latter are, which is the base-sine (bhwjajyd), or the
sine of mean anomaly, M B, is found to be 2266/; that from M D, which
is MF, or EB, the perpendicular-sine (kotgjya), or cosine of mean
anomaly, is 26850 0 e
- The next point is to find the true size of the epicycle at M. By
verse 34, the contraction of its circumference amounts at D to 20/;
hence, according to the rule in verse 38, we make the proportion, sin
AD 20 sin AM ¢ diminution at M; or,

il 3438120:;2266113 |
Deducting from 32° the circumference of the epicycle at A, the amount
of diminution thus ascertained, we have 81° 47/ as its dimensions at M.

VOL, VI | 27 :
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Once more, by verse 89, we make the proportion, ¢i

of 'epioycle s o Mibidoniona non, 10 8 i il e el
il , 36091315 49/ 1x 2068 Elen 1L R K ;
The value, then, of mn, the result from the base-sine (bhujajydphala),
_is 2007; which, as mn is assumed to equal 0g, is the sine of the equa-

“tion. Being less than 225/, its avc (sec the fable of sines, above) is of -
the same value: 3° 20/, accordingly, is the moon's equati lie apsis
manda phala) at the given time : the figure shows it ubtractive
rna), as the rule in yerse 45 also declares it. Hence, from the
Mpon’é lﬁém longitude, i T | ‘ i 118 20° 59/
deduct the equation, ! ; NI i (i8v a0
Moon's frue longitade, i e ! 11 173

- We present below, in a briefor form, the results of a similar calcula-
tion made for the sun, at the same time, e

Sun’s mean longitnde, midnight, at Ujjayint (i, 88), 8Y xmid it '
add for difference of meridian (i. 60, 61), g 256
Sun’s mean longitude at required time, 818113 13
Longitude of sun’s apsis (i. 41), i
Sun’s mean anomaly (ii. 29), : : Bidg 4 1,
subtract from two quadrants (ii. 80), i '
Arc determining base-sine, i Ly 550 4glt.

‘Basessine (bhujajyd), 4 i S 561
Dimensions of epicycle (ii. 88), 14°
Result from base-sine (bleyajydphala), or sine of equation (ii. 89), Ll
Equation (mdnde phala, ii. 45), R e
Sun's true longitude, 88 18 15

In making these calculations, we have neglected the seconds, rejecting
the fraction of a minute, or counting it as a minute, aceording as it was
less or greater than a half. For, considering that this method is followed
in the table of 'sines, which lies at the foundation of the whole process,
and considering that the sine of the arc in the epicycle is assumed to be
‘squal to that of the equation, it would evidently be a waste of labor, and
an affectation of an exactness greater than the process contemplates, or
than its general method renders practicable, to carry into seconds the data
employed, : ‘ i

As 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 case of the other planets, however, of which the apparent place is
affected by the motion of the earth, a much longer and more complicated
process is necessary, of which the explanation commences with the next

! following passage. ;

. The Ptolemaic method of making the caleulation of the equation of

“the centre for the sun and moon is illustrated by the annexed figure
(Wig. 4). The points E, A, M, @, m, and o, correspond with those simi-
larly marked in the last figure (Fig. 8). The centre of the eccentric '\
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circle is ab ¢, aud Ee, which equals A «, is the eccentricity, which is given.
Join em ; the angle mea equals M E A, the mean anomaly, and Eme
equals M Eo, the equation, Extend : '
me to d, where it meets Ed, a per-
pendicular let fall upon it from E,
Then, in the right-angled triangle §
Eed, the side Ee and the angles
—since Bed equals mea—are
given, to find the other sides, ed
and dE. Add e¢d to em, the ra-
dius; add the square of the sum
to that of Ed; the square root
of their sum is E#: then, in the
right-angled ftriangle m HEd, all &
the sides and the right angle are F
given, to find the angle E s e, the f
equation, ,

This process is equivalent to a transfer of the epicycle from M to E;
1. d becomes the result from the base-sine (bhujajydphala), and d e that
from the perpendicular-sine (kotijydphala), and the angle of the equation
is found in the same manner as its sine, ec, is found in the Hindu process
nest to be explained ; while, in that which we have been considering, Ed
g assumed to be equal to ec.

Ptolemy also adds to the moon’s orbit an epicycle, to account for her
second inequality, the evection, the discovery of which does him so much
honor. Of this inequality the Hindus take no notice.

. Figi4

40. The result from the perpendicular-sine (kofiphala) of the
distance from the conjunction is to be added to radius, when the
distance (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, o the square of this sum or difference add the square of
the result from the base-sine (bdhuphala); the square root of
their sum is the hypothenuse (karnpa) called variable (cala).
Multiply the result from the base-sine by radius, and divide by
the variable hypothenuse :

49. The arc corresponding to the quotient is, in minutes, ete.,
the equation of the conjunction (¢dughrya 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 under the preceding verse, the only difference
being that here the sine of the required equation, instead of being
assumed equal to that of the arc traversed by the planet in the epicycle,
is obtained by caleulation from it. The annexed figure (Fig. 5) will ex-
hibit the method pursued.

The larger circle, ¢ M M’ O, represents, as before, the orbit in which
any one of the planets, as also the being at its conjunetion (gighrocea) are
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Fig. 6.

making the circuit of the heavens about K, the earth, as a ce jtre, in the
direation indicated by the arrow, from C through M and M’ to O, and so
on. But since, in every case, the conjunction moves more rapidly east-
ward than the planet, overtaking and passing it, if we suppose the con-
junetion stationary at C, the virtual motion of the planet relative to that
point is backward, or from O through M’ and M to C, its mean rate of
approach toward C being the difference between the mean motion of the
planet and that of the sun. As before, the amount to which the planet
is drawn away from its mean place toward the conjunction is ealculated
by means of an epicycle. The circles drawn in the figure to represent
the epioycle are of the relative dimensions of that assigned to Mercury,
or a little more than half that of Mars. The direction of the planet’s
motion in the epieyele is the reverse of that in the epicycle of the apsis,
as regards the actual motion of the planet in its orbit, being eastward at

| 'the conjunction ; as regards the motion of the planet relative to the eon-
| junction, it is the same as in the former case, being in the contrary direc-

n at the conjunction : its effect, of course, is to increase the rate of the

eastward movement at that point. The time of the planet’s revolution

about the centre of the epicycle is the interval between two successive
passages through the point C, the conjunetion : that is to say, it is equal

o the period of synodical revolution of each planet. These periods are,

according to the elements presented in the text of this Siddhinta, as
follows :

Mercury, 11Hd ath  4am
Venus, BRALL a3
Mars, 979 42 Xy
Jupiter, a8 a1 90
Saturn, 378 2 4

The are of the epicycle traversed by the planet, at any point in its revo-
\tion, is equal to its distance from the conjunction, when reckoned for-
~d from the planet, according to the method prescribed in verse 29.

r
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‘ nean place of the planet, relative to its conjunction |
be at M : its place in the epicycle is at m, as far from

' The arc of the epicycle already
; ig. 8, by the heavier line.

5 orbit in 05 then o is the planet’s true place, and
the amount of removal from the mean place by

Lt e ap Co o e T e
sine of the distance from the conjunction, the dimen-

epicyele, and the value of the correspondents in the epicycle
ine and cosine, are found s in the preceding process, Add n M,
ult from the cosine (kotijydphata), to M E, the radivs: the vesult
is the perpendicular, En, of the triangle Enom. To the square of En
add that of the base nm, the result from the sine (bhuwjajydphala); the
ire 1oob of the sum is the line Em, the hypothenuse: it is termed the
variable hypothenuse (cala karne) from its constantly changing its
length, We have now the two similar triangles Emn and Eog, a

- comparison of the corresponding parts of which gives us the proportion

Emimn::Eo:og; thatis to say, o g, which is the sine of the equation
oM, equals the product of Ko, the radius, into 7 n, the result from the
base-sine, divided by the variable hypothenuse, Em.
. When the planet’s mean place is in the quadrant D O, as at M/, the
result from the perpendicular-sine (kotijydphale), or M/ n', is subtracted
from radius, and the remainder, En/, is employed as before to find the
value of Em/, the variable hypothenuse: and the comparison of the
similav 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 conjunc-
tion is Jess than a quadrant in either direction, as at M, the base En is
greater than radius; when that distance is more than a quadrant, as at

« MY, the base En' is less than radius: the cosine is to be added to radius

in the one case, and subtracted from it in thie other. This is the mean-
ing of the rule in verse 40: compare the notes to i. 58 and ii. 80.

In illustration of the process, we will caleulate the equation of the
conjunction of Mercury for the given time, or for midnight preceding
January 1st, 1860, at Washington. ‘ ‘

Since the Hindu system, like the Greck, 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 mean
apparent motion of the sun, and assigning to the conjunction (gighrocen)
a revolution which is actually that of the planet in its orbit, the mean
position of Meveury at the given time is that found above (under v. 39)
to be that of the sun at the same time, while to find that of its conjunc-
tion we have to add the equation for difference of meridian (degdntare-
Phala, i. 80, 61), to the longitude given underi. 53 as that of the planet.

Fongitude of Mercury’s conjunetion (¢ighroccs), midnight, at Ujjayini, 4% 159 13/ 8/

add for difference of meridian, 440 14
Longitude of conjunetion at required time, 416 57 a2
Mean longitude of Mercury, 8 18 13 138

Mean commutation (¢ighrakendra,), 738 44 ¢
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 'The position of Mercury with reference to the conjunction is aceord-
ingly very nearly that of M/, in Fig. 5. The arc which determines tife
base-sine (bhujajyd), or OM/, is 58° 44, while M’ D, its complement,
from which the perpendicular-sine (kotijyd) is taken, i3'81°16. The
corresponding sines, M’ B and M’ G, are 2038’ and 1784" respectively.
The epicycle of Mercury is one degree less at D than at O, Hence
4 the proportion e i
[j\if ! 3438:60::2938:51" ‘ L _ ‘
Lo pives 51" as the diminution at M': the circumference of the epicyle at M,
» ¥ "then, is 132°0', The two proportions
360° 1132° g2 220381 1078, and  360°:132° 9" 3y 1784 : 655,
give us the value of m'n' as 1078/, and that of #' M’ as 655". The
commutation being more than three and less than nine signg, or in the
half-orbit beginning with Cancer, the fourth sign, n' M"is to be sub-
tracted from EM/, or radius, 3438'; the remainder, 2788, is the perpen-
dicular En'. b j

To the square of Xn/, Gy b i 7,745,089
add the square of a!m/, 1,162,084 =ty
) of theirsum, 8,0U7,173
3 the square root, 2984
: : is the variable hypothenuse (cala karna), Em'. The comparison of the
4 ¢ briangles Em'n' and Eo'g’ gives the proportion Em' :m'n’: :Bolialg!, or
o "'%' /(:ji 2984 : 1078 1: 3438 : 1242 ; ;
4 it The value of o ¢/, the sine of the equation, is accordingly 1242+ the cor-

respouding arc, o' M, is found by the process prescribed in verse 33 to be
“ 91919/, The figure shows the equation to be subtractive.

A ) The annexed table presents the results of the caleulation of the equa-
' tion of the conjunction (gighrakarman) for the five planets,

Results of the First Process for finding the True Places of the Planets.

Based  Corn, R}““" R;:Kr:t ZI?I “{Hquat’n

sine. Bpicyele. g e |p: sine Hyp. | ©0%:

Mean Longitude of Mean
Planet. Longitude, Con}’unctiou. Commutation,

B e NN R D B e S T TN R 0 R ¥ X
; ‘ (i Mercury, 8 18 13 13| 4 16 57 22/ 7 28 44 92938} 132 91 1078 055 2984121 32
i, ‘ {Venus, 8 18 13 1310 21 49 47/ 2 3 36 34 3080 260 13, 2226 | 1104 5058|426 7
i ; *Mars, . 15243057 818131312 23 42 16/3416] 232 2002 | 2251274431 1
\Jupiter, |2 26 2 14 81813135 22 10 59| 468 70 lﬁi or| 665 byydl+ 153
" Saturn, 132012 3) 8181313 4 28 1 10]1820, 39 32} 200| 320 3124143 40

o ] 1 CEy

This is, however, only a first step in the whole operation for finding
 ther taue longitudes of these five planets, as is laid down in the next
| passage. ‘ e ‘

‘  ' a 43. The process of correction for the apsis (mdnda karman) is

| 3 that for the apsis (mdnda), again that for the apsis, and that for
e the conjunction—four, in succession. L

. Dhaes

L

the only one required for the sun and moon :, for Mars and the
other planets are prescribed that for the conjunction (cdighrya),




44, To the mean place of the planet apply half the equation
of the conjunction (¢ighraphala), likewise half 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 (dhana) when 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 general one, applying to all
the processes of caleulation of the equations of place, and has already
been anticipated by us above, Its meaning is, that when the anomaly,
(mandakendra), or commutation (gighrakendra), reckoned always forward
from the planet to the apsis or conjunction, is less than six signs, the
equation of place is additive; when the former is more than six signs,

- the equation is subtractive, The reason is made clear by the figures given
above, and by the explanations undér 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 sense by the Hin-
dus, it properly signifies the position (see note to i. 58) of the “centre”
of the epieycle—which coincides with the mean place of the planet itself
——relative to the apsis or conjunction respectively. In the text of the.
Strya-Siddhanta it is used only with this signification : the commentary
employs it also to designate the centre of any circle.

Since the sun and moon haye but a single inequality, according to the
Hindu system, the calculation of their true places is simple and easy.
With the other planets the case is different, on account of the existence
of two causes of disturbance in their orbits, and the consequent necessity
both of applying two equations, and also of allowing for the effect of each
cause in determining the equation due to the other. For, to the appre-
hension of the Hindu astronomer, it would not be proper to caleulate the
two equations from the mean place of the planet; nor, again, to caloulate.
either of the two from the mean place, and, having applied it, to take
the new position thus found as a basis from which to calculate the other ;
sinco the planet is virtually drawn away from its mean place by the
divinity at either apex (ucca) before if is submitted to the action of the
other. The method adopted in this Siddhinta of balancing the two
influences, and arviving at their joint effect upon the planet, is stated in
verses 43 and 44, The phraseology of the text is not entirely explicit,

- and wonld bear, if taken alone, a different interpretation from that which

the commentary puts upon it, and which the rules to be given later show
to be its true meaning ; thisis as follows : first ealculate from the mean
place of the planet the equation of the conjunction, and apply the half
of it to the mean place ; from the position thus obtained caleulate the
eéquation of the apsis, and apply half of it fo the longitude as already
once equated ; from this result find once more the equation of the apsis,
and apply it to the original mean place of the planet; and finally, caleus
late from, and apply to, this last place the whole equation of the con-
junction. ; i

StryoSiddén. 0 2B
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. We have caleulated by this method the trie places of the five planets,
~ and present the pesults of the processes in the following tables. Those
of the first process have been already given under the preceding pas-
sage: the application of half theequations there found to the mean,
longitude gives us the longitude once equated as a Dasis for the next
progess, ' . : s i :

‘ ‘Résulés' of the §’acoﬁd Process for finding the True Places of the Planét

SR

Bt | ‘Equated | Longitude. | BEquated | Base- |Coreected| E‘pumqn ]
i Lougitude. | of Apsis. | Anomaly. | sine. |Epicyele,| of Apsig, i
i Aol R A e i G e N TR )

Mercury, 8 9 39lg 10 98 90 a1 3 51l 156820 Silieaa in
! Venus, o r amikai1iba 17018854681 i1 48 S gead b
R S Mare, 0 0t 6050001 | 44100 9 401100 ali2g77 | mo 9l li-T0ies L~
| Jupiter, 22669 |5 21 22 19| 3 24 231 34201 32 o |+ 5§
Satury, 3 43 wila b 3’7‘1‘343 4 437 3829 ] 48 11 |4 6 30

Again, the application of half these equations to the longitudes as
once equated furnishes the data for the third process. The longitudes of
the apsides, being the same as in the second operation, are nof repeated

-in this table, ; A i R ;

Results of the Third Process

_ Planet, ude, Epicyele. |
P Tk
Mercury, 85 6340
Vienus, gl 23: sl :
Manrs, 6 e B0l
Jupiter, 209930 4
Saturn, e T $6/4:33

The original mean longitudes are now cotrected by the results of the
third process, to obtain a position from which shall be once more caleu-
lated the equation of the conjunction; and the application of this to the
position which furnished it yields, as a final result, the true place of each
planet, !

- Results of the Fourth Process Jor finding the True Places of tiéePlcmeif. i

9 s Bqnated lpo ool corr, Result [ Result | oo N i )
(lanet Lf&';ﬁm. c";‘;g:,‘,““' Eia:: Epicyele! B.ff:ilrl:e. 'Pff:’i?:a. Hy;lgth- E?“éﬂ?j" ‘Loz;?tlz‘de.‘ il
e PRSI T e ' o il g ’ ' CU G R
Meveury,|8 16 11 18 o 463000/ 132 6] r1o1 616 | 3029 | “a1 30| 7 24 Sv |
Venus, |8 18 36|2 3 14 (3069260 13| 2218 (1118 | 5067/ 42580 9 14 354

; Mats; |5 15 1|3 3123432232 ol 2212 | 124, 3984 | 433 4416 18 451

i Jupiter, 13 615 17 5| 966l nocanl 1801 65661 aBG 1k 3 513 4t

i Saturn, | 326 45| 4 21 28 lardr| 39 371 2361 2061 3358 I 4 17l 4 1 02

g

We cannot furnish a comparison of the Hindu determinations of the
true places of the planets with their actual positions as ascertained by
our modern methods, until after the subject okp the latitude has been dealt
with : see below, under verses 56-58, ‘
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The Hindu method of finding the true longitudes of the five planets
whose apparent position is affected by the parallax of the earth’s motion
having thus been fully explained, we will proceed to indicate, as suc-
cinetly as possible, the way in which the same problem is solved by the
great Greek astronomer. The annexed figure (Fig. 6) will dllustrate bis
method : it is taken from those presented in the Syntaxis, but with such
wodifications of form as to make it correspond with the figures previ-
ously given here : the conditions which it represents are only hypothet-
ical, not according with the actual elements of any of the planetary
orbits,

Let B be the earth’s place, and let the circle Ap G, deseribed about
E as a centre, represent the mean orbit of any planet, A being the
direction of its line of apsides, and E C that of its conjunction (glghra),

Fig. 6. called by Ptolemy the

S apogee of its epicycle,

; Let EX be the double
eccentricity, or the
equivalent to the ra-
dius of the Hindu
epicycle of the apsis ;
and let EX be bi
sected in Q.  Then,
as regards the influ-
§ ence of the eccen-
8 tricity of the orbit
| upon the place of the
planet, the centre of
, ; e RS equable angular mo-
tion is at X, but the centre of equal distance is at Q : the planet virtu-
ally describes the cirele A’ P, of which Q) is the centre, but at the same
rate as if it were moving equably upon the dotted circle, of which the
centre is at X.. The angle of mean anomaly, accordingly, which in-

creases proportionally to'the time, is 2 X A", but P is the planet’s place,

PE A the true anomaly, and EP X the equation of place. The value
of EP X is obtained by a process analogous to that described above,
under verse 39 (pp. 210, 211); EB and BX, and QD and D X, are
first found: then D P, which, by subtracting DX, gives XP; XP
added to BX gives BP; and from BP and BE is derived EP B, the
equation required ; subtract this from P XA, and the remainder is
REA, the planet’s true distance from the apsis. About T deacribe
the epicycle of the conjunction, and draw the radius PT parallel
to EC: then T is the planet’s place in the epicycle, p its apparent
position in the mean orbit, and TE P the equation of the epicycle, or
of the conjunction, In order to arrive at the value of this eqnation,
Ptolemy first finds that of S ER, the corresponding angle when the
centre of the epicycle is placed at R, at the mean distance ER, or
radius, from E: he then diminishes it by a complicated process, mto
the details of which it is not nhecessary here to enter, and which, as
he himself acknowledges, is not strictly accurate, bat yields results sufi-
clently near to the truth, The application of the equation thus obtained
VOL. VI, 28
[
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to the place of the planet as already once equated gives the final result
gought for, its geocentric place. ‘ :
- In the case of Mercury, Ptolemy introduces the additional supposition
that the centre of equal distances, instead of being fixed at Q, revolves
in a retrograde direction upon the circumference of a circle of which X
is the centre, and X Q the radius. ‘ -
After a thorough discussion of the observations npon which his data
and his methods are founded, and a full exposition of the latter, Ptolemy
Eroceeda himself to construct tables, which are included in the body of
is work, from which the true places of the planets at any given time
may be found by a brief and simple process. The Hindus are also ac-
eustomed to employ such tables, although their construction and use are

| nowhere alluded to in this treatise. Hindu tables, in part professing to

{

1

be calculated according to the Strya-Siddhanta, have been published
by Bailly (Traité de I'Astr. Ind, et Or, £ 385, etc.), by Bentley (Hind.
Ast, p. 219, ete.), by Warren (Kala Sankalita, Tables), by Mr. Hoising-
ton (Oriental Astronomer, p. 81, ete.), and, for the sun and moon, by
Davis (As. Res,, ii. 255, 256). ‘
. We are now in a condition to compare the planetary system of the
Hindus with that of the Greeks, and to take note of the puincipal re-

1 semblances and differences between them. And it is evident, in the first

lace, that in all their grand features the two are essentially the same.
?36%&“"ﬁliké'analyze, with remarkable success, the irregularitieg of the
apparent motions of the planets into the two main elements of which
they are made up, and both adopt the same method of representing and
caleulating those irregularities.  Both alike substitute eccentric circles
for the true elliptic orbits of the planes, Both agree in assigning to

\ Mercury and Venus the same mean orbit and metion as to the sun, and

in giving them epicycles which in fact correspond to their heliocentrie
orbits, making the centre of those epicycles, however, not the true, but
the mean place of the sun, and also applying to the latter the correction
due to the eceentricity of the orbit. Both transfer the centre of the
orbits of the superior planets from the sun to the earth, and then assign
to each, as an epicycle, the earth's orbit; not, however, in the form of

. an ellipse, nor even of an eccentric, but in that of a true cirele; and
' here, too, both make the place of the centre of the epicycle to depend
' umpon the mean, instead of the true, plage of the sun.. The key to the

whole system of the Greeks, and the determining cause both of its nu-

merous accordances with the actual conditions of things in pature, and

of its inaccuracies, is the principle, distinetly laid down and strictly ad-
hered to by them, that the planetary movements are to_be represented
by.a combination pf.,,,eqmbl.e.‘.cimsiliz,ﬁmotjoq&,, alone, none btger being
deemed suited to the dignity and perfection of the heavenly bodies, By
the Hindus, this principle is nowhere expressly recognized, so far as we
are aware, as one of binding influence, and although their whole system,
no less than that of the Greeks, seems in other respects inspired by it,

/it is in one point, as we shall note more particularly hereafter, distinetly

abandoned and violated by them (see below, under vv. 50, 51), We

‘cannof but regard with the highest admiration the acuteness and in-

- dustry, the power of observation, analysis, and deduction of the Greeks,
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- that, hampered by false assumptions, and 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 genins of the Hindn will
depend upon whether we consider him also, like all the rest, of the world,
to have been the pupil of the Greek in astronomical science, or whether
wé shall belieye him to have arrived independently at a system so

| dlosely the connterpart 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 Hindus : this, however, appears to be
an innovation introduced into the Greek system by Ptolemy, and un-
known before his time; it was adopted by him, in spite of 'its seeming

S R s ' . i ! . :
arbitrariness, because it gave him results according more nearly with his
observations. The moon's evection, the discovery of Ptolemy, is equally
wanting in the Hindu astronomy. As regards the combined application
of the equations of the apsis and the conjunction, the two systems are
lkewise at variance. Ptolemy follows the traer, as well as the simpler,
_method : Ife applies first the whole correction for the eccentricity of the
~ Torbit, obtaining as a result, in the case of the superior planets, the :
planet’s true heliocentric place; and this he then corrects for the paral- S

lax of the earth’s position. Here, too, ignorant as he was of the actual e
relation between the two equations, we miay suppose him to have been
guided by the better coincidence with observation of the results of his

ﬁm'cesses when thus conducted. The Hindus, on the other hand, not
nowing to which of the two supernatural beings at the apsis and ¢on-

junction should be attributed the priority of influetice, conceived them
to act simultaneously, and adopted the method stated above, in verse 44,

of obtaining an average place whence their joint effect should be ecaleu-

lated. This is the only point where they forsook the geometrical method, S
and suffered their theory respecting the character of the forces produ- . i
cing the inequalities of motion to modify their processes and resnlts.

The change of dimensions of the epicycles is also a striking peculiarity
- o the Hindu system, and, to vs, thus far, its most enigmatical feature.
The 10n upon the epicycles themselves is to

o virtual effect of the alterat
+7 . give them a form approximating to the elliptical. But, although the
' epicycles of the conjunction of the inferior planets represent 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 unconscious recognition of
the prineiple of ellipticity, because the major axis of the quasi-ellipse—
70, i the cast of Jupiter and Saturn, the minor axis—is constantly
pointed toward the earth. Its effect upon the orbit described by the
planet is, as concerns the epicycle of the apsis, to give to the eccentric
circle an ovoid shape, flattened in the first aud fourth quadrants, bulging
il the second and third : this is, so far as it goes, an approximation to-  «
ward Ptolemy’s virtual orbit, a cirels described about a centre distant e
i from the earth’s place by only half the equivalent of the radius of the ‘ Uikt
| Hindu epicycle (the circle A'P in figure 6): but the approximation
““seéuis too distant to furnish any hint of an explanation. A diminution

£y
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of the epicycle élgo effects a eorresponding diminution ‘of{th&:aqua‘ti’oﬁ,‘ D
carrying the planct forward where the equation is subtractive, and back-
ward where it is additive : but we hardly feel justified in assuming shat

it is to be re%

sults of caleu

arded as an empirical correction, applied to make the re- ‘
ation agree more nearly with those of observation, because

its amount and place stand in no relation which we have been able to
trace to the true elements of the planetary orbits, nor is the accuracy
of either the Hindu calculations or observations so great as to make
snch slight corrections of appreciable importance. We are compelled
to leave the solution of this difficulty, if it shall prove soluble, to later

investigation, and a more extended com
books of Hindu astronomical science.

parison of the different text-

As regards the numerical value of the elements adopted by the two
s¥stemy~their mutual relation, and their respective relations to the true
elements established by modern science, are exhibited in the annexed
table. The first part of it presents the comparative dimensions of the
planetary orbits, or the value of the radius of each in terms of that of
the earth’s orbit, In the case of Mercury and Venus, this is represented

by the relation of the radius of the epicycle (of the conjunction) to that
of the orbit; in the case of the superior planets, by that of>the radius

of the orbit to the radius of the epicyele.
was necessary to give two values in every case, derived respectively from
the greatest and least dimensions of the epicycles. Such a relative de-
termination of the moon’s orbit, of course, conld not be obtained ! its
absolute dimensions will be found stated later (see under iv. 3 and xii.
84). The second part of the table gives, as the fairest practicable com-
parison of the values assigned by each system to the eccentricities, the
greatest equations of the centre. TFor Mercury and Venus, however, the
ancient and modern determinations of these equations are not at all
comparable, the latter giving their actual heliocentric amount, the for-
mer their apparent value, as seen from the earth,

For the Hindu system it

Relative Dimensions and Becentricities of the Planetary Orbits, according
lo Dijferent Authorities. ; '

j Radiug of the Orbit. Greatest Equation of the Centre,

Planet. Shrya-Siddhinta, Siirya- |y
: even quad.| odd quad Ptolemy. |Moderns Sidddhanta. R MOdem“!‘
Sun, 1.0000 | 10000 | 1.0000 | T.0000 | 2 1031 | 2 23| 1 55 2y
) eealinien W e S AU SO e BRSSO S G LR G
| Mercury, 13604 | 3667 | 3750'| 387r 1 4 27 35 a 53 123 4o 43
Venus, 7298 maad il nyod b a3l A8 81 g Ladi oy ey
Mars, 15130 | 15513 | 1.5190 | ¥.5337 | 11 32 8711 32 )10 41 33
Jupiter, 5.1429| 5.0000 | 5.2174°| 52028 | 5 5 58 5 16 | 8 31 14
Baturn, 92308 | 9.0000 | 9.2308 | 95389 | 739 324 6 32 16126 12

46, Multiply the daily m.o‘tion‘ (bhukti) of a planet by the sun’s
result from the base-sine (ld@huphala), and divide by the number
of minutes in a circle (bhacakra); the result, in mminutes, apply

to the planet’s true place, in the same directio

was applied to the sun,

n as the equation
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By this rule, allowance is made for that part of the equation of time,
~ or of the difference between mean and apparent solar time, which is due
to the difference between the sun’s mean and true places. The instru-
ments employed by the Hindus in measuring time are described, very
 briefly and insufficiently, in the thirteenth chapter of this work: in all
probability the gnomon and shadow was that most relied upon; at any
rate, they can have had no means of keeping mean time with any accu-
racy, and it appears from this passage that apparent time alone is re-
garded. as ascertainable directly, Now if the sun moved in the equi-
noctial instead of in the ecliptic, the interval between the passage of his
mean and his true place across the meridian would be the same part of
a day, as the difference of the two places is of a circle: hence the pro-
portion upon which the rule in the text is famnded: as the number of
minutes in a circle is to that in the sun’s equation (which is the same
with his “result from the base-sine:” see above, v. 39), so is the whole
daily motion of any planet to its motion during the interval. And
since, when the sun is in advance of his true place,; he comes later to
the meridian, the planet moving on during the interval, and the reverse,
the result is additive to the planet's place, or subtractive from i, accord-
‘ing as thecsun’s equation is additive or subtractive. : :
The other source of difference between true and apparent time, the
_ difference in the daily increment of the ares of the ecliptic, in which
the sun moves, and of those of the equinoctial, which are the measures
of time, is not taken account of in this treatise. This is the more
strange, as that difference is, for some other purposes, caleulated and
allowed for,

At the time for which we have ascertained above the true places of
the planets, the sun is so near the perigee, and his equation of place is
so small, that it renders necessary no modification of the places as
given : even the moon moves but a small fraction of a second during
the interval between mean and apparent midnight.

By bhukii, as used in this verse, we are to understand, of course, nok

_the mean, but the actual, daily motion of the planet: the commentary
also gives the word this interpretation. - How the actual rate of motion
is found at any given time, is taught in the next passage.

47, From the mean daily motion of the moon subtract the
daily motion of its apsis (manda), and, having treated the differ-
‘ence in the manner prescribed by the next rule, apply the result,
as an additive or subtractive equation, to the daily motion.

48. The equation of a planet’s daily motion is to be calculated
like the glace of the planet in the process for the apsis: multi-
ply the daily motion by the difference of tabular sines corre-
sponding to the basesine (dorjyd) of anomaly, and then divide
by two hundred and twenty-five; : ’

49. Multiply the result by the corresponding epicycle of the

apsis (mandaparidhv), and divide by the number of degrees in a,
circle (bhagana); the result, in minutes, is additive when in the
halforbit beginning with Cancer, and subtractive when in that
beginning with Capricorn. y : ’
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Ouly the effect of the apsis upon the daily rate of motion is treated
~ of in ‘these verses; the farther modification of it by the conjunction is

the subject of those which succeed. P R E e
Verse 47 is a separate specification under the general rule given in
the following verse, applying to the moon alone. The rate of a planet's
miotion in its epicycle being equal to its mean motion from the apsis, or
its anomalistic motion, it is necessary in the case of the moon, whose
apsis has a perceptible forward movement, to subtract the daily amount
of this movement from that of the planet in order to obtain the daily
rate of removal from the apsis. B g ) /
In the first half of verse 48 the commentary sees only an intimation
that, as regards the apsis, the equation of motion is found in the same
general method as the e@uations of place, a certain factor being multi-
plied by the circumference of the epicyele and divided by that of the
orbit. Such a direction, however, would be altogether trifling and siper-
fluous, and not at all in ‘accordance with the usual compressed style of
the treatise; and moreover, were it to be so understood, we should lack
any direction as to whiclh of the several places found for a planet in the
process for ascertaining its true place should be assumed as that for
which this first equation of motion is to be calculated. The wrue mean-
ing of the line, beyond all reasonable question, is, that the equation is
to be derived from the same data from which the equation of place for
the apsis was finally obtained, to be applied to the planet’s mean posi-
tion, as this is applied to its mean motion ; from the data, namely, of
the third process, as given above. g
The principle upon which the rule is founded may be explained as
follows,  The equation of motion for any given time is evidently equal
to the amount of acceleration ot of retardation effected during that time
by the dnfluence of the apsis: = Thus, in Fig. 3 (p. 208), mn, the sine of

a'm, is the cquation of motion for the whole time during which the
centre of the epicycle has been traversing the arc A M. If that are,
and the arc o' m, be supposed to be divided into any number of equal
portions, each equal to a day’s motion, the equation of motion for each
successive day will be equal to the successive increments of the sines of
the increasing arcs in the epicycle; and these will be equal to the suc-
cessive increments from day to day of the sines of mean anomaly, re-
duced to the dimensions of the epicycle. But the rate at which the
sine is increasing or decreasing at any point in the quadrant is approxi-
mately measured by the difference of the tabular sings at that point:
and as the aves of mean daily motion are generally quite small—being,
except in the case of the moon, much less than 8° 45/, the fnit of the
table~—we may form this proportion : 'if, at the point in the orbit oceu-
pied by the planet, a difference of 3% 45 in arc produces an increase or
decrease of a given amount in sine, what increase or decrease of sine
will be produced by a difference of arc equal to the planet's daily
motion ¢ or, 225 : diff. of tab. sines : : planet’s daily motion : correspond-
ing diff, of sine. The reduction of the result of this proportion fo the
dimensions of the epicycle gives the equation sought. "

- 'We will caleulate by this method the true daily motion of the moon
at the time for which her true longitude has been found above. ‘

e
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_ Moon's mean daily motion (i. 80), . aoa! 3511

. dedugt daily motion of apsis (i. 88), - i 6 41
Moon’s mean anomalistic motion, ‘ 483 54

Eroni the proaéés of calculation of the moon's true place, given above,
we take

 Moou's wean anomaly, _ 10° 18° 46/ 15/
sine of avomaly (bhyjeiyd), i 2266¢
~ From the table of sines (ii. 15-27), we find |
- Corresponding difference of tabular sines, 174!
Hence the proportion

: 2252 1947 11783/ 54":606' 13!
shows the increase of the sine of anomaly in 2 day at this point to be

606/ 187, The dimensiens of the epicycle were found to be 31° 47/,

Hence the proportion
i : 360% 1 31° 47':: 606" 1371530 311t

give us the desired equation of motion, as 58’ 317, By verse 40 it is
subtractive, the planet being less than a quadrant from the apsis, or its
anomaly being more than nine and less than three signs. Therefore,
from the s y :

Moon’s mean daily motion, 790! 35
subtyact the equation, 63 3s
Moon’s true daily motion 8% given time, 737 4

The roughness of the process is well illustrated by this example.
Had the sine of anomaly been but 2’ greater, the difference of sines
would have been 10/ less, and the equation only about 507,

The equation of the sun’s motion, calculated in a similar manner, is
found to ({w -2/ 18" and his true motion 61/ 26/, :

The corrected rate of motion of the other planets will be given under

. the next following passage. ‘

80. Subtract the daily motion of a planet, thus ecorrected for
the apsis (manda?, from the daily meotion of its eoujunction
(dlghra) ; then multiply the remainder by the difference between
tﬁf last hypothenuse and radiug, o

61. And divide by the variable hypothenuse (cala karna): the
result is additive to the daily motion when the hypothenuse is
greater than radius, and subtractive when this is less; if when
subtractive, the equation is greater than the daily motion, deduet
the latter from it, and the remainder is the daily motion in a
retrograde (vakra) direction,

- The commentary gives no demoustration of the rule by which we are
here taught to calculate the variation of the rate of motion of 2 planet
occasioned by the action of its conjunction : the following figure, how-
ever (Fig. 7), will illustrate the principle upon which it is founded,




224 E. Bungess, ete., '[ii. 51,

As in a previous figure (Fig. 5, p. 212), C M M! represents the mean
orbit of a planet, E the earth, and M the planet’s mean position, at &
iven time, relative to its conjunction, O« the circle described about M
is the epicycle of the conjunction: it is drawn, in the figure, of the

relative dimensions of that assumed ) )
for Mars. Suppose M'M to be the g 4.
amount of motion of the centre of |
the epicycle, or the (equated) mean
synodical motion of the planet,
during one day; m/m is the arc of
the epicycle traversed by the planet
in the same time. As the amount
of daily synodical motion is in every
case small, these arcs are necessarily
%reatly exaggerated in the figure,

eing made about twenty-four times §
too great for Maxs. Had the planet §
remained stationary in the epicycle
at m' while the centre of the epi-
cycle moved from M/ to M, its place
at the given time would be at s;
having moved to m, it is seen at ¢;
henee st is the equation of daily motion, of which it is required to
ascertain the value, Produce Em! to n, making En equal to En, and
join mn; from M draw Mo at right angles to Em. Then, since the are
mm! is very small, the angles Emn and Enm, as also Mmm' and
M mim, may be regarded as right angles; Mmo and nm m' are there-
fore equal, each being the complement of Emm/, and the triangles
mam’ and Mm o are similar. Hence

Mmimosimm/ imn

But EM:Mm:: MM :mm!
Hence, by combining terms, EM:mo:: MM'imn
But ts:Et:smn:Em

th(;:efore,_since EM equals K ¢, % 1eomor: MM :Em
y again combining,

and, reducing the proportion to an equation, ¢s, the required equation
of motion, equals MM/, the equated mean synodical ‘motion in a day,
multiplied by m o, and divided by Em, the variable hypothenuse. This,
however, is not precisely the rule given above; for in the text of this
Siddhéanta, m {, the difference between the variable hypothenuse and
radius, is substituted for m o, asif the two were virtnally equivalent: a
highly inaccurate assurption, since they differ from one another by the
versed sine, o, of the equation of the conjunction, M, which equation
is sometimes as much as 40° : and indeed, the commentary, contrary o
its usual habit of obsequiousness to the inspired text with which it has
to deal, rejects this assumption, and says, without even an apology for
the liberty it is taking, that by the word © radins” in verse 50 is to be
understood the cosine (kotijy &) of the second equation of the conjunction,
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~ In illustration' of the rule, we will caleulate the true rate of daily
motion of the planet Mars, at the same time for which the previous
caleulations have been made. - ) - S 4
-+ By the process already illustrated under the preceding passage, the
equation of Mars's daily motion for the effect of the apsis, as derived from

the data of the third process for ascertaining his true place, is found to

ifference of tabular sines being 1317 ~Accordingly, -

nean daily wotion of Mars (i. 34), 31 26"

educ! ‘equation for the apsis, 3 4r,
Mars's e‘qut‘;,tédf"‘%‘?iily motion, 37 45

to f d the equated daily synodical motion,

1 the daily motion 6f Mars's conjunction (the sun), Sl 8
et his equated daily motion, a7 45
Mare’s equated dg.i!y\‘ synodical motion, 3r 23

. The variable hypothenuse used in the last process for finding the true
place was 8984” ¢ its excess above radius is 546".  The proportion

' i ondt v 86l e 31 230 ) B0 ‘

sliows, then, that the equation of motion due to the conjunction at the
given time is 4/ 187 Since the hypothenuse is greater than radius-—
that is to say, since the planet is in the half-orbit in which the influence
of the conjunction is accelerative—the equation is additive. Therefore,

to Mars's equated daily raotion, DL Ll
add the equation for the conjunction, 4 18
Mars's true daily motion at the given time, s2 '3

In this calculation we have followed the rule stated in the text: had
we accepted the amendment of the commentary, and, in finding the
second term of our proportion, substituted for radius the cosine of
33° 44/, the resulting equation would have been more than doubled,
~ becoming 8' 517, instead of 4/ 18”; this happening to be a case where

the difference is nearly as great as possible. We haye deemed it best,
however, in making out the corresponding results for all the five planets,
as presented in the annexed table, to adhere to the directions of the
text iteelf. . The inaccuracy, it may be observed, is greatest when the
equation of motion is least, and the contrary; so that, although some-
times very large relatively to the equation, it never comes to be of any
great importance absolutely.

Resuils of the Processes for finding the True Daily Motion of the Planets.

vt | oo S |, Ppwsnd | Bwion (¢ 5kt
Mereury, | 205 | —4 at | 54 47| 190 45 ‘ w250 45 | 429 3
Venus, Ao L+ 53 L6y r ] 35 7 lidkay, 19§ 470000
Mars, 931 1 -3 41l ay 45 3r a3 liied a8l L w3303
Jupiter, oy S s K (i L s v i e 3 R G
Saturn, RS G G el T B B U G S T

vou. vi, 20
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The final sbandonment by the Hindus of the principle of equable cir-
enlar motion, which lies at the foundation of the whole system of eccen-
trics and epicycles, is, as already pointed out above (under vv. 43-45),
distinctly exhibited in this process: m!m (Fig. 7), the arc in the epi-
cycle traversed by the planet during a given interval of time, is no fixed
and equal quantity, but is dependent upon the arc M’M, the value of
whieh, having suffered correction by the result of a triply complicated
process, is altogether irregular and variable. This necessarily follows
from the assumption of simultaneous and mutual action on the part of
the beings at the apsis and conjunction, and the consequent impossibility
of constructing a single connected geometrical figure which shall repre-
sent the joint effect of the two disturbing influences. By the Ptolemaic
method the principle is consistently preserved: the fixed axis of the

. epicycle (see Fig, 6, p. 217), to the revolution of which that of the

epicycle itself is bound, is 2P X; and as the angle # P T, like 2 X A,
increases equably, the planet traverses the circumference of the epicycle
with an unvarying motion relative to the fixed point z; althongh the
equation is detived, not from the arc 2 T, but from T, the equivalent of
CR, its part e varying with the varying angle E P X,

In case the reverse motion of the planet upon the half-citumference
of the epicycle within the mean orbit is, when projected upon the orbit,
greater than the direct motion of the centre of the epicycle, the planet
will appear to move backward in its orbit, at:a rate equal to the excess

of the former over the latter motion. This is, as the last table shows, =

the case with Jupiter and Saturn at the given time. The subject of the
retrogradation of the planets is continued and completed in the next
following passage. :

52. When at a great distance from its conjunction (dlghrocca),
a planet, having its substance drawn to the left and right by
slack cords, comes then to have a retrograde motion.
53. Mars and the rest, when their degrees of commutation
(kendra), in the fourth process, ave, respectively, one hundred
and sixty-four, one hundred and forty-four, one hundred and -
thirty, one hundred and sixty-three, one hundred and fifteen,
54, Become retrograde (vakrin): and when their respective
commutations are equal to the number of degrees remaining
after subtracting those numbers, in each several case, from a
whole circle, they cease retrogradation.
55. In accordance with the greatness of their epicycles of the
conjunction (dighraparidhi), Venus and Mars cease retrograding
in the seventh sign, Jupiter and Mercury in the eighth, Saturn
in the ninth. i ‘ e ]

The subject of the stations and retropradations of the planets is
rather briefly and summarily disposed of in this passage, although
treated with as much fullness, perhaps, as is consistefit with the general
method of the Siddhanta. Ptolemy devotes to it the greater part of
the twelfth book of the Syntaxis, : -




dast . Sl 207

* The first verse gives the theory of the physical cause of the phenome-

non: it is to be compared with the opening verses of the chapter,
particularly verse 2. 'We note here, again, the entire disavowal of the

system of epicycles as a representation of the actual movements of the

planets. How the slackness of the cords by which each planet is
attashed to, and attracted by, the supernatural being at its conjunction,
furnishes an explanation of its retrogradation which should commend
itself as satisfactory to the mind even of one who believed in the super-
natural 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 52 altogether, and to suffer the phenomenon to rest upon the
simple and intelligible explanation given at the end of the preceding
verse, which 18 a true statement of its cause, expressed in terms of the
Hindu system. The actual reason of the apparent retrogradation is,
indeed, diffevent 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 tearly between the sun and the earth, their helio-
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' continuance, bub is not prevented, because the motion of the
inferior planets is more rapid than that of the earth, The retrograda-
tion of the superior planets, on the other hand, is due to the parallax of
the earth’s motion in the same direction when between them and the
sun, and 1is lessened by their own motion in their orbits, althongh not
done away with altogether, because their motion is less rapid than that
of the earth. Bat, in the Hindu system, the revolution of the planet in
the epicycle of the conjunection represents in the one case the proper
motion of the planet, in the other, that of the earth, reversed ; hence,
whenever its apparent amount, in a contrary direction, exceeds that of
the movement of the centre of the epicycle—which is, in the one case,
that of the earth, in the other, that of the planet itself—retrogradation
is the necessary consequence. :

| Verses 53-55 contain a statement: of the limits within which retro-
gradation takes place. The data of verse 53 belong to the different
planets in the order, Mars, Mercury, Jupiter, Venus, and Saturn (see
above, under i. 51, 52). That is to say, Mercury retrogrades, when his
equated commutation, as made use of in the fourth process for finding
his true place (see above, under vv. 43-45), is more than 144° and less
than 216°; Venus, when her commutation, in like manner, is between
163° and 197°; Mars, between 164° and 196°; Jupiter, between 130°
and 280°; Saturn, between 115° and 245°. These limits ought not,
however, even according to the theory of this Siddhanta, to be laid
down with such exactness; for the precise point at which the subtractive
equation of motion for the conjunction will exceed the proper motion
of the planet must depend, in part, upon the varying rate ot the latter
a3 affected by its eccentricity, and must accordingly differ a little ab
different times. We have not thought it worth while to calculate the
amount of this variation, nor to draw up a cowmparison of the Hindu
with the Greek and the modern determinations of the limits of retro-




e L Burgess, ete; o [1:55« o

gradation, since these are dependent for their correctness upon the acen-

racy of the clements assumed, and the processes employed, both of
which have been alveady sufficiently illustrated. - j
" The last verse of the passage adds little to what had been already

said, being merely a repetition, in other and less precisy terms, of the
specifications of the preceding verse, together with the assertion of a

relation between the limits of retrogradation and the dimensions of the
respective epicycles; a relation which is only empirical, and which, as

ey

regards Venus and Mars, does not quite hold good.

56. To the nodes of Mars, Saturn, and Jupiter, the equation
of the conjunction is to be applied, as to the planets themselves
respectively; to those of Mercury and Venus, the equation of |
the apsis, as found by the third process, in the contrary direction.

57, The sine of the arc foung 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 latitude (vikshepa).

" 58, When latitude and declination (apakrama) are of like
direction, the declination (krdnti) is increased by the latitude;
when of different direction, it is diminished by it, to find the
true (spashta) declination: that of the sun remains as already

determined.

" How to find the declination of a planet at any given point in the
ecliptic, or circle of declination (kréantivrita), was taught us in verse 28
above, taken in conmection with verses 9 and 10 of the next chapter:
here we have stated the method of finding the actual declination of any
planet, as modified by its deviation in latitude from the ecliptic.

The process by which the amount of & planet’s deviation in latitude
from the ecliptic is here directed to be found is more correct than might
have been expected, considering how far the Hindus were from compre-
hending the true relations of the solar system. The three quantities
employed as data in the process are, first, the angular distance of the
planet from its node; second, the apparelf?'\'?ﬂu'e,“as latitude, of its
greatest removal from the ecliptic, when seen from the earth at a mean
distance, equal to the radius of its mean orbit; and lastly, its actual
distance from the earth. Of these quantities, the second 1s stated for
each planefin the concluding verses of the first chapter; the third is
correctly represented by the variable hypothenuse (cala karna) found in
the fourth process for determining the planet’s true place (see above,
quander vy, 48-45) ; the first is still to be obtained, and verse 56 with the
first part of verse 57 teach the method of ascertaining it The prinei-
ple of this method is the same for all the planets, although the state-
ment of it is so different; it is, in effeet, to apply to the mean place of
the planet, before taking its distance from the node, only the equation
of the apsis, found as the result of the third process. In the case of
the superior planets, this method has all the correctness which the
Hindu system admits; for by the first three processes of correction is
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found, as nearly as the Hindus are able to find it, the true heliocentric
place of the planet, the distance from which to the node determines, of
course, the amount of removal from the ecliptic. Instead, however, of
taking this distance directly, rejecting altogether the fourth equation,
that for the parallax of the earth’s place, the Hindus apply the latter
both to the planet and to the node; their relative position thus remains
the same as if the other method had been adopted. ;

~ Thus, for instance, the position of J upiter’s node upon the first of
January, 1860, is found from the data already given above (see i. 41-44)
to be 25 19° 40/: his true heliocentric longitude, employed as a datum in
the fourth process (see p. 216), is 8% 1° 6/; Jupiter’s heliocentric dis-
tance from the node is, accordingly, 11° 26%. Or, by the Hindu method,
the planet’s true geocentric place is 3% 4° 11/, and the corrected longi-

tude of its node is 28 22° 45/; the distance remains, as before, 112 26/

In the case of the inferior planets, as the assumptions of the Hindus
respecting them were farther removed from the trath of natare, so their
method of finding the distance from the node is more arbitrary and less
accurate,  In their system the heliocentric position of the planet is rep-
resented by the place of its conjunction (glghra), and they had, as is
shown ab@ve (see ii. 8), recognized the fact that it was the distance of
the latter from the node which determined the amount of deviation from

the ecliptic.  Now, in ascertaining the heliocentric distance of an infe-

rior planet from its node, allowance needs to be made, of course, for the
effect upon its position of the eccentricity of its orbit. But the Hindu
equation of the apsis is nio true representative of this effect ! it is calen-

lated in order to be applied to the mean place of the snn, the assumed

centre of the epieycle—that is, of the true orbit; its value, as found, 18
geocentric, and, as appears by the table on p. 220, is widely different
from its heliocentric value; and its sign is plus or minus according as
its influence is to carry the planet, as seen from the earth, eastward or
westward ; while, in either case, the true heliocentric cffect may be at
one time to bring the planet nearer to, at another time to carry it farther
from, the node. The Hindus, however, overlooking these incongruities,
and having, apparently, no distinct views of the.subject to guide them
to a correcter method, follow with regard to Venus and Mercury what
seems to them the same rule as was employed in the case of the other
planets—they apply the equation of the apsis, the result of the third
process, to the mean place of the conjunction; only here, as before, by

an indirect process : instead of applying it to the conjunction itself, they

apply it with a contrary sign to the node, the effect upon the relative
position of the two being the same, ¢

Thus, for instance, the longitude of Mercury’s conjunction at the
given time is (see p. 214) 45 16° 57'; from this subtract 29 24 the equa-
tion of the apsis found by the third process, and its equated longitude
is 45 14° 55': now deducting the longitude of the node at the same
time, which is 20° 41/, we ascertain the planet’s distance from the node
to be 88 24° 144, Or, by the Hindn method, add the same equation to
the mean position of the node, and its equated longitude is 22° 437;
subtract this from the mean longitude of the conjunction, and the dis-
tance is, as before, 8% 24° 14/,
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- The planet’s distance from the node being determined, its latitude
would be found by a process similar to that prescribed in verse 28 of
this chapter, if the earth were at the centre of motion ; and that rule is
accordingly applied in the case of the moon; the proportion being, as
radius is to the sine of the distance from the node, so is the sine of ex-
treme latitude (or the latitude itself, the difference between the sine and
the arc being of little account when the arc is so small) to the latitude
at the given point. ~In the case of the other planets, however, this pro-
portion is modified by combination with another, namely : as the last
variable hypothennse (cala karna), which is the line drawn from the
earth to the finally determined place of the planet, or its true distance,
is to radius, its mean distance, so is its apparent latitude at the mean
distance to its apparent latitude at its true distance, That is, with
B :sinnod, dist. : : extreme lat.: actual lat. at dist, B

combining - var, hyp R :+ lat, at dist. R ; lat. ab true dist. ‘
we have  var. hyp :sinnod.dist. : : extreme lat. : actual lat. at true dist.-
which, turned into an equation, is the rule in the latter half of v. 57,

The latitude, as thus found, is measured, of course, upon a secondar
to the ecliptic. By the rule in verse 58, however, it is treated as if
measuted upon a civele of declination, and is, without mudification,
added to or subtracted from the declination, according as the direction
of the two is the same or different, The commentary takes note of this
error, but explains it, as in other similar cases, as being, “for fear of

iving men trouble, and on account of the very slight inaccuracy, over-
looked by the blessed Sun, moved with compassion.”

We present in the annexed table the results of the processes for caleu-
lating the latitade, the declination, and the true declination as affected
by latitude, of all the planets, at. the time for which their longitade has
already been found. = The declination is calculated by the rule in verse
28 of this chapter, the precession at the given time being, as found
under verses 9-12 of the next chapter, 20° 24/ 39”. Upon. the line for
the sun in the table are given the results of the process for calculating
his declination, the equinox itself being accounted as a “node” : it is, in
fact, styled, in modern Hindu astronomy, krdntipdta, “node of declina-~
tion,” although that term does not occur in this treatise,

Results of the Process for finding the Latitude and Declination of the

Planets,

3 Longitude do. . | Distance " . sove | Qorrected
§ l?laneh of o) do. | corractad. | from Node, | Sine. | Latitude, |Deckination. Decll;nation.,
333 ; § 0 ¥ " .q o ‘ ' By ‘ v @ ' M 1 1S K
e T T Lo Bl s 7 o SR o, T G TR 23 Sy e
Meaon, "t g a9 430000, 1 23 14| 275413 36N.| 456N, 832N,

Metcury, |0 20 40 4tl0 22 43| 3 24 14 | 313412 4N.| 23 108. |21 6.
- Venus, 120 39 291 29 16| 8 22 34 | 3409 | 1 2r'S. | 20 278, |21 48 S,
Mars, 1300 '3 5213474 458 a8:16°| 1 AN.| 14528, |'t3 48 .
Jupiter, 12 19 4o 513 23 4510 11 26 | 682 |0 15N, | =1 42 N.fat 57 N.
Satwrn, 131020 45{3 14 38| 0 16 24| 970|037 N.| 14 4o Ni| 15 7N,

‘We are now able to compare the Hindn determinations of the true
places and motions of the planets with their actual positions and motions,
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s obtained by modern science. The comparison s made in the annexed

table, ' As the longitudes given by the Strya-Siddhanta contain a con-
stant error of 2° 20/, owing to the incorrect rate of precession adopted
by the treatise, and the false position thence assigned to the equinox, we

ive, under the head of longitude, the distance of each planet both from
‘the Hindu equinox, and from the true 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
are taken from the American Nautical Almanac, |

True Places and Motions of the Planets, Jan, 1st, 1860, mednight, at
Washinglon, according to the Sirya- Siddhanta ond lo Modern Science.

True Longitude, N Daily Maotion
Planet | Stirya Siddhdnta Declination. in Right Ascension,
o Sdryn- Strya-

‘Hif:;.‘l)tvln 4. tr{:g'gq. Mudemnjl Sidﬁ{)};‘;m, Mad‘_’m_s‘ Sidg;zzla. Mo@grns.

Sun, 278 4o} 276 20 | 280 5 | 23 A1 8. 23 584 66 2 |+ 6618
Moon, 8 4 5 44 727 8 32N, 6 56N,|+683 50 | 4655 14
Mereury, .| 255 16 | 252 56 | 257 25 [ 21 68.| 20 42 8. | + 3¢ 13 [+ 52 39
Venus, 305 o] 302 4o | 303 25 | 21 488.| 20 588, | + 72 59 [+ 78 B
Mars, 219 10 | 216 50 | 221'33 | 13 48 8.1 14 238.| + 31 58 |+ 36 19
Jupiter, | 11436 | 112.36 | 111 34 | a1 5y N.| 22 DNl. 8 a1 | By
'Satﬂtp, 14: 291 139 7 1145 32 115 a7 Np 14 16N = 3 3 |- 299

The proper subject of the second chapter, the determination of the
true places of the planets, being thus brought to a close, we should ex~
pect to see the chapter concluded here, and the other matters which it
contains put off to that which follows, in which they would seem more
properly to belong, The treatise, however, is nowhere distinguished for
its orderly and consistent arrangement. »

' 59. Multiply the daily motion of a planet by the time of

rising of the sign in which il is, and divide by eighteen hun-
dred; the quotient add to, or subtract from, the number of respi-
rations in a revolution: the result is the number of respirations
in the day and night of that planet.

- In the first half of this verse is taught the method of finding the in-
crement or decrement of right ascension corresponding to the increment
or decrement of longitude made by any planet during oue day. For the
“time of rising” (udayaprands, or, more commonly, udaydsavas, liter-
ally “respirations of rising”) of the different signs, or the time in respi-
rations (see i. 11), ocoupied by the successive signs of the ecliptic in
passing the meridian-—or, at the equator, in rising above the horizon—
see verses 42-44 of the next chapter, The statement upon which the
- rule is founded is as follows: if the given sign, containing 1800/ of arc

{each minute of arc corresponding, as r@mm%ced ‘above, under 1. 1112,
to a vespiration of sideveal time), occupies the stated number of respira-
tions in passing the meridian, what number of respirations will be ocei-
pied by the arc traversed by the planet on a given day? The resnlt
gives the amount by which the day of each planet, reckoned in the
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manner of this Siddhanta, or from transit to transit across the inferior
meridian, differs from a sidereal day : the difference is additive when the
motion of the planet is direct; subtractive, when this is retrograde.

Thus, to find the length of the sun's day, or the interval between two
successive apparent transits, at the time for which his true longitude and
rate of motion have already been ascertained. The sun’s longitude, as
corrected by the precession, is 98 8° 40/; he is accordingly in the tenth
sign, of which the time of rising (udaydsavas), or the equivalent in right
ascension, is 19356°.  His rate of daily motion in longitude is 61/ 26/
Hence the proportion

1800/ : 19350 11 61/ 2677 667,04 ,

shows that his day differs from the true sidereal day by 11V 0r.04, As
his motion is direct, the difference is additive: the length of the appar-
ent day is therefore 60n 11 0P.04, which is equivalent to 241 om 27s.5,
mean solar time, According to the Nautical Almanac, it is 241 om 2856,
By a similar process, the length of Jupiter’s day at the same time is
found to be 598 58Y 40, or 23h 55m 308,83 by the Nautical Almanae, it
is 282 55m 308,

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 quantities made use of, and the processes prescribed, in this and
the following verses, may be explained and illustrated by means of the
annexed figure (Fig. 8).

Let the circle Z8 Z/N represent the meridian of a given place, C
being the centre, the
place of the observer,
5 N the section of the
plane of hishorizon-—
# Sbeing the gsouth, and
& N the north point—2
g and Z' the zenith and
its . opposite . point,
the nadir, P and P*
the north and south
poles, and E and K/
the points on the me-
ridian cut by the
§ cquator. Let ED he
the declination of a
planet atagiven time;
then D D' will be the
diameter of the circle
of divirnal revolution
| described by the
planet, and BD the
o radius of that circle:

‘ RS ; s B 1s the hine which
‘in vorse 60 is called the “day-radius”  Draw DF perpendicular to EC :

Fig. 8.
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then it is evident that B D is equal to EC diminished by E¥, which i ;
the versed sine of E D, the declination. ‘ : S

i6s]

For “radius” we have hitherto had only the term trijyé (or its equiv- L
y g q

alents, trijtvd, tribhajivé, tribhajyd, iribhamdaurvike), literally “the sine
of three signs,” that is, of 90°. That term, however, is applicable only
to the radius of a great circle, or to tabular radius. In this verse,
accordingly, we have for “ day-radius” the word dinavydsadala, “half-
diameter of the day;” and other expressions synonymous with this are
found used instead of it in other passages, A more frequent mame for
the same quantity in modern Hindu astronomy is dywjya, *day-sine:”
this, although employed by the commentary, is not found anywhere in
our text. ;

It is a matter for surprise that we 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 the radius of the
dinrnal circle described by the sun at the time for which his place has
been determined. His declination, Ed (Fig. 8) was found to be 238°41/;
of this the versed sine, EF, is, by the table given above ﬁii. 22-21)y
200" : the difference between this and radius, E C, or 3438, is 3148,
which is thie 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 by twelve; the result is tKe earth-sine (kshitijyd).;
this, multiplied by radius and divided by the day-radius, gives
the sine of the ascensional difference (cara): the number of
respirations due fo the ascensional difference

. 62. Is shown by the corresponding arc., Add these to, and
subtract them from, the fourth part of the corresponding day -
and night, and the sum and remainder are, when éjéclinatio_n 18
north, the half-day and halfnight; LR

© 63. When declination is south, the reverse; these, multiplied
by two, are the day and the night. The day and the night of
the asterisms (bha) 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 length of the entire day
of a planet at any given time; this passage gives us the method of
ascertaining the length of its day and of its night, or of that part of the
day during which the planet is above, and that during which 1t is below,
the horizon. | - B 4 B g
In order to this, it is necessary to ascertain, for the planet in question,
its ascensional difference (cara), or the difference between its right and
oblique ascension, the amount of which varies With the deelination of
the planet and the latitude of the observer. The method of doing this
-ig stated in verse 61: it may be explained by means of the last figure
(Fig. 8). First, the value of the line A B, which is called the *ocarth-
sine” (kshitijyd), is found, by comparing the two tiiangles A B C and
CHE, which arce similar, since the angles A CB and C E H are each
~ equal to the latitude of the observer, The triangle CH Fiis represented
VoL VI. 30 H

(]




here by a triangle of which a gnomon of twelve digits is the perpen-
dicular, and its equinoctial shadow, east when the sun is in the equator
and on the meridian (see the next chapter, verse 7, etc.), is the base.
Hence the proportion EHl: HC::BC: AB is equivalent—since BC
equals DF, the sine of declination—to gnom. :eq. shad. ::sin decl.:
 earth-sine. But the arc of which A B is sine is the same part of the
eircle of dinrnal revolution as the ascensional difference is of the equa-
tor; hence the reduction of A B to the dimensions of a great circle, by
the proportion BD : AB::CE: CG, gives the value of CG, the sine
of the ascensional difference. The corresponding arc is the measure in
time of the amount by which the part of the diurnal circle intercepted
between the meridian and the horizon differs from a quadrang, or by
which the time between sun-rise or sun-set and noon or midnight differs
from a quarter of the day.

In illustration of the process, we will calculate the respective length
of the sun’s day and night at Washington at the time for which our
previous calculations have been madc. :

_ The latitade of Washington being 88° 54, the length of the equi-
noctial shadow cast there %y a gnomon twelve -digits long is found, by
the rule given below (iii, 17), to be 99.68. The sine, d F or b C, of the
sun’s declination at the given time, 28° 41’ §, is 1380". Hence the
proportion ;

12:968::1380: 1113
gives us the value of the earth-sine, ab, as 1118', This is reduced to
the dimensions of a great circle by the proportion .

‘ ‘ ; 3148:3438¢: 111331216 = ¢
The value of Cg, the sine of ascensional difference, is therefore 1216 ;
the corresponding are is 20° 44/, or 1244/, which, as a minute of arc
equals a respiration of time, is equivalent to 8n 277 2. The ftotal
length of the day was found above (under v. 59) to be 60® 1173 e
crease and diminish the quarter of this by the ascensional difference,
and double the sum and remainder, and the length of the night is found
to be 870 0V 17, and that of the day 231 10V 5P, which are equivalent
respectively to 14h 45m 3858 and 9 14m 4809, mean solar time.

Of course, the respective parts of a sidereal day during which each
of the lunar mansions, as represented by i%t’s principal star, will remain
above and below the horizon of a given latitude, may be found in the
same manner, if the declination of the star is known ; and this is stated
in the chapter (ch. viil) which treats of the asterisms.

Why AB is ealled Askitijyd issnot easy to see. One is tempied
to understand the term as meaning rather “sine of situation” than
“ earth-sine,” the original signification of kskiti being “abode, resi-
dence” : it might then indicate a sine which, for a given declination,
varies with the sitnation of the observer., But that kshiti in this com-
pound is to be taken in its other acceptation, of “earth,” is at least
‘strongly indicated by the other and more usual name of the sine in
question, kuyd, which is used by the commentary, although not in the
text, and which can only mean “ earth-sine” The word cara, used to
denote the ascensional difference, means simply “variable”; we have
elsewhere carakchanda, earadale, “ variable portion” ; that is to say, the =
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Mc};‘w‘né‘tésﬁt‘ly varying; amount by which the apparent day and night differ
from the equatorial day and night of one half the whole day each. The
gnomon, the equinoctial shadow, etc, are treated of in the next chapter.

64, The portion (bhoga) of an asterism (ha) is eight hundred
minutes; of a lunar day (fith?), in like manner, seven hundred
and twenty. If the longitude 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.

_ The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster-
isms, of equal amount; hence the portion of the ecliptic occupied by
each asterism is 13° 20/ or 800’ In order to find, accordingly, in
- which asterism, at a given time, the moon or any ether of the planets
is, we have only to reduce its longitude, not corrected by the precession,
to minutes, and divide by 800 : the quotient is the number of ssterisms
traversed, and the remainder the part traversed of the asterism in which
the planet is. The last clause of the verse is very elliptical and obscure ;
according to the commentary, it is to be understagd thus: divide by the
planet’s trve daily motion the part past and the part to come of the
ofirent asterism, and the quotients are the days and fractions of a day
which the planet has passed, and is to pass, in that asterism. This in-
. terpretation is supported by the analogy of the following verses, and is
doubtless correct. :
- The true longitude of the moon was found abeve (under v. 39) to be
118 17° 89, or 20,859 Dividing by 800, we find that, at the given

' time, the moon is in the 27th, or last, asterism, named Revati, of whick

it has traversed 59/, and has 741’ still to pass over. Tts daily motion
being 737, it has spent 28Y 42, and has yet to continue 14 0n 19¥ 32, in
the asterism. j
. The latter part of this process proceeds npon the assumption that the
lanet's rate of motion remains the same during its whole continnance
m the asterism. A similar assumption, it will be noticed, is made in alf
the processes from verse 59 onward ; its inacenracy is greatest, of course,
where the moon’s motion is concerned. o I8 5k
_ Respecting the lunar day (tithé) see below, under verse 66.

« 65. From the namber of minutes in the sum of the longitudes
of the sun and moon are found the yogus, by dividing that sum
by the portion (bhoga) of an asterism. Multiply the minutes
past and to come of the eurrent yoga by sixty, and divide by
the sum of the daily motions of the two planets: the resulf 1s
~ the time in nadis. :

~ What the yoga s, is evident from this rule for finding it; it is the
period, of variable fength, during which the joint motion in longitude of
~ the sun and mooen amounts to 13° 207 the portion of a lunar mansion.
According to Colebrooke (As. Res., ix. 365 ; Essays, ii. 862, 363); the
use of the yogas is chiefly astrological ; the occurrence of certain mova-
ble festivals is, however, also regulated by them, and they are so fre-
quently employed that every Hinda almanac contains a column speci-
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fying the yoga for each day, with the time of“-i{:s:ﬁarmiﬁﬁti,qﬁ;}fﬁfh‘e‘» |

names of the twenty-seven yogas are as follows:

1. Vishkambha. 10, Ganda, 19, Parigha,
2. Priti. e, Virddhi, 20, Civa.

3. Ayushmant. 12, Dhrava. a1, Siddba,

4, Saubhigya. 13. Vyhghata, 22, S4dhya.
5, Globhana, 14. Harshana. .23, Cubha. '
6. Atiganda, 15. Vajra, a4, Cukla.

7. Sukarman, 16. Siddhi, i 25, Brahman,

8, Dhrti. 17. Vyatipita, 26, Indra.

9. Gila. 5 18, Variyas, 27. Viéidbrit

There is also in use in India (see Colebrooke, as above) another
system of yogas, twenty-eight in number, having for the most part
diffetent names from these, and governed by other rules in their succes-
gion.  Of this system the Sarya-Siddhanta presents no trace.

We will find the time in yogas corresponding to that for which the

previous caleulations have been made.

The longitude of #he moon at that time is 118 17° 89/ that of the :

sun is 8* 18° 15/; their sum is 8¢ 5° 54, or 14,754/, Dividing by 804,
we find that eighteen ybgas of the series are past, and that the current

one is the mineteenth, Parigha, of which 354! are past, and 446’ to

come, To ascertain the time at which the current yoga began ard that
at which it is to end, we divide these parts respectively by 798'%, the
cum of the daily motions of the sun and moon at the given time, and
multiply by 60 to reduce the restlts to nadis : and we find that Parigha
began 261 86 before, and will end 835 30 4P after the given time.
The name yoga, by which this astrological period is called, is applied
10 it, appatently, as designating the period during which the © sum”
(yoga) of the increments in longitude of the sun and moon amounts 1o a
1%iven quantity. It scems an entirely arbitrary device of the astrologers,

eing neither a natural périod nor a subdivision of one, not being of |
any use that we can diseover in determining the relative position, or
aspect, of the two planets with which it deals, nor having any assignable

relation to the asterisms, with which it is attempted to be brought into
connection.  Were there thirty yogas, instead of twenty-seven, the
period would seem an artificial ‘counterpart to the lunar day, which is

the subject of the next verse; being derived from the sum, as the other

from the difference, of the longitudes 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 (fthi),
;?z dividing the difference by the portion (bhoga) of a lunar day.

ultiply the minutes %ast and to come of the current lunar day

by sixty, and divide
the two planets: the result is the time in nadis.

The 2ithi, or lunar day, is (see i. 18) one thirtieth of a lunar month,

ot of the time during which the moon gains in longitude upon the sun
a whole revolution, or 360°: it is, therefore, the period during which
 the difference of the increment of longitude of the two planets amounts

y the difference of the daily motions of
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 to 12°, or 720/ which arc, as stated in verse 64, is.its portion (bhoge).
. To find the current Iunar day, we divide by this aount the whole ex-
 cess of the longitude of the moon over that of the sun at the given
time ; and to find the part past and to come of the current day, we con-
 vert longitude into time in a manner analogous to that employed in the
~ case of the yoga. o
Thus, to find the date in lunar time of the midnight preceding the
first of January, 1860, we first deduct the longitude of the san from that
of the moon: the remainder is 25 26° 24/, or 5364/ : dividing by 720,
1t appears that the current lunar day is the eighth, and that 8247 of its
_portion are traversed, leaving 396/ to be traversed. Multiplymg these
numbers respectively by 60, and dividing by 675’ 38, the difference of
the daily motions at the time, we find that 281 467 20 have passed since
 the beginming of the lunar day, and that it still has 352 10 8P to run.
The lunar days have, for the most part, no distinctive names, but
those of each half month (paksha—see above, under i, 48-51) are
called fixst, second, third, fourth, etc., up to fourteenth.  The last, or
{ﬁfteenth, of each half has, however, a special appellation: that which

g wasiban

“concludes the first, the light half; ending at the moment of opposition,
\is called®pdurnamasi, plrnimd, pirnamd, “day of full moon:” that
‘which closes the month, and ends with the conjunction of the two
DPlanets, is styled amdvdsyd,  the day of dwelling together.”
 Bach lunar day is farther divided into two halves, called karana, as
- appears from the next following passage.

. B7. The fixed (dhruva) karanas, namely gakm?z“; ndga, catush-
. pada the third, and Ainstughna, are counted from the latter half
~ of the fourteenth day of the dark half-month.

. 68, After these, the karanas called movable (cara), namely
bava, ete., seven of them: each of these karanas oceurs eight -
‘times in a month, ; ;
69, Half the portion (bhoga) of a lunar day is established as
. that of the karanas . . .. Ak :

 Of the eleven karanas, four oceur only once in the lunar month,
. while the other seven are repeated each of them eight times to fill out

~ the remainder of the month. Their names, and the numbers of the
 half lunar days to which each is applied, are presented below :

| & Kinstoghoa, st ‘ i
2, Bava, * and, oth, 16th, 23rd, 3oth, 37th, 44th; 5rst.

a3 Bilave, - | 3rd, 10th, 179th, 24th, 31st, 38th, 45th; Sand,
4 Raulaya.  4th, 1xth, 18th, 25th, 3and, 3oth, 46th, 53rd,
5. Taitila, ~ 5th, 1ath, 19th, 26th, 33rd, 4oth, 47th, 54th,
0. Gara, 6th, 13th, soth, 27th, 34th, 41st, 48th, 55th,
7. Banij. . igth, 14th, 21st, 28th, 35th, 42nd, 4oth, 56th,
8. Vishti, Bth, 15th, 2and, 20th, 36th, 43rd, Soth, 57th.
9. Cakuni. 58th,
. 10. Néga, Soth,

11, Catushpada, both,
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Most of these names are very obscure: the last three mean * haw
“gerpent,” and ¢ _ '
" in what sense it is applied to denote thesc divigions of the
mouth, we do not know. Nor“ﬁave we found anywhere an explanation
of the value and use of the karanas in Hindu astronomy or astrology. .
The time which we have had in view in our other caleulations being,
as is showif under the preceding passage, in the first half of the eighth
lunar day, is, of course, in the fifteenth karana, which is named Vishti.
The remaining half-verse is simply a winding-up of the chapter.

89. . ... Thus has been declared the corrected (sphuta) mo-
tion of the sun and the other planets. ; - 4
The following chapter is styled the “chapter of the three inquiries”
(tripragnbdhikdra). According to the commentary, this means that it

is intended by the teacher as a reply to his pupil's inquiries respecting
the three subjects of direction (dég), place (dega), and time {kdla). @

CHAPTER IIL

OF DIRECTION, PLACE, AND TIME.

Cowrenrsi—1-6, construction of the dial, and description of its pﬁrts; q the
measure of au;mitude; 8, of the gnomon, hypothennse, and shadow, any two
being given, to find the third; 9-12, precession of the equinoxes ; 12-18, the
equinoctial shadow; 13-14, to find, from the equinoctial shadow, the latitude and
co-latitudes 14-17, the sun’s declination being known, to find, from a given
shadow ab noon, his zenith-distance, the latitude, and its sine and cosine ; 17, lati-
tude being given, to find the equinoctial shadow ; 17-20, to find, from the latis |
tude and the sun’s zenith-distance at noon, his declination and his true and mean
longitude; 20-22, latitude and declination being given, to find the noon-shadow
and hypothenuse; 29-23, from the sun's declination and the equinoctial shadow,
to find the measure of amplitude ; 28-25, o find, from the equinoetial sha¢

and the measure of amplitude at any given time, the base of the shadow ; Bhoo

to find the hypothenuse of the shadow when the sun is upon the prime vertical ;

94-28, the sun’s declination and the latitude being given, to find the sine and the i

maasure of amplitude ; 28-83, to find the sines of the altitude and zenith-%listanci
. of the sun, when upon the south-east and south-west vertical circles; 88-84, t

find the corresponding shadow and hypothenuse; 34-36, the su's ascensfonal dif- »

serence and the hour-angle being given, to find the sines of his altitude and zenith-

distance, and the corresponding shadow and hypothenuse ; 37-39, to find,bya

contrary process, from the shadow of a given time, the sun's altitnde snd zenith-
distance, and the hour-angle ; 4041, the lati tude and the sun’s amplitude"beihg
known, to find his declination and true longitude ; 41-42, to draw the path de-
setibed by the extremity of the shadow; 42-45,to find the arcs of right and
oblique ascension corresponding to the several signs of the ecliptic; 46-48, the
gun’s longitude and the time being knowy, to find ‘the point of the ecliptic which

“is upon the horizon; 49, the sun’s longitude and the hour-angle being known, to

find the point of the ecliptic which is upon the meridian; 50-51, determination .

of time by means o | these data. :

- f b PG
ruped.” " Karane itself is, by d rivation,  factor,




On a stony surfice; made water-level, or upon hard plaster,
rel, there draw an ewen circle, of a radius equal to any

: re%uxred number of the digits (angula) of the gnomon (canku).

At its centre set up the gnomon, of twelve digits of the

touches the circle in the former and after parts of the day,

\ ' 8, There fixing two points upon the circle, and calling them

the forenoon and afternoon points, draw midway between them,
- by means of a fish-figure (tém7), a north and south line. ;
4. Midway between the north and south directions draw, by
\ a fish-figure, an east and west line: and in like manner also, by
fish-figures (wrutsya) vetween the four cardinal directions, draw
he intermediate directions. !
| 6. Draw a circumscribing square, by means of the lines going
o from the centre; by the digits of its basedine (bhugasiiira)
p'/f'qjected upon that is any given shadow reckoned.

' In this passage is described the method of construction of the Hindu
A‘\ial, if that can properly be called a dial which is without hour-lines,
AN uue, s gs @ the time by simple inspection. It is, as will be at

- once remarked, & v ~vizontal dial of the simplest character, with a verti-
cal gnomon. This gnomon, whatever may be the length chosen for it,
is regarded as divided into twelve equal Earts called digits (amgule,

~ Mfinger”). The ordinary digit is one twelfth of a span (vitasti), or one
twenty-fourth of a cubit (kasta) : if made according to this measure,
then, the gnomon would be about nine inches long. Doubtless the fivst
gnomons were of such a length, and the rules of the gnomonic science
were constructed accordingly, “twelve’ and *the gnomon” being used,

. as they are nsed everywhere in this treatise, as convertible terms: thus
. twelve digits became the unvarying conventional length of the staff, and
all measurements of the shadow and its hypothenuse were made to cor-
‘respond.  How the digit was subdivided, we have nowhere any hint.
. In determining the directions, the same method was employed which is
still in use; namely, that of marking the points at which f}]e extremity

~ of the shadow, before and after noon, crosses a circle described about

" the base of the gnomon; these points being, if we suppose the 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
. line joining these points by another at right angles to it, which will be
the meridian, the Hindus draw the figure which is called here the *fish”
(matsya or tuni); that is to say, from the two extremities of the line in
_question as centres, and with a radivs equal to the line itself, arcs of
circles are described, cutting one another in two points.  The lenticular
figure formed by the two arcs is the “fish;” through the points of
intersection, which are called (in the commentary) the * mouth” and
#tail” a line is drawn, which is the one required. The meridian being

. thus determined, the east and west ling, and those for the intermediate
points of directious, are laid down from it, by a repetition of the same
process. A square (calurasra, ‘‘ having four corners”) is then farther

measure fixed unpon; and where the extremity of its shadow
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descﬁbui about the general centre, or abont a eircle drawn about that
centre, the ecastern and western sidesiof which are divided into digits ;
its use is, to aid in-ascertaining the ¢ base” (bkuja) of any given shadow,
which is the value of the latter when projected upon a north and South™

line (see below, vv. 23-25); the square is drawn, as explained by the | |

commentary, in order to insure the correctuess of the projection, by & | |
line strictly parallel to the east and west line. g

The figure (Fig. 9) given below, under verse 7, will illustrate the form |
of the Hindu dial, as described in this passage. ' it

The term used for % gnomon” is ganku, which means simply ¢ stafl.”
For the shadow, we have the common word chdya, shadow,” and also,
in many places, prabkd and bha, which propetly signify the very oppo- /
site of shadow, namely ¢ light, radiance :” it is dutenlt to seo how they ‘
should come to be used in this sense; so far as we are aware, they are/
applied to no other shadow than that of the gnomon. e

6. The east and west line is called the prime vertical (.s'cz,mp{.
mandala); it 18 likewise denominated the east and west houp
circle (unmandala) and the equinoctial circle (ishuvanmandale),

* The line drawn east and west through the base of the gﬁlﬁmbﬂn ma
be regarded as the line of commen intersection at the’, powi. ui ubiee

great circles, as being a diameter to each of thy Wived, and as thus enti-

tled to represent them all.  These circles are the ones which in the last
figure (Fig ). 232) are shown projected in their diameters 227, P By
and EE'; the centre C; in which the diameters intersect, is itself the
projection of the line in question here: 7% vepresents the prime verti-
_cal, which is st samamandala; literally “even circle” PP is the
hour eircle, or circle of declination, which passes through the east and
west points of the observer’s hotizon ; it is called unmandala, * up-eir-
e "—that is to say, the circle which in the oblique sphere is elevated ;
BE' finally, the equator, has the name of vishuvanmandala, or vishuvad-
artta, “circle of the equninoxes;” the equinoctial points themselves
being denominated vishuval, or vishuva, which may be rendered “ point
of equal separation.” The same line of the dial might be regarded as
the represevtative in like manner of a fourth eivcle, that of the horizon
(kshitija), projected, in the figure, in §N: hence the commentary adds
it also to the other three; it 1s omitted in the text, perhaps, because itis

and not by this diameter alone,

" The specifications of this verse, especiall of the latter half of it,v“ are

of little practical importance in the treatise, for there hardly arises a
case, in ‘any of its caleulations, in which the east and west axis of ‘the
dial comes to be taken as standing for these circles, or any one of them,
In drawing the base (bhuja) of the shadow, indeed, it does represent the
lane of the prime vertical (see below, under vv. 28-25); but this is
not distinetly stated, and the name of the prime vertical (samamandale)
oceurs in only one other passage (below, v, 26): the east and west hours
civele (unmandala) is nowhere referred to again : and ‘the equator, as |
will be seen under the next verse, is ‘properly represented on the dial,
not by its east and west axis, but by the lne of the equinootial shadew,

g

esented by the whole cirele drawn about the base of the gnomon, ik

f
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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 equinoetial shadow is de-
- nominated the measure of amplitude (agrd@). il

The equinoctial shadow is defined in a subsequent passage (vv. 12,
18); it is, as we have already had occasion to notice (under ii. 61-63),
the shadow cast at mid-day#when the sun is at either equinox—that is
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 plane with
that of the horizon will be an east and west line ; and sinee it is also a
great circle, that line will pass through the centre, the place of the ob-
server: if, therefore, we draw through the extremity of the equinoctial
shadow a line parallel to the east and west axis of the dial, it will repre-
sent the intersection with the dial of an equinoctial plane passing
throngh the top of the gnomon, and in it will terminate the lines drawn
through that point from any point in the plane of the equator; and
hence, it will also coincide with the path of the extremity of the shadow
on the day of the equinox. Thus, let the following figure (Fig. 9) rep-
resent the plane of the dial, NS and E W being its two axes, and b the
base of the gnomon: and let the shadow cast at noon when the suu is
npon the equator be, i
in a given latitude,
de: then be is the
equinoctial - shadow,
and  'QQ,  drawn
“through 2 and paral- §
Jel to EW, 15 the |
path of the equinoc-
tial  shadow, being
the line in which a
ray of the sun, from.
any poinf in the plane
of the equator, pass-
ing through the top
of the gnomon, will
meet the face of the
dial. ' In the figure
as given, the circle
is supposed to be described about the base of the gnomon with a radius
of forty digits, and the graduation of the eastern and western sides of
the circumscribing square, used in measuring the base (bhuja) of the
shadow, is indicated : the length given to the equinoctial shadow corre-
sponds to that which it has in the latitude of Washington.

It is not, however, on account of the coincidence of QQ/ with the
path of the equinoctial shadow that it is directed to be permanently
drawn upon the dial-face : its use is to determine for any given shadow
its agrd, or measure of amplitude. Thus, let bd, b, bk bL bm, be
shadows cast by the gnomon, under various conditions of time and dec-

¢ hination: then the distance from the extremity of each of them to the
: VOL. VI 31
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ling of the equinoctial shadow, orde, d'e, ke, L¢/, m e respectively, is
denominated the agrd of that shadow orof that time. |

The term agrd we have translated “ measure of amplitude,” because
it.does in fact represent the sine of the sun’s amplitnde—understandiog
by “amplitude” the distance of the sun ab rising or setting from the
east or west.point of the horizon—varying with the hypothenuse of the
shadow, and always maintaining to that hypothenuse the fixed ratio of
the sine of amplitude to radivs. That thisfis so, is assumed by the text
in its treatment of the agrd, but is nowhere distinetly stated, nor is the
commentator at the pains of demonstrating the principle. Since, how-
ever, it is not an imwmediately obvious one, we will take the liberty of
giving the proof of it.

In the anuexed figure (Fig: 10) let C represent the top of the gnomon,
and let K be any given position of the sun in the heavens. From K.
draw K B at right angles to the plane of the prime vertical, meeting that

Fig. 10.

plate in B, and let the point of its intersection with the plane of the
equator be in B, Join KC, ¥/ C, and B/C. Then K C is radius, and
EB'K is equal to the sine of the sun’s amplitude: for if, in the sun’s
daily revolution, the point K is brought to the horizon, E' B will disap-
pear, K B’ C will become a right angle, K C B will be the amplitude,
and 1K its sine: but, with a given declination, the value of Ef K re-
mains always the same, since it is a line drawn in a constant direction
between two parallel planes, that of the circle of declination and that of
the equator. Now conceive the three lines intersecting in C to be pro-
" duced until they meet the plane of the dial in ¥/, ¢, and % respectively ;
these three points will be in the same straight line, being in the line of
jntersection with the horizon of the plane KB’ C produced, and this
line, b’ k, will be at right angles to B'¥, since it is -the line of intersec-
tion of two planes, each of which is at right angles to the plane of the
rime vertical, in which B’ ¥ lies. K B’ and £’ are therefore parallel,
and the triangles C B! K and C ¢!k are similar, and ¢/ ks Ck: : 'K : CK.
But Ok is the hypothenuse of the shadow at the given time, and ¢/ & 18
the agrd, or measure of amplitude, since ¢, by what was said above, is
in the line of the equinoctial shadow ; therefore meas. ampl. : hyp.
shad. :: sin ampl.2 B, Hence, if the declination and the latitude, which
together determine the sine of amplitnde, be given, the mensure of
amplitude will vary with the hypothenuse of the shadow, and the &
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- measure of amplitude of any given shadow will be to that of any other,
as the hypothenuse of the former to that of the latter. R
 The lettering of the above figure is made to correspond, as nearly as
may be, with that of the one preceding, and also with that of the one
. given later, under verses 18 and 14, in either of which the relations of
the problem thay be farther examined.
. There are other methods of proving the constancy of the ratio borne
by the measure of amplitude to the hypothenuse of the shadow, but we
have chosen to give the one which seemed to us most likely to be that
by which the Hindus themselves deduced it. Qur demonstration is in
one respect only liable to objection as representing a Hindu process—-
it is founded, namely, upon the comparison of oblique-angled triangles,
which ' elsewhere (in this treatise are hardly employed at all.. Still,
alt?mgh the Hindus had no methods of solving problems  excepting
in f1ight-angled trigonometry, it is hardly to be supposed that they re-
fratned from deriving proportions from the similarity of oblique-angled
triangles. The principle in question admits of being proved by means
gf“zright—angledmt‘riangles alone, but these would be situated in different
Planes; | o e e e
e hy the line on the dial which thos measures the sun’s amplitude i
; d the agré, we have been unable thus far to discover. The word,
4 feminine adjective (belonging, probably, to rekhd, “line,” understood),
literally means “ extreme, first, chief.” %‘ossibly it may be in some way
- connected with the use of antyd, “final, lowest,” to designate the line
By or HG (Fig. 8, p. 232) : see below, under v.35. The sine of ampli
tude itself, a Cor A C (Fig, 8), is called below (vv. 27~30) agrajyd,

.8. The square root of the sum of the squares of the gnomon
and shadow is the hypothenuse: if from the square:of the latier
the square of the gnomon be subtracted, the square root of the
remainder is the shadow: the gnomon is found by the converse
process. : b S

This is simply an application of the familiar rule, that in a right-
angled triangle the square of the hypothenuse is equal to the sam of
the squares of the other two sides, to the triangle produced. by the
gnomon as perpendicular, the shadow as base, and the hypothenuse of
the shadow, the line drawn from the top of the gnomon to the extrem-
ity of the shadow, as hypothenuse. ‘ i

The subject next, considered is that of the precession of the equinoxes.

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

. 10. Take the part which determines the sine, multiply it by
three, and divide by ten; thus are found the degrees caﬁed those
of the precession (ayana). Fyom the longitude of a planet as
corrected by these are to be caleulated the declination, shadow,
ascensional difference (caradaln), eto. : Gy
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11, The ecircle, as thus corrected, accords with its observed ‘
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place at the solstice (wyana) and at either equinox ; it has moved
castward, when the longitude of the san, as obtained by caleu-
lation, is less than that derived from the shadow, ca e
© 12. By the number of degrees of the difference; then, turning

back, it has moved westward by the amount of difference, when

. the calculated longitude is greater. .. .

Nothing could well be more awkward and confused than this mode of
stating the important fact of the precession of the equinoxes, of de-
seribing its method and rate, and of directing how its amount at any
time is to be found. The theory which the passage, in its present form,
is actually intended to put forth is as follows : the vernal equinox librates
westward and eastward from the fixed point, near § Piscium, assumed as
the commencement of the sidereal sphere—the limits of the libratory
movement being 27° in either direction from that point, and the time
of a complete revolution of libration being the six-hundredth part of
the period called the Great Age (see above, under i. 15-17), or 7200
years; so that the annual rate of motion of the equinox is 54", « We
will examine with some care the language in which this theory is con-
veyed, as important results are believed to be deducible from it.

The first half of verse 9 professes to tedach the fundamental fact of the
motion in precession. The words bhdndm cakram, which we: have ren-

dered “ circle of the asterisms,” 1. e., the fived zodiac, would admit of | '

being translated “circle of the signs”’ i e., the movable zodiac, a8 |
g i s g et ks

reckoned from the actual equinox, since bha 1s used in"this treatise in

either sense,  But our interpretation is shown to be the correct one by
the directions given in verses 11 and 12, which teach that when the sun’s
ealerlated longitnde—which is his distance from the initial point of the
fixed sphere—is less than that derived from the shadow by the process
to be taught below (vv. 17-19)—which is his distance from the equinox
—the circle has moved éastward, and the contrary: it is evident, then,
[that the initial point of the sphere is regarded as the moyable point,
\and the equinox as the fixed one. Now this is no less strange than in-
coneistent with the usage of the rest of the treatise. Elsewhere ¢ Pis-
eium is treated as the one established limit, from which all motion com-
menced at the creation, and by reference to which all motion is reckoned,
while here it is made secondary to a point of which the position among
the starstis constantly shifting, and which hardly has higher value than
a node, as which the Hindu astronomy in general treats it (see p. 280).
The word used to express the motion (lambate) is the same with that
“employed in a former passage (i. 25) to describe the eastward motion of
the planets, and derivatives of which (as lamba, lambana, etc.) are not
infrequent in the astronomical language; it means literally to * lag, hang
back, fall behind ” here we have it farther combined with the prefix
pari, * about, round about,” which seems plainly to add the idea of a
complete revolution in the retrograde direction indicated by it, and we
have translated the line accordingly. *This verse, then, contains no hint
‘of alibratory movement, but rather the distinct statement of a contin-
uons eastward revolution. 1t should be noticed  farther, although the




2] Strye-Siddhdnia, i aah.
circumstance is one of less significance, that the form in which the
_number of revolutions is stated, ringatkriyas, “thirty twenties,” has no
parallel in the usage of this SiddhAnta elsewhere, . i

We may also mention in this connection that Bhaskata, the great
- Hindu astronomer of the twelfth century, declares in his Siddhanta-
Ciromani (Goladh,, vi. 17) that the revolutions of the equinox are given
by the Strya-Siddhanta as thirty in an Age (see Colebrooke, As. Res.,
xii. 209, ete.; Essays, ii, 874, etc., for a full discussion of this passage
and its bearings); thus not only ignoring the theory of libration, but
giving a very different number of revolutions from that presented bfl onr
text. As regards this latter point, however, the change of a single letter
in the modern reading (substituting tringathytvas, * thirty times,” for
tringatkytyas, “thirty twenties”) would make it accord with Bhaskara’s
statement. We shall return again to this subject. ¥
The number of revolutions, of whatever kind they may be, being 600
in_an Age, the position at any given time of the initial point of the
sphere with reference to the equinox is found by a proportion, as follows:
as the number of days in an Age is to the number of revolutions in the
_same period, so is the given “sum of days” (see above, under i, 48-51)
to the revolutions and parts of a revolution accomplished down to the
given time. Thus, let us find, in illustration of the process, the amount
~ of precession on the first of January, 1860. Since the number of years
elapsed before the beginning of the present Iron Age (kali yuga) s di-
visible by 7200, it is unnecessary to make our caloulation from the com- .
mencement of the present order of things: we may take the sum of
days since the current Age began, which is (see above, under'i, 53)
1,811,045, THence the proportion
g 1,577,917,828d 3 Goore : 1 1,811,945d : orev 548° o 8.9

gives us the portion accomplished of the current revolution. Of this
we are now directed (v. 10) to take the part which determines the sine
(dos, or bhujo—for the origin and meaning of the phrase, see above,
under ii. 29, 30). This direction determines the character of the motion
as libratory. For a'motion of 91°, 92°, 08° ete., gives, by it, a preces-
sion of 89°, 88°, 87 ete.; so that the movable point virtually returnsg
upon its own track, and, after moving 180° has reverted to its starting-
_ place. So its farther motion, from 180° to 270°, gives a precession in-
creasing from 0% to 90° in the opposite direction; and this, again, is
reduced to 0° by the motion from 270° to 360° Tt is as if the second
~and third quadrants were folded over upon the first and fourth, so that
‘the movable point can never, in any quadrant of its motion, be more
than 90° distant from the fixed equinox. Thus, in the instance taken,
the dhuja of 248° 2/ 849 is its supplement, or 68° 2/ 8.9 the first
180° having only 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. But this distance
we are now farther directed to multiply by three and divide by ten:
this is equivalent to reducing it to the measure of an arc of 27°, instead
‘of 00°, as the quadrant of libration, siffce 8 : 10 :: 27 : 90. This being
done, we find the actual distance of the initial point of the sphere from
the equinox on the first of January, 1860, to be 20° 24/ 38461,
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. The question now arises, in which « dircetion is the precession, thus
ascertained, to be reckoned? And here especially is bronght to light
the awkwardness and insufficiency, and even the inconsistency, of the
process as, taught in the text.  Not ‘on‘li: have we no rule given which
furnishes us the direction; along with the amouut, of the ‘precessional
movement, but it would even be a fair and strictly legitimate deduction
from verse 9, that that movement is taking place at the present time in

< an opposite direction from the actual one, We have already remarked

above that the last complete period of libratory revolution closed with
the close of the last Brazen Age, and the process of caleulation lias
shown that we are now in the third quarter of a new period, and in the
third quadrant of the current revolution. Therefore, if the revolution
is an eastward one, as taught in the text, only taking place upon a folded
gircle, so as to be made libratory, the present position of the movable
point, ¢ Piscium, ought to be to the west of the equinox, instead of to
the east, as it actually is. It was probably on account of this nnfortu-
nate flaw in the process, that no rule with regard to the direction was
given, excepting the experimental one contained in verses 11 and 12,
which, moreover, is not properly supplementary to the precedingrules,
but rather an independent method of determining, from observation, hoth
the direction and the amount of the precession. In verse 12, it may be
remarked, in the word dwvrtya, “turning back,” is found the only distinet
intimation to be discovered in the passage of the character of the motion
as libratory. , ‘ i

- We have already above (under ii, 28) hinted our suspicions that the
phenomenon of the precession was made no account of in the original
composition of the Strya-Siddhanta, and that the notice taken of it by
the treatise as it is at present is an afterthought : we will now procced
to expose the grounds of those suspicions, ;

It 1s; in the first place, upon record (see Colebrooke, As. Res., xii. 2153
Hssays, il 380, ete.) that some of the carliest Hindu astronomers were
ignorant of, or ignored, the periodical motion of the equinoxes; Brahma-
gupta himself is mentioned among those whose systems took no account
of 1t; it is, then, not at all impossible that the Stirya-Siddhanta, if an
ancient work, may originally have done the same.  Among the positive
evidences to that effect, we would first dirvect attention to the significant
fact that, if the verses at the head of this note were expunged, there
would not be found, in the whole body of the treatise besides, a single
hint of the precession. Now it is not a little difficult to suppose that a
phenomenon of so much consequence as this, and which eutersas an
element into so many astronomical processes, should, had it been borne
distinctly in mind in the framing of the treatise, have been hidden away
thus in a pair of verses, and unacknowledged elsewhere—no hint being
given, in connection with any of the processes taught, as to whether
the correction for precession is to be applied or not; and only the gen-
eral directions contained in the later half of verse 10, and ending with
an “ete,’ being even here presented. 1t has much more the aspeet of
an after-thought, a correction found necessary at a date subsequent to

the original composition, and therefore inserted, with orders to “apply

it wherever it is required.” = The place where the subject is introduced

!
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 looks the same way: as h'aving‘ to do with a revolutioh, as entering _fut;a
the calculation of mean longitudes, it should have found a place wheré
- such matters are treated of, in the first chapter; and even in the second

chapter, in connection with the rule for finding the declination, it would -

~ have been better introduced than it is here. Again, 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 asterisms (v. 88) as implies a revolution once in sixty years: it is,
indeed, yery difficult to see what can have been intended by such a revo-
lution as this; but if the doctrine respecting the revolution of the
asterisms given in verse 9 of this chapter had been in the mind of the
author of the twelfth chapter, he would hardly have added another and
a conflicting statement respecting the same or a kindred phenomenot.
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 a failure
to recognize the fact that the equinox was variable, We should expect,
ab any rate, that if, at the outset, the ever-increasing discordance be-
tween the solar and the sidercal year had been fully taken into account
by them, they would have more thoronghly established and defined the
relations of ‘the two, and made the precession a more conspicuous feature
of their general system than they appear to have done. In the con-
struction of their cosmical periods they have reckoned by sidereal years
ouly, at the same time asstming (as, for instance, above, i. 13, 14) that
the sidereal year is composed of the two ayanas, “ progresses” of the
sun from: solstice to solstice. The supposition' of an after-correction
likewise seems to furnish the most satisfactory explanation of the form
given to the theory of the precession,  The system having been' first
constructed on the assumption of the equality of the tropical and side-
real years, when it began later to appear, too plainly to be disregarded,
that the equinox had changed its place, the question was how to intro-
duce the new element. ' Now to assign to the equinox a complete revo-
lution would derange the whole system, acknowledging a different num-
ber of solar from sidereal years in the chronological periods; if, lowever,
a libratory motion were assumed, the equilibrium would be maintained,
since what the solar year lost in one part of the revolution of libration
it would gain in another, and so the tropical and sidereal years would
coincide, in number and in limits, in each great period. The circum-
stance which determined the limit to be assigned to the libration we
conceive to have been, as suggested by Bentley (Hind. Ast., p. 132), that
the earliest recorded Hindu year had been made to begin when the sun
entered the asterism Krittika, or was 26° 40" west of the point fixed
upon as the commencement of the sidereal sphere for all time (see
above, under i. 27), on which account it was desirable to make the arc
of libration include the beginning of Krttika,

_ Besides these considerations, drawn from the general history of the
-Hindu astronomy, and the position of the element of the precession in
the system of the Strya-Siddhanta, we have still to urge the blind and
incoherent, as well as unusual, form of statement of the phenomenon,
as fully exposed above. There is nothing to compare with it in this
respect in any other part of the treatise, and we are unwilling to believe
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that in the origindl composition of the Siddbénta a clearer explanation,
and one more consistent in its method and language with those of the
treatise generally, would not have been found for the subject. We even
disecover evidences of more than one revision of the passage. The first
half of vevse 9 so distinctly teaches, if read independently of what follows
it, & complete revolution of the equinoxes, that, especially when taken in
connection with Bhiskara's statement, as cited above, it almost amounts

. to proof that the theory put forth in the Stirya-Siddhdnta was at one
time that of a complete revolution. The same conclusion is not a little
strengthened, farther, by 'the impossibility of deducing from verse 9,
through the processes prescribed i the following verses, a true expres-
sion for the direction of the movement at present: we can see no reason

- why, if the whole passage came from the same hand, at the same time,
this difficulty should not have been avoided; while it is readily explain-
able upon the supposition that the libratory theory of verse 10 was
added a2s an amendment to the theory of verse 9, while at the same
time the language of the latter was left as nearly unaltered as possible.

There seems, accordingly, sufficient ground for suspecting that in the
Stirya-Siddhénta, as originally constituted, no account was taken of the
precession ; that its recognition is a later interpelation, and was made
at first in the form of a theory of complete revolution, being afterward
altered to its present shape, Whether the statement of Bhaskara troly
represents the earlier theory, as displayed in the Strya-Siddhinta of his
time, we must leave an undetermined question. The very slow rate
assigned by it to the movement of the equinox—only 8" a year—throws
a doubt upon the matter : but it must be borne in mind that, so far as
we can see, the actual amount of the precession’ since about A. 1), 570
(see above, under i. 27) might by that first theory have been distributed
over the whole duration of the present Age, since B. C. 3102.

In his own astronomy, Bhéskara teaches the complete revolution
of the equinoxes, giving the number of revolutions in an Alon (of
4,320,000,000 years) as 199,669 ; this makes the time of a single revo-
lution to be 21,635.8073 years, and the yearly rate of precession
597.9007. It is not to be supposed that he considered himscsf to have
determined the rate with such exactness as would give precisely the odd
number of 199,669 revolutions to the Aon; the number doubtless
stands in some relation which we do mnot at present comprehend to the
other elements of his astronomical system. Bhaskara's own commenta-
tors, however, reject his theory, and hold to that of a libration, which
has been and is altogether the prevailing doctrine throughout India, and
seems to have made its way thence into the Arabian, and even into the
early European astronomy (see Colebrooke, as above). L

Bentley, it may be remarked here, altogether denies (Hind. Ast., p.
180, ete.) that the libration of the equinoxes is tanght in the Strya-
Siddbanta, maintaining, with arrogant and unbecoming depreciation of
those who venture to %old a different opinion, that its theory is that of
a continuous revolution in an epicycle, of which the ‘cireuraference is
~ equal to 108° of the zodiac. In truth, however, Bentley’s own theory
derives no color of support from the text of the Siddhfnta, and is besides
in itself utterly untenable, Tt is not a little strange that he should not
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- have perceived that, if the precession were to be explained by a revolu-
_ tion in an epicyele, its rate of increase wounld not be equable, but as the
- increment of the sine of the arc in the epieycle traversed by the mova-
- ble point, farther yaried by the varying distance at which it would.be
~seen from the centre in different parts of the revolution; and also that,
the dimensions of the epicycle being 108° the amount of precession
would never come to equal 27° but would, when greatest, fall short of
18°, being determined by the radius of the epicycle. - Bentley’s whole
treatment of the passage shows a thoroigh misapprehension of its mean-
ing and relations : he even commits the blunder of understanding the
first half of verse 9 to vefer to the motion of the equinox, instead of to
that of the initial point of the sidereal sphere. 2
- ‘Among the Greek astronomers, Hipparchus is regarded as the first
who discovered the: precession of the equinoxes; their rate of motion,
‘however, seems not to have been confidently determined by him,
‘although he pronounces it to be at any rate not less than 36/ yearly.
For a thorough discussion of the subject of the precession in Greek
astronomy see Delambre’s History of Ancient Astronomy, ii. 247, ete.
From the observations reported as the data whence Hipparchns made
 this diseovéry, Delambre deduces very nearly the true rate of the preces-
‘sion.  Ptolomy, however, was so unfortunate as to adopt. for the true
‘rate Hipparchus's minimum, of 86"/ a year: the subject is treated of Ly
‘him in the seventh book of the Syntaxis, The actual motion of the
‘equinox at the present time is 50,25 ; its rate is slowly on the increase,
~ ‘havihg been, at the epoch of the Greek astronomy, somewhat less than
60", How the Hindus succeeded in arriving at a determination of it 50
" much more accurate than was made by the great Greek astronomer, or
whether it was anything more than a lucky hit on their part, we will
“mot attempt here to discuss. ;
i The term by which the precession is designated in this passage is
L ayandnga, ¢ degrees of the ayane.)’ The latter word is employed in
different senses : by derivation, it means simply “going, progress,”’ and
/it seems to have been first introduced into the astronomical language to
' designate the half-revolutions of the sun, from solstice to solstice; these
‘being called respectively (see xiv. 9) the witardyana and dakshindyona,
~ “northern progress” and “southern progress.” From this use the word
was transferred to denote also the solstices themselves, as we have rans-
lated it in the first half of verse 11, In the latter sense we conceive:
it to be employed in the compound ayandnge ; althongh why the name
- of the precession should be derived from the solstico we are unable
clearly to see. The term krdntipdtagati, “movement of the node of
declination,” which is often met with in modern works on Hindu astron-
- omy, does not occur in the Stirya-Siddhénta,

~ 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 (vishuvatprabhd) of that place. . .
. The equinoctial shadow has heen already sufficiently explained, in
connection with a preceding passage (above, v. 7). In this treatise it is
VOL. VI. ‘ 32
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known only by names formed by combining one of the words for
shadow (ckdyd, bha, prabhd), with vishuvat, “ equinox” (see above,
under v, 6). In modern Hindu astronomy it is also called akshobhid,
“shadow of latitude”—i. e., which determines the latitude—and pala-
bhé, of which, as used in this sense, the meaning is obscure.

183. . .. Radius, multiplied respectively by gnomon and shadow,
and divided by the equinoctial hypothenuse,

14. Giives the sines of co-latitude (lemba) and of latitude
(aksha): the corresponding arcs are co-latifude and latitude,
always south. . ..

The proportions upon which these rules are founded are illustrated
by the following figure (Fig. 11), in which, as in a previous figure (Fig.
8, p. 232), Z S represents a quadrant of the meridian, Z being the zenith
and § the south point, : Fig. 11, .

C being the centre, ‘ .

and EC the projec-
tion of the plane of
the equator. Inorder F&
to illustrate the cor-
responding  relations
of the dial, we have
conceived the gno-
mon, C b, to be placed
at the centre. Then,
when the sun 18 on
the meridian and in
the equator, at I, the |
shadow cast, which is
the equinoctial shad-
ow, ig be, while Ce i
larity of triangles,

s the corresponding hypothenuse. But, by simi-

Ce:be::CE:BR
and Ce:Cb::CE:CB
and as BE is the sine of £Z, which equals the latitude, and CB the
sine of B8, its comaplement, the reduction of these proportions to the
form of equations gives the rules of the text.

14. . . . The mid-day shadow is the base (bhuja); if radius be
multiplied by that,

15. And the product divided by the corresponding hypothe-
nuse, the result, converted to arc, is the sun’s zenith-distance
(nata), in minutes: this, when the base is south, is north, and
when the base is north, is south, Of the sun’s zenith-distance
and his declination, in minutes;

16. Take the sum, when their direction is different—the dif-
ference, when it is the same; the result is the latitude, in
minutes. From this find the sine of latitude; subtract its
square from the square of radius, and the square-root of the re-
mainder
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s passage apphes to cases in which the sun is not upon the equator,
but has a certain declination, of which the amount and direction are
Jknown. Then, from the shadow cast at noon, may be derived his zenith-
distance when upon the meridian, and the latitude. Thus, supposing
the sun, having north declination ED (Fig. 11), to be upon the meridian,
at D: the shadow of the gnomon will be b d, and the pmpoltwn

Od b CD DB v
gwes DB’ "', the sine of the sun’s zenith-distance, ZD; which is found
from it by the conversion of sine into arc by a rule prewously given
(ii. 83).  ZD in this ¢ase being south, and ED being north, their sum,
EZ, i the latitude : if, the declination being south, the sun were at, D/,
the difterence of ED and Z 1 would be E7Z, the latitude, - The ﬁgme
does not give an illustration of north zenith distance, being drawn for
the latitude of Washington, where that is impossible. The latitode
b ng thus ascertained, it is easy to find its sine and cosine: the only
$hing which deserves to be noted in the process is that, to find the co-
from the sine, resort is had to the laborious method of squares,
il of “i:iukmg from the table 'bhe sm(, of the complementary are, or
Yyl
sun’s distance fxom the zemth When he is upon the meridian i 18
atds, “detlected,” an adjective belonging to the noun liptds, “min-
or bhagis, an;:ds, “degrees.” The same term is also employed,
be seen farther on (vv. 34-36), to demgnate the hour-angle, F’@
lth«dlstauce off the meridian another term is nsed (see b(,low v. 33)

R The gine of lamude, multlﬁhed by twelve, and divi-
:ud. by the sine of co- latltude, gwes the equinoctial shadow, . ..

B C B E 1 b:he
the value of the gnomon in digits bemg su’bstltuted in the rule for the
gnomon itself.

37, The dlﬁ'erence of the latitude of the place of observa-
tion and the sun's meridian zenith-distance in degrees (naia-
‘bhagas), if their direction be the same, or their sum,

18, If their direction be different, is the sun’s declination: if
 the sine of this latter be multiplied by radius and divided by the
-gine of greatest declination, the result, converted to are, will be
the sun’s long1tude, if he is in the quadmnt commencing with
[/Aries ;

19, Tf in that commencmg with Cancer, subtract from a half-
~eircle; if in that commencing with Libra, add a half-cirele; if in
that commencing with (/ompncorn, subtract from a circle: the re-

gult, in each case, is the true (sphuta) longitude of the sun at
mld-day

20. To this if the equation of the apsis (fmcmda phala) be

repeatedly applied, with a contrary sign, the sun’s mean longi-
'tude wzll be found. . . .

vhat Jai(Wga 1), : 4.7
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This passage teaches how, when the latitude of the observer s

Lnown, the sun’s declination, and his true and mean longitudes, may be
found by observing his zenith-distance at noon. The several parts of
the process are all of them the converse of processes previously given,
and require no explanation. To find the sun’s. declination from his
meridian zenith-distance and the latitude (veckoned as south, by v. 14),
the rule given above, in verses 15 and 16, is inverted; the true longitude
is found from the declination by the inversion of the method taught in
ii. 28, account being taken of the quadrant in which the sun may be
acoording to the principle of ii. 807 and finally, the mean may be de- .
rived from the true longitude by a method of successive approximation,
applying in reverse the equation of the centre, as calculated by ii. 39.

It is hardly necessary to remark that this is a very rough process for
ascortaining the sun’s longitude, and could give, especially in the hands
of Hindu observers, results only distantly approaching to aceuracy.

90. ... The sum of the latitude of the place of observation
and the sun’s declination, if their direction is the same, or, in the
contrary case, their difference, ' / .

91. Is the sun’s meridian zenith-distance (naldnedsy; of that
find the base-sine (bahwjyd) and the perpendicular-sine (kotyjyd).
If then, the base-sine and radius be multiplied respectively by
the measure of the gnomon in 'digits, e
. 99, And divided by the perpendicular-gine, the resulis are the

The problem here is to determine the length of the shadow which
will be cast at mid-day when the sun has a given declination, the latitude
of the observer being also known. First, the sun’s meridian zenith-dis-
tance is found, by a process the converse of that taught in verses 15 and
16 then, the corresponding sine and cosine having been calculated, a
simple proportion gives the desired result. Thus, let us suppose the sun
to be at I (Fig. 11, p. 250); the sum of his south dechination, X D),
and the north latitude, EZ, gives the zenith-distance, Z1D': its sine
(bhujajyd) is D' B, and its cosine (kotijyd) is CB”, ' Then . i
) CBi-BYD v Chibd ' gl
and ORI C I8 t At b
which proportions, reduced to equations, give the value of bd’, the
shadow, and C d', its hypothenuse. . : ‘ Gl

99. ... The sine of declination, multiplied by the equinoctial
hypothenuse, and divided by the gnomon-sine (qunkwivd), = |
28. Gives, when farther multiplied by the hypothenuse of any
given shadow, and divided by radius (madhyakarpa), the sun's
measuyre of amplitude (arkdgrd) corresponding to that shadow. . .

In this passage we are’ taught, the declination being known, how to
find the measure of amplitude (agrd) of any given shadow, as prepara-
tory to determining, by the next, following rule, the base (bhuja) of the
shadow, by calculation instead of measurement, "The first step is to find
the sine of the sun’s amplitude : in order to this, we compare the trian-
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 angles ACB and CE H are each equal to the latitude of the obseryer.
F1 e R RH B0 v RO AQ :
and. G BH ECGChiCe
Tence, by equality of ratios, Cb:Ce:: BC: AC ‘
and A C, the sine of the sun’s amplitude, equals B C-—which is the sine
of declination, being equal to D F—multiplied by Ce, the equinoetial
hypothenuse, and divided by C b, the gnomon. The remaining part of
the process depends upon the principle which we have demonstrated
above, under verse 7, that the measure of amplitude is to the hypothe-
nuge of the shadow as the sine of amplitude to radius. ;
. 'Why the gnomon is in this passage called the “ gnomon-sine,” it is
not easy to discover. Verse 23 presents also a name for radius, madhya-
karna, “half-diameter,” which 1s mot found again ; nor is karna often
employed in the sense of “ diameter” in this treatise.
28.... The sum of the equinoctial shadow and the sun's
measure of amplitude (arkdgrd), when the sun is in the southern
hemisphere, is the base, north ; ‘
124, PWhen the sun is in the northern hemisphere, the base is
found, if vorth, by subtracting the measure of amplitude from
the equinoctial shadow; if soutly by a contrary process—aecord-
ing to the direction of the interval between the end of the
shadow and the east and west axis. ‘
25, The mid-day base is invariably the midday shadow. . . .
. We have already had occasion to natice, in connection with the first
verses of this chapter, that the base (bhua) of the shadow is its projec-

~ tion upon a north and south line, or the distance of its extremity from

whe east ‘and west saxis of the dial. It ds that line which, as shown
ve (under v. 7), corresponds to and represents the perpendicular let
from the sun upon the plane of the prime vertical. Thus, if (Fig,
p. 250) K, 1, DY, D be different positions of the sun—K and L
‘being conceived to be upon the surface of the sphere—the perpendicu-
dars KB, LB D' B, 1) B are represented upon the dial by &8, 1,
d'b, db, or, in Fig. 9 (p. 241), by &b, Lb4, d'b, d b, Of these, the two
latter coincide with their respective shadows, the shadow cast at noon
‘being always itself upona north and south line. The base of any
shadow may be found by combining its measure of amplitude (agrd)
with the equinoctial shadow. When the sun is in the southern hemis-
: (ggere,;. as at D' or K (Fig. 11), the measure of amplitude, ed’ or ek, is to
‘be added always to the equindetial shadow, be, in order to give the base,
bd' or bk, Ify on the contrary, the sun's declination be north, a differ-
'ent method of procedure will be necessary, according as he is north or
south from the prime vertical. If he be south, as at D, the shadow, 4,
~will be thrown northward, and the base will be found by subtracting the
muensure of amplitude, de, from the equinoctial shadow, be: if he be
north, as at T, the extremity of the shadew, £, will be south from the
‘east and west axis, and the base, b7, will be obtained by subtracting the
‘equinoctial shadow, be, from the measure of amplitude, /e

i 28
gles ABC and CEH‘. (Fig. 18, p. 254), which are similar, since the e

But the trianéles CEH (Fig. 18) and Cbe (Fig, 11) are also similar;

e
153
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25. ... Multiply the sines of co-latitude and of latitude re-

Ly spectively by the equinoctial shadow and by twelve,

26. And divide by the sine of declination ; the results are the
hypothenuse when the sun is on the prime vertical (samaman-
dala). When north declination is less than the lanitide, then
the mid-day hypothenuse (¢rava),

27. Multiphied by the equinoctial shadow, and divided by the
mid-day measure of amplitude (agrd), is the hypothenuse. . . .

Here we have two separate and independent methods of finding the
hypothenuse of the east and west shadow cast by the sun at the moment
when he is upon the prime vertical. - In connection with the second of
the two are stated the circumstances under which alone a transit of the
sun across the prime vertical will take place: if his declination is south,
or if, being north, it is greater than the latitude, his diurnal revolution
will be wholly to the south, or wholly to the north, of that civele.

The first method is illustrated by the following figures, Let V €'
(Fig. 12) be an arc of the prime ver- Fig. 12, »
tical, V being the point at which the s AR R
stn crosses it in his daily revolution;
and let C" be the centre; then V ¢’
18 radius, and V € the sine of the
sun’s altitude; and, C'é being the
gnomon, v will be the shadow, and [
v its hypothenuse. But, by simi- &
larity of triangles,

N CavVOiaiClbe Gy HeRsr b i :

Again, in the other figure (Fig. 18)—of which the general relations
are those of Fig. 8
(p- 232)—A D being
the projection of the
circle of the sun’s
diurnal  revolution, FEEEE
and the point at
which it crosses the i
prime vertical being
seen projected in V,
V Cis the sine of the
sun's altitnde at that |
point. But VCDB
and K CH are simi-
lar triangles, the an-
gles BYCod CEH @&
being each equal to @
the latitude; hence
VCI{EC::BC: CIL

!Now the first  of
these ratios is—since
E € equals V ¢, both
being  radius—the
same with the first
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in the former proportion ; and therefore

i v RO O € Clid s
or . sin deel.:sin lat.: : gnom. : hyp. pr. vert. shad.
bt i sin lat. : cos. lat. 2 s eqq shad: tgnom. . ) LT
‘therefore, by combining terms, L ST A Oy
b sin. decl, : cos. lat, : : eq. shad. :hyp. pr. vert. shad, { ami

and the reduction of the first and third of these proportions to the cn
form of equations gives the rules of the text, ,
The other method of finding the same quantity is an application of
the principle demonstrated above, under verse 7, that, with a given dec-
lination, the measure of amplitude of any shadow is to that of any other
shadow as the hypothenuse of the former to that of the latter. Now
when . the sun is upon the prime vertical, the shadow falls directly
eastward or direetly westward, and hence its extremity lies in the east
and west axis of the dial, and its measure of amplitude is equal to

17 .
"

the equinoctial shadow. The noon measure of amplitude isy agoond- oMy ol
ingly, to the hypothenuse of the noon shadow as the equinoctial shadow i
to the hypothenuse of the shadow cast when the sun is upon the prime (
vertical. . ; ' ¢)

. 97.... I the sine of declination of a given time be multiplied " = §i 5

by radius and divided by the sine of co-latitude, the result is the (i & Pl
sine of amplitude (agramdurwkdy. ;
' 28. And this, being farther multiplied by the hypothennse of =
a given shadow at that time, and (ﬁvided by radius, gives the "'
measure of amplitude (agrd), in digits (angula”;-;' et s

The sine of the sun’s amplitude is found—his declination and the

latitude being known—by a comparison of the similar triangles ABC

and C E H (Fig. 13), in which i
R . HE:EC::BC:0A e
or  cos.lat :R:isin, deck tsin ampl. Bl
And the proportion upon which is founded the rule in verse 28—namme- ! G )

ly, that radius is to the sine of amplitnde as the hypothenuse of a given

shadow to the corresponding measure of amplitude—has been demon-

strated under verse 7, above. | ; &

8. ... If from half the square of radius the square of the .-
amplitude (agrajyd) be subtracted, and the remainder %

d by twelve, I

. multiplied by twelve, and then farther divided = ™ ©
the equinoctial shadow increased by half the
mon-—the result obtained by the wise

80, Is called the “surd” (harand) : this let the wise man set
down 1in two places. - Then multiply the equinoctial shadow by
twelve, and again by the sine of amplitude, '

1. ‘And divide “as before; the result is styled the “frait”

_Add its square to the “surd,” and take the square root
sum: this, diminished and increased by the fruit,” for

e and northern hemispheres, b e

ot ik
S g
st 4 !/
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£2. Ts the sine of altitude (canku) of the southern intermediate
divections (vidig); and equally, whether the sun’s revolution
take place to the south or to the north of the gnomon (gan/ku)—
only, in the latter case, the sine of altitude is that of the north-
ern intermediate directions. | el
.88, The square root of the difference of the squares of that
and of radius is styled the sine of zenith-distance (drg.) If; then,
the sine of zenith-distance and radius be multiplied respectively
by twelve, and divided by the sine of altitude,

34. The results are the shadow and hypothenuse at the angles
(keona), under the given circumstances of time and place, . . .

The method taught in this passage of finding, with a given declina-
tion and latitude, the sine of the sun’s altitnde at the moment when he
crosses the south-oast and south-west vertical circles, or when the shadow
of the gnomon is thrown toward the angles (kona) of the circumseribing
square of the dial, is, when stated algebraically, as follows:

(382 —sin? ampl)Xgn? i,
4gn2--eq. sh.? e

eq. sh. X gn. X sin ampl,
$gn.t+ eq. sh.?

== fruit,

1t is at once apparent that a problem is here presented more compli-
cated and difficult of solution than any with which we have heretofore
had to do in the treatise. The commentary gives a demonstration of
it, in which, for the first time, the notation and processes of the
Hindu algebra are introduced, and with these we are not sufficiently
familiar to be able to follow ‘the course of the demonstration. The
problem, however, admits of solution without the aid of mathematical
knowledge of a higher character than has been displayed in the pro-
cesses already explained; by means, namely, of the consideration of
right-angled triangles, situated in the same plane, and capable of being
represented by a single figure. We give below such a solution, which,
we are persuaded, agrees in all its Tie 14
main features with the process by A
which the formulas of the text were
originally deduced. T
. Let ZEK be . the south-castern
eirele of altitude, from the zenith, 7,
to the horizon, K ; let E be its in-
tersection with the equator, and D
the position of the sun; and let
C b represent the gnomon,

Since e is in the line of the equi-
noctial shadow (sec above, v. ), |
and since be makes an angle of 45° &
with either axis of the dial, ~we
have be?=2 eq.sh.?, and Ce?=
b2 fbet=—gn,2}-2 eq.sh.?
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. In like mauner, de?==2 meas. amopl.? DBut the similar triangles
Cde and CDE! give Cd2:de?::CD?2:DE'2; which, by halving
the two consequents, and observing the constant relation of Cd *o the
measure of amplitude (see above, under v, 7), gives R? :gin ampl.2 71
R2:34DE2: whence 4D E'2= sin ampl.?, or. D E‘2=2 sin ampl,2 :
Now the required sine of altitude is D&, and D G==D H-}-H G=—
DH--1J.. And, obviously, the triangles DHI, DIE, EFC, 1JC,
and Cb e are all similar, Then, from D HI and Cbe, we derive @
DHIDL v beUd

from D TE and Cbe, DIaPD B2 Ch e

and, by combining terms, DII: DE/: : beXCb:Ce?
2. eq. sh.Xan.X./2. sin ampl.  eq.sh. X gn. X sin ampl.
; gnl 4 2eq. sh? T dgn2feq.sha
. Again, from DHI and EFC, we derive

1 : IH2:DI2::EF2:EC2

from 1JC and EFC, 1J2:1C%;;:KF:K(C2

whence, by adding the terms of the equal ratios, and observing that
1H241J2=J H2, and DI41C2—=DC2=EC3, we have

‘ ; ' JH2:EC?::EF2:EC?
or J H2=EF?, Hence IJ*=JH-IH?*=ER-IH2=EF:-DI2+4D Hz2
But from EF Cand C be are derived
Ce2:Co2:: EC? :EF2

from DIE and Cde, Ce2:C82::DE2:DI2
EC2,00% DE?,0 b2 _(EC-DERCH

whence B Fi= SAT and D Iﬂm~—»6—2§-—~ ,and EF?—1 IQ--.—-~—-—»C—62

==frit.

whence DH=

that is to say, ,,
E F2 ) Joem (B2 -2 gin ampl?) X gn.2 it (#R2 -~ sin ampl.2) X gn.2
o gn.2-4+2eq. sh.? Fgn2+ eq. shi2
But, as was shown above, 1 J2=EF2 — D T24-1) H? =surd-}-fruit?
and A/surd+fruit? + fruit= 1J4 D H=D G ==sine of altitude.
When declination is south, so that the sun crosses the circle of alti-
tude at DY, 11, the equivalent of D H, is to be ‘subtracted from IJ, to
- give IV G, the sine of altitude. !
The correctness of the Hindu formulas may likewise be briefly and
succinctly demonstrated by means of our modern methods. Thus, let
PZS (Fig. 15) be a spherical triangle, Fig. 15,
of which the three angular points are [ e e
P, the pole, Z, the zenith, and 8, the &
place of the sun when upon the south- §
east ov the south-west vertical circles; &
P27, then, is the co-latitude, Z8 the
zenith-distance; or co-altitude, and P S EsSasiat SRRt
the co-declination ; and the angle P Z8 is 185°; the problem is, to find
_ the sine of the complement of ZS, or of the sun’s altitude. By spheri-
“cal trigonometry, cos 8 P==cos Z8 cos ZP-}sin Z8 gin ZP cos Z, Di-
viding by sin Z P, and observing that cos § P->~sin Z P==sin decl.-+-cos
w  lat.=sine of amplitude, we have sin ampl.=sin alt, tan lat.4cos alt, cos
%@1359;‘ If, now, we represent sin ampl. by g, tan lat. by &, cos 185° by
“V,QL‘.;\:’L:' ‘ 88 ‘

== gurd,




— /%, sinalt. by #, and cosalt. by A/ T=272, we have 02-Q0badb2 pi=
il A o L ‘

A bt e Loy fmeii
i @ a1 ‘ : I 4 i ok i
again, e by J; andw————% 58 by s, and reducmg,‘ we ﬁave o=

& f2-ts. Butf is evidently the same with the “fruit,” since b, or tan
ab _ eq.sh.xgn.Xsin.ampl.
34027 ) gnom.Z+eq sh.2 °
St : $—a2  ($R*—sin®ampl) Xgn.*
46 » 9 e
and s is also the same with the “surd,” for T ot fed .
1f, the latitude being north, we consider the north direction as posi-
tive, b will be positive. The valne of f, given above, will then evidently
be positive or negative as the sign of « is plus or minus. But g, the
sine of amplitude, is positive when declination is north, and negative
when declination is south. Hence f is to be added to or subtracted
from the radical, according as the sun is north or south of the equator,’
as preseribed by the Hindu rule. A minus sign before the radical would
correspond to a second passage of the sun across the south-east and
north-west vertical circle; which, except in a high latitude, would take
place always below the horizon. ; o
The construction of the last part of verse 32 is by no means clear, yot
we cannot question that the meaning intended to be conveyed by it is
truly represented by our translation. ~ When declination is greater than
north latitude, the sun’s revolution is made wholly te the north of the
prime vertical, and the vertical eircles which he crosses are the north-
east and the novth-west. The process presaribed in the text, however,
gives the correct value for the sine of altitude in this case also, For,
in the triangle S Z P (Fig. 15), all the parts remain the same, excepting

lat., equals eq. sh.<-gnom.,, and therefore

that the angle P Z 8 becomes 45°, instead of 185°: but the cosine of

the former is the same as that of the latter arc, with a difference only.
of sigm, which disappears in the process, the cosine being squared.

The sine of altitude being found, that of its complement, or of zenith-
distance, is readily derived from it by the method of squares (as above,
in yv. 16, 17). To ascertain, farther, the length of the corresponding
shadow and of its hypothenuse, we make the proportions

sin alt, : sin zen, dist. : : gnom, : shad.
and - sinalt.: R ::gnom, : hyp. shad. i :

In this passage, as in those that follow, the sine of altitude is ealled
by the same name, ganku, “stafl,” which is elsewhere given to the
gnomon : the gnomon, in fact, representing in all cases, if the hypothe-
nuse be made radius, the sine. of the sun’s altitude. The word is fre-

~quently used in this sense in the modern astronomical language : thus

V € (Fig. 13, p. 254), the sine of the sun’s altitude when upon the
prime vertieal, is called the samamandalaganku, ¥ prime vertical staff,”
and BT, the sine of altitude when the sun crosses the wnmandala, or
east and west hour-circle, is styled the unmoendalagonku : of the latter
line, however, the Sfirya-Siddbnta makes no account. = We are sur-

prised, however, not to find a distinet name for the altitude, as for its

complement, the zenith-distance: the sine of the latter might with very

(23
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nearly the same propriety be called the “shadow,” as that of the former.
the “gnomon.” The particnlar sine of altitude which is the result of
the present process is commonly known as the kopaganku, from the |
word kona, which, signifying originally “angle,” is used, in connection
with the dial, to indicate the angles of the circumseribing square (see |/
Rig. 9, p. 241), and then the directions in which those angles lie from |
the gnomon. The word itself is doubtless borrowed from the Greek -
yorie, the form given to it being that in which it appears in the com- |
pounds vgiywoy (Sanskrit trikona),fete. Lest it seem strange that the
. Hindus should have derived from abroad the name for so familiar and
elementary a quantity as an angle, we would direct attention to the
striking fact that in that stage of their mathematical science, at least,
which is represented by the Stirya-Siddhéants, they appear to have made
no use whatever in their calculations of the angle: for, excepting in
this passage (v. $4) and in the term for “square” employed in a pre-
vious verse (v. 5) of this chapter, no word meaning “angle” is to be
met with anywhere in the text of this treatise, The term dry, used to
signify “ zenith-distance "—excepting when this is measured upon the
meridian ; see above, under vv. 14-16-—means literally “sight " in this
sense, it ocours here for the first time : we have had it more than once
above with the signification of ®observed place,” as distinguished from
a position obtained by calculation. In verse 82, canku might be under-
stood as used in the sense of “zenith,” yet it has there, in truth, its own
proper signification of “gmnomon;” the meaning being, that the sun, in
the cases supposed, makes his revolution to the south or to the north of
the gnomon itself, or in such a manner as to cast the shadow of the  ;
. latter, at noon, narthward or southward. One of the factors in the cal- ¢
culation is styled Rarant, “surd” (see Colebrooke’s Hind. Alg, p.145), ¢ » &
rather, apparently, as being a quantity of which the root is not required to = + % -
be taken, than one of which an integral rootis always impossible; or, if
may be, as being the square of a line which is not, and cannot be, drawn,
The term translated ““fruit” (phola) is one of very frequent oceurrence
elsewhere, as denoting “quotient, result, corrective equation,” ete. -
The form of statement and of injunction employed in verses 29 and
30, in the phrases “the result obtained by the wise,” and “let the wise
man set down,” etc., is so little in accordance with the style of our | //
treatise elsewhere, while it is also frequent and familiar in other works
of a kindred character, that it furnishes ground for suspicion that this
passage, relating to the Ronagauku, is a later interpolation into the body
of the text; and the suspicion is strengthened by the fact that the pro-
cess prescribed here is so much more complicated than those elsewhere
presented in this chapter. y

34, . .. If radius be inereased by the sine of ascensional differ-- © / T ¢
ence (cara) when declination is north, or diminished by the same,
when declimation is south, : !

' 85. The result is the day-measuve (antyd); this, diminished o i
by the versed sine (uthramajyd) of the hour-angle (ned), then
multi’plied by the day-radius and divided by radius, is the “di-7-

A

Lt

visor” (cheda); the latter, again, being multiplied by the sine of|-
co-latitude (lamba), and divided ' : ; A
s ) P A o £ e

( tnf oed sl

.,f
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36. By radius, gives the siue of altitude (gankw): subtract its
sine from that of radiug, and the square root of the remainder is
the sine of zenith-distance (drg): the shadow and its hypothe-
nuse are found as in the preceding process.

The object of this process is, to find the sine of the sun’s altitude at
any given hour of the day, when his distance from the meridian, his
declination, and the latitude, are known. The sun’s angular distance
from the meridian, or the hour-angle, is found, as explained by the com-
mentary, by subtracting the time elapsed since sunrise, or which is to
elapse before sunset, from the half day, as calculated by a rule preyiously
given (ii, 61-63), From the declination and the latitude the sine of
ascensional difference (carajyd) is supposed to have been already derived,”
by the method taught in the same passage; as also, from the declina-
tion (by ii. 60), the radius of the diurnal circle. The successive steps
of the process of calenlation will be made clear by a reference to the
annexed figure (Fig. 16), taken in connection with Fig. 18 (p. 254), with
which it corresponds in dimensions and lettering, Let G Gx% C'E repre-
sent a portion of the plane of the equator, C being its centre, and G E
ity intersection with the plane of the me- Fig. 16
ridian; and let A A’ B D represent a cor- i
responding portion of the plane of the
diurnal cirele, as seen projected upon the
other, its centre and its line of intersection
with the meridian coinciding with those
of the latter. TLet CG equal the sine of
agcensional difference, and A B its corre-
spondent in the lesser circle, or the earth-
sine (kwyd or kshityyd ; see above, ii. 61).
Now let O/ be the place of the sun af a
given time; the angle O’ CD), measured
by the arc of the equator Q'E, is the
hour-angle : from Q' draw Q' Q perpendic-
dlarto CE; then Q' Q is the sine, and
QF is the versed sing, of Q/E, Add to ; o
radins, H ¢, the sine of ascensional difference, € G; their sum, E G—
which is the equivalent, in texrms of a great circle, of D A, that part of
the diaweter of the civcle of diurnal revolution which ‘is above the

. horizon, and which consequently measures the length of the day—1s
" the day-measure (antyd). From EG deduct K Q, the versed sine of the

“ Hour-angle ; the remainder, G Q, is the same quantity in terms of a great
L circle which A O is in terms of the diurnal circla: hence the reduction
‘of GQ to the dimensions of the lesser circle, by the proportion

CE:BD::GQ:AO i
gives s the value of AO; to this the text gives the technical name of
“divisor ”. (cheda). But, by Fig. 18, '
! CE:EH:;AQO:OR '
hence O R, which is the sine of the sun’s altitude at the given time,
equals A O, the “divisor,” multiplied by E H, the cosine of latitude, and
divided by C E, or radius.
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& ;.V-Thei»i)m‘ceéses'forr» detiving from the sine of altitude that of zenith- |
‘distance, and from both the length of the correspondin% shadow and it

 hypothenuse, are precisely the same as in the last problem, ‘

For the meaning of antyd-—which, for lack of a better term; we have
translated “ day-measure”—-sce above, under verse 7. The word nata,
by which the hour-angle is.designated, is the same with that employed
above with the signification of “meridian zenith-distance ;” see the note
to verses 14-17. ; ‘ /

- 87, If radius be multiplied by a given shadow, and divided ©
by the corresponding hypothenuse, the result is the sine of
zenith-distance (dre): the square root of the difference between
the square of that and the square of radiug o
38, Is the sine of altitude (9anku2; which, multiplied by
radius and divided by the sine of co-latinde (lamba), gives the
“divisor” (cheda); multiply the latter by radius, and divide by
the radius of the diurnal circle, o

- 89. And the guotient is the sine of the sun's distance from the
horizon (umnata); this, then, being subtracted from the day-
‘measure (antyd), and the remainder turned into arc by means of
the table of versed sines, the final result is the hour-angle (nata),
in respirations (esw), east or west ‘

~ The process tanght in these verses is precisely the converse of the
one deseribed in the preceding passage.  The only point which calls for
farther romark in connection with it is, that the line G Q (Fig. 16) is in
verse 39 called the “sine of the unnate” By this latter term is desig-
nated the opposite of the hour-angle (nefa)—that is to say, the sun'’s
angular distance from the horizon upon his own circle, 0’ A/, reduced to
fime, or to the measnre of a great circle,  Thus, when the sun is at O,
his hour-angle (rafe), or the time till noon, is Q' E; his distance from
the horizon (wnuaie), or the time since sunrise, is Q' G. But GQis
with no propriety styled the sine of G/Q/; it is not itself a sine at all,
and the actual sine ‘of the arc in question would have a very different
value, ;

* 40. Multiply the sine of co-latitude by any given measure of (o §
amplitude (agrd), and divide by the corresponding hypothenuse -
in digits; the resulf is the sine of declination. This, again, is
to be multiplied by radius, and divided by the sine of greatest
declination;
41. The quotient, converted into are, 18, in signs, ete., the sun’s |
place in the quadrant; by means of the quadrants is then found
the aetual longitude of the sun at that point. ., .

By the method taught in this passage, the sun’s declination, and,
through that, his true and mean longitude, may, the latitude of the ob-
server being known, be found from a single observation upon the shadow
at any hour in the day. The declination is obtained from the measure
of amplitude and the hypothenuse of the shadow, in the following

\
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 manner; fitst, as was shown in connection with verse 7 of this chapter,

232 | i ‘E‘Buryesajf.,éiq.,» . ‘ i ; [f‘ri

i hyp. shad. : meas. ampl.:: EC: CA  (Big. 18, p. 264)
but ; EC:CA::EH:BC . ‘
 therefore hyp. shad.: meas. ampl.: :EH:BC

B €, the sine of declination, being thus ascertained, the lon ”'tudg‘.iga -‘dé‘; 5

duced from it as in a previous process (see above, vv. 17-20).

41, . .. Upon a given day, the distances of three bases, at

noon, in the forenoon, and in the afternoon, being laid off;
42, From the point of intersection of the lines drawn between
them by means of two fish-figures, (matsya), and with a radius

touching the three points, is described the path of the shadow. . ..

This method of drawing upon the face of the dial the path which
will be described by the gxtremity of the shadow upon a given day pro-
ceeds upon the assumptii% ‘

_erroneons assamption, since, excepting within the polar circles, the path
of the shadow is always a hyperbola, when the sun is not in the equator.
1n Jow latitudes, however, the difference between the arc of the hyper-
bola, at any point not too far from the gnomon, and the arc of a circle,
is 5o small, that it is not very surprising that the Hindus should have
averlooked it. The path being regarded as a true circle, of course it
can, be drawn if any three points in it can be found by caleulation: and
this is not difficult, since the rules above given furnish means of ascer-
taining, if the sun’s declination and the observer's latitude be known,
the Jength of the shadow and the length of its base, or the distance of
its extremity from the east and west axis of the dial, at different times
during the day. One part of the process, however, has not been provi-
ded for in the rules hitherto given. Thus (Fig. 9, p. 241), supposing
d, m, and [ to be three points in the same daily path of the shadow, we
require, in order to lay down [ and m, to know not only the bases 5%,
m b, but also the distances b8/, b6/, But these are readily found
when the shadow and the base corresponding to each are known, or
they may be calculated from the sines of the respective hour-angles.

The three points being determined, the mode of describing a circle

through them is virtually the same with that which we should em{‘ﬂoy .

lines are drawn from the noon-point to each of the others, which are
then, by fish-figures (see above, under yv, 1-5), bisected by other lines at
right angles to them, and the intersection of the latter is the cemtre of
the required circle. ‘

1

i 42, ... Multiply by the day-radius of three signs, and divide

=" by their own respective day-radii,

48, Tn succession, the sines of one, of two, and of three signs;

- the quotients, converted into arc, being subtracted, each from the

one following, give, beginning with Aries, the titnes of rising
(udaydsavas) at Lanka ; ‘ : |
44, Namely sixteen hundred and seventy, seventeen hundred
and ninety-five, and nineteen hundred and thirty-five respira-

tions. . And these, diminished each by its portion of ascensional

o

that that path will be an arc of a circle—an
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- difference (carakhanda), as caloulated for a given place, are the
times of rising at that place. : ;
45, Tnvert them, and add their own portions of ascensional
difference inverted, and the sums are the three signs beginning
with Cancer: and these same six, in inverse order, are the other

gix, commencing with Libra.

The problem here s to determine the “ times of rising” (adaydsavas)
 of the different sions of the ecliptic—that is to say, the part of the 5400
respirations {esavas) constituting a quarter of the sidereal day, which
each of the three signs making up a quadrant of the ecliptic will occupy
in risive (udaya) above the horizon, And in the first place, the times
of ,1‘% «ing at the equator, or in the right sphere—which are the equiva-
16 4 of the signs 1n right ascension-—are found as follows :

“wau ol N (Fig 17) be a quadrant of the solstitial colure, A N the pro-
jection upon its plane of the equinoctial colure, A Z of the equator, and
A © of the ecliptic; and let A, T, G, and
( be the projections upon A C of the initial
points of the first four signs; then AT is
the sine of one sign, or of 30°% A (& of two
signs, or of 60% and A C, which is radius,
the sine of three signs, or of 90°. From
T, G, and C, draw T ¢, G g, Ce¢, perpendicu-
lar to AN. Then A'T¢ and A Cc are simi-
lar triangles, and, since A C equals radius,

Ristie s AE ey

But the arc of which T¢ is sine, is the
same part of the circle of diurnal revolu-
tion of which the radius is ¢¢, as the re-
quired ascensional equivalent of one sign is | A
of the equator: hence the sine of the latter, which we may call #, is
found by reducing T ¢ to the measure of a great circle, which is done by
the proportion ‘ : ;

Fig. 14, T

tei R Tl esin
Combining this with the preceding proportion, we have,

(1 :Ce:t AT sin &

Again, to find the ascensional equivalent of two signg, which we will
call %, we hayve fivst, by comparison of the triangles A G g and A Ce,
y R:Ce:: AG:1Gg )

and g9 i R::Ggisiny
therefore, as before, g9 :0ci: AG:siny
Hence, the sines of the ascensional equivalents of one and of two signs
respectively are equal to the sines of one and of two signs, AT and
A G, mnltiphied by the day-radius of three signs, Ce¢, and divided each
by its own day-radius, £#* and gg'; and the conversion of the sines thus
obtained into arc gives the ascensional equivalents themselves, The
rule of the text includes also the equivalent of three signs, but this is so
obviously equal to a quadrant that it is unnecessary to draw out the
process, all the terms in the proportions disappearing except radius,




18 1263', Then A f, the equivalent in
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Upon working out the process, by means of the table of sines gi en
in the second chapter (vv. 15-22), and assuming the inclination of the
ila;ne of the ecliptic to be 24° (ii. 28), we find, by the rale given above

(ii. 80), that the day-radii of one, of two, and of three sines, or £t g gy
¢, are 8360, 3216/, and 8140’ respectively, and that the sines of z and
y ave 1604 and 2907/, to which the corresponding arcs are 27° 50" and
57° 457, or 1670 and 3465". The formey is the ascensional equivalent
of the first sign ; subtracting it from the latter gives that of the second
sign, which is 1795', and subtracting 3465’ from a quadrant, 54007,
gives the equivalent of the third sign, which is 1985'—all as stated in
the text. i i
These, then, are the periods of sidereal time which the firsy: three
signs of the ecliptic will occupy in rising above the horizon at th, ¢7"8
tor, or in pass'mg the meridian of any latitude, It i obvious tat t:h.ﬁ :
same quantities, in inverse order, will be the equivalent: in righy aceen’
sion of the three following signs also, and that the series of sim wqUiva-
lents thus found will belong also to the six signs of the other half of the
ecliptic. In order, now, to ascertain the equivalents of the signs in
oblique ascension, ov the periods of sidereal time which they will oceupy
in rising above the horizon of a given latitude, it is mecessary fitst to
caloulate, for that latitude, the ascensional difference (caza) of the three
points T, G, and C (Rig. 17), which is done by the rule given in the last
chapter (vv. 61, 62). We haye calculated these quautities, in the Hindu
method, for the latitude of Washington, 88° 54/, and find the ascensional
difference of T to be 578, that of G 1061/, and that of C 1263, The
manner in which these are combined with the equivalents in right
ascension to produce the equivalents in oblique ascension may bo ex-
plained by the following figure (Fig. 18), which, although not a true
projection, i§ sufficiént for the purpose Fig. 18

of illustration. Let ACS be a semi-
circle of the ecliptic, divided into its
successive signs, and A S a semicircle
of the equator, upon which AT/, T' G/, |
ete., are the equivalents of those signs {88
in right ascension; and let £, g, ete., be
the points which rise simultancously
with T, G, etc. Then T’ and »V/, the
ascensional difference of T and V, are
578/, ¢ G" and 1/ are 1061', and ¢ C’

oblique ascension of AT, equals AT" —
117, or 1092'. To find, again, the value
of ig, the second equivalent, the text H8
directs to subtract from T/ G the differ-
ence between 1T and g G, which ig HESE : AR e
called the carakhanda, “portion of ascensional difference”-—that is to
say, the increment or decrement of ascensional difference at the point
G as compared with T. Thus 7 o ‘
tg"—:-_T’ Gl(g Gt T’S = G g T =g Gl==t Gl g GH==18157
and gom=Gl 0/ —(c O/ —g G)y== 0 O'-pg G/ =cC'=g 0! ~¢ Cl=1738!

w




uivalents in the second quadrant, we
quivalents, and to add to each its own
sional difference. Thus L
Ol L) =0 L~ D L= 0137
g V) == LV =y Y 1= 221781
28 =V/ 840 Vi=0248". o

ithout particular explanation that the ares of oblique
us found as the equivalents, in a given latitude, of the first
f the ecliptic, are likewise, in inyerse order, the equivalentsof
ix. We have, then, the following table of times of risinﬁ ‘ i

e
@savas), for the equator and for the latitude of Washington, of all
ns of the ecliptic : :

?.ents :_z‘fr‘i-‘Rigkt; and Oblique Ascenston of the Signs of the Ecliptk‘. ‘

Equivalent | Lat. of Washington. ggn,. |
| A Ascens. Bquiv, in
iRight Ascension, ' Difft Obl. Ascension, Name.| | No.
j i florpef | o “orp. | . S ' ’
| Avies, mesha, 36701 S8, g 1 10931 Y iaces, minag, il :
il A i Zailak 7 i B i iler 4
2. | Taurus, wz;cban, 17931 L 1312 jAquarius, Fumbha, (114 i
.| Gemini, mithung,) 19354 g (a3 | 1733 - |Capricornus,makard, 104 A
| 4v | Cancer, Karkata, |« 19358 Gt oo | 213y Sagittarius, dhanus, | 94
8 “qu,n‘nha’, 1795 ) 598 2278 |Scorpio, dli, L LB
“‘ergo,‘lcmyd, 16700; &' 9948 Libra, tuld, i .

_ For the expression “at Lanka,” employed in verse 43 to designate
the equator, see above, under i, 62,

E

' 46. From the longitude of the sun at a given time are o be.
caloulated the ascensional equivalents of the parts past and to
come of the sign in which he is: they are equal to the number

‘ rees trayersed and to be traversed, multiplied by the as-

nt (udaydsavas) of the sign, and divided by

he given time, reduced to respirations, sub-

ent, in respirations, of the part of the sign to

he ascensional equivalents (lagndsavas) of the
stictession—so likewise, subtract the equiva-

, and of the signs past, in inyerse order;

remainder, multiply it by thirty and divide
o unsubtracted sign; add the quotient, i ok

ole signs, or subtract it from them: the result

tio (lagna) which. is at that time upon the

a'.'

G m ast or west hour-angle (nata) of the sun, In |
. nfdis, having made a similar caloulation, by means of the equiv- ||
' alents in right ascension (lankodaydsavas), apply the result as an I
i additive or subtractive equation to the sun's Jongitude: the re- |
sult is the point of the ecliptic then upon the mexidian (madhya-
lagna).. : 1 i Dl
L voliwy 1t 34
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 The word lagne. menns litetally “attached to, connected with
~ hence, “ corresponding, equivalent to.” It is, then, most properly, and
Tlikewise most usually, employed to designate the point or the arc of the
- equator which corresponds to & given point or arc of the ecliptic. In
such agense it ocours in this passage, in verse 47, where lagndsavasis
- precisely equivalent to wdaydsavas, explained in connection with the
next preceding passage; also below, iu yerse 50, and in several other
places.  In verses 48 and 49, however, it receives a different sigmifica-
tion; being taken to indicate'the point of the ecliptic which, at a given
~time, is upon the wmeridian or at the horizon ; the former being ealled
lagnam kshitije, * lagna at the horizon”—or, in one or fwo cases elge-
where, simply lagna--the other receiving the name of madhyalagna,
“meridian-lagna.” ; o

The rules by which, the sun's longitude and the hour of the day heing
Imown, the points of the ecliptic at the horizon and upon the meridian
are found, are very elliptically and obscurely stated in the fext; our =
translation itself has been necessarily made in part also a paraphrase and
explication of them, Their farther illustration may be best effected by
means of an example, with reference to the last figure (Fig. 18). =
At a given place of observation; as Washington, let the moment of
loeal time—reckoned in the usual Hindu manner, from sunrise—be 18"
127 3°, and let the longitudg of the sun, as corrected by the precession,
be, by caleulation, 42°, or 18 12°: it is required to know the longitude
of the point of the ecliptic (Zegner) then upon the eastern horizon.

Let P (Fig. 18) be the place of the sun, and H % the line of the hori-
zon, at the given time; and let p be the point of the equator which rose
with the sun; then the arc ph is equivalent to the time since suurise,
181 127 3p, or 65552, The value of ¢g, the equivalent in oblique ascen-
sion of the second sign T @, in which the sun is, is given in the table
presented at the end of the note upon the préceding passage as 1312,
To find the value of the part of it pg we make the proportion ‘

TGP Gntding ‘
or 30° 189 ::1812¢: 787P ‘ , ‘
T'rom ph, or 65558, we now subtract pg, 787p, and then, in succession,
the ascensional equivalents of the following signs, G C and CL—that is,
g6 01 17338 and ¢, or 2187P—nuutil there 18 left a remainder, ¢/, or
1898p, which is less than the equivalent of the next sign. To this re-
mainder of oblique ascension the corresponding are of longitude is then
found by a proportion the reverse of that formerly made, namely
‘ T B B 5 S A ;
or 227801 TROBE (o8O LRG0 Ll i
The result thus obtained being added to A L or 4 the sum, 4® 25°, ot
145°, is the longitude of H., ol O
The arc p g is called in the text bhogydsavas, *the equivalentin respi-
rations of the part of the sign to be traversed,” while ¢p is styled bhiuk-
tdsavas, “the réspirations of the ‘part traversed.” flit
Tf, on the other hand, it were desired to arrive at the same result by
reckoning in the opposite direction froin the sun to the horizon, either
on account of the greater proximity of the two in that direction, or for
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m; bl v of proceeding would be somewhat differ-
s, if A H (Fig. 18) were the sun's longitude, and p P the line

16 eastern horizon, we should first find A , by subtracting the part

of the day already elapsed from the caloulated length of the day (this

step is; in the text, omitted to be specified); from it we should then

. subtract the bhukidsavas, Lk, and then the equivalents of the signs

. through which the sun has already passed, in inverse order, until there
- reraained only the part of an equivalent, p g, which would be converted

~ Into the corresponding arc of longitude, P’ G, in the same manner as
 before: and the subtraction of P@ from AG would give AP, the
longitude of the pont P,
- But again, if it be required to determine the point of the ecliptio

 which is at any given tiine upon the meridian, the general process is the

same as alveady explained, excepting that for the time from sunrise is
substituted the time until or since noon, and also for the equivalents in
oblique ascension those in right ascension, or, in the language of the
| text, the “times of rising at Lankd” (lankoddyasavas); since the rie-
- ridian, like the equatorial horizon, cuts the equator at right angles,
It will be Bbserved that all these caloulations assume the increments
- longitude of to be proportional to those of ascension throughout each
sign: in a process of greater pretensions to accuraey, this would lead to
‘errors of some consequence, | A B
- The use and value of the methods here tanght, and of the quantities
- found as their results, will appear in the sequel (see ch, v. 129 ; vii. 73
ix 5115 x. 2).
- The term kshitija, by which the horizon is designated, may be under-
- stood; according to the meaning attributed to kshiti (see above, under
1. 61-68), either as the “circle of situation”—that is, the one which is
dependent upon the situation of the observer, varying with every change
of place on his part-—or as the “eatth-circle,” the one produced by the
 intervention of the earth below the observer, or drawn by the eatth
upon the sky. Probably the latter is its true interpretation, '

60, Add together the ascensional equivalents, in respirations,
of the part of the sign to be traversed by the point having less
 longitude, of the part traversed by that having greater longitude,
. and of the intervening signs—thus is made the aseertainment of
* time (kdlasddhana). ‘
61, When the longitude of the point of the ecliptig upon the
 horizon (lagne) is less than that of the sun, the tlm@ isin the
latter part of the night; when greater, it i8 in the day-time:
~when greater than the longitude of the sun increased by half 5
revolution, it is after sunset. ‘ , me
= The process taught in these versesis, in a manner, the converse of
that which is explained in the preceding passage, its object being to find
the instant of local time when a given point of the ecliptic will be upon
the horizon, the longitude of the sun being also known, Thus (Fig. 18),
. sapposing the sun's longitude, A P, to be, at a given time, 1% 12°; it is
- required to know at what time the point H, of which the longitude is
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49 25°, will rise. The problém, is, virtually, to ascertain the are of tihe,._:‘ ;
equator intercepted between p, the point which rose with the sun, and
h, which will rise with IL, since that arc determines the time clapsed

Letween sunrise and the rise of H, or the time in the day at which the e

latter will take place. In order to this, we ascertain, by a process simi-
lar to that illustrated in. connection with the last passage, the Dbhogyd-
savas, “ascensional equivalent of the part of the sign to be traversed,”
of the point having less longitude—or p g-—and the bhulttsavas, “ as-
censional equivalent of the part traversed,” belonging to H, the point
having greater longitude-—or ¢ h—and add the sum of both to that of
the ascensional equivalents of the intervening whole sigus, g ¢ and ¢l,
which the text calls antaralagndsavas, “ equivalent respirations of the
interval ;” the total is, in respirations of time, corresponding to minutes
of are, the interval of time required: it will be found to be 65557 or
. 182 127 30 and this, in the case assumed, is the time in the day at
which the rise of H takes place: were H, on the other hand, the posi-
‘tion of the sun, 181 127 82 would be the time before sunrise of the same
event, and would require to be subtracted from the calculated length of
the day to give the instant of local time. b Lty
It is evident that the main use of this process must be to determine
the hour at which a given planet, or a star of which the longitude is
known, will pass the horizon, or at which its #day” (see above, ii. 59~
63) will commence, A like method — substituting only the equiva-
lents in right for those in oblique ascension—might be employed in
determining at what instant of local time the complete day, ahordtra, .
of any of the heavenly bodies, reckoned from transit to transit across.
the lower meridian, would commence: and this is perhaps to be e
garded as included algo in the terms of verse 503 even though the
following verse plainly has reference to the time of rising, and the word
lagna, as used in it, means only the point upon the horizon. !
The last verse we take to be simply an obvious and convenient rule
for determining at a glance in which part of the civil day will take
place the rising of any given point of the ecliptic, or of a planet ocou-
pying that point. If the longitude of a planet be less than that of the
sun, while at the same time they are not move than three signs apart—
this and the other corresponding restrictions in point of distance are
plainly implied in the different specifications of the verse as compared
with one another, and are accordingly explicitly stated by the commen-
tator—the hour when that planet comes to assume the position called
in the text!lagna, or to pass the eastern horizon, will evidently be
between midnight and sunrise, or in the after part (¢esha, literally g
maindcr”% of the night: if, again, it be more than three and less than.
six signs behind the sun, or, which is the same thing, more than gix and
less than nine signs in advance of him, its time of rising will be between
sunset and midnight : if, once more, it be in advance of the sun by less
than six signs, it will rise while the sun is above the horizon.

The next three chapters treat of the eclipses of the qun anél moon, the
fourth being devoted to lunar eclipses, and the fitth to solar, and the
sixth containing directions for projecting an eclipse. ‘ W
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CHAPTER IV.
. OF ECLIPSES, AND ESEEO.IALLYV OF LUNAR BCLIPSES.

Coyrryts:—1, dimensions of the sun and moon; 9-3, measurement of their apparent
dimensions; 4-5, measurement of the earth’s shadow; 6, conditions of the occur-

_ rence of an eclipse; 7-8, ascertainment of longitude at the time of conjunction or

" of opposition; 9, causes of eclipses; 10-11, to determine whether there will be

“.an eclipse, and the amount of obscuration; 12-15, to find half the time of dura-
‘tion of the eclipse, and half that of total obseuration: 16-17, to asceriain the
times of contact and of separation, and, in a total eclipse, of immersion and
‘emergence; 18-21, to determine the amount of obscuration at a given time;
92-28, to find the time correspouding to & given amount of obscuration ; 24-25,

' measurement of the deflection of the ecliptic, atithe point occupied by ths
celipsed body, from an east and west line; 26, correction of the scale of projec:
tion for difference of altitude.

1. The diameter of the sun’s disk is six thoussnd five hun-
dred yojanas; of the moon’s, four hundred and eighty.

‘We shall see, in connection with the next passage, that the diameters
of the san and moon, as thus stated, are subject to a curious modifica-
tion, dependent, upon and representing the greater or less distance of
those bodies from the earth; so that, in a certain sense, we have here
only their mean diameters. These represent, however, in the Hindun
theory—which affects to reject the supposition of other orbits than such
as are circular, and deseribed at equal distances about the earth—the
trie absolute dimensions of the sun and moon,

Of the two, only that for the moon is obtained by a legitimate pro-
cess, Or presents any near approximation to the truth.  The diameter of
the earth being, as stated above (i. 59), 1600 yojanas, that of the moon,
480 yojanas, is .3 of it: while the true value of the moon’s diameter in
termg of the earth’s is 2716, or only about a tenth less. An estimate
so nearly correct supposes, of course, an equally correct determination
of the moon’s horizontal parallax, distance from the earth, and mean

/sfpparent diameter. The Hindu valuation of the parallax may be de-

/ duced from the value given just below (v. 3), of a minute on the moon’s
orbit, as 15 yojanas, Since the moon’s horizontal parallax is equal to
the angle subtended at her centre by the earth’s radius, and since, at
 the moon’s mean distance, 1/ of arc equals 15 yojanas, and the earth’s
“ radius, 800 yojanas, would accordingly subtend an angle of 53/ 20“—the
" Jatter angle, 53! 20, is, according to the system of the Strya-Siddhanta,
~ the moon’s parallax, when in the horizon and at her mean distance.
"Plis is considerably less than the actual value of the quantity, as deter-
_mined by modern science, pamely 57/ 1/; and it is practically, in the
“caleulation of solar eclipses, still farther lessened by 8/ 517, the excess
of the value assigned to the sun’s horizontal parallax, as we shall sce
farther on.  Of the variation in the parallax, due to the varying distance
of the moon, the Hindu system makes no account : the variation is actu-
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s a,l}y nemly 8/ bemg from 59/ 48” at the apogee, to 61' 24" at. t'ha,‘
i petigee, :
How the amount of the parallax was determmed by the Hmduw-—«qf,'; ‘
mdeed ‘they had the instrments and thie skill in observation requisite

for makmg themselves an independent determination of it—we are not

informed, It is'mot to be supposed, however, that an actual estimate of
the mean horizontal patallax as precisely 53’ 20 lies at the foundation
of the other elements which seem to rest upon it; for, in the making
up of the artificial Hindu system, all these elements have been modified
and adapted to one another in such a manner as to produce certain
whole numbers as their results, and 0 to be of more convenient use.

From this paralla\ the moon’s distance may be deduced by the» pro-
. portion

sin 537 20/ : R 1 earth’s rad.: moon's dist.

or 53/4: 3438/ : : Booy : 5t 570y

The radius of the mooun's orbit, then, is.61,570 yoymas, or, in terms of
. the eartl’s radius, 64,47, The true value of the moon’s mean distance

(18 59.96 radil of the earth.
The farther proportion

: 3438”1 5400 1 : 57,570y 81,000y

~ would give, as the value of a quadrant of the moon's orbit, 81,000 yoja-
nas, a nd as the whole orbit, 324,000 yojanas. This is, in fact, the cir-
cumference of the. orbit.assumed by the system, and stated in another
place (xii. 85). Since, however, the moon’s distance is nowhere assumed
a8 an element in any of the processes of the system, and is even directed

(xii. 84) to be found from the circumference of the orbit by the false

ratio of 1:4/10, it is probable that it was also made no account of in
constructing the. system, and that the relations of the moon's pamllax _
and orhit were fixed by some such proportion as

53/ 2077:'360% 11 800y i 324,000V

The moon’s orbit being 324,000 yojanas, the assionment of 480 yoja-
nas as her diameter implies a detcmnnatlon of her apparent diameter
at her mean distance as 52/; since

360° 1 327 11 324,000¥ : 480¥

The moaon’s mean apparent diameter is actually 81 7",

- In order to understand, farther, how the dimensions of the sun’s orbit
and of the sun hnme]f are determined by the Hindus, we haye to notice
that, the moon’s orbit being 824,000 yojanas, and her time of sidereal
revolution 274.32167416, the amount of her mean daily motion s
11,868%.717, 'The H'ndu syshem now assumes that this is the precise
amount _of the acti daily motion, in space, of all the planets,
and ascertains 5;0115 of their several orbits” by multlijflng i
by the permdlc time of revolution of each (sée below, i, 80—90) The
iengt] of the sidereal year being 3654.25875648, the sun’s orbit is, as.
stated elsewhere (xii. 86), 4,331,500 yojanas, From s quadrant of this,
by the ratio 54007 : 3438/, we derive the sun’s distance from the earth,
689,430 yojanas, or 861.8 radii of the earth, This is vastly less than
hig true distance, which is about 24,000 radii! = His horizontal parallax




sourse, proportionally over-estimated, being made to be nearly 4*
(more exactly, 8/ 59/.4), instead of 8.6, its true value, an amount s¢
small that it should properly have been neglected as inappreciable,
- Itis an important property of the parallaxes of the sun aud meon,
resulting from the manner in which the relative distances of the latter
from the earth are determined, that they are to one another as the mean

daily motions of the planets respectively : that is to say, =
W i LErab ey Bg/t:1 790 3501 1 Bgl 81 e

Each is likewise very nearly one fifteenth of the whole mean daily
motion, or equivalent to the amount of arc traversed by each planet in
4 nadis; the difference being, for the moon, about 388, for the sun,
about 8”. 'We shall see that, in the calculations of the next chapter,
these differences are neglected, and the parallax taken as equal, in each
case, to the mean motion during 4 nidis. g

- The circumference of the sun’s orbit being 4,831,500 yojanas, the
assignient of 6500 yojanas as his diameter implies that his mean appar-
‘ent diameter was considered to be 82’ 24/.8; for '

0 360% 132" 24178 1: 4,331,500y : 65007

The true value of the sun’s apparent diameter at his mean distance is
32/ 81.6. : fith
_ The results arrived at by the Greek astronomers relative to the paral-

. lax, distance, and magnitude of the sun and moon are not greatly dis-

cordant with those here presented,  Hipparchus found the moon’s hori-

. zontal parallax to be 57': Aristarchus had previously, by observation

upon the angular distance of the sun and moon when the latter is half-
illaminated, made ‘their relative distances to be as 19 to 1; this gaye
Hipparchus 8' as the sun’s parallax. Ptolemy makes the mean dis-

 tances of the sun and moon from the earth equal to 1210 and 59 radii
of the earth, and their parallaxes 2/ 517 and 58/ 14" respectively : he
also states the diameter of the moon, earth, and sun to be as 1,32, 184,
while the Hindus make them as 1,34, and 1843, and their true values,
as determined by modern science, are as 1,32, and 4124, nearly.

2. These diameters, each multiplied by the true motion, and
 divided by the mean motion, of its own planet, give the cor-
rected (sphute) diameters. If that of the sun be multiplied by
the number of the sun’s revolutions in an Age, and divided by
that of the moon’s, : ‘
‘8. Orif it be multiplied by the moon’s orbit (kakshd), and
divided by the sun’s orbit, the result will be its diameter upon
- the moon's orbit: all these, divided by fifteen, give the measures
. of the diameters in minutes. s :

 The absolute values of the diameters of the sun and moon being

stated in yojauas, it is required to find their apparent values, in minutes
of arc. In order to this, they are projected upon the moon's orbit, or
upon & circle described about the earth at the moon’s mean distance, of
- which circle—since 824,000 --21,600==15—one minute is equivalent
. to fifteen yojanas. L ¢
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"The method of the process will be made clear by the annexed figure
(Fig, 19). Let E be the earth’s place, EM or Em the mean distance of

Fig. 19,

the moon, and ES the mean distance of the sun. Let T U equal the
sun’s diameter, 65007, But now let the sun be at the greater distance
ES': the part of his mean orbit which his disk will cover will no longer
be T U, but a less quantity, £u, and Zu will be to TU, or T'UY, a8 ES
to B8, DBut the text is not willing to acknowledge here, any more
than in the second chapter, an actual inequality in the distance of the
sun from the carth at different, times, even though that inequality be
most unequivocally implied in the processes it prescribes : so, instead of
calcnlating E &/ as well as ES, which the method of epicycles affords
fall facilities for doing, it substitutes, for the ratio of ES to ES/ the
inverse ratio of the daily motion at the mean distance ES to that at the
"~ true distance E S’ The ratios, however, are not precisely equal. The
arc am (Fig. 4, p. 211) of the eccentric circle is supposed to be trav-
ersed by the sun or moon with & uniform velocity. If, then, the motion
at any given point, as m, were perpendicular to Em, the apparent mo-
. ‘tion would be inversely as the distance. But the motion at m is per-
pendicular to em instead of K. The resulting error, it is true, and
especially in the case of the sun, is not very great. It may be added
_that the eccentric circle which best represents the apparent motions of
the sun and moon in their elliptic orbits, gives much more imperfectly
the distances and apparent diameters of those bodies. The value of fu,
however, being thus at least approximately determined, #«/, the arc of
the moon’s mean orbit subtended by it, is then found by the proportion
ES:Em (or EM)::turt! y/—excepting that herve, again, for the ratio
of the distances, ES and EM, is substituted either that of the whole
circumfcrences of which they are respectively the radii, or the inverse
ratio of the number of revolutions in a given time of the two planets,
which, as shown in the note to the preceding passage, is the same
thing. Having thus ascertained the value of o/ in yojanas, division
by 15 gives us the number of minutes i the arc ?u!, or in the angle
1B,

In like manner, if the moon be at less than her mean distance from
the earth, as B M/, she will subtend an arc of her mean orbit n 0, greater
than N O, her true diameter; the value of n0, in yojanas and in minutes,
is found by a method precisely similar to that already described.

There is hardly in the whole treatise a more curious instance than
this of the mingling together of true theory and false assumption in the
satme process, and of the concealment of the real character of a process
by substituting other and equivalent data for its true clements.




1 We meet for the first time; in this passage, the term employed in the
‘treatise to designate a planetary orbit, namely kakshd, literally * border,
girdle, periphery.” The value finally obtained for the apparefit diame-
ter of the sun or moon, as later of the shadow, is styled its mdna,
“ measure,” e
In order to furnish a practical illustration of the processes taught in
this chapter, we have calculated in full, by the methods and elements of
the Strya-Siddhanta, the lunar eclipse of Feb, 6th, 1860, Rather, how-
ever, than present the calculation piecemeal, and with its different pro-
cesses severed from their natural connection, and mranged under the
passages to which they severally belong, we have preferred to give it
entire in the Appendix, whither the reader is referred for it. 499

4. Multiply the earth’s diameter by the true daily motion of
the moon, and divide by her mean motion: the result is the
earth’s corrected diameter (sdlci). The difference between the
earth’s diameter and the corrected diameter of the sun

5. Is to be multiplied by the moon’s mean diameter, and divi-
ded by the sun's mean diameter: subtract the result from the
earth’s corrected diameter (séict), and the remainder is the diam-
eter of the shadow: which is reduced to minutes as before.

The method employed in this process for finding the diameter of the
earth’s shadow upon the moon's mean orbit may be explained by the
aid of the following figure (Fig. 20).

As in the last fignve, let E represent the earth's place, 8 and M points
in the mean orbits of the sun and moon, and M/ the moon’s actual
place.  Let ¢ be the sun's corrected diameter, or the part of his mean
orbit which his disk at its actual distance covers, ascertained as divected
in the preceding passage, and let F G be the earth’s diameter. Through

F and G draw v Ff and w G g parallel to 8 M, and also tF A and © G k& :
then Ak will be the diameter of the shadow where the moon actually
enters it. The value of hk evidently equals fg (or FG)—(f h4gk);
‘and the value of fh-gk may be found by the proportion

Fou(or ES):tvtwu (or tu—FG)::Ff(or EM):fh-tgk
But the Hindn system provides no method of measuring the angular

value of quantities at the distance I M/, nor does it ascertain the value
of EM! itself: and as, in the last process, the diameter of the moon
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was reduced, for measurement, to its value at the distance E M/, so, to
_be made. commensuxate with it, all the data of this process must be~
snmlarlyﬁmodlﬁcd That is to say, the proportion ;
5 EM:EM::fg:f¢
- —substituting, as before, the ratio. of the moon’s mean to her true
] mo‘mon for that of EM’ to E M—gives g/, which the text calls the
“ W sdet: the word means htexally “needle, pyramid; we do not see pre-
ok cxsely how it comes to be employed to designate the quantity /' ¢/, and
. have translated it, for lack of' a better term, and in analogy with the
language of the text respecting tlne diameters of the sun and moon,
o uix Tect cted diameter of the earth.” It is also evident that ‘

EM : fhtgks: EM:f W 4g ¥

henee, substituting the latter of these ratios for the former in our hrst
proportion, and mvertmg the middle terms, we have

ES:EM::tu~FG:f Mo ¥

Onee more, now, we have a subbtitu’siou of ratios, ES : EM being re-
placed by the ratio of the sun’s mean diameter to that of the moon. .
In this there is a slight inaceuracy. The substitution proceeds upon the
. assumption that the mean apparent values of the diameters of the sun
~and moon are precisely equal, in which case, of course, their absolute
" diameters wonld be as their distances; but wc have seen, in the note to
the first verse of this dmpt‘er, that the moon’s mean angular diameter is
made a little less than the san’s, the former being 82/, the latter 32/ 24,8,
The ervor is evidently neglected as being too small to impair sensibly the
+ ‘eorrectness of the result obtained: it is not; easy to see, however, why we
de not have the ratio of the mean distances represented here, as in verses
2 and 3, by that of the orbits, or by that of the revolutions in an Age
taken mversely The substitution being made, we have the final propor-
tion on which the rule in the text is based, viz, the sun’s mean diameter
is to the moon’s mean diameter as the excess of the sun's corrected
diameter over the actual diameter of the earth is to a quantity which,
being subtracted from the suci, or corrected diameter of the earth, Iea.ves
as a remainder the diameter of the shadow as projected upon the moon's
mean orbit: it is expressed in yojanas, but is reduced to mmutﬁs, as
before, by dividing by fitteen. The earth’s penumbra is not taken into
account in the Hindu process of calculation of an eclipse.

The lines fg, 1 ¢, ete,,” are treated here as if they were straxght lines,
instead of arcs of the moon's orbit: but the inaccuracy never comes to
be of any account practically, since the value of these lines always falls

_inside of the limits within which the Hindu methods of caleulation
recognize no difference between an arc and its sine. L

8. The earth’s shadow is dlstant half the signs from the sun;:
when the longitude of the moon’s node is the s same with that of
the shadow, or with that of the sun, or when it is a few degrees
greater or less, there will be an eclipse.

To the specifications of this verse we need to add, of course, “at the
time of conjunction or of opposition.”
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It will be noticed ‘that‘ no attempt is made here to define the lunar

 and solar ecliptic limits, or the distances from the moon’s node within

~ which eclipses are possible. Those limits are, for the moon, nearly 122
for the sun, tove than 17°, o !

The word used to designate “eclipse,” grakane, means literally
“seizure” : Tt, with other kindred terms, to be noticed later, exhibits the
. influence of the &i’mitive theory of eclipses, as seizures of the heavenly
bodies by the monster RAhu, In verses 17 and 19, below, instead of
. grahana we have graha, another derivative from the same root grak or

grabh, ¥ grasp, seize.” Elsewhere graka never occurs except as signifying .
- “planet,” and it is the only word which the Strya-Siddhanta employs

with that signifieation: as so used, it is’ an active instead of a passive
' derivative, meaning “seizer,” and its application to the planets is due
~ to the astrological conception of them, as powers which *lay hold upon”
- the fates of men with their supernatural influences,

7. The longitudes of the sun and moon, at the moment of
~ the end of the day of new moon (amdvdsyd), are equal, in signs,
‘ete.; at the end of the day of full moon (paurnamdst) they are
equal in degrees, ete.; at a distance of half the signs. .

8. When diminished or increased by the proper equation of
‘motion for the time, past or to come, of opposition or conjune-
 tion, they are made to agree, to minutes: the place of the node
at the same time is treated in the contrary manner.

The very general directions and explanations contained in verses 6, 7,
and 9 seem out of place herc in the middle of the chapter, and would
haye more properly constituted its introduction. The process prescribed
in verse 8, 8lso, which has for its object the determination of the longi-
tudes of the sun, moon, and mooun’s node, at the moment of opposition
_or conjunetion, ought no less, it would appear, to precede the ascertain-
~ment of the frue motions, and of the measures of the disks and shadow,
already explained. Verse 8, indeed, by the lack of connection in which
it stands, and by the obscurity of its language, furnishes a striking in-
stance of the want of precision and intelligibility so often characteristic
of the treatise. The subject of the verse, which requires to be supplied,
is, “the longitudes of the sun and moon at the instant of midnight next
preceding or following the given opposition or conjunction”; that being
' the time for which 'the true longitudes and motions are first calculated,
i order to test the question of the probability of an eclipse. If there
_ appears to be such a probability, the next step is to ascertain the inter-
val between midnight and the moment of opposition or conjunetion,
. past or to come : this is done by the method taught in ii. 66, or by some
other analogous process: the instant of the oceurrence of opposition or
. conjunction, in local time, counted from suntise of the place of ohserva-
 tion, must also be determined, by ascertaining the interval between mean
- and apparent midnight (ii. 46), the length of the complete day (ii. 59),
- and of its parts (ii. 60-63), etc.; the whole process is sufficiently illns-
trated by the two examples of the calculation of eclipses given in the
_ Appendix. When we have thus found the interval between midnight
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and the moment of opposition or conjunction, verse 8 teaches us how to
ascertain the true longitudes for that moment: it is by caleulating—in

the manner taught in i. 67, but with the true daily motions—the

. amount of motion of the san, moon, and node during the interval, and
“applying it as a corrective equation to the longitude of each at mid-

night, subtracting in the case of the sun and moon, and adding in the
case of the node, if the moment was then already ‘p&t; and the con-
trary, if it was still to come. Then, if the process has been correctly
performed, the longitudes of the sun and moon will be found to corres-
pond, in the manner required by verse 7. L
 For the days of new and full moon, and their appellations, see the
note to ii. 66, above. The technical expression employed here, as in

one or two other passages, to desienate the “moment of opposition or
P 2E8, 4 P

conjunction” is purvanddyas, * ndis of the parvan,” or “time of the
parvan in nadis, ete.:” parvan means literally “knob, joint,” and is fre-
quently applied, as in this term, to denote a conjuncture, the moment
that distinguishes and separates two intervals, and especially one that is
of prominence and importance. : !

9, The moon is the eclipser of the sun, coming to stand under-

neath it, like a cloud:,the moon, moving eastward, enters the
~ earth’s shadow, and the latter becomes its eclipser. .

The names given to the eclipsed and eclipsing bodies are either chddya
and, as here, chddaka, “ the body to be obscured” and #the obscurer,”
or grahye and grahake, “the body to be seized” and *the seizer.”
The latter terms are akin with grokapa and grahe, spoken of above

(note to v. 6), and represent the ancient theory of the plienomena, while

the others are derived from their modern and scientific explanation, as
given in this verse. ‘

10. Subtract the moon’s latitude at the time of opposition or

~ conjunction from half the sum of the measures of the eclipsed
/., and eclipsing bodies: whatever the remainder is, that is said to

be the amount obscured. | i i

11, When that remainder is greater than the eclipsed body,
the eclipse is total; when the contrary, it is partial; when the
latitude is greater than the half sum, there takes place no obscu-
Tation (grdsa). i

1t is sufficiently evident that when, at the moment of opposition, the

" moon’s latitude—which is the distance of her centre from the echpfic,

where is the centre of the shadow—is equal to the sum of the radii of
her disk and of the shadow, the disk and the shadow will just touch one
another: and that, on the other hand, the moon will, at the moment of
opposition, be so far immersed in the shadow as her latitude is less than
the sum of the radii: and so in like manner for the sun, with due alloy-
ance for parallax, The Hindu mode of reckoning the amount eclipsed
is not by digits, or twelfths of the diameter of the eclipsed body, which
method we %ave inherited from the Greeks, but by minutes,
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The word grdsa, used in verse 11 for obscuration or eclipse, means
Hiterally ¢ eating, devouring,” and so speaks more distinctly than any
other term we have had of the old theory of the physical cause of
cchipses. : ' ‘

12. Divide by two the sum and difference respectively of the
eclipsed and eclipsing bodies: from the square of each of the
resulting quantities sabtract the square of the latitude, and take
the square roots of the two remainders, .

18. These, multiplied by sixty and divided by the difference
of the daily motions of the sun and moon, give, in nadis, ete.,
half the duration (sthit) of the eclipse, and half the time of total
obscuration.

These rules for finding the intervals of time between the moment
of oppositien or conjunction in longitude, which is regarded as the
middle of the eclipse, and the moments of first and last contact, and, in
a fotal eclipse, of the beginning and end of total obscuration, may be
illustrated by help of the annexed figure (Fig. 21).

Let E C L represent the ecliptic, the point C being the centre of the

“shadow, and let CD be the moon’s latitude at the moment of opposi-

Fig. 21,

tion; which, for the present, we will suppose to remain unchanged
through the whole continuance of the eclipse. It is evident that the
tivst contact of the moon with the shadow will take place when, in the
triangle C A M, A C equals the moon's distance in longitude from the
contre of the shadow, A M her latitude, and CM the sum of her radins
and that of the shadow. Inlike manner, the moon will disappear en-
tirely within the shadow when B € equals her distance in longitude: from
the centre of the shadow, BN her latitude, and G N the difference of
the two radii. Upon subtracting, then, the square of A M or BN from
those of CM and CN respectively, and taking the square roots of the
remainders, we shall have the values of A C and B C in minutes. Thése
may be reduced to time by the following proportion : as the excess at
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the given time of the moon’s true motion in a day over that of the sun

" isto a day, or sixty nadis, so are A C and BC, the amounts which the
moon has to gain in longitude upon the sun between the mowments of
contact and immersion respectively and the moment of opposition, to

 the corresponding intervals of time. ; o
| But the process, as thus conducted, involves a_serious error: the
moon’s latitude, instead of remaining constant during the eclipse, is con-
stantly and sensibly changing. Thus, in the figure above, of which the
conditions are those found by the Hindu processes for the eclipse of Feb.
6th, 1860, the moon’s path, instead of being upon the line ELK, parallel
to the ecliptic, is really upon QR. The object of the process next
taught is to get rid of this error.

14. Multiply the daily motions by the half-duration, in nidis,
and divide by sixty : the result, in minutes, subtract for the time
of contact (pragraha), and add for that of separation (moksha),
respectively ; ; ' heylon

15. By the latitudes thence derived, the half-duration, and
likewise the half-time of total obscuration, are to be caleulated
anew, and the process repeated. In the case of the node, the
~ proper correction, in minutes, etc., is to be applied in the con-
trary manner,: o ;

This method of eliminating the error involved in the supposition of
a constant latitade, and of obtaining another and more accuvate deter-
mination of the intervals between the moment of opposition and those
of first and last contact, and of immersion and emergence, is by a series
of successive approximations. For instance : A C, as already determined,
being assumed as the interval between opposition and first contact, a
new caleulation of the moon’s longitude is made for the moment A, and,
with this and the sum of the radii, a new value is found for AC. But
now, as the position of A is changed, the former determination of its
latitude is vitiated and: must be made anew, and made to furnish atew

a corrected value of A G} and so on, until the position of A is fixed &

. with the degree of aceuracy required. The process must be conducted
separately, of course, for each of the four quantities affected ; since, where
latitude s increasing, as in the case illustrated, the true values of AC
and B C will be greater than their mean values, while G ¢ and EC, the
true intervals in the after part of the eclipse, will be less than A C and
B O: and the contrary when latitude is decreasing. L

We have illustrated these processes by reference only to a lupar

‘golipse :  their application to the conditions of a solar eclipse reguires
the introduction of another element, that of the parallax, and will be

_explained in the notes upon the next chapter. ‘ g

The first contact of the eclipsed and eclipsing bodies is styled in this
passage pragrahu, “ seizing upon, laying hold of;” elsewhere it is also
called grasa, “devouring,” and sparga, * touching.:” the last contact, or
separation, is named moksha, release, letting go.”  The whole duration
of the eclipse, from contact to separation, is the sthits, “ stay, continn-
ance:” total obscuration is vimarda, * crushing out, entire destruction.”
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~16. The middle of the eclipse it to be ‘regarded as occurring

at the true close of the lunar day: if from that time the time of
halfdaration be subtracted, the moment of contact (grdsa) is
found ; if the same be added, the moment of separation. '

17, Tn like manner also, if from and to it there be subtracted
‘and added, in the case of a total eclipse, the half-time of total
obscuration, the results will be the moments called those of im-
mersion and emergence.

_ The instant of true opposition, or of apparent conjunction (see below,
- under ch. v. 9), in longitude, of the sun and moon, is to be taken as the
middle of the eclipse, even though, owing to tlie motion of the moon in
latitude, and also, in a solar eclipse, to parallax, that instant is not mid-
way between those of contact and separation, or of immersion and
emergence. To ascertain the moment of local time of each of these
phases of the eclipse, we subtract and add, from and to the local time
of opposition or conjunction, the true intervals found by the processes
deseribed in verses 12 to 15. '

‘The total disappearance of the eclipsed body within, or behind, the
eclipsing body, is called mémilana, literally the “closure of the eyelids,
as in winking ;7 its first commencement of reappearance is styled wami-
lana, * parting of the eyelids, peeping.” We translate the terms by
“immersion” and “ emergence” respectively. )

o i8 1 drom Thalf the duration of the eclipse any given interval
be subtracted, and the remainder multiplied by the difference of
the daily motions of the sun and moon, and divided by sixty, the
result will be the perpendienlar (ofé) 10 minutes.

19. In the case of an eclipse (graha) of the sun, the perpen-
dicular in minutes is to be multiplied by the mean half-duration,

and divided by the true (sphufa) half-duration, to give the true

erpendicular In minutes. ‘ !
90. The latitude is the base (bhwa): the square root of the
- sum of their squares is the hypothenuse (¢rava): subtract this
from half the sum of the measures, and the remainder is the
amount of obscuration (grdsa) at the given time.
" 91, If that time be after the middle of the eclipse, subtract
the interval from the half:duration on the side of separation, and
treat the remainder as before: the result is the amount remaining
obscured on the side of separation.

The object of the process taught in this passage is to determine the
amount of obscuration of the eclipsed body at any given moment during
the continuance of the eclipse. TIt, as well as that prescribed in the
following passage, is a variation of that which forms the subject of verses
12 and 18 above, being founded, like the latter, upon a consideration of
 the right-angled triangle formed by the line joining the centres of the
eclipsed and eclipsing bodies as hypothenuse, the difference of their
longitudes as perpendicular, and the moon’s latitude as base.  And
* wheroas, in the former problem, we had the base and hypothenuse given
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to find the perpendicular, here we have the base and perpendicular given
to find the hypothenuse. The ‘perpendicular is furnished us in time,
and the rule supposes it {o be stated in the form of the interval between
the given moment and that of contact or of separation: a form to
which, of course, it may readily be reduced from any other mode of
statement. The interval of time is reduced to its equivalent as differ-
ence of longitude by a proportion the reverse of that given in verse 18,
by which difference of longitude was cenverted into time; the moon’s
latitude is then calculated ; from the two the hypothenuse is dednced ;
and the comparison of this with the sum of the radii gives the measure
of the amount of obscuration, i

Verse 21 seems altogether superfluous : it merely states the method of
proceeding in case the time given falls anywhere between the middle and
the end of the eclipse, as if the specifications of the preceding verses ap-
plied only to a time occurring before the middle : whereas they are gen-
eral in their character, and include the former ease no less than the latter.

When the eclipse is one of the sun, allowance needs to be made for
the variation of parallax during its continuance; this is dome by the
Process described in verse 19, of which the explanation will be given in
the notes to the next chapter (vv. 14-17), : ‘

in verse 20, for the first and only time, we have latitude called kshepe,
instead of vikshepa, as elsewhere. In the same verse, the term employed
for “ hypothenuse” is ¢rava, “ hearing, organ of hearing;” this, as well
‘as the kindred ¢ravana, which is also once or twice employed, is a syno-
nym of the ordinary term karpa, which mesns lLiterally “ear)” It is
difficult to see upon what conception their employment in this significa-
tion is founded.

22. From half the sum of the eelipsed and eclipsing bodies
subtract any given amount of obscuration, in minutes: from the
square of the remainder subtract the square of the latitude at
the time, and take the square root of their difference.

28. The result is the perpendicular (kogi) in minutes—which,
in an eclipse of the sun, is to be multiplied by the true, and
divided by the mean, halfduration—and this, converted into -
time by the same manner as when finding the duration of the
eclipse, gives the time of the given amount of obscuration (grdsa).

_ The conditions of this problem are precisely the same with those of
the problem stated above, in verses 12-15, excepting that here, instead
~ of requiring the instant of time when obscuration commences, or beeomes
total, we desire to know when it will be of a certain given amount.
The solution must be, as before, by a succession of approximative steps,
since, the time not being fixed, the corresponding latitude of the moon
- cannot be otherwise determined. i

24. Multiply the sine of the hour-angle (nata) by the sine of
the latitude (oksha), and divide by radius: the arc correspond-
ing to the result is the degrees of deflection (valandneds), which
are north and south in the eastern and western hemispheres

(kapdla) respectively. ;

e
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. 26. From the position of the eclipsed body increased by three
signs caleulate the degrees of declination: add them to the de-
%rees of deflection, if of like direction ; take their difference, if of
ifferent direction: the corvesponding sine is the deflection (va-
lana)—in digits, when divided by seventy.

This process requires to be performed only when it is desired to pro-
ject an eclipse. In making a projection according to the Hindn method,
as will be seen in connection with the sixth chapter, the eclipsed body
is represented as fixed in the centre of the figure, with a north and
south line, and an east and west line, drawn through it. The absolute
position of these lines upon the disk of the eclipsed body is, of course,
all the time changing: but the change is, in the case of the sun, not
observable, and in the case of the moon it is disregarded : the Bfirya-
Siddhanta takes no notice of the figure visible in the moon’s face as
determining any fixed and natural directions upon her disk. It is de-
sired to represent to the eye, by the figure drawn, where, with reference
to the north, south, east, and west points of the moment, the contact, im-
mersion, emergence, separation, or other phases of the eclipse, will take
place. In order to this, it is necessary to know what is, at each given
moment, the direction of the ecliptic, in which the motions of both
eclipsed afid eclipsiiig Dodies aré made. The east and west direction is
represented by a small circle drawn through the eclipsed body, parallel
to the prime vertical ; the horth and south direction, by a great cirele
passing through the body and through the north and south points of
the horizon : and the direction of the ecliptic is determined by ascer-
cortaining the angular Fig. 22,

amount of its deflection

from the small mstg,pd

west circle at the point
occupied by the eclipsed :

body. Thus, in the an-
nexed figure (Hig. 22),
if M be the place of
the eclipsed body upon
the ecliptic, C L, and if
E W be the small east
and west circle drawn
through M parallel with
E’ Z, the prime vertical, then the deflection will be the angle made at M
by CM and EM, which is equal to P’ M N, the angle made by perpen-
diculars to the two circles drawn from their respective poles. In order
to find the value of this angle, a double process is adopted: first, the
angle made at M by the two small circles EM and D M, which is equiv-
alent to P M N, is approximately determined : as this depends for its
amount upon the observer’s latitude, being nothing in a right sphere, it
is called by the commentary dksha valona, “the deflection due to lati-
tude " the text calls it simply valandneds, “degrees of deflection,” since
it does not, like the net result of the whole operation, require to be ex-
pressed in terms of its sine. Next, the angle made at M by the ecliptic,
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C 1, and the cirele of daily revolution, D R, which angle is equal to
P M P’ is also measured : this the commentary calls dyana valana, * the
deflection due to the deviation of the ecliptic from the equator;” the
text has no special name for it.  The sum of these two results, or their
differenice, as the case may be, is the valana, or the deflection of the
ecliptic from the small east and west circle at M, or the angle P’ M N,

fu explaining the method and value of these processes, we will com-
menee with the second one, or with that by which P M P/, the dyana
valana, is found. In the following figure (Fig. 23), let OQ be the
equator, and ML the ecliptic, P and P’ being their respective poles.
Let M be the point at which the amount of deflection of ML from the
circle of diurnal revolution, D R, is sought. Let M L equal a quadrant
draw P’ L, cutting the equator at Q;
as also P L, cotting it at B ; then draw
PM and QM. Now P'MIL isa tri-
quadrantal triangle, and hence M Q is
a quadrant ; and therefore Q is a pole
of the civele P OM, and QO is also a
quadrant, and QM O is a right angle.
But DR also makes right angles at M
with P M; hence QM and DR are
tangents to one another at M, and the
spherical angle QM L is equal to that
which the ecliptic makes at M with the
circle of declination, orto PM P’ : and
QM L is measured by QL. The rule
given in the text produces a result which
is a near approach to this, although not :
entively accordant with 1f excepting at the solstice and equinox, the
points where the deflection is greatest and where it is nothing. We
are directed to reckon forward a quadrant from the position of the
cclipsed body—that is, from M to I,, in the figure—and then to caleu-
late the declination at that point, which will be the amount of deflection.
But the declination at L is B L, and since LBQ is a right-angled
triangle, having a right angle at B, and since L. Q and L B are always
less than quadrants, L B must be less than L Q. The difference hetween
them, however, ean never be of more than trifling amount; for, as the
angle QL B increases, QL diminishes; and the contrary.

In order to show how the Hindus have arrived at a determination of
this part of the deflection so nearly correct, and yet not quite correct,
we will cite the commentator’s explanation of the process. He says:
“The ‘east’ (prdoi) of the equator [i. e, apparently, the point of the
equator eastward toward which the small civele must be considered as
pointing at M] is a point 90° distant from that where a circle drawn
from the pole (ZAruva) through the planet cuts the equator:” that is to
say, it is the point Q (Fig. 23), a quadrant from O: “and the interval
by which this is separated from the ‘east’ of the ecliptic at 90° from the
planet, that is the dyana valana,” This is entirely correct, and would
give us QL the true measure of the deflection. But the commentator
goes on farther to say that since this interval, when the planet is at the
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 solstice, is nothing, and when at the equinox is equal to the greatest
declination, it is therefore always equal to the declination at a quadrant’s
distance from the planet. = This is, as we have seen, a false conclusion,
and leads to an erroneous result; -whether they who made the rule were
aware of this, but deemed the process a convenient one, and its result &
sufficiently near approximation to the truth, we will not yenture to say,
~ The other part of the operation, to determine the amount of deflec-
tion of the circle of declination from the east and west small cirele, is:
. considerably more difficult, and the Hindu process correspondingly
defective. ~We will first present the explanation of it which the com-
‘mentator gives. He states the problem thus: “by whatever interval
the directions of the equator are deflected from directions correspond-
ing to those of the prime vertical, northward or southward, that is the
deflection due to latitude (dksha valana). Now then: if a movable
cirele be drawn through the pole of the prime vertical (sama) and the
point oceupied by the planet [i. e., the circle N M S, Fig. 22], then the
interval of the “easts,’ at the distance of a quadrant upon each of the
two cireles, the equator and the prime vertical, from the points where
i gha espectively cut by that circle [i. e., from T and V] will be the
leflection. . . . Now when the planet is at.the horizon [as at D, referred
, then that interval is equal to the latitude [Z Q}; when the planet
s upon the meridian (ydmyoltaravytla, south and unorth circle”) [i. e
when it is at B, referred to Q and Z], there is no interval [as at E’Pa
Hence, by the following proportion—with a sine of the hour-angle
which is equal to radius the sine of deflection for latitude is equal to
the sine of latitiide ; then with any given sine of the hour-angle what
is it f—a sine of latitude is found, of which the arc is the required e~
floction for latitude” ‘This is, in the Hindu form of statement, the G
proportion represented by the rule in verse 24, viz. R :sin lab. : i sin L
* hour-angle : sin deflection. , i ; o
. It seems to us very questionable, at least, whether the Hindus had
any more rigorons demonstration than this of the process they adopted,
or knew wherein lay the inaccuracies. of the latters® These we will now
proceed to point out.  In the first place, instead of measuring the angle
‘made at the point in question, M, by the two small circles; the east and
west cirele and that of daily revolution—which would be the angle
P M N—they refer the body to the equator by a circle passing throngh
the north and south points of the horizon, and measure the deflection
_ of the equator from a small east and west circle at its intersection with
that cirelo—which is the angle PTN. Or, if we suppose that, in the
process formerly explained, no regard was had to the circle of daily
tevolution, D R, the intention being to measure the difference in direc-
tion of the ecliptic at M and the equator at O, then the two parts of
the process are inconsistent in this, that the one takes as its equatorial
~ point of measurement O, and the other T, at which two points the
direction of the equator is different. But neither is the value of PTN
comrectly found.  For, in the spherical triangle P NT, to find the angle
at T, we should make the proportion ,

; sinPT (or R) :sin PN:1:sin PNT:sin PTN
But, as the third term in this proportion, the Hindus introduce the sine
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of the hour-angle, ZPM or MPN, although with a certain modifica-
tion which the commentary prescribes, and which makes of it some-
thing very near the angle TP N. The text says simply natajyd, “the
sine of the hour-angle” (for nate, see notes to iii. $4-36, and 14-16),
but the commentary specifies that, to find the desired angle in degrees,
we must multiply the hour-angle in time by 90, and divide by the half-
. day of the planet. This is equivalent to making a quadrant of that
. part of the circle of diurnal revolution which is between the herizon.

and the meridian, or to measuring distances upon DR as if they were

proportional parts of E'Q. To make the Hindu process correct, the
product of this modification should be the angle P NT, with which,

however, it only coincides at the horizon, where both TP N and TN P

become right-angles, and at the meridian, where both are reduced to
nullity.  The error is closely analogous to that involved in the former
process; and is of slight account when latitude is small, as is also the

error in substituting T for O or M when neither the latitude nor the

declination is great.

The direction of the ecliptic deflection (dyana valana) is the same,
evidently, with that of the declination a quadrant eastward from the
Poiut in question ; thus, in the case illustrated by the figure, it is south.
Lhe direction of the equatorial deflection (4ksha valona) depends upon
the position of the point considered with refeérence to the meridian,
being—in northern latitudes, which alone the Hindu system contem-
plates—north when that point is east of the meridian, and south when
west of it, as specified in verse 24: since, for instance, E’ being the
east point of the horizon, the equator at any point between E’ and Q
points, eastward, toward a point north of the prime vertical. In the
case for which the figure is drawn, then, the difference of the two would
be the finally resulting deflection. Since, in making the projection of
the eclipse, 1t is laid off as a straight line gsee the illustration given in
connection with chapter vi), it must be reduced to its value as a sine;
and moreover, sincegit is laid down in a civele of which the radius is
49 digits (see beloW, vi. 2?, or in which one digit equals 70— for
3438'-4-49 == 70, nearly—that sine is reduced to its value in digits by
dividing it by 70, { i

~"The general subject of this passage, the dgtermination of directions
* during an eclipse, for the purpose of establishing the Positions, upon the
| digk of the eclipsed body, of the points of contact, immersion, emerg-
| énce, and separation, also engaged the attention of the Greeks; Ptolem
{dévotes to it the eleventh and twelfth chapters of the sixth book of his
tSyntaxis : his representation of directions, however, and consequently
.:ins method of caleulation also, ave different from those here exposed.

% 26. To the altitude in time (unnata) add a day and a half, and
divide by a half-day; by the quotient divide the latitudes and
the disks; the results are the measures of those quantities in
digits (anguin). :
By this process due account is taken, in the projection of an eclipse,
of the apparent increase in magnitude of the heavenly bodies when

near the horizon, = The theory lying at the fouhdation of the rule is this : i *



 SoywSidddns * %8s

 that three minutes of arc at the hovizon, and four at the zenith, are
equal to a digit, the difference hetween the two, or the excess above
throe minutes of the equivalent of a digit at the zenith, being one
- minute. To ascertain, then, what will be, at any given altitude, the
excess above three minutes of the equivalent of a digit, we ought prop-
 erly, according to the commentary, to make the proportion

il ~ R:1'::sin altitude : corresp. excess

Since, however, it would be a long and tedious process to find the. alti-
. tude and its sine, another and approximative proportion is substituted
- for this “by the blessed Sun,” as the commentary phrases it, ¢ through
compassion for mankind, and out of regard to the very slight difference
between the fwo.” = It is assumed that the scale of four minutes to the
digit will be always the true one at the noon of the planet in question,
or whenever it crosses the meridian, although not at the zenith: and so
likewise, that the relation of the altitude to 90° may be measured by
that of the time since rising or until setting (unnatz—see above, iii.
87-39) to a half-day. Hence the proportion becomes

half-day : 1/ : altitude in time : corresp. excess
alt. in time
‘ half-day” *
Adding, now, the three minutes, and bringing them into the fractional
-expression, we have ‘

. and the excess of the digital equivalent above 8’ equals

alt. in time <4 8 half-days
half-day

| equiv, of digit in minntes at given time ==

- The title of the fourth chapter is candragrahanddhikira, chapter of
lunar eclipses,” as that of the fifth is séryagrabanadhikara, « chapter of
solar eclipses.” In truth, however, the processes and explanations of
this chapter apply not Jess to solar than to lunar eclipses, while the next
treats only of parallax, as entering into the caleulation of a solar eclipse.
We have taken the liberty, therefore, of modifying accordingly the
headings which we have prefixed to the chapters. - .

CHAPTHER V.
OF PARALLAX IN A SOLAR ECLIPSR,

Conreyrs :—1, when there is no parallax in longitude, or no parallax in latitude ;
2, causes of parallax; 8, to find the orient-sine ; 4-5, the meridian-sine; 5-7, and
the sines of ecliptic zenith-distance and altitude ; 7-8, to find the amount, in timea,
of the parallax in longitude ; 9, its application in determining the moment of
apparent conjunction; 10-11, to find the amount, in arc, of tho parallax in lati-
tude ; 12-13, its application in calculating an eclipse; 14-117, application of the
parallax in longitude in determining the moments of contact, of separation, etel

1. When the sun’s place is coincident with the meridian
ecliptic-point (madhyalogna), there takes place no parallax in
VOLs VI, 87
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longitude (harja): farther, when terrestrial latitude (aksl?a) and
north declination of the meridian ecliptic-point (madhyabla) are
the same, there takes place no parallax in latitude (afanatt).

. The latter of these specifications is entirely accurate : when the north
declination of that point of the ecliptic which is at the moment upon
the meridian (madhyalagna ; see iii. 49) is equal o the observer’s lati-
tude—regarded by the Hindus as always north—the ecliptic itself
passes through the zenith, and becomes a vertical circle; of course, then,
the effect of parallax would be only to depress the body in that cirele,
not to throw it out of it. The other is less exact: when the sun is
upon the meridian, there is, indeed, no parallax in right ascension, but
there is parallax in longitude, unless the ecliptic is also bisected by the
meridian. Here, as below, in verses 8 and 9, the text commits the
inaccuracy of substituting the meridian ecliptic-point (L in Fig, 26) for
 the central or highest point of the ecliptic (B in the same figure). The
latter point, although we are taught below (vv. 5-7) to caloulate the sine
and cosine of its zenith-distance, is not once distinetly mentioned in the
text: the commentary calls it tribhonalagna, “the orient ccliptic-point
(lagna—see sbove, iii. 46-48: it is the point C in Fig. 26) less three
signs.” The commentary points out this inaccuracy on the part of the text.
In order to illustrate the Hindu method of looking at the subject of
parallax, we make the following citation from the general exposition of
it given by the commentator under this verse: “ At the end of the day
of new moon (amdvésyd) the sun and moon have the same longitude ;
if, now, the moon has no latitude, then a line drawn from the earth's
centre [C in the accompanying
figure] to the sun’s place [S] just
touches the moon [M]: bence,
at the centre, the moon becomes
B¢ an eclipsing, and the sun an
B oclipsed, body.  Since, however,
men are not at the earth’s centre,
B (gorbha, “ womb ™) but upon the
d carth’ssurface (prshtha, “back”),
B o line drawn from the earth’s
| surface [B] up to the sun doos
{8 10t just touch the moon; but it
cuts the moon’s sphere above the
8 point occupied by the moon [at
8% 2], and when the moon arrives
at this point, then is she at the
| carth’s surface the eclipser of
§ the sun. But when the sun is at
the zenith (khamadhyo, *mid-
heaven”), then the lines drawn up to the sun from the earth’s centre
and surface, being one and the same, touch the mo¢n, and so the moon
becomes an eclipsing body at the end of the day of new moon. Hence,
too, the interval [M ] of the lines from the earth’s centre and surface
is the parallax (lambana).”

Fig. 24,
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1t is evident from this explication how far the Hindu view of paraliax
is coineident with our own. The principle is the same, but its applica
tion is somewhat different. Instead of taking the parallax absolutely,
‘determining that for the sun, which is BSC, and that for the moon,
‘which is B M C, the Hindus look at the subject practically, as it must be
taken aceount of in the calculation of an eclipse, and calculate only the
difference of the two parallaxes, which is m BM, or, what is virtually
the same thing, M Cm.  The Strya-Siddhénta, however, as we shall see
uereafter more plainly, takes no account of any case in which the line
'S would not pass through M, that is to say, the moon’s latitude is
neglected, and her parallax calenlated as if she were in the ecliptic,
We cite farther from the commentary, in illustration of the resolution
of the parallax into parallax in longitude and parallax in latitnde.
“ Now by how many degrees, measured on the moon’s sphere (gola),
the line drawn from the earth’s surface up to the sun cuts the moon's
vertical circle (drgurtta) above the point occupied by the moon—this is,
when the vertical circle and the ecliptic coincide, the moon’s parallax in
longitude (lambana). But when the ecliptic deviates from a vertical
cirele, then, to the point where the line from the earth’s surface cuts the
moon’s sphere on the moon’s vertical circle above the n.;oon [i. e, to m,
By Fig. 25], draw through the pole
I of the é]cliptic (kadamba) apcir-
' cle [P mn"] north and south to
the ecliptic on the moon’s sphere
[Mn']: and then the east and
west interval [M#/] on the eclip-
tic between the point oceupied
by the moon [M] and the point
L where the circle as drawn cuts
s T the ecliptic on the moon's sphere
‘ _ L = [#'] is the moon’s true (sphuia)
parallax in longitade, in minutes, and is the perpendicular (ko). And
since the moon moves along with the ecliptie, the north and south inter-
val, upon the circle we have drawn, between the ecliptic and the vertical
circle [ n'] is, in minutes, the parallax in latitude (nati); which is the
base (bhuja). The interval, in minutes, on the vertical circle [Z A],
between the lines from the earth’s centre and surface [m M], is the ver-
tical parallax (drglambana), and the hypothenuse.”
The conception here presented, it will be noticed, is that the moon's
ath, or the “ecliptic on the moon's sphere,” is depressed away from
CL, which might be called the ec]iﬁgic on the sun’s sphere,”” to an
‘amount measured as latitude by mn/, and as longitude by #/M. To
our apprehension, mn M, rather than mn' M, would be the triangle of
resolution ¢ the two are virtually equal. ‘
The commentary then goes on farther to explain that when the ver-
tical circle and the secondary to the ecliptic coincide, the parallax in
longitude disappears, the whole vertical parallax becoming parallax in
latitude : and again, when the vertical cirele and the ecliptic coincide,
the parallax in latitude disappears, the whole vertical parallax becoming
parallax in longitude.
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.The term uniformly employed by the commentary, and wore usually
by the text, to express parallax in longitude, namely lombana, is from
the same root which we have already more than once had occasion to
notice (see above, under i. 25, 60), and means literally “ banging down-

‘ward”  In this verse, as once or twice later (vv. 14, 18), the text uses

harija, which the commentary explaing as equivalent to kshitija, ©pro-
duced by the earth:” this does not seem very plausible, but we have
nothing better to suggest. For parallax in latitude the text presents
only the term avanati, “ bending downward, depression ;1 the commen-
tary always substitutes for it nafi, which has nearly the same sense, and

is the customary modern term, :

2. How parallax in latitude arises by reason of the difference
of place (deca) and time (kdla), and also parallax in longitude
(lambana) from direction (dig) eastward or the contrary—that is
now to be explained. ‘ f L

This distribution of the three elements of direction, place, and time,
as causes respectively of parallax in longitude and in latitude, is some-

~what arbitrary, The verse is o be taken, however, rather as a general

introduction fo the subject of the chapter, than as a systematic state-
ment of the eauses of parallax, ; i

8. Calculate, by the equivalents in obiiq“ue a‘gxqe.nsioﬁ (uda&
savas) of the observer’s place, the orient echiptic-point (lagna) for

the moment of conjunction (parvavinddyas): multiply the sine

of its longitude by the sine of greatest declination, and divide
by the sine of co-latitude (lamba): the vesult is the quantity
known as the orient-sine (udaya). ‘

The object of this first step in the rather tedious operation of caleu-
lating the parallax is to find for a given moment—here the moment of
true. conjunction—the sine of amplitude of that point of the ecliptic
which is then upon the eastern horizon. In the first place the longitude
of that point (lagna) is determined, by the data and methods taught -
above, in iii. 46-48, and which are sufficiently explained in the note to
that passage : then its sine of amplitide is found, by a process which is
4 combination of that for finding the declination from the#longitude,
and that for finding the amplitude from the declination. Thus, by ii. 28,

* R:sin gr, decl.: :sin long. : sin decl.

i sin co-lat. : R : ¢ sin decl. : sin ampl,
Hence, by combining terms, we have

i sin coat. ¢ sin gr. decl. : : sin long. :sin ampl.
 This sine of amplitude receives the technical name of wudaya, or
udayojyd : the literal meaning of udaya is simply “rising.” :
. 4, Then, by means of the equivalents in right ascension
(lankodaydsavas), find the ecliptie-point (lagna) called that of the
meridian (madhye): of the declination of that point and the lati-
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tude of the observer take the sum, when their direction isthe |
same: otherwise, take their difference.

5. The result is the meridian zenith-distance, in degrees (natdn-
gds): its sine is denominated the meridian-sine (madhyajyd). . . .

. The accon#@anying figure (Fig. 26) will assist the comprehension of
this and the following processes.  Let N ES W be a horizontal plane,
i N 8§ the projection upon it of
g o6 the meridian, and E W that
NS of the prime vertical, Z being
the zenith. Tet € LT be the
i ccliptic. Then Cisthe orient
ecliptic-point (lagna), and €
D the sine of its amplitude
(udayajyd), found by the last
process, The meridian ecliptic
point (madhyalagnea) is L it
& 1s ascertained by the method
B prescribed in i 49, above,
i Its distance from the zenith
is found from its declination
and the latitude of the place
of observation, as taught in
B i1, 20-22; and the sine of
0 that distance, by which, in
R : 4 the figure, it is seen projected,
is Z I.: it is called by the technical name madhyajyd, which we have
translated “roeridian-sine.”

5.... Multiply the meridian-sine by the orient-sine, and divide
by radius: square the result, ‘

8. And subtract it from the square of the meridian-sine: the
square root of the remainder is the sine of ecliptic zenith-distance
(drkhshepa); the square root of the difference of the squares of
that and radius is the sine of ecliptic-altitude (drggati).

Here we are taught how to find the sines of the zenith-distance and
altitude respectively of that point of the ecliptic which has greatest alti-
tude, or is nearest to the zenith, and which is also the central point
of the portion of the ecliptic above the horizon: it.is called by the
commentary, as already noticed (see note to v. 1), tribhonalagna. Thus,
in the last figure, if QR be the vertical circle passing through the pole
of the ecliptic, P!, and cutting the ecliptic, CT, in B, B is the central
ecliptic-point (Fribhonalagna), and the arcs seen projected in ZB and
BR are its zenith-distance and altitude respectively. In order, now, to
find the sine of Z B, we first find that of B L, and by the following pro-
cess, O D s the orient-sine; already found, But since CZ and ¢!
are quadrants, C is a pole of the vertical circle QR, and C R is'a quad-
rant, ES is also a quadrant: take away their common part C8, and
CE remains equal to SR, and the sine of the latter, 8 O, is equal to
that of the former, CD, the “orient-sine.” = Now, then, Z B L is treated
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a8 if it were a plaue horizontal triangle, and similar to ZOS, and the
proportion is made \ . ‘ i :
Z8:80:ZL:BL

or R : or-sine :: mer-sine : BL : ‘
8 This is so far a correct process, that it gives the true @ilie of the arc
BL: for, by spherical trigonometry, in the spherical tHangle ZBL,
right-angled at B, i ‘
sin ZBL:sin BZL :: sin are ZL ; sin arc B L
or R:50::4L:sin BL
But the third side of a plane right-angled triangle of which the sines
of the arcs ZB and Z L. are hypothenuse and perpendicular; is not the
sine of B L. If we conceive the two former sines to be drawn from Z,
meeting in b and ¢ respectively the lines drawn from B and L to the
centre, then the line joining b0 will be the third side, being plainly less
than sin B L. Hence, on subtracting sin? B L from sin®Z I, and taking
the square root of the remainder, we obtain, not sin Z B, but a less quan-
tity, which may readily be shown, by spherical trigonometry, to be
sinZ I3 cos BL. The value, then, of the sine of ecliptic zenith-distance
(drkkshepa) as determined by this process, is always less than the truth,
and as the corresponding cosine (dyggati) is found by sabtracting the
square of the sine from that of radius, and taking the square root of the
& - remainder, its value is always proportionally greater than the truth, This
e inaccuracy is noticed by the commentator, who points out correctly its
reason and nature: probably it was also known to those who framed the
rule, but disregarded, as not sufficient to vitiate the general character of
the process: and it may, indeed, well enough pass unnoticed among
all the other inaccuracies involved in the Hindu calculations of the
parallax. _
As regards the terms employed to express the sines of ec]ilitic zenith-
distance and altitude, we have already met with the first member of each
i compound, drg, literally “sight,” in other connected uses : as in drgjyd,
“sine of zenith-distance” (sce above, iii. 33), drgurtta, “vertical-circle”
(commentary to the first verse of this chapter): here it is combined
with words which seem to be rather arbitrarily chosen, to form techni-
cal appellations for quantities used only in this process: the literal
meaning of kshepa is “ throwing, hurling ;” of gati, ““ gait, motion,”

7. The sine and cosine of meridian zenith-distance (natdneds) |
are the approximate (asphufa) sines of ecliptic zenith-distance
_ and altitude (drkkshepa, drggate). . .

This is intended as an allowable simplification of the above process
for finding the sines of ecliptic zenith-distance and altitude, by substi-
tuting for them other quantities to which they are nearly equivalent,

- and which are easier of calculation. These are the sines of zenith-
~distance and altitude of the meridian ecliptic-point (madhyalagna—1L in
Fig. 26) the former of which has already been made an element in the
other process, under the name of “meridian-sine” (madhyajyt). It
might, indeed, from the terms of the text, be doubtful of what point the
altitude and zenith-distance were to be taken; a passage cited by the

. F. Burgess, ete.,




- commentator from Bhéskara's Siddbanta-Ciromani (found on page 221
~ of the published edition of the Ganitddhyaya) directs the sines of zenith-
_ distance and altitude of B (tribhonalagna) when upon the meridian—
that is to say, the sine and cosine of the arc Z F—to be substituted for
those of ZB in a hasty process: but the value of the sine would in
this case be too small, as in the other it was too great: and as the text
nowhere directly recognizes the point B, and as directions have been
given in verse 5 for finding the meridian zenith-distance of L, it seems
hardly to admit of a doubt that the latter is the point to which the text
here intends to refer, : : :
~ Probably the permission to make this substitution is only meant to
apply to cases where Z L is of small amount, or where C has but little
amplitude. :

. 7.... Divide the square of the sine of one sign by the sine
called that of ecliptic-altitude (drggatyivd); the quotient is the
“divisor” (cheda).

8, By this “divisor” divide the sine of the interval between
the meridian ecliptic-point (madhyalagna) and the sun’s place:
| the quotient is to be regarded as the parallax in longitude (lam-

' bana) of the sun and moon, eastward or westward, in nidis, ete.

~ The true nature of the process by which this final rule for finding the
parallax in longitude is obtained is altogether hidden from gight under
thle“f;@'m in which the rule is stated. Tts method is as follows: i
W6 have seen, in connection with the first verse of the preceding
. chapter, that the greatest parallaxes of the sun and moon are quite
nearly equivalent to the mean motion of each during 4 nadis, Hence,
 were both bodies in the horizon, and the ecliptic a vertical circle, the
“moon would be depressed in her orbit below the sun to an amourg equal
to her excess in motion during 4 nAdis. This, then, is the moon's
greatest horizontal parallax in longitude. o find what it would be at
any other point in the ecliptic, still considered as a vertical circle, we
wmake the proportion .
i R: 4 (hor. par.) : : sin zen.-dist. ; vert. parallax ,
This proportion is entirely correct, and in accordance with our modern
rule that, with a given distance, the parallax of a body varies as the sine
of its zenith-distance: whether the Hindus had made a rigorous de-
moustration of its truth, of whether, as in so many other cases, seeing
. that the parallax was greatest when the sine of zenith-distance was
reatest, and nothing when this was nothing, they assumed it fo vary
in the interval as the sine of zenith-distance, saying ‘if, with a sine
of zenith-distance which is equal to radius, the parallax is four nadis,
with a given sine of zenith-distance what 18 1t3"—this we will not ven-
ture to determine,
" But now is to be considered the farther case in which the ecliptic is
. not a vertical circle, but is depressed below the zenith a certain distance,
'measured by the sine of ecliptic zenith-distance (drkkshepa), alveady
found. Hete again, noting that the parallax is all to be reckoned as
parallaz in longitude when the ecliptic is a vertical circle, or when the




, e
hen the echpti“shmﬂd be a horizontal eircle, or
ne of ecliptic-altitude should be reduced to nothing, the Hind
- vary in the interval as that sine, and accordingly make the propo
tion : “if, with a sine of ecliptic-altitude that is equal to radius, the par-
ax in longitude is equal to the vertical parallax, with any given sine
cliptic-altitude what is 1t #”—or, inverting the middle terus, ‘
. R:sincd-alt:: vert. parallax : parallax in long,

Bt we had before / -

L Rt 4 : ¢ sin zen.-disty : vert. parallax

hence, by combining terms, it ‘

o B2 :4ginecl-alt.: ; sin zen.-dist. : parallax inlong.
 Tor the third term of this proportion, now, is substituted the sine of the
distance of the given point from the central ecliptic-point : that is to say,
B (Fig. 26) is substituted for Zm ; the two are in fact of equal value
_only when they coincide, or else at the horizon; when each becomes a
quadrant; bat the error involved in the substitution is greatly lessened
by the circumstance that, as it increases in proportional amount, the
parallax in longitude itself decreases, until at B the latter is reduced to

1 and 9, puts madhyalagna, L, for tribhonalagna, B, in reckonin this
~ distance: but the commentary, without ceremony or apology, reads the
 latter for the former, These substitutions being made, and the propor-
~ tion being reduced to the form of an equation, we have sy
i sin dist. X 4 sin ecl-alt, .-

. par in long, == i ‘
which reduces to
St sin dist. o gin dist.
i : . R3-+-dsin ecl.-alt, IR sin ecl-alt.
. and since $R2= (§R)?, and }R=sin 30% we have finally
sin dist. i

ar, in long, == - :
P 5: ™ §in? 80° < sin ecl.-alt,

~ which is the rule given in the text. 'To the denominator of the fraction,

| in its final form, is given the technical name of cheda, “ divisor,” which
word we have had before similarly used, to designate one of the factors
in a complicated operation (see above, iii, 35, 38). : :
e will now eXamine the correctness of the second principal propor-
] t;‘:gx; fro'n;t which the rule is deduced. It is, in' terms of the last ﬁg‘ur‘e»
Fig. 26), G o
? a i R:sinZP! (=BR)::mM:mn

m P’, we have, by spherical trigonometry, as a trae proportion,

Lo sinmu' M :sin Mma/s imM 2mn!

o RisinZmP ::imM:mn ‘

. Hence the former proportion is correct only when sin ZP' and sin
Zm P are equal; that is to say, when Z P’ measures the angle Zm I”;

. nullity, as is the vertical parallax at Z, The text, indeed, as in yerses .

A@ﬂming the equality of the little triangles M n and Mma/, and 0
accordingly that of the angles m Mn and Mm#»/, which latter equals




s well as P/m, is a quad
. the  Here again, however, precisely as in
st noticed, the importance of the error is kept within yery narrow

y the fact that, as its relative consequence increases, the amount

f the parallax in longitude affected by it diminishes.

9. When the sun's longitude is greater than that of the meri-
~ dian ecliptic-point (madkyalagna), subtract the parallax in longi-
tude from the end of the lunar day; when less, add the same:
. repeat the process until all is fixed. Ml '
The text so pertinaciously reads “ meridian ecliptic-point” (madhya-
dagna) where we should expect, and ought to have, “central ecliptic-
oint” (tribhonalagna), that we are almost ready to suspect it of mean-
1tig to designate the latter point by the former name. It is sufficiently
clear that, whenever the sun and moon are to the eastward of the cen-
~ tral ecliptic-point, the effect of the parallax in longitude will be to throw
‘the moon forward on her orbit beyond the sun, and so to canse the time
of apparent to precede that of rveal conjunction; and the contrary.
Henee, in the eastern hemisphere, the parallax, in time, is subtractive,

while in the western it is additive. But a single calculation and appli- g

- eation of the correction for parallax is not enough; the moment of ‘ap-
~ parent conjunction must be found by a series of successive approxima-
s : since if, for instance, the moment of true conjunction is 25" 2v,

tion

and the caleulated parallax in longitude for that moment is 20 219, the

apparent end of the lunar day will not be at 277 239, because at the
latter time the parallax will be greater than 21217, deferring accordingly
- still farther the time of conjunction; and so on. The commentary ex-
plains the method of procedure more fully, as follows: for the moment
of true conjunction in longitude calculate the parallax in longitude, and
~ apply it to that moment : for the time thus found caleulate the parallax

anew, and apply it to the moment of true conjunction: again, for the

 time found as the result of this process, caleulate the parallax, and ap-

ply it as before; and so proceed, until a moment is arrived at, at which
the difference in actual longitude, according to the motions of the two
planets, will just equal and counterbalance the parallax in longitude.

. The acouracy of this approximative process cannot but be somewhat
_impaired by the circumstance that, while the parallax is reckoned in

. difference of mean motions, the corrections of longitude must be made

_ in true motions. Indeed, the reckoning of the horizontal parallax in
. time as 4 nAdis, whatever be the rate of motion of the sun and moon, is
. one of the most palpable among the many errors which the Hindu pro-

\cess involves. :

¢+ take into account the parallax in latitude, the ascertainment of which is

. To ascertain the m.(iment of apparent conjunetion in 1ongitude,?on:ly
| (the parallax in longitude requires to be known; but to determine the
time of occutrence of the other phases of the eclipse, it is necessary to.

accordingly made the subject of the next rule.

10, If the sine of ecliptio zenith-distance (drkkshepa) be multi-

plied by the difference of the mean motions of the sun and
veu va B
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moon, and divided by fifteen times radius, the result will be the
parallax in latitude (avanati), e e

As the sun’s greatest parallax is equal to the fifteenth part of his
mean daily motion, and that of the moon to the fifteenth part of hers
(see note to iv. 1, above), the excess of the moon's parallax over that of
the sun is equal, when greatest, to one fitteenth of the difference of
their respective mean daily motions. This will be the value of the
parallax in latitude when the ccliptic coincides with the herizon, or
when the sine of ecliptic zenith-distance becomes equal to radius. On
the other hand, the parallax in latitude disappears when this same sine
is vedneed to nullity, THence it is to be regarded as varying with the
sine of ecliptic zenith-distance, and, in order to find its value at any
given point, we say “if, with a sine of ecliptic zenith-distance which 1s
equal to radius, the para,llax in latitude is one fifteenth of the difference
of mean daily motions, with a given sine of ecliptic zenith-distance
what is it%” or : G

R : diff. of mean m.-15 : ; sin ecl. zen-dist. ; parallax in lat.

This proportion, it is evident, would give with entire correctness the
parallax at the central ecliptic-point (B in Fig. 26), where the whole
vertical parallax is to be reckoned as parallax in latitude. But the rule .
given in the text also assumes that, with a given position of the ecliptic,
the parallax in latitude is the same at any point in the ecliptic. = Of this
the commentary offers no demonstration, but it is essentially true. For,
regarding the little triangle Mmn as a plane triangle, right-angled at n,
and with its angle 2 m M equal to the angle Zm B, we have :

. RisinZmB::Mm:Mn
But, in the spherical triangle Zm B, right-angled at B,
RisinZmB: isin Zim :sin Z B
Hence, by equality of ratios,
: s sin ZmisinZBe:Mm:Ma .
But, as before shown, ]
R :sin Zm : : gr. parallax ; Mn
- Hence, by combining terms,
ik R:sin ZB;:gr. parallax: Mn :
That is to say, whatever be the position of m, the point for which the
_parallax in latitude_is_sought, this will be equal” to the product of the
preatest parallax into the sine of ccliptic zenith-distance, divided by
~ radivs: o, as the greatest parallax equals the difference of mean mo-

. tibns divided by fifteen,

sin ecl. zen.-dist. 3¢ diff. of m. m.4=15 L sin ecl.zen,-dist. X diff. of m.m.
R : RX15 s

0 por i lat, =

' The next verse teacheés more summary methods of arriving at the
. same quantity.

: ,;,1;],. Or, the parallax in latitude is the quotient afising; from
dividing the sine of ecliptic zenith-distance (drkkshepa) by sev-
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L enty, br, from multiplying it by forty-nine, and dividing it by |

- radius.

. In the expression given above for the value of the parallax in latitude,
all the terms are constant excepting the sine of ecliptic zenith-distance.
The difference of the mean daily motions is 731/ 27" and fifteen times
radius is 51,570%  Now 781/ 27/-2-51,570/ equals wolsy or 48.77--R;
to which the expressions given in the text are sufficiently near approxi-
mations. ‘

19. The parallax in latitude is to be regarded as south or
north according to the direction of the meridian-sine (madhyajya).
When it and the moon’s latitude are of lile direction, take their
sum: otherwise, their difference . ;

13. With this calculate the half:duration (stheti), half total ob=
seuration (vimarda), amount of obscuration (grdsa), ete., in the
manner already taught; likewise the scale of projection (pra-
ména), the deflection (valona), the required amount of obscura-
tion, ete., as in the case of a lunar eclipse.

In ascertaining the true time of occurrence of the various phases of
a solar eclipse, as determined by the parallax of the given point of ob-
servation, we are taught first fo make the whole correction for parallax
in latitade, and then afterward to apply that for parallax in longitude,
The former part of the process is suceinctly taught in verses 12 and 13
the rules for the other follow in the next passage, The language of the
text, as usual, is by no means so clear and explicit as could be wished.
Thus, in the case before us, we are not taught whether, as the first step
in this process of correction, we are to caleulate the moon’s parallax in
latitude for the time of true conjunction (tithyanta; * end of the lunar
“day "), or for that of apparent conjunction (madhyagrakana, * widdle of
the eclipse”). It might be supposed that, as we have thus far only had
in the text directions for finding the sine and cosine of ecliptic zenith-
distance at the moment of true conjunction, the former of them was to
be used in the calculations of verses 10 and 11, and the result from it;
which would be the parallax at the moment of ttue conjunction, applied
here as the correction needed. Nor, so far as we have been able to
discover, does the commentatdr exponnd what is the true meaning of
the text upon this point. It is sufficiently ovident, however, that the
~ moment of apparent conjunction is the time required. We have found,
by a process of successive approximation, at what time (see Fig. 25), the
moon (her latitude being neglected) being at m and the sun at », the
parallax in longitude and the difference of true longitude will both be
the same quantity, mm, and so, when apparent conjunction will take
place. Now, to know the distance of the two centtes at that momeut,
we require to ascertain the parallax in latitude, » M, for the moon at 7,
and to apply it to the moon’s latitude when in the same position, taking
 their snm when their direction is the same, and their difference when
their diroction is different, as prescribed by the text; the net result will
be the distance required. The commentary, it may be remarked, ex-
pressly states that the moon'’s latitude is to be ealculated in this opera~
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tion for the time of apparent conjunction (madhyagrahana). The disv
tance thus found will determine the amount of greatest obscuration, and:
the character of the eclipse, as tanght in verse 10 of the preceding chap-
ter. It is then farther to be taken as the foundation of precisely such a
process as that described in verses 12-15 of the same chapter, in order
to ascertain the half-time of duration, or of total obscuration : that is to
say, the distance in latitude of the two centres being first assumed as
invariable throngh the whole duration of the eclipse, the half-time of
duration, and the resulting moments of contact and separation are to be |
ascertained : for these moments the latitude and parallax in Jatitude are
to be calculated anew, and by them a new determination of the times of
contact and separation is to be made, and so on, nntil these are fixed
with the degree of acouracy required. If the eclipse be total, a similar
operation must be gone through with to ascertain the moments of im-
mersion and emergence, No account is made, it will be noticed, of the
possible occurrence of an annular eclipse. ‘

The intervals thus found, after correction for parallax in latitude
only, between the middle of the eclipse and the moments of contact and
separation respectively, are those which are called in the last chapter
» (vv. 19, 23), the “mean half-duration ” (madhyasthityardha),

In this process for finding the net result, as apparent latitude, of the
actual latitude and the parallax in latitude, is brought out with dis-
tinctness the inaccuracy already alluded to; that, whatever be the
moon’s actual latitude, her parallax is always calculated as if she were
in the ecliptic. In an eclipse, however, to which ecase alone the Hindu
processes are intended to be applied, the moon’s latitude can never be
of any considerable amount. y

‘The propriety of determining the direction of the parallax in Iatitude
by means of that of the meridian-sine (ZL in Fig. 26), of which the
direction is established as south or noxth by the process of its calcula-
tion, is too evident to eall for remark. ;

In verse 13 is given a somewhat confused specification of matters
which are, indeed, affected by the parallax in latitude, but in different
modes and degrees. The amount of greatest obscuration, and the
(mean) half-times of duration and total obscuration, are the quantities
directly dependent upon the caleulation of that parallax, as here pte-
sented : to find the amount of obscuration at a given moment—as also
the time corresponding to a given amount of obscuration—mwe require
to know also the true half-duration, as found by the rules stated in the
following passage: while the scale of projection and the deflection are
affected by parallax only so far as this alters the time of occurrence of
the phases of the eclipse.

14. For the end of the lunar day, diminished and increased By
the half-duration, as formerly, caleulate again the parallax in
longitude for the times of contact (grdsa) and of separation (mol:-
sha), and find the difference between these and the parallax in
longitude (harija) for the middle of the eclipse.

15. If, in the eastern hemisphere, the parallax in longitude
for the contact is greater than that for the middle, and that for




: theiéeparationless; ‘and if, in the western hemisphere, the con-

trary 1s the case—

16. Then the difference of parallax in longitude is to be added
 to the half-duration on the side of separation, and likewise on
that of contact (pragrahana); when the contrary is true, it 1s {0

be subtracted. ! >

17. These rules are given for cases where the two parallaxes
are in the same hemisphere: where they are in different hemi-
S£heres, the sum of the parallaxes in longitude is to be added to
the corresponding half:duration. The principles here stated ap-
ply also to the half-time of total obscuration.

We are supposed to have ascertained, by the preceding process, the
true amount of apparent latitude at the moments of first and last con-
tact of the eclipsed and eclipsing bodies, and consequently to have de-
termined the dimensions of the triangle—corresponding, in a solar
eclipse, to C G P, Fig. 21, in a lunar—made up of the latitude, the dis-
‘tance in longitude, and the sum of the two radil. The question now is
how the duration of the eclipse will be affected by the parallax in longi-
tude. If this parallax remained constant during the continuance of the
eclipse, its effect would be nothing; and, having once determmed by it
the time of apparent conjunction, we should not need to take it farther
into account.  But it varies from moment to moment, and the effect of
its variation is to prolong the duration of every part of a visible eclipse.
For, to the east of the central ecliptic-point, it throws the moon’s disk
forward upon that of the sun, thus hastening the occurrence of all the
phases of the eclipse, but by an amount which is all the time decreasing,
50 that it hastens the beginning of the eclipse more than the middle,
and the middle more than the close: to the west of that samg point, on
the other hand, it depresses the moon’s disk away from the sun’s, but by
an amount constantly increasing, so that it retards the end of the eclipse

“more than its middle, and its middle more than its beginuing, The
effect of the parallax in longitude, then, upon each half-duration of the
eclipse, will be measured by the difference between its retarding and ac-
celerating effects upon contact and conjunction, and upon conjunction
and separation, respectively: and the amount of this difference will
always be additive to the time of half-duration as otherwise determined.
If, however, contact and conjunction, or conjunction and separation,

take place upon opposite sides of the point of no parallax in longitude, -

then the sum of the two parallactic effects, instead of their difference,
will be to be added to the corresponding half-duration : siuce the one,
on the east, will hasten the occurrence of the former phase, while the
other, on the west, will defer the occurrence of the latter phase. The
amount of the parallax in longitude for the middle of the eclipse has
already been found ; if, now, we farther determine its amount—reckoned,
it will be remembered, always in time—for the moments of contact and
separation, and add the differénce or the sum of each of these and the
parallax for the moment of conjunction to the corresponding half-
duration as previously determined, we shall have the true times of half-
duration. In order to find the parallax for contact and separation; we
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repeat the same process (see above, v. 9) by which that for conjunction
was found : as we then started from the moment of true conjunction,
and, by a series of successive approximations, ascertained the time when
the difference of longitude would equal the parallax in longitude, so now
e start from two moments removed from that of true conjunction by
the equivalents in time of the two distances in longitude obtained by the
last process, and, by a similar series of successive approximations, ascer-
tain the times when the differences of longitude, together with the par-
allax, will equal those distances in longitude.

In the process, as thus conducted, there is an evident inaccuracy. It
is not enough to apply the whole correction for parallax in latitude, and
then that for parallax in longitude, since, by reason of the change effected
by the latter in the times of contact and separation, a new calculation of
the former becomes necessary, and then again a new calculation of the
latter, and so om, until, by a series of doubly compounded approxima-
tions, the true value of each is determined. This was doubtless known
to the framers of the system, but passed over by them, on account of
' the excessively laborious character of the complete calculation, and be-

cause the aceuracy of such results as they could obtain was not sensibly
affected by its neglect. ,

The question naturally arises, why the specifications of verse 15 are
made hypothetical instead of positive, and why, in the latter half of
verse 16, a case is supposed which never arises. The commentator an-
ticipates this objection, and takes much pains to remove it: it is not,
worth while to follow his different pleas, which amount to no real expla-
nation, saving to notice his last suggestion, that, in case an eclipse begins
hefore sunrise, the parallax for its earlier phase or phases, as calculated
according to the distance in time from the lower meridian, may be less
than for its later phases—and the contrary, when the eclipse ends after
sunset, This may possibly be the true explanation, although we are
justly surprised at finding a case of so little practical consequence, and
to which no allusion has been made in the previous processes, here
talen into account.

The text, it may be remarked, b]y its use of the terms “ eastérn and
western hemispheres” (kapdla, literally cup, vessel”), repeats once more
its substitution of the meridian ecliptic-point (madhyalagne) for the
contral ecliptic-point (¢tribhonalagna), as that of no parallax in longitude ;
the meridian forming the only proper and recognized division of the
heavens into an eastern and a western hemisphere. :

‘We are now prepared to see the reason of the special directions given
in verses 19 and 23 of the last chapter, respecting the reduction, in a
golar eclipse, of distance in time from the middle of the eclipse to dis-
tance in longitude of the two centres. The “mean half-duration”
(madhyasthityardha) of the eclipse is the time during which the true dis-
tance of the centres at the mowments of contact or separation, as found
by the process prescribed in verses 12 and 13 of this chapter, would be
gained by the moon with her actual excess of motion, leaving out of ac-
count the variation of parallax in longitude: the “true half-duration”
(sphutasthityardha) is the increased time in which, owing to that varia.

_tion, the same distance in longitude is actually gained by the moon;
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the effect of the parallax being equivalent either to a diminution of the
~ moon’s excess of motion, or to a protraction of the distance of the two
_ centers—both of them in the ratio of the true to the mean half-duration.
- If then, for instance, it be required to know what will be the amount of
obscuration of the sun half an hour after the first contact, we shall first
subtract this interval from the true half-duration before conjunction ; the
remainder will be the actual interval to the middle of the eclipse ;. this
interval, then, we shall reduce to its value as distance in longitude by
diminishing it, cither before or after its reduction to minutes of are, in
the ratio of the true to the mean half-duration. The rest of the process
will be performed precisely as in the case of an eclipse of the moon.
Notwithstanding the ingenuity and approximate correctness of many
of the rules and methods of calculation taught in this chapter, the whole
process for the ascertainment of parallax contains so many elements of
error that it hardly deserves to be called otherwise than cumbrous and
bungling. The false estimate of the difference between the sun’s and
moon’s horizontal parallax—the neglect, in determining it, of the varia-
tion of the moon's distance—the estimation of its value in time made
always according to mean motions, whatever be the true motions of the
planets at the moment—the neglect, in caleulating the amount of par-
allax, of the moon’s latitude—these, with all the other inaccuracies of
the processes of calculation which have been pointed out in the notes,
render it impossible that the results obtained should ever be more than
a rude approximation to the truth.

In farther illustration of the subject of solar eclipses, as exposed in
this and the preceding chapters, we present, in the Appendix, a full cal-
culation of the eclipse of May 26th, 1854, mainly as made for the trans- |
lator, during his residence in India, by a native astronomer. :

CHA PR VI
OF THE PROJECTION OF ECLIPSES,

Conrentsi—1, value of a projection; 2-4, general directions; -6, how to lay off
the deflection and latitude for the beginning and end of the eclipse ; 1, to exhibit
.the points of contact and separation; 8-10, how to lay off the deflection and lati-
tude for the middle of the eclipse; 11, to show the amount of greatest cbscura-
tion; 12, reversal of directions in the western hemisphere; 18, Jeast amount of
obscuration observable; 1416, to draw the path of the eclipsing body; 17-19, te
show the amount of obscuration at a given time; 2022, to exhibit the points of
immersion and emergence in a total eclipse; 23, color of the part of the moon
obseured ; 24, caution as to communicating a knowledge of these matters,

1. Since, without a projection (chedyaka), the precise (sphuta)
differences of the two eclipses are not understood, I shall proceed
to explain the exalted doctrine of the projection.
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 The term chedyaka is from the root chid, ¢split, divide, sunder,” and
indicates, as heve applied, the instrumentality by which distinctive dif-
ferences are rendered evident. The name of the chapter, parilekhadhi-
kdra, is not taken from this word, but from parilekha, * delineation,
fignre,” which oceurs once below, in the eighth verse. = = =
- 2. Having fixed, upon a well prepared surface, a point, de-
seribe from it, in the first place, with a radins of forty-mine digits
(angulu), a circle for the deflection (valana): e
" 8. Then a second circle, with a radius equal to half the sum of
the eclipsed and eclipsing bodies; this is called the aggregate-
cirele (swindsa); then a third, with a radius equal to half the
eflipsad bodue: ) o ina i e
4, The determination of the directions, north, south, east, and
west, is as formerly. In a lunar eclipse, contact (grahang) takes
place on the east, and separation (moksha) ou the west; in a so-
_lar eclipse, the contrary, = Sl By
The larger circle, drawn with a radius of about throe feet, is used solely
~in laying off the deflection (valana) of the ecliptic from an east and
west eircle. . We have seen above (iv. 24, 25) that the sine of this de-
flection was reduced to its value in & circle of forty-nine digits’ radius,
b{ dividing by seventy its value in minutes, The second eircle is em-
ployed (see below, vv. 6, 7) in determining the points of contact and
separation.  The third represents the eclipsed body itself, always main-
taining a fixed position m the centre of the figure, even though, in a
Tunar eclipse, it is the hody which itself moves, relatively to the eclipsing
shadow.. For the scale by.w‘l'lich the measures of the ‘é.cli‘psed‘ and
eclipsing bodies, the latitudes, ete,, are determined, see above, 1v. 26.
The method of laying down the cardinal directions is the same with
that used in constructing a dial; it is described in the first passage of
the third chapter (i, 1-4). ‘
" The specifications of the latter half of verse 4 apply to the eelipsed
body, designating upon which side of it obseuration. will commence and
terminate. ; .

5. In a lunar eclipse, the deflection (valana) for the contact is
to be laid off in its own {)roper direetion, but that for the separa-
tion in reverse ; in an eclipse of the sun, the contrary is the case.

The accompanying figure (Fig, 27) will illustrate the Hindu method
of exhibiting, by a projection, the various phases of an eclipse. TIts
conditions are those of the lumar eclipse of Feb. 6th, 1860, as deter-
mined by the data and methods of this treatise ; for the calcnlation sec
the Appendix. Let M be the centre of the figure and the place of the
moon, and let NS and E W be the circles of direction drawn through
the moon’s centre; the former representing (see above, under iv. 24, 25)
a great circle drawn throngh the north and south points of the horizon,
the latter a small circle parallel to the prime vertical,  In explanation
of the manner in which these directions ate presented by the figure, we
would remark that we have adapted it to a supposed position of the




Vi 6:] Sarya-Siddhdnta. J01

observer on the north side of his projection, as,at N, and looking south-
ward—a position which, in our latitude, he would natwrally assune, for

the purpose of comparing the actual phases of the eclipse, as they oe-
curved, with his delineation of them. The heavier circle, 1 3 that
drawn with the sum of the semi-diameters, or the *aggregate-cirele;”
while the outer one, NES W, is that for the deflection. This, in order
to reduce the size of the whole figure, we have drawn upon a scale very
much smaller than that prescribed ; its relative dimensions being a mat-
ter of no consequence whatever, provided the sine of the defleetion be
made commensurate with its radiug.  In our own, or the Greek, method
of laying off an arc, by its angular value, the radius of the cirele of de-
flection would also be a matter of indifference: the Hindus, ignoring
angular measurements, adopt the more awkward and bungling method
of laying off the arc by means of its sine.  Let vw equal the deflection,
calenlated for the moment of contact, expressed as a sine, and in terms
of a eircle in which EM is radius, Now, as the moon’s contact with
the shadow takes place npon her eastern limb, the deflection for the
contact must be laid off from the east point of the cirele; and, as the
caleulated direction of the deflection indicates in what way the ecliptic
i5 pointing eastwardly, it must be luid off from I in its own proper di-
YOL. VI 39
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rection.  In the case illustrated, the deflection for the contact is north ¢
hence we lay it oft northward from E, and then the line drawn from M
to o, its extremity—which line represents the direction of the ecliptic
4t the moment—points northward.  Again, upon the side of separation
—which, for the moon, is the western side—we lay off the deflection for
the moment of separation: but we lay it off from W in the reverse of
its true direction, in order that the line from its extremity to the centre
may truly reprosent the divection of the ecliptic. Thus, in the eclipse
figtired, the deflection for separation is south; we lay it off northward
{from W, and then the line v/ M points, toward M, southward. In a solar
aclipse, in which, since the sun’s western limb is the first eclipsed, the
deflection for contact must be laid off from W, and that for separation
from R, the dircction of the former requirestto be reversed, and that of
the latter to be maintained as calculated. ‘

6, Trom the extremity of either deflection draw a line to the
centre: from the point where that cuts the aggregate-circle
(samdsa) are to be laid off the latitudes of contfet and of separa-
1on, : ;
7. From the extremity of the latitude, again, draw a line to
the central point: where that, in either case, touches the eclipsed
body, there point out the contact and separation. ‘ ;
8. Always, in a solar eclipse, the latitudes are to be drawn in
the figure (parilekha) in their proper direction; in a lunar
eclipse, in the opposite direction. . . . ‘ b e

The lines » M and o' M, drawn from # and ¢/, the extremities of the
sines or arcs which measure the deflection, to the centre of the figure,
ropresent, as already noticed, the direction of the ecliptie with reference
{6 an east and west line at the moments of contact and separation.
From them, accordingly, and at right angles to them, are to be laid off
the values of the moon's latitude at those moments. Owing, however,
to the prin¢iple adopted in the projection, of regarding the eclipsed
body as fixed in the centre of the figure, and the eclipsing body as pass-
ing over it, the lines » M and »' M do not, in the case of a lunar eclipse,
represent the ecliptic itself, in which is the centre of the shadow, but the
small circle of latitude, in which is the moon’s centre : hence, in laying
off the moon’s latitude to determine the centre of the shadow, we re-

vorse its direction. Thus, in the case illustrated, the moon’s latitude is

always south: we lay offy then, the lines k! and X' ', representing its
value at the moments of contact and separation, northward: they are,
‘like the deflection, drawn as sines, and in such manner that their ex-
tremities, [ and Z, are in the aggregate-circle: then, since [ M and I'M

ars each equal to the sum of the two semi-diameters, and 1%k and A&

to the latitudes, & M and &' M will represent the distances of the centres
in longitude, and Z and /' the places of the centre of the shadow, at con-
tact and separation : and upon describing circles from and ¥, with radii
equal to the semi-diameter of the shadow, the points ¢ and ¢, where
these touch the disk of the moon, will be the points of first and last con-
tact: ¢ and § being also, as stated in the fext, the points where /M and
I’ M meet the circumference of the disk of the eclipsed body.
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. In accordance with this, then, for the middlo of the

& e

. eclipse,

i ‘9%)_’17-1‘1‘@ deflection is to be laid- off-—castward, when it and the
Jatitude are of the same direction; when they are of different
directions, it is to be laid off westward: this is for a Junar
eclipse; in a solar, the contrary is the case.

10. From the end of the deflection, again, draw a line to the

central point, and upon this line of the middle lay off the lati-

#ude, in the direction of the deflection. AR

11, From the extremity of the latitude describe a cirele with

. a'radius equal to half the measure of the eclipsing body : what-

ever of the disk of the eclipsed body is enclosed within that
circle, so much is swallowed up by the darkness (tamas).

The phrascology of the text in this passage is somewhat infricate and

~ obscure; it is fully explained by the commentary, as, indeed, its mean-

ing is also deducible with sufficient clearness from the conditions of the
problem sought to be solved. It is required to represent the deflection
of the ecliptic from an east and west line at the moment of greatest
~ obscuration, and to fix the 1gmsim'on of the centre of the eclipsing body -
_ at that moment. The deflection is this time to be determined by a
 gecondary to the ecliptic, drawn from near the north or south point of
. the figure. The first question is, from which of these two points shall
" the deflection be laid off, and the line to the centre drawn, Now since,
| aceording to verse 10, the latitude itself is fo be measured upon the line
of deflection, the latter must be drawn southward or northward accord-
ing to the direction in which the latitude is to be laid off. And this is
the meaning of the last part of verse 8; in accordance,” namely, with
the direction in which, according to the previous part of the verse, the
Tatitude is to be drawn. But again, in which direction from the norih
or south point, as thus determined, shall the deflection be measured ¢
This must, of course, be determined by the direction of the deflection
itself: if south, it must obviously be measured east from the north point
‘and west from the south point; if north, the contrary. The rales of
the text are in accordance with this, although the determining circum-
tance is made to be the agreement or non-agreement, in respect to
irection, of the deflection with the moon’s latitude——the latter being
liis time reckoded in its own proper direction, and not, in a lunar
eclipse, reversed.  Thus, in the case for which the figure is drawn, as"
the moon's latitude is south, and must be laid off northward from M,
the deflection, o/ w!, is measured from the north point; as deflection
and latitude are both south, it is measured east from N. In an eclipse
" of the sun, on the other hand, the moon’s latitude would, if north, be
laid off northward, as in the figure, and hence also, the deflection would
be measured from the north point: but it would be measured eastward,

£ its own direction were south, or disagreed with that of the latitude,

_ The line of deflection, which is M in the figure, being drawn, and
having the direction of a perpendicular to the ecli}abic at the moment of -

o

‘qppi;s‘it_ion,. the moon's latitude for that moment, M ¢ is laid off directly

%
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upon it.  The point I is, accordingly, the position of the centre of the

- shadow at the middle of the eclipse, and if from that cenfre, with «
radius equal to the semi-diameter of the eclipsing body, a ¢irele be drawn,
it will include so much of the disk of the eclipsed body as is covered .
when the obscuration is greatest. In the figure the eclipse is shown as
total, the Hindu caleulations making it so, although, in fact, it is only a
partial eclipsc. ;

12. By the wise man who draws the projection (chedyaka),

upon the ground or upon a board, a reversal of directions is tox

be made in the eastern and western hemispheres.

This verse is ingerted here in order to remove the objection that, in
the eastern hemisphere, indeed, all takes place as stated, but, if the
eclipse oceurs west of the meridian, the stated directions require to be
all of them reversed. In order to understand this objection, we must
take notice of the origin and literal meaning of the Sanskrit words
which designate the cardinal directions. The face of the observer is

supposed always to be eastward : then “ east” is prdaige, “ forward, toward

the front”; ¢ west” is pagea?, “backward, toward the rear”: ¢ south” is
dakshina, * on the right”; “north” is uttara, * upward” (i. e., probably,
toward the mountains, or up the course of the rivers in north-western
India). These words apply, then, in etymological strictuess, only when
one is looking eastward—and so, in the present case, only when the
eclipse is taking place in the eastern hemisphere, and the projector is
watching it from the west side of his projection, with the latter before
him: 1f, on the other hand, he removes to E, turning his face westward,
and comparing the phenomena as they occur in the western hemisphere
with his delineation of them, then “forward” (prdac) is no longer east,
but west ; “right” (dakshina) is no longer south, but north, ete.

1t is unnecessary to point out that this objection is one of the most
frivolous and hair-splitting character, and its removal by the text a waste
of trouble : the terms in question have fully acquired in the language an
absolute meaning, as indicating directions in space, without regard fo the
position of the obseryer.

18. Owing to her clearness, even the twelfth part of the moon,
when eclipsed (grasta), 1s observable ; but, owing to his piercing
brilliancy, even three minutes of the sun, when eglipsed, are not

observable. :

- The commentator regards the negative which is expressed in the lat-

ter half of this verse as also implied in the former, the meaning being
that an obscuration of the moon’s disk extending over only the twelfth
part. of it does not make itself apparent. 'We have preferred the inter-
pretation given above, as being better accordant both with the plain and

L d

gimple construction of the text and with fact.

14. At the extremities of the latitudes make three points, of
corresponding names; then, between that of the contact and
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‘and that of the middle, L
15, Describe two fish-figurés (matsya): from the middle of
these having drawn out two lines projecting through the mouth
and tail, wherever their intersection takes place, : ‘
16. There, with a line touching the three points, describe an
arc : that is called the path of the eclipsing body, upon which
 the latter will move forward,

The deflection and the latitude of three points in the continuance of
the eclipse having been determined and laid down upon the projection,
it is deemed unnecessary to take the same trouble with regard fo any
other points, these three being sufficient to determine the path of the
eclipsing body : accordingly, an arc of a circle is drawn through them,
and is regarded as representing that path. The method of deseribing
the arc is the same with that which has already been more than once
employed (see above, iii, 1-4, 41-42) : it is exglained here with some-
what more fullness than before.  Thus, in the ficure, /, I/, and ¢ are the
three extremities of the moon's latitude, at the moments of contact,
_opposition, and separation, respectively: we join ¢, I", and upon
these lines deseribe fish-figures {;ee note to iil, 1-5) ; their two extremi-
ties (“ mouth” and “tail”) are indicated by the intersecting dotted lines
in the figure: then, at the point, not included in the figure, where the
lines drawn through them meet one another, is the centre of a eircle
passing through /, (, and 7.

17. From half the sum of the eclipsed and eclipsing bodies
subtract the amount of obscuration, as caleulated for any given
time: take a little stick equal to the remainder, in digits, and,
from the central point,

18. Lay it off toward the path upon either side—when the
time is before that of greatest obscuration, toward the side of
~ contact; when the obscuration is decreasing, in the direction of

%e%m'ation——and where the stick and the path of the eclipsing
ody -

19. Meet one another, from that point deseribe a circle with a

radius equal to half the eclipsing body : whatever of the eclipsed

body is included within it, that point out as swallowed up by
the darkness (tamas).

90. Take a little stick equal to half the difference of the
measures (mdna), and lay it off in the direction of contact, calling
it the stick of immersion (nimilana): where it touches the path,

91, From that point, with a radius equal to half the eclipsing
body, draw a circle, as in the former case: where this meets the
cirele of the eclipsed body, there immersion takes place.

99. So also for the emergence (unmilana), lay it off in the
direction of separation, and describe a circle, as before : it will
‘show the point of emergence in the manner explained.

-

805

that of the middle, and likewise between that of the separation




. The method of these processes is so clear as to call for no detailed
. explanation. The centre of the eclipsing body being supposed to be
always in the are 11/{/, drawn as divected in the last passage, we have
_ onlyto fix a point in this arc which shall be at a distance from M cor-
- responding to the calenlated distance of the centres at the given time,
.and from that point to describe a circle of the dimensions of the eclip?sed'hi“f ‘
‘body, and the result will be a representation of the then phase of the
eclipse. If the point thus fixed be distant from M by the difference of .
the two semi-diameters, as M ¢, M ¢/, the circles described will toucks the

disk of the eclipsed body at the points of immersion and emergence,

2 and e

928. The part obscured, when less than half, will be dusky
(sadhiimra); when more than half, it will be black ; when emerg-
_ ing, it is dark copper-color (krshpaidmra); when the obscuration
18 total, it is tawny (kapila). ’ : :
. The commentary adds the important circumstance, omitted in the e
text, that the mioon alone is here spoken of;; no specification being .
added with reference to the sum, because, in a solar eclipse, the part
obscured is always black, :

A more suitable place might have been found for this verse in the
fourth chapter, as it has nothing to do with the projection of an eclipse.

. 94, This myste;'y of the gods is not to be imparted indiserim-
inately : it is to be made known to the well-tried pupil, who

remains a year under instruction. :

'V'

" The commentary understands by this mystery, which is to be kept
with so jealous care, the knowledge of the subject of this chapter, the
delineation of an eclipse, and not the general subject of eclipses, as
treated in the past three chapters. It seems a little curious to find a
‘matter of so subordinate consequence heralded so pompeusly in the
first verse of the chapter, and guarded so cautiously at its cldge,

CHAPTER V11,

: OF PLANETARY CONJUNCTIONS, : & i

Commrnts i—1, general classification of planetary conjunctions; 2-6, method of de-
germining at what point on the ecliptic, and at what time, two planets will come
to liave the same longitude; 7-10, how to find the point on the ecliptic to which
‘a planet, having latitude, will be referred by a circle passing through the north
and south points of the horizon; 11, when a planet must be so referved; 12, how

- %o ascertain the interval between two planets when in conjunetion upon such a

" north and south line; 18-14, dimensions of the lesser planets; 16-18, modes of
exhibiting the coincidence between the calenlated and actual places of the planets;
11820, definition of different Linds of conjunction; 2021, when a planet, in con:
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 junction, isf‘éaﬁquishéd or victor; 22, farther definition of different kinds of con-
| junction; 23, us al prevalence of Venus in & conjunction; 23, planetary conjungs
. tions with the moon; 24, conjunctions apparent only; why ealenlated,

1, Of the star-planets there take place, with one another,
_encounter (yuddha) and conjunction (samdgama) ; with the moon,
~conjunction (sumdgama) ; with the sun, helincal setting (astamana).
The “star-planets” (tdragrahka) are, of course, the five lesser planets,
exclusive of the sun and moon. Their conjunctions with one another
and with the moon, with the asterisms (nakshaira), and with the sun,
are the subjects of this and the two following chapters.

For the general idea of * conjunction” various terms are indifferently
employed in this chapter, as samdgama, “ coming together”, samyoga,
“ conjunetion,” yoga, *junction” (in viii. 14, also, melaka, * meeting”):
the word yuti, *union,”’ which is constantly used in the same sense by
the commentary, and which enters into the title of the chapter, gro/e-
yutyadhikedro, does not occur anywhere in the text, The word which

' we translate “encounter,” yuddha, means literally ¢ war, conflict.”
Verses 18-20, and verse 22, below, give distinctive definitions of some
of the different kinds of encounter and conjunction. j

2. When the longitude of the swift-moving planet is greater
than that of the slow one, the conjunction (samyoga) is past; oth-
erwise, it is to come: this is the case when the two are moving
eastward ; if, however, they are retrograding (vakrin), the con-
trary is true.

3. When the longitude of the one moving eastward is greater,
the conjunction (sumdgama) is past; but when that of the one
that is retrograding is greater, it 13 to come, Multiply the dis-

tance in longitude of the planets, in minutes, by the minutes of
daily motion of each, ‘

4, And divide the products by the difference of daily motions,
if both are moving with direct, or both with retrograde, motion :
if one is retrograding, divide by the sum of daily motions.

5. The quotient, in minutes, etc., is to be subtracted when the
conjunction is past, and added when it is to come: if the two are
retrograding, the contrary: if one ig retrograding, the quotients
are additive and subtractive respectively.

- 6. Thus the two planets, situated in the zodiae, are made to be

of equal longitude, to minutes. Divide in like manner the dig-
_ tance in longitude, and a quotient is obtained which is the time,
¥ 1in days, etc.

The object of this process is to determine where and when the two
planets of which it is desired to caleulate the conjunction will have the
same longitude. The directions given in the text are in the main so -
clear as hardly to require explication., The longitude and the ratel of S
motiop of the two planets in question is supposed to have been found for ;
some time not far removed from that of their conjunction. Then, in
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tance, in are and in time, three separate cases require #o be taken into

acount—when both are advancing, when both' are retrograding, and |

when one is ddvancing and the other retrograding.. In the two former

‘cases, the planets are approaching or receding from one another by the

difference of their daily motions; in the latter, By the sum of their daily
motions, The point of conjunction will be found by the following pro-
portion : as the daily rate at which the two are approaching or receding
from each other is to their distance in longitude, so is the daily motion
of each one to the distance which it will have to move before, or which
it has moved since, the conjunction in longitude, The time, again,
elapsed or to elapse between the given moment and that of the conjunc-
tion, will be found by dividing the distance in longitude by the same divi-
sor as was used in the other Qiﬁu't of the process, namely the daily rate
of approach or separation of the two planets.

The only other matter which seems to call for more special explana-
tion than ig to be found ‘in the text is, at what moment the process of

calcﬁ‘lation, as- thus conducted, shall commence, Ifia time be fixed
upon which is too far removed-—as, for instance, by an. interval of sev-

eral days—from the moment of actnal conjunction, the rate of motion
of the two planets will be liable to change in the mean time so much as
altogether to witiate the correctness of the caleulation. It is probable
that, as in the ealculation of an eclipse (sce above, note to iv. 7-8), we are

“supposed, before enteriug upon the particular process which is the sub-

ject of this pussage, to have ascertained, by previous tentative calela-
tions, the midnight next preceding or following the conjunction, and to
have determined for that time the longitudes and rates of motion of the
two planets. If so, the operation will give, without farther repetition,
results having the desired degree of accuracy, The commentary, it may
be remarked, gives us no light upon this point, as it gave us none in the
case of the eclipse. /

We have not, however, thus ascertained the time and place of the
conjunction. This, to the Hindu apprehension, takes place, not. when
the two planets are upon the same secondary to the ecliptic, but when
they are upon the same secondary to the ‘prime vertical, or npon the

e

same circle passing through the north-and. south points of the horizon.
Upon such a circle two stars rise and set simultaneously § upon such a
one they together pass the meridian: such a line, then, determines
approximately their relative height above the horizon, each upon its own
cirele of daily revolution. We have also seen above, when considering
the deflection (valana—see iv. 24-25), that a secondary to the prime ver-

tical is regarded as determining the north and south directions upon the

starry concave. To ascertain what will be the place of each planet upon.

the ecliptic when referred to it by such a circle is the object of the fol-
lowing processes. . :

7. Having calculated the measure of the day and night, and
likewise the latitude (vikshepa), in minutes ; having determined
the meridian-distance (nate) and altitude (unnata), in time, accord-
ing to the corresponding orient ecliptic-point (lagna)—

Seterm}mng\Whethex"_the conjunction is past or to come, and at what dis~
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8. liMul‘ti‘plyﬂie Iatitu&e by the equinoctial shadow, and divide‘ |

by twelve; the quotient multiply by the meridian-distance in
nidis, and divide by the corresponding half-day :

9. The result, when latitade is north, is subtractive in the
eastern hemisphere, and additive i the western; when latitude
is south, on the other hand, it iz additive in the eastern hemi:
sphere, and likewise subtractive in the western. e

10. Multiply the minutes of latitude by the degrees of declin-
ation of the position of the planet increased by threo signs: the
result, in seconds (vikald), is additive or subtractive, according as
declination and latitude are of unlike or like direction. ‘

11. In calculating the conjunction (yoga) of a planet and an
asterism (nakshatra), in determining the setting and rising of a
planet, and in finding the eleyation of the moon’s cusps, this ope-
ration for apparent longitude (drkkarman) is first presoribed.

12. Calculate again the Jongitudes of the two planets for the
determined time, and from these their latitudes: when the latter
are of the same direction, take their difference’; otherwise, thei
sum : the result is the interval of the planets. = ;

Sy Siddhdnta, 3090

The whole operation for determining the point on the ecliptic to |

which a planet, having a given latitude, will be referred by a scoondary |
to the prime vertical, is called its dykkarman, Both parts of this com- |

pound we have had before—the latter, signifying “ operation, process of
calenlation,” in ii. 87, 42, ete.—for the former, se¢ the notes to iii, 28—

34, and v. 5-6: here we are to understand it as signifying the “ appar- |

ent longitude” of a planet, when referred to the ccliptic in the manner
stated, as distinguished from its true or actual longitnde, reckoned in the
usual way : we accordingly tramslate the whole term, as in verse 11,
“ gperation for apparent longitude.” ‘The operation, like the somewhat
analogous one by which the ecliptic-deflection (valana) is determined
© (see above, iv. 24-25), consists of two separate processes, which receive
in the commentary distinct names, corresponding with those applied to
the two parts of the process for calculating the deflection. The whole
subject may be illustrated by reference to the next figure (Fig.28). This
represents the projection of a part of the sphere upon a horizontal plane,

N and E being the north and east goints of the horizon, and Z the °
t

zenith. Let C L be the position of the ecliptic at the moment of con-
%u{nction in longitude, C being the orient, ecliptic-point (lagna); and let

be the point at which the conjunction in longitude of the two planets
S and V, each upon its parallel of celestial latitude, ¢7 and ¢'l', and hay-
ing latitude equal to SM and V M respectively, will take place. Through
V and 8 draw secondaries to the prime vertical, N V and N 8, meeting
the ecliptic in v and s: these latter are the points of apparent longitude
of the two planets, which are still removed from a true conjunction by
the distance v s : in order to the ascertainment of the time of that true
conjunction, it is desired to know the positions of v and s, or their re-
spective distances from M. From P, the pole of the equator, draw also
circles through the two planets, meeting the ecliptic in s’ and v': then,
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in order to find M, we ascertain the values of g8’ and Mg ; and, in
like manner, to find M », we ascertain the values of v’ and Mo, Now
at the equator, or in a right
qphc,rc, the circles N' S and
P8 would coincide, and
the distance s’ disappear :
hence, the amount of § s’
being dependent upon the
latitude (aksha) of the ob-
server, N I, the process by
which it s calculated is
called the ‘“operation for
¥ latitude” (akshadrkkarman,
{ or else dksha drkkarman).
Again, if Pand P’ wexe the
#| same point, or if the eclip-
& tic and equator coincided,
P8 and P'S would coin-
cide, and M ¢’ would disap-
pear : hence the process of
calculation of M s’ is called
the * operation for ecliptic-
deviation”  (ayanadykkar-
{ man, or ayena dykkarman).
The latter of the two pro-
cesses, although stnted after
the other in the text, 1§ the
one first explained by the
{ commentary : we will also,
# as in the case of the deflec-
txon (note to iv. ‘)4~25)
give to it our first attention.
The point 8, to which the planet is referred by a circle passing through

the pole P, ig styled by the commentary ag yanagraha, *the pl.mf.b s lon-
gitude as coxrectnd for c«,hpt‘u—devmtmn and the distance M s’, which
it is desired to ascertain, is called ayanakalds, *the correutlon m min-~
utes, for er‘hptm—devmtlon Instead, however, of finding M/, the pro-

cess !:auz,}u in the text finds M ¢, the corres pondmg distance on the cir-
cle of daily }evolumon, D R, of’ the point M—which is then assumed
equal to'M ¢'.  The proportion upon which the rule, as stated i verse
10, is ultimately founded, is

Risin MS¢::MS: M¢

the triangle M 8 7, which is always very small, being treated as if it
were a plane tllﬂ.l]%lk,, \mht—anglnrl at t.  But now also, as the latitude
MS is always a small quantity, the angle P SP' may be treated as if
equal to P MP' (not ¢ } rawn in the figure); and this angle is, as was
shown in connection with iv. 24-25, the deflection of the ecliptic from
the equator (dyane valana) at M, whieh is regarded as equal to the
declmzttlon of the pomt 90% in advance of M; this point, for conyen-
fence’s sake, we will call M',  Qur proportion becomes, then '

TFier, ¢

L.
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all the quantities which it contains being in terms of minutes. To bring
this proportion, now, to the form in which it appears in the text, it 1s
made to undergo a most fantastic and unscientific series of alterations.
The greatest declination (ii. 28) being 24°, and its sine 1897', which is
nearly fifty-eight times twenty-four—since 58 X 24==1892—it is assumed
that fifty-eight times the number of degrees in any given are of declina-
tion will be equal to the number of minutes in the sine of that are.
Again, the va?ue of radius, 8488/, admits of being roughly divided into
the two factors fifty-eight and sixty—since 58 60==3480. Bubstitut-
ing, then, these values in the proportion asstated, we haye

58X 60 : 58X decl. M’ in degr. : : latitude in min. : M ¢

Cancelling, again, the common factor in the first two terms, and trans-
ferring the factor 60 to the fourth term, we obtain finally

1:deck M’ in degr. : ¢ latitude in min, ; M ¢80

that is to say, if the latitude of the planet, in minutes, be multiplied by
the declination, in degrees, of a point 90° in advance of the planet, the
result will be a quantity which, after being divided by sixty, or reduced
from seconds to minutes, is to be accepted as the required interval on
the ecliptic between the real place of the planet and the point to which
it is referred by a secondary to the equator. ‘ o

This explanation of the rule is the one given by the &ém
nor are we able to see that it admits of any other. The reduction of
the original proportion to its final form is a process to- which we have
heretofore found no parallel, and which appears equally absurd and
uncalled for. That M ¢ is taken as equivalent to M s’ has, as will appear
from a consideration of the next process, a certain propriety. i

The value of the arc M & being thus found, the question arises, in
which direction it shall be measured from M. This depends upon the
position of M with reference to the solstitial colure. = At the colure, the
lines P'S and P'S coincide, so that, whatever be the latitude of a planet,
it will, by a secondary to the equator, be referred to the ecliptic at its
true point of longitude. From the winter solstice onward to the summer
solstice, or when the point M is upon the sun’s northward path (uilard-
yona), a planet having north latitude will be referred backward on the
scliptic by a cirele from the pole, and a planet having south latitude will
be referred forward. If M, on the other hand, be upon the sun’s sonth-
ward path (dakshindyana), a planet having north latitude at that point
will be referred forward, and one having south latitude backward : thia
is the case illustrated by the figure. The statement of the text virtually
agrees with this, it being evident that, when M is on the northward
path, the declinaticn of the point 90° in advance of it will be north ; and
the contrary.

We come now to consider the other part of the operation, or the
aksha dykkarman, which forms the subject of verses 7-9, As the first
step, we are directed to ascertain the day and the night respectively of
the point of the ecliptic at which the fwo planets are in conjunction in
longitude, for the purpose of determining also its distance in time from
the horizon and from the meridian, This is accomplished as follows.

3




812 \ E. Bunrgess, elc., e o “[fx‘v‘ii.-.“lz‘.:

Having the longitude of the point in question (M in the lasi figure),
we calculate (by ii. 28) its declination, which gives us (by ii. 60) the
radius of its diurpal circle, and (by ii. 61) its ascensional diffevence ;
whence, again, is derived (by ii. 62-68) the length of its day and night.
Again, having the time of conjunction at M, we easily caleulate the
sun’s longitude at the moment, and this and the time together give us
(by iii. 46-48) the longitude of C, the orient ecliptic-point: then (by .
iii, 50) we ascertain directly the difference between the time when M rose
and that when C rises, which is the altitude in time (unnata) of M : the
difference between this and the half-day is the meridian-distance in time
(nata) of the same point. If the conjunction takes place when M is
below the horizon, or during its night, its distance from the horizon and
from the inferior meridian is determined in like manner.

The direct object of this part of the general processbeing to find the
value of § 8/, we note first that that distance is evidently greatest at the
horizon ; farther, that it disappeats at the meridian, where the lines P 8
and NS coincide.  If, then, if is argued, its value at the horizon can be
 ascertained, we,may assume it to vary as the distance from the meridian,
The accompanying figure (Fig. 29) will illustrate the method by which
itis attempted to calculate s s/ at the horizon. = Suppose the planct S,
% Tig: 29, being removed in latitude to the distance

D M S from M, the point of the 'ecliptic
‘ which determines its longitude, to be upon
the horizon, and let s, as before, be the
point to which it is referred by.a circle
from the north pole : it is,desired to deter-
| mine the value of ss. Let D R be the .
8 circle of diurnal revolution of the point

— M, meeting S ¢ in 7, and the horizon in w:
S ¢ w may be regarded as a plane right-angled triangle, having its angles
at S and w respectively equal o the observer’s latitude and co-latitude.
In that triangle, to find the value of ¢ w, we should make the proportion

cosiSaw:sintSwiitSitw : ‘
Now the first of these ratios, that of the cosine to the sine of latitude,
is (soe above, iii. 17) the same with that of the gnomon to the equinoc-
tial shadow : again, as the difference of M ¢ and M4 was in the pre-
ceding process neglected, so here the difference of SM and S¢; and
finally, 2w, the true result of the process, is accepted as the equivalent
of §'s, the distance sought. The proportion then becomes ‘

_gnom. : eq. shad. : : latitude : required dist. at horizon

The value of the required distance at the horizon having been thus
ascertained, its value at any given altitude is, as pointed out above, deter-
mined by a proportion, as follows : as the planet’s distance in time from
the meridian when upon the horizon is to the value of this correction at
the horizon, so is any given distance from the meridian (nata) to the
value at that distance; or ‘

half-day : mer.-dist. in time : : result of last proportion : required distance

The direction in which the distance thus found is to be reckoned, start-
ing in each case from the dyana graha, or place of the planet on the




ecliptic as determined by a secondary to the equator, which was ascer-
tained by the preceding process, is evidently as the text states it in verse
9. In the eastern hemisphere, which is the case illustrated by the figure,
§1¢ is additive to the longitude of ¢, while »/v is subtractive from the
‘longitude of #¢: in the western hemisphere, the contrary would be the
- case. The final result thus arrived at is the longitude of the two points
s and 2, to which 8 and V' are referred by the circles NS and NV,
drawn through them from the north and south points of the horizon.

The many inaccuracies involved in these caleulations are too palpable
0 require pointing out in detail. The whole operation is a roughly
approximative one, of which the errors are kept within limits, and the
result rendered sufficiently correct, only by the general minuteness of
the quantity entering into it as its main element—namely, the latitude
of a planet-—and by the absence of any severe practical test of its aceu-
racy. It may be remarked that the commentary is well aware of, and
points out, most of the exrors of the processes, excusing them by its
stereotyped plea of their insignificance, and the merciful disposition of
the divine author of the treatise. :

‘Having thus obtained s and v, the apparent longitudes of the two
_planets at the time when their true longitude is M, the question arises,
how we shall determine the time of apparent conjunction, ' Upon this
point the text gives us no light at all : according to the commentary, we
are to repeat the process prescribed in verses 2-6 above, determining,
from a consideration of the rate and direction of motion of the planets
in connection with their new places, whether the conjunction sought for
1§ past or to come, and then ascertaining, by dividing the distance v
by their daily rate of approach or recession, the time of the conjunction.
It is evident, however, thatione of the elements of the process of corree-
tion for latitude (akshadrkkarman), namely the mendian-distanee, is
changing so rapidly, as compared with the slow motion of the planets in
their orbits, that such a process.could not yield results at all approaching
to accuracy : it also appears that two slow-moving planets might have
move than one, and even several apparent conjunctions on successive
days, at different times in the day, being found to stand together upon
the same secondary to the prime vertical at different altitudes. We
do not see how this difficulty is met by anything in the text or in
the commentary. The text, assuming the moment of apparent conjunc-
tion to have been, by whatever method, already determined, goes on to
direct us, in verse 12, fo calculate anew, for that moment, the latitudes
of the two planets, in order to obtain their distance from one another.
Here, again, is a slight inaccuracy : the interval between the two, meas-
ured upon a secondary to the prime vertical, is not precisely equal to
the sum or difference of their latitudes, which are measured upon second-
aries to the ecliptic. The ascertainment of this interval is necessary, in
order to determine the name and character of the conjunction, as will
appear farther on (vv. 18-20, 22).

The cases mentioned in verse 11, in which, as well as in caleulating
the conjunctions of two planets with one another, this operation for
apparent longitude (drkkarman) needs to be performed, are the subjects
of the three following chapters. ‘




314 C e Burgess) el [vil. 18~

18. The diameters upon the moon’s orbit of Mars, Saturn,
Mereury, and Jupiter, are declared to be thirty, increased suc-
cessively by half the half ; that of Venus is sixty. S

14, These, divided by the sum of radius and the fourth hypoth-
enuse, multiplied bcfr two, and again multiplied by radius, are the
respective corrected (sphuta) diameters : divided by fifteen, they
are the measures (mdna) in minutes. :

| We have seen above, in connection with the calculation of eclipses
(iv. 2--b), that the diameters of the sun, moon, and shadow had to be
reduced, for measurement in minutes, to the moon’s mean distance, at
which fifteen yojanas make a minute of arc. Here we find the dimen-
sions of the five lesser planets, when at their mean distances from the
earth, stated only in the form of the portion of the moon’s mean orbit
covered by them, their absolute size being left undetermined, We add
them below, in a tabular form, both in yojanas and as reduced to min-
utes, appending also the corresponding estimates of Tycho Brahe (which

" we take from Delambre), and the true apparent diameters of the plan-
ets, as seen from the earth at their greatest and least distances,

Apparent Diameters of the Planets, according to the Sirya-Siddhanta,
t0 Tycho Brahe, and to Modern Science.

Planai Blrya-Siddbinta : Tycho Moderns:
in yojanas, l in e Brahe, Tenst. | greatest,

Mars, 306 gl 1/ ot 4% iy
Saturn, 37% ol 13ol! 1! Sof! ) 43 P
Mercury, 45 31 3l iyot! 40 i
Jupiter, 524 31300/ a5 3ol 40!t
Venus, 6o 4 3 15! 9'! !4t

This table shows how greatly exaggerated are wont to be any deter-
minations of the magnitude of the planetary orbs made by the unas-
sisted eye alone. This effect is due to the well-known phenomenon of
the irradiation, which increases the apparent size of a brilliant body
when seen at some distance. It will be noticed that the ‘Hindu esti-
mates. do not greatly exceed those of Tycho, the most noted and aceu-
rate of astronomical observers prior to the invention of the telescope.
In respect to order of magnitude they entirely agree, and both accord
with t%m relative apparent size of the planets, except that to Mercury
and Venus, whose proportional brilliancy, from their nearness to the

'\ gun, is greater, is assigned too high a rank. Tycho also established a
scale of apparent diameters for the fixed stars, varying from 2/, for the
first magnitude, down to 20", for the sixth, We do not find that
Ptolemy made any similar estimates, either for planets or for fixed stars.

The Hindus, however, push their empiricism one step farther, gravely
laying down a rule by which, from these mean values, the true values
of the apparent diameters at any given time may be found. The funda~
mental proportion is, of course, : “

true dist, : mean dist. : : mean app. diam. : true app. diam.
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" The second term of this proportion is represented by radius: for the
first we have, according to tﬁ\xe tranglation given, one half the sum of
‘radius and the fourth hypothenuse, by which is meant the * variable
hypothenuse” ‘g:ala karna) found in the course of the fourth, or last,
rocess for finding the true place of the planet &see above, ii. 43-45).
he term, however (tricatuhkarna), which 1s translated “radius and the
fourth hypothenuse” is much more naturally rendered “ third and fourth
hypothenuses” ; and the latter interpretation is also mentioned by the
coramentator as one handed down by tradition (sémpraddyika): but,
he adds, owing to the fact that the length of the hypothenuse is not
caleulated in the thivd process, that for finding finally the equation of
the centre (mandakarman), and that that hypothenuse cannot therefore
be referved to here as known, modern interpreters understand the first
member of the compound (ir¢) as an abbreviation for * radius” (#rijyd),
and translate it accordingly. We must confess that the other interpre-
tation seeins to us to be powerfully supported by both the letter of the
text and the reason of the matter. The substitution of #4 for trijyd in
such a connection is quite too violent to be borne, nor do we see why
half the sum of radius and the fourth hypothenuse should be taken as
representing the planet’s true distance, rather than the fourth hypothe-
nuse alone, which was employed (see above, ii. 56-58) in calculating the
latitude of the planets, On the other hand, there is reason for adopt-
ing, as the relative value of a planet's true distance, the average, or half
- the sum, of the third hypothenuse, or the planet's distance as affected
- by the eccentricity of its orbit, and the fourth, or its distance as affected
by the motion of the earth in her orbit. There seems to us good
reason, therefore, to suspect that verse 14—and with it, probably, also
verse 13—is an intrusion into the Strya-Siddhéanta from some other sys-
tem, which did not make the grossly erroneous assumption, pointed out
under ii. 39, of the equality of the sine of anomaly in the epicycle
(bhujajydphala) with the sine of the equation, but in which the hypoth-
enuse and the sine of the equation were duly caleulated in the process
for finding the equation of the apsis (mandakarman), as well as in that
for finding the equation of the conjunction (gighrakarman).

15, Exhibit, upon the shadow-ground, the planet at the ex-
tremity of its shadow reversed : it is viewed at the apex of the
gnomon in its mirror, ;

As a practical test of the accuracy of his calculations, or as a con-
vineing proof to the pupil or other person of his knowledge and skill,
the teacher is here directed to set up a gnomon upon ground properly
prepared for exhibiting the shadow, and to calculate and lay off from the
 base of the gnomon, but in the opposite to the true direction, the shad-
. ow which a planet wonld east at a given time ; upon placing, then, a

horizontal mirror at the extremity of the shadow, the reflected image of
the planet’s disk will be seen in it at the given time by an eye. placed at
the apex of the gnomon. The principle of the experiment is glearly
correct, and the rules and processes taught in the second and third chap-
ters afford the means of carrying it out, since from them the shadow
which any star would cast, had it light enough, may be as readily deter-
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mined as that which the sun actually casts. As no case of precisely this ‘
character has hitherto been presented, we will briefly indicate the course

‘of the calculation, The day and night of the planet, and its distance
from the meridian, or its hour-angle, are found in the same manner as in

the process previously explained (p. 812, above), excepting that here the
planet’s latitude, and its declination as affected by latitude, must be eal-
culated, by ii. 56-58; and then the hour-angle and the ascensional differ-
ence, by iii, 34-36, give the length of the shadow at the given time,

together with that of its hypothenuse. The question would next be in
what direction to lay off the shadow from the base of the gnomon,
This is accomplished by means of the base (bhuja) of the shadow, ot its
value when projected on a north and South line. From the declination
is found, by iii. 20~22, the length of the noonshadow and its hypothe-
nuse, and from the latter, with the declination, comes, by iii. 22-23, the
measure of amplitude (agrd) of the given shadow ; whence, by iii. 23~
95, is derived its base. Having thus both its length and the distance

of its extremity from an east and west line running through the base of
the gnomon, we lay it off without difficulty. Vi

16. Take two gnomons, five cubits (hasia) in height, stationed
according to the variation of direction, separated by the inter-
val of the two planets, and buried at the base one cubit. i

17. Then fix the two hypothenuses of the shadow, passing
from the extremity of the shadow through the apex of each
gnomon; and, to a person situated at the point of union of the
extremities of the shadow and hypothenuse, exhibit e

18. The two planets in the sky, situated at the apex each of
its own gnomon, and arrived at a coincidence of obseryed place

(drg). . . .

This is a proceeding of much the same character with that which
forms the subject of the preceding passage. In order to make appre-
hensible, by observation, the conjunction of two planets, as calculated by
the methods of this chapter, two gnomons, of about the height of a
man, are set up. At what distance and direction from onme another they
are to be fixed is not clearly shown. The commentator interprets the
expression “interval of the fwo planets” (v.16), to mean their distance in
minutes on the secondary to the prime vertical, as ascertained according
to verse 12, above, reduced to digits by the method taught in iv. 26
while, by “according to the variation of direction,” he would understand
merely, in the direction from the observer of the hemisphere in which the
Elanets at the moment of conjunction are situated. The latter phrase,

owever, as thus explained, seems utterly nugatory; nor do we see of
what use it would be to make the north and south interval of the bases of
the gnomons, in digits, correspond with that of the planets in minutes,
We do not think it would be diffienlt to understand the directions given
in thgitoxt as meaning, in effect, that the two gnomons should be so sta-
tioned as to cast their shadows to the same point: it would be easy to
do this, since, at the time in question, the extremities of two shadows
cast from one gnomon by the two stars would be in the same north and
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ith line, and it would only be necessary to set the second gnonton as
-south of the first as the end of the shadow cast by the southern star .
‘was north of that cast by the other. Then, if a hole were sunk in the
‘ground at the point of intersection” of the two shadows, and a person
enabled to place his eye there, he would, at the proper moment, see both
the planets with the same glance, and each at the apex of its own gnomon.
~ In the eighteenth verse also we have ventured to disregard the author-
ity of the commentator : he translates the wovds drktulyatim ilas
“come within the sphere of sight,” while we understand by drkiulyatd,
as in other cases (ii. 14, iil. 11), the coincidence between observed and
computed position. i :
Such passages as this and the preceding are not without interest and
value, as exhibiting the rudeness of the Hindu methods of observation,
and also as showing the unimportant and merely illustrative part which
observation was meant to play in their developed system of astronomy.

18, . . . When there 18 contact of the stars, it is styled ** de-
piction”’ (ullekcha) ; when there is separation, * divigion” (bheda) ;
19. An encounter (yuddha) 1s called “ ray-obliteration” (angu-
 vimarda) when there is mutual mingling of rays: when the inter-
~ val is less than a degree, the encounter is named * dexter” (apar
savya)—if; in this case, one be faint (anu). ‘ \
.20, If the interval be more than a degree, it is “ conjunction”
. (samdagama), if both are endued with power (bala). One that is
 vanquished (jita) in a dexter encounter (apasavya yuddhe), one
that 1s covered, faint (¢nu), destitute of brilliancy, |

21. One thatis rough, colorless, struck down (vidhvasta), situ-

_ated to the south, is utterly vanquished (vijita). One situated to
- the north, having brilliancy, large, is victor (jayin)—and even in
the south, if powerful (balin).

22. Kven when closely approached, if both are brilliant, it ig
“conjunction” (samdgama): if the two are very small, and struck
down, it is “front” (kdfa) and *“conflict” (vigraha), respectively.

23. Venus is generally victor, whether situated to the north or
to the south. . . . ;

In this passage, as later in a whole chapter (chap. xi), we quit the
proper domain of astronomy, and trench upon that of astrology.  How-
ever intimately connected the two sciences may be in practice, they are,
in general, kept distinet in treatment—the Siddhantas, or astronomical
text-books, furnishing, as in the present instance, only the scientific basis,

the data and methods of ealculation of the positions of the heavenly
bodies, their eclipses, eonjunctions, risings and settings, and the like,
- while the Sanhiths, Jatakas, Tajikas, etc., the astrological treatises, make
the superstitious applications of the science to the explanation of the
. planetary influences, and their determination of human fates. Thus the
 celebrated ' astronomer, Varaha-mihira, besides his astronomies, comn-
posed separate astrological works, which are still extant, while the for-
. mer have become lost. It is by no means impossible that these verses
may be an interpolation into the original text of the Strya-Siddhanta,
They form only a disconnected fragment : it is not to be supposed that
L vons v ‘ 41
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they econtain a complete. statement and definition of all the different
kinds of conjunction recognized and distinguished by technical appella-
tions; nor do they fully set forth the eircumstances which determine the
result of a hostile “encounter” between two planets: while a detailed
explanation of some of the distinctions indicated—as, for instance, when
a planet is ¢ powerful” or the contrary——could not be given without enter-
ing quite deeply into the subjeect of the Hindu astrology. This we do
not regard ourselves as called upon to do here : indeed, it swould not be
possible to accomplish it satisfactorily without aid from original sources
which ave not accessible to ns. We shall content ourselyes with follow-
ing the example of the commentator, who explains simply the sense and
connection of the verses, as given in our translation, citing one or two
parallel passages from works of kindred subject. = We would only poink
out farther that it has been shown in the most satisfactory manner (as by
Whish, in Trans, Lit. Soc, Madras, 1827; Weber, in his Indische Studien,
ii. 236 cte.) that the older Hindu science of astrology, as represented by
Varbha-mihira and others, reposes entirely upon the Greek, as its later
forms depend also, in part, upon the Arab ; the latter connection being
indicated even in the common title of the more modern treatises, tdjika,
which comes from the Persian #dzt, “ Arab.” Weber gives (Ind. Stud..
il. 277 ete.) a translation of a passage from Vardha-mihira’s lesser treat-
ise, which states in part the circumstances determining the “power” of a
planct in different situations, absolute or relative: partial explanations
upon the same subject furnished to the translator in India by his native
assistant, agree with these, and both accord closely with the teachings
of the Tetrabiblos, the astrological work attributed to Ptolemy.

23. . . . Perform in like manner the caleulation of the con-
junction (samyoga) of the planets with the moon. ‘

This is all that the treatise says respecting the conmjunction of the
moon with the lesser planets ; of the phenomenon, sometimes so striking,
of the occultation of the latter by the former, it takes no ¢special notice,
The commentator cites an additional half-verse as sometimes imcliyded in
the chapter, to the effect that, in caloulating a conjunction, the moon’s
latitude is to be reckoned as corrected by her parallax in latitude (ave-
nati), but, rejects it, as making the chapter over-full, and as being super-
fluous, since the nature of the case determines the applicati’cmg{l of
the general rules for parallax presented in the fifth chapter. Of any
parallax of the planets themsclves nothing is said: of course, to calou-
late the moon's parallax by the methods as already given is, in effect,
attribate to them all a horizontal parallax of the same value with that
assigned to the sun, or about 4/, S :

The final verse of the chapteris a caveat against the supposition tha
when a * conjunction” of two planets is spoken of, anything more is
meant than that they appear to approach one another; while ney
lags, this apparent approach requires to be treated of, on ageon:
influence npon human fates. e

94. Unto the good and evil fortune of men is this system sst
forth : the planets move on upon their own paths, approaching
one another at a distance. e

i
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OHAPTER VILI,
OF THE ASIERISMS.

Conrens i=~1-9, positions of the asterising; 10-12, of certain fixed stars; 12, diree-
tion to test by observation the accuracy of these positions; 18, splitting of
Rohint's wain; 14-15, how to determine the conjunction of @ planet with an
asterism 5 16-19; whichi is the junction-star in each asterism ; 20-21, positions of
other fixed stars,

1. Now are set forth the positions of the asterisms (bha), in
minutes. If the share of each one, then, be multiplied by ten,
and increased by the minutes in the portions (bhoga) of the past
asterisms (dAdshpya), the result will be the polar longitudes
(dhruva).

The proper title of this chapter is nakshatragrahayutyadhilkdra, ¢ chap-
ter of the conjunction of asterisms and planets,” but the subject of con«
junetion oceupies but a small space in it, being limited to a direction
(vv. 14-15) to apply, with the necessary modifications, the methods
taught in the preceding chapter.  The chapter is mainly occupied with
such a definition of the positions of the asterisms—to which are added
also those of a few of the more prominent among the fixed stars—as is
necessary in order to render their conjunctions capable of being calenlated.

Before proceeding to give the passage which states the positions of
the asterisms, we will explain the mamer in which these are defined. In
the accompanying figure (Fig. 30}, let E L represent the equator, and C
L the ecliptie, 1’ and P’ being their respec-
tive poles. Let S be the position of any
given star, and through it draw the circle
§ of declination P S a.  Then a is the point
on the ecliptic of which the distance from
the first of Aries and from the star respec-
tively are here given as its longitude and
latitnde.  So far as the latitude is con-
cerned, this is not' unaccordant with the
usage of the *treatise hitherto. Latitude
(vikshepa, “disjection”) is the amount by
which any body ‘is removed from the
declination which'it ought to have—thak
is, from the point of the ecliptic which it
ought to occupy—declation (&rdnti, apa-
krama) being always, according to the
Hindu understanding of the term, in the
ecliptic itself. 1In the case of a planet,
whose proper path is in the ecliptic, the
point of that eivcle which it ought fo occu-

' ; py is determined by its caleulated longi-
tude: in the case of a fixed star, whose only motion ig about the poleof
the heavens, its point of declination is that to which it is referred by &

Fig. a0,




