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 cirele through that pole, Thus, in the figure, the declination (krdnti) of
8 would be e @, or the distance of a from the equator at ¢ @ its latitude
(vikshepe) is @ S, or its distance from a. We have, accordingly, the
‘same term nsed here as before,  To designate the position in longitude
of @, on the other hand, we have a new term, dhruva, or, as below, (vv.
12, 15), dhruvaka, This comes from the adjective dhruva, *fixed, im-
moyable,” by which the poles of the heaven (see below, xii. 43) are desig-
nated ; and, if we do not mistake its application, it indicates, as here
employed, the longitude of a star as referred to the ecliptic by a circle
from the pole, We venture, then, to translate it by ¢ polar longitude,”
as we also render wikshepa, in this connection, by “polar latitude,” it
being desirable to have for these quantities distinctive names, akin
with one another. Colebrooke employs “apparent longitude and lati-
tude,” which are objectionable, as being more properly applied to the
results of the process taught in the last chapter (vv. 7-10), 9

The mode of statement of the polar longitudes is highly artificial and
arbitrary : a number is mentioned which, when multiplied by ten, will
give the position of each asterism, in minutes, in its own “portion”

\(Bhaga), or are of 18° 20’ in the ecliptic (see ii, 64).

This passage presents a name for the asterisms, dhishnya, which has

not occurred before ; it is found once more below, in xi. 21,

2. Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four,
seventy-eight, seventy-six, fourteen,

3. Fifty-four, sixty-four, fifvy, sixty, forty, seventy-four, sev-
enty-eight, sixty-four, ‘

4, Wourteen, six, four; Uttara-Ashddhd, (vdicva) 18 at the
middle of the portion (bhoga) of Pirva-Ashddba (dpya); Abhi-
jit, likewise, is at the end of Pirva-Ashadhd; the position of
Cravana is at the end of Uttara- Ashidha; WA

5. Cravishtha, on the other hand, is at the point of connec-
tion of the third and fourth quarters (pade) of Cravana: then,
in their own portions, eighty, thirtysix, twenty-two, ‘

6. Seventy-nine, Now their respective latitudes, reckoned
from the point of declination (apakrama) of each: ten, twelve,
five, north: south, five, ten, nine; ‘ I

7. North, six ; nothing; south, seven; north, nothing, twelve,
thirteen ; south, eleven, two; then thirty-seven, north;

8. South, one and a half, three, four, nine, five and a half, five;
north, also, sixty, thirty, and also thirty-six ; i

9. South, half a degree; twenty-four, north, twenty-six degrees; .

. g . AD - .
nothing—for Acvini (dasra), ete., in succession.

The text liere assumes that the names of the asterisms, and the order
of their succession, are so familiarly known as to render it unnecessary
ta rehearse them, It has been already noticed (see above, 1, 48-561, 55,
56--58, ete,) that a similar assumption was madé. as regards the names
and suceession of the months, signs of the zodiac, years of Jupiter's
eycle, and the like. Many of the asterisms have more than one appel-
lation ¢ we present in the annexed table those by which they are more
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et each asterism (nakshatra) in the arc of the ecliptic to which it gives
name, and which is styled its “portion” (bkoga), the vesulting polar lon-

gitudes, and the polar latitudes.

Siddbénta—the declinations by ii. 28, the right ascensions by iii. 4448
—and we insert our results in the table, rejecting odd minntes less than

! And since it is probable (see note to
the latter half of v. 12, below) that the latter were actually derived by
calculation from true declinations and right ascensions, ascertained by
observation, we have endeavored to restore those more original data by
calculating them back again, according to the data and methods of this
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, it should be remarked, are founded upon the as-
that, 4t the time when the observations wete made of which
‘vecords the results, the vernal equinox coincided with the
nifial point of the Hindu sidereal sphere, or with the beginning of|
the portion of the asterism Agvini, a point 10" eastward on the ecliptic
from ﬂig star & Piscium ; this was actually the case (see above, under 1,
27) about A. D. 560. The question how far this assumption is sup-
ported by evidence contained in the data themselves will be considered
later.  To fill out the table, we have also added the intervals in right
ascension and in polar longitude.

The stars of which the text thus accurately defines the positions do
not, in most cases, by themselves alone, constitute the asterisms (nak-
shatra) ; they are only the principal members of the several groups of
stars—each, in the calculation of conjunctions (yoya) between the plan-
ets and the asterisms (see below, vv. 14-15), representing its group, and
therefore ealled (see below, vv. 16-19) the “junction-star” (yogatdrd) of
the asterism.

It will be at once noticed that while, in a former passage (ii. 64), the
ecliptic was divided into twenty-seven equal arcs, as povtions for the aster-
1sms, we have here presented to us twenty-eight asterisms, very unequally
distributed along the ecliptic, and at preatly varying distances from it,
And it 1s a pomt of so much consequence, in order to the right under-
standing of the character and history of the whole system, to apprehend
clearly the relation of the groups of stars to the arcs allotted to them,
that we have prepared the accompanying diagram (Fig, 31) in illustra-
tion of that relation. The figure represents, in two parts, the eircle of
the ccliptic : along the central lines is marked its division into arcs of
ten and five degrees : upon the outside of these lines it is farther divided
into equal twenty-sevenths, or arcs of 132 20/, and upon the inside into

‘equal twenty-eighths, or arcs of 12° 513/ ; these being the portions
(blhoga) of two systems of asterisms, twenty-seven and twenty-eight in
number respectively, The starred lines which run across all the divisions
mark the polar longitudes, as stated in the text, of the junction-stars of
the asteristns.  The names of the latter are set over against them, in the
itmer colwmns: the names of the portions in the system of twenty-seven

‘are given 1n full in the outer columns, and those in the system of twenty-
eight are also placed opposite the portions, upon the inside, in an abbre-
viated form. '

 The text nowhere expressly states which one of the twenty-eight aster-
isms which it recognizes is, in its division of the ecliptic into only twenty-
| 'seven portions, left without a portion., That Abhijit, the twenty-second
of the series, is the one thus omitted, however, is clearly implied in the
statements of the fourth and fifth verses. Those statements, which have
caused difficulty to more than one expounder of the passage, and have
been variously misinterpreted, are made entirely clear by supplying the
words “ asterism” and “portion” throughout, where they are to be under-
stood, thus : “ the asterism Uttara-Ashadhd is at the middle of the por-
tion styled Purva-Ashidhi; the asterism Abhijit, likewise, is at the end
of the portion Phrva-Ashadhd ; the position of the asterism Cravana is
at the end of the portion receiving its name from Uttara-Ashadha ; while

gt
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the asterism Cravishthd is between the third and foarth quarters of the
portion named for Qravana,”  After this interruption to the regularity of
correspondence of the two systems—the asterism Abhijit being Jeft with-
ouf a portion, and the portion Cravishth containing no asterism—they
go on again harmoniously together to the close. The figure illustrates
clearly this condition of things, and shows that, if Abhijit be left out of
account, the two systems agree so far as this—that twenty-six asterisms
fall within the limits of portions bearing the same name, while all the
discordances are confined to one portion of the ecliptic, that comprising
the 20th to the 28d portions. If, on the other hand, the ecliptic be divi-
ded into twenty-eighths, and if these be assigned as portions to the
twenty-eight asterisms, it is seen from the fieure that the discordances
between the two systems will be very great; that only in twelve instan-
ces will a portion be occupied by the asterism bearing its own name, and
by that alone; that in sixteen cases asterisms will be found to fall within
the himits of portions of different name ; that four portions will be left
without any asterism at all, while four others will contain two each,

« These discordances are enough of themselves to set the whole sub-
ject of the asterisims in a new light.  Whereas it might have secmed,
from what we have seen of it heretofore, that the system was founded
upon a division of the ecliptic into twenty-seven equal portions, and the
selection of a star or a constellation to mark each portion, and to be, as
it were, its ruler, it now appears that the series of twenty-eight aster-
isms may be something independent of,_and anterior to, any division of
the ecliptic into equal arcs, and that the one may have been only arti-
ficially brought into connection with the other, complete harmony
between them being altogether impossible. And this view is fully sus-
tained by evidence derivable from outside the Hindu seience of astron-
omy, and beyond the borders of India. The Parsis, the Arabs, and the
Chinese, are found also to be in possession of a similar system of divi~
sion of the heavens into twenty-eight portions, marked or separated by
as many single stars or constellations, Of the Parst system little or
nothing is known excepting the number and names of the divisions,
which are given in the second chapter of the Bundehesh (see Anquetil
du Perron’s Zendavesta, etel, ii. 849). The Arab divisions are styled .
mandzil al-kamar, “ lunar mansions, stations of the moon,” being brought
into special connection with the moon’s revolution ; they are marked,
like the Hindu “ portions,” by groups of stars. The first extended com-
parison of the Hindu asterisms and the Arab mansions was made by Sir

/illiatn Jones, in the second volume of the Asiatic Researches, for 1790
it was, however, only a rude and imperfect, sketch, and led its author to
no valuable or trustworthy conclusions. The same comparison was taken

~up later, with vastly more learning and acuteness, by Colebrooke, whose

9 valuable article, pablished also in the Asiatic Researches, for 1807 (ix.

823, ete.; KEssays ii. 821, ete.), Las ever since remained the chief source

' jof knowledge respecting the Hindu asterisms and their relation to the

Innar mansions of the Arabs. To Anquetil (as above) is due the credit

of the first suggestion of a coincidence between the Pérst, Hindu, and

Chinese systems: but he did nothing more than suggest it: the origin, .

character, and use of the Chinese divisions were first established, and
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! primitive identity with the Hindu asterisms demonstrated, by Biot,
in a series of articles published in the Journal des Savants for 1840 : and
he has more recently, in the volume of the same Journal for 1859, re-
viewed and restated his former exposition and ¢onclusions. These wo
. shall present more fully hereafter : at present it will be euough to say
. that the Chinese divisions are equatorial, not zodiacal; that they are
named siey,  mansions” ; and that they are the intorvals in right ascen-
sion between certain single stars, which are also called sicu, and have the
same title with the divisions; which they introduce. We propose to pre-
sent here a summary comparison of the Hindu, Arab, and Chinese sys-
tems, in connection with an identification of the stars and proups of
stars forming the Hindu asterisms, and with the statement of such
information respecting the latter, beyond that given in our text, as will
best contribute to a full understanding of their character.

The identification of the asterisms 18 founded, upon the positions of
their principal or junction-stars, as stated in thelastronomical text-books,
upon the relative places of these stars in the groups of which they form
a part, and upon the number of stars composing each group, and the
figure by which their arrangement is represented: in a few cases, too,
the names themselves of the asterisms ave distinctive, and assist the iden-
tification. The number and configuration of the stars forming the groups
are not stated in our text; we derive them mainly from Colebrooke,
‘although ourselves also having had access to, and compared, most of his
authorities, namely the Chkalya-Sanhitd, the Muhtirta~Cinthmani, and
the Ratnamald (as cited by Jones, As, Res., ii. 294). = Sir William Jones,
it may be remarked, furnishes (As. Res., ii. 298, plate) an engraved copy
of drawings made by a native artist of the figures assigned to the aster-
isms. . For the number of stars in each group we have an additional
authority in al-Birtni, the Arab savant of the eleventh century, who
travelled in India, and studied with especial care the Hindu astronomy.
The information furnished by him with regard to the asterisms we derive
from Biot, in the Journal des Savants for 1845 (pp. 39-54) ; it professes
to be founded upon the Khanda-Kataka® of Brahmagupta. Al-Birind
also gives an identification of the asterisms, so far as the Hindu astrono-
mers of his day were able to furnish it to him, which was only in part:
he is obliged to mark seven or eight of the series as unktown or doubt-
ful.  He speaks very slightingly of the practical acquaintance with the
heayens possessed by the Hindus of his time, and they certainly have
not since improved in this respect; the modern investigators of the
samo subject, as Jones and Colebrooke, also complain of the impossi-
bility of obtaining from the native astronomers of India satisfactory
identifications of the asterisms and their junction-stars. . The translator,
in like manner, spent much time and effort in the attempt to dervive
such information from his native assistant, but was able to arrive at no
results which could constitute any valuable addition to those of Cole-
brooke. It is evident that for centuries past, as at present, the native

* The true form of the name is not altogether certain, it being known 6nly
through its Avabic transcription : it seems to designate rather a chapter in a treatise
than a complete work of its author, ; ‘ 2
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tradition has been of no decisive anthority as regards the positidn and
composition of the groups of stars constituting the asterisms: these

~ must be determined upon the evidence of the more ancient data handed

down in the astronomical treatises.

In order to an exact comparison of the positions of the junction-stars

as defined by the Hindus with those of stars contained in our cata-
logues, we have reduced the polar longitudes and latitudes to true longi-
tudes and lagitudes, by the following formulas (see Fig. 80): i
{1-~cos Aa) cot ELC = tan Sab fe

gin Sab sin B¢ == sin 85 e

tan 86 cot Sab = sin ad Sl

S

wd

Aa being the polar longitude as stated in the text (== La +- 180°), Sa !

. the polar latitude, E L C the inclination of the ecliptic, 8 b the true lati-
tude, and a b a quantity to be added to or subtracted from the polar lon-
gitude to give the true longitude. The true positiotis of the stars com-
pared we take from Flamsteed’s Catalogus Brittanicus, subtracting in
each case 15° 42/ from the longitudes there given, in order to reduce
them to distances from the vernal equinox of A.'D. 560, assumed to

coincide with the initial point of the Hindu sphere. There is some

discordance among the different Hindu authorities, as regards the stated

ositions of the junction-stars of the asteriems. The Cakalya-Sanhita,
indeed, agrees in cvery point precisely with the Strya-Biddhanta. Bug
the Siddb&nta-Ciromani often gives a somewhat different value to the
polar longitude or latitude, or both. With it, so far as the longitude is
concerned, exactly accord the Brahma-Siddhénta, as reported by Cole-
brooke, and the Khanda-Kataka, as reported by al-Birtni. The lati-
tudes of the Brahma-Siddhanta also are virtually the same with those of
the Siddhanta-Ciromani, their differences never amounting, save in a
single instance, to more than 8: but the latitudes of the Khanda-Kataka
often vary considerably from both. The Graha-Laghava, the only other
authority accessible to us, presents a series of variations of its own, inde-
pendent of those of either of the other treatises. All these differences
are reported by us below, in treating of each separate asterism. The
presiding divinities of the asterisms we give upon the anthority of the
Taittiriya-Sanhité (iv, 4. 10, 1-3), the Taittiriya-Brahmana (iii. 1, 1,2, as
cited by Weber§ Zeitsch. f. d. K. d. Morg,, vii, 266 etc., and Ind. Stud.,

1. 90 ete.), the Muhfirta-Cinthmani, and Colebrooke: those of about

half the asterisms are also indirectly given in our text, in the form of
appellations for the asterisms derived from them.

The names and situations of the Arab lunar stations are taken from
Ideler’s Untersuchungen tiber die Sternnamen : for the Chinese man-
‘sions and their determining stars we rely solely upon the articles of
Biot, to which we have already referred. '

It has seemed to us advisable, notwithstanding the prior treatment by
Colebrooke of the same subject, to enter into a cereful re-examination

ind identification of the Hindu asterisms, because we could not accept
in the bulk, and without modification, the conclusions at which he arrived,
The ideéntifications by Ideler of the Arab mansions, more thorough anc
correct than any which had been previously made, and Biot’s compari-
son of the Chinese siew, have placed new and valuable materials in oux
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* hands: and these—together with a more exact comparison than was

~ attempted by Colebrooke of the positions given by the Hindus to their
junction-stars with the data of the modern catalogues, and a new and
independent combination of the various materials which he himself fur-
nishies—while they have led us to accept the greater number of his iden-
tifications, often establishing them more confidently than he was able to
do, have also enabled us in many cases to alter ‘and amend' his results.
Such a re-examination was necessary, in order to furnish safe ground for
a more detailed comparison of the three systems, which, as will be seen
hereatter, leads to important conclusions respecting their historical rela-
tions to one another.

5

1. Agvind ; this treatise exhibits the form agvini ; in the older lists,
as also often elsewhere, we have the dual agvindw, agvayujoun, “the two
horsemen, or Agvins.” The Agvins are personages in the ancient Hindu
mythology sotewhat nearly.corresponding to the Castor and Pollux of
the Greeks. They are the divinities of the asterism, which is named
from them. The group is figured as a horse’s head, donbtless in allusion
to its presiding deities, and not from any imagined resemblance. The
dual name leads us to expect to find it composed of two stars, and that
38 the number allotted to the asterism by the Cékalya and Khanda-
Kataka, The Stirya-Siddhanta (below, v. 16) designates the northern
member of the group as its junction-star : that this is the star § Arietis
(magn. 3.2), and not @ Arietis (magn. 2), as assumed by Colebrooke, is
shown by the following comparison of positions :

Agvini. . . . long, A:D. 560, 11%50% . .0 olab g% 1nt N
‘BiArietia). .. do. A DANBEL L s da 8% 2820V,
o Arietis . ., do. 1951300 i do 9% hnl N

Colebrooke was misled in this instance by adopting, for the number
of stars in the asterism, three, as stated by the later authorities, and then
applying to the group as thus composed the designation given by our
text of the relative position of the junction-star as the northern, and he
accordingly overlooked the very serious error in the determination of
the longitude thence resulting. Indeed, throughout his comparison, he
gives too great weight to the determination of latitude, and too little to
that of tongitude : we shall see farther on that the accuracy of the lat-
ter is, upon the whole, much more to be depended upon than that of the
former,

Considered as a group of two stars, Agvini is composed of ¢and y
Arietis (magn. 4.8); as a group of three, it comprises also e in the same
constellation. B

There is no discordance among the different authorities examined by
s as regards the position of the junction-star of Agvini, either in latis
tude or in longitude. The case is the same with the 8th, 10th, 12th,
and 18th asterisms, and with them alone.

The fivst Arab manzil is likewise composed of £ and y Arfetis, to
which some add «: it is called ash-Sharatin, ‘“the two tokens"—that is
to say, of the opening year.

The Chinese sevies of siew commences, as did aanciently the Hindu
system of asterisms, with that which is later the third asterism. The
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twenty-seventh siew, named Len (M. Biot has omitted to give us the
signification of these titles), is # Arietis, the Hindu junction-star, =
2. Bharani ; also, as plural, bharenyas; from the root bhar, Hoarppili
in the Thittiriya lists the form apabharant, “bearer away,” in singular
and plural, is also found. Its divinity is Yama, the raler of the world
of departed spirits; it is figured as the yoni, or pudendum mulicbre,
All authorities agree in assigning it three stars, and the southernmost is
pointed out below (v. 18) as its junction-star. The group is unquestion-
ably to bo identified with the triangle of faint stars lying north of the
back of the Ram, or 85, 39, and 41 Arietis: they are figured by some as
a distinet constellation, under the name of Musca Borealis, The desig-
nation of the southern as the junction-star is not altogether unambigu-
ous, as 85 and 41 were, in A, D. 560, very nearly equidistant from the
. equator; the latter would seem more likely to be the one intended,
since it is nearer the ecliptic, and the brightest of the group—being of
the third magnitude, while the other two are of the fourth : the defined
position, however, agrees better with 85, and the error in longitude, as
compared with 41, is greater than that of any other star in the series :

BRARSEN 3. o e e 949 350 e TR n0n Ny
96 Arietis (¢ Musese) . . 26° 647 . .., 112 170 N,
41 Avietis (c Musem) .+ 28° 1o’ . .1y . 100 26/ N,

The Graha-Laghava gives Bharani 1° more of polar longitude : this
would reduce by the same amount the error in the determination of its
longitude by the other authorities, -

The second Arab manzil, al-Butain, ¢the little belly”-—i. e., of the
Ram—is by most anthorities defined as comprising the three stars in the
haunch of the Ram, or ¢, d, and ¢ (or else ¢) Arietis.. Some, however,
have regarded it as the same with Musca ; and we cannot bus think that
al-Birini, in identifying, as he does, Bharani with al-Butain, meant to
indicate by the latter name the group of which the Hindn asterism is
actually composed.

The last Chinese sieu, Oei, is the star 35 Arietis, or a Muscee,

8. Kpttikd; or, as plural, krttikds ; the appellative meaning of the
word is doubtful. The regent of the asterism is Agni, the god of fire.
The group, composed of six stars, is that known to us as the Pleindes.
It is figured by some as a flame, doubtless in allusion to its presiding
divinity : the more usnal representation of it is a razor, and in the choice
of thissymbol is to be recognized the influence of the etymology of the
name, which may be derived from the root kazt, “cut;” in the configur-,
ation of the group, too, may be seen, by a sufficiently prosaic eye, a
broad-bladed knife, with a short handle. If the designation given below

‘(v. 18) of the southern member of the group as its junction-star, be
strictly true, this is not Aleyone, or 7 Tauri (magn. 3), the brightest of
the six, but either Atlas (27 Tauri: magn. 4) or Merope (23 Tauri:
magn. 5): the two latter were very nearly equally distant from the
equator of A.D. 560, but Atlas is a little nearer to the ecliptic, The
defined position agrees best with Aleyone, nor can we hesitate to regard
this as actually the junction-star of the asterism. We compare the posi-

 tions below : :
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The Siddhinta-Ciromani ete. give Krttikd 27 less of polar longitude
than the Strya-Siddhanta, and the Graha-Léghava, on the other hand,
307 more: the latter, with the Khanda-Kataka, agree with our text as
regards the polar latitude, which the others reckon at 4° 30, instead of 5°

The Pleiades coustitute the third manzil of the Arabs, which is de-
nominated ath-Thuraiya, “the little thick-set groun,” or an-Najm, * the
constellation.” Aleyone is likewise the first Chinese siew, which is
styled Mao.

‘4. Rokint, “ruddy” ; so named from the hue of its principal star.
Prajapati, ¢ the lord of created beings,” is the divinity of the asterism.
Tt contains five stars, in the grouping of which Hindu fancy has seen the
figure of a wain (compare v, 13, below) ; some, however, figure it as a
temple. The constellation is the well-known one in the face of Taurus
to which we give the name of the Hyades, containing &, J, 7, %, & Tauri ;
the latter, the most easterly (v. 19) and the brightest of the group—
being the brilliant star of the first magnitude known as Aldebaran—is

the junction-star, as is shown by the annexed comparison of positions:
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The SiddhAnta-Ciromani etc. here again present the insignificant vari-

ation from the §>ofar longitude of our text, of 2’ less: the former also
“makes its polar latitude 4° 30" : the Graha-Laghava reads, for the polar

_ longitude, 49°. All these variations add to the error of defined position.

The fourth Arab manzil is composed of the Hyades: its name is ad-
Dabaran, “the follower”—i. ., of the Pleiades. We would suggest the
_ inquiry whether this name may not be taken as an indication that the
~ Arab system of mansions once began, like the Chinese, and like the

- Hindu system originally, with the Pleiades. There is, certainly, no very

~ obyious propriety in naming any but the second of a series the “follow-

 ing” (sequens or secundus). Modern astronomy has retained the title as
- that of the principal star in the group, to which alone it was often also
~applied by the Arabs.

 The second Chinese siew, Pi, is the northernmost member of the same

group, or & Tauri, a star of the third to fourth magnitude.

5. Mrgagtrsha, or mrgagiras, “ antelope’s head” : with this name the
figure assigned to the asterism corresponds ; the reason for the designa-
‘tion we have not been able to discover. Its divinity is Soma, or the

moon. It contains three stars, of which the northern (v. 16) is the
‘determinative, These three can be no other than the faint cluster in the
‘head of Orion, or 4, g1, ¢ Orionis, although the Hindu measurement
of the position of the junction-star, 4 (magn. 4), is far from acourate,
- especially as regards its latitude :
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_In this erroncous determination of the latitude all authorities agree:
the Graha-Laghava adds 1° to the error in polar longitude, reading 62°
instead of 63°, i : R
. Here again there is an entire harmony among the three systems com-
pared. The Arab maneil, al-Hakah, is composed of the same stars
which make up the Hindu asterism: the third sicy, named Tse, is the
Hindu_janction-star, 4 Orionis. "
6. Ardra, “ moist " the appellation very probably has some meteoro-

 logical ground, which we have not traced out : this is indicated also by

the choice of Rudra, the storm:god, as regent of the asterism. It com-

prises a single sfar only, and is gured as a gem. It is impossible not to

regard the bright star of the first magnitude in Orion’s right shoulder,

or « Orionis, as the one here meant to be designated, notwithstanding

the very grave errors in the definition of its position given by onr text:
the only visible star of which the situation at all nearly answers to that

definition is 185 Tauri, of the sixth magnitude ; we add its position

below, with that of & Orionis :
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The distance from the sun at which the heliacal rising and setting of
Ardrd, is stated below (ix. 14) to take place would indicate a star of about
the third magnitude ; this adds to the difficulty of its identification with
either of the two stars compared. We confess ourselves unable to
account for the confusion existing with regard to this asterism, of which
al-Birtini also ecould obtain no intelligible account from his Indian
teachers. But itis to be observed that all the authorities, excepting onr
text and the Cakalya-Sanhita, give Ardrd 11° of polar latitude instead
of 9°, which would reduce the error of latitude, as compared with &
Orionis, to an amount very little greater than will be met with in one or
two other cases below, where the star is situated south of the ecliptic ;
and it is contrary to all the analogies of the system that a faint star
should have been selected to form by itself an asterism, The Siddhanta-
Qiromani ete. make the polar longitude of the asterism 207 loss than that
given by the Stirya-Siddhanta, and the Graha-Laghava 1° 20/ less : these
would add so much to the error of longitude, !

Here, for the first time, the three systems which we are comparing
disagree with one another entirely. The Chinese have adopted for the
determinative of their fourth sieu, which is styled Tsan, the npper star
in Orion’s belt, or & Orionis (2)—a strange and arbitrary selection, for
which M. Biot is unable to find any explanation. The Arabs have estab-
lished their sixth station close to the ecliptic, in the feet of Pollux, nam-
ing it al-Han’ah, “the pile” ; it comprises the two stars y (2.3) and &
(4.8) Geminorum ; sonje authorities, however, extend the limits of the

- mansion so far as to include also the stars in the foot of the other twin,

or 7, ¥, ¢ Geminorum; of which the latter is the next Chinese siew,

7. Punarvasu ; in all the more ancient lists the name appears as g
dual, punarvasi: it is derived from punar, “again,” and wasu, “good,
brilliant” : the reason of the designation is not apparent. The regent
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ofheastemsm is. Aditi, ther motherﬁbf the Adityas. Its dual title i‘n‘di—‘ /

 Strya-Siddhdnta.

“cates that it is composed of two stars, of nearly equal brilliancy, and
two.is the number allotted to it by the Cakalya and Khanda-Kataka, the
‘eastern being pointed out below (v. 19) as the junction-star. The pair
are the two bright stars in the heads of the Twins, or @ and # Gemino-
“rum, and the latter (1.2) is the junction-star. The comparison of posi-
tions is as follows: : ‘

i v Pundrvgen iy 01 ga®i8al L0060 ol L

B Geminorum. . . 93% 140 .. L 6% 39/ N,

The Graha-Laghava adds 1° to the polar longitude of Punaryasu as
stated by the other authorities.

Four stars are by some assigned to this asterism, and with that num-
ber corresponds the representation of its arrangement by the figure of
a house: it is quite uncertain which of the neighboring stars of the same
constellation are to be added to those above mentioned to form the group
of four, but we think ¢ (magn. 4) and v (5) those most likely to have

- been chosen : Colebrooke suggests & (3.4) and 7 (5,4). !
The determinative of the fifth siew, Tsing, is ¢ Geminorum (8), which,
 as we have seen, is reckoned among the stars composing the sixth
manzil : the seventh manzil includes, like the Hindu asterism, « and 8
Geminorum @ it is named adh-Dhird’, “the paw’—i. e, of the Lion; the
figure of Leo (see Ideler, p. 152 ete.) being by the Arabs so stretched
out as to cover parts of Gemini, Cancer, Canis Minor, and other neigh-
boring constellations.

8. Pushya ; from the root push, “ nourish, thrive”’; another frequent

* name, which is the one employed by our treatise, is tishya, which is
translated “ anspicious”; Amara gives also sidhya, * prosperous” lts

)i

 Mivinity is Brhaspati, the priest and teacher of the gods. It comprises

three stars—the Khanda-Kataka alone seems to give it but one—of which
the middle one is the junction-star of the asterism. This is shown by
the position assigned to it to be o Cancri (4):
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. The other two are doubtless y (4.5) and & (8) of the same constellation :
the asterism is figured as a crescent and as an arrow, and the arrange-
ment of the group admits of being regarded as representing a crescent,
or the barbed head of an arrow. Were the arrow the only figure given,
it might be possible to regard the group as composed of y, &, and § (4),
the latter representing the head of the arrow, and the nebulous cluster,
. Preesepe, between'y and 4, the feathering of its shaft: & (105° 43'—

.~ 0° 48 8.) would then be the junction-star.

The Arab maneil, an-Nathvah, “the nose-gap”—i. e., of the Lion—
comprises 7 and 8 Cancri, together with Pracsepe; or, according to somo
authorities, Preesepe alone. The sixth sieu, Kuei, is & Cancri, a star
which is, at present, only with difficulty distinguished by the naked eye.
Ptolemy rates it as of the fourth magnitude, like y and d; perhaps it is
one of the stars of which the brilliancy has sensibly diminished during
the past two or three thousand years, or else a variable star of very

- long period. The possibility of such changes requires to be taken into

ageount, in comparing our heavens with those of so remote a past.




9. Agleshé ; or, as plural, dgleshds; the word is also written dgreshd:
its appellative meaning is “ entwiner, embracer.” 'With the name accord
the divinities to whom the regency of the asterism is assigned, which

are sarpds, the serpents.  The number of stars in the group is stated as
five by all the authorities excepting the Khanda-Kataka, which reads six :
their configuration is represented by a wheel. The star & Caneri (4) iz
pointed out by Colebrooke as the junction-star of Aglesha, apparently
from the near correspondence of its latitude with that assigned to the
latter, for he says nothing in connection with it of his native helpers:
but & Cancri is not the eastern (v. 19) member of any group of five stars ;
nor, indeed, is it a member of any distinct group at all. Now the name,
figure, and divinity of Acleshd are all distinctive, and point to a constel-
lation of a bent or circular form: and if we go a little farther south-
ward from the ecliptic, we find precisely such a’constellation, and one |
containing, moreover, the corresponding Chinese determinative. The
group is that in the head of Hydra, or 7, 0, 9, & ¢ Hydra, ¢ and ¢ being -
of the fifth magnitude, and the rest of the fourth: their arrangement is
conspicuously circular. There can be no doubt, therefore, that the
situation of the asterism is in the head of Hydra, and ¢ Hydre, its
brightest star (being rated in the Greenw. Cat. as of magnitude 3.4,
while 0 is 4.5), is the junction-star : :
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The error of the Hindu determination of the latitude is, indeed, very
considerable, yet not greater than we are compelled to accept in one or
two other cases, The Khanda-Kataka increases it 1°, giving the ‘aste
ism 6° instead of 7° of polar latitude. The Siddhanta-Ciromani eto
deduct 1° from the polar longitude of the Stirya-Siddhanta, and the
Graha-Laghava deducts 2°: both variations would add to the error in
longitude. s
The Arab manzil is, in this instance, far removed from the Hindu aster-
ism, being composed of & Cancri (5) and } Leonis (5.4), and called at-
Tarf, “ the look”—i. ., of the Lion. The seventh Chinese siew, Lien, is,
as already noticed, included in the Hindu group, being ¢ Hydre,
10. Maghd ; or, as plural, maghts ; “mighty,” The pitaras, Fathers,
or manes of the departed, are the regents of the asterism, which is fig-
‘ured as a house. It is, according to most authorities, composed of five
stars, of which the southern (v. 18) is the junction-star, Four of these
must be the bright stars in the neck and side of the Lion, or ¢, ¥, 7. and
o Leonis, of magnitudes 4.5, 2, 8.4, and 1,2 respectively; but which
should be the fifth is not easy to determine, for there is no other single
star which seems to form naturally a member of the same group with
these: » (5), m (5); or ¢ (4) might be forced into a connection with
them. ' This difficnlty would be removed by adopting, with the Khanda-
Kataka, six as the number of stars included in the asterism’ it would
then be composed of all the stars forming the conspicuous constellation
familiarly known as “the Sickle.” The star e Leonis, or Regulus, the
most brilliant of the group, is the junction-star, and its position 1s defined
with unusual precision : :
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 The tenth manzl, aj-Jabhah, “the forehead’—i. e., of the Lion—is
~ also composed of ¢, 7, #, @ Leonis. , ; , Ghon ‘
- The eighth, ninth, and tenth siew of the Chinese system altogether
disagree 1n position with the groups marking the Hindu and Arab mans
- glons, being situated far to the southward of the ecliptic, in proximity;
according to Biot, to the equator of the period when they were estab-
lished, The eighth, Sing, is @ Hydree (2), having longitude (A. D, 560)
127° 164 latitude 29° 25! S, ‘

11, 12, Phatguni; or, as plural, phalgunyas; the dual, phalgunydu,
is also found : this treatise presents the derivative form phdlguni, which
is not; infrequently employed elsewhere. The word is likewise nsed to
designate a species of fig-tree: its derivation, and its meaning, as applied
to the asterisms, is unknown to us. Here, as in two other instances,
later (the 20th and 21st, and the 26th and 27th asterisms), we have
two groups called by the same name, and distinguished from one another

a8 pirve and witera, “former’ and “latter”——that is to say, coming ear-
- lier and later to their meridian-transit., The true original character and
composition of these three double asterisms has been, if we are not mis-
. taken, not a little altered and obscured in the description of them fur-
nished to us; owing, apparently, to the ignorance or carelessness of the
~ describers, and especially to their not having clearly distinguished the
| characteristics of the combined constellation from those of its separate
parts.  In each ease, a couch or bedstead (cayyd, manica, paryanka) is
given as the figure of one or Both~of the parts, and we recognize in
them all the common characteristic of a constellation of four stars, form-
ing together a regular oblong figure, which admits of being represent-
ed—mnot, unsuitably, if rather prosaically—by a bed. This figure, n the
case of the Phalgunis, 1s composed of d, J, f, and 93 Leonis, a very
~ distinet and well-marked constellation, containing two stars, 8 and 8, of
~ the second to third magnitude, one, ¢, of the third, and one, 98, of the
fourth, The symbol of a bed, properly belonging to the whole constel-
lation, is given Dy all the authorities to both the two parts into which it
is divided. Each of these latter has two stars assigned to it, and the
junction-stars are said (v, 18) to be the northern. The first group is,
. then, clearly identifiable as 0 and ¢ Leonis, the former and brighter
being the distinctive star : ‘ '
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~ The Siddhanta-Cliromani ete., and the Graha-Laghava, give Plrva-
Phalguni respectively 3° and 4° more of polar longitude than the Stirya-
Siddhanta. These are more notable variations than are found in any
other case, and they appearto us to indicate that these treatises intend to
designate J, the sonthern member of the group, asits junction-star: we
have accordingly added its position also above. : j ‘
_In the latter group, the junction-star is evidently § Leonis :
‘ HtlaraPhalgnnt « o 1509 100,000 o L 0 BAN
B Ldonis v i 1518 350 L Ll T4 gl N
yor. Vi, A3




188,‘4 j L EBurgess, etc, [ﬂiie -

__ 'This star, however, is not the northern, but the southern, of the two
composing the asterism: its deseription as the southern we cannot but
~ regard as simply an error, founded on a misapprehension of the compo-
sition of the double group. To al-Birtni, § Leonis and another star to
the northward, in the Arab constellation Coma Berenices, were pointed
out as forming the asterism Uttara-Phalguni. The Cakalya ives it five
stars, probably adding to 8 Leonis the four small stars in the b ead of the
. Virgin, &1, #, o, and o, of magnitudes four to five and five, :
* The regents of Parva and Uttara-Phalguni are Bhaga and Aryaman,
or Aryaman and Bhaga, two of the Adityas. i :

The two corresponding Arab mansions are called az-Zubrah, “the
mane’—i. e, of the Lion—and as-Sarfah, “the turn”: they agree as
nearly as possible with the Hindu asterisms, the former being composed
of 8 and ¢ Leonis, the latter of § Leonis alone. The Chinese sicu, named
respectively Chang and Y, are v? Hydre (5)* and & Crateris (4).

18. Hasta, “hand.” Savitar, the sun, is regent of the asterism, which,
in accordance with its name, is figured as a hand, and contains five stars,
corresponding to the five fingers, These are the five principal stars in

 the constellation Corvus, a well-marked group, which bears, however,
no very conspicuous resemblance to a hand. The stars are named-—
counting from the thumb around to the little finger, according to our
apprehension of the figure—p, «, ¢, 7, and d Corvi. The text gives be- -
low (v. 17) a very special description of the sitnation of the junction-
star in the group, but one which is unfortunately quite hard to under-
stand and apply: we regard it as most probable, however (see note to

v, 17), that y (3) is the star intended : the defined position, in which all

the authorities agree, would point rather to 9 (8):
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The Hindu and Chinese systems return, in this asterism, to an accord-
ance with one another : the eleventh sieu, Chin, is the star y Corvi,  The
Arab system holds its own independent course one point farther: its
thirteenth mansion comprises the five bright stars f, 7, ¥, 0, 6 Virginis,
which form two sides, measuring about 15° each, of ‘a great triangle:
the mansion is named al-Auwd’, “the barking dog.” e ‘

14, Citra, “brilliant.” This is the beautiful star of the first magni-

tude e Virginis, or Spica, constituting an asterism by itself, and figured -

as a pearl or as a lamp.  Its divinity is Tvashtar, ¢ the shaper, artificer.” ;
Its longitude is very erroncously defined by the Strya-Siddhanta : :
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All the other authorities, however, saving the Cakalya, remove this
evror, by giving Citrd 183° of polar longitude, instead of 180°% The
only variation from the definition of latitude made by our text is offered
by the Siddhanta-Ciromani, which, varying for once from the Brahma-
 Siddhdnta, reads 1° 45" instead of 2°.

It is, apparently, by an original error of the press, that M. Biot, in all bis
tables, calls this star »" ‘ » _



- Bpica is likewise the fourteenth manzil of the Arabs, styled by them
| as-Simak, and ‘the twelfth steu of the Chinese, who call it Kio,
15, Svad, or svdii ; the word is said to mean “sword.” The Thit-
tirlya-Brihmana calls the asterisin nishtyd, *outcast,” possibly from its
remote northera situation, It is, like the last, an asterism comprising
~ but a single brilliant star, which is figured as a coral bead, gem, or pearl,
In the definition of its latitude all authorities agree; the Graha-Laghava
makes its polar longitude 198° only, instead of 199°. The star intended
is plainly « Bootis, or Arcturus '
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In this instance, the Hindus have gone far beyond the limits of the
zodiac, in order to bring into their series of asterisms a brilliant star
from the northern heavens: the other two systems agree in remaining
near the ecliptic. The fourteenth Chinese siew, Kang, is x Virginis
(4.5) : the Arab manzil, al-Ghafr, “the covering,” includes the same

- star, together with ¢, and either 4 or @ Virginis.

16. Vigakha, “having spreading branches” : in all the earlier lists the

name appears as a dual, vigdkhe. The asterism is also placed under the

regency of a dual divinity, indrdgnt, Indra and Agni. We should ex-

pect, then, to find it composed, like the other two dual asterisms, the 1st
~and 7th, of two stars, nearly equal in brilliancy, and two is actually the
. number assigned to the group by the Cakalya and the Khanda-Kataka,
Now the only two stars in this region of the zodiac forming a conspicu-
ous pair are « and § Librae, both of the second magnitude, and as these
_ two compose the corresponding Arab mansion, while the former of them
is the Chinese sieu, we have the strongest reasons for supposing them to
constitute the Hindu asterism also. There are, however, difficulties in

the way of this assumption. The later authorities give Vighkha four

 stars, and the defined position of the junction-star identifies it neither
. with @ nor §, but with the faint star ¢ (4.3) in the the same constella-
 tion.  Colebrooke, overlooking this star, suggests a or » Libre (5) : the
follow! ‘ ison of positions will show that neither of them can be
t to be pointed out :
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The group is figured as a torapa * this word Jones and Colebrooke
translate © festoon,” but its more proper meaning is “an outer door ox
 gate, a decorated gateway.” Amd if yve change the designation of situ-
ation of the junction-star in its'proup,-given below (v. 16), from “ north-
ern” to %southern,” we find witheut difficulty a quadrangle of stars, viz.
v, &, 6, v (4.5) Libree, which admits very well of being figured as a gate-
 way. Noris it, in our opinioh, taking an unwarrantable liberty to make
such an alteration. The whole scheme of*designatiqns we regard as
of inferior authenticity, and as partaking ofsthe confusion and uncer-
tainty of the later knowledge of the Hindus vespecting their system of
agterisms.  That they were'long ago doubtful of the position of Vigakha
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is shown by the fact that al-Birtini was obliged to ‘mark it in his list as
“unknown.” Very probably the Sirya-Siddhanta, in calling  the north-
ern member of the group, intended to include with it only the star 20
Librm (3.4),situated about 6° to the south of it.  Upon the whole, then,
while we regard the identification of Vighkhd as in some respects more
doubtful than that of any other asterism in the series, we yet believe
that it was originally composed of the two stars o and # Libre, and that
later the group was extended to include also rand , and, as so extended,
was figured as a gateway. The selection, contrary to general usage, of
the faintest star in the group as its junction-star, may have been made
in order to insure against the reversion of the asterism to its original
dual form. , /
The variations of the other authorities from the position as stated in
our text are of small importance: the Siddhnta-Ciromani ete. give
Vicakhf 55 less of polar longitude, and the Graha-Laghava 1° less; of
polar latitude, the Siddhanta-Ciromani gives it 10', the Graha-LAghava
30’ less; the Khanda-Kataka agrees here, as also in the two following
_ asterisms, with the Strya-Siddhanta. ; ihe
The sixteenth Arab manzil, comprising, as already noticed, a and 8
Librew, is styled az-Zubanan, “the two claws’—i. ., of the Scorpion :
the name of the corresponding Chinese mansion, having for its deter-
minative « Librew, is Ti
17. Anuradha ; ov, as plural, anurddhés ; the word means * stceess.”
The divinity is Mitra, “friend,” one of the Adityas. According to the
Cakalya, the asterism is composed of three stars, and with this our text
plainly agrees, by designating (v. 18) the middle as the junction-star:
all the other authorities give it four stars, As a group of three, it com-
prises £, 8, w Scorpionis, 0 (2.8) being the junction-star; as the fourth
member we are doubtless to add ¢ Scorpionis (5.4). It is fignved as a
bali or vali ; this Colebrooke translates “a row of oblations”; we do
not find, however, that the word, although it means both * oblation,
offering,” and ““a row, fold, ridge,” is used to designate the two com-
bined s perhaps it may better be taken as simply “a rgw;” the stars .
of the asterism, whether considered as three or four, being disposed in
nearly a straight line. The comparison of positions is as follows:
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The Siddhinta-Ciromani and Graha-Laghava estimate the latitude of
Anurhdbé somewhat more accurately, deducting from the polar latitude,
as given by our text, 1° 15" and 1° respectively : the Siddhanta-Ciromani
ete. also add the insignificant amount of 6’ to the polar longitude of the
Strya-Siddhénta. * , ;

The corresponding Arab manzil, named al-Iklil, “the crown,” eon-
tains also the three stars 8, 9, 7 Scorpionis, some anthorities adding o to
the group. The Chinese sien, Fang, is ##(8), the southernmost and the
faintest of the three.

18, Jyeshtha, “oldest.” The Taittirlya-Sauhitd, in its list of aster
jsms, repeats here the name rokind, * ruddy,” which we have had above

a8 that of the 4th asterism : the appellation has the same ground in this
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a8 in the other case, the junction-star of Jyeshthd being also one of those
~ which shine with a reddish light.  The regent is Indra, the god of the
olear sky, The group contains, according to ull the authorities, three
stars, and the eentral one (v. 18) is the junction-star, This is the bril-
 liant star of the first magnitude & Scorpionis, or Antares: its two com-
‘panions are ¢ (3.4) and © (3.4) in the same constellation ; ’
il et L LT, 9300 af 0, 39 EgrE
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The constellation is figured as a ring, or ear-ring by this may be un-
derstood, Ferhaps, a pendent ear-jewel, as the three stars of Jyeshths
_ form nearly a straight line, with the brightest in the middle, ‘

. The Siddhanta-Ciromani and Graha-Laghava add to the polar Iongi-
fude of the junction-star of the asterism, as stated in our text, 52 and 19
respectively, and they deduct from its polar latitude 30" and 1° respect-
 ively, making the definition of its position in both respects less accurate,
.. Antares forms the eighteenth manedl, and is styled al-Kalb, *the
‘heart”——i. o., of the Scorpion ; ¢ and ¥ are called an-Niyat, *the pro-
\cardia.”  The Chinese sieu, Sin, is the westernmost of the three, or o,

19, Mila, “root.”” The presiding divinity of the asterism is nirpti,
- “calamity,” who is also regent.of the south-western quarter. I com-

 prises, according to tﬁé”(}':l‘zalya, nine stars; their éﬁl%guration-z s rep-
. resented by a lion’s tail. The stars intended are those in the tail of the
- Beorpion, or & g, &, 0, &, ¢, %, v, & Scorpionis, all of them of the third,
‘or third to fourth, magnitude. Other authorities count eleven stars in

the group, probably reckoning u and £ as four stars ; cach being, in fact,

a group of two closely approximate stars, pamed in our catalognes p1

(3%;,!13 (4), £ (4.5),£2 (3). The Khanda-Kataka alone gives Milla only
two stars, which are identified by al-Birtni with the Arab menzil ash-
Shaulab, or 4 and v Scorpionis.  The Taittiriya-Sanhité, too, gives the
‘name of the asterism as vicridu, “the two releasers” : the Viertdu are
. several times spoken of in the Atharva-Veda as two stars of which the
- rising promotes relief from lingering disease (kshetriya) : it is aceord-
 ingly probable that these are the two stars in the sting of the Seorpion,
~ and that they alone have been regarded by some as composing the aster-
ism: their healing virtue would doubtless be connected with the meteor-
Ological conditions of the time at which their heliacal rising takes place.
Our text (v. 19) designates the eastern member of the group as its junc-
tionstar : 1t is uncertain whether the direction is meant to apply to the
group of two, or to that of nine stars: if, as seems probable, 4 is the
 star pointed out by the definition of position, it is strictly true only of
_ the pair X and v, since ¢, x, and < are all farther eastward than A:

ME OV LA LANRRIBE R T
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. The Graha-Laghava gives a more accurate statement of the longitude,
~ adding 1° to the polar longitude as defined by all the other authorities +
« but it increases the ervor in latitude, by deducting 1° from that presented
by our text : the Siddhanta-Ciromani, in like manner, deduets 30/, while

the Khanda-Kataka adds the same amount, |
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" The Thittiriya-Sanbith makes pitaras, the Fathers, the presic

o

 ities of this asterism, as well as of the tenth. el
' Bentley states (Hind. Astr., p. 5) that Mla was originally reckoned as
 the first of the asterisms, and was therefore so named, as being their root
or origin ; also that, at another time, or in a different system, the series
~ was made to begin with Jyeshthd, which thence received its title of
#eeldest” These statements are put forth with characteristie reckless- ‘
ness, and apparently, like a great many others in his pretended history
of Hindu astronomy, upon the unsupported authority of his own conjece
ture. It is, in many cases, by no means easy to discover reasons for the
particular appellations by which the asterisms are designated : but we
would suggest that Mala may perhaps have been so named from its be-
ing considerably the lowest, or farthest to the southward, of the whole
serics of asterisms, and hence capable of being looked upon as the root
‘out of which they had grown up the heavens. It would even be possi-
ble to trace the same conception farther, and to regard Jyeshthd as so
styled because it was the first, or oldest,” outgrowth from this roof,
while the Vigakhe, “the two diverging bramches’” were the stars in
swhich the series broke into two lines, the one proceeding northward, to
Svati or Arcturus, the other westward, to Citrd or Spica. We throw
out the conjecture for what it may be worth, not being ourselves at all
confident of its accordance with the truth. e
The nineteenth Arab manzil is styled ash-Shaulah, “the sting”—i. e,,
" of the Scorpion—and comprises, as already noticed, v and 4 Scorpionis.
' The determinative of the seventeenth sieu, Uei, is included in the Hindn
asterism, being #? Scorpionis. :
20, 21. Ashddhd ; or, as plural, ashddhds; this treatise presents the
devivative form dshadkd, which is not infrequent elsewhere : the word
means ¢ unsubdued.” Here, again, we have a double group, divided
into two asterisms, which are distinguished as péirva and uttara, * former
and latter.” Their respective divinities are dpas, * the waters,” and vigve
devds, “ the collective gods.” Tywo stars are ordinarily allotted to each
asterism, and in each case the northern is designated (v. 16) as the june-
tion-star, By some authorities each group is figured as a bed or couch ;
by others, the one as a bed and the other as an elephant’s tusk; and
here, again, there is a difference of opinion as to which is the bed and
which the tusk. The true solution of this confusion is, as we conceive,
that the two asterisms taken together are figured as a bed, while either
of them alone is represented by an elephant’s tusk. The former group
must comprise 0 (3.4) and # (8.2) Sagittarii, the former being the jume-
‘tion-star; this is shown by the following comparison of positions:

L Phryn- Aehddht - W0, 9642 dofu U 68 28’ 8,
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The Graha-Laghava gives Pﬁﬁ*z?Ashﬁdh& 1° more of polar longitude,
and 307 less of polar latitude, than the Strya-Siddhanta : the Siddhanta-
iromant ete. give it 10 less of the latter.

“ ¥

The latter of the two groups contains, as its southern star, ¢ Sagittarii

(3.4), and its northern and junction-star can be no other than ¢ (2.3) in
the same constellation, notwithstanding the error in the Hindu determi-




 nation of its latitude, which led Colebrooke to regard = (4.3) as th
. star intended : we subjoin the positions
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The only variation from the position of the janction-star of this aster-

. iam as stated in our text is presented by the Graha-LAghava, which

makes its polar longitude 261° instead of 260°,

The Cakalya éaccording to Colebrocke: our MS, is defective at this
point) and the I handa-Kataka assign four stars to each of the Ashadhds,
and the former represents each as a bed. It would not be difficult to
establish two four-sided figures in this region of the constellation Sagit-
tariug, each including the stars above mentioned, with two others: the
one would be composed of y2 (4.3), 9, & n (4—the star is also called £
Telescopii), the other of ¢ (4.3), 0, 7, and £ : such is unquestionably the
constitution of the two asterisms, considered as groups of four stars;
they are thus identified also, it may be remarked, by al-Birtini. The

junction-stars would still be & and v, which are the northernmost in their

respective constellations; mor is there any question as to which four
among the eight are selected to make up the double asterism, since d, &,
t. and o both form the most regular quadrangular figure, and are the
brightest stars. ‘

The determinatives of the eighteenth and nineteenth mansions of the
Chinese, Ki and Teu, ave y2 and ¢ Sagittarii, which are inclnded in the
two quadruple groups as stated above. The twentieth manzil compre-
hends all the eight stars which we have mentioned, and is styled an-
Na'dim, “the pasturing cattle” : some also understand each group of

~ four as representing an ostrich, na’am. The twenty-first manzl, on the
other hand, al-Baldah, “the town,” is described as a vacant space above

the head of Sagittarius, bounded by faint stars, among which the most
conspicuous is 7 Sagittarii (4.5).

92, Abhijit, % conquering.” ' The regent of the asterism is Brahma.
The position assigned to its junction-star, which is deseribed as the
brightest (v. 19) in a group of three, identifies it with « Lyre, or Vega,
a stap which is exceeded in brilliancy by only one or two others in the
heavens:

ARt 00 L9649 10! L 502 5BV,
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The other authorities compared (excepting ‘the Cikalya) define the
Fosition‘in latitude of Abhijit more accurately, adding 2° to the polar
atitude given by the Stirya-Siddhanta: the Graha-Laghava also improyes
the position in longitude by adding 1° 20/, while the Siddhanta-Ciromani
ete. inerease the error by deducting 1° 40/,

The Taittiriya-Sanhitd (iv. 4. 10) omits Abhijit from its list of the as-
terisms : the probable reason of its omission in some authorities, or in
certain connections, and its retention in others, we shall discuss far-

' ther on.

Abhijit is figured as a triangle, or as the triangular nut of the pragdt,
an aquatic plant; this very distinctly represents the grouping of « Lyrwm




/i with /AHe two other

 of the fifth magnitude. i [l i
In this and the two following asterisms—as once before, in the fifteenth
of the series—the Hindus have gone far from the zodiac, in order to
~ bring into their system brilliant stars from the northern heavens, while
the Chinese and the Arab systems agree in remaining in the immediate
. neighborhood of the ecliptie, The twentieth siew is named Niew, and
s the star # Capricorni (8), sitnated in the head of the Goat: the twen-
 ty-second manzl, Sa’d adh-Dhabih, “felicity of the sacrificer,” ¢ontains
the same star, the group being @ (composed of two stars, each of mag-
nitude 8.4) and f Capricorni, ‘
28. Cravana, * hearing, ear”; from the root ¢rw, “hear”: another
name for the asterism, grond, found occurring in the Téittiviya lists, i3
perhaps from the same root, but the word means also “lame.” Cravans
comprises three stars, of which the middle one (v. 18) is the junctioni~.
star : they are to be found in the back and neck of the Eagle, namely
as 7, &, and @ Aquilee; o, the determinative, is a star of the fiist to sec-
ond magnitude, while y and ¢ are of the third and fourth respectively :

Craamg oL sl a8k gl anl Bt ING
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All the aunthorities agree as to the polar latitude of Cravama: the
Siddbhénta-Ciromani ete. give it 2° less of polar longitude than our trea-
‘tise, and the Graha-Laghava even as much as 57 less, ;

The regentof the asterism is Vishnu, and its fizure or symbol corres-
Eonds therewith, being three footsteps, representatives of the three steps

)y which Vishnu is said, in the carly Hindu mythology, to have strode
through heaven, The Cékalya, however, gives a trident as the fignre
belonging to (ravana. Possibly the name is to be regarded as indica:
ting that it was originally figured as an ear. ,

The Chinese sicu corresponding in rank with Cravana is called Nii,
and is the faint star & Aquarii (4.3). The Arab manzil 8a'd Buld),
“felicity of a devourer,” or al-Bula, “the devourer,’! ete., includes the
same star, being composed of &, u (4.5), » (5) Aquarii, or, according to
others, of & and 7 (6) Aquarii, or of p and ». :

24, Cravishiha ; the word is a superlative formation from the same
root from which came the name of the preceding asterism, and means,
_probably, “most famous.” Another and hardly less frequent appella-
tion is dhanishtfd, an irregular superlative from dhanin, * wealthy.”! The
¢lass of deities known as the vasus, ¢ bright, good,” are the regents of
the asterism, It comprises four stars, or, according to the (fAkalya and

. Khanda-Kataka, five: the former, which is given by so early a list as

that of the Taittiriya-Brahmana, is doubtless the original number, The
roup 1s the conspicuous one in the head of the Dolphin, composed of

fi, @, 7,9 Delphini, all of them stars of the third, or third to fourth, mag-
nitude, and closely disposed in diamond or lozenge-form: they are fig-
ured by the Hindus as a drum or tabor. - The junction-star, which is the
western (v. 17), is §: : : : )
Cravishthd @ 0y goBe 60 0 Ll 383 330 8.
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. The only vaviation from the position assigned in our text to the june-
. tion-star of Cravishtha is presented by the Graha-Laghava, which gives
it 9869, instead of 290°, of polar longitude. Perhaps its intention 1s to
‘point out £ (5) as the junction-star : this is doubtless the one added to-
. the other four, on aceount of its close proximity to them, to make up the
_ group of five; it lies only about half a degree westward from 8.
" The name of the twenty-fourth manzil, Sa'd as-Su'td, *felicity of
felicities”—i. e., “ most felicitous”—exhibits an accordance with that of
the Hindn asterism which possibly is not accidental. The two are, how-
ever, as already noticed, far removed in, position from one another, the -
 Arab mansion being composed of the two stars f (8) and §4(5.4), in the
. left, shoulder of Aquarius, to which some add also 46, or ¢?, Capricorni
~ (6). The corresponding siew, Hit, is the first of them, or # Aquarii.
95, Uatabhishaj, “having a hundred physicians”: the form catabhishd,
. which seems to be merely a corruption of the other, also oceurs in later
writings. - It is, as we should expect from the title, said to be composed
of a handred stars, of which the brightest (v, 19) is the junction-star.
"This, from its defined position, can only be & Aquarii (4) :

Catablishaj |« oo GRS L L 0Bt B
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The rest of the asterism is to be sought among the yet fainter stars in
“the knee of Aquarius, and the stream from his jar i of course, the num-
ber one hundred is not fo be taken ag an exact one, nor are we to sup-
. pose it possible to trace out with any distinctuess the figure assigned
 to the group, which is a circle. The Khanda-Katala, according to al- |
. Birtni, gives Catabhishaj only a single star, but this is probably an error
- of ‘the Arab traveller: he is unable to point out which of the stars in
. Aquarius is to be regarded as constituting the asterism. A
The regent of the 25th asterism, according to nearly all the authori-
 ties, is Varuna, the chief of the Adityas, but later ‘the god of the waters:
the Thittiriya-Sanhith alone gives to it and to the 14th asterism, as well
as to the 18th, Indra as presiding divinity : this is perhaps mere blun-
dering, ' ‘ ‘ ‘ )
Th% Graha-LAghava places the junction-star of Catabhishaj precisely
~ on the ecliptic: the Siddbanta-Cliromani ete. give it 20'; instead of 307,
of polar latitude south. : i
The corresponding linar mansion of the Arabs, Sa'd al-Akhbiyah,
- “the felicity of tents,” comprises the three stars in the right yrist and
hand of the Witer-bearer, or 7 (8), € (4), 7:(4) Aquarii, together with a
fourth, which Ideler supposes to be 7 (5). ' Sinee, howeyer, the twenty-
third Chinese determinative, Goel, is o Aqiarit (3), a star so near as
readily to be brought into the same group with the other three, we are
~dnclined to regard it as altogether probable that the mansion was, at
. least originally, composed of e, y, £, and 7. ! ‘
26, 21. Bhidrapadd; as plaral, bkadrapadds : also bhadrapadd ; from
 bhadvra, © beautiful, happy,” and pada, “foot.” = Another frequent appel-
. lation is proshthapadd, : proshtha is said to mean “earp? and *ox” ; the
latter signification might perhaps apply here. ' We have here, once more,
- & double asterism, divided into two parts, which are distinguished from
VoL, VL 44 ‘ ! :




one tinother as plave and uttara, former” and “ latter.” wthori-
ties agree in assigning two stars to each of the two groups; but there is
- not the same accordance as regards the figures by which they are rep-

resented : by some the one, by others the other, is called a conch or bed,

. the alternate one, in either case, being pronounced a bi-faced figure: the
. Muhtrta-Cinthmani calls the first a bed, and the second twins. It ad-

mits, we apprehiend, of little or no question that the BhAdrapadas are

properly the four bright stars §, «, y Pegasi, and « Andromedm—all of
them commonly reckoned as of the second magnitude—which form
together a nearly perfect square, with sides measuring about 15°: the
constellation, a very conspicuous one, is familiarly known as the ¢ Square
of Pegasus.” The figure of a couch or bed, then, belongs, as in the
- case of the other two double asterisms, already explained, to the whole

constellation, and not to either of the two separate asterisms into which
i is divided, while, on the other hand, either of these latter is properly
enough symbolized by a pair of twins, or by a figure with a double
fage. The appropriateness of the designation “ feet,” found as a gart of
both the names of the whole constellation, is also sufficiently evident, if
we regard the group as thus composed. 'The junction-star of the former
half-asterism is, by its defined position, clearly shown to be o Pegasi:
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The Graha-Laghava gives the junction-star 1° léss of polar longitude,
which would bring its position to a yet closer accordance, in respect to
longitude, with a Pegasi: the crror in latitude, which is common to all .
the authorities, is not greater than we have met with several times else-
~where,  But we are told below (v.16) that the principal star of each of
these asterisms is the northern, and this would exclude @ Pegasi alto~
gether, bringing in as the other member of the first pair some more
southern star, perhaps £ Pegasi (3.4). The confusion is not less marked,
although of another character, in the case of the second asterism: in
the definition of position of its junction-star we find a longitude given
which is that of one member of the group, and a latitude which is that
of the other, as is shown by the following comparison : @

Uttara-Bhidrapada . . . 3479160 ., . L1a4% 1t N,
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If we accept either of these two stars as the one of which the posi-

~ tion is meant to be defined, we shall be obliged to admit an exror in the
_determination either of its longitude or of its latitude considerably
greater than we have met, with elsewhere. Nor is the matter mended
by any of the other authorities : the only variation from the data of our
text is presented by the Graha-Laghava, which reads, as the polar lati-
tade of Uttara-Bhivdrapada, 27° instead of 26°  There ean ‘be'no
doubt that the two stars recognized as composing the asterism are y Pe-
gasi and « Andromedew, but there has evidently been a blundering con- -
fusion of the two in making out the definition of position of the junc-
tion-star.  We would suggest the following as a possible explanation of




ngina} y @ aml 7 Pecmsx were demgnated ancl :
ars of the two half: ~groups, of which they were
pectwel‘ © southern’ members; that afterward, for some reason—
haps owing to the astrological theory (see above, vii, 21) of the stpe~

riority of a northern star— ie rank of junction-star was sought to be
: mnsferred from the southern to the northern stars of both asterisms ¢
‘that, in making the transfer, the original constitution of the former

‘group was neglected, while in the latter the atbempt was made to define

the real posmon of the northern star, but by simply fxddm%' to the polar
latitude already stated for y Pegasi, without altering: its polar longitude
~also.  Al-Birtni, it should be remarked, was unable to obtain from his

; ‘Hmdu mformantg any. satisfactory 1dent1ﬁcatlon of either of these aster-
 isms, and marks both in his catalogue as * unknown.”

The view we have taken of the true character of the two Bhédrapa— :
das is powerfully supported by their comparison with the corresponding
members ' of the other two systems. The twenty-sixth and twenty-
| seventh manzils, al- Fargh al- ’Vfukdun and al-Fargh al-Mukhir, “the fora
- and hind spouts of the waterjar,” comprise respectively @ and @ Pegasi,
~ and 7 Pegasi and « Andromeds; the determinatives of the twenty«-
fourth and twenty-fifth siex, Che and Pj, are « and y Pegasi. = ' e
(i The regents of these two asterisms are aja ckupat and ahi budhm e,
. the “one-footed goat” and the “bottom-snake,” two mythical figures, of
R ~obscure significance, from the Vedic pantheon.

98, Revats, ¢ wuﬂthv, abundant.”  Its presiding divinity is Pﬁshan,,
1 “the prosperer,”’ one of the Adityas. Tt is said to contain thirty-two
stars, which are figured, like those of Cravishthd, by a drum or tabor;
but it would be in vain to attempt to point out precisely the thlrty—two

- which are intended, or to discover in their arrangement any resemblance
 to the figure chosen to represent it. The junction-star of the group is
said (v. 18) to be its southernmost member : all authorities agree in
p]acmg it upon the ecliptic, fmrl all ‘excepting our treatise and the
Cakalya make its position exactly mark the initial point of the fixed

‘sulereal sphere. The star intended is, as we have already often had

occasion to notice, the faint star & Pmmm of about the fifth magnitude,
situated in the band which connects the two Fishes, It is indeed very
near to the ecliptic, having only 18/ of south latitude, It coincided in
longitude with the vernal ¢ equinox in the year 572 of our era.

At the time of al-Birtni’s visit to India, the Hindus scem o have
been alveady unable to point out distinctly and with confidence the sit-
uation in the heavens of that most important point from which they
held that the motions of the planets commenced at the creation, and at
which, at successive interyals, their universal covjunction would again
take place; for he is obliged to mark tho asterism as not certainly iden-
tifiable.  Te also assigns to it, as fo Catabhishaj, only a single star.

The twenty-sixth Chinese sieu, Koei, is marked by ¢ Andromed (4),
which is situated only 85/ east in lonnltudc from § Piscium, bub which
has 17° 86/ of north latitude.  The last manzil, Batn al-Hat, « the fish’s

| belly,” or ar-Rishd, “the band,” seems mtended to Tnclude the stars coms
posing the northu*n Fish, and with'them probably the Chinese doter-

; mummve also: but it ig e\tunded so far northward as to take in'the bright




, medm*gz\;,‘ and to this star ¢ the name of
metimes applied, although its situation, so far from the eclipti
at. 25°:56" N.), renders it by no means suited fo become the distincti
dtar of one of the series of lunar stations. 0 L GE
‘ ‘prosent, in the annexed table, a gencral conspectus of the corres-
pondences of the three systems; and, in order to bring out those corres- '
pondences in the fullest manner possible, we have made the comparison’
*1n three diffevent ways : noting, in the first place, the cases/in which the
' three agree with one another; then those in which each agrees with one
~of the others; and finally, those in which each agrees with either the

v

© one or the other of the remaining two.

| Corregpdnd‘enaes of the Hindw, Arab, and Chinese Sg}stems of Asterisms.

‘ Hindu i d Hindu' | Avab | Chinese
e Hindu with Hindu | Hinda | Armb with with with g
| {No. Nuthe, ‘ Araib with with with Arab Hinrdu Hiou::}u i
Pl Ciinons. | 72 [Olinose. | Chivole. | gy focny | ohinene| Atabi |
| x| Agvini, ’ 1 I 1 (i ki
1 21 Bharand, s % 2 23 2 gt R
| 3| Kretika, 3 3 3 3 i i
4| Rohint, 4 4 4 4 4 4 e ol
| 5| Mrgagireha, 5 5 5 5 5 Heutiose g
L T i ; 1 i e
1 7| Punarvasu, i 6 . t s i R
| 8| Pushya, 161 i 6 i g il el
| 91 Aglesha, it .. 7 . 8 L ]
10! Maghﬂ,, ! e ks 8 iy Ji (o} Bishdlei s j
|12 | P-Phalguni, i 9 i 10 9 13
t12 UsPhalgund, o .- 10 i i1 AU
|13 Hasta, sty i S g 12 porad) 8
14| Citra, y 4 9 Y61 13 e s
15 | Svitt, ; il 15 5 b i 12 10
16 | Vicakhé, 8 12 10 8§ 14 1 by
17 | Anurddha, Caniliord 1t 9 15 14 12
(18 | Jyeshtha, 10 14 I3 10 16 R
19 | Mla, 1 15 13 i 17 16 L g
20 | P.-Ashadha, 12 16 14 11 18 170 T
at | U-Ashidba, yiy 4 15 b 19 S s
a2 | Abhijit, it it e sl B8 17
a3 Cravana, 1. '} .. i el 13 GG L
|24 | Crayishtha, e o TR i el b Dol 4
125 | Gatabhishaj, i i 15 e LY 200 |
26 P.-Bhidrapadd, | 13 17 s S O DYoo T L e
)y ¢ U-Bhadrapada, | 14 18 17 17 21 D% e S o U (s
| 7138 | Revati, W A e 188 o 48 adsod

* This supposes the second manzil to be composed of the stars in Musca, a8
"defined by some authorities. 4 The sixth manzil includes, according to many
authorities, the fifth siew, bub as there is, at any rate, a discordance in the order of

| succession, we have not reckoned this among the correspondences. I We reekon
these two as cases of general coincidence, hecause, although the Chinese aiew 18 not
contained in the Arab mansion, the Hindu asterism includes them both, and the
virtual correspondence of the three systems is beyond dispute. 8 Here we assume
the Chinese siew to be comprised among the stavs forming the last manail, which is

. altogether probable, although nowhere distinctly stated, ~ =




srent constitution of the systems, their correspon
ewhat diverse in character: we account the Hindu aster:
; Arab mansions to agree, when the groups which mark the
wo are composed, in whole or in part, of the same stars: we account
. the Chinese system to agree with the others, when the determinative of
a siew is to be found among the stars composing their groups. We
‘have prefixed to the whole the numbers and titles of the Hindn aster-
Jisms, for the sake of easy reference back to the preceding detailed iden-
 tifications and comparisons. : e, b
After this exhibition of the concordances existing among the three
 systems, it can, we apprehend, enter into the mind of no one to doubt
P &at all have a cominon origin, and are but different forms of one and
~ Whe same system.  The questions next arise—is either of the three the
‘original from which the others have been derived ! and if so, which of
. them is entitled to the honor of being so regarded { and are the other
two independent and direct derivatives from it, or does either of them
. come from the other, or must both acknowledge an intermediate source ¢
Iu endeavoring to answer these questions, we will first exhibif, the views
 of M. Biot respecting the origin and character of the Chinese sicu, a3
. stated in the volumes for 1840 and 1850 of the Journal des Savants,
. According to Biot, the siew form an organic and integral part of that
system by which the Chinese, from an almost immemorial antiquity,
- bave been accustomed to make their careful and industrious observations
of celestial phenomena. Their instruments, and their methods of ob-
 servation, have been closely analogous with those in use among modern
astronomers in the West: they have employed a metidian-circle and a
_measure of time, the clepsydra, and have observed meridian-transits, ob-
 taining right ascensions and declinations of the bodies observed. To
- reduce the errors of their imperfect time-keepers, they long ago selected
~ certain stars near the equator, of which they determined with great care
i the intervals in time, and to these they referred the positions of stars or
| planets coming to the meridian between them. The stars thus chosen
. are the siew.” Twenty-four of them were fixed upon more than two
thousand years before our era (M. Biot says, about B. C. 2357 : but it is
_obviously impossible to fix the date, by internal evidence, within a cen-
tury or two, nor is the external evidence of a more definite character);
 the considerations which governed their selection were three: proximity
. to the equator of that period, distinct visibil‘ity_—_conspicuous brilliancy
not being demanded for them—and near agreement in respect to time
of transit with the upper and lower meridian-passages of the bright stavs
“neat the pole, within the circle of perpetual apparition: M. Biot finds
yeason to believo that these circumpolar stars had been earlier observed
 with special care, and made standards of comparison, and that, when
it was afterward seen to be desirable to have stations near the equator,
. stich Stars were adopted as most nearly agreed with them in right ascen-
~sion.. The other four, being the 8th, 14th, 21st, and 28th, the accession
of which completed the system of twenty-eight, were added in the time
of Cheu-Kong, about B.0. 1100, because they marked very nearly the
* pesitions of the equinoxes and solstices at that epoch : the bright star of
the Pleiades, however, which had originally been made the first of the




series, from its near approach to the vernal equinox of that remote :
 still maintained, as it has ever since maintained, its rank as the first, i
- Sinee the time of Cheu-Kong the system has undergone no farther modi-
fication, but has been preserved unaltered and unimproved, with the
obstinate persistency so characteristic of the Chinese, although many of
the determinative stars have, under the influence of the precession, be-
come far removed from the equator, one of them even having retro-
graded into the preceding mansion, il
- If the history of the Chinese siex, as thus drawn out, is well-founded
and true, the question of origin is already solved : the system of twenty-
eight celestial mansions is proved to be of native Chinese institution—
Just as the system of representation of the planetary movements by epi-
oyeles is proved to be Greck by the fact that we can trace in the historg#
of Greel™science the successive steps of its gradual claboration, That
history rests, at present, upon the authovity of M. Biot alone: we are
not aware, at least, that any other investigator has gone independently
over the same ground; and he has not himself laid before us, in their
original form, the passages from Chinese texts which furnish the basis
of his conclusions. But we regard them as entitled to be received,
upon his authotity, with no slight measuve of confidence : his own dis-
tinguished eminence as a physicist and astronomer, his familiarity with
researches into the history and archwology of science, his access to the
abundant material for the history of Chinese astronomy collected and
worked up by the French missionaries at Pekin, and the zealons assist-
~ance of his son, M. Edouard Biot, the eminent Sinologist, whose prema-
ture death, in 1850, has been so deeply deplored as a severe loss to Chi-
nese studies—all these advantages, rarely united in such fullness in the
person of any one student of such a subject, give very great weight to
views arrived at by him as the results of laborious and long-continued
investigation, Nor do we see that any general considerations of import-
alee can be bronght forward in opposition to those views. It is, in the
first place, by no means inconsistent with what we know in other res-
pects of the age and character of the culture of the Chirfese, that they
should have devised such a system at so early a date, They have, from
the beginning, been as much distinguished by & tendency to observe and
record as the Hindus by the lack of such a tendency : they have always
atfached extreme importance to astronomical labors, and to the construc-
tion and rectification of the calendar; and the industry and accuracy
of their observations is aftested by the use made of them by modern
astronomers—thus, to take a single instance, of the cometary orbits
which have been caleulated, the fivst twenty-five rest upon Chinese ob-
servations alonet and once more, it is altogether in accordance with the
clever empiricism and practical shrewdness of the Chinese character that
they should have originated at the very start a system of observation
exceedingly well adapted to its purpose, stopping with that, workirlg in-
dustriously on thenceforth in the same beaten track, and never develop-
« ing out of so promising a commencement anything deserving the name
ol}ga, science, never devising a theory of the planetary motions, never
even recognizing and defining the true character of the cardinal phe-
nomenon of the precession. \ ‘




gain, although it might seem beforehand highly improbable that a
em of Chinese invention should have found its way into the West,
~ and have been extensively accepted there, many centuries before the
- Christian era, there are 1o so insuperable difficulties in the way as should
 destroy the foree of strong presumptive evidence of the truth of such a
communication. It is well known that in very ancient times the pro-
(ducts ofgghe soil and industry of China were sought as objects of lux-
ury in the West, and mercantile intercourse opemed and maintained
across the deserts of Uentral Asia; it even appears that, as early as
about B. C. 600 (Isaiah xlix. 12), some knowledge of the Sinim, as a far-
off eastern nation, had penetrated to Babylon and Judea. On the other
‘hand, we do not know how much, if at all, earlier than this it may be
‘Becessary to acknowledge the system of asterisms to have made its ap-
pearance in India. = The literary memorials of the earliest period, the
Vedie period proper, present no evidence of the existence of the system :
indeed, i 1s remarkable how little unotice is taken of the stars by the
Vedic poets ; even the recognition of some of them as planets does not
appear to have taken place until considerably later. In the more recent
,]{o‘rbions of the Vedic texta——as in the nineteenth book of the Atharva-
feda, a modern appendage to that modern collection, and in parts of
the Yajur-Veda, of which there is reason to believe that the canon was
not closed until a comparatively late period—full lists of the asterisms
are found. The most unequivocal evidence of the early date of the sys-'
tem in India is furnished by the character of the divinities under whose
regency the several asterisms are placed: these are all from the Vedie
pantheon ; the popular divinitiés of later times are not to be found among
them ; but, on the other hand, more than one whose consequence is lost,
and whose names almost are forgotten, even in the epic period of Hindu
history, appear in the list. = Neither this, however, nor any other evi
dence known to us, is suflicient to prove, or even to render strongly prob-
able, the existence of the asterisms in India at so remote a period that
the system might not be believed to have been introduced, in its fully
developed form, from China, ‘
If, now, we make the attempt to determine, upon internal evidence,
which of the three systems is the primitive one, a detailed examination
of their correspondences and differences will lead us first to the import-
ant negative conclusion that no one among them can be regarded as the
immediate source from which either of the oth has been derived.:
It is evident that the Hindu asterisms and the Arab mandzil constitute,
in many respects, one and the same system : both present to us constel-
lations or grotips of &tars, in place of the single determinatives of the
Chinese siew ; and not only are those groups composed in general of the
samne stars, but in several cases—as the 7th, 10th, 11th, and 12th mem-
bers of the series—where they differ widely in situation from the Chi-
nese determinatives, they exhibit an accordance with one another which
ig too close to be plausibly looked upon as accidental, But if it is thus
made to appear that neither can have come independently of the other
. from a Chinese original, it 1s no less certain that neither can have come
through the other from such an original ; for each has its own points of
agreement with the siew, which the other does not share—the Hindu in




~ the 9th, 13th, and 21st asterisms, the Arab in the 15th, 22nd, 28vd,
~ 24th, and 25th mansions.  The same considerations show, inversely, that
the Chinese system cannot be traced to either of the othersas its source;
since it agrees in several points with each one of them where that one
 differs from the third. It becomes necessary, then, to introduce an addi-
 tional texm into the comparison ; to assume the existence of a fourth
system, differing in some particulars from each of the-otherw which
all shall find their common point of union. Such an assumption is not
to be looked upon as either gratuitous or arbitrary. Not ouly do the
mutual relations of the three systems point distinctly toward it, but it is :
also supported by general considerations, and will, we think, be found to
remove many of the difficulties which have embarrassed the history of
the general system. It has been urged as a powerful objection to the
Chinese origin of the twenty-eight-fold division of the heavens, that we
dind traces of its existence in so many of the countries of the West,
geographically. remote from China, and in which Chinese influence can
- hardly be supposed to have been directly felt. And it is undoubtedly.
- true that neither India nor Arabia has stood in ancient times in such
relations to China as should fit it to become the immediate recipient,
of Chinese learning, and the means of its communication to surtound«
ing peoples. The great voute of intercourse between China and the
- West led over the table-land of Central Asia, and into the north-
eastern territory of Iran, the seat of the Zoroastrian religion and cul-,
ture : thence the roads diverged, the one leading westward, the other
south-castward into India, through the valley of the Cabul, the true
gate of the Indian peninsula. Within or upon the limits of this eentral
land of Iran we conceive the system of mansions to have received that
form of which the Hindu nakshatras and the Arab mandzil ave the
somewhat altered representatives: precisely where, and whether in the
hands of Semitic or of Aryan races, we would not at present, attempt
to say. = There ave, as has been noticed above, traces of an Iranian 8yse
tem to be found in the Bundehesh ;. but this is a work which, although
probably not later than the times of Persia’s independence under her
Sassanian rulers, can pretend to no high antiquity, and no like traces have
as yet been pointed out in the earliest Iranian memorial, the Zendavesta,
‘Weber (Ind, Literaturgeschichte, p. 221), on the other hand, sees in the
mazzaloth and mazzaroth of the Seriptures (Job xxxviii, 82; II Kings
 xxill 5)—words radically akin with the Arabic manzil—indications of
_ the early existence of the system in question among the western Semites,
~ and suspects for it a Chaldaic origin: but the allusions appear to us too
_obsenre and equivocal to be relied upon as proof of this, nor is ‘it easy.
to believe that such a method of division of the heavens should have
prevailed so far, to the west, and from so ancient a time, without our
hearing of it from the Greeks ; and especially, if it formed a part, of the
Chaldaic astronomy. This point, however, may fairly be passed over,
as one to be determined, perhaps, by future investigations, and not of
essential importance to the present inquiry.  The question of originality
is at least definitely settled adversely to the claims of both the Hindu
and the Arab systems, and can only lie between the Chinese and that
fourth system from which the other two have together descended. And




. nished us by the researches of M. Biot, supported as we conceive it to be
. by the general probabilities of the case. . Any one who will trace out,
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a8 concerns these, we are willing to aceept the solution which is fur

i by the help of a celestial globe or map,* the positions of the Chinese

determinatives, cannot fail to perceive their gencral approach to a great
circle of the sphere which is independent of the ecliptic, and which
‘aceords more nearly with the equator of B, C. 2850 than with any other
later one. 'The full explanations a

tables of positions given by Biot
(Journ. d. Sav., 1840, pp. 243-254) also furnish evidence, of a kind ap-
preciable by all, that the system may have had the origin which he
attributes to it, and that, allowing for the limitations imposed upon it by
. its history, it is consistent with 1itself, and well enough adapted to the
putposes for which it was designed. ~With the positions of its determin-
ative stars seem to have agreed those of the constellations adopted by
the common parent of the Hindu and Arab systems, excepting in five or
six points: those points being where the Chinese make their one unac-
countable leap from the head to the belt of Orion, and again, where the
siey are drawn off far to the southward, in the constellations Hydva and
‘Crater: and this, in our view, looks much more as if the series of the

siew were the original, whose guidance had been closely followed except-

ing in a few cases, than as if the asterisms composing the other systems
. had been independently selected from the groups of stars situated along

the zZodiac, with the intention of forming a zodiacal series, It is casy to
£} o)

see, farther, how the single determinatives of the siew should have become
the nuelei for constellations such as are presented by the other systems;

but if, on the contrary, the siew had been selected by the Chinese, in
each case, from groups previously constituted, there appears mno reasom

why their brightest stars should net have been chosen, as they were cho-
sen later by the Hindus, in the establishment of junction-stars for the
astorisms,

We would suggest, then, as the theory best supported by all the evi-
dence thus far elicited, that a knowledge of the Chinese astronomy, and
with it the Chinese system of division of the heavens into twenty-eight

_mansions, was carried into Western Asia at a period not much later
than B. €. 1100, and was there adopted by some western people, either
. Semitic or Iranian. That in their hands it veceived a new form, such as
adapted it to a ruder and less scientific method of observation, the limit-
ing starg of the mansions being converted into zodiacal groups or con-
stellations, and in some instances altered in position, so as to be brought
neater to the general planetary path of the ecliptic. That in this
changed form, having become a means of roughly determining and de-
soribing the places and movements of the planets; it passed into the
keeping of the Hindus—very probably along with the fiest knowledge
of the planets themselves—and entered upon an independent career of
history in India, That it still maintained itself in its old seat, leaving its
traces later in the Bundehesh ; and that it made its way so far westward
as finally to become kuown to, and adopted by, the Arabs. The farther

* We propose to furnish at the close of this publication, in connection with the
additional notes, such a map of the zodiacal zone of the heavens as will sufficicatly
illustrate the character and mutual relations of the three systems compared,
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modifications introduced into it by the latter people all have in view a
single purpose, that of establishing its stations in the immediate neigh-
borhood of the ecliptic: to this purpose the whole Arab system is not
Jess constantly faithful than is the Chinese to its own guiding principle,
The Hindua sustains in this respect but an unfavorable comparison with
the others : thel arbitrary introduction, in the 15th, 22nd, 28rd, and 24th

_ asterisms, of remote northern stars, greatly impairs its unity, and also

furnishes an additional argument of no slight force against its original-
ity ; for, on the one hand, the derivation of the others from it becomes

thereby vastly more difficult, and, on the other, we can hardly believe

that a system of organic Indian growth could have become disfigured in
India by such inconsistencies; they wear the aspect, rather, of arbitrary
alterations made, at the time of its adoption, in an institution imported
from abroad. : i
It might, at first sight, appear that the adoption by the Arabs of the
mangzil corresponding to Acvini as the first of their series indicated that
they had derived it from India posterior to the transfer by the Hindus
of the first rank from Kritika, the first of the siew, to Agvini: but the
circumstance seems readily to admit of another interpretation. The
names of many of the Arab mansions show the influence of the Greek
astronomy, being derived from the Greek constellations : the same influ-
ence would fully explain an arrangement which made the series @egin ‘
with the group coinciding most nearly with the beginning of the Greek

© zodiac. The transfer on the part of the Hindus, likewise, was unques-

tionably made at the time of the general reconstruction of their astro-
nomical system under the influence of western science. = The two series
are thus to be regarded as having been brought into accordance in this
respeet by the separate and independent working of the same cause.
‘M. Biot insists strongly, as a proof of the non-originality of the sys-
tem of asterisms among the Hindus, upon its gross and palpable lack
of adaptedness to the purpose for which they used it ; he compares it
to a gimlet out of which they have tried to make a saw, In this view
we can by no means agree with him: we would rather liken it to a
hatehet, which, with its edge dulled and broken, has been turned and
made to do duty as a hammer, and which is not ill suited to its new and
coarser office. Indeed, taking the Hindu system in its more perfect
and consistent form, as applied by the Arabs, and comparing it with the

Chinese siew at any time within the past two thousand years, we are by

no means sure that the advantage in respect to adaptation would not be
generally pronounced to be upon the side of the former. The distance
of many of the siew during that period from the equator, the faintness
of some among them, the great irregularity of their intervals, render
them anything but a model system for measuring distances in right
ascension.  On the other hand, to adopt a series of conspicuous constel-
lations along the zodiac, by their proximity to which the movements of
the planets shall be marked, is no unmotived proceeding: just such a
division of the ecliptic among twelve constellations preceded and led the
way to the Greek method of measuring by signs, having exact limits,
and independent of the groups of stars which originally gave name (o
them. M. Biot's error lies in his misapprehension, in two important
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constantly treats them as if they were, like the siew, single stars, the in-
tervals between whose circles of declination constitvted the accepted
divisions of the zodiac; and in the second place, he assumes them to
- have been established for the purpose of marking the moon’s daily pro-
gress from point to point along the ecliptic. Now, as regards the first
of these points, we have already shown above that the conversion of the
~ Chinese determinatives into constellations took place, in all probability,
before their introduction to the knowledge of the Hindus : there is, in-
deed, an entire unanimity of evidence to the effect that the Hindu sys-
tem is from its inception one of groups of stars: this is conclusively
shown by the original dual and pluraF names of the asterisus, or by their
otherwise significant titles—compare especially those of the 13th and
25th of the series. The selection of a “juncion-star” to represent the
. asterism mgﬁgejmﬁﬁ_,&hﬁnaﬂml;gggL.MQQM&Q&P}‘,,_ 7. modern: we regard 1t
as posterior {6 the reconstruction of the Hindu astronomy upon a truly
scientific basis, and the determination, by caleulation, of the precise pla-
ces of the planets: this would naturally awaken a desire for, and lead
to, a similarly exact determination of the position of some star repre-
senting each asterism, which might be employed in the calculatién  of
_conjunctions, for astrological purposes; the astronomical uses of the
system being no longer of much account after the division of the ecliptic
o signs. And the choice of the junction-star has fallen, in the ma-
jority of cases, not upon the Chinese determinative itself, but npon some
other and more conspicuous member of the group originally formed
‘about the latter. Again, there is an entire absence of evidence that the
“portions” of the asterisms, or the arcs of the ecliptic named from them,
were ever measured from junction-star to junction-star: whatever may
be the discordance among the different authorities respecting their extent
and limits, they are always freely, and often arbitrarily, taken from parts -
of the ecliptic adjacent to, or not far removed from, the successive con-
 stellations. ‘ : : ‘
As regards the other point noticed, it is, indeed, not at all to be won-

deved at that M. Biot should treat the Hindu nakshairas as a system

bearing special relations to the moon, since, by thase who have treated
of them, they have always been styled “houses of the moon,” “moon-
stations,” “lunar asterisms,” and the like, Nevertheless, these designa-
tions seem to be founded only in carelessness, or in misapprehension,
In the Strya-Siddhanta, cortainly, there is no hint to be discovered of
‘any particular connection between them and the moon, and for this rea-
son we have been careful never to translate the term nakshatra by any
other word than simply * asterism.” Nor does the case appear to have
been otherwise from the beginning. No one of the general names for
tlhte asterisms ‘(nakshatra, bha, dhishnya) means literally anything more
~ than “star” or “ constellation” : their most ancient and usual appella-
tion, nakshatre, is a word of doubtful etymology (it ‘may be radically
akin with nakte, nox, 9§, “night”), but it is not infrequently met with
in the Vedic writings, with the general signification of “star,” or
“oroup of stars” : the moon is several times designated as “sovereign
of the nakshatras,” but evidently in no other sense than that in which

respects, of the character of the Hindu asterisms : in the first place, he

e
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we style her # queen of night”; for the same title is in other passages
© griven to the sun, and even also to the Milky Way. When the name
came to be especially applied to the system of zodiacal asterisms, we
have seen above that a single one of the series, the bth, was placed un- |
der the regency of the moon, as another, the 13th, under that of the
e sun: this, too, by no means looks as if the whole design of the system
| was to mark the moon’s daily motions. Naturally enough, since the
e ‘moon is the most conspictous of the nightly luminaries, and her revolu-
#ions more rapid and far more important than those of the others, the
_ g asterisms would practically be brought into much more frequent use in

connection with her movements : their number, likewise, being nearly
accordant with the number of days of her sidereal revolution, could not
but. tempt those who thus employed them to set up an artificial relation
between the two, Hence the Arabs distinetly call their divisions of the
zodiac, and the constellations which mark them, * houses of the moon,!
and, until the researches of M. Biot, no one, so far ag we are aware, had
ever questioned that the number of the asterisms or mansions, wherever
found, was derived from and dependent on that of the days in the
moon’s revolution. It was most natural, then, that Western scholars,
havisig first made acquaintance with the Arab system, should, on finding
the same in India, call it by the same name: nor is it very strange, even,
that Ideler should have gone a step farther, and applied the familiax title
of “lupar stations” to the Chinese siew also; an error for which he is
sharply eriticised by M. Biot (Journ. d. Sav,, 1859, p. 480). The latter
cites from al-Birtni (Journ. d. Sav. 1845, p. 495 1859, pp. 487-8) two
passages derived by him from Varaha-mihira and Brahmagupta respect-
ively, in which are recorded atterpts to establish a systematic relation
G between the asterisms and the moon’s true and mean daily motions.
iy One of these passages is exceedingly obscure, and both are irreconcila-
ble with one another, and with what we know of the system of aster:
isms from other sources: two conclusions, however, bearing upon.the
_present matter, are clearly derivable from them : first, that, as the ¢ por-
tions” assigned to the asterisms had no natural and fixed limits, it was
« possible for any Hindu system-maker so to define them as to bring' them
' into a connection with the moon’s daily motions: and secondly, that
snch a connection was never deemed an essential feature of the system,
and hence no one form of it was generally recognized and accepted.
The considerations adduced by us above are, we think, fully sufficient to
account for any such isolated attempts at the establishment of o con-
neetion as al-Birtini, who naturally sought to find in the Hindu naksha-
Iras the correlatives of his own mandzil al-kamar, was able to discover
among the works of Hindu astronomers : there is no good reason why
we should deprive the former of their true character, which is that of
zodiacal constellations, rudely marking out divisions of the ecliptie, and
employable for all the pnrposes for which such a division is demanded.
The reason of the variation in the number of the asterisms, which are
reckoned now as twenty-eight and now as twenty-seven, is a point of no
small difficulty in the history of the system. M. Biot makes the acute |
suggestion that the omission of Abhijit from the series took place be:

eanise the mansion belonging to that asterism was on the point of becom- §
4
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ing extingnished, the ecircle of declination of its junction-star being |
- brought by the precession to a coincidence with that of the junction-star
‘of the preceding asterism about A.D. 972, But it has been shown
above that M. Biot's view of the nature of a nakshatra—that it is,
namely, the are of the ecliptic intercepted between the circles of declina-
tion of two successive junction-stars—is altogether erroneons: however
nearly those circles might approach one another, there would still be no
~ difficulty in assigning to each asterism its “portion” from the neighbor-
ing region of the ecliptic. Again, this explanation would not agcount
for the early date of the omission of Abhijit, which, as already noticed, ,
is found wanting in one of the most ancient lists, that of the Taittiriya- |~
Sanhitd. It is to be observed, moreover, that M. Biot, in caleulating the ¢
period of Abhijit’s disappearance, has adopted » Sagittarii as the junc-
tion-star of Uttara-Ashadhé, while we have shown above that o, and
not ¥, is to be ¢o regarded : and this substitution would defer until sev-
eral centuries later the date of coincidence of the two circles of declina-
tion,  According to the Hindu measurements, indeed (see the table of
positions of the junction-stars, near the beginning of this note), Abhijit
is farther removed from the preceding asterism, both in polar longitude
and in right ascension, than are five of the other asterisms from their
respective predecessors: nor does the Hindu astronomical system ac-
knowledge or make allowance for the alteration of position of the circles
of declination under the influence of the precession: their places, as
data for the caleulation of conjunctions, are ostensibly laid down for all
future time. For these various reasons, M. Biot's explanation is to be
rejected as insufficient. A more satisfactory one, in our opinion, may
be found in the fact, illustrated above (sce Fig. 31, beginning of this
note), that the asterisms ave in general so distributed as to aceord quite
well with a division of the ecliptic into twenty-seven equal portions,
but not with a division into twenty-eight equal portions; that the joo
region where they are too much crowded together is that from the 20th{,
to the 23rd asterism, and that, among those situated in this crowded E
quarter, Abhijit is farthest vemoved from the ecliptic, and so is more
easily left out than any of the others, in dividing the ecliptic into por-
tions. = 'We cannot consider it at all doubtful that Abhijit is as originally
and truly a part of the system of asterisms as any other constellation
in the series, which is properly composed of twenty-eight members, and
not of twenty-seven: the analogy of the other systems, and the fact
that treatises like this Siddhénta, which reckon only twenty-seven divi-
sions of the ecliptic, are yet obliged, in treating of the asterisms as con-
stellations, to regard them as twenty-eight, are conclusive upon this
point. The whole difficulty and source of discordance seems to lie in
this—how shall there, in any systematic method of division of the eclip-
tie, be found a place and a portion for a twenty-eighth asterism? The
Khanda-Kataka, as cited by al-Birtini—in making out, by a method
which is altogether irrespective of the actual positions of the asterisms
with reference to the zodiac, the accordance already referred to between
their portions and the moon’s daily motions—allets to Abhijit so much
of the ecliptic as is equivalent to the mean motion of the moon during
 the part of a day by which her revolution exceeds twenty-seven days,
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Others Allow it a share in the proper ‘p'ortior)s of the two héighbo-riﬁgv “:,‘\ W
asterisms : thus the Muhtrta-Mala, a late work, of date unknown to us,

says: ‘“the last quarter of Uttara-AshAdhs and the first fifteenth of

Oravana together constitute Abhijit: it is so to be accounted when

. twenty-eight asterisms are reckoned ; not otherwise.” = Ordinarily, how-
. ever, the division of the ecliptic into twenty-seven equal * portions” is |
~made, and Abhijit is simply passed by in their distribution. After the
infroduction of the modern method of dividing the circle into degrees

and minutes, this last way of settling the difficulty would obviously re-

ceive a powerful support, and an increased currency, from the fact that

a division by twenty-seven gave each portion an even number of min-

utes, 800, while a division by twenty-eight yielded the awkward and

unmanageable quotient 7718,

Much yet remains to be done, before the history afd use of the sys-
tem of asterisms, as a part of the ancient Hindu astronomy aund astrol-
ogy, shall be fully understood. There is in existence an abundant liter-
ature, ancient and modern, upon the subject, which will doubtless at
some time provoke laborious investigation, and repay it with interesting
results. To us hardly any of that literature is accessible, and only the
final results of wide-extended and long-continued studies upon it could
be in place here. 'We have already allotted to the nakshatras more

space than to some may seem advisable : our excuse must be the in-

terest of the history of the system, as part of the ancient history of
the rise and spread of astronomical science; the importance attaching
to the researches of M. Biot, the inadequate attention hitherto paid
them, and the recent renewal of their discussion in the Journal des Sa-
vants; and finally and especially, the fact that in and with the asterisms
i, is bound up the whole history of Hindu astronomy, prior to its trans-
!' formation under the overpowering influence of western science,  In the
|| | modern astronomy of India, ﬂ}9,,,Zl,qlgﬁlggjtjggmam,1ﬂq§|’ﬂ§g};“ga('_ljriate conse-
{ 1 quence only, and appear as ioardly more than reminiscences of a former
| order of things: from the Sfrya-Siddhénta might be struck out every
| | line referring to them, without serious alteration of the character of the
i 4 treatise. i !
Before bringing this note to a close, we present; in the annexed table,
a comparison of the true longitudes and latitudes of the junction-stars
of the twenty-eight asterisms, as derived by caleulation from the posi-
tions stated in our text, with the actual longitudes and latitudes of the

s

s

stars with which they are probably to be identified. In a single case, -

(the 27th asterism), we compare the longitude of one star and the lati-
tude of another; the reason of this is explained above, in connection
with the identification of the asterism. We add columns giving the
errors of the Hindu determinations of position : in that for the latitude
north direction is regarded as positive, and south direction as negative.
Upon examining the column of errors of latitude presented in this

table, it will be seen that they are too considerable, and too irregular,

both in amount and in direction, to be plausibly accounted for other-
wise than as direct errors of observation and calculation. « The grossest
of them, as has already been pointed out, are committed in the measure-
ment of southern latitudes, when of considerable amount, and they are
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g Longitude, A, D, 560, Latitude. P
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b Agvind, | I 591 13 56/ =1 57| g 11 N.| 8 28N.| £ 0433 Arietis,
2| Bhiarani, 24 35} 2654 ~ 2 1911 6 [1r 17 %~ o 11|85 Arietis, « Muasem.
3 ]K;tt.ika, i 39 8] 39 58 <080 4444 1% o 43/ Tanri, Aleyone,
4|Rohint, 48 ol 49 45 - 36/ 4 49815308 +0 4[':1, Tauri, Aldebaran.
5\ Mrgacirsha, | 61 3] 63 4ol ~ 239 g 49 * 1325 | + 3 36x Orionis,
6| Ardra, 65 50| 68 43/ ~ 253 853 “ k6 4|+ 11]a Orionis,
7| Punatvasu,. 92 52/ 93 14 023 6 oN, 639N ~ 0 398 Gemin,, Pollux,
8| Pushya, 106 0108 42l =243/ 0 o 0 4% ~0 48 Cancri,
9|Aclesha, 1og S9i112 200 ~ 2 21] 656 8,11 8 8. + 4 12/¢ Hydrem.
10| Maghd, 139 0[t29 49/ ~04gl 0 o | 027N/~ 0 27/a Leonis, Regulus,
t1 P.-Phalguni, | 1139 68{141 15 ~1 1711 19 N.[14 19| =3 015 Leonis.
12/ .- Phalguni, {150 10}151 37~ t 2712 5 “lr2 17| ~ 0 12/3 Leonis,
13 'Hausta, 74 220173 27405510 6 812 10804 2 4|8 Corvi,
14 0itrd, 180 48183 49 -3 1 1 50| 2 2% 40 r2la Virginis, Spica.
15]Sviti, 183 21184 12 - 11033 50 N.30 57N\ 2 531a Bootis, Arcturus,
16 Vicakha, 213 31la11 o 4231) 125 8. 148 8. + 0 23¢ Librs,
17| Anurtidhd, | laad 44|39 34/ 4210 2 52 4| 157 4] = 0 55(8 Scorpionis,
- [18|dyeshthd, 136 glasg 44l + 023 3 504|431 + o0 4r|a Scorp, Antares,
19| Mala, 242 52244 33| - 1 41| '8 48 © [13 44 *“ | + 4 56|n Scorpionis.
20| P Ashadhd, 554 391254 32\ £0 7] 5281 625 4|+ 0570 Sagittarii,
|ar|U-Ashadbd,  ia60 23{262 21| -1 58] 450 ¢ | 324 % | - 1 25|¢ Sagittarii.
22| Abhijit, 264 10[265 15|~ 1 559 58 N..61 46N, ~ 1 48|a Lyrw, Vega.
a3|Orayana, © 289 200081 4|+ 0 48;29 54 ¢ 129 19 | + 0 35/a Aquile, Atair,
24|Cravishthd, 206 51266 19 =0 143533 ¢ 131 57 ¢ | + 3 36|3 Delphini.
25|Catabliishaj; 319 50(3ar 33 - 1 431 028 8.1 0238, ~ 0 &ln Aquarii,
26| P.-Bhadrapadd, 334 25/333 27| + 05822 30 N.[19 25N, + 3 5/ Pegasi,
127{U-Bhadrapada, 347 16349 8/ -1 53024 1 ' 125 41" | = 1 4oly Peg & o Androm,
28|Revatl, | 359 50|359 50l o o o o | o138+ o0 13/¢ Piscium,

all in the same direction, giving the star a place too far to the north.
The column of errors in longitude, on the other hand, shows a very
marked preponderance of minus errors, their sum being 33° 54/, while
the sum of plus ervors is only 7° 52, Upon taking the difference of
‘these sums, and dividing it by twenty-eight, we find the average ervor
of longitude to be — 56, the greatest deviation from it in either divection
being ~ 2947 and 4 3% 27.%  Ho far as this goes, it would indicate that
the Hindu measurements of position were made from a vernal equinox
sitnated about 1° to the eastward of that of A.D. 560, and so at a time
seventy years previous to the date we have assumed for them, or about
' A.D. 490. In our present ignorance of the methods of observation

* Ina comparison in which a high degree of exactness was desired, and was not,
in the nature of the case, unattainable, it would of gourse be necessary to take into
ageount the proper motions of the stars compared. This we have not thought it
worth while, in the present instance, to do. We may remark, however, that the

junetion-star of the 15th asterism, Arcturus, has a mueh greater proper motion than
any other in the series 5 and that, if this were allowed for, aceording to its value as
determined by Main (Mem. Roy. Astr; Soc,, vol. xi%, 4to, 1851), the Hindu error of
longitude would be diminished about 22/, but that of latitude increased about 357,
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employed by the Hindus for this parpose, such a determinatio of date
‘cannot, indeed, be relied upon as exact or conclusive, yet it is the best
and suvest that we can attain. The general conclusion, at any rate,
stands fast, that the positions of the junction$tars of the asterisms were

fixed not. far from the time when the vernal equinox coiricided with the {
initial point of the Hindu sidereal sphere, or during the sixth century

of our era.
. Since, according to the Hindu theory, the initial point of the sidereal

sphere is also, for all time, the mean place of the vernal equinox, which
always reverts to it after a libration of 27° in either direction (see above,
iii. 9~12), we are not surprised to find the positions of the asterisms pri-
marily defined upon the supposition of their coincidence. But it is not
a little strange that the effect of the precession in altering the direction
of the circles of declination drawn through the junction-stars, and so the
' polar longitudes and latitudes of the latter, should be made no account
of (see, however, the latter half of v. 12, below, and the note upon it),
and that directions for calealating the conjunctions of the planets with
the asterisms according to their positions as thus stated should be given
(vv. 14-15), unaccompanied by any hint that a modification of the data
of the process would ever be found necessary. This carelessness is per-
haps to be regarded as an additional evidence of the small importance
attached, after the reconstruction of the Hindu astronomy, to caleulg-
tions in which the asterisms were concerned; although it also tends
strongly to prove what we have suggested above (note to iii. 9--12), that

in the construction of the Hindu astronomical system the precession was

ignored altogether. It is to be noticed that the two systems of yogas (see
above, 1i. 65, and additional note upon that passage), originally founded
upon actual conjunctions with the asterisms, have been divorced from
any real connection with them, A like consideration might restrain us
from accepting the determinations of position here presented as the best
results which Hindu observers and instruments were capable of attaining ;
yet, in the absence of other tests of their powers, we cannot well help
drawing the conclusion that the accuracy of a Hindu observation is not
to be relied on within a degree or two. '

10. Agastya isat the end of Gemini, and eighty degrees south;
and Mrgavyadha is situated in the twentieth degree of Gemini;
. 11. His latitude (vikshepa), reckoned from his point of declina-

tion (apakrama), is forty degrees south: Agni (hutabhuy) and Brah-
mahrdaya are in Taurus, the twenty-second degree; =

12. And they are removed in latitude (vikshiple), northward,
eight and thirty degrees respectively. . . . G Ly

In connection with the more proper subject of this chapter we also
have laid before us, here and in a subsequent passage (vv. 20-21), the
defined positions of a few fixed stars which are not included in the sys-
tem of zodiacal asterisms, The definition is made in the same manner
as before, by polar longitudes and latitudes. It is not at all difficult to
identify the stars referred to in these verses ; they were correctly pointed
aut by Colebrooke, in his article already cited (As. Res,, vol. ix). = Agas-
tya is @ Navis, or Canopus, a star of the first magnitude, and one of the
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- most brilliant in the seuthern heavens, Its vemote southern position,
ouly 87° from the pole, renders it invisible to an observer stationed much
to the northward of the Tropic of Cancer. Its Hindu name is that of
one of the old Vedic rshkis, or inspired sages. The comparison of its
true position with that assigned it by onr text—which, in, this instance,
* does not require to be reduced to true lengitude and latitude—is as
follows :

Aoaskyel L0 oo ok s ar 8ol 8
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. The error of position is heré very considerable, and the variations of
the other authorities from the data of ourtext ave correspondingly great.
The Siddhanta-Ciromani and (according to Colebrooke) the Brahma-
Siddhanta give Agastya 87° of polar longitude, and 77° of latitude,
. which is a fair approximation to the truth: the Graha-EAghava also
places it correctly in lat. 76° 8., but makes its longitude only 807, which
18 @8 gross an error as that of the Stirya-Siddhénta, but in the opposite
direction, The CAkalya-Sanhitd agrees precisely with our treatise as
respects the positions of these four stars, as it does generally in the
numerical data of its astronomical system, ‘
. Mrgavyadha, ¢ deer-hunter”—it is also called Lubdhaka, ¢ hunter’’—
is & Canis Majoris, or Sirius, the brightest of the fixed stars :

‘ Mraavoadh o5 0 968 9800 U Gea Bat B
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Here, while all authoritics agree with the correct determination of the
latitude of Sirins presented by our text, the Siddhdnta-Ciromani et
greatly reduce its error of longitude, by giving the star 86° instead of
80°, of polar longitude: the Graha-LAghava reads 81°,

The star named after the god of fire, Agni, and called in the text by
one of his frequent epithets, Autabhuj, % devourer of the sacrifice,” is the
one which is situated at the extremity of the northern horn of the Bull,
or @ Tauri: it alone of the four is of the second magnitude only :
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The very gross error in the determination of the longitude of this star
is but slightly reduced by the Graha-kéighava, which gives it 53°, instead
of 52°, of polar longitude. The Siddhanta-Ciromani and Brahma-8id-
«dhanta omit all notice of any of the fixed stars excepting Canopus and
Sirius. '

- Brahmahydayay ¢ Brahma's heart,” is e Aurigm, or Capella :

Bieihmibedaya: ) 0 Le6aR dgn o L8O a3E N,
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The Graha-Laghava, leaving this erroneous determination of latitude
unamended, adds a greater ervor of longitude, in the opposite direction
to that of our text, by giving the star 4° more of polar longitude. ‘

‘We shall present these comparisons in a tabular form at the end of the
chapter, in connection with the other passage of similar import.

12. . . . Having constructed a sphere, ohe may examine the
corrected (sphuta) latitude and polar longitude (dhruvaka).
VOL. VL. ‘ 46 .
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- What is the true meaning and scope of this passage, is a question with
tegard to which there may be some difference of opinion, The com-
mentator explains it as intended to satisfy the inquiry whether the polar
longitudes and latitudes, as stated in the text, are constant, or whether
they are subject to variation. Now although, he says,” owing to the
precession, the values of these quantities are not unalterably fixed, yeb
they are given by the text as they were at its period, and as if they were
constant, while the astronomer is directed to determine them for his own
time by actual observation. For this purpose he is to take such a sphere
as 1s described below gchap. xiii)-—of which the principal parts, and the
only ones which would be brought into use in this process, are hoops or
cireles vepresenting the colures, the equator, and the ecliptic—and is to
suspend upon its poles an additional movable circle, graduated to de-
grees ; this would be, of course, a revolving circle of deelination, The
sphere is next to be adjusted in such manner that its axis shall point to
the pole, and that its horizon shall be water-level. Then, in the might,
the junction-star of Revati (¢ Piscium)is to be looked at through a hole
in the centre of the instrument, and the corresponding point of the
ecliptic, which is 10’ east of the end of the constellation Pisces, is to be
brought over it; after that, it will be necessary only to bring the revoly-
ing cirele of declination, as observed through the Lole in the centre of
the instrument, over any other star of which it is desired to determine
the position, and its polar longitude and latitude may be read off directly
upon the ecliptic and the movable circle respectively. ;

Colebrooke (As. Res., ix. 326; Essays, il 324) found this passage
similarly explained in other commentaries upon the Strya-Siddhanta to
which he had access, and also met with like directions in the commen-
taries on the Siddhanta-Ciromani. :

" There are, however, very serious objections to such an interpretation
of the brief direction contained in the text. It is altogether incensist-
ent ywith the whole plan and method of a Hindu astronomical treatise to
leave, and even to order, matters of this character to be determined by
observation.  Observation has no such important place assigned to it in
the astronomical gystem : with the exception of terrestrial longitude and
latitude, which, in the nature of things, are beyond the reach of a trea-
tise, it Is intended that the astronomer should find in his text-book every-
thing which he needs for the determination of celestial phenomena, and
should resort to instraments and observation only by way of illustration.

The sphere of which the construction is prescribed in the thirteenth
chapter is not an instrument for observation : it is exprgssly stated to be
#for the instrnetion of the pupil,” and it is encumbered with such a
number and variety of different circles, including parallels of declination
for all the asterisms and for the observed fixed stars, that it could not
be used for any other purpose: it will be noticed, too, that the com-
mentary is itself obliged to order here the addition of the only appli-
ances—the revolving circle of declination and the hole through the cen-
tre—which make of it an instrument for observation, The simple and
original meaning of the passage seems to be that, having constructed a
sphiere in the manner to be heveafter deseribed, one may examine the
places of the asterisms as marked upon if, and note their coincidence,




Jongitude of the same point is computed ; and from these elements, with

Sty

wﬂ;h the actual ‘posyitibn_s of thé‘ stars in the ‘heavens.  And we would

regard the other interpretation as forced upon the passage by the com-

_ mentators, in order to avoid the difficulty pointed out by us above (ncar
the end of the note on the last passage but one) and fto free the Sid-

dhénta from the imputation of having neglected the precessional varia-
tion of the circles of declination. M. Biot pronounces the method of
observation explained by the commentators “almost impracticable,”
and it can, accordingly, hardly be that by which the positions of the as-
terisms weve at fivst laid down, ox by which they could be made to un-
dergo the necessary corrections. Another method, more in accordance
with the rules and processes of the third chapter, and which appears to
us to be more anthentic and of higher value, is described by Colebrooke
(as above) from the Siddhénta-Sarvabhéuma, being there cited from the
Siddhénta-Sundara ; it 1s as follows :

“ A tube, adapted to the summit of the gnomon, is directed toward
the gtar on the meridian : and the line of the tube, pointed to the star,
is prolonged by a thread to the ground, The line from the summit of
the gnomon to the base is the hypothenuse; the height of the gnomon
is the perpendicular ; and its distamee from the extremity of the thread |
is the base of the triangle. Therefore, as the hypothenuse is to its base, |
50 is the radius to a base, from which the sine of the angle, and conse- {f
quently the angle itself, are known. If it exceed the latitude [of the |

i

e

* place of observation], the declination is south; or, if the contrary, it is |

north. The right ascension of the star is calculated from the hour of |
night, and from the right ascension of the sun for that time. The decli- |
nation of the corresponding point of the ecliptic being found, the sum |
ot difference of the declinations, according as they ave of the same or of '}
different denominations, is the distance of the star from the ecliptie. The |
4
the actnal precession of thegequinox, nfay be calculated the true longi-
tude of the star; as also its latitude on « circle passing through the poles
of the ecliptic.”

The SiddhAnta-SarvabhAuma also gives the true longitudes and lati-
tudes of the asterisms, professedly as thus obtained by observation and
caleulation, and they are reported by Colebrooke in his general table of
data respecting the asterisms. :

If we are not mistaken, the amount and character of the ervors in the
stated latitudes of the asterisms tend to prove that this, or some kindred

 process, was that by which their positions were actually determined.

13. In Taurus, the seventeenth degree, a planet of which the
latitude is a little more than two degrees, south, will split the
wain of Rohinf. ' !

The asterism Rohini, as has been seen above, is composed of the five
principal stars in the head of Taurus, in the constellation of which is
seen the figure of a wain. The divinity is Prajdpati, The distances of
its stars in longitude from the initial point of the sphere vary from 45°
48/ (7) to 49° 45 («): hence the seventeenth degree of the second
sign-——the reckoning commencing at the initial point of the sphere, taken
as coinciding also with the vernal equinox—is very nearly the middle of

W
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o E planet must have more than two degrees of south latitude. The Sid-
:
|
i

‘ description of these consequences, deriyed from the astrologieal writings
‘ i of Vardha-mihira %
I

i

Méadhava rains not upon the earth for twelve years.

a8 it were committed a sin, performs, in a manner, her surface being
strewn with ashes and bones, the kapdiika penance.
“If Satarn, Mars, or the descending node splits the wain of Rohini,
why need 1 say that, in a sea of misfortune, destruction befalls the world ?
“ When the moon ig stationed in the midst of Rohini’'s wain, then

i
:
s
g,
b

e

TEREEE

et

flesh of children, drinking water from vessels burnt by the sun”
Upon what conception this curiotis feature of the ancient Hindu as-
trology is founded, we are entirely ignorant. ‘ s

B

as a divisor: the same is the case as regards the time.

longitude (dhruvaka) of the asterism, the conjunction (yoga) is to
come ; when greater, it is pagt: when the planet is retrograding
(vakragati), the contrary is to be recoghized as true of the con-
junction (samdgama). :

The rales given in the preceding chapter for caleulating the conjunc-
tion of two planets with one another apply, of course, with certain mod-
ifications, to the calculation of the conjunections of the planets with the
asterisms.  The text, however, omits to specify the most important of
these modifications—that, namely, in determining the apparent longi-
tide of an asterism, one part of the process prescribed in the case of a
planet, the ayanadrkkarman, or correction for ecliptic deviation, is to be

. omitted altogether; since the polar longitude of the asterism, which is

g given, corresponds in character with the dyana groha, or longitude of

i ‘ the planet as affected by ecliptic deviation, which must be ascertained
3 by the ayanadrikarman. ~ The commentaty notices the omission, but

offers neither explanation nor excuse for it.  The other essential modifi-

cation—that, the asterism being fixed, the motion of the planet alone is

* Our translation represents the verses as amended in their readings by Benfey
(Pantschatantra etc, 2r Theil, nn. 284-237). ' In the third of the verses, however,

the reading of the pablished text, gagl, “moon,” would seem decidedly preferable o _

¢ikhi, * descending node”; since the node, being always necessarily in the ecliptic,
‘can never come into collision with Robin?’s wain, ‘ j

b
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dhanta does not inform us what would be the consequences of such an
ocourrence 5 that belongs rather to the domain of astrology than of as-.
 tronomy.  We cite from the Paicatantra (vv. 288-241) the following |

“When the wain of Prajapati’s asterism is split, the earth, having '

14, Caleulate, as in the case of the planets, the day and night
of the asterisms, and perform the operation for apparent longi~
tude (drkkarman), as before: the rest is by the rules for the con-
junction (melaka) of planets, using the daily motion of the planet

15, When the longitude of the planet is less than the polar

the wain.  The latitude of its stars, again, vaties from 2° ‘36" (e) to5° |
47’ (#) 8. hence, to come into collision with, or to enter, the wain, a

“When Saturn splits the wain of Rohini here in the world, then @

‘men wander recklessly about, deprived of shelter, eating the cooked
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. to be used as divisor in determining the place and time of the conjune-
tion—is duly noticed. ‘ : ‘
The inaceuracies in the Hindn process for determining apparent lon-
| gitudes, which, as above noticed, are kept within bounds, where the
planets alone are concerned, by the small amount of their latitudes,
. would be liable in the case of many of the asterisms to lead to grave er-
rars of  result, '

16. Of the two Phalgunis, the two, Bhddrapadds, and likewise
the two Ashadhas, of Vigikhd, Agvin{, and Mrgacirsha (sdumya),
the junctionstar (yogatdrd) is stated to be the northern (wttara) :

17. That which is the western northern star, being the second
situated westward, that is the junction-star of Hasta; of Cra-
wvishthé 1t is the western:

18. Of Jyeshthd, Cravana, Anurddhé (matira), and Pushya
(bdrhaspatya), it is the middle star : of Bharani, Krttikd (dgneya),
and Maghd (pirya), and likewise of Revati, it is the southern :

19. Of Rohini, Punarvasu (dditya), and Mila, it is the eastern,
and go also of Agleshd (sdrpa): in the case of each of the others,
the junction-star (yogatdrakd) is the great (sthilla) one.

 We have had occasion above, in treating of the identification of the
asterisms, to question the accuracy of some of these designations of the
relative position of the junction-stars in the groups containing them.
We do not regard the passage as having the same authenticity and
authority with that in which the determinations of the polar longitudes
and latitudes are given ; and indeed, we are inclined to suspect that all
which follows the fifteenth verse in the chapter may be a later addition
to its original content. = It is difficult to see otherwise why the state-
ments given in yerses 20 and 21 of the positions of certain stars should
be scparated from those presented above, in verses 10-12. = A designa-
tion of the relative position of the junction-star in each groub oughit also
properly to be connected with a definition of the number of stars com-
posing each, and a deseription of its configuration—such as are presented
along with it by other treatises, as the Qakalya-Sanhita, The first is even
in some points ambiguous unless accompanied by the others, since there
are cases 1n which the same star has & different position in its asterism
according as the latter is to be regarded as including a less or a greater
- mumber of 'stars. * In this respect also, then, the passage looks like a dis-
‘connected fragment,  Nor is the method of designation so clear and
systematic as to inspive us with confidence in its accuracy. Upon a
consideration of the whole series of asterisms, it is obvious that the
brightest member of each group is generally selected as its junction-star.
Hence we should expect to find a general rule to that effect laid down,
and then the exceptions to it specially noted, together with the cases in
which such a designation would be equivocal, Instead of this, we have
the junction-stars of only two asterisms containing mote than one star,
namely Abhijit and Qatabhishaj, described by their superior brilliancy,
while that of the former is not less eapable of being pointed out by its
position than are any of the others in the series. = Again, there are cases
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in which it is qnegstidnable which star i meant to be pointed out in.a
group of which the constitution is not doubtful, owing to the very near

correspondence of more than one star with the position as defined.” And

once more, where, in a single instance, a special effort has apparently
been made to fix the position of the junction-star beyond all doubt or
cayil, the result is a failure; for it still remains a matter of dispute how
the description is to be understood, and which member of the group is
intended.  The case referred to is that of Hasta, which oceupies nearly '
all of verse 17. = That Colebrooke was not satisfied as to the meaning of
the description is clear from the fact that he specifies, as the star referred
to, “y or 0 Corvi,”’”  His translation of the verse, “2nd W. of 1st N. W.",
¢onveys to us no intelligible meaning whatever, as applied to the actual
group. He evidently understood pagcimottaratéréyd as a single word,
standing by euphony for -tdrayas, ablative of -tdrd. Our own render-
ing supposes it divided into the fwo independent words pagcimoiia.
ratdrd yd, ov the three pagcund utlaratird yd. Thisinterpretation is, in
the first place, supported by the corresponding passage in the Calkalya-
Sanhitd, which reads, «of Hasta, the north-western (vdyavt): 1t is also
the second western,” Again, it applies without difficulty to one of the
stars in the group, namely to 7, which we think most likely to be the
one pointed out—and mainly, because either of the others would admit
of being more simply and briefly designated, & as the northern, § as the
eastern, e as the southern, and & as the western star. We should, then,
regard the deseription as unambignous, were it not for what is farther
added, “ being the sccond situated westward;” for y is the first or most
westerly of the five in longitude, and the third in right asceusion, while
the second in longitude and in right ascension respectively are the two
faint stars & and «.  We confess that we do not see how the difficulty is
to be solved without some emendation of the text.

‘We conceive ourselves to be justified, then, in regarding this passage
as of doubtful authenticity and inferior authority : as already partaking,
in short, of that ignorance and carelessness which has rendered the
Hindu astronomers unable, at any time during the past thousand years,
£o point out in the heavens the complete series of the groups of stars
composing their system of asterisms, None of the other authorities
accessible to us gives a deseription of the relative places of the junction-
stars, excepting the Chkalya-Sanhitd, and our manuscript of its text is
80 defective and corrupt at this peint that we are able to derive from 1t
with confidence the positions of only about a third of the stars, So
far, it accords with the Strya-Siddhénta, save that it points out as the
junction-star of Parva-Ashadhé the brightest, instead of the northern-
most, member of the group; and here there is a difference in the mode of
designation only, and not a disagreement as regards the star designated.

20. Situated five degrees eastward from Brahmahrdaya is Pra-
JjApati: it is at the end of Taurus, and thirty-eight degrees north.

21. Apdmvatsa is five degrees north from Cifrd: somewhat
greater than it, as also six degrees to the north of it, is Apas.

The three stars whose positions are defined in this passage are not
mentioned in the Chkalya-Sanhitd, nov in the Siddhanta-Ciromani and
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.marked above, whether the original text of our treatise itself contained
the last two verses of this chapter: moreover, at the end of the next
chapter (ix. 18), where those stars ave spoken of which never set heli-
acally, on account of their high notthern situation, Prajapati is not
mentioned among them, as it ought to be, if its position had been pre-
viously stated in the treatise, Still farther on (xiii. 9), in the descrip-
tion of the armillary sphere, it is referred to by the name of Brahma,
whicl, according to the commentary on this passage, and to Colebrooke,

if also customarily bears, Perhaps another evidence of the unanthen-

ticity of the passage is to be seen in the fact that the two definitions of
the polar longitude of Prajapati do not, if taken in connection with verse
11, appear to agree with one another: a star which is 6° east from the

Eqsition of Brahmahrdaya, as there stated, is not “at the end of Taurus,”
ut at its twenty-seventh degree : this may, however, be merely an inac-

curate expression, intended to mean that the star is in the latter part, or

near the end, of Tanrus. The Graha-Laghava, which defines the posi-
tions of all these stars directly, by degrees of polar longitude and lati-
. tude, and not by reference either to the signs or to other stars, gives Pra-
Japati 61° of polar longitude, or 5° more than it assigned to Brabmahry-
daya: it also adds 1° to the polar latitude as stated in our text. The
~ star referred to can hardly be any other than that in the head of the
- Wagoner, or ¢ Aurigs (4):

Brajapabl oo, 0 G Baanl G e 369 ol N

o Anrigm it LI6O%BAL L LT 300 gt N

. The error of latitude is about the same with that which was commit-

ted with reference to Brahmahrdaya, or Capella. Why so faint and in-

| ShyeSdame . s

o (acﬁnrdj\ng i‘so‘f 'Calj‘ebrw“?i:;é) ‘th‘fe‘Brahma‘«Sia'dhﬁntéy; ouly the Iatter of
 them, Apas, is omitted by the Graha-Laghava, being noticed in the
Stirya-Siddhanta alone. It may fairly be questioned, for the reason re-

conspieuons a star should be found among the fow of which the Hindn

astronomers have taken particular notice is not easy to discover. !
- The position of the star named Apamvatsa, ¢ Waters’ Child,” is de-
scribed in our text by reference to Citré, or Spica Virginis : it is said to
be in the same longitude, 180% and 5° farther north; and this, since

Citrd, itself is in lat. 2° 8, would make the latitude of Apdmvatsa 3° N. .

The Graha-Laghava gives it this latitude directly, and also makes its lon-
gitude agree with that of Spica, which, as already noticed, it places at
the distance of 183° from the origin of the sphere. Apas, “ Waters”
~ (the commentary, however, treats the word as a singular masculine, Apa),
 is put 6° north of ApAmvatsa, or in lat. 9° N. It is identified by Cole-

brooke with 0 Virginis (8), and doubtless correctly :

ApPaRiL L peR a3 L T80 RN
o Virgitng il asn S aflis s 8RidRa N

Colebrooke pronounces Apdmvatsa to comprise “ the nebulous stars
marked b 1, 2, 8” in Virgo. We can find, however, no such stars upon
any map, or in any catalogue, accessible to s, and hence presume that
Colebrooke must, have been misled here by some error of the authority
on which he relied. There is, on the other hand, a star, & Virginis (4),

B
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a8 shows almost beyond question that it is the star intended :
L ApAmvaten b L 1rB0 B L 99 ST, '
: 9 Virginig /v o e i e G ERRG o !
It is not less difficult in this than in the former ocase to account for the

in brilliancy, as objects of special attention to the astronomieal observers

of ancient Tndia. Perhaps we have here only the scattered and discon-

‘pected fragments of a more complete and shapely system of stellar as-

o tronomy, which flourished in India before the scientific reconstruction of
' the Hindu astronomy trausferred the field of labor of the astronomer
from the skies to his text-books and his tables of caleulation. AL

The annexed table gives a comparative view of the positions of the

 situated divectly between Spica and 6, and at such a distance from each

selection of these stars, among the hundreds equalling or excelling them b

geven stars spoken of in this and a preceding passage (vv. 10-12) s

‘defined by our text and as determined by modern observers : i

Positions of certain Fixed Stars,

Naws, Hindu positicn : /|True position : Btas b
pol. long.| pol. lat, | long. ' lat, long. Tat, i
Tl R R {o S AN e T el S
| [Agastya, 90 0 [Bo 0 8. go oo 08| 85 475 508 e Argis, Canepus.
Mrgavyddha, | 80 o (4o 0 8.| 76 2339 b2 8 84 739 32 8. o Canis Maj, Sirius, -
Agni, 5o 0|8 oN.| 54 Bl 7 44N 62 32 5 2a N8 Taur,
Brahmabrdaya,| 52 o 30 oN.| 60 2928 53N.| 615022 52 N.|a Aurigee, Capella.
Prajapati, 57 0138 oN | 67 11136 49 N 695430 49 Nij6 Aturigee. et
Aphmvatsa, 180 o| 3 oN.li78 48 2 45N.i78 12| x 45N.|3 Virginis,|
Apas, 180 0| 9 oN.|176 :-,3{ 8 15N.j171 28 8 38N |§ Virginis,

The gross errors in the determinations of position of these stars give
us & yot lower idea of the character of Hindu observations fhan we
derived from our sxamination of the junction-stars of the asterisms.

The essay of Colebrooke in the ninth volume of the Asiatic Re-
searches, to which we have already so often referred, gives farther infor-
mation of much interest respecting such matters connected with the Hindu
astronomy of the fixed stars as are passed without notice in our treatise.
He states the rules laid down by ditferent authorities for caleulating the
time of heliacal rising of Agastya, or Canopus, upon which depends the
performance of certain religious ceremonies. He also presents a view of
the Hinda doetrine of the Seven Sages, or 7shis, by which name are
known the bright stars in Ursa Major forming the well-known constella-

 tion of the Wain, or Dipper. To these stars the ancient astronomers of
| India, and many of the modern upon their authority, haye attributed an
| independent motion about the pole of the heavens, at the rate of 8’ yeaily,
{ or of a complete revolution in 2700 years, The Strya-Siddhanta alludes
in a later passage (xiil. 9) to the Seven Sages, but it evidently is to be
understood as rejecting the theory of their proper motion, which is also
ignored by the Siddhinta-Cirornani. That so absurd a dogma should
have originated and gained a general currency in India, and that it should
still maintain itself in many of the astronomical text-books, is, however,
too striking and significant & circumstance to be left out of sight in esti-
mating the character of the ancient and native Hindu astronomy. :
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e OB APDRR X
| OF HELTACAL RISINGS AND SETTINGS,

Oowmms-—l, subject of the chapter; 2-3, under what circumstances, and at which

 horizon, the planets rise and set heliacally ; 4-5, method of calculating their dis-

. tances in oblique nscension from the sun; 69, distances from the sun at which

they disappear and re-appear; 10-11, how to find the time of helincal setting or
. vising, past or to come ; 1215, distances {rom the sun at which the asterisms and
fixed stars disappear and re-appear; 16-17, mode of determining their times of
\vising and setting; 18, what asterisms and stars never set heliacally. ;

1. Now is set forth the knowledge of the risings (udaya) and
settings (astamaya) of the heavenly bodies of inferior brilliancy,

- whose orbs are overwhelmed by the rays of the sun.

* The terms used for the heliacal settings and risings of the heavenly
bodies, or their disappearance in the sun’s neighborhood and their return
to visibility, are precisely the same with those employed to denote their

 rising (udaya) and setting (asta, astamaya, astamana) above and below

the horizon. The title of the chapter, udaydstddhikira, is literally
translated in our heading.

e upiter, Mars, and Saturn, when their longitude is greater

_ than that of the sun, go to their setting in the west; when it is
 less, to their rising in the east: so likewise Venus and Mercury,

when retrograding.

- 8. The moon, Mercury, and Venus, having a swifter motion,

go to their setting in the east when of less longitude #han the

sun; when of greater, to their rising in the west. ‘
These specifications are of obvious meaning and evident correctness,

The planets which have a slower motion than the sun, and so are over-

~ taken by him, make their last appearance in the west, after sunset, and

emerge again into visibility in the east, before sunrise: of those which
move more rapidly than the sun, the contrary is true: Venus and Mer-
cury belong to either class, according as their apparent motion is retro-
grade or divect. v ‘

4. Caloulate the longitudes of the sun and of the planet—in

~ the west, for the time of sunset; in the east, for that of sunrise—

~ and then make also the caleulation of apparent longitude (drikkar-

_ the two when increased each by six signs.

-man) of the planet.

- b, Then the ascensional equivalent, in respirations, of the in-

terval between the two (lagndntaraprands) will give, when divid-

ed by sixty, the degrees of' time (kdldngds); or, in the west, the
ascensional equivalent, in respirations, of the interval between

' Whéther a planet will or will not be vi_Sible'{ih the west after sunget,
orin the east before sunrige, is in this treatise made to depend solely
. YOL. VI L Ui 4Y : ‘




upon the interval of time by which its setting follows, or il sing pre-
«cedes, that of the sun, or upon its distance from the sun in oblique
ascension ; to the neglect of those otheér circumstances—as the declina-
tion of the two bodies, and the distance ‘and direction of the planet

from the ecliptic—which variously modify the limit of visibility as thus

. defined, The ascertainment of the distance in oblique ascension, then,
\ Is the object of the rules given in these verses. In explaining the
method of the process, we will consider first the case of a caleulation
made for the eastern horizon. The time of sunrise having been deter-
mined, the true longitudes and rates of motion of the sun and the planet
in question are found for that moment, as also the latitude of the planet,
‘Owing to the latter’s removal in latitude from the ecliptie, it will not
pass the horizon at the same moment with the point of the ecliptic
which determines its longitude, and the point with which it does actu-
ally rise must be found by a separate process. This is accomplished
by ecaleulating the apparent longitude of the planet, according to the
method taught in the stventh chapter, There is nothing in the Jan-
guage of the text which indicates that the caleulation is not to be made
_in full, as there preseribed, and for the given moment of sunvise: as so
-conducted, however, it would evidently yield an erroneous result; for,
the planet being above the horizon, the point of the ecliptic to which
ib is then referred by a circle through the north and south points of the
horizon is not the one to which it was referred by the horizon itself at
 the moment of its own rising. The commentary removes this difficulty,
by specifying that the akshadypkkarman, or that part of the process
which gives the correction for latitude, is to be performed “only as
taught in the first halfverse”—that is, according to the former part of
vil. 8, which contains the rule for determining the amount of the correc- :
tion at the horizon—omitting the after process, by which its value is
made to correspond to the altitude of the planet at the given time,
Having thus ascerfained the points of the ecliptic which rise with the
san and witl the planet respectively, the corresponding equatorial inter-
val, or the distance of the planets in oblique ascension, is found by a
rule already given (ifi. 50). The result is expressed in vespirations of
sidereal time, which are equivalent to minutes of the equator (see above,
1. 11-12); they are reduced to degrees by dividing by sixty: and the
degrees thus found 'receive the technical name of *time-degrees”
{kaldngas, kalabhagas); they ave also called below “degrees of sefting”
(astdngds), and ' ¢ degrees of visibility” (drgydngds).

If the planet for which the calculation is made has greater longitude
than the sun, the process, being adapted to the time of sunset, and to the
western horizon, requires a slight modification, owing to the fact that the
equivalents of the signs in oblique ascension (iii, 42-45) are given only
As measured af the eastern horizon. Since 180 degrees of the ecliptic
are always above the horizon, any given point of the ecliptic will set at
the same moment that another 180 distant from it rises; by adding,
then, six signs to the calculated positions of the sun and the planet, and
ascertaining, by ifi. 50, the ascensional difference of the two points so
found, the interval between the setting of the sun and that of the planet

will be determined, _ ; : : L

L
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i ‘:Béfdne’going on to explain how, from the result thus obh
time of the planet's disappearance or re-appearance may be derived, the

~ text defines the distances from the sun, in oblique ascension or “degrees

of time," at which each planet is visible,
6. The degrees of setting (astdngds) ave, for Jupiter, eleven;

for Saturn, fifteen ; for Mars, moreover, they are seventeen :

&

* the disk itself when seen so much nearer to the earth.

1. Of Venus, the setting in the west and the rising in the east
take place, by reason of her greatness, at eight degrees; the
setting in the east and the rising in the west ocour, owing to her
inferior size, at ten degrees : ] ‘ ‘

8. So also Mercury makes his setting and rising at a distance
from the sun of twelve or fourteen degrees, according as he is
retrograding or rapidly advancing. v

9. At distances, in degrees of time (kdlabhdgds), greater than
these, the planets become visible to men; at less distances they
become invisible, their forms being swallowed up (grasiz) by the
brightness of the sun. :

‘The moon, it will be noticed, is omitted here ; her heliacal rising and-

settiug ave treated of at the beginning of the next following chapter,

. In the ease of Mereury and Venus, the limit of visibility is at a greater
or less distance from the sun according as the planet is approaching its
inferior or superior conjunction, the diminution of the illuminated por-
tion of the disk being more tham compensated by the enlargement of
- Ptolemy ftreats, in the last three chapters (xifl. 729) of his work, of
the disappearance and reappearance of the planets in the neighborhood
of the sun, and defines the limits of visibility of each planet when in
the sign Cancer, or where the equator and ecliptic are nearly parallel.
His limits are considerably different from those defined in our text, being,
for Baturn, 14° 5 for Jupiter, 12° 45/; for Mars, 14° 30'; for Venus and
Mercury, n the west, 5° 40" and 11° 30’ respeetively.

- 10." The difference, in minutes, between the numbers thus sta-
ted and the planet’s degrees of time (kdldngds), when divided by
the difference of daily motions—or, if the planet be retrograding,
by the sum of daily motions—gives a result whieh is the time, in
days eto. , .

11, Fhe daily motions, multiplied by the corresponding ascen-
sional equivalents (tullagndsavas), and divided by eighteen hun-
dred, give the daily motions in time (kdlegate); by means of these
is found the distance, in days ete., of the time past or to come.

Of these two verses, the second prescribes so essential a modification
of the process taught in the first, that their arrangement might have

- been more properly reversed. If we have ascertained, by the previous

rules, the distance of a planet in oblique ascension from the sun, and if
we know the distance in oblique ascension at which it will disappear or
re-appear, the interval between the given moment and that at which dis-
appearance or re-appearauce will take place may be readily found by

o

ity

Bived, the
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 dividing) ‘ i
 ference between their actual distance and that of apparition and dispari-

‘gurate with the ¢ time-degrees” (kdldngds).

. E. Burgess, ete,,

b,ath‘a': rate of appro#éh iorfsepa‘rati‘cﬁ;n?oﬂt}‘ie two bodies thedif-

tion : but the divisor must, of course, be the rate of approach in obhque
ascension, and not in longitude. The' former is derived from the latter
by the following proportion : as a sign of the ecliptic, or 1800/, is to its
equivalent in oblique ascension, as found by iil. 42-45, so is the are of

the ecliptic traversed by each planet in a day to the equatorial equiva- -

lent of that arc. The daily rates of motion in oblique ascension thus
ascertained are styled the * time-motions” (Zdleguti), as being commen-
§ o hhe.

12, Sviti, Agastya, Mrgavyadha, Citra, Jyesﬁ@hﬁ, Punarvasu,

_ Abhijit, and Brahmahrdaya rise and set at thirteen degrees.

18. Hasta, Uravana, the Phalgunis, Cravishthd, Rohini, and
Maghd become visible at fourteen degrees; also Viedkhd and
Agvini, ,‘ !

14, Krttikd, Anuradhd (mditra), and Mila, and likewise Agle-
sbd and Ardrd (rdudrarksha), ave seen at fifteen degrees; 80, too,

 the pair of Ashidhds.

15. Bharani, Pushya, and Mrgacirsha, owing to their faintness,
are seen at twenty-one degrees; the rest of the asterisms become
visible and invisible at seyenteen degrees.

These are specifications of the distances from the sun in oblique as-
cension (kdaldngas) at which the asterisms, and those other of the fixed
stars whose positions were defined in the preceding chapter, make their
heliacal 1isings and settings.  The asterisms we are doubtless to regard
as represented by their junction-stars (yogatdra). 'The classification
‘here made of the stars in question, according to their comparative mag-
nitude and brilliancy, is in many points a yery strange and unaccount-
able one, and by no means calculated to give us a high idea of the
intelligence and care of those by whom it was drawn up. The first
class, comprising such as are visible at « distance of 13% from the sun,
is, indeed, almost wholly composed of stars of the first magnitude; one
only, Punarvasu (f Geminorum), being of the first to second, and hay-
ing for its fellow one of the first (« Geminorum), But the second
class, that of 'the stars visible at 14°, also contains four which are of the

| first magnitude, or the first to second ; namely, Aldebaran (Rohini),

Regulus (Magh4), Deneb or § Leonis gUttarawPha]guui), and Atair or
¢ Aquile (Cravana); and, along with these, one of the second to third
magnitude, 9 Leonis (Ptirva-Phalguni), three of the third, and one,
¢ Libree (Vicakha), of the fourth. In this last case, however, it might
be possible fo regard o Libre, of the second magnitude, as the star

~ which is made to determine the visibility of the asterism. Among

the stars of the third class, again, which are visible at 15°, is one,
¢ Orionis (Ardrd), which, though a variable star, does not fall below
the first to second magnitude; while with it are found ranked six stars

of the third magnitude, or of the third to fourth. The class of those

which are visible at 17°, and which are left unspecified, contains iwo

stars of the fourth magnitude, but also two of the second, one of which,
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a(’Andﬁdme‘dm or y.vP‘egési- (Uttara-Bhadrapadd), is mentioned below
(v. 18) among those which are never obscured by the too near approach

‘of the sun. The stars forming the class which are not to be seen
‘within 21° of the sun are all of the fourth magnitude, but they are no
less distinctly visible than two of those in the preceding class; and in-

deed, Bharani is palpably more so, since it contains a star of the third
magnitude, which is perhaps (see above) to be regarded as ifs junction-

 star. Since Agni, Brahma, Apfimvatsa, and Apas are not specially men-

tioned, it is to be assumed that they all belong in the class of those
visible at ¥7°, and they are so treated by the commentator : the first of
them (¢ Tauri) is a star of the second magnitude; for the rest, see the
last note to the preceding chapter. ‘

Some of the appavent anomalies of this classification are mitigated or
removed by ma%;ing due allowance for the various circumstances by

. which, apart from ifs absolute brilliancy, the visibility of a star in the

. and copyists.

sun’s neighborhood is favored:or the contrary—such as its distance and.
direction from the equator and ecliptic, and the part of the ecliptic in
which the sun is situated during its disappearauce. Many of them,
however, do not admit of such explanation, and we cannot avoid regard-

_ing the whole scheme of classification as one not founded on careful

and long-continued observation, but hastily and roughly drawn up in
the beginning, and perhaps corrupted later by unintelligent imitators

16, The degrees of visibility. (dreydngds), if multiplied by
eighteen hundred and divided by the corresponding ascensional

 equivalent (udaydsavas), give, as a result, the corresponding de-
 grees on the ecliptic (kshetrdngds); by means of them, likewise,

the time of visibility and of invisibility may be ascertained.

This verse belongs, in the natural order of sequence, not after the pas-
sage next precoding, with which it has no special connection, but after
verse 11. Instead of reducing, as taught in that verse, the motions up-
on the ecliptic to motions in oblique ascension, the * degrees of time”
(ktlongds) may themselves be reduced to their equivalent upon the cor-
responding part of the ecliptic, and then the time of disappearance or
of re-appearance calculated as before, using as a divisor the sum or dif-
ference of daily motions along the ecliptic. The proportion by which
the reduction is made is the converse of that before given namely, as
the ascensional equivalent of the sign in which are the sun and the
planet is to that sign itself, or 1800, so are the “degrees of visibility”
(dreyangas, or kilingds) of the planet to the equivalent distance upon
that part of the ecliptic in which it is then situated, The fechnical
name given to the result of the proportion is kskelrdngds : kshetra is lit-

erally “field, territory,” and the meaning of the compound may be thus

paraphrased : “the limit of visibility, in degrees, measured upon that
part of the ccliptic which is, at the time, the territory occupied by the
planets in question, or their proper sphere,”

17, Their rising takes place in the cast, and their setting in

the west; the calculation of their apparent longitude (drkkarman)
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18 to be made according to previous rules; the ascertainment of
 the time, in days etc., is always by the daily motion of the sun
alone. g o Ve ol
This verse should follow immediately after verse 15, to which it at-
taches itself in the closest manner, The dislocation of arrangement in
the latter part of this chapter is quite striking, and is caleulated to sug-
gest a suspicion of interpolations, : i
The directions given in the verse require mno explanation : they are
Just such an adaptation of the processes already prescribed to the case
of the fixed stars as that made in verse 14 of the last chapter. The
commentary points out again that the calculation of the correction for
latitude (akshadrkkarman) is to be made only for the horizon, or as
stated in the first half-verse of the rule,

18. Abhijit, Brahmahrdaya, Svati, gravana, (vdishnava), Cras
vishth (vdsava), and Uttara-Bhadrapada (ahirbudhnya), owing to
their northern situation, are not extinguished by the sun’s rays.

It may seem that it would have been a more orderly proceeding to
omit the stars here mentioned from the specifications of verses 1215
above; but there is, at least, no inconsistency or inaccuracy in the double
statement of the text, since some of the stars may never attain that dis-
tance in oblique ascension from the sun which is there pointed out as
their limit of visibility. =We have not thonght it worth the trouble to
go through with the calculations; and ascertain whether, according fo
the data and methods of this treatise, these six stars, and these alone;
of those which the treatise notices, would never become invisible af
Ujjayini. It is evident, however, as has already been noticed above
(viil. 20-21), that the star called Brahma or Prajépati (¢ Aurigee) is not
here taken into account, since it is 8° north of Brahmahrdaya, and con-
sequently can not become invisible where the latter does not.

CHAPTER X,

OF THE MOON’S RISING AND SETTING, AND OF THE ELEVATION
‘ OF HER CUSPS. i

Conrexrs i—1, of the heliacal rising and setiing of the moon ; 2-5, how to find the
interval from sunset to the setting or rising of the moon; 6-8, method of d‘ete;';'

+ mining the moon’s velative altitude and distance from the stn at sunset 9, to as:
certain the measure of the illuminated part of her disk; 10-14, method of delin-
eating the moon’s appearance at sunset; 16, bow to make the sume caleulafion
and delineation for sunrise.

1. The calculation of the heliacal rising (udaye) and setting
(asta) of the moon, too, is to be made by the rulesalready given.
At twelve degrees’ distance from the sun she becomes visible in
the west, or invisible in the east. : ‘
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. In determining the time of the moon’s disappearance in the neighbor-
‘hood of the sun, or of her emergence into visibility again beyond the
sphere of his rays, no new rules are required; the same methods being
employed as were made use of in aseertaining the time of heliacal set-
ting and rising of the other planets : they were stated in the preceding
_chapter. The definition of the moon’s limit of visibility would have
_been equally in order in the other chapter, but is deferred to this in
order that the several processes in which the moon is concerned may
be brought together. The title of the chapter, ¢rngonnatyadhikira,
“chapter of the elevation of the moon’s cusps” (¢rnga, literally “horn”),
properly appiies ouly to that part of it which follows the fifth verse.
The degrees spoken of in this verse are, of course, *degrees of time”
(kdldneds), or in oblique ascension.

2. Add six signs to the longitudes of the sun and moon re-
s?ectively, and find, ag in former processes, the ascensional equiv-
alent, in respirations, of their interval (lagndntardsavas) : if the

sun and moon be in the same sign, ascertain their interval in
‘minutes, : ;
8. Multiply the daily motions of the sun and moon by the re-
- sult, in nddis, and divide by sixty; add to the longitude of each
the correction for its motion, thus found, and find anew their in-
terval, in regpirations; ;

4. And so on, until the interval, in respirations, of the sun
and moon is fixed: by so many respirations does the moon, in
the light half-month (¢ulkla), go to her setting after the sun.

5. Add half a revolution to the sun’s longitude, and calculate
the corresponding interval, in respirations: by so many respira-
tions does the moon, in the dark halfmonth (krshnapaksha), come
to her rising after sunset. :

The question here sought to be solved is, how long after sunset upon
any given day will take place the setting of the moon in the crescent
Imlf-month, or from new to full moon, and the rising of the moon in
the waning half-month, or from full to new moon, The general process
is the same with that taught in the last chapter, for obtaining a like
result as regards the other planets or fixed stars: we ascertain, by the
rules of the seventh chapter—applying the correction for the latitude
according to its value at the horizon, as determined by the first part of
vii, 8—the point of the ecliptic which sets with the moon; and then the
distance in oblique ascension between this and the point at which the
suh set will measure the required interval of time. 'An additional cor-
rection, however, needs to be applied to the result of this process in the
case of the moon, owing to her rapid motion, and her consequent per-
ceptible change of place between the time of sunset and that of her own
sefiting or rising : this is done by ealculating the amount of her motion

_during the interval as first determined, and adding its equivalent in ob-
ligue ascension to that interval; then calculating her motion anew for
the increased interval and adding its ascensional equivalent—and so on,
until the desired degree of accuracy is attained. |




872

‘The process thus explained, however, is not precisely il ich is
prescribed in the text. We are there directed to calculate the amount
of motion both of the sun and moon during the interval between the
setting of the sun and that of the moon, and, having applied them fo
the longitudes of the two bodies, to take the ascensional equivalent of |
‘the distance between them in longitude, as thus doubly corrected, for
the precise time of the setting of the moon after sunset.  In one point
of view this is false and absurd ; for when the sun has once passed the
horizon, the interval to the setting of the moon will be affected only by
her motion, and not at all by his. . In another light, the process does not
lack reason ; the allowance for the sun’s motion is equivalent to a redue-
tion of the interval from sidereal (ndkshatra) time to civil, or true solar
(s4wana) time, or from respirations which are thirty-six-hundreths of the
earth’s revolution on its axis to such as are like parts of the time from
actual sunrise to actnal sunrise.  But such a mode of measuring time is
“unknown elsewhere in this treatise, which defines (i. 11-12) and employs
sidereal time alone, adding (ii. 59) to the sixty nadis which constitute a
sidereal day so much sidereal time as is needed to make out the length
of aday that is reckoned by any other methad. It seems necessary,
then, either to suppose a notable blunder in this passage, or to recognize
in it such a departure from the usual methods of the  treatise as would -
‘show it.to be an interpolation. Probably the latter is the alternative to
be chosen: it is, at any rate, that which the commentator prefers: h
pronotinces the two verses beginning with the second half of vers
and ending at the middle of verse 4, to be spurious, and the true fest.
the Siddhanta to comprise only the first ha,@ of verse 2 and the second
of verse 4; these would form together a verse closely analogous in its
method and expression with verse &, which teaches the like process for
moon-tise, in the waning half-month, Fortified by the authority of the
commentator, we are justified in assuming that the Strya-Siddhénta
originally neglected, in its process for calenlating the time of the moon's
setting, her motion during the interval between that time and sunset,
and that the omission was later supplied by another hand, from som
other treatise, which reckoned by solar time instead of sidereal. This
does not, however, explain and account for the second half of the séco d
verse; which, if it has any meaning at all, different from that conveyed
in the former part of the same verse, seems to signify that when the sun
and moon are so near one angther as to be in the same sign, the discord-
ance between distances on the ecliptic. and their cquivalents upon the
equator may be neglected, and the difference of longitude in minutes
talen for the interval of time in respirations, il

1If the time is between new and full moon, the object of the process is.
to obtain the iuterval from sunset to the setting of the moon; as both
take place at the western horizon, the two planets are transferred to the
eastern horizom, in order to the measurement of their distance in ascen-
sion : if, on the other hand, the moon has passed her full, the time of
moontise is sought; here the sun alone is transferred, by the addition of
180° to his longitude, to the eastern horizon, as taught in verse 5. The
equation to be applied to the longitude of both planets is'found by the
familiar proportion—as sixty nadis are to the given interval in nddls, so
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is the true daily motion of the planet to its actual motion during that
" interval. *

6. Of the declinations of the sun and moon, if their direction

be the same, take the difference; in the contrary case, take the
~sum: the corresponding sine is to be regarded as south or north,
according to the direction of the moon from the sun.

7. Multiply this by the hypothenuse of the moon’s mid-day
shadow, and, when it is north, subtract it from the sine of lati-
tude (aksha) multiplied by twelve; when*it is south, add it to
the same.

8. The result, divided by the sine of co-latitude (lamba), gives
the base (bhwja), in its own direction ; the gnomon is the perpen-
dicular (koti) ; the square root of the sum of their squares is the
hypothenuse.

In explaining the method of this process, we shall follow the guidance
of the commentator, pointing out afterwards wherein he varies from
the strict letter of the text: for illustration we refer to the accompany-
ing figure (Fig. 32).

The figure represents the south-western quarter of the visible sphere,
‘ Fig. 3. seen as projected upon the
‘ plane of the meridian ; Z being
' ' & the zenith, Y the south point,
#§ W Y the ' intersection of the
horizontal and meridian planes,
B and W the projection of the
west point.  Let Z @ ¢qual the
latitude of the place of obser-
vation, and let QT and Q O be
the declinations of the sun and
moon respectively, at the given
time: then WQ, ST, and NO
will be the projections of the
equator.and of the diurnal éir-
§ cles of the sun and moon. Sup-
| pose, now, the sun to be upon
. the horizon, at S, and the moon
to have a certain altitude, being at M : draw from M the perpendicular
to the plane of the horizon M L, and join MS: it is required to know
the relation to one another of the three sides of the triangle 8 L M, in
giller to the delineation of the moon’s appearance when at M, or at the
bment of sunset. o
Now ML is evidently the sine of the moon's altitude at the given
time, which may be found by methods already more than once described
and illustrated.  And S is composed of the two parts SN and N L, of
which the former depends upon the distance of tlie moon in declination
from the sun, and the latter upon the moon’s altitude, ' But 8N is one
of the sides of a right-angled triangle, in which the angle N86 is equal
to the observer’s co-latitude, and N & to the sum of the sine of declina-
tion of the sun, ¢b or W, and that of the moon, Ne.  Hence
V0L VI 48

L



0 v dxiference of thesines, S'¢, instead of their sum. In this case, tog

,874 :‘ E B’m‘g&?-i etc.,

] smbSN SN R SN I
ien s : gin co-lat,; sum of sines of decli i R:8 N
‘ and 8 N == (R X sum of sines of decl.)~-sin co-lat.

In like manner, since, in the tnangle MNL, the angles at M and N
are respectwely equal to the observer’s latitude and co- -latitude, :

; smMN‘L sin LMN::ML:NL
or sin co-lat, 2 sio, lat, s ginalt: N 1L
and N L= (sin alt. X sin lat.) - sin co-lat,

We have thus found the values of M L and the two parts of SL in
terms of the general sphere, orof a circle whose radiusis tabular radius :
it is desired farther to redmee them to terms of a circle in which M L
shall equal the gnomon, or twelve digits. And since the gnomon is
equal to the sine of altitude in a civele of which the hypothenuse of the
corxespondmi shadow is radius (compare above, iil. 25-27 etc.), this re-
duction may be effected by multiplying the quantities in question by the
hiypothenuse of the shadow and dividing by radius. That is tosay, rep-
resenting the reduced values of SN and N L by sn and n / respectively,

R hyp. shad,: : M L : gnoin.

R:hyp. shad.:: SN :sn

R:ihyp shad i NL:n!
Embmtumng, now, in the second and third of these proportions the val-
ues of 8 N and NI found for them above, and substituting also in the
third the value of the hypothumse of the shadow derived hom the ﬂrst,
we have

R hyp. shad, : R X gnom.  sin alt. X sin Iat

sinalt. YT i codat

R R X sum gin decl
sin co-lat.

: gn, and R:

whmh reduce to
hyp shad. X sum sin decl.
sin co-lat.

Hence, if the perpendicular M L be assumed of the conatallt value of the
gnomon, or twelve digits, we haye : i

... (hyp. shad. X sum sin decl) - (am lat. X gnom.)
sin co-lat,

Tn the case thus far considered the sun and moon have been supposed
upon opposite sides of the equator. If they are upon the same side,
the sun semng at &, or if their sines of declination, 8'd and N ¢, are of
the same direction, the value of 8N, the corresponding part of the
base 8’ L, will be found by txefmn§ in the same manner as before th

L nzwélﬂ Tat. X goom.
sin colnt.

value of S'¢ b nmth, S'N will have to be subtracted from
give the base 8’ 1. Other positions of the two luminaries with respect
~ 1o one another are supposable, but those which we have taken ate suffi-
cient to illustrate all the conditions of the problem, and the method of
its solution. v

It is evident that, in two points, the process as thus, explamed by the
commentator is d1scordant with that which the text prescribes. The
latter, in the first place, tells us to take, not the sum or difference of the
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sines of fdecliﬁdti-bn, but the sine of the sam of diﬁ'emmca of declihation‘s, :

as the side 5 N of the triangle 8 N &, This seems to be a mere inaccu-
. racy on the part of the text, the difference between the two quantities,

_ which could nover be of any great amount, being neglected : it is, how-

‘ever, very hard to see why the less accurate of the two valuations of the
. quantity in question should have been selected by the text ; for it is, if
anything, rather less easy of determination than the other. The other
diseordance is one of much more magnitude and importance : the text
~gpeaks of the “hypothenuse of the moon’s mid-day shadow” (madhydh-
. nenduprabhékarna), for which the commentary substitutes that of the
shadow cast by the moon at the given moment of sunset. The com-
mentator attempts to reconcile the diserepancy by saying that the text
means here the moon’s shadow as calculated after the method of a noon-
shadow ; or again, that the time of sunset is, in effect, the middle of the
day, since the civil day is reckoned from sunrise to sunrise: but neither
of these explanations can be regarded as satisfactory. The commenta-
tor farther urges in support of his understanding of the term; that we
_are oxpressly taught above (vii. 11) that the calculation of apparent
longitude (dykkarman) is to be made in the process for finding the ele-
_ vation of the moon's cusps; while, if the hypothenuse of the moon's
_ meridian-shadow be the one found, there arises no occasion for making

that calculation. It seems clear that, unless the commentator’s under-

standing of the true scope and method of the whole process be errone-
ous, the substitution which he makes must necessarily be admitted. This
is a point to which we shall recur later,

9. The number of minutes in the longitude of the moon di-
minished by that of the sun gives, when divided by nine hun-
dred, her illuminated part (gukla): this, multiplied by the num.
ber of digits (angula) of the moon’s disk, and divided by twelve,
 gives the same corrected’ (sphuta).

. The rule laid down in this verse, for determining the measure of the
lluminated part of the moon, applies only to the time between new
moon and full moon, when the moon is less than 180° from the sun:
when her excess of longitude is more than 180° the rule is to be ap-
plied as stated below, in verse 15. As the whole diameter of the moon
is tllominated when she is half a revolution from the sun, one half
her diameter at a quarter of a revolution’s distance, and no part of it at
the time of conjunction, it is assumed that the illuminated portion of her
diameter will vary as the part of 180° by which she is distant from the
sun; and hence that, assuming the measure of the diameter of her
disk to be twelve digits, the number of digits illuminated may be found
by the following proportion: as half a revolution, or 10,800/, is to
twelve digits, 8o is the moon’s distance from the sun in minutes to the
corresponding part of the diameter illuminated : the sabstitution, in the
first ratio, of 900 11 for 10,800: 12, gives the rule as stated in the text.
‘Here, it will be noticed, we have for the first and only time the Greek
method of measuring the moon’s diameter, by equal twelfths, or digits:
from this scale a farther reduction is made to the proper Hindu scale, as

determined by the methods of the fourth chapter (see above, iv. 2-3, 26),

"




 ted part: it is more strange that they ignored the obv

by another proportion: as twelve is to the true diameter in digits, so is
the result already found to the true measure of the part of the diameter
illuminated. it TR L :
" Tt is not to be wondered at that the Hindus di
lipticity of the line forming the inner boundary o

while the illnminated portion of the moon’s s herieal surface visible fror j
P P iad i G

_the earth varies very nearly as her distance from the sun, the app
breadth of the bright part of her disk, in which that surface is seen
jectéd, must vary rather as the versed sine of her distance. . 0

110, Fix a point, calling it the sun: from that lay off the base,
in its own proper direction ; then the perpendicular, toward the
west; and also the hypothenuse, passing through the extremity
of the perpendicular and the central point.

11. From the point of intersection of the perpendicular and
the hypothenuse describe the moon's disk, according to its di-
mensions at the given time. Then, by means of the hypothe-
nuse, first make a determination of directions ; v e
12, And lay off upon the hypothenuse, from the point of its
intersection with the disk, in an inward direction, the measure of
the illuminated part; between the limit of the illuminated part
and the north and south points draw two fish-figures (matsya);

13, From the point of intersection of the lines passin g through
#their midst deseribe an arc touching the three points: as the disk
already drawn appears, such is the moon upon that day.
~ 14, "After making a determination of directions by means of
the perpendicular, point out the elevated (unnata) cusp at the
extremity of the crosgline: having made the perpendicular
(kot?) to be erect (unnata), that is the appearance of the moon..

1%, Tn the dark half-month subtract the longitude of the sun
increased by six signs from that of the moon, and calculate, in
the same manner as before, her dark part. In this case lay off
the base in a reverse direction, and the circle of the moon on the
west. : ‘

Having made the caleulations prescribed in the preceding passages,
we are now to project their results, and to exhibit a representation of
the moon as she will appear at the given time. The annexed figure
(Fig, 38) will illustrate the method of the projection.

W first fix upon a point, as S, which shall represent the position of
the sun’s centre upon the western horizon at the moment of sunset, and
we determine, in the manner taught at the beginning of the third chap~ .
ter, the lines of cardinal direction of which it is the centre. From this

© point we then lay off the base (bhuja) 8 L, according to its valuein dig-
its as ascertained by the previous process, and northward or sonthward,
according to its true direction as determined by the same process. From
L, its extremity, is laid off the perpendicular (koti), which has the fixed
value of twelve digits. This, being a line perpendicular to the plane of

the horizon, may be regarded as having no proper direction of its own,
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upon the surface of projection: but the text directs us to lay it off west-
Tie. 35, ward from L, apparf:ntly in order that

2 the observer, standing upon the east-

ern gide of his base 8 Ly and looking
westward toward the setting sun,
may have his figure duly before him,
The western extremity of the perpen-
dicunlar, M, represents the moon’s
place, and from that as a centre, aud
with a radius equal to the semi-diam-
eter of the moon in digits, as ascer-
tained by calculation for the given
moment, a circle is described, repre-
s e senting the moon's disk. Next we
are to prolong the hypothenuse, 8 M, to ¢, and to draw, by the usual
means, the line s at right angles to it : the directions upon the disk
thus determined by the hypothenuse, as the text phrases it, are called by
the commentary “ moon-directions” (candradigas). The sun being at 8,
the illuminated half of the moon’s circumference will be s w », the cusps
will be at s and n, and w will be the extremity of the diameter of great-
estillamination. From w, then, lay off upon the hypothenuse an amount,
w &, equal to the measure in digits of the illuminated part of the diam-
eter, and through s, z, and n describe an arc of a circle, in the manner
already more than once explained (see above, vi. 14-16) ; the crescent
s w n 2 will represent the amount and direction of the moon's illumina-
ted part at the given time. Now we once more make a determination
of directions upon the disk according to the perpendicular L M; that is
to say, we prolong L M to ¢, and draw s’ o' at right angles to it: the
directions thus established ave styled in the commentary “ sun-directions”
(stryadigas), although without obvious propriety : they might rather be
called “apparent divections,” or “ directions on the sphere,” since s'n'
should represent a line parallel with the horizon, and w'e’ one perpendicu-
lar toit.  The line 8'n’ is called in the text the “ cross-line” (#ryaksitra),
and whichever of the moon's cusps is found upon that line is, we are told, to
be regarded as the elevated (unnata) cusp, the other being the depressed
one (rata). Whenever there is any base (bfuga), as S L, or whenever
the moon and sun are not upon the same vertical line M L, there will
take place, of course, a tilting of the moon’s disk, by which one of her
cusps will be raised higher above the horizon than the other; the rela-
tive value of the base to the perpendicular will determine the amount of
the tilting, and of the deflection of the points of direction nesw from
n'e¢'sw': and the elevated cusp will always be that upon the same side
of the perpendicular on which the base lies. What is meant by the
latter half of verse 14 is not altogether clear. The commentator explains
it in quite a different manner from that in.which we have translated it :
he understands koti as meaning in this instance “ cusp,” which signifi-
cation it is by derivation well adapted to bear, and does actually reccive,
although not in any other passage of this trealise : and he explains the
verb kriva, “having made,” by drshivd, “Heving seen’: the phrase
would then read “beholding the elevated cusp.”  We cannot accept
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this explanation as a plausible one: to us the meaning seems rather to'
be that whereas, in the projection, the perpendicular (koti) LM is drawn
on & horizontal surface, we are, in judging of the projection as an actual
representation of the moon’s position, to conceive of that line as
erected, set up perpendicularly. : ey

‘We have thus far only supposed a case in which the caleulations are
made for the moment of sunset, the situation of the moon being in the
western hemisphere of the heavens.  In the text, howeéver, theve is noth-
ing whatever to limit or determine the time of caloulation, and it is evi-
dent that the process of finding the base and perpendicular will be pre-
cisely the same, if S (Fig. 32) be taken upon the eastern horizon, and
the triangle S L M in the eastern hemisphere, The last verse supposes
these to be the conditions of the problem, and lays down rules for de-
termining in such a case the amount of illumination, and for drawing the
projection.  As regards the measure of the illuminated part, we are to
follow the same general method as before, only substituting for the
moon's distance in longitude from the sun her distance from the point
of opposition, and regarding the result obtained as the measure of that
part of the diameter which is obscured (asite, “black”); since, during
the waning half-month, darkness grows gradually over the moon’s face
/in the same manner as illumination had done during the crescent half-
month. . But why the base (bhuja) is now to be laid off in the opposite
to its calculated direction, we find it very hard to see. The commenta-
tor says it js because all the conditions of the problem are reversed by
our having to caleulate and lay off the obscured, instead of the illumina-
ted, part of the moon's disk : but the force of this reason is not apparent.
The establishment in the projection of a point representing the position’
. of the sun is, in effect, the one condition which sufliciently determines

all the rest: if we are to make a projection corresponding to that

drawn in illustration of the other case, we ought, it should seem, to
draw the base in its true direction, and, stationing the observerupon the
western side of it, looking eastward, to lay off the perpendicnlar away
from him, toward the east; and then to proceed as before, only measur-
ing the obscured part of the diametfer from its remoter extremity, in-
stead of from that next the sun. This latter direction is regarded by
the commentator as actually conveyed in the final clause of verse 15: he
interprets “the circle (mandala) of the moon” to mean the dark part of
_ the moon’s disk, or that which is to be pointed out as increasing during
the waning half-month, and ¢ on the west” t0 mean on the western side
of the complete disk, which is the side now turned away from the sun.

It seems to us exceedingly questionable whether the passage fairly admits
* of this interpretation, but we have no other explanation of it to offer—
unless, indeed, it is to be looked upon as a virtual repetition of the for-
mer direction to lay off the perpendicular, which determines the posi-
tion of the moon’s disk, towards the west. : ;

We must confess that we feel less satisfled with our comprehension of
the scope and methods of this chapter than of any that precedes it. We
are disappointed at findigior the result arrived at one of so indefinite a
character, and of so litt6 significance. The whole laborious calculation
seems to be made simply for the sake of delineating the appearance of
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‘the mdbn ‘ét{b; giveﬁvmémént‘, and pointing out which of her two horns

has the greater altitude. No determination is made of the amount of

angular deflection, upon which any consequences, meteorological, astro-

logical, or of any other character, could be founded; nor is any hint

‘given of the way in which the results of the process are to be turned to

account. Moreover, while the object aimed at seems thus to be merely
a projection, a time is selected at which the moon is not ordinarily visi-
ble, so that she can not be seen to exhibit an accordance with her deline-
ated appearance! Once more, the whole process is an extremely faulty
one: it is, in fact, only when the moon is herself at the horizon that her
visible disk ean be regarded as in the same plane with lines parallel with

. and perpendicular to the horizon, or that ¢’ ' and n's’ (Fig. 33) repre-

sent actual directions npon her face: anywhere else, the relations of the
moon’s disk at M in the first figure (Fig. 82) and at M in the other fig-
ure (Fig, 33) are so different that the latter cannot fairly represent the
former. . It would seem, indeed, as if the moment of the moon’s own
setting or rising were the one for which such a calculation and projecs
tion as this would have most significance : at that time, the disappear-
ance or appearance of one of her horns before the other would be such
a phenomenon as might seem to a Hindu astronomer worth the frouble
of delineating, as a decisive proof of the accuracy of his scientific
knowledge. We have not found it possible, however, to make the rules
of the text apply to such a case, and the commentary is explicit in its
definition of the time of the calculation, as sunset or sunrise alone, o
the exclusion of any other moment. But the discordance existing at
more than one point in the chapter between the text and the commen-
tary suggests the conjecture that the original design of the one and the
traditional interpretation of it represented by the other may be at vari-
ance, and we are not without suspicions that the text may have been
altered, so as not now fairly and accurately to represent any one consist-
ent process. - A better understanding of the general object of the calou-
lation and the use made of its results, and an acquaintance with the so-
Iutions of the problem presented by other astronomical treatises, might
throw additional light upon these points; but we are not able at present
fully to avail ourselves of such assistance, nor is the importance of the
subjeet such as to render incumbent upon us its fuller elucidation.

: CHARPTER X1. ‘
OF CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON.

Coxntunts 115, definition and description of the malignant aspects of the sun and
moon, when of equal declination; 6-11, to find the longitude of the sun and
moon when their declinations are equal; 12-18, to ascertain the corresponding
time j 14-15, to determine the duration of the aspect, and the moment of its be-
‘ginning and end; 16-18, its continuance and its influences; 19, when such dn ds-
- pect may oceur more than onee, or not at all; 20, occurrence of the yoga of like
riame and character; 21, of unlucky points in the cirele of asterisms; 22, caution
a8 to these unlucky aspects and points; 28, introductory to the following chapters.
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1. When the sun and moon are upon the same side of either
solstice, and when, the sum of their longitudes being a eirele,
they are of equal declination, it is styled vdidhria. .
2. When the moon and sun are upon opposite sides of either

- solstice, and their minutes of declination are the same, it i8

vyalipdla, the sum of their longitudes being a half-circle.

- 8. Owing to the mingling of the nets of their equal rays, the
fire arising from the wrathfulness of their gaze, being driven on
by the provector (pravaha), is originated unto the calamity of
mortals,

4. Since a fault (pdia) at this time often causes the destruction
of mortals, it is known as vyatipdia, or, by a difference of title,
vaidhrte. j ; :

6. Being black, of frightful shape, bloody-eyed, big-bellied, the
source of misfortune to all, it is produced again and again.

Of all the chapters in-the treatise, this is the one which has least in-

terest and walue, It is styled paiddhikdra, “ chapter of the patas,” and
concerns itself with giving a description of the malignant character of

 the times when the sun and moon have equal declination, upon the same

or opposite sides of the equator, and with laying down rules by which
the time of occurrence of those malignant aspects may be caleulated.
The latter part alone properly falls within the province of an astronom-
ical treatise like the present: the other would better haye been left to
works of a professedly astrological character, The term pdta, applied to
the aspects in question, means literally “fall,” and hence also either
“fault, transgression,” or # calamity.” "We have often met with it above,
in the sense of “node of a planet’s orbit”; as so used, it was probably first
applied to the moon’s nodes, because they were the points of danger in

_her revolution, near which the sun or herself was liable to fall into the

Jaws of Rahu (see above, iv. 8) ; and it was then transferred also, though
without the same reason, to the nodes of the other planets. As it is
employed in this chapter, wo translate it simply “ aspect”” Why the

time when the sun and moon are equally distant from the equator should

be looked upon as so especially unfortunate is not easy to discover, not-
withstanding the lucid explanation furnished in the third verse, For the
“provector” (pravaha), the wind which carries the planets forward in
their orbits, see above, ii. 3, When the equal declinations are of oppo-
site direction, the aspect is denominated vaidhrta, or waidhrsi, This
word is a secondary derivative from widkyti,  holding apart, withhold-

‘ing,” or from vidhria: it has been noted above (under ii, 65) as the

name of the last yoga, and its use here is not discordant with that,
since the twenty-seventh yoga also occurs when the sum of the longi-
tudes of the sun and moon s 360°.  The title of the other aspect (pdia),
which occurs when the sun and moon are equally removed from the
equator upou the same side of it, is syalipdia, which may be rendered
“yery excessive sin or calamity.” This, too, is the name of one of the
yogas, but not of that one which occurs when the sum of longitudes of
the sun and moon is 180°: the discordance gives occasion for the ex-
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‘planation contained in verse 20, below. The specification of the text,
that the aspects take place when the sum of longitudes equals a circle
or a half-circle respectively, or when the two luminarics are equally dis-
tant from either solstice, or either equinox, is not to be understood as
exact : this would be the case if the moon had no motion in latitude;
but owing to that motion, the equality of declinations, which is the main
thing, occurs at a time somewhat removed from that of equality of dis-
tance from the equinoxes: the latter is called in the commentary ma-
dhyapdta, *the mean occurrence of the aspect.” The terms translated
by us “upon the same and upon the opposite sides of either solstice”
are ekdyanagata and viparttdyanagata, literally “situated in the same
and in contrary ayenas”; ayane being, as already pointed out (end of
note to iil. 9-12), the name of the halves into which the ecliptic is
divided by the solstices. _

6. When the longitudes of the sun and moon, being increased
by the degrees ete. found for the coincidence of the solstice with
its observed place, are together nearly a circle or nearly a half-
circle, calculate the corresponding declinations.

7. Then, if the declination of the moon, she being in an odd
iqﬁmdrant, 18, when corrected by her latitude (vikshepa), greater
than the declination of the sun, the aspect (pdia) is already past;

8. If less, it is still to come: in an even quadrant, the contrary
is the case. If the moon’s declination is to be.subtracted from
her latitude, the rules as to the quadrant are to be reversed.

As in other processes of a similar character (see above, iv. 7-8; vii.
. 2-86), we are supposed to have found by trial, for the starting-point of
the present calculation, the midnight next preceding or following the
oceurrence of the aspect in question, and to have determined for that
moment the longitudes and rates of motion of both bodies, and the
moon’s latitude. "In finding the longitudes, we are to apply the correc~
tion for precession; this is the meaning of the expression in verse 6,
drktulyasadhitdneddi, which may be literally travslated * degrees ete.
caleulated for accordance with observed place”; the reference is to the
. similar expression for the precession contained in iii. 11, Next the de-
clinations are to be found, and that of the moon as corrected for her lat-
itude.  And since, in the odd quadrants—that is to say, the first and
third, counting from the actual vernal equinox—declination is increasing,
while in the others it is decreasing, if the declination in an odd quad-
rant of the moon, the swifter moving body, is already greater than that
of the sun, the time of equality of declination is evidently alveady past,
and the converse, But if, on the other hand, the moon’s declination
(using that term in its Hindu sense) is so small, and her latitude so
great, being of opposite directions, that her actual distance from the
equator is measured by the excess.of the latter above the former, and so
s of direction contrary to that of her declination, then, as declination
increases, distance from the equator diminishes, or the contrary, and the
conditions as formerly stated are reversed throughout.
VoL, VI, 49
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9. Multiply the sines of the two declinations by radius, and di-
vide by the: sine of greatest declination: the difference of the
- arcs corresponding to the results, or half that difference, is to be
added to the moon’s longitude when the aspect (pdie) is tocome;

10. And is to be subtracted from the moon’s longitude when
the aspect is past. If the same quantity be multiplied by the
sun’s motion and divided by the moon’s motion, the result is an
equation, in minutes, which is to be applied to the sun’s place,
in the same direction as the other to the moon’s. ;

11. So also is to be applied, in the contrary direction, a like
equation to the place of the moon’s node. This operation is to
be repeated, until the declinations of the two bodies come to be
the same.

By this process are ascertained the longitudes of the sun and moon
at the time when their declinations are equal, Its method may be briefly
explained as follows. At the midnight assumed as the starting-point of
the whole calculation there is found to be a certain difference in the
two declinations : we desire to determine how far the paths of the two
luminaries must be traced forward or backward, in order that that differ-
ence may be removed ; and this must be effected by means of a series
of approximations. We commence our calculation with the moon, as
being the body of more rapid motion. By a proportion the inverse of
that upon which the rule for deriving the declination from the longitude
(il 28) is founded, we ascertain at what longitude the moon would have
the sun’s actual declination, and at what longitude she would have
her own actual declination, as corrected by her latitude : the difference
between the two results is a measure of the amount of motion in longi.
tude, forward or backward, by which she would gain or lose the differ-
ence of declination, if the sun remained stationary and her own latitude
unchanged. Since, however, that is not the case, we are compelled to
calculate the corresponding motion of the sun, and also the moon’s lati-
tude in her new position ; and in order to the latter, we must correct the
place of the node also for its retrograde motion during the interval,
The motions of the sun and node are found by the following proportion :
as the moon’s daily motion is to that of the sun, or to that of the node,
/8o is the correction applied to the moon’s place to that which must be
applied to the place of the sun, or to that of the node. A new set of
 positions in longitude having thus been found, the declinations are again
to be calculated, and the same approximative process repeated—and so
on, until the desired degree of accuracy is attained. :

The text permits us to apply, as the correction for the place of the
mioon, either the whole or the half of the difference of longitude found
as the result of the first proportion : it is unessential, of course, in a
process of this tentative character, what amount we assume as that of
the first correction, provided those which we apply to the places of the
sun and node be made to correspond with it: and there may be cases
in which we should be conducted more directly o the final result of the
process by taking only half of the difference.

@
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'12. The aspect (pdia) is at the time of equality'of declinations ;
if, then, the moon’s longitude, as thus increased or diminished,
be less than her longitude at midnight, the aspect is past; if
greater, it is to come. '

13. The minutes of interval between the moon's longitude as
finally established and that at midnight give, when multiplied -
by sixty and divided by the moon’s daily motion, the time of the
‘aspect, 1n nadis.

We had thus far found only the longitudes of the sun and moon at
the time of equality of declination, and not that time itself: the latter
is now derived from the former by this proportion : as the moon’s daily
motion is to a day, or sixty nidis, so is the difference between the
moon’s longitude at midnight and at the time of the aspect to the inter-
val between the latter time and widnight.

14, Multiply the half:sum of the dimensions (médna) of the sun
and moon by sixty, and divide by the difference of their daily
motions : the result is half the duration (sthiéz), in nadis ete.

15. The corrected (sphuta) time of the aspect (pdta) is the mid-
dle: if that be diminished by the half-duration, the result is the
time of the commencement ; if increased by the same, it is the
time of the end.

16. The time intervening between the moments of the begin-
ning and end is to be looked upon as exceﬁlingly terrible, hav-
ing the likeness of a consuming fire, forbidden for all works,

' The continuance of the centres of the sun and moon at the point of
equality of declination is, of course, only momentary; but the aspect
and its malignant influences are to bé regarded as lasting as long as there
is virtual contact of the two disks at that point, or as long as a central
eclipse of the sun would last if it took place there. Its half-duration,
then, or the interval from its middle to its beginning or end respectively,
is found by a proportion, as follows : if in a day, or sixfy nadis, the two
centres of the sun and moon become separated by a distance which is
equal to the difference of their daily motions, in how many nfdis will
they become separated by a distance which is equal to the sum of their
semi-diameters? or . ; ;

: _ diff. 4, motions: 60 : : sum semi-diam.: half-duration

And if this amount be subtracted from and added to the time of equal-
ity of declination, the results will be the moments at which the aspect
will begin and end respectively.

Such is the plain and obvious meaning of the text in this passage.
The commentator, however, in accordance with his interpretation of the
next following verse (see below), declares that the aspect actually lasts
as long as any portion of the moon’s disk has the same.declination with
any portion of that of the sun; and that, accordingly, it commences—
the moon’s declination being supposed to be increasing—whenever her
remoter limb comes to have the same declination with the nearer limb
of the sun; and ends when her nearer limb comes to have the same de-
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clination with the remoter limb of the sun—the contrary being the case
when her declination is decreasing. He acknowledges that the text
does not seem to teach this, but puts in the plea which is usual with him
when excusing a palpable inaccuracy in the statements or processes of
the treatise ; namely, that the blessed author of the work, moved by pity
for mankind, permitted here the substitution of difference of longitude
for difference of declination, in view of the greater ease of its caloula-
tion, and the insignificance of the error involved. That error, however,
is quite the reverse of insignificant; it is, indeed, so very gross and pal-
pable that we cannot possibly suppose it to have been committed inten-
‘tionally by the text; we regard it as the easier assumption that the con-
ditions of the continuance of the aspect are differently estimated in the
text and in the commentary, being, by the former taken to be as we have
stated them above, in our explanation of the process. The view of the
matter taken by the commentator, it is true,is decidedly the move nat-
ural and plausible one: there seems no good reason why an aspect
which depends upon equality of declination should be determined as to
continuance by motion in longitude, or why the aspect should only oc-
~ cur at all when the two centres are equally distant from the equator;
why, in short, there should not be partial aspects, like partial eclipses of
the sun. 1If the doctrine of the commentary is a later development, or
an independent form, of that which the text appears to represent, it is a
naturally suggested one, and such as might have been expected to arise.

17. While any parts of the disks of the sun and moon have
_ the same declinationgso long is there a continuance of this aspect,
i causing the destruction of all works. :
18. So, from a know]edge of the time of its ocourrence, very
great advantage is obtained, by means of bathing, giving, prayer,
ancestral offerings, vows, oblatiens, and other like acts.

We have translated verse 17 in strict accordance with the interpreta-

tion of it presented in the commentary, although we must acknowledge

i that we do not see how that interpretation is to be reconciled with the
- actual form of the text. The term ekdyanagaia, which the commenta-
. tor renders “having equal declination,” is the same with that which in
the first verse signified “ sitnated in the same ayana” ; mandala, although

it is sometimes used with the meaning “ disk,” here attributed to it by
him, is the word employed in that same veise for a # circle,” or #8609 3.
and aniara, which he explains by ekadega, ¢ any part,” never, so far as
we know, is properly used in that sense, while 1t is- of frequent oceur-
rence elsewhere in this treatise with the meaning “ interval.” The nat-
ural rendering of the line would seem to be “when there is between the
stun and moon the interval of a circle, situated in the same agana.”
This, however, yields no useful meaning, since such @ description could
only apply to an actual conjunction of the sun and moon. We do not
see how the difficulty is to be solved, unless it be “allowed us, in view of
the discordance already pointed out as existing between the plain mean-
ing of the previous passage and that attributed to it by the commenta-
tor, to assume that the text has been tampered with in this verse, and
made to furnish a different sense from that it originally had, partly by a
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forced interpretation, but partly also by such an alteration of its 'rezndiﬁgs
as disables 16 from yielding any other intelligible meaning. '

19. When the equality of declinations of the sun and moon
takes place in the neighborhood of the equator, the aspect may
then again éceur a second time : in the contrary case, it may fail
to oceur. '

" Near the equinox, where declination changes rapidly, the moon, as
the swifter moving body, may come to have twice, in rapid succession,
the same declination with the sun, and upon the opposite sides of the
equator. Near the solstice, on the other hand, where the ecliptic and
equator are nearly parallel, the moon—if she happens to be mearer the
equator than the sim is, owing to her latitude—may pass the region in
which the aspect would otherwise be liable to occur, without having had
a declination equal in amount to that of the sun.

90, If the sum of the longitudes of the sun and moon, in min-
utes, on being divided by the portion (bhoge) of an asterism
(bha), yields a quotient between. sixteen and seventeen, there is
another, a third, vyatépdta. Sl

This is simply a special application of the rule formerly given (ii. 65),
for finding, for any given time, the current period named yoga. The sev-
enteénth of the series, as is shown by the list there given, has the same

name, wyalipdta, with one of the aspects treated of in this chapger:

judging from verse 22, below, it is also regarded as possessing a like por-
tentous and malignant character. :

" 91. OF the asterisms (dhishnya) Agleshé (sdrpa), Jyeshthd (din-

dra), and Revati (paushnya), the last quarters are junctions of

the asterisms (bhasandhi) ; the first quarter in the asterisms fol-
lowing these respectively is styled ganddnia. :

99, In all works, one must avoid the terrible trio of vyaiipdias,
as also the trio of ganddnias, and this trio of junctions of as-
terisms. | :

The division of the ecliptic'into fwenty-sevenths, or asterisms, coin- :

cides with its division into twelfths, or signs, at the ends of the ninth,
eighteenth, and twenty-seventh asterisms, which are also those of the
fourth, eighth, and twelfth si%'lns respectively. To this innocent circum-
stance it seems to be owing that those points, and the quarters of por-
tions, or ares of 200/, on either side of them, are regarded and stigma-
tized as unlucky and ominous. Hence the title dhasandhi, sandhi is
literally “putting together, joint,” and bka is, as has been noticed else-
where (note toiil. 9-12), a name both of the asterisms and of the signs.
Tn which of its various senses the word ganda is used in the compound
ganddmta, we do not* know.

98. Thus hath been related that supreme, pure, excellent, mys-
terious, and grand system of the heavenly bodies : what else dost
 thou desire to know ?

L
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In this verse re-appears the personality of the revealer of the treatise,
the incarnation of a portion of the sun, which has been lost sight of
sinee near the beginning of the work (i. 7). The questions addressed
to him, in answer to this appeal, by Maya, the recipient of the revela-
tion, introduce the next chapter, which, with the two that follow it, con-
tains the additional explanations and instructions vouchsafed in reply.
The last three chapters confessedly constitute a separate portion of the
work, which is here divided into a pérva khanda and an uitara khanda,
or a “former Part” and a “latter Part.” It is by no means impossible
that the whole second Part is an appendix to the text of the Siddhénta
a8 originally constituted.

The title of the next following chapter is bhéigolddhydya, “ chapter of
the earth-globe”: in the second part of the treatise the chapters are
styled adhydya, *lection,” instead of, as hitherto, adhikdra, * heading.”

CHAPTER XII.
COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION.

Qonrmnys :—1-9, inquiries ; 10-28, development, of the creative agencies, of the ele-
ments, and of the existing creation; 29-31, form and disposition of the stellar
and planetary systems ; 32-44, situation, form, strugture, and divisions of the
earth; 45-72, varying phenomena of night and day in different latitudes and
zones ; T8-71, reyolutions of the stars and planets; 78-79, regents of the differ-
ent divisions of time; 80-90, dimensions of the planetary, stellar, and ethereal
orbits. ‘

1. Then the demon Maya, prostrating himsélf with hands sup-

pliantly joined before him who derived his being from the part

of the Sun, and revering him with exceeding devotion, inquired
as follows: :
9. O blessed one! of what measure is the earth? of what
_form? how supported? how divided? and how are there in it
seven interterranean (pdidla) earths?

8. And how does the sun cause the varying distinction of day

and night? how does he revolve about the earth, enlightening

~all creatures?

4. For what reason are the day and night of the gods and of
the demons opposed to one another? or how does that take place

- by means of the sun’s completion of his revolution ?

5. Why does the day of the Fathers consist of a month, but
that of mortals of sixty nidis? for what reason is not this latter
everywhere the case ? e

8. Whence is it that the regents of the days, years, months,
and bours (hord) ave not the same? How does the circle of as-
terisms (bhagana) revolve ? what is the support of it with the

planets?

o



i

" Strya-Siddhanta. 287,

7. The orbits of the planets and stars, uplifted from the earth
one above another—what are their heights? what their inter-
vals ? what their dimensions ? and what the order in which they
are fixed ? ' :

8. Why are the rays of the sun hot in the summer, and not

80 in the winter? how far do his rays penetrate? How many
modes of measuring time (mdna) are there? and how are they
employed ? :

9. Resolve these my difficulties, O blessed one, creator of crea-
tures! for there is not found besides thee another resolyer, who
beholdeth all things.

The proper answers to these inquiries commence at about the twenty-
seventh verse of the chapter, the preceding philosophical history of the
development of the existing creation being apparently volunteered by
the revelator. = All the questions then find their answers in this chapter,
excepting that as to the methods of measuring time, which is disposed
of in the fourteenth and concluding chapter. The subject of the thir-
teenth chapter also seems not to be contemplated in the laying out, in
this passage, of the scheme of subjects to be treated of in the remain-
der of the treatise.

10. Having heard the words. thus uttered with devotion by
Maya, he then again promulgated this mysterious and supreme
Book (adhydya):

11. Listen with concentrated attention: I will proclaim the
secret doctrine called the transcendental (adhydima): there is
nothing which may not be bestowed on those who are exceed-

~ ingly devoted to me.

12. Vidsudeva, the supreme principle of divinity (brakman),
whose form is all that is ({af), the supreme Pexson (purusha), un-
manifested, free from qualities, superior to the twenty-five prin-
ciples, imperishable, Al

18, Contained within matter (prakrt), divine, pervading every-
thing, without and within, the attractor—he, having in the first
place created the waters, deposited in them energy. o

14. That became a golden egg, on all sides enveloped in dark-
ness: in it first became manifested the unrestrained, the everlast-
ing one. ' "

g].5. He in the seripture (chandas) is denominated the golden-
wombed (hiranyagarbha), the blessed ; as being the first (4di) ex-
istence, he is called Aditya; as being generator, the sun.

16. This sun, likewise named Savitar, the supreme source of
light (jyotis) upon the border of darkness—he revolves, bringing
beings into being, the creator of creatures.

17. He is extolled as natural illuminator, destroyer of dark-
ness, great. The Hymns (rcas) are his disk, the Songs (sémén?)
his beams, the Liturgy (yajdnshi) his form,

6L
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18. He, the blessed one, is composed of the trio of sacred
scriFtures, the soul of time, the producer of time, mighty, the
soul of the universe, all-penetrating, subtle: in him is the uni-

¥

verse establishéd. e

. 19. Having made for his chariot, which is composed of the
universe, a wheel consisting of the year, and haying yoked the

geven metres as his steeds, he revolves continually.

20. Three quarters are immortal, secret ; this one quarter hath
become manifest. In order to the production of the animated
creation, he, the mighty one, produced Brahma, the principle of
consciousness (ahdnkara). :

21. Bestowing upon him the Seriptures (veda) as gifts, and es-
tablishing him within the egg as grandfather of all worlds, he
himself then revolves, causing existence.

22. Then Brahma, wearing the form of the principle of con-
selousness (ahankdra), produced mind in the creation : from mind
wa}s’ born the moon; from the eyes, the sun, the repository of
light; : " j j

798, From mind, the ether; thence, in succession, wind, fire,
waters, earth—these five elements (mahdbhiita) were produced
by the successive addition of one quality.

.24, Agni and Soma, the sun and moon : then Mars ete. were
produced, in succession, from light, earth, ether, water, wind.

95. Again, dividing himself twelve-fold, he, the mighty one,

produced what is known as the signs; and yet farther, what hag
the form of the asterisms (nakshatra), twenty-seven-fold.

26. Then he wrought out the whole animate and inanimate
creation, from the gods downward, producing forms of matter
(prakrtr) from the upper, middle, and lower currents (srolas).

27. Having produced them in succession, as stated, by a dif
ference of quality and function, he fashioned the distinetive char-
acter of eat%i, according to the showing of the Seripture (veda)y—

28. That is, of the planets, asterisms, and stars, of the earth,
and of the universe, he the mighty one; of gods, demons, and
mortals, and of the Perfected (siddha), in their order.

- We do not regard ourselves as called upon to enter into any detailed
* examination of this metaphysical scheme of development of the crea-

.. tiom, or to compare it critically with the similar schemes presented in

other Hindu works, as Manu (chap. i), the Purinas (see Wilson's Vishnu
Purina, Book I), etc. 'We will merely explain a few of its expressions,
and of the allusions it contains. Véasudeva is an ovdinary epithet of
Vishnu, and its use in the signification here given it seems indicative of
Vaishnava tendencies on the part of the author of the scheme. The
twenty-five principles referred to in verse 12 are those established by
the Stnkhya philosophy. The reference in verse 15, first half, is to Rig-
Veda x. 121. " In the second half of the same verse we have a couple of

false etymologies : dditya comes, not from ddé, “first,” but from aditi,

]
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“eternity”; and fo derive sitrya, “sun,” from the root sé, “generate”
(from which sewvilar actually comes), is beyond the usual measure of
Hindu theologico-philosophical etymologizing. The Hymns, Songs, and
Liturgy ave the three bodies of scripture commonly known as the Rig-
Veda, Sama-Veda, and Yajur-Veda. The “seven metres” (v. 19) are
those which are most often employed in the construction of the Vedie
hymns : in parts of the Veda itself they are personified, and marvellous
qualities and powers are ascribed to them. The obscure statement con-
tained in the first half of verse 20 comes from verses 3 and 4 of the
purusha-hymn (Rig-Veda x. 90 : the hymn is also found in others of
the Vedic texts). The second half of verse 22 also nearly coincides
with a passage (v. 18) in the same hymn. Of the five elements assumed
by the Hindu philosophers, the first, ether, is said to be endowed only
with the quality of audibleness; the second, air, has that of tangibility
also: the third, fire, has both, along with color; to these qualities the
fourth element, water, adds that of savor; the last, earth, possesses audi-
bility, tangibility, color, savor, and odor: this is according to the doc-
trines of the Sankhya philosophy. In verses 24 and 25 we have speci-
fications introduced out of consideration for the general character and
object of this treatise: as also, in the part assigned to the sum in the
history of development, we may perhaps recognize homage paid to its
asserted author. ~ For the beings called in verse 28 the “ perfected” (sid-
dha), see below, verses 31 and 40. )

29. This Brahma-egg is hollow; within it is the universe, con-
sisting of earth, sky, ete.; it has the form of a sphere, like a
receptacle made of a pair of caldrons.

30. A circle within the Brahma-egg is styled the orbit of the
ether (vyoman): within that is the revolution of the asterisms
(bha); and likewise, in order, one below the other, b

31. Revolve Saturn, Jupiter, Mars, the sun, Venus, Mercury,
and the moon; below, in succession; the Perfected (siddha), the
Possessors of Knowledge (vidyddhara), and the clouds.

The order of proximity to the earth in which the seven planets are
* here arranged is, as noticed above (i. 51-52), that upon which depends
the succession of their regency over the days of the week, and so also
the names of the latters So far as the first three and the Jast are con-
cerned, it is & naturally suggested arrangement, which could hardly fail
to be hit npon by any nation haviug sufficient skill to form an order of
sticcession at all: the order in which the sun, Mercury, and Venus are
made to follow one another is, on the other hand, a matter of more ar<
bitrary determination, and might have been with equal propriety, for
anght we can see, reversed or otherwise varied. Of the supernatural
beings called the “possessors of knowledge” (vidyddhara) we read only
in this verse : the “perfected ” we find again below, in verse 40, as inhab-
itants of a city on the earth’s surface,

82. Quite in the middle of the egg, the earth-globe (bhiigola)
stands in the ether, bearing the supreme might of Brahma, which
is of the nature of self-supporting foree. hi b

vor, vi. 50 i
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88. Seven cavities within it, the abodes of gerpents (ndga) and
demons (asure), endowed with the savor of heavenly plants, de-
lightful, are the interterranean ( pdédla) earths. : K

34. A collection of manifold jewels, a mountain of gold, is
Meru, passing through the middlle of the earth-globe, and pro-
truding on either side. _ ; :

85, At its upper end are stationed, along with Indra, the gods,
and the Great Sages (maharshi); at its lower end, in like man-
neﬁ, the demons (asura) have their place—each the enemy of the
other.

86. Surrounding it on every side is fixed next this great ocean,
like a girdle about the earth, dividing the two hemispheres of
the gods and of the demons.

37. And on all sides of the midst of Meru, in equal divisions
of the ocean, upon islands (dvipa), in the different directions, are
the eastern and other cities, fashioned by the gods.

' 88. At a quadrant of the earth’s circumference eastward, in -
the clime (varsha) Bhadrigva, is the city famed as Yamakoti,
having walls and gateways of gold.

89. To the southward, in the clime Bhirata, is in like manner
the great city Lanka: to the west, in the clime called Ketumala,
is declared to be the city named Romaka, ; ’

40. Northward, in the clime Kury, is declared to be the city
called that of the Perfected (siddha); in it dwell the magnani-
mous Perfected, free from trouble. . ‘

41. These are situated also at a distance from one another of
a quadrant of the earth’s circumference; to the north of them,
at the same distance, is Meru, the abode of the gods (swra). ,
42, Above them goes the sun when situated at the equinoxes;
they have neither equinoctial shadow nor elevation of the pole
(akshonnatr).

43, In both directions from Meru are two pole-stars (dhruva-
tdrd), fixed in the midst of the sky: to those who are situated in
places of no latitude (niraksha), both these have their place in
the horizon. . % ‘

44. Hence there is in those cities no elevation of the pole, the
two pole-stars being situated in their horizon; but their degrees
of co-latitude (lumbaka) are ninety: at Meru the degrees of lati-
tude (aksha) are of the same number.

In these verses we have so much of geography as the author of the
chapter has seen fit to connect with his astronomical explanations, For
a Hindu account of the earth, it is wonderfully moderate, and free from
falsehood. The absurd fictions which the Purénas put forth as geogra-
phy are here for the most part ignored, ouly two or three of the features
of their descriptions being retained, and those in an altered form. To
the Puranas (see especially Wilson'’s Vishnu Puréna, Book IL, chap.
ii~vi), the earth is a plain,.of immense dimensions. Precisely in the



miiddle of it rises Mount Mery, itself of a size compared with which the
earth, as measured by the astronomers, is as nothing: it is said to be
84,000 yojanas high, and buried at the base 16,000 yojanas; it has the
shape of an inverted cone, being 32,000 yojanas in diameter at its up-
per extremity, and only 16,000 at the earth’s surface. Out of this moun-
tain the astronomical systent makes the axis' of the earth, protruding at
either extremity, indeed, but of dimensions wholly undefined.  As the
Purdnas declare the summit of Mern, and the mountains immediately
supporting it, to be the site of the cities inhabited by the different divin-
ities, so also we have here the gods placed upon the northern extremity
of the earth’s axis, while their foes, the spirits of darkness, have their
seat at the southern. The central circular continent, more than 100,000
yojanas in diameter, in the midst of which Meru lies, is named Jambt-
dvipa, “the island of the rose-apple tree” : it is intersected by six paral-
lel ranges of mountaing, running east and west, and connected together
by short cross-ranges: the countries lying between these ranges are
styled varshas, *climes,” and are all fully named and described in the
Purfinas, as are the mountain-ranges themselves. The half-moon-shaped
strips lying at the bases of the mountains on the eastern, southern, west-
ern, and northern edges of the continent, are called by the same names
that are given by our text to the four insular climes which it sets up.
Bharata is a real historical name, appearing variously in the early Hindu
traditions; Kuru, or Uttara-Kuru, is a title applied in Hindu geography.
of a less fictitious character to the country or people sitnated beyond the
range of the Himéalaya ; the other two names appear to be altogether
imaginary. The Purnas say nothing of cities in these four climes.
Lankh, as noticed above (i. 62), is properly an appellation of the island
Ceylon ; and Romaka undoubtedly comes from the name of the great
city which was the mistress of the western world at the period of lively
commercial intercourse between India and the Mediterranean : the other
two cities are pure figments of the imagination. Our treatise, it will be
observed, ignores the system of continents, or dvipas, and simply sur-
rounds the earth with an ocean in the midst, like a girdle : the Purdnas
encompass Jambtdyvipa about with six other dwipas, or insular ring-
shaped continents, each twice as vast as that which it encloses, and each
separated from the next by an ocean of the same extent with itself. = Of
these seven oceans, the first, which washes the shores of Jambtdvipa, is
naturally enough acknowledged to be composed of salt water: but the
second 1s of syrup, the third of wine, the fourth of clarified butter, the

fifth of whey, the sixth of milk, and the last of sweet water. Outside

the latter is an uninhabited land of gold, and on its border, as the out-
most verge of creation, is the monstrous wall of the Lok&loka mountains,
beyond which is only nothingness and darkness, ‘

The author of the Siddh&nta-Ciromani, more submissive than the
writer of our chapter to the authority of tradition, accepts (Gol&dhy.,
chap. ii) the series of concentric continents and oceans, but gives them
all a place in the unknown southern hemisphere, while he regards Jam-
badvipa as ocoupying the whole of the northern.

The pdidlas, ov interterranean cavities, spoken of it verse 83, are also
an important feature of the Puranic geography. If our author has not
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had the good sense to reject them, along with the instlar continents, he
at least passes them by with the briefest possible notice. In the Purinas
they ave declared to be each of them 10,000 yojanas in depth, and
their divisions, inhabitants, and productions are described with the same
ridicalous detail as those of the continents on the earth’s surface.

It will be observed that the text, although exhibiting in verse 41 &
distinct apprehension of the fact that the pole is situated to the north-
ward of all points of the equator alike, yet, in describing the position
of the four great cities, speaks as if there were a north direction from
Meru, in the continuation of the line drawn to the latter from Lankd,
and an east and west direction at right angles with this.

For the terrestrial equator, considered as a line or circle upon the
earth’s surface, there is no distinetive name; it is referred fo simply as
the place “of no latitude” (niraksha, vyaksha).

45, In the half-revolution beginning with Aries, the sun, be-
ing in the hemisphere of the gods, is visible to the gods: but
 ywhile in that beginning with Libra, he is visible to the demons,

. moving in their hemisphere. :

46. Hence, owing to his exceeding nearness, the rays of the
sun are hot in the hemisphere of the gods in summer, but in
t%:at ofh the demons in winter: in the contrary season, they are
sluggisn, ;

g’}’g At the equinox, both gods and demons see the sun in the
horizon; their day and night are mutually opposed to each other.

48. The sun, rising at the first of Aries, while moving on
northward for three signs, completes the former half-day of the
dwellers upon Meru;

49, In like manner, while moving through the three signs be-
ginning with Cancer, he completes the latter half of their day :
he accomplishes the same for the enemies of the gods while
moving through the three signs beginning with Libra and the
three beginning with Capricorn, respectively. :

50, Henee are their night and day mutually opposed to one
another; and the measure of the day and night is by the com-
pletion of the sun’s revolution. )

51. Their mid-day and midnight, which are opposed to one
another, are at the end of each halfrevolution from golstice to
solstice (ayana). The gods and demons each suppose themselves
to be uppermost.

52, Others, too, who are situated upon the same diameter

(samastitrastha), think one another underneath—as the dwellers

in Bhadri¢va and in Ketumdla, and the inhabitants of Lanka
and of the city of the Perfected, respectively.

53, And everywhere upon the globe of the earth, men think
their own place to be uppermost: but since it is a globe in the
eg‘her} where should there be an upper, or where an under side
of it : ’
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54, Owing to the littleness of their own bodies, men, looking
in every direction from the position they occupy, behold this
earth, although it is globular, as having the form of a wheel.

5. To the gods, this sphere of asterisms revolves toward the,
right; to the enemies of the gods, toward the left; in a situa-
tion of no latitude, directly overhead—always in a westerly di-
rection. ;

55. Hence, in the latter situation, the day is of thirty nadis,
and the night likewise: in the two hemisphéres of the gods and
demons there take place a deficiency and an excess, always op-
posed to one another.

57. During the half-revolution beginning with Aries, there is
always an excess of the day to the north, in the hemisphere of
the gods—greater according to distance north—and a correspond-
ing deficiency of the night; in the hemisphere of the demons,
the reverse. ‘

58. In the half-revolution beginning with Libra, both the de-

ficiency and excess of day and night in the two hemispheres are

the opposite of this: the method of determining them, which is
always dependent upon situation (deca) and declination, has been
before explained.

59. Multiply the earth’s circumference by the sun’s declination
in degrees, and divide by the number of degrees in a circle: the
result, in yojanas, is the distance from the place of no latitude
where the sun is passing overhead. .

60. Subtract from a quarter of the earth’s circumference the
number of yojanas thus derived from the greatest declination :
at the distance of the remaining number of yojanas '

- 61, There oecurs once, at the end of the sun's half-revolution
from solstice to solstice, a day of sixty nddis, and a night of the
same length, mutually opposed to one another, in the two hemi-
spheres of the gods and of the demons,

' 62. In the intermediate region, the deficiency and excess of
day and night are within the limit of sixty ndfs; beyond, this
sphere of asterisms (bha) revolves perversely.

63. Subtract from a quarter of the earth’s circumference the 2

number of yojanas derived from the declination found by the
sine of two signs: at that distance from the equator the sun is
not seen, in the hemisphere of the gods, when in Sagittarius and
Capricorn ;

64. So also, in the hemisphere of the demons, when in Geemi-
ni and Cancer: in the quarter of the earth’s circumference where
her shadow is lost, the sun may be shown to be visible.

65, Subtract from the fourth part of the earth’s periphery
(kakshd) the number of yojanas derived from the declination
found by the sine of one sign : at the distance from the place of
no datitude of the remaining number of yojanas,
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66. The sun, when situated in Sagittarius, Capricorn, Scotpio,
and Aquarius, is not seen in the hemisphere of the gods; in -
that of the demons, on the other hand, when in the four signs
commencing with Taurus. . i

67. At Meru; the gods behold the sun, after but a single rising,
during the half of his revolution beginning with Aries; the de-
mons, in like manner, during that beginning with Libra.

68. The sun, during his northern and southern progresses
(ayana) revolves directly over a fifteenth part of the earth’s eir-
cumference, on the side both of the gods and of the demons.

69. Between those limits, the shadow is cast both southward
and northward ; beyond them, it falls toward the Meru of either
hemisphere respectively. -

70. When passing overhead at Bhadrgva, the sun ig rising in
Bhérata ; it is, moreover, at that time, midnight in Ketumila,
and sunget in Kuru, ~

71. In like manner also he produces, by his revolution, in
Bhérata and the other climes, noon, sunrise, midnight, and sun-
get, reckoning from east to west. :

72. To one going toward Meru, there take place an elevation
of the pole (dhruva) and a depression of the circle of asterisms;
to one going toward the place of no latitude, on the contrary, a
depression of the former and an elevation of the latter.

This detailed exposition of the varying relations of day and night in
different parts of the globe is quite creditable to the ingenuity, and the
distinctness of apprehension, of those by whom it was drawn out. Tt
is for the most part so clearly expressed as to need no additional expla-
nations : we shall append to it only a few brief remarks.

How far, in verse 46, a true statement is given of the cause of the
heat of summer and the cold of winter, may be made a matter of some
question : the word which we have translated * nearness” (dsannatd) has
no right to mean “ directness, perpendicularity,” and yet, when taken in
connection with the preceding verse, it may perhaps -admit that signifi-
cation. The second chapter shows that the Hindus knew very well
that the sun is actually nearer to the whole earth in winter, or when
near his perigee, than in summer. ‘ :

" The expression ayandnta, “at the end of an ayana,” employed in
verses 51 and 61, and which we have rendered by a paraphrase, might
perhaps have been as well translated, briefly and simply, “at either
solstice.” Probably ayana, as used in the sense of “solstice” (sce above,
end of note to iii. 9-12), is an abbreviated form of ayandnta, like jyd for
Jydrdhe (ii. 15-27), and aksha for akshonnati (i. 60). o ;

In verse 55, we have translated by « toward the right” and “ toward
the left” the adverbs sawyam and apasovyam, which mean literally “left-
wise” and “right-wise” ; that is to say, in such a manner that the left
side or the right side respectively of the thing making the revolution is -
* turned toward that about which the revolution is made, this being the
Hindu mode of describing the passing of one person about another per-
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son or thing, especially in respectful salutation and in religiovs cere-
monial, . ‘ i

The natural measure of the day and of the night is assumed in verse
56 ete. to be the half of a whole day, or thirty nadis, and any deviation
from that norm is regarded as an excess (dhana, vrddhi) or a deficiency
(rnea, hdni, kshaya). The former processes roferred to at the end of
verse 58 are those taught in ii. 60-62. :

‘We have already above (note to 1. 63-65) called attention to the fact
that all the Hindu measurements of longitude and latitude upon the
earth’s surface are made in yojanas, and not in degrees.

- The expression “perversely” (viparita) in verse 62 is explained by
the commentator to mean “in such manner that the rules as already
given cannot be applied”; since the sine of the ascensional difference
(cara—see ii. 61) as found by them would be greater than radius. .

The latter half of verse 64 is obscure: its meaning seems to be, as
explained by the commentator, that over a corresponding portion of the
earth’s surface in the contrary hemisphere the sun is continuously visible
during the same period, the shadow of the earth, which is the cause of
‘night, not covering that portion.

78. The circle of asterisms, bound at the two poles, impelled
by the provector (pravaha) winds, revolves eternally: attached
to that are the orbits of the planets, in their order. .

74, The gods and demons behold the sun, after it is once risen,
for half a year; the Fathers (pitaras), who have their station in
the moor, for a half-month (paksha); and men upon the earth,
during their own day.,

76. The orbit (kakshd) of one that is situated higher up is
large; that of one situated lower down is small. Upon a great
orbit the degrees are great ; so also, upon a small one, they are
small. ‘

76. A planetsituated upon a small circuit (bhramana) traverses
the cirele of constellations (bhagana) in a little time; one revoly-
ing on a large circle (mondala), in a long time.

77. The moon, upon a very small orbit, makes many revolu-
tions: Saturn, moving upon a great orbit, makes, as compared
with her, a much less number of revolutions.

The connection and orderly succession of subjects is by no means
strictly maintained in this part of the chapter. The seventy-fourth verse
1s palpably out of place, and is, moveover, in great part sugerﬂuous; for
the statement contained in its first half has already twice been made, in
verses 45 and 67, and in the latter passage in nearly the same terms as
here: its last specification, too, is of a matter too obvious to call for
notice. = Nevertheless, the verse cannot well be spared from the chapter,

since it contains the only answer which is vouchsafed to the question of

verse 5, above, respecting the day and night of the Fathers. In the
assignment of the different divisions of time, as single days, to different
orders of beings, the month has been given to the pitaras, ¢ Fathers,” or
mangs of the departed, and they are acoordingly located in the moon,

¥
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each portion of whose surface enjoys a recurrence of day and night
once in each lunar month. The next following verses, 75 to 77, are a
rather unnecessary amplification of the idea already expressed in i. 26—
27; but they answer well enough here as special introduction to the de-
tailed exhibition of the measurements of the planetary orbits which is
to follow. Before that is brought in, however, we have the connection
again broken, by the intrusion of ghe two following verses, respecting
the regents of years, months, days, and hours. ‘

78. Counting downward from Saturn, the fourth successively
is regent of the day; and the third, in like manner, is declared
to be the regent of the year; : :

79. Reckoning upward from the moon are found, in succession,
the regents of the months; the regents of the hours (hord), also,
oceur in downward order from Saturn. ]

This passage appears to be introduced here as answer to the inquiry
propounded in verse 6, above. Instead, however, of explaining why the
different divisions of time are placed under the superintendence and pro-
tection of different planets, the text contents itself with reiterating, in a .
different form, what had already been said before (i. 51~52) respecting
the order of succession of the regents of the successive periods; but
adding also the important and significant specification respecting the
hours, or twenty-fourths of the day. 'We have sufficiently . illustrated -
the subject, in connection with the other passage; we will only repeat
here that, the planets being regarded as standing in the order. in which
they are mentioned in verse 81, aboye, their successive regency over the
hours is the one ftm({amental fact upon which all the rest depend, each
planet being constituted lord also of the day whose first hour is placed
under his eharge, and so likewise of the month and of the year over
whose first hour and day he is regent—néither the month nor the year,
any more than the hour itself, being divisions of time which are known
to the Hindus in any other uses, and the name of the hour, kord, which
is the Greek dga, betraying the source whence the whole system was
introduced into India. -

80. The orbit (kakshd) of the asterisms (bha) is the circuit
(bhramana) of the sun multiplied by sixty: by so many yojanas
does the circle of the asterisms revolve above. all.

81. If the stated number of revolutions of the moon in an
' /Eon (kalpa) be multiplied by the moon’s orbit, the result is to
be known as the orbit of the ether: so far do the rays of the sun
penetrate. - ‘

82, If this be divided by the number of revolutions of any
planet in an Aon (kalpa), the result will be the orbit of that
planet: divide this by the number of terrestrial days, and the
result is the daily eastward motion of them all.

83. Multiply this number of yojanas of daily motion by the
orbit of the moon, and divide by a planet’s own orbit; the re-
sult is, when divided by fifteen, its daily motion in minutes..
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84. Any orbit, m\il’ﬁiplied by the earth’s diameter and divided -

by the earth’s cireumference, gives the diameter of that orbit;
and this, being diminished by the earth’s diameter and halved,
gives the distance of the planet. _ B

85. The orbit of the moon is three hundred and twenty-four
thonsand yojanas : that of Mereury’s conjunction (¢ighra) is one
million and forty-three thousand, two hundred and nine :

86. That of Venus's conjunction (¢ighra) is two million, six
hundred and sixty-four thousand, six hundred and thirty-seven :
next, that of the sun, Mercury, and Venus is four million, three
hundred and thirty-one thousand, five hundred: ‘ -

87. That of Mars, too, is eight million, one hundred and forty-
six thousand, nine hundred and nine; that of the moon’s apsis
(ucca) is thirty-eight million, three hundred and twenty-eight
thousand, four hundred and eighty-four: - ,

88, That of Jupiter, fifty-one million, three hundred and sev-
enty-five thousand, seven hundred and sixty-four : of the moon’s
node, eighty million, five hundred and seventy-two thousand,
eight hundred and sixty-four:

89. Next, of Saturn, one hundred and twenty-séven million,
six hundred and sixty-eight thousand, two hundred and fifty-five :
of the asterisms, two hundred and fifty-nine million, eight hun-
dred and ninety thousand, and twelve:

90, The entire circumference of the sphere of the Brahma-egg
is eighteen quadrillion, seven hundred and twelve trillion, eighty
billion, eight hundred and sixty-four million: within this is the
pervasion of the sun’s rays. L
- We present below the numerical data given in these verses, in a form

easier of reference and of comparison with the like data of other
treatises : '

Planet ste, { Orbit, in yojanas.
Moon, 324,000
¢ apsis, 38,328,484
“  node, 80,572,864
Metcury (conjunction), 1,043,209
Venus (conjunction); 2,664,637
Sun, 4,331,500
Mars, 8,146,909
Jupiter, 51,375,764
Satuin, ' 127,668,255
Asterisms, 289 8go013 &
Universe, X 18,71 2,080,864,000,000

We have already more than once (see above, notes to 1. 25-27, and
iv. 1) had oceasion to notice upon what principles the orbits of the plan-
ets, 4s here stated, were constracted by the Hindus. That of the moon
(see mote to iv. 1) was obtained by a true process of calculation, from
genuine data, and is a tolerable approximation to the truth: all the
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others are manufactured out of this, upon the arbitrary and false assump-
tion that the mean motion of all the planets, each upon its own orbit, is
of equal absolute amount, and henge, that its apparent value in each
case, as seen:by us, is inversely as the planet’s distance, or that the di-
mensions of the orbit are directly as the time employed in traversing
i, or as the period of sidereal revolution. These dimensions, then, may
be found by various méthods: upon dividing the circumference of the
moon's orbit by her time of sidereal revolution, we obtain as the
amount of her daily motion in yojanas 11,858.717 neatly (more exactly
11,858.71693); and multiplying this by the time of sidereal revolu-
tion of any planet, we obtain that planet’s orbit. This is equivalent to
making the proportion :
moon’s sid. rev.: planet’s sid, rev. : ; moon’s orbit: planet’s orbit

And since thel{té@es of sidereal revolution of the planetsv are inversely
as the number of revolutions made by them in any given period, this
proportion, again, is equivalentto

planet's no. of rev. in an Aon : moon’s do. :: moon's orbit : planet’s orbit

This is the form of the proportion from which is derived the rule as
stated in the text, only the latter designates the product of the multi-
plication of tife moon’s orbit by her number of revolutions as the orbit
of the ether (dkdga), or the circumference of the Brahma-egg, within
which the whole creation, as above taught, is enclosed. This is the same
thing with attributing to the outermost shell of the nniverse one com-
plete revolution in an on (kalpa), of 4,820,000,000 years. :
There is one feature of the system exposed in this passage which to
us is hitherto quite inexplicable: it is the assignment to the asterisms
of an orbit sixty times.as great as that of the san, This, according to
all the analogies of the system, should imply a revolution of the aster-
isms eastward about the earth once in each period of sixty sidereal years.
The same orbit is found allotted to them in the Siddhinta-Ciromani
(Ganitadhy., iv. 5), and it is to be looked upon, accordingly, as an es-
sential part of the general Hindu astronomical system. We do not seo
how it 1s to be brought into connection with the other doctrines of the
system, or what can be its origin and import—unless, indeed, it be
merely an application to the asterisms, in an entirely arbitrary way, of
the general law that everything must be made to revolve about the
earth as a centre. We have noticed above (note to iii. 9-12) its incon-
sistency with the doctrine of the precession adopted in this treatise.
The dimensions of the several orbits stated in the text are for the most
part correct, being such as are derived by the processes above explained
from the numbers of sidereal revolutions given in a former passage (i. 29
~34), There is, however, one exception: the orbit of Mercury, as so
derived, is 1,043,207.8, and the number adopted by the text—which re-
jeets fractions throughout, taking the nearest whole number—should be,
accordingly, =208, and not — 209, If we took as divisor the number of
Mercury’s revolutions in an Afon as corrected by the bija (see note to
1. 29-84), we should actually obtain for his orbit the value given it by
the text; the exact quotieut being 1,043,208.73. But as none of the
other orbits given are such as would be found by admitting the several



sottections of the bija, it seems preferable to assume that the text has at
this point become corrupt, or else that the author of the chapter made
a blander in one of his caleulations.®

The value of a minute of are upon the moon’s orbit being fifteen yo-
janas (see note to iv. 2-3), the value, in minutes, of any planet’s mean
daily motion may be readily found from its orbit by the proportion of
which the rule given in verse 83 is a statement, ‘as follows : as the dis-
tance, or the orbit, of the planet in question is to that of the moon, 8o
{s the moon’s mean motion in minutes, or 11,858.717 <= 15, to that of
the planet. ;

In verse 84 we are taught to caleulate the distance of any planet from
the earth’s surface : in order to this, we are first to find the diameter of
the planet’s orbit, adopting, as the ratio of the diameter to the circum-
ference, that of the diamoter to the circumference of /th earth—the for-
mer, of course, as calculated (i. 59) by the false ratio of 12 4/10.  After
being guilty of so gross an inaccuracy, it is quite superfluous, and amere
afféctation of exactness, to take into account so trivial a quantity as the
radius of the earth, in estimating the planet’s distauce from the earth.

In the doctrine of the orbits of the planets, as here laid down, we

have once more a total negation of the reality of their epicyclical mo- ‘

tions, and of their consequently varying distances from the earth in dif-
ferent parts of their revolutions. i

CHAPTER XIII.
OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS,

ContaNts i—1-18, construetion and aquipment of the armillary sphere; 18-18, po-
sition of cortain points and sines upon it; 15-18, its adjustment and revolution;
17-925, other instruments, especially for the determination of time.

1, Then, having bathed in a secret and pure place, being pure,

adorned, having worshipped with devotion the sun, the planets,
the asterisms (bka), and the elves (guhyaka),

9. Let the teacher, in order to the instruction of the pupil—
himself beholding everything clearly, in accordance with the
knowledge handed down by successive communication, and
learned from the mouth of the master (gurw)—

3 Prepare the wonder-working fabric of the terrestrial and

stellar sphere (bhfibhagola) . . . .

% The last six verses of the chapter, which contain theﬂhdmerical data, may very

Eossibl.y be 4 later addition to its original content: the Ayin-Akbari (as tratslated

3 Gladwin), in its account of the astronomy of the Hindus, which it professedly
bases upou the Sirya-Siddbénta, gives these orbits (8vo. edition, Londun, 1800,
ii, 808), but with the fractional parts of yojanas, ns if independently devived from
the dala and by the rules of the text: the orbit of Mercury it states corvectly, as
1,043,201% yojangs. ' b ‘

.
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- We have already remarked above (note to xii. 1~9) that the subject
of this chapter js one respecting which no inquiries were addressed at
the beginning of the preceding chapter by the recipient to the commu-
nicator of the revelation, and that the chapter accordingly wears in some
measure the aspect of an interpolation. It comes in here as furnishing
a means of illustrating to the pupil the mutual relations of the earth
and the heavens as explained in the last chapter—and yet not precisely
as there explained ; for it gives a representation only of the earth and
of the one starry concave'upon which the apparent movements of all
the heavenly bodies are to be traced, and not of the concentric spheres
and orbits out of which the universe has been declared to be constructed.
The chapter has a peculiar title, unlike that of any other in the treatise :
it is styled jyotishopanishadadhydya, “lection of the astronomical Upa-
nishad.” Upanishad is the name ordinarily given to such brief treatises,
of the later Vedic period, or of times yet more modern, as are regarded
as inspired sources of philosophical and theological knowledge, and are
looked upon with peculiar reverence : its application to this chapter is
equivalent to an assumption for it of especial sanctity and authority. It
may possibly also indicafe that the chapter is originally an independent
- treatise, incorporated into the text of the Sarya-Siddhanta,

The word bha, in verse 1, may mean either the asterisms proper
(nakshatra), or the signs (rdgi), and is explained by the commentator as
intended to include both. The gukyakas, “secret ones,” are a class of
demigods who attend npon Kuvera, the god of wealth, and are the
keepers of his treasures : why they are mentioned here, as objects of
especial reverence to the astronomical teacher, is not obvious, The com-
mentator explains the word by “ Yakshas ete., lesser divinities.” In our
translation of verse 3 we have followed the reading of the published
text, which Colebrooke also appears to have had before him; our own
mantuscripts read, instead of bh@ibhagola, bhivmigola and bhimer gola, .
# sphere of the earth” simply.

Colebroclke, in his essay On the Indian and Arabian Divisions of the
Zodiac (As. Res,, ix, 828 etc,; Essays, ii. 821 ete.) to which we have
. already so often had occasion to refer, gives a translation of part of this

chapter, from the beginning of the third to the middle of the thirteenth
verse, as also a brief sketch of the armillary sphere of which the con-
struction is taught in the Siddhanta-Ciromani. He farther furnishes a
description, and a comparison with these, of the somewhat similar in-
struments employed by the Greeks, the Arabs, and the early European
astronomers. It has not seemed to us worth while to extract these de-
scriptions and comparisons, or to draw up others from independent and
original sources : the object of the Hindu instrument is altogether differ-
ent from that of the others, since it is intended merely as an illustration
“of the positions and motions of the heavenly bodies, while those are
meant to subserve the purposes of astronomical observation; and its
relation to them is determined by this circumstance ; while it, of course,
possesses some of the circles which enter into the construction of the
others, it is, upon the whole, a very different and much more complicated
and cumbersome structure. There is nothing in the way of supposing
that the first hint of its construction may have been borrowed from the

v
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instruments of western nations: but, on the other hand, it may possi-
bly admit also of being regarded as an independent Hindu device.

3. ... Having fashioned an earth-globe of wood, of the de-
sired size, . ; : :
" 4. Tix o staff, passing through the midst of it and protruding
at either side, for Meru; and likewise a couple of sustaining
hoops (kalkshd), and the equinoctial hoop; ‘
" B, These are to be made with graduated divisions (angula) of
degrees of the circle (bhagana). . . .

The fixing of a solid globe of wood, representing the earth, in the
yoidst of this instrument, is of itself enough to render impracticable its
application to purposes of astronomical observation. For Meru, the
axis and poles of the earth, see verse 34 of the preceding chapter. We
are niot informed of what relative size the globe and the encompassing

hoops arg to be made ; probably their relation is to be such that the

globe will be a small one, contained within an ample sphere. The two |

* supporting hoops,” to which are to be attached all the numerous par-
allels of declination hereafter described, are, of course, to be fastened to
the axis at right angles to one another, and to represent the equinoctial
and solstitial colures. The commentary directly prescribes this, and the
. text also assumes it in a later passage (v. 10). ;
Colebrooke, following the guidance of the commentators, treats the
former half of verse 5 as belonging to the following passage, instead of
the preceding. It can, however, admit of no reasonable question that
the connection as established in our translation is the true one: it is de-
manded by the natural construction of the verses, and also yields a de-
cidedly preferable sense,

 B,.., Farther—by means of the several day-radii, as adapted
to the scale established for those other circles,

6. And by means of the degrees of declination and latitude
(vikshepa) marked off upon the latter—at their own respective
distances in declination, according to the declination of Aries
ete,, thiree :

7, Hoops are to be prepared and fastened ; these answer also
inversely for Cancer etc. In the same manner, three for Libra
etc., answering also inversely for Capricorn ete,,

8. And situated in the southern hemisphere, are to be made
and fastened to the two hoop-supporters. . . .

The grammatical construction of this passage is excessively cumbrous
and intricate, and we can hardly hope that the version which we have
given of it will be elearly understood without farther explanations. Its
meaning, however, is free from ambiguity. ‘We have thus far only three
of the cireles out of which our instrument is to be constructed, namely
those intended to represent the two colures and the equator: we are
next to add hoops for the diurnal circles described by the sun when at
the points of connection between the different signs of the zodiac. Of
these there will be, of course, three north of the equator, one for the

j
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sun at the end of Aries and at the beginning of Virgo, one for the sun
at the end of Taurus and at the beginning of Leo, and one for the sun
at the end of Gemini and the beginning of Cancer, or at the solstice :
also, in the southern hemisphere, three others corresponding to these.
The dimensions of which they must be made are to be determined by
their several radii (which are called day-radii—see aboye, ii. 60), as
ascertained by caloulation and reduced to the same scale upon which the
colures and equator were constructed. They are then to be attached to
the two general supporting hoops, or colures, each at its proper distance
from the equator; this distance is ascertained by calculating the decli-
nation of the sun when at the points in question, and is determined
upon the instrument by the graduation of the two supporting hoops.
This graduation is in the text called that for declination (4rdnti) and
latitude (vikshepa): it will be remembered that, according to Hindu
usage, the latter means distance from the ecliptic as measured upon a
circle of declination,

. o
8. . . . Those likewise of the asterisms (bha) situated in the
southern and northern hemispheres, of Abhijit, o
9. OF the Seven Sages (saplarshayas), of Agastya, of Brahma
efe., are to be fixed .., . ;

If the orders given in these verses are to be strictly followed, our instra-
ment must now be burdened with forty-two additional circles of dinrnal
revolution, namely those of the twenty-seven junction-stars (yogatdrd)
of the asterisms and of that of Abhijit—which is here especially men-
tioned, as not being always ranked among the asterisms (see above,
p- 852 etc.)—those of the seven other fixed stars of which the positions
were stated in the eighth chapter (vv, 10-12 and 20-21), and also those
of the Seven Sages, or the conspicuous stars in Ursa Major (see end of
the last note to the eighth chapter). Such impracticable directions,
however, cannot but inspire the suspicion that the instrument may never
have been constructed except upon paper.

9. ... Just in the midst of all, the equinoctial (vdishuvatt)
hoop is fixed. i

10. Above the points of intersection of that and the support-
ing hoops are the two solstices (ayana) and the two equinoxes
(vishuval) . . . . ‘

We have already noticed (note to iii. 6) that the celestial equator de-
rives its name from the equinoxes through which it passes. It seems a
+ little strange that the adjustment of the hoop representing it to the two
supporting hoops, which we should naturally regard as the first step in

the construetion of the instrument, is here assumed to be deferred until

after all the other circles of declination are fixed in their places.

The word translated * above” (firdhvam) in verse 10 requires to be
understood in two very different senses, as is pointed out by the com-
mentatoy, to make the definitions of position of the solstices and of the
equinoxes both correct : the latter are sitnated precisely at the intersec-
tion of the equinoctial colure with the equator; the former at a distance
of 24° above and below the intersection of the equator with the other
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colure, or at the intersection of the colure with the third parallel of the
sun’s declination, on either side of the equator.

. We are next taught how to fix in its proper pasition the hoop which
is to represent the ecliptic.

10. . . . From the place of the equinox, with the exact num-

~ ber of degrees, as proportioned to the whole circle,

11. Fix, by oblique chords, the spaces (kshetra) of Aries and
the rest; and so likewise another hoop, running obliquely from
solstice (ayana) to solstice,

12. And called the circle of declination (krdn#): upon that
the sun constantly revolves, giving light : the moon and the other
planets also, by thefr own nodes, which are situated in the eclip-
tic (apamandala), '

13. Being drawn away from it, are beheld at the limit of their

removal in latitude (vikshepa) from the corresponding point of ‘
_.deelination.. . . ,

Instead of simply directing that a circle or hoop, of the same dimen-
sions as those of the equator and colures, be constructed to represent the

ecliptic, and then attached to the others at the equinoxes and solstices,

the text regards it as necessary to fix, upon the six diurnal ecircles of

~ the sun of which the construction and adjustment were taught above,

in verses 5-8, the points of division of all the twelve signs, before
the ecliptic hoop can be added to the instrument. In the compound
tiryagjyd, in verse 11, which we have rendered -“ oblique chords,” we
conceive jyd to haye its own more proper meaning of “chord,” instead of
that of “sine,” which, by substitution for jydrdha (see note to i, 15-27,
near the end), it has hitherto uniformly borne. We are to ascertain by
caleulation the measure of the chord of 80°, to reduce it to the scale of
dimensions adopted for the other great circles of the instrument, and
then, commencing from either equinox, to lay it off; in an oblique.direc-
tion, to the successive diurnal circles, northward and southward, thus
fixing the positions upon them of the initial and final points of the
twelve signs; and through all these points the ecliptic hoop is to be
made to pass.

It does not appear that separate hoops fov the orbits of the other
planets, attached to the ecliptic at their respective nodes, are to be ad-
ded to the instrament.

In verse 12 we have a name for the ccliptic, apamandale, which does
not occur elsewhere in the treatise,. The word might be literally trans-
lated “ off-circle,” and regarded as designating the cirele which deviates
in direction from the neighboring equator; but it is more probably an
abbreviation for apakramamandala, which would mean, like the ordinary
terms Ardntimandala, krdntivrtta, “ circle of declination.” '

18. . . . The orient ecliptic-point (lagna) is that at the orient
horizon ; the occident point (astemgachat) is similarly determined.

14. The meridian ecliptic-point (madhyama) is as calculated by
the equivalents in right aseension (lankodayds), for mid-heaven

(khamadhya) above. The sine which is between the meridian

T
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(madhya) and the horizon (kshitja) is styled the day-measure
(antyd). - : : ;

15. And the sineof the sun’s ascensional difference (caradala)
is to be recognized as the interval between the equator (vishuvai)
and the horizon. . . .

. These verses contain an unnecessary and fragmentary, as also a con-
fased and blundering, definition of the positions upon the sphere of a
few among the points and lines which have been used in the calculations
of the earlier parts of the treatise. We are unwilling to believe that
the passage is anything but a late interpolation, made by an awkward
hand. For the point of the ecliptic termed lagna, or that one which is
at any given moment passing the eastern horizon, or rising, see ii, 46—
48, and note upon that passage. The like point at the western horizon,
which the commentator here calls astalagna, “ lagna of setting,” and
which the text directs us to find “ina corresponding manner,” has never
been named or taken into account anywhere in the treatise: we have
seen above (as for instance, in ix. 4-5) that all its processes into which
distance in ascension enters as an element are transferred for calculation
from the occident to the orient horizon. For madhyalagna, the point
of the ecliptic situated upon the meridian, see above, iii. 49 and note.
Although we have ordinarily translated the term by “ meridian ecliptic-
point,” this being a convenient and exact definition of the point actually
referred to, we do not regard the word madhya, occarring in it, as mean-
ing “meridian” in the sense in which if is used in modern astronomy,
namely the great circle passing through the observer's zenith' and the
north and sonth points of his horizon. = For it deserves to be noted that
the text has no distinetive name for the meridian, and nowhere makes
any reference to it as a circle on the sphere: it will be seen just below
that, while the position of the horizon is defined, the meridian is not
contemplated as a circle of suflicient consequence to require to be rep-
resentéd upon the illustrative armillary sphere. The commentator not
very infrequently has occasion to speak of the meridian, and styles it
yhmyottaravrita, “south and north circle,” or frdhvaydmyottaravytie,
“uppermost south and north circle”’  In the latter half of verse 14,
where we have translated madhya by “ meridian,” it would have been
more exact to say “ mid-heaven,” or “the sun ab the middle of his visi-
ble revolution,” or “the sun when at the point called madhyalagna.”
For the “day-measure” (antyd), see above, iii, 84-36. Its definition
given here is as bad as it could well be: for, passing over the fact that
'~ the line in question is not properly a sine, and morcover that the text
. does not tell us in which of the numberless possible directions it is to be
drawn from the meridian to the horizon, the line which it is attempted
to describe is not the one which the treatise regards as the antyd, but
the correspondent of the latter in the small circle described by the sun,
That is to say, the text here substitutes the line DA in Fig. 8, above
(p. 232), for the line EG. A similar blunder is made in defining the
sine of the sun’s ascensional difference (carajyd): the line AB in the
same figure, which is the * earth-sine” (kujyd, kshitijyd), is taken, in-
stead of its equivalent in terms of a great circle, C G. Moreover, the
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* text reads “equator” (vishuwat—E C in the figure) here for  east and

west hour-circle” (unmandale-—CP): the commentator restores the

latter, and excuses the substitution by a false translation of the latter
half of iii. 6, making it mean “ the east and west hour-circle is likewise

denominated the equinoctial circle.” -

“In verse 14, lankodayds is substituted for the more usual term lanko-

daydsavas (see above, iii. 49, and note), in the sense of “equivalents of

the signs in right ascension,” literally, “ at LankA.”

15. . . . Having turned upward one's own place, the circle of
the horizon is midway of the sphere.

16. As covered with a casing (vastra) and as left uncovered,
it is the sphere surrounded by Lokiloka. . . . ;

The simple direction to turn upward one’s own situation upon the
central wooden globe which represents the earth does not, it is evident,
contemplate any very careful or exact adjustment of the instrument.

Verse 16 is very elliptical and obscure in its expressions, bufi'their
general meaning is plaingand is that which is attributed to them by
commentator. The proper elevation having been given to the pole of
the sphere, a circle is by some means or other to be fixed about its
midst, or equally distant from its zenith and nadir, to represent the
horizon, Then the part below is to be encased in a cloth covering, the
upper hemisphere alone being left open.  As thus arranged, the sphere

| is, as it were, girt about by the Lokaloka mountains. Loekaloka is, as we

have seen above (note to xii. 32—44), the name of the giant mountain-
range which, in the Puranic geography, is made the boundary of the
universe: it is apparently so called because it separates the world (loka)
from the non-world (aloka); and as out of the Puranic Meru the new
astronomical geography makes the axis and poles of the earth, so out of
these mountains it makes the visible horizon.

The “ wonder-working fabric of the terrestrial and stellar sphere” is

qow fully constructed, and only requires farther, in order to its comple-

tion as an edifying and instructive illustration of the relations of the
heavens to the earth, to be set in motion about its fixed axis.

16. . . . By the application of water is made ascertainment of
the revolution of time. ! :

17. One may construct a sphere-instrument combined with
quicksilyer: this is a mystery; if plainly described, it wounld be
generally intelligible in the world.

18. Therefore let the supreme sphere be constructed according
to the instruction of the preceptor (guru) In each successive
age (yuga), this construction, having become lost, 1s, by the Sun’s

19. Favor, again revealed to some one or other, at his
pleasure. . . :

Here we have another silly mystification of a simple and compara-
tively insignificant matter, like that already noticed at the end of the
sixth chapter. The revolution of the machine of which the construc-
tion has now been explained, in imitation of the actual motion of the
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heavens about the earth, is something so caleulated to strike the minds
of the uninitiated with wonder, that the means by which it is to be
accomplished must not be fully explained even in this treatise, lest the
should become too gemerally known: they must be learned by eac
pupil directly from his teacher, as the latter has received them by suc-
‘cessive tradition, from the original and superhuman source whence they
came. It is perfectly evident that such a fabric could only be made to
revolve in a rude and impetfect way; that it should have marked time,
and continued for any period to correspond in position with the actual
sphere, is impossible. (A

The word which, upon the authority of the eommentator, we have
rendered “water,” in verse 16, is amgtasrdva, literally “having an im-
mortal flow”: perhaps the phrase should be trauslated rather, “by
managing a constant current of water.” ‘

19. . . . So also, one should construct instruments (yantra) in
order to the ascertainment of time. G

20./When quite alone, one should apply quicksilver to the
wonder-causing instrument. By the gnomon (¢anku), staff (yashiz),
arc (dhanus), wheel (cakra), instruments for taking the shadow,
of various kinds, . ‘

21. According to the instruction of the preceptor (qurw), is to
be gained a knowledge of time by the diligent. . . . ‘

The commentator interprets the first part of verse 20 in correspond-
ence with the sense of the preceding passage: the application of mer-

cury to a revolving machine, in order to give it the appearance of anto-

matic motion, must be made privately, lest people, understanding the
method too well, should cease to wonder at its  The instruments men-
tioned in the latter half of the same verse are explained in the com-
mentary simply by citations from the yanirddhydya, * chapter of instra-

‘ments,” of the SiddhAnta-Ciromani (Geladhy., pp. 111-136, published

edition). We will state, as briefly as may be, their character :
The gnomon (g¢ankw) needs no explanation : its construction and the
- method of using it have been fully exhibited in the third chapter of our
treatise. The “staff-instrument” (yashiiyantra) is deseribed as follows.
A circle is described upon a level surface with a radius proportioned to
that of the sphere, or to tabular radius. Its cardinal points are ascer-
tained, and its east and west and north and south diameters are drawn.
From the former, at either .extremity, is laid off the sine of amplitude
(agrd) ascertained by calculation for the given day : the points thus de-
termined upon the circumference of the circle represent the points on
the horizon at which the sun rises and sets. Another civele, with a ra-
dius proportioned to that of the calculated diurnal circle of the day
(dywyyd), is also described about the centre of the other, and is divided
into sixty equal parts, representing the division of the sun’s daily revolu-
tion into sixty nadis. Into a depression at the centre, the foot of a
staff (yashit), equal in length to the radius of the larger circle, is loosely
inserted. ‘When it is desired to ascertain the time of the day, this staff
is pointed directly toward the sun, or in such manner that it casts no
shadow ; its extremity then represents the place of the sun at the
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‘moment upon the sphere. Méas‘ufe, by a stick, the distance of that

extremity from the point of sunrise or of sunsef; this will be the chord
of that part of the diurnal cirele which is intercepted between the sun’s
actual position and the point at which he rose, or will set: the value of
the corresponding arc in nidis may be ascertained by applying the stick
to the lesser graduated circle. The result is the time'since sunrise, or
till sunset. ! ;
The “wheel” (cakra) is a very simple instrument for obtaining, by
observation, the sun’s altitude and zenith-distance. It is simply a wheel,
suspended by a string, graduated to degrees, having its lowest point
and the extremities of its horizental diameter distinctly marked, and
with a projecting peg at the centre. When used, its edge is turned to-
ward the sun, so that the shadow of the peg falls upon the graduated
periphery, and the distances of the point where it meets the lattér from
the horizontal and lowest points of the wheel respectively arve the
required altitide and zenith-distance of the sun. From these, by the
methods of the third chapter (iii, 87-39), the time may be derived.
The “arc” (dhanus) i§ the lower half of the instrument just described
~—of, we may also suppose, a quadrant of it; since only a guadrant is

. vequired for making the observations for which the instrument is em-

pleyed.

21. By water-instruments, the vessel (bapdla) ete., by the pea-
cock, man, monkey, and by stringed sand-receptacles, one may
determine time accurately.

22. Quicksilver-holes, water, and cords, ropes (¢ulba), and oil
and water, mercury, and sand are used in these: these applica-
tions, too, are difficult.

The instraments and methods hinted at in these verses are only par-
tially and obscurely explained by the commentator. = The kapdla, * cup”
or *hemisphere,” is doubtless the instrument which is particularly
described below, in verse 28. The nara, “ man,” is also spoken of be-
low, in verse 24, and is simply a gnomon ; it is perhaps one of a gartic-
ulas construction and size, and so named from haying about the height
of a man.. The peacock and monkey are ohscure, The “sand-vessels”
(renugurbha), which are * provided with cords” (sasiutra), are probably
suspended instruments, of the general character of our hourglasses.

' The commentator connects them also with the “peacock” as if the

lattet were a figure of the bird having such a vessel in his interior, and
letting the sand pour out of his mouth. In illustration of the *quick-
silver-holes” (pdraddrd) a passage is cited from the Siddhanta-Ciromani
(as above), giving the description of an instrument in which they are
applied. It is a wheel, having on its outer edge a number of holes, of
equal size, and at equal distancés from one another, but upon a zig-zag
line : these holes are filled half full of mercury, and stopped at the ori-
fice : and it is claimed that the wheel will then, if supported upon an
axis by a couple of props, revolve of itself. The application of this
pethod may well enough be styled “difficult” : if a machine so con-

 structed would work, the Hindus would be entitled to the credit of

having solved the problem of perpetual motion, The descriptions of

]
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ong or two other somewhat similar machines are also cited in the com-
mentary from the SiddhAnta-Ciromani: the only new feature worthy of
notice which they contain is the application of the siphon, or bent tube,
in emptying a vessel of the water it contains, ‘
It will have been noticed that, thronghout the whole of this chapter,
the different parts or passages end in the middle of a verse, In the
twenty-first verse the coincidence between the end of a passage and the
end of a verse is re-cstablished, but it is at the cost of such an irregular-
ity as is nowhere else committed in the treatise: the verse is made to
consist of three half-clokas, instead of two, the whole chapter being
thus allowed to contain an uneven number of lines. There arve two or
three very superfluous half-verses at the beginning of the chapter, the
omission of any one of which would seem an easier and preferable
method of restoring the regular and connected construction of the text.

28. A copper vessel, with a hole in the bottom, set in a basin
of pure water, sinks sixty times in a day and night, and is an
accurate hemispherical instrument.

This instrament appears to have been the one most generally and fre- :
quently in use among the Hindus for the measurement of time : it is the .
only one described in the Ayin-Akbari (ii. 302). One of the common

names for the sixtieth part of the day, ghatt or ghatikd, literally * ves-
sel,” is evidently derived from it: the other, nddi or nddika, *reed,”
probably designated in the first place, and more properly, a measure of
length, and not of time. A verse cited in the commentary to this pas-
sage gives the form and dimensions of the vessel used : it is to be of ten
palas’” weight of copper, six digits (angula) high, and of twice that width
at the mouth, and is to contain sixty pales of water: the hole in the
- bottom through which it is to fill itself is to-be such as will just admit
a gold pin four digits long, and weighing three and a third mdshes.
The description of the Ayin-Akbari does not precisely agree with this;
and it is, indeed, sufficiently evident that an instrument intended for
such a purpose could not be accurately constructed by Hindu workmen
from measurements alone, but would have to be tested by comparison
with some recognized standard, or-by actual use.

24. So aleo, the man-instrument (narayantra) is good in the
day-time, and when the sun is clear. The best determination of
time by means of determinations of the shadow has been ex-
plained.

We have already noticed above, under verse 21, that the nara was a
simple gnomon. = The explanations here referred to are, of course, those
which are presented in the third chapter. _

The concluding verse of the chapter is an encouragement held out to
the astronomical student.

25. He who thoroughly knows the system of the planets and
asterisms, and the sphere, attains the world of the planets in the
succession of births, his own possessor. :

.



Wl CHAPTER X1V
LiOF THE DIFFERENT MODES OF RECKONING TIME.

ConreNtsi—1-2, enumeration of the modes of measuring time, and general explan.
ation of their uses; 8, solar time; 4-6, of the periods of eighty-six days; 7T-11,
of points and divisions in the sun’s revolution ; 12-18, lunar time; 14, time of the

" Fathers; 15, sideveal time; 15-16, of the months and their asterisme; 17, of the
twelve-year cycle of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of
the gods, Prajipati, and Brahma ; 22-26, conclusion of the work.

1. The modes of measuring time (mdna) are nine, namely those
of Brahma, of the gods, of the Fathers, of Prajipati, of Jupiter,
and solar (sdura), civil (sdvana), lunar, and sidereal time.

2. Of four modes, namely solar, lunar, sidereal, and civil time,
practical use is made among men; by that of Jupiter is to be de-
termined the year of the cycle of sixty years; of the rest, no
use is ever made.

This chapter contains the reply of the sun’s incarnation to the last of
the questions addressed to him by the original recipient of his revela-
tion (see above, xii. 8). The word mdna, which gives it its title of md-
nddhydye, and which we have translated “mode of measuring or reck-

oning time,” literally means simply *measure”: it is the same term ¢

which we have already (iv. 2-8) seen applied to designate the measured
disks of the sun and moon.

- 8. By solar (sdura) time are determined the measure of the
day and night, the shadagitimukhas, the solstice (ayana), the equi-
nox (vishuvat), and the propitious period of the sun’s entrance
into a sign (sankrdnt).

The adjective squra, which we translate “solar,” is a secondary de-
rivative from sdrye, “sun” It is applied to those divisions of time
which are dependent on and determined by the sun's actual motion
along the ecliptic. The “day and night” measured by it are probably
‘those of the gods and demons respectively ; see above, xii. 48-50. The
solar year, as already noticed (note to i.12-183), is sidereal, not tropical ;
it commences whenever the sun enters the first sign of the immovable
sidereal zodiac, or when he is 10 minutes east in longitude from the
star ¢ Piscium.  The solar month is the time during which he continues
in each successive sign, or arc of 80°, reckoning from that point. The
length of the solar year and month is subject only to an infinitesimal
variation, due to the slow motion, of 1'in 517 years, assumed for the
sun’s line of apsides (see above, i. 41~44); but it is, as has been shown
above (note to i. 20-34, near the end), somewhat differently estimated
by different authorities. The precise length of the solar months, as
reckoned according to the Strya-Siddhanta, is thus stated by Warren
(Kala Sankalita, p. 69):

Al
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Duration of the several Solar Months.

No.| . Name. ‘ . Durstion. ~ Bum of duration.
RETL R e R AT
1 | Vaigikha, 300155, 32 9 Bg.1 .30 W85 133 g
a | Jylishtha, 2 RO e TR R T DR T
3 | Ashadha, 3r 36 38 2 44| 93 56 a3 '8
4 | Cravana, 31, 08 14 2 Aol ynb . 2k 3410
5 | Bhadrapada, QL 1e el o L 56 e gl 13
6 | Agvina, do.iay iea.ls 38 186 54,6016
7 | Kérttika, 30, .04 . 300 a6 (8 (33 (a8
8 | Margacirsha, 3930 a4 2331 a46 18 37 ax
9 | Piusha, %9 a9 63 “n 31 | awb 39130 193
10 | Migha, 99 =7 16 9331 305 6 46 26
11, | Philguna, 29 48 24 2! 33| 334 55 10 a8
12 | Clitra, Joitagimy i 360 366 18 By 31

The former passage (L. 12-18) took no note of any solar day ; in this
chapter, however, such a division of time is distinetly contemplated : it
is also recognized by the Siddhanta-Ciromani (Ganitadhy., 1. 8), and
seems to be, for certain uses, generally accepted. The solar day is the
time during which the sun traverses each successive degree of the eclip-
ti¢, with his true motion, and its length accordingly varies with the rap-
idity of his motion : three hundred and sixty such days compose the
sidereal year. Tn ordet to determine the solar day corresponding to any
given moment, it is, of course, only necessary to calculate, by the meth-
ods of the second chapter, the sun’s true longitade for that moment.
Hence it is a matter of very little practical account : all the periods re-
garded as determined by it may be as well derived directly from the
sun’s longitude, without going through the form of calling its degrees
days. It is thus with the equinoxes, solstices, and entrances of the sun
into a sign (sankrdnti, “ entrance upon connection with”): for the latter,
and for the continuance of the propitious influences which are believed
to attend upon it, sce below, verse 11. The shadagitimukhas form the
subject of the next following passage.

The manuseript without commentary inserts here the following versé:
“the day and night of the gods and demons, which is determined by
the sun's revolution through the circle of asterisms (bhacakra), and the
number of the Golden (rfe) and other Ages, as already stated, is to
_ be known.” ; ¢ :

4. Beginning with Libra, the shadagitimulho is at the end of

 the periods of eighty-six (shadagiti) days, in succession: thers ate
g(;’;m of them, occurring in the signs of double character (dvisva-
va) ; o :

6, Namely, at the twenty-sixth degree of Sagittarius, at the
twenty-second of Pisces, at the eighteenth degree of Gemini, and
at the fourteenth of Virgo. : i

6. From the latter point, the sixtecn days of Virgo which re-
main are suitable for sacrifices: anything given to the Fathers
(pttaras) in them is inexhaustible. i
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We have not been able to find anywhere any explanation of this cu-
rious division of the 'sun’s path into arcs of 86°, commencing from the

autuﬁjﬁg,l equinoy, and leaving an odd remnant of 16° at the end of

Virgos, The commentary offers nothing whatever in elucidation of their
charaeter and significance. . The epithet * of double character” (dvisva-
bhdwa) belongs to the four signs mentioned in verse 5 ; judging from the
connecfion in which it is applied to them by Varaha-Mihira (Laghu-
jataka, 1 8, in Weber’s Indische Studien, 1. 278), it designates them as
either variable (cara) or fixed (sthira), in some astrological sense. The
term shadagitimukha is composed of shadaciti, “ eighty-six,” and mukha,
. “mouth, face, beginning.”” We do not understand the meaning of the
_eompound well enough to venture to translate it.

7. T the midst of the zodiac (bhacakra) are the two equinoxes
(vishuvat), situated upon the same diameter (samasditraga), and
likewise the two solstices (wyana); these four are well known.

8. Between these are, in each case, two entrances (sankrdnti);
from the immediateness of the entrance are to be known the two
feet of Vishnu.

9. From the sun’s entrance (sankrdnt) into Capricorn, six
months are his northern progress (uttardyana); so likewise, from
the beginning of Cancer, six months are his southern pfogress
(dakshindyana).

10. Thence also are reckoned the seasons (rtw), the cool season
(¢tcira) and the rest, each prevailing through two signs. These
twelve, commencing with Aries, are the months; of them is
made up the year.

The commentator explains samasiitraga, like samasiirastha above
(xii. 52), to mean situated at opposite extremities of the same diameter
of the earth, or antipodal to one another. !

The technical terin for the sun’s entrance into-a sign of' the zodiac is,
as noticed already, sankrdnt (the cominentary also presents the equiva-
lent word sankramana); of these there take place two between each
equinox and the preceding or following solstice. The latter half of
verse 8 is quite obscure. The commentator appears to understand it as
signifying that, in each quadrant, the entrance (sankrdnt) immediately
fa%lowing the solstice or equinox is styled “ Vishnu's feet.” 1In the ear-
liest Hindu mythology, Vishnu is the sun, especially considered as occu-
pying successively the three stations of the orient horizon, the meridian,
and the occident horizon; and the three steps by which he strides
through the sky are his only distinctive characteristic. These three.
steps, then, appear under various forms in the later Vaishnava mythol-
ogy, and there is plainly some reference to them in this designation of
. the sun’s entrances into the signs. It would seem easiest and most nat-
ural to recognize in the three signs intervening between each equinox
and solstice Vishnu's three steps, and to regard the two intermediate
entrances as the marks of his feet ; this may possibly be the figure in-
tended to be conveyed by the language of the text.

The word 7¢w means originally and literally any determined period of
time, & “ season” in the most general sense of the term; but it has also
o ; o

i




been employed from very carly times to designate the various divisions
of the year. They were anciently reckoned as three, five, six, or seven;
but the prevailing division, and the only one in use in later times, is that
into six seasons, named’ Cicira, Vasanta, Grishma, Varsha, Carad, and
Hemanta, which may be represented by cool season, spring, summier,
rainy season, autumn, and winter. = Cigira begins with the month Magha,
or about the middle of January (see note to i. 48-51, and the table
given below, under vv. 15-16), and each season in succession includes
two solar months, R 1

11. Multiply the number of minutes in the sun’s measure
(mdna) by sixty, and divide by his daily motion; a time equal
to half the result, in nadis, is propitious before the sun’s entrance
into a sign (sankrdntr), and likewise after it.

The propitious influences referred to above, in verse 8, as attending
upon the sun’s entrance into a sign, are regarded as enduring so long as *
any part of his disk is upon the point of separation between the two
signs. This time is found by the following proportion : as the sun’s ac--
tual daily motion, in minutes, is to a day, or sixty nidis, so is the meas-
ure of his disk, in minutes, to the time which it will occupy in passing
the poixﬁi referred to.

12. As the moon, setting out from the sun, moves from day to
day eastward, that is the lunar method of reckoning time (mdna) :
a lunar day (4the) is to be regarded as corresponaing to twelve
degrees of motion, ;

18. The lunar day (tith?), the karana, the general ceremonies,
marriage, shaving, and the performance of vows, fastings, and
pilgrimages, are determined Ey lunar time.

14. Of thirty lunar days is composed the lunar month, which
is declared to be a day and a night of the Fathers: the end of
the month and of the half-month (paksha) are at their mid-day
and midnight respectively. |y

For the tithi, or lunar day, see above, ii. 66 : for the karana, sce
it, 87-89. For the month considered as the day of the pitaras, or manes
of the departed, see note to xii. 78-77. Manu (i. 66) pronounces the
day of the Fathers to be the dark half-month, or the fortnight from full
moon to new moon, and their night to be the light halfmonth, or the
fortnight from new moon to full moon. With this mode of division
might be made to accord that stated in the latter part of verse 14, by
rendering madhye  between,” instead of “at the middle point of”: we
have translated according to the directions of the commentator.

15. The constant revolution of the circle of asterisms (bhaca-
kra) is called a sidereal day, The months are to be known by
the names of the asterisms (nakshatra), according to the conjunc-
tion (yoga) at the end of a lunar period (parvan). :

16. To the months Kérttika ete. belong, as concerns the con-
junction (samayoga), the asterisms Krttikd ete., two by two: but

&
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, 1amely the last, the next to the last, and the fifth,

iple asterisms. ; ; ) '

‘The subject of sidereal time, although one of prominent importance

in the present treatise, since the subdivision of the day is regulated

. entirely by it, is here very summarily dismissed with half a verse, while
’Wéﬁndg‘appended to it in the same passage matters with which it has
nothing properly to do. '

. We have®already (note to i. 48-51) had occasion to notice that the
months are regarded as having received their names from the asterisms
(nakshatra) in which the moon became full during their continuance.
According to Sir William Jones (As. Res., ii. 296), it is asserted by the
Hindus “that, when their lunar year was arranged by former astrono-
mers, the moon was at the full in each month on the very day when it
entered the nakshatra, from which that month is denominated.” Wheth-
er this assertion is strietly true admits of much doubt. Our text does
not imply any such claim : it only declares that the month is to be
called by the name of that asterism with which the moon is in conjunc-
tion (g/oga? at the end of the parvan : this latter word might mean either
half of a lunar month, but is evidently to be understood here, as es-
plained by the commentary, of the light half (¢ukla paksha) alone, so
that the end of the parvan (pervinta) is equivalent to the’ end of
the day of full moon (plrnimdnta), or to the moment of opposition in
longitude. Now it is evident that, owing to the incommensurability of
the times of revolution of the sun and moon, as also to the revolution
of the moon’s line of apsides, full moon is liable to oceur in succession
in all the asterisms, and at all points of the zodiacj; so that although,
at the time when the system of names for the months originated and
established itself, they were doubtless strictly @pplicable, they would not
long continue to be so. Instead, however, of being- compelled to alter
continually the nomenclature of the year, we are allowed, by verse 16,
to eall a month Karttika in which the full of the moon takes place either
in Krttik& or in Rohini, and so on; the twenty-seven asterisms being
distributed among the twelve months as evenly as the nature of the case
admits. ;

At what period these names were first introduced into use is unknown.
It must have been, of course, posterior to the establishment of the 8ys-
tem of asterisms, but it was probably not much later, as the names are
found in some of the earlier texts which contain those of the nakshatras

‘themselves, We can hardly suppose that they were not originally ap-
plied independently to the lunar months; and certaiuly, no more suita-
ble derivation could be found for the name of a lunar period than from
the asterism in which the moon attained during its continnance her full
beanty and perfection. In later times, as we have already seen (note, to
1. 48-51), the true lunar months are entirely dependent for their nomen-
clature upon the solar. months, according to the defermination of the
latter, as regards their commencement and duration, by the data and
methods of the modern astronomical seience. There has been handed
down another system of names for the months (see Colebrooke in As,
Res., vii. 284 ; Hssays, i. 201), which havé nothing to do with the aster-

_ isms : whegher they are to be regarded as more ancient than the others
A voroo ! 33

4 R
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~we do not know. Theg are—opmmencing. with the ﬁrat mm:th of the

season Vasanta, or with that one which in the other system is called
Chitra—as follows ; Madhu, Madbava, Cukra, Cuci, Nabhas, Nabhaaya,
Isha, Orja, Sahas, Sahasya, Tapas, Tapasya. ;

For the sake of a clearer understanding of the relations of the aster-
isms, months, and seasons, we present their correspondences below in 3,
tabular form

Scason, Month. ‘ﬁf;tg‘;gggg;fm
Carad. 3 Rarttika, { Kritila, !
(Oct.-Nov.) Rohini, 1
3 M%Ir gacirsha, {Mrgag;xrsha. i
) (Nov.-Dec.)
5 Hemanta, PAakka % Punarvasu.
(Dec.-Ju'n.) B ushy ™
Aglesha,
: Mégha. {
‘ (Jan-Feb.y Magha.
Dicira, -?halgum o s
Phélguna. U.-Phalguni, | e
(Feb.-Mar.) Hasta,
k Caitra. { Oitrd.
\ v, i (Mar.-Apr.) Svail,
! asanta.
Vaigakha, { Vighkha,
(Apx.-May.) Anurddhd,
i : Jyéaishtha. {.{g&ghthﬁ .
s "Gr‘i di (May-Juane.) 4 i
S ‘ Ps Rethdhal {P ~Ashadha. - ¢
\ June-July.) -Ashédha,
* rAvaTa, (*ravana
July-Aug.) ravxshtha
Varsha, atablushaJ.
Bhéadrapada. -Bhﬁdrapad&
(Aug.-Sept.)] U.-Bhadrapada,
Revati.
":L Acvma Acvini,
o Carad, ] (Sept.-Ock.) Bharani, by ek

v

Davis (As. Res,, iil. 218) notices that some of the ancient astrono-

 rmers have divided the asterisms somewhat differently, giving to Crdvana

the three beginning with Cravana, to Bhadrapada the three beginning
with Plirva-Bhadrapada, and to Acvina only Acvinl and Bharant, It
seemns, indeed, that the selection of the three months to which three
asterisms, mstead of two, were assigned, must have been made somewhat
arbitrarily.

B will be noticed that in this passage Karttika is treated as the first

~of the series of months, while above (v. 10) Cigira was mentioned as the

first season, and while in practice (see note to i. 48-51) Vaichkha is
treated as the first of the solar mon‘chs, and CAitra of the lunar,  Another

| name for Mérgacirsha, also, 13 Agrahdyana, which appears to mean

“ commencement of the year” How much mgmﬁcance these varia-
tions of usage may have, and what is their reason, 15 not known to us.
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As regards Vaichkha and Chitra, indeed, the case is clear, and we may
~also regard the rank assigned to Karttika as due to the ancient position
of Krttika, as first among the lunar mansions. .

17, In Vaicikha etc., & conjunction (yoga) in the dark half-
month (krshna), on the fifteenth lunar day (fithi), determines in
like manner the years Karttika etc. of Jupiter, from his heliacal
sefting (asta) and rising (udaya). AT R
‘We have already, in an early part of the treatise (i. 55), made acquaint-
ance with a cycle of the planet Jupiter, composed of sixty years; in
this verse we have introduced to our notice a second one, containing
twelve years, or corresponding to a single sidereal revolution of the
planet. The principle upon which its nomenclature is based is very evi-
dent.  Jupiter’s revolution is treated as if, like that of the sun, it deter-
mined & year, and the twelve parts, each quite nearly equalling a solar
year (see note to & 55), into which it is divided, are, by the same anal-
ogy, accounted as months, and accordingly receive the names of the
solar months.  The appellations thus applied to the years, in their order,
we are directed to determine by the asterism (nakshatre) in which the
planet is found to be at the time of its disappearance in the sun’s rays,
and its disengagement from them: for it would, of course, set and rise
heliacally twelve times in each revolution, and each time about a month
later than before. The name of the year, however, will not agree with
that of the month in which the rising and setting oceur, but will be the
opposite of if, or six months farther forward or backward, since the
month*is named from the asterism with which the sun is in opposition,
but the year of the cycle from that with which he is in conjunction,
The terms in which the rule of the text is stafed are not altogether un-
ambiguous : there is no expressed grammatical connection between the
two halves of the verse, and we are compelled to add in our translation
the important word “ determines,” which links them together. The
meaning, however, we take to be as follows : if, in any given year, the
heliacal setting of Jupiter takes place in the month Viicakha, then the
asterism with which the moon is found to be in conjunction at the end
of that month—which will be, of course, the asterism in which the sun
is ab the same time situated—will determine the name of the year, which
will be Karttika: and so on, from year to year. The expression “in
like manner,” in the second half of the verse, is interpreted as implying
that. to the years of this cycle is made the same distribution of the as
terisms as to the months in the preceding passage : the second and third
. columns of the last table, then, will apply to the cycle,4f we alter their
headings respectively, from ¢ month” to ¢ year of the cyele)? and from
¢ asterisms in which full moon may occur” to “asterisms in which Ju-
piter’s heliacal setting and rising may oceur.” b
There is one untoward circumstance connected with this arrangement
which is not taken into account by the text, and which appears to op-
pose a practical difficulty to the application of its rule. The amount of
Jupiter’s motion during a solar year is not precisely one sign, but per-
ceptibly more than that, so that the mean imterval between two succes-
sive heliacal settings is a little move than a solar month; amd this dif
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ference accumulates so rapidly that the thirteenth setting would take .
place about four degrees farther eastward than the first, so that, without
some system of periodical omissions of a month, the correspondence
between the names of the years, if applied in regular succession, and
the asterisms in which the planet disappeared would, after a few revolu-
tions, be altogether dislocated and broken up. If the cycle were of

- more practical consequence, or if it were contemplated as one of the
proper subjects of this treatise, we might expect to find some method
of obviating this difficulty prescribed. Warren, however, in his brief
account of the cyele of twelve years (Kéla Sankalita, p. 212 etc.), states.
that he knows of no nation or tribe making any use of it, but only finds
it mentioned in the books. According to both him and Davis (As. Res,,
iii, 217 ete.), the cycle of twelve years is subordinate to that of sixty,
the latter being divided into five such eycles, to which special names are
applied, and of each of which the successive years receive in order the
titles of the solar months. The appellations of the cycles themselves
are those which properly belong to the years of the lustrum (yuga), ox
cyole of five years, by which, as already noticed (note to i. 56-58), the
Hindus appear first to have regulated time, and effected by intercala-
tion the coincidence of the solar and lunar years: they are Samyatsara, -
Parivatsara, [davatsara, Idvatsara, (or Anuvatsara), and Vatsara (or
Idvatsara, or Udravatsara). It would appear, then, either that the cycle
of sixty years was derived from and founded upon the ancient lustrum,
being an imitation of its construction in time of the planet Jupiter,
of which a month equals a solar year, or else that the already existing
cycle had been later fancifully compared with the lustrum, and subdivi-
ded after its model into sub-cycles for years, and years for months: of
these two suppositions we are inclined to regard the latter as decidedly
the more probable. ;

18. From rising to rising of the sun, that is called civil (sdvana)
reckoning. "By that are determined the civil days (sdvana), and
by these is the regulation of the time of sacrifice;

19. Likewise the removal of uncleanness from child-bearing
ete,, and the regents of days, months, and years: the mean mo-
tion of the planets, too, is computed by civil time.

The term sdvana we have translated “civil,’ as being a convenient
way of distinguishing this from the other kinds of time, and as being
- very properly applicable to the day as reckoned in practical use from
‘sunrise to sunrise ; in the more general sense, as denoting the mode of
reckoning the mean motions of the planets, and the regency of succes-
‘ sive periods, sdvana corresponds to what we call “mean solar” time.
The word itself seem& 6 be & derivative from savana, “libation,” the
three daily savanas, or the sunrise, noon, and sunset libations, being
determined by this reckoning. ‘

20. The mutually opposed day and night of the gods (sura)
and demons (asura), which has been already explained, is time
of the gods, being measured by the completion of the sun's

revolution. ‘
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21, The space of aPatriarchate (manvantara) is styled time

of Prajéipati: in it is no distinction of day from night. ~ An Hon

(kalpa) is called time of Brahma.

It may well be said that the mode of reckoning by time of the gods
has been already explained: the length of a day of the gods, with the
method of its determination, has been stated and dwelt upon, in almost
identical language, over and over again (see i. 13-14; xii. 45-50, 67,
74 ; and the interpolated verse after xiv. 3), almost asif it were so new
and striking an idea as to demand and bear repeated inculeation. For
the Patriarchate (manventara), or period of 308,448,000 years, see
above, 1. 18 : this is the only allusion to it as a unit of time which the
treatise contains. For the Aon (kalpa), of 4,320,000,000 years, as
constituting a day of Brahma, see above, i. 20.

The remaining verses are simply the conclusion of the treatise.

22. Thus hath been told thee that supreme mystery, lofty and
wonderful, that sacred knowledge (brakmaen), most exalted, pure,
all guilt destroying ; Rt

© 98. And the highest knowledge of the heaven, the stars, and
the planets hath been exhibited: he who knoweth it thoroughly
obtaineth in the worlds of the sun ete. an everlasting place.

94, With these words, taking leave of Maya, and being suit-
ably worshipped by him, the part of the sun ascended to heaven,
and entered his own disk.

95. So then Maya, having personally learned fromgthe sun |

that divine knowledge, regarded himself as having attained his
desire, and as purified from sin.

26. Then, too, the sages (rsht), learning that Maya had received
from the sun this gift, drew near and surrounded him, and rev-
erently asked the knowledge.

917. And he graciously bestowed upon them the grand system
of the planets, of mysteries in the world the most wonderful,
and equal to the Scripture (brakman).

The Strya-Siddbénta, in the form in which it is here presented, as ac-
cepted by Ranganfitha and fixed by his commentary, contains exactly
five hundred verses. This number, of course, cannot plausibly be looked
upon as altogether accidental : no one will question that the treatise has
been intentionally wrought into its present compass. We have often
found oceasion above to point out indications, more or less distinet and
unequivocal, of alterations and interpolations; and although in some
cases our suspicions may not prove well-founded, there can be no reason-
able doubt that the text of the treatise has undergone since its origin
_ not unimportant extension and modification. Any farther consideration
of this point we reserve for the general historical summary to be pre-
sented at the end of the Appendix.

L
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APPENDIX
CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF
ECLIPSES, A STELLAR MAP, Etc.

K. p. 142, The name siddhdnte, by which the astronomical text-
books are generally called, has, by derivation and original meaning,
nothing to do with astronomy, but signifies simply “established conclu-
sion;” and it is variously applied to other uses i the Sanskrit literature.

- It may not be uninteresting to present here a summary view of the
existing astronomical literature of the Hindus, as derived from such
sources of information upon the subject as -are accessible to us, even
though such a view must necesearily be imperfect and incomplete. We
commence by giving a list of works furnished to the translator, at his
request, by the native Professor of Mathematics in the Sanskrit College
at Ptina, and which may be taken as representing the knowledge pos-
sessed, and the opinions held, by the learned of Western India at the
present time. Along with it is offered the list of nine treatises given in
the modern Sanskrit Encyclopedia, the Qabdakalpadruma, as entitled to
the name of Siddhénta. The longer list was intended to be arranged
chronologically ; the remarks appended to the names of treatises are

those of W compiler,

1. Brahma-Siddhanta. 1. 'Brahma-Siddhanta.

2. Sirya-Siddhéanta, 2. Sirya-Siddhinta.

3. Soma-Siddhénta. 3. Boma-8iddhinta.

4. Vasishtha-Siddhanta. 4. Brhaspati-Siddhdnta.

5. Romaka-Siddhanta. 5. Garga-Siddhénta.

6, Paulastya-Siddhinta, 6. Narada-Siddhanta.

7. Brhaspati-Siddhénta. 7. Paracara-Siddbanta.

8. Garga-Siddhinta. 8. Paulastya-Siddhanta. i
9. Vylsa-Siddhénta, 9. Vagishtha-Biddhénta.

10. Parfcara-Siddhinta, :
11. Bhoja-Siddhénta; earlier than the Ciromani.
12, Variha-Siddbanta; earlier than the Cliromani.
13, Brahmagupta-Siddhinta; earlier than the Cliromani.
14. Siddhinta-Ciromani; cake 1072 [AD, 1150].
15. Sundara-8iddhanta; about 400 years ago. [years ago.
16, Tattva-Viveka-SiddhAnta ; in the time of the reign of Jaya Sinha, about 250
17. SArvabbfuma-Siddhanta; in the time of the reign of Jaya Sinha.
18. Laghu-Arya-Siddhanta ‘

' 7o. Brhad-Arya-Siddhanta }earlier than the Ciromani.

It is obvious that these lists are unecritically constructed, and that
neither of them is of a nature to yield valuable information without ad-
ditional explanations. The one is most anreasonably curt, and seems
founded on the principle of allowing the title of Siddhanta to no work
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which is the acknowledged composition of a merely human author, .

while the other contains treatises of very heterogeneous character and
value : and neither list distinguishes works now actually in existence from
those which hayve become lost, and those of which the existence at any
period is questionable. A more satisfactory account of the BSiddhanta
literature may be drawn up from the notices contained in the writings of
Western scholars, and especially from the various essays of Colebrooke.
For what we shall here offer, he is our main anthority.

In the present imperfect state of our knowledge of the subject, there
is perhaps no better method of classifying the Hindu astronomical trea-
tises than by dividing them into four classes, ag follows: first, those
which profess to be a revelation on the part of some superhuman being ;
second, those which are attributed to ancient and renowned sages, or to
other supposititious or impersonal authors ; third, those regarded as the
works of actual authors, astronomers of an early and ancertain period ;
fourth, later texts, of known date and authorship, and mostly of a less
independent and original character.

1. The first class comprises the Brahma, Stirya, Soma, Brhaspati, and
Nérada SiddhAntas. '

1. Brakma-Siddhdnta. The earliest treatise bearing this name is
said to have formed a part of the Vishnudharmottara Puréna, a work
which seems to be long since lost, and scarcely remembered except in
connection with the Siddhanta; The latter, too, is only known by a few
citations in astronomical writings, and by the treatise of Brahmagupta
(see below, third class) founded upon it. Another work laying claim to
the same title is that which we have many times cited above as the
C#kalya-Sanhitd, Sanhitd, ¢ text, comprehensive work,” is a term em-
ployed to denote a complete course of astronomy, astrology, horoscopy,
ete. ; this treatise, according to the manuscript in our possession, forms
the second division (pragna) of such a course. 1t professes to be. re-
vealed by Brahma to the semi-divine personage Narada., Of its relation

to the Stirya-Siddhénta we have spoken above (note to viii. 10-12). » It

does not appear to be referred to as an independent work in either of
the native lists we have given.
9. Strya-Siddhdnta. ~This is the treatise of which the translation
has been given above, and of which, accordingly, we do not need to
- speak here more particularly.

3, Soma-Siddhinta. Judging from its title, this work must profess

to derive its origin from the moon (soma), as the preceding from the
sun (srya). Bentley speaks of it as following in the main the system
of the Strya-Siddhénta. There is a manuscript of it in the Berlin
Library (Weber's Catalogue, No. 840), and Colebrooke seems also to
have had it in his hands. ;

4, Brhaspati-Siddhdnta. Brhaspati is the name of a divine person-
age, priest and teacher of the gods, as also of the planet Jupiter. No
work bearing’ this name is mentioned, so far as we can ascertain, by any
European scholar, although Brhaspati is not infrequently referred to in
native writings as an authority in astronomical matters.

5. Narada-Siddhénta. A Naradi-Sanhitd, or course of astrology, in
the Berlin Library (Weber, No. 862), and an occasional reference to

[
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Narada, among other divine or mythical personages, as an astronomical
authority, are all the indications we find justifying the introduction of
this name ihto the list of the Qabdakalpadruma. L :

IL. In the second class we include the Garga, Vyhsa, Parhcara, Phu-
liga, Paulastya, and Vésishtha Siddhantas. Garga, Parhcara, Vydsa,
Pulastya, and Vasishtha are prominent among the sages of the ancient
period of Hindu history : the two latter are of the number of those who
give name to the stars in Ursa Major (they are § and ¢ respectively).
They cannot possibly have been the veritable authors of Siddhéntas, or
works presenting the modern astronomical system of the Hindus : but—
and this seems to be especially the case with regard to Garga and Paré-
cara—one and another of them may have distinguished themselyes in
connection with the older science, and so have furnished some ground
for the part attributed to them by the later tradition, and for the father-
ing of astronomical works upen them.

1. GQarga-Siddhdnta. Astronomieal treatises and commentaries upon
them occasionally offer citations from Gérga (see, for instance, Cole-
brooke’s Essays, ii. 356 ; Sir William Jones in As. Res,, ii. 397), but of
a Siddhanta, or text-book of astronomy, bearing his name, we find
nowhere any mention excepting in these lists. :

2. Vydsa-Siddhdnta. This name, too, is known to us only from the
list above given.

8. Paragara-Siddhénta. According to Bentley, the second chapter
of the Arya-Siddhénta contains an extract from this work, in which are
 stated the elements of the mean motions of the planets adopted by it.

The work itself appears to be lost; unless, indeed, it may have been
contained in a manuscript of the Mackenzie Collection, which in Wil-
son’s Catalogue (i. 120) is called Vriddha-Parsara, and said to be “a
system of astrology, attributed to Parfsara, the father of Vyasa.” ’

4, Péaulica-Siddhinta. The planetary elements of this treatise also

are preserved in later commentaries, and are stated by Bentley and

- Colebrooke. We have noticed above (note to i. 4-6) that al-Birtini at-*

tributes it to Paulus the Greelk ; whence Weber (Ind. Lit,, p. 226) con-
jectures that it was founded upon the Elogywyf of Paulus Alexandrinus.
If this account of its origin be correct, the Pulica to whom the later
Hindus attribute it is a fictitious personage, whose name is manufactured
out of Paulica. The work, it will be seen, is not mentioned in either of
the lists we have given, its place appearing to be taken by the Pulastya-

Siddhanta, According to the Hindu tradition, the school represented

by the Paulica-Siddhanta was the rival of that of Aryabhatta.

5. Pulastya-Siddhinta. Of this Siddhénta we find mention only in

such native lists as omit the preceding. Hence we arc led to conjecture

* that the fwo names may indicate the same work; an attempt, founded
upon the similarity of the names, having been made by some to attribute
the Paulica-Siddhéanta te a known and acknowledged Hindu sage.

6. Vasishtha-Siddhanta. This work is spoken of as actually in. ex-
istence hy both Colebrooke and Bentley, and the latter states its sys-
tem to correspond with that of the Strya-Siddhanta. More than one
treatise bearing the name is rveferred to, the older one being of unknown
authorship, and the other a later compilation founded upon this, by

L.
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Aryabhatta. A copy of a Vyddha-Vasishtha-Siddhanta formed a part of

~ the Mackeuzie Collection (Wilson's Catalogue, i. 121).

L. To the third class may be assigned the Siddhantas of Aryabhat-
ta, Vardha-mihira, and Brahmagupta, and the Romaka-Siddhanta, as
well as the later version of the Vasishtha-Siddhanta, last spoken of.
The first three names are those of greatest prominence and highest im-
portance in the history of Hindu astronomical science, and there ig
every reason to believe that the sages who bore them lived about the
time when the modern system may be supposed to have received its
final and fully developed form, or during the fifth and sixth centuries of
our era. -

1, Arya-Siddhénta. The two principal works of Aryabhatta appear

to have been originally entitled the Aryashtagata, “work of eight hun-

dred verses,” and Dacagitikd, “work of ten cantos.” Colebrooke kuew

neither of them excepting by citations in other astronomical text-books

and commentaries. Bentley had in his hands two treatises which he
calls the Arya-Siddhanta and the Laghu-Arya-Siddhdnta, which are pos-

'sibly identical with those above named.* The Berlin Library also con-

tains (Weber, No. 834) a work which professes to be a commentary on
the Dagagitika. ;
9. Vardha-Siddhénta. The only distinetively astronomical work of

" Vardha-mihira appears to have been his Pafica-siddhantiké, or Compen-

dium of Five Astronomies, of which we have already spoken (note to
1. 2-8), and which was founded upon the Brahma, Strya, Paulica, Va-
sishtha, and Romaka Siddhantas. 1t is supposed to be no longer in
existence, although the astrological works of the same author have been
carefully preserved, and are without difficulty accessible.

3. Brahma-Siddhanta. The proper title of the work composed by

_ Brahmagupta, upon the foundation of an earlier treatise bearing this

name, is Brahma-sphuta-Siddhanta, “ corrected Brahma-Siddhénta,” but

‘ithe word sphuta, * corrected,” is frequently omitted in citing it, as has
'been our own usage in the notes to the Strya-Siddhénta. Uolebrooke
* possessed an imperfect copy of it, and it was also in Bentley’s posses-

sion. Upon it was professedly founded, in the main, the Siddhanta-Ci-
romani of Bhéskara, .

4, Romaka-Siddhanta. Of the name of this treatise, the only one
we have thus far met with which is not derived from a real or supposed
author, we have spoken in the note to i. 4-6. It is said by Colebrooke
to be by Orishena, and to have been founded in part upon the original
Vasishtha-Siddbanta ; its early date is proved by its being one of those
treated as authoritics by Vardha-mihira. No copy of it seems to have
have been discovered in later times. 1

~ Our list also mentions a Bhoja-Siddhanta, probably referring to some ‘

astronomical work published during the reign, and under the patronage,
of Raja Bhoja Deva, of Dhird, in the tenth or eleventh century of
our era. ) .

‘% See an article by Fitz-Edward Hall, Esq., On the Arya-Siddhints, in a later
part of this volunie, ,
VOL. VI 54

.:Ti'b,@is said also to have derived his material in part from
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IV, Onr fourth class is headed,\hy the Siddh&nw%?ﬁw;mi, written in
the twelfth century by Bhaskara Achrya, and founde up%;a he Brahma-
Siddhénta of Brahmagupta. Our numerous references to it and cita-
tions from it indicate the prominent and important position which it
occupies in the modern astronomical literature of India. For.4 descrip-
tion of the numerous commentaries upon it, see Colebrooke’s Hindu
Algebra, note A (Essays, ii. 450 etc.).

The longer of the lists given above mentions two ox three other
works of yetlater date. Among them the Siddhanta-Sundara is the
‘most ancient, having been composed by Jiana-raja at the beginning of
the sixteenth century. The Graha-Laghava is a treatise of the same
class, and is highly considered and much used throughout India, although
omitted from the Pdna list. It is of nearly the same date with the
work last spoken of, being the composition of Ganega, and dated cake
1442 (A.D: 1520). The Siddhanta Tattva-Viveka, more usnally styled
the Tattva-Viveka simply, is a century later : it was written by Kama-
lakara, about A. D.1620. The Siddhanta-Sarvabhduma dates from very
nearly the same period, and is the work of Municvara, who is also the
author of a commentary on the Ciromani, and the son of Ranganatba,
the commentator on the Strya-Siddhénta. ‘

This elass of astronomical writings might be almost indefinitely ex-
tended, but the works which have been mentioned appear to be the
most authoritative and important. . e b

Of all the treatises whose names we have cited, we know of but three
which have as yet been published—the Stirya-Siddb&nta, the Siddhénta-
Ciromani, and the Graha-Laghava; the two latter under the auspices of

! - the School-Book Saciety of Caleutta, Prof. Hall's edition of the Strya-
‘Siddhanta, to which reference is made in our Introductory Note, has

been completed by the addition of a fourth Fasciculus since our own
publication was commenced, so that we have been able to avail ourselves
of its valnable assistance throughout. :

2. p.142. Ranganétha, in the verses with which he closes his com-

mentary, states it to have been completed on the same day with the
birth of his son Muni¢vara, in the ¢ake year 1525, or A.D. 1603. For
his rélationship to other well-known anthors or commentators of astro-

_nomical treatises, see Colebrooke’s Essays, ii. 452 ete. Other commenta-

tors on the Strya-Siddhénta mentioned by Colebrooke are Nrsinha, who
wrote but a few years later than Ranganfitha, and Bhiidhara and Dada
Bhai, whose age is not stated. The Mackenzie collection (see Wilson's

Oatalogue, p. 118 ete.) contained commentaries on the whole or parts of |
the same text by Mallikarjuna, Yellaya, an Aryabhatta, Mammabhatta,
_and Tammaya.

4, p. 143,  As no especially suitable opportunity has hitherto offered

“itself for giving in our notes the synonymy of the names of the planets,

we present here all the appellations by which they are known in the text
of the Strya-Siddhanta. '

The sun is called by the following names derived from roots signify-
ing “to shine” : arka, bhanu, ravi, vivasvant, strya; also savilar, liter-
ally “enlivener, generator”; bhdskare, *light-maker”; dinakara and

e 3 i f '
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divékara, ¢ day-maker” ; and tigmangu and ttksknangu, “ having hot or
‘piercing rays” | : : 3
- Themoon, besides her ordinary names indu, candra, vidhu, is styled
nighkara, “ night-maker” ; nigdpaty, *lord of night”; enushnagu, gita-
gu, chlémen, gitadidhiti, himaragmi, himangu, himadidhiti, ¢ haviog cool
rays”; and gagin and pagdnka, ¢ marked with a hare’” : the Hindu fancy
sees the figure of this animal in the spots on the moon’s disk. The
name some nowhere divectly oceurs, but it is implied in the title sdumya
given to M@reury. _ :
Mercury is styled jia and budha, “ wise, knowing”; also cagcija and
stumya, * son of the moon.” The reason of neither appellation is ob-
vious, It will be seen below that the moon, the sun, and the earth have
ench of them one of the lesser planets assigned to it as its son: why
Mercury, Satum, and Mars were selected, and on what grounds their
respective parentage was given them, is hitherto entirely unknown,
Venus hag one name, eukra, brilliant,” which is derived from her
aetnal character : she is also known as bhrgu, which is the name of one
of the most noted of the ancient sages, or as bhrguja or bhargava,
" 4gon of Bhrgu.”

Mars has likewiso a single appellation, angdrake, coal,” which 1is
given him on account of his fiery burning light: all his other titles,
namely kuja, bhitputra, bhimiputra, bhisuta, bhiuma, mark him as “son
of the earth,” DN eiadie i

‘Jupiter is known as ::bﬁas}dastz’, which is, as alteady more than once :

noticed, the name of & divine personage, priest and teacher amoug the
gods; the word means originally lord of worship.”- The planet also
receives someé of his titles, namely guru, “ preceptor,’ and amareyd,
“teacher of the immortals” The only other name given to ity jive,
“living,” is of doubtful origin. ‘ '

Saturn has two appellations, each represented by several forms;
namely “son of the sun,” or arkeja, arki, stiryatanayd ; and ¢ the slow-
‘moving,” or manda, cani, candigcard. -
~ All these pames, it will be noticed, are of native Hindu origin, and
have nothing to do with the appellations given by other nations to the

_planets. In the Hindu astrological writings, however, even those of &
very eatly period (see Weber’s Ind. Stud, ii. 261), appear, along with
these, ofher titles which are evidently derived from those of the
Greeks,

4. p.148. We have everywhere cited Bentley’s work on Hindu
astronomy according to the Tiondon edition of it (8vo, 1825), the only

~one to which we have had access.

In a few instances, where we have not specified the part of Bhaskara’s

' Siddhénta-Ciromani to which we refer, the Ganitddhydya, or properly

astronomical portion of it, is intended.

" B pr161. For the convenience of any who may desire to make a
more detailed examination of the elements of the mean motions of the
planets adopted in this treatise, aud to work out the results deducible
from them, we present them in the following table in a more exact form,
We give the mean time of sidereal revolution, in mean solar days, and
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a Julian year, of 365} mean solar days.
Mean Motions of the Planets.

the amount of mean motion, in seconds, during a day, and also during

iy

¥

Planet, sl ;;T:vzfmon‘ | Mean daily motion. |Mean yearly motion

d o " i

Sun, 365.25875648 3,548.16956 1,295,068.931
Mercury, 87.96970228 | 14,732.34496 5,380,988:996
Ventis, ¢ 224.69856755 5,767.72702 2,106,602.295
Mars, 686.99749394 1,686.46976 689,033.081
Jupiter, 4,332,32065235 269.14683 109,263,381
Saturn, 10,765.97307461 120.38151 43,969.346

| Moon, i :

sider. rev., 27.32167416 | 47,/434.86773 | 17,325,585.437
gynod. rev,, 2653058795 |  43,886.6¢817 16,029,616 507
apsis, 3,232,09367415 400.97848 146,457.389
node, 6,794.399831,2;' 190.74532 69,669.730

@. p.161. The system of the Strya-Siddhénta, so far as concerns
the mean motions of the planets, the date of the last general conjunc-
tion, and the frequency of its recurrence, is also that of the Cakalya-
Sanhitd. It is likewise presented, according to Bentley (Hind. Astr,, p.
o 116), by the Soma and Vasishtha Siddhantas. So far as can be gath-

ered from the clements of the Paulica and Laghu-Arya Siddhantas, as '
reported by Colebrooke and Bentley, these treatises, too, followed 4 simi-
lar system ; the revolutions of the planets in an Age, as stated by them,
where they differ from those of the Strya-Siddhanta, always differ by a
number which is 2 multiple of four. Some of the astronomical text-
books, however, have constructed their systems in a somewhat different
matiner.  Thus the Siddhénta-Ciromani, following ‘the aunthority of
Brahmagupta and of the earlier Brahma-Siddhénta, makes the planets
commence their motions together at the star { Piscium at the very com-
mencement of the Aon, and return to a general conjunction at the same
point only after the lapse of the whole period of 4,320,000,000 years.
The same is the case with the Arya and Par¢ara Siddbhéantas: they too,
as reported by Bentley (Hind. Astr., pp. 148, 150), state the revolutions
of the planets for the whole Hon only, and in numbers which haye no
common divisor, so that they assume no briefer cycle of conjunction,
But they all, at the same time, take special notice of the commence-
ment of the Iron Age, which they malke to begin at the moment of mean
sunrise at Lanké, and manage to effect very nearly a gencral covjunc-
tion at the time of its occurrence, as is shown by the table at the end

of this note, in which are presented the positions of all the planets, and
of the moon’s apsis and node, as stated by them for that moment.
‘We insert these data here, because they seem to us to furnish ground
for important conclusions respecting the comparative antiquity of the
two systems. The commencement of the Iron Age, which to the one
is of cardinal importance as an astronomical epoch, is to the other
simply a chronological era, having no astronomical significance. Now
if, as has been shown in our notes to be altogether probable, that epoch
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is in fact of astronomical origin, being arrived at by retrospective caleu-
. Jation of the planetary motions, we can hardly avoid the conclusion that
the system which presents it in its true character is the more ancient
and original. This conclusion is strengthened by the notice taken of
the epoch by the Siddhénta-Ciromani and its kindred treatises. We do
not see how their treatment of it is to be explained, excepting upon the
supposition that a general conjunction at that time was already so firmly
established as a fundamental dogma of the Hindu astronomy, that they
were compelled, even while rejecting the theory of brief cycles and re- -
curring conjunctions, to pay it homage by so constructing their elements
that these should exhibit at least a very near approach to a conjunction
at the moment. We are clearly of opinion, therefore, that, apart from
all consideration of the relative age of the separate treatises, the system
represented by the Strya-Siddhanta is the more ancient.

Mean Places of the Planets, 6 o'c A. M, at Ujjayint, Feb.18th, B. C.3108.

Planet. Siddhinta-Ciromani. Arya-Siddbanta. |Pérdcara-Siddbanta.

8 o % i & L) \ L H S ’ £

Sun, 3 Ooo0 0o (o AT o TN o WA o [ A RO o
Mercury, Y aniad a0 )OS Rl R NN R el By
Venus, Y1 a8 dag 14 b e i e s 1 26058 34
Mars, X199 Ji 60 o BEER WIC 0 SR 129l 1q 38
Jupiter, Tz a9 an 36 8 e oty iy G 11 a7 a1 83
Saturn, 11 98 46 34 Sl bl o e o 11 28 Sn i
Moon, ol leile o (ol il L 0l 010 48
¢ gpele, 1 4"5 a9 46 4 30004 £08 13 dg

“  node, (AR TR Bt 387 g4 L% A NP G

7. p.164, We present in the annexed table, in the same form as
above (note 5), the elements of the mean motions of the planets as cor-
rected by the bija. o

; Mean Motions of the Planets, as corrected by the bija.

Planet. l sidereg‘lir;']eﬁvgfuﬁon‘ Mean daily motion. | Mean yesrly motion. "
, d (L H

Mereury, 89.96978075 14,732.33182 5,380,984.196 \

Venus, 224609895152 5,967. 71717 2,106,668.695
Jupiter, 4,332.41581277 299-14026 109,260.981 }
Saturn,’ 10,764.89171783 120.39136 43,972.946 |

| Moon's apsis, 3,232.12015592 | | 400.97519 146,456.18¢
% node, 6,794 28280845 190.74861 69,670.930 l

{ 8. p. 166, At the time when we wrote our note, we had not observed
that Bentley himself explains, in a foot-note to page 117 of his work,
this appatent error. In the case of Mercury, since the number of revo-
lutions as stated by the text of our treatise did not yield him the result
which he desired, he has quietly taken the liberty of altering it from
17,937,060 to 17,987,024, assuming, as his justification, an error of the
copyists which has not the slightest plaunsibility, and ignoring the fact

X
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that the correctness of the former number is avouched by its oceurrence
in other treatises. It is highly characteristic of Bentley, that he has
thus arbitrarily amended one of the data upon which he rests the most
important of his general conclusions, a conclugion which, but for such
emendation, would be not a little weakened or modified. Any one can
see for himself, upon referring to our table given on page 188, with how
much plausibility Bentley is able to deduce, from the dates of its fourth
columm, the year A.D. 1091 as that of the composition of the Strya-
Siddh&nta. We have been solicitous to allow Bentley all the credit we
possibly vould for his labors upon the Hindu astronomy, but we cannot
avoid expressing here our settled conviction that, as an authority upon
the subject; he is hardly more to be trusted than Bailly himself, that his
work must be used with the extremest caution, and that his determina-
tion of the successive epochs in the history of astronomical science in
India 1s from beginning to end utterly worthless.

9. p. 167. We have not fulfilled our promise to recur in the eighth
chapter to the subject of the sun’s error of position, because we felt our-
selves incompetent to cast at present any valuable light upon it. Noth-
ing but a careful and thorough sifting and comparison of all the earliest
treatises, together with the traditions preserved by the commentators,
and the practical methods of construction of the calendar, is likely to
settle the question as to the manner in which the elements of the plan-
etary orbits were originally made up.

10. p.168. In making out our comparative table of sidereal revolu-
tions, we have calculated the column for Ptolemy as we conceive that
he would himself have calculated it, had he been called upon to do so.
M. Biot, having in view an object different from ours, has carefully re-
vised Ptolemy’s processes (see his Traité Klémentaire d’Astronomie
Physique, 8me éd., v. 87-71), and has deduced from the latter’s original
data what he regards as the true times of sidereal revolution of the pri-
mary planets furnished by them; his periods are accordingly slightly
different from those presented in our table.

Colebrooke (As. Res., xii, 246 ; Essays, ii. 412) has also given a com-

arative table of the daily motions of the planets, but has committed in -

it the gross error of setting side by side the sidereal rates of motion of
the Hindu text-books and the tropical rates of Pfolemy and Lalande.
Of course, his data being incommensurable, the conclusions he draws
from their comparison are erroneous.

11 p. 171. We add, in the following table, a comparison of the po-

sitions of the apsides and nodes of the planets as stated in our treatise—
being those which are adopted, with unimportant variations, by all the

schools of Hindu astronomy—with those laid down by Ptolemy in his
Syntaxis. The latter we give as stated by Ptolemy for his own period,

without reducing them to their value in distances from the initial point
of the Hindu sphere. The actual distauce of that point, or of the
vernal equinox of A.D. 560, from the vernal equinox of Ptolemy’s time,

is about 54°. We should remark also that Ptolemy does not state

expressly and distinetly the positions of the nodes: we derive them from
the rules given by him, in the sixth chapter of his thirteenth Book, for

[
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caleulating the latitude of the planets : not being, héwever, altogether
confident of our correct understanding and interpretation of those rules.

Positions of the Apsides and Nodes of the Planets.

 Planet, Si‘?gﬁmm Ptolemy. | Difference.
Apsides: i S il
Sun, by o 65 30 |+11 45
Mercury, 220 26 ‘| 190 | ‘0 |4 30/ 26
i Venus, 79 49 95 o | 424 49
Mars, ydaiiy oL A o B
Jupiter, b o0 A 1o G0 (5 Gt S R s (0 BT
Saturn, 240" 881" 433 g iiL 1a e 38
Nodes :
Mercury, 20 44 |10 o | 410 44
Venus, 59 45 8900 L S AR
Mars, 40 4 b o Tl 7 R 7
Jupiter, 79 - 4r B8 o (U aBAr
Saturn, 100w 26 B30 e 82 35

It will be perceived that the differences here are not so great as to ex-
.elude the supposition of a connected origin. 'We do not ourselves be-
lieve that the Hindus were ever sufficiently skilled in observation, or in
the discussion of the results of observation, to be able to derive such
data for themselves, or even intelligently to modify and improve them,
when obtained frem other sources. In order, however, fully to under-
stand the relation of the Hindu to the Greek seience in this part, we re-
quire to know, first, what were the positions assigned to the apsides and
nodes by Greek astronomers prior to Ptolemy, and secondly, what were
their actual positions at the periods in question. Upon the first point
no information appears to have been handed down to our times; and as
regards the other, we have not found any modern determination of the
desired data, and are not ourselves at present in a situation to undertake
80 intricate and laborious a calculation. j

12. p.178. The era of the kali yuga, or Iron Age, is not in prac-
tical use among the Hindus of the present day: two others, of a less
remote date, are ordinarily employed by them in the giving of dates.
These are styled the eras of ClivAhana and of Vikramaditya respect-
ively, from two sovereigns so named : their origin and historical signifi-
cance are matters of much doubt and controversy. The years of the
era of Ghlivahana are, according to Warren (Kala Sankalita, p. 381 and
elsewhere), solar years: their reckoning commences after the lapse of
'3179 complete years of the Iron Age, or early in April, A.D. 78 the
1782nd year, accordingly, coinciding with the 4961st of the Iron Age,
commenced, as is shown by the table on p, 174, April 12th, 1859, and
~ ended April 11th, 1860. The years of this era are generally cited as

gake or gdka years, In the other era, the luni-solar 1-ec%oning is followed
(Warren, as above, p. 891 and elsewhere); and its first year began with
the 8045th of the Iron Age, or early in 58 B. (. ! its 1962nd year, coin-
ciding with the 4961st of the remoter era, commenced {see table on p,
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174) April 4th, 1859, and ended March 22nd, 1860. The years of this
era are called and quoted as sumvatsara years, or, by abbreviation, sim-
ply samvat. i ‘

B3. p.183. M, Vivien de St. Martin (in Julien’s Mémoires de Hiouen-
Thsang, ii. 258) supposes the value of the Z in use in China during the

seventh century to have been about 829 metres, or 1080 English feet. -

This would make the values of the three kinds of yojana mentioned by
the Buddhist traveller to be 84, 6%, and 84 English miles respectively.

@4. p.188. TIn the first table upon this page, we have, by an over-

sight, given the earth’s heliocentric longitade, instead of the sun’s geo-

centric longitude. To the sun’s place as stated, accordingly, should be
added 180°,

15. p.196. M. Biot (Journal des Savants, 1859, p. 409) suggosts that
the Hindus, like Albategnius, obtained their sines directly from the
chords of Hipparchus or Ptolemy. This may not be an altogether ir-
possible supposition, but it is, at least an unnecessary one, for they cer-
tainly had geometry enough, at the time of the elaboration of their
astronomical system, to construct their table independently. Our notes
have presented Delambre’s view of the method of its construction and
the reason of its limitation to arcs which are multiples of 8°45'. We
ecannot but feel, however, upon maturer consideration, that the correct-
ness of that view is very questionable; that the Hindus could probably
have made out a more complete table if they had chosen to do so; and
that a sufficient reason is found for their selection of the arc of 3% 450
in the fact that it is a natural subdivision of a recognized unit, the arc of
30°, while the series of twenty-four sines was sufficiently full and aceu-
rate for theiruses. We have been at the pains to calculate the complete
series of Hindu sines from Ptolemy’s table of chords, assuming the value
of radius to be 3438/, in order to test the question whether there were
any correspondence of errors between them which should prove the one
to'be derived from the other: our results are as follows. In five of the
instances (the 14th, 15th, 19th, 22nd, and 23rd sines of the table) in
which the value of the Hindu sine exceeds the truth, Ptolemy supports
the error: in the other three cases (the 16th, 17th, and 18th sines),
Ptolemy affords the correct value; to the 6th sine, also, which by the
Hindus is made too small, Ptolemy’s table gives its true value, but the
next following sine he makes too great (namely 1520.59, which would
give 1521, instead of 1520); this is his only independent error. The
evidence yielded by the comparison may be regarded as not altogether
unequivoeal, : :

For the benefit of any who may desire to make practical use of the,

Hindu sines, in calculations conducted according to the processes of the
Strya-Siddhanta, we give, upon the opposite page, a more detailed table
of them than has been presented hitherto, with such sets of differences
annexed as will enable the calculator readily to find the sine of any

iven are, or the reverse, without resorting to the laborious proportions

y which the text contemplates that they should in each case be deter-
mined. Such a table we have ourselves found highly useful, and even

almost indispensable, in connection with our own calculations.

‘‘‘‘‘‘
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 Table of Hindu Sines, with Differences.

Are, | Sine. pit. || Are. | sSiie. | Dit |l Are. | Sine. | Dift
ez 1 hi o @iy ! oy ol 0 B
o o 30 |amg  11]0.849 ||6o 278 |1 [0.471
t 6o Il 3t 1769.93 | 2| 1698 |1 61 3006.27 | 2 | 0:942
2 120 |1 1000 || 32 18208732947 lea | 303458 | 3| 413
413.306 4]1.884
3 180 33 1871.80 | o 4t 63 3062.80 5| 2.356
345|225 33 451 1910 |- 163 451 3084 | jreceers
4 239.93 | 10996 || 34 1g22.20 (1 [0813 ||64 | 3ogoao |1 0413 .
U el ?'2:7 |65 |35 |2 ‘?‘8;"7.’
o 2.987 . 2.440 (9 L2 n';
6 | S99uo ([}l (|96 | ore.Sqiid giRs IR HREE I Gaal
7 41913 151 4,978 || 37 2068.60 1 5 | £ 06 | & 316460/ 5 2.067 /
7 30| 449 il 37 30| 2093 | I 1167 30| 3177l
8 4786010987 || 38 a116.20 | 1 °~g73 (t68 | 3187681 0.351 |
| 5378012197 |l 3 62.60| 2| 1947 ll6g | 320860 %|%79% |
9 s 3 l2.960 J e 3| 2.320 69 3 ‘\’03 1.063 |
V1o | Sgr 3180y, (40 | 9309 G GO EORENE L et
1r 656.20 5 | 4,933 || 41 2255.40 | 5 | 3.867 |78 325‘?;'\74'~‘5 1756
px a5 6gr [l AT 15| 226 71 15| 3266 e
G ¢ 110973 (Ui 0.720 . l1]o28g
12 714.80 1 5 | 1.947 42 2299.80| 1.458 || 72 3269 lalosos
13 793,20 |3 ! 2.920 || 43 2343.52 |31 2.187 || 73 3286.33 | 3| 0,867
14 831.60 (413893 ll 44 | 2387.07 412916 Nng | 3303.67,41.150
Sl L R IR s B R L
1| 0.956 . 1| 0.684 1 {0227
16 947331 4 | 1.g11 || 46 2472.07 | 5 | 1369 76 333460, 0453
17 100467 |3 12.867 || 47 2513.14 [ 3| 2,053 || 77 3348.20 3 | 0.680
118 | 1062 |[4]3822 fig 554,21 | 412738 |18 | 3361.80 40997
B gt 0 LR e i | TG e 1y
18 45| 1105 |—o—eii 48 45 2585 (78 45| 3372 |- -
19 |1mg |1]|0933 l4g | 2504.53|% (0636 lag | 337447 1 |0.164
20 1175 ; "267 50 2632.67 ; x.nz; 80 3384.33 ; °'32§
‘ 2.800 1.9 0:493
ar 1231 4] 3733 51 2670.80 P 81 3304.20 4l 0658
22 | 1987 I5fg66y ||52 | 3708.935]3.098 (182 | 3404071516800
32 30l:1315 : 52 30| 2728 82 30| 3409
23 1342.33 | 1 | oot {153 2745.47| 1} 0:582 |l 83 34r1.93 |1 | 0098
a4 w8y [2]1822 llsg | agougo|2|F104 ligg | 3417.80|2| 0190
2y 31 2.933 . vl 3| 1947 . 3 _o- 3}0.203
25 1451.67 4| 3.644 4o 2815.33‘4 2.329 85 342367 4 0395
26 1506.33 | 5 | 4 556 || 96 2850.27 |5 | 2,911 || 86 3429.53 | 5| 0.48¢
26 15 | 1520 ' 56 15| 2859 —186 15| 3431 |
oyl 550,801 0-824 G 2882.80 : o‘igg 87 3432.40 | °‘°2‘
2 | 1.769 1 210,062
28 1619.87 302653 58 2914.53 31158, 88 3434.27 3| 0.008
29 166594 413.538 59 2946.26 4. 2.116 89 343613]4 0.124
3o 1719 54 4422 || 6o 2078 9.1 2644 |l 9o 3438 \5 0.156

oL, v 55



G,

430 E. Burgess, etc., [ii. 27~

In explaining how the Hindus may have arrived at their empirical
rule, as laid down in verses 15 and 16, for the development of the series
of sines, we have also, as mentioned in our note, followed the guidance |
of Delambre. Prof. Newton, however, is of opinion that the rule in
question was probably obtained by direct geometrical demonstration, in
some such method as the following, which is much more in accordance

* with the mathematical processes exhibited or fmplied in other parts of
the Strya-Siddhéanta, ‘

In the quadrant A B (Fig. 84),let BF, BD, and BE be three arcs, of

: which each exceeds its predecessor
Fig, 84, by the equal increment D F or D E;
2l and let Em, D7, and E% be their
sines, increasing by the unequal dif-
ferences DA and Eg. Now as ED
and DF are small arcs (they are
ghown in the figure of three times
the proportional length of the arcs
of difference of the Hindu table),
EDg and D Fh may be regarded as
plane triangles, and the angles made
by CD at D asright angles : hence
the angles ED g and C D/ are equal,
the triangles EDg and CD! are
similar,and ED:Eg::CD:Cl; or
Eg=ED.C/<-CD. In like man-
ner, Dh=ED.Cm~-CD. There-
fore Dh—~Eg=ED.Im=-CD; and Eg, which is the amount by
which E% exceeds D!, equals D he-(ED.Im-~CD). But, by simi-
larity of the triangles CD/ and DF4, Fh, or Im, equals ED.D I+
CD; and hence ED.iIm=CD =(ED?+-CD?)D/, or (ED-
CD)2 DL Now when ED equals 225’ and CD 38438, ED--CD =
s nearly (or exactly vglyy), and (ED-=-CD)?= z4x nearly (more
exactly, gudzy). Hence El=D!+4Dh~ziz DI/, which is equiva-

lent to the Hindu rule.

When we wrote the note to the passage of the text relating to the
sines, we assumed that the rule as there stated would give the series of
sines, having found upon trial that it held good for the first few terms of
the series. But, it having been pointed out to us by Prof. Newton that
the adoption of % as the value of ED £ C D could not but lead to
palpably erroneous results, we carried our calculations farther, and found
that only five of the sines following the first one can be deduced from
it by the processes prescribed ; that with the seventh sine begins a dis-
cordance between the table and the result of caleulation by the rule,
which goes on increasing to the end, where it amounts to as much as
70’ in the value obtained for radius.

This untoward circumstance, which may be regarded as a trait highly

# characteristic of a Hindu astronomical treatise, seems to us rather to
favor the opinion that the rule is the result of construction and demon-
stration, and not empirically deduced from a consideration of the actual
second differences. In the latter case we should more naturally suppose
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‘that it would have been tested throughout by actual trial; while, if it
had been arrived at in the manner above explained, an application of it
to the first few members only of the series might more easily have been
accepted as a suflicient test of its correctness. i

16. p. 203. Woe are not sure that the name bhuja may not origin-
ally and properly belong rather to the arc than to its chord or sine, It

comes from a root bhuj, “ bend,” and signifies primarily “a bend, curve,”-

being applied also to designate the arm on account of the latter's sup-
pleness or flexibility, The word koti also most frequently means “the
end or hornof a bow.” We might, then, look upon the relations of the
arc (dhanus, capa, karmuka) and its parts and appurtenances as follows.
The whole arc taken into account is (Fig. 2, p*203) QRS : of this, BRC
is the bluja, curve or bow proper, while B(S_ and C8 are its two Zotis
or horns: B C is the chord or bow-string (jyé ete.), or, more distinct-
ively, the bhujajyd ; which name, by substitution for jydrdha, iy also ap-
plied to either of its halves, BH or HC: BF or CL is in like manner
the kotijyd ; ‘R H, finally, the versed sine, is the “arrow” (gara, ishu);
by this name it.is often known in other treatises, although not once so

styled in this Siddhanta. If this view be correct, the terms blwje and -

koti as applied to the base and perpendicalar of a right-angled triangls,
- are given them on account of their relation to one another as sine and
cosine, while the synonyms of bhuje, namely bdhu and dos, are employed
on account only of their agreement with it in the signification * arm,”
and not in that which gives it its true applieation. = For kot the treatise
affords no synonyms. :
17 p. 207. M. Delambre, in his History of Ancient Astronomy (i.
462 etc)., has subjected to a detailed examination the rules of the Sﬁr}’&
Siddbanta for the caleunlation of the equations of the centre for the sun
and moon, has reduced them to a single forula, and has caleulated for
each degree of a quadrant the values of the equations, comparing them
with those furnished by the Hindu tables, as reported by Dayis (As. Res.,
il. 255-256). M. Biot has more recently, in the Journal des Savants
for 1859 (p. 384 etc.), taken up the same subject anew, especially point-
ing out, and illustrating by figures and calculations, the error of the
Hindus in assuming the variation of the equation to be the same in all
the four quadrants of mean revolution.

18. p. 220. Neither Delambre nor Biot (both as above cited), nor
any other western savant who has freated of the Hindu astronomy, has
found any means of accounting for the variation of dimensions of the
planetary epicycles. In its present form and extent, indeed, it seers to
defy explanation : we can only conjecture that it may be an unintelli-
gent and reasonless extension to all the planets, and to both classes of
epicycles, of a correction originally devised and applied only in one or
two special cases. According to Colebrooke (As. Res,, xii. 235 ete.;
Essays, ii, 400 etc.), there is discordance among the different Hindu au-
thorities upon this point. Aryabhatta agrees with the Strya-Siddhanta
throughout; Brahmagupta and Bhaskara make the epicycles only of
Venus and Mars variable ; Munigvara, in the Siddh&nta-Sarvabhauma,
regards all the epicycles as invariable,

L
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19, p.236. Our suggestion of a possible derivation of the term yoga
from the “sum” of the longitudes of the sun and moon is unquestion-
ably erroneous.  That term is to he understood here in the sense of
“ junction, conjunction,” and the conception upon which is founded its
application to the periods in question is that of a conjunction (yoga) of
the moon with the twenty-seven asterisms (nakshatra) in theiv order, or
« her successive continuance in tlicir respective portions,  Only the sys-
tem is divorced from any actual connection with the asterisms ; for while
the latter are stellar groups, having fixed positions in the heavens, they
are here treated as if the twenty-seven-fold division of the ecliptic found-
ed upon them had no natural limits, but was to be reckoned from the
actual position of the sunat any given moment.

- According to Warren (Kala Sankalita, p, 74), the names of the twenty-
seven yogas, as given by us on page 236, are also applied by the Hin-
dus to the junction-stars (yogatdrd) of the asterisms (with the omission,
of course, of Abhijit) : for which see the notes to the eighth chapter.
This fact we do notfind noticed elsewhere; possibly the usage is a local
one ounly.

Of the twenty-eight yogas of the other system, to which the Strya-
Siddh&nta makes no reference, the names are given by Colebrooke as
follows : :

. Ananda. 10. Mudgara, 19, Siddhi.

Tl

2, Kaladanda. i 1r Chattra, 20, Qubha.

3, Dhtimra, . 12, Maitra, a1, Amrta.

4. Prajipati. 13. Ménasa. 22, Musala.

5, Saumya. 14. Padma, 23, Gada,
6. DhvAnksha. 15. Lambaka. 24. Matanga.
2. Dhvaja. 16. Utpata. 25, Rékshasa.

8. Crivatsa. 47, Mrtyu. 26. Cara.

9. Vajra. 18, Kana. 27. Sthira,

28, Pravardba.
Colebrooke says farther : ¢ The foregoing list is extracted from the
Ratnamald of Cripati. He adds the rule by which the yogas are reg-
ulated. On a Sunday, the nakshatras answer to the yogas in their

natural order ; viz. Acvini to Ananda, Bharani to Kiladanda, etc. But,

on a Monday, the first yoga (Ananda) corresponds to Mrgagiras, the
second to Ardré, and so forth. On a Tuesday, the nakshatra which
answers to the first yoga is Acleshé; on Wednesday, Hasta; on Thurs-
day, AnurAdhé ; on Friday, Uttara-Ashadha; and on Saturday, Cata-
bhishaj.”

This is by no means a clear and sufficient explanation of the charac-
ter and use of the system, yet we seem to see distinctly from it that this,
no less than the other system, is cut off from any actual connection with
the twenty-eight asterisms, since the succession of the yogas is made to
depend upon the day of the week, while the week stands in no constant
and definable relation to the m f the moon.

20, p.246. In stating tha -Siddhanta farnished no hint of
the precession excepting in this passage, we failed o notice that in one
other place, namely in connection with the rules for finding the time

L
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when the declinations of the sun and moon are equal (xi. 6), the pre-
cession is distinctly ordered to be calculated, and in terms which “con-
tain an evident reference to those in which the fact of the precession is
here stated. = The exception, however, is one which goes to prove, rather
than overthrow, the general rule: the process in which we are for once
fayored with explicit directions upon the point in question is the one of
~all others in the work the most trivial, and the chapter which contains it
furnishes, as pointed out by us in the notes, good reason to suspect laté
alterations and interpolations. . We do not, then, regard the statement
made in our note as requiring to be either retracted or seriously madi-
fied. Nor do we, although fully appreciating the difficulty of assuming
that the original elaborators of the general Hindu system can have been
ignorant ofy or ignored, the precession, regret the force and distinctness
with which we have stated the circumstances which appear to favor that
- assumption. Whether it be true or false, there is much in connection
with the subject which is strange, and demands explanation: and that
can only be satisfactorily given when there shall have been attained a
more thorough comprehension of the early history and the varying forms
of the science in India. ‘

21. p. 258, The commentary frequently styles the sine of altitude
mahdcanku, “great gnomon,” to distinguish it from the ganku, *gno-
mon,”

22, p. 275. Our statement that the Strya-Siddhinta employs only
the term graka to designate the planets requires a slight modification.
In one instance (ii. 69) they are called khacarin, and in one other (ix, 9)
khactra, both words signifying “ moving in the ether” (see xii. 28, 81),

23. p. 282. This use of the word prdei,  east, east point,” appears
to be taken from the projections of eclipses, as directed to be drawn in
the sixth chapter. Thus, in the figure there given (Fig. 27, p. 301),
E M and » M represent the directions of the equator and ecliptic with
reference to one another at the moment of first contact, and E and v
are the ecast-points (prdct) of those lines respectively : the arc Ev, or
the “interval of the two east-points,” is the measure of the angle which
. the two lines make with one another at the given time.

24. p. 285. As promised above, we present here, by way of appen-
dix to the fourth chapter of our translation and notes, a

CALOULATION, ACCORDING 1O THE DATA aAnD METHODS OF THE SORYA-
. Siopminra, or maE Lunar Ecuesn or FeBrUARry 61H, 1860,
FOR THE LATITUDE AND LONGITUDE OF WABHINGTON,

Bailly, in his work on the Hindu' astronomy (p. 355 efe.), presents
several calculations of eclipses by Hindu methods, namely of the lunar
“eclipse of July 29th, 1730, of the lunar eclipse of June 17th, 1704, and
of the solar eclipse of Noy. 29th, 1704. DBut, owing to his imperfect
comprehension of the character and meaning of many of the processes,
and owing to his incessant use of Hindu terms in the most barbarous
transcriptions, without explanations, his intended illustrations are only
with difficulty intelligible, and are exceedingly irksome to study. = Davis,

L .
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in his first valuable article in the Asiatic Researches (ii, 273 etc.), has
also furnished a caleulation of a lunar eclipse, as made by native astron-
omers, comparing their results, obtained by several different methods,
- with the actual elements of the eclipse, as given by the Nautical Alma-
nac. As it seemed desirable to give a like practical illustration of the
Hindu methods of calculation, in connection with this fuller exposition
of their foundation and meaning, and by way of an additional test of the
accuracy of the results which the system is in condition to furnish, we

have selected for the purpose the partial eclipse of the moon which oc-

curred on the evening of Feb. 6th, 1860. Our calculations are made
according to the elements of our text alone, without adding, like Davis,
the correction of the bija, since our object is to illustrate the text itself,

L

and not the modern system as altered from it. The course of the suc-

cessive steps of our processes may not everywhere strictly aceord with
that which would be pursued by a native astronomer, as we take the
rules of the text and apply them according to our own conception of
their connection, ‘

‘We omit the preliminary tentative processes, and conceive ourselves
to have ascertained that, at the time of full moon in the month Méagha,
1. A. 4961 (see page 174), or samvat 1917 (see add. note 12), the moon
will be eclipsed. : !

1. Tofind the sum of days (ahargana, dinardgi) for mean midunight
next preceding full moon.

The sixth day of February, 1860, being the day of full moon (pdrni-
mé), is the fifteenth day of the first, or light, half of the lunar month
Magha, the eleventh month of the year, as is shown by the table on
page 174. 'The time, then, for which we are to find the sum of ‘days, is
4960y 10m 144, reckoning (i. 56) only from the commencement of the
Iron Age. For this period the sum of days, as found by the processes
already sufficiently illustrated in the notes to i. 48-51,1s 1,811,981 days.

II. To find the mean longitude of the sun and moon, and of the
moon’s apsis. : '

The proportions (i, 53)

4,320,000 496076V gs 23° 17/ 17/
1,597,017,828: 1,811,081 ¢ :{ 57,753,336:66,320rev 31 9° 44/ 197/
488,203 561rev 1813° 43" 11/

give us—rejecting whole revolutions, and deducting 3¢ from the motion
of the moon’s apsis, for its position at the epoch (see note to i. 56-58)—
the mean longitudes required. These are for the time of mean midnight
at Ujjayini : to find them for mean midnight at Washington, which is
distant from Ujjayini 16715.28, upon a parallel of latitude 3986%.75 in
circumference (note to i, 63-65), we add to the position of each 1§74:52
or .42453 of its mean motion during a sidereal day. This correction is
styled the decdntaraphala. 'We have, then, :

Yong, at Ujjay. Correetion, Long. at Wash’n. .
Sun, 98 23% a7t 1t o Dlalap UeaRi - T L s L
Moon, 38 0% A4 gor e HOBAL QAL = 38150 Yol gl
Moon's apsis, 100 139 43" 1/ 85800 e 0B 30 454 51



Strya-Siddhdnta. 1 485

The place of the sun’s apsis remains as already found for Jan. 1st
(note to ii. 89) :

Longitude of sun's apsis, a8 17% 17/ 24!

In applying here the correction for difference of meridian, as well as
in all other processes of the whole calculation into which the amounts
of motion of the planets etc. during fractions of a day enter as elements,
we have derived those amounts from the motions during a sidereal day,’
and not, as in the illustrative processes of our notes, during a mean so-
lar day. The divisions of the day given in the text (i. 11-12) are dis-
tinctly stated to be those of sidereal time, and all the rules of the treat-
ise are constructed accordingly (see, for instance, ii. 59). It is evident,
then, that in making any proportion in which is involved the amount of
motion during 60 nadis, that amount is to be regarded as the motion
during a sidereal day only. In overlooking in our notes the difference
between the two, we have followed the example of all the illustrations of
Hindu methods of calculation known to us,  The difference is, indeed,
in a Hindu process, of very small account; but we have preferred, in
making this caleulation, to follow what we conceive to be the exacter
method, The mean motions during a sidereal day of the bodies con-
cerned in a lunar eclipse are as follows :

Sun, y 58" 587! 2811 5511
Moon, %30 81 aB/t aplst oy liie
Moon's apsis, 6/ 39/ 5311 11t
Moon’s node, 37 10!t 13111 98111

IIL. To find the true longitudes and motions of the sun and moon:
1. To find the sun’s true longitude (note to ii. 39):

Longitude of sun’s apsis, 2819° 19! 24"

deduct sun’s mean longitude (ii. 29), 98 23% 447 3"
Sun’s mean anomaly (kendra), 48 230357 a1 !’
Are determining the sine (bhwja-—ii. 80), 369 a5¢
Sine of sun’s mean anomaly ‘bhujojyd), 2040/
Corrected epicycle (ii. 38), ' 13° 48/
Equation (bhujajydphala—ii. 89), 4 1% 18/

add to sun’s mean longitude, 9% 239 42!
Sun’s true longitude, o2 9698 o

2. To find the moon’s true longitude (note to ii. 39) : |

Longitude of moon’s apsis, 10s 13° 457 51"
deduct moon’s mean longitude, ‘ 3s 159 197 21!
Moon's mean anomaly, 6y 280 26/ 4o’
Ate determining the sine, 280 27/
Sine of moon's mean anomaly, : 16377
' Qorrected epicycle, 319 50/
Equation, — 20 25!
deduct from moon's mean longitude, 3 5%y

Moon’s true longitude, 38 12° 547
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8. To find the sun’s true rate of motion (i, 48-49):
Sun's mean motion in 60 nidis, : G8r aare
Sine of sun’s mean anomaly, ! . 2040’
Difference of sines, ‘ 183/
Daily increase of sine of anomaly, : 47587
Tquation of motion, 4 1/ 5ot
add to sun’s mean motion, 1880 GBI
: Sun’s true motion, 6o’ 48!
4, To find the moon’s true rate of motion (i, 47-49) : *
" Moon's mean motionin 60 nadis; 788! a5t
deduct motion of apsis (il 47), 6/ 4o’
Daily increase of moon's mean anomaly, S 7817 4577
Sine of moon's mean anomaly, 1637/
Difference of sines, 199/
Daily increase of sine of anomaly, Oat1? 257¢
Equation of motion, + 617 8%
add to moon’s mean motion, | ‘ 7887 257
Moon's true motion, ] 849’ 3311

IV. To find the interval between the given instant of midnight and
the end of the half-month, or the moment of opposition in longitude of
the sun and moon, which is the middle of the eclipse. 4

At the instant of mean midnight preceding full moon, we have found
the true longitudes of the san and moon, and their distance in longitude,
to be as follows : ‘ bt j

Sun’s true longitude, 9% 259 of
Moon's do., : 3¢ 12° B4t
Distance in longitude, y 6% 120 6

Hence we see that the moon has still 12° 6’ to gain upon the sun. We
have also found their true rates of motion, and the difference of those
rates, to be as follows :

Moon’s true motion, 4 ‘ ! 849! 331
Sun's do., il 6o’ 4877
Moon's daily gain, 788" 45

Now we make the proportion : if the moon in 60 nidis gains upen
the sun 788’ 45", in how many nAdis will she gain her present distance
in longitade from the sun? or

788! 45'% 1 6on ; ;726! v 55n 13v 3p

It thus appears that the time of opposition is 557 137 3P after mean
midnight of Feb. 5-6. This result, however, requires correction, for
the moon’s motion has become sensibly accelerated during so long an
interval, and we find, upon calculation, that she is then 2/ past the point
of opposition. A repetition of the same process shows that it is neces-
sary to dedact 10V 3¢ from the time stated. Then, at 552 37 after mean
nidnight, we have as follows:

L
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. Sun’s mean longitude, A 98 24° 36/ :
Equation of place, ; ~  1° 20! i
Sun's true longitude, ! [ gh 489 BGtH0
Moon’s mean longitude, ¢ 9an9 gal
Longitude of apsis, ! ! 108 139 52/
Equation of moon’s place, : ~ 19 26/

Moon’s true longitude, 3489 860

By the same process as before, the true motions of the two planets
at the moment of opposition are found to be:
Sun’s true motion, 60! 487
Moon's .do, 854" 36/

Tt would have been better to adopt, as the starting-point of our cal-
culations, the mean midnight following, instead of that preceding, the
opposition of the sun and moon, because in that case, the interval to
the moment of opposition being so much less, it might have been found

by a single process, not requiring farther correction. The same change

would haye enabled us to follow strictly the rule given in ii, 66 for find- .

ing the end of the lunar day ; which rule we were obliged above to ap-
ply in a somewhat modified form, because a little more than one whole
lunar day was found to intervene between the given midnight and the
moment of opposition,

V. To determine the instant of:local time corresponding to the mid-
dle of the éclipse. :

hat we have thus far found is the interval between mean midnight

and the moment of opposition. But since Hindu time is practically
reckoned from true sunrise o true sunrise, we have now, in order to.de-
termine at what time the eclipse will take place, to ascertain the inter-
val between mean midnight and true sunrise. B

In order to this, we require first to know the equation of time, or the :

difference between mean midnight and true or apparent midnight, which
is the moment when the sun actually crosses the inferior meridian. As
concerns this correction, we have deviated somewhat from the method
contemplated by the text, . It is there preseribed (ii. 46) that, so soon
as the sun’s equation of the centré has been determined, there should
at once be calculated from it; and applied to the longitude of the two
planets, a correction representing, in terms of their motion, the equation
of time; so that the distance of the moment of opposition from mean
midnight does not directly enter into account at all. ~ 'We haye preferred
to follow the course we have taken, in order to bring out and illustrate
more fully the utter inadequacy of the prescribed method of making al-
lowance for the equation of time, to which we have already briefly re-
ferred in the note to ii. 46, The method in question is virtually as fol-
lows : the sun being found at the given midnight to be 1° 18/, or 78’,
in advance of his mean place, the equation of time may be ascertained
by this proportion: as a whole circle i to a sidereal day, so is the sun’s
equation of place to the time by which his true transit will precede or
follow his mean transit; or,in the present case,
: 21,600 : 6oy 3 78/ 1 on 13y
YOL, VI, 56

[
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which gives us 13 vinidis, or 5§ minutes, as the value of the equation.
But this is assuming that the sun’s motion takes place along the equator,
instead of along the ecliptic, which is so grossly and palpably erroneous
that we wonder how the Hindus could have tolerated a process which
implied it. Their own methods furnish the means of making a vastly
more correct determination of the equation in question. The mean lon-
gitude of the sun at the given midnight is—after adding to it the amount
- of the precession, as determined farther on—10¢ 14° 7'; hence, if the
sun were 108 14° 7/ distant upon the equator frorn the vernal equinox,
or if he had that amount of right ascension, mean and true midnight
would coincide. But he is actnally at 108 15° 25" of longitude. If,
then, we ascertain what point on the equator will pass the meridian at
the same time with that point of the ecliptic, its distance from the sun’s
mean place in right ascension will be the equation of time required.
This may be accomplished as follows. The sun is in the eleventh sign,
of which the equivalent in right ascension (iii, 42-45) is 1795 : his
distance from its commencement is 15° 25/, or 925’. Hence the pro-
portion (ii. 46)
18007 1 1795p : : 925/ : g22p

gives ns 922P as the ascensional equivalent of the part of the eleventh
sign traversed by the sun (bhukidsavas). Now add together the

Ascensional equivalents of three quadrants, 16,200P
do. of the tenth sign, 1,935p
do. of the partof the eleventh sign traversed, =  g22p

¢ R
their sum is 19,057P

which is equal to 108 17° 87"; this, then, is the sun’s trne right ascen-
sion.  The difference between it and his mean right ascension, 108 14° 77,
is 8° 80/, of which the equivalent in sidereal time is 210P or 857, or 14

- minutes. This, which is more than two and a half times as much as
the value formerly found for the equation, is quite nearly correct; its
actual amount for Feb. 6th being given by the Nautical Almanac as
14m 209,

There is not, among all the processes taught in the Strys-Siddhinta,
another one of go inexcusably bungling a character as this, while the
means lay so ready at hand for making it tolerably exact.

Tn going on to caleulate the local time of the eclipse, we shall adopt
the valuation. of the equation of time given by the Hindu method, or
137, but we shall veserve the distance of the phases of the eclipse from
midnight, free from this constant error of about 10m, for final compari- -
son with the like data given by our modern tables. ;

To find the local time, we must first ascertain (i, 59) the length of
the 'sun’s day, from midnight to midnight, and in order to this we need
to know in what sign the sun is. Hence we reguire

1. To determine the amount of precession for the given date,

By iii. 9-12, the proportion 4 . ;

1,577,917,828d 1 Goorev : : 1,811,081d : orev 8 8° 2/ 14,6

gives us 248° 2’ 14,6 as the part of a revolution accomplished by the
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movable point. Of this, the part determining the sine is 687 2 14".6.
Then the farther proportion . e

‘ : 103 3:: 689 27 147,61 20° 24/ 44"
gives us 20° 24’ 44" as the amount of the precession.  Now, then, to
the b :

Sun’s true longitude, - , g 25° 56/
add the precession, b 209 25/

L
Sun’s distance from yvernal equinox, 108 169 21/

This quantity is often called sdyond strya ; that is to say, “ the sun’s
longitude with the precession (ayana) added.”

The sun is accordingly in the eleventh sign, of whick the ascensional
equivalont is 17957 His daily motion has been found to be 60' 48",
Henee the proportion (ii. 59)

: 1800/ : 17950k 1 6o’ 48/ 1 60p.64
gives us 61¥, or 10V 17, as the excess of the sun’s day over a frue side-
real day of 60 nidis : its length is accordingly 60" 10¥ 17, or 21,6617,

Next we desire to know how much of this day passed between mid-
night and sunrise, and for this purpose we have

9. To find the sun’s ascensional difference (cara).

© a. To ascertain the sun’s declination, and its sine and versed sine.

The sun’s longitude, with precession added (sayana siwya), 108 16° 21/
Arc determining the sine (bhuja), 439 3g!
Sine, : ] L adeal

Now, then, the proportion (ii. 28) ' g
34387+ 1397/ 1 : 2372l s 964! ‘

gives us 964 as the sine of declination (krdntijyd); the corresponding .

arc (il 83) is 16° 17" 8; its versed sine (il 31-32) is 1394 N
b. To find the radius of the sun’s diurnal circle (i, 60).

TFrom radius, 34384
deduct versed sine of deelination, . 13¢/
' Radius of diwrnal circle (dinavydsadale, dyvjyd), 32g9"

¢. o find the earth-sine (ii. 61). ,
The measure of the equinoctial shadow at Washington is (see note to
ii. 61~63) 94.68. The proportion, then, :
i ’ 12d ; 0d68 1 2 964" ;: 778!

shows the value of the earth-sine (kshilijyd, kujyd) to be 118/,
d. To find the sun’s ascensional difference (il 61-62).
The proportion ‘
! 3299/ 1 3438! 11 778/ 1 81! iy
gives the sine of ascensional difference (carajyd), which is 811. The
corresponding are, or the sun’s ascensional difference (cara, caradala), is
13° 39/, or 8197, .

L



3. To ﬁnd the time from midnight to sunrise.

The sun's declination being south, the ascenmonal dlﬁ'erence is to be
added (ii. 62—63% to the quarter of the sun's complete day, to give the
length of the half-night. Fhat is to say,

Quarter of sun’s complete day (21,661p =-4), 5,415p
Sun’s ascensional difference, 81gp
Bun's half-night, i : 6.234p

The interval between true midunight and true sunrise is therefore
6,234», or 170 19V, That from sunwise till noon (a quantity required in
]ater processes) is found in like manner by subtracting the ascensional
difference from the quarter-day: it is 4596p.

Now then, finally,

Time of opbosition, reckoned from mean midnight, . §5n 3v
! deduct equation of timey : i 13v

do. reckoned from true midnight, - 54a 50v
deduct interval till sunrise, 170 19V

do. reckoned from sunrise, 370,31y

The time at which the opposition of the sun and moon in longitude
takes place, or the middle of the eclipse, is accordingly, by civil reckon-
ing at Washington, 872 31¥..

VI To determine the diameters of the sun, moon, and*%'hadow.

1. To find the sun’s apparent diameter.

The sun’s mean motion in a sidereal day being 58/ 587, his trife mo-
+ tion at the time of the eclipse being 60/ 48", and his mean diameter
6500 yojanas, we find, by the proportion (iv. 2)

58! 587 1 607 48!/ : : G5ooy ¢ 6702y.81

i that the sun covers of his mean orbit, at the time of the eclipse, 6702.81

yojanas. This is reduced to its value upon the moon’s mean orbit by
the proportion (iv. 2)
57,753,336 : 4,320,000 : : 67027.81 : Ho1y.37

And upon dividing the result, 501.87 yojanas, by 15 (iv. 3), we find the
sun’s apparent dlameter to be 83/ 25",
2. To find the moon’s apparent: diameter. A.»
In like manner as before, the proportion (iv. 2)
788725 1 B547 36 1 : 480% ; 5207.3
shows us that the moon’s corrected diameter is 5208 yojanas. This also,
divided by 15 (iv. 8), gives the value of the moon’s apparent diameter in

are : it is 844 417,
8. To find the diameter of the earth’s shadow.

The following proportion (iv. 4),
{ =88! 2574+ 854" 36!7 : 1 1600 : 1734y.3
determines the value of the earth’s corrected diameter (sfict) to be 1734.3
yojanas.

. Burgess, etc., | [iv.
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Again, from the ‘ e el &
 Sun’s corrected diameter, ‘ 6702y.81

' deduct the earth’s diameter (iv. 4), 1600
remaing i ; : 51o02y.8x

and this remainder, when reduced by the following/praportion (iv. 5),
6500y : 480y +: 5102y.81 : 376y‘8

gives us the excess of the earth’s corrected diameter (stict) over the di-
ameter of the shadow on the moon’s mean orbit. Hence, from the )

Farth’s corrected diametér, 1934Y.3
deduct last result, ‘ 3767.8
Diameter of shadow, 13573.5 )
divide by 15
¢ Diameter of shadow in arc, 9o’ 3o’/

VIL . To determine the moon’s latitude af the middle of the eclipse,
and the amount of greatest obscuration.

The proportion (1, 53) ;

o 1,577,017,828 : 232,238 : : 1,81 1,081 : 266rev 8y 7° 28! 2577

gives us the amount of retrograde motion of the moon’s node since the
commencement of the Iron Age. Deducting from this 6, for the posi-
tion of the node at that time (note to i. 56-58), and taking the comple-
ment to a whole circle, we have

Longitnde of moon's node, mean midnight, at Ujj., o 22° 317351/
deduct for difference of meridian, j 109!
Longitude of moon’s node, mean midnight, at Wash'n, g8 229 30’ 314/
deduct motion during 560 8v, af 550 e
TLongitude of moon’s node at moment of opposition, 9 22° 27/ 19/" ‘
cubtract from moon's longitude (ii. 67), 3226 5600
Moon's distance from node, 08 39 30/
Arc determining the sine (bhuja), 3220/
Sine, ‘ Jiaogd

Hence the proportion
34387 270" ¢1.209! : 167 ab!!

gives,us, as the moon’s latitude at the moment of opposition, 16/ 25/ 8§, *” - :
. Now, then, by iv. 10-11,

Semi-diameter of eclipsed body (34/ 41//--2), 177k a0
do. of eclipsing body (90 80"/~2), 454 300¢
their sum, . ?5—27—\3——;—7;
deduct moon’s latitude, ) 167 25!
Amount of greatest obscuration (grdsa), 46! 12

and since this amount is greater than the dianeter of the eclipséd body,
it is evident that the eclipse is a total one,
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This i§ a most unfortunate result for the Hindu calculation to yield;
for, in point of fact, the eclipse in question is only a partial one, obseur-
ing about fonrfifths of the diameter of the moon’s disk. The source of
the error lies mainly in the misplacement, relatively to the sun and moon,
of the moon’s node, and the consequent false value found for the moon’s
latitude. The latter quantity actually amounts, at the time of opposi-

tion, to 35’ 42", or more than twice the value given it by the Hindu

.processes. And it will be seen, on referring to the table on p. 188, that
the relative error in the place of the moon’s node, having been accumu-

lating for seven centuries, is now about 34°, and so reduces, by more -

than half, the true distance of the moon from her node. ‘We have tried
whether the admission of the correction of the bija would better the re-
sult, but that is not the case : the error of position is still (see the table)
nearly 2° and the moon’s latitude is increased only to 24’ 11%, so that
the eclipse still appears to be total. It is evidently high time that anew
correction of bfja be applied by the Hindu astronomers to their elements,
at least to such as enter into the calculation of eclipses.

VIIL To find the duration of the eclipse, and of total obscuration,
and the times of contact, immersion, emergence, and separation.’

Diameter of the eclipsing body, the shadow, go’ 30’/ 90"'30.’ !

do. eclipsed body, the moon, Gl e

Sum and difference, i 125! 1177 53l 4att

Half-sum and half-difference (C M and ON, Fig. 21, p, 2717), 62’ 35"/ Lt
Squares of do, 3919/ 724!
deduct square of latitude, : 269/ 269/

remain, 36507 45T

Square roots of remainders (C A and CB), Botiay oy g

In order to reduce these quantities to time, we need first to ascertain
the difference of the true daily motions of the sun and moon at the
given moment : !

Moon's true daily motion, 854/ 36/
Sun's do,, 60" 481
Moon’s gain in a day, 7937 481/

Hence the proportions (iv. 13)

] 6o’ 9571 4n 34v
! 1" on
793" 48! ;: Gon ¢ { 21’ 19/ : 17 367 4p

give ug the half-duration of the eclipse as 41 84V, and the half-time of:
total obseuration as 10 36V 4P, supposing the mooun’s latitude to remain
constant through the whole continuance of the eclipse. 'We now pro-
ceed to correct these results for the moon’s motion in latitude. And
first, as regards the balf-duration. We calculate the amount of motion
of the moon and of her node during the mean half-duvation by the fol-
lowing proportions (iv. 14) : .

Oon : 8547 36/7 ot da Bdez 1950

Gon : 37101 40 34v; 14"

-

v
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Farther, : L :
To and from moon’s long. at opposition, 3825° 56/ 3¢ 25° 56/
add and subtract motion during half-duration, i A L
Moon’s long. at end and beginning of eclipse, ~ 3¢ 279 1 38942 G
From and to long. of node at opposition, o8 329 anl 4yl oaia a0 g g iyt
subtract and add motion during half-duration, 14" 4!
#" Long. of node at end and beginning of eclipse, g8 229 2! 98 22° 28/
Moon's distance from node, 68 4° 34’ 61 9923/
Arc determining sine, 4° 34/ a9.93¢
Sine, 274! 143!
.~ Moon’s latitude at end and beginning of eclipse, 18 dndih 11l 1408,

TFrom these valuations of the latitude we now proceed to caleulate
anew, in the same manner as before, the half-durations, as follows :

Bquare of half-sum of diameters, 3919/ 3919/
deduet squares of latitude, 463! 126/
remain, 3456/ 3793/

Bquare roots of remainders, B84yt (i L Lol

And the proportions

58" 4! 2 4n 26V 3p
617 35 : 4n 3gv op

give us the corrected values of the intervals between opposition and con-
tact and separation resgectively, or the former and latter half-durations,
{ as 4139V 2p and 47 267 3P

The text contemplates the repetition of this corrective process, if still
greater accuracy be required in the results attained : we have not thought
it worth while to carry the calculation any farther, as a second correc-
tion would be of altogether insignificant amount. ;

By a like process, the former and latter halftimes of total obscura-
tion, and the moon’s latitude at immersion and emergence, are found to
be as follows :

793! 48!! : Gon :: {

Moon’s latitude at immersion and emergence, 14! 36/ 18713
Half-times of total obscuration, it 4av 3p 10 26V 4p
By adding the two halves we obtain ‘
Duration of the eclipse (sthitd), on 5v 5p
do. ' of total obscuration (vimarda), 3n 1av 1P

' And by subtracting and adding the half-times of duration and of
total obscuration from and to the time of opposition (iv. 16-17), we
obtain the following scheme for the successive phases of the eclipse :

Pliass Time of occurrence :

after mean midnight, after sunrise. .
First contact, Bon 23y 4p 3an 51v 4p ¥
Immersion, : 530 20¥ 3P 35n 48v3p
Middle of eclipse, 550 3v op 3mm 31v op ¥
Emergence, ; 56m 3av 4p 3gn ov 4p

“Last contact, Sgn 2gv 3p 410 577 3p pore

iy

L.
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The proper caleulation of the eclipse is now completed. If, however,
we desire fo project it, we have still to determine the valana, or deflec-
‘tion of the ecliptic from an east and west line, for its different phases,
‘as also the scale of projection. 'We will therefore proceed to calculate
them, deferring to the end of the whole process any comparison of the
vesults we have obtained with those given by modern astronomical
science,

IX. To caleulate the deflection of the ecliptic from an east and west
line (valana) for the middle, beginning, and end of the eclipse,

1. For the middle of the eclipse. '

a. To find the length of the moon’s day and night respectively at the
given time. :

Moon's longitude at opposition, ) ‘ 381950 567
Precession, o 20 25!
Moon's distance from yernal equinox, 45 16° a1/
Are determining sine, 432 39’
Sine, Ui 237!

The moon’s declination is then found by the following prbportion
(i1, 28) !
34387 ; 1397" 1 2372! : 964! =gin 16° 17’

Now, from

Moon's declination 169 17! N,
deduct her latitude (ii. 58), W 167 8.
Moon's true declination, {3 S

' Sine of do., 948!

Versed sine of do., 135/

deduct from radius (ii. 60), 3438’

Moon's day-radius, ; 3303/

" Again, to find the earth-sine, we say (ii. 61),
12d : gl.68 ;1 948’ 1 765/ == earth-sine.
and to find the ascensional difference (ii. 61-62),
33037 : 3438/ : ;765! : 796! =sin 13° 24/ or 8o4/.
The excess of the moon’s complete revolution over a sidereal day is found
by the proportion (ii. 59)
; " 1800 1 1795 1 ; 849/ 33!’ 1 848p
Adding this to a sidereal day, or 21,600%, we find that the moon's day’
is of 22,448¢, of which one quarter is 5612, Increase and diminish
this by the moon’s ascensional difference (ii. 62), and the halt-day and
half-night are found to be 6416r and 4808p respectively.
All this laborious process of ascertaining the length of the moon’s

half-day, or the time which, with the given declination, she would oc-
' cupy in rising from the horizon to the meridian, is rendered necessary
by the correction which the commentary applies to the rule of the text
in which the moon’s hour-angle is involved, as pointed out in the note
to iv. 24-25 (p. 284, above). 'We now proceed '



" 'b. To find the hour-angle, and the corrected hour-angle.
| - At the moment of opposition, the moon’s hour-angle is evidently the
same with that of the sun. Hence it may be found as follows:

. Time of opposition reckoned from sunrise, 370 31Y, or 13,506
deduct the whole day, ; ‘ 91920
remaing Wi ‘ Gk 4,314p
deduct from the half-night, - ! 6,235
Sun's distance in time from inferior meridian, 1,92P

The moon's distance eastward from the upper meridian is accordingly
1921p. This is corrected, or reduced to its proportional value as a part
of the moou's arc of revolution from the horizon to the meridian, by the
following proportion: .

) 64160 : go° 11 1921p: 26° 57
The moon’s corrected hour-angle, then, is 26° 57/ ¢ its sine is 1557,

c. To determine the amount of deflection for latitude (valandngds, or
dlesha valuna—iv. 24). ‘

The sine of the latitude of Washington, 38° 54/, is 2158, Hence
the proportion

34387': Ta07kns ayh8%: gryle=mnin 162 J1¢

gives us 16° 31’ as the value of the quantity sought. The moon being
in the eastern hemisphere, it is to be reckoned as north in direction.

d. To determine the amount of deflection for ecliptic-deviation (dyana
valana—iv. 25).

: Moon’s distance from vernal equinox, 48169 a1/

add a quadrant, 39

. their sum, 75168 2l
are determining sine, 46°.21'
sine, } 24867

Hence, by ii. 28, the proportion

3438" 1 1397 1 : 2486/ : 1010/ ==sin 17‘5 6/
gives us 1726/ as the amount of declination of the point of the ecliptic
which is a quadrant in advance of the moon, and this is the deflection

required. Its dircotion is south. ‘We are now ready for the final process.
e. To ascertain the net amount of defléction (valana), in digits.

From the eéliptic-déﬂection, Tho Bla)
deduct the deflection for latitude, 16° 31/ N,
remains the net deflection, in are, 35¢ S,‘
divide (iv. 25) by : 70
Deflection in digits, o olfo s,

It thus appears that, at the moment of opposition, the part of the
ecliptic in which the moon is situated very nearly coincides in direction
with an east and west circle, The amount of deflection is so small that

VOL, VI. 57
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in our projection, given in connection with the sixth chapter, we were

“ obliged to exaggerate it somewhat, in order to make it perceptible.

’ 2. For the beginning of the eclipse.

| As, owing to the moon’s motion in latitude and longitude, her decli-

: nation, and so also her ascensional difference, are not precisely the same

at the beginning and end of the eclipse as at the moment of opposition,

| we ought in strictness to repeat the first part of the preceding calcula-
tion, determining anew the length of the moon’s half-day, as it would
be if she made her whole revolution about the earth with those declina-
tions respoctively. This we take the liberty of omitting to do, as the
modification thus introduced into the process would be of very small ixa-
portance.

a. To find the moon’s corrected hour-angle.
* And first, for the sun’s hour-angle :

Time of first contact, reckoned from sunrise, 321 51v 4p, ox 11,8300
: deduct the whole dagy, 9,192P
: remain i ) 2,638p
‘ deduct from the half-night, ; 6,235
a ! Sun’s distance in time from inferior meridian, 3,597p

This, then, is the hour-angle of the centre of the ghadow at the time
of contact. The distance of the centre of the moon in longitude from
that of the shadow was found above (under VIII) to be 61/ 85", This
is reduced to its value in right ascension by the proportion

1800/ 1 17650 : : 617 35/7: 61P.4

Now, then,
from the hour-angle of the shadow, 35979
deduct the difference of the moon’s right ascension, 61p
Moon’s bour-angle at beginning of eclipse, “3536p

This is virtnally an application of the process taught in iii. 50.
The moon’s hour-angle is now corrected, as before, by the proportion

6416 : 9o° : 1 3536p : 49° 36/
The sine of 49° 86/ is 2617/,
b. To find the deflection for latitude.
The proportion ;
34387 : 2158/ 11 9617/ : 1643/ == sin 28 34/
gives us the deflection for latitude as 28° 34/, which is north, as before.
¢. To find the ecliptic-deflection, i

Moon's distance from vernal equinox at opposition, 48 16° ar!
deduct motion during 40 3gv 2p, 12.6¢
do, at time of contact, 49 150 15¢
add & quadrant, ! g
sum, a8 159 157 i
“arc determining sine, 459 16°

Bine, ¢ 24417
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- Next, the proportion :
‘ 3438/ 1 13977 13 2441) ; g9a’ == &in 16 47/
shows us that the ecliptic-deflection is 16° 47/ it is, as in the former

case, south. _
d. To find the deflection, in digits.

From the deflection for latitude, : 28° 34’ N.
deduct the ecliptic-deflection, 16° 47" 8.
remains the net deflection, in are, ‘ 1 47’ N.
its sine is . s02!
divide by 70
Deflection, in digits, : rod.03 N.

3. For the end of the eclipse.
Of this process, which is throughout closely analogous to the last, we
shall present only s brief statement of the results, :

Hour-angle of the centre of the shadow, 322D E,
" Distance of the centre of the moon in right ascension, 500 B.
Moon's hour angle, 3810 K.
) do. corrected, 59 a0/
Sine, 320!
Deflection for latitude, i 3% 33! N.
Moon's distance from vernal equinox - 3s, w8 179 24"
Arc determining sine, 47° 24"
Sine, 25307
Beliptic-deflection, 179 247 8,
Net deflection, in are, £4° 318,
do. in digits, 114,93 8.

The mode of application of these quantities in making a projection
of an eclipse is sufficiently explained in the notes to the sixth chapter,
and illustrated by the figure there given, which is adapted to the condi-
tions of the eclipse here calculated. All the quantities entering into the
projection, however, of which the value has been stated in minutes, re- ,
quire also to be reduced to digits; according to a scale determined by the
following process. , .

X, %‘o determine the seale of projection of the disks and latitudes

iv. 26).

( This process we will perform only for the moment of opposition, or
for the middle of the eclipse. At this time, as has been seen above, we
bave : ' :

Moon's half-day, Ui OO
do. hour-angle (nata); 1921p
do. altitude in time (unnata), 4495p
add 64160 X 3 19,2489
the sum is ‘ 23,7430
divide by ‘ 6,416p

the quotient is 39
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At the elevation, then, which the moon has when in opposition, 8°.7
make a digit, and by this amount the values of the disk of the moon,
the shadow, and the latitudes, are to be divided, in order to reduce them
to a scale upon which they may be plotted. It is evident that, in strict-
ness, the same calculation requires to be made also for the time of con-
tact and the time of separation, or the time of any other phase of which
the projection is to serve as an illustration ; but it iz evident also that
this is wellnigh impracticable, since one projection could then be used
to illustrate only a single phase, unless several different scales should

be employed in the same figure.

It riow only remains for us to present a comparison of the elements
of the eclipse, as thus calculated, with their true values as determined
by modern astronomical science. This is done in the annexed table.
The true elements we take from the American Nautical Almanac for
1860, In comparing the time of the middle of the eclipse, we take, as
already mentioned, the value of it given by the Hindu process as caleu-

lated from mean midnight.

Siirya-SiddhAnta. Am. Naut. Almanac.
Time of oppositioninlong., oh §7m35sp, s, gh 27m yos8p, M.

Moon's long. at opposition, 1369 21/ 137780053
“ lat. at L 160 b, 3574201 8.
“ ' hourly motion in long., o el ST )
Semi-diameter of sun, i s Lol o 126t 1509
do. of moon, 170 200! 1614276
do. of shadow, 4ot ralt 45/ 16/
Amount of obscuration, 1.33 0.812
Whole duration of eclipse, 3h 37m 44¢ . oh 5om a8

25. p. 299. Our next note is a

Hindu error.
-} 3om o48
P il Y4
i 197 17"
ol a2l 24!’
ol ol
ok 311
e l’l
- 0.518
4 45m 208

CaLouLATION, Accorpixg to Hinou Dara Axp Mgermopns, oF TaE

Sorar Eouese or May 261w, 1854,

FOR THE LATITUDE AND LONGITUDE OF WILLIAMS COLLEGE, WITILIAMSTOWN, MASS.

As has been already mentioned in the closing note to the fifth chap-
ter, the following calculation of a solar eclipse was mainly made for the
translator, while in India, by his native assistant. Some additional cal-
culations have been appended here by us, in order to render the whole

process a more complete illustration of the rules as given in the text of

our treatise: and we have also had to reject and replace certain parts
of the work actually done, on account of their inaccuracy. For the

‘most part, we present the work as it was made, although involving some

repetitions which might be regarded as superfluous, after the explana-
tions and illustrations already given in the notes and in the preceding
¢aleulation of a lunar eclipse. The eclipse selected is the one ealculated
and delineated in Prof. James H. Coffin’s useful work, entitled “Solar
and Lunar Eclipses familiarly illustrated and explained, with the method
of calculating them, according to the theory cf Astronomy as taught in

New-England Colleges” (New York, 1845).

o
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1. To find the sum of days'(ahargana) from the commencement of
the planetary motions to the time of calculation. o

The eclipse in question oceurs at the close of the month Vaicakha,
the second month of the luni-solar year, in the 1777th year of the era
of Calivihana (see add. note 12). To compute, theh, the number of
whole years, and to reduce them, with the remaining part of a year, to
mean solar days, we proeeed as follows : ’

Sandhi at the beginning of the kalps, 1,728,000
Six manvantaras, ; 1,850,688,000
Twenty-seven mahdyugas of the seventh Manu, 116,640,000
1,669.056.000 .
deduct the time spent in creation, 17,064,000 T
From ereation to beginning of 28th mahdyuga, 1,951.992,000
Krta yuga of 28th or current makdyuge, 1,728,000
Tretd yuga of 4 1,266,000
Dvdparayuga of . ¢ 864,000
KHali yuga, to era of Chlivihana, i 3,179 0
COomplete years elapsed of the era, 1,976
. Prom the creation to end of March, 1854, complete years, ;:955,884;955 o
. to reduce to solar months, multiply by 12
Holar months, 33,470,619,460
add month of eurrent year elapsed, i i 1
' Whole number of solar months, 23,470,6;;:43-

Now, to find the intercalary months, we make the proportion
51,840,000 : 1,503,336 11 23,470,619,461 : 721,384,701

Then, to

Solar months elapsed, : 23,470,619,461
© add intercalary ‘r‘uonths, 721,384,701
Lunar months elapsed, 24, 192,?)04,‘162

to reduce to lunar days, multiply by 30
Lunar days; 725,760,1 94,860

add for eurrent month, 29
Whole number of lunar’ days, 725,760,:24;85&

Farther, to find the number of tithikshayas, or omitted lunar days, in
, this period, we say = ~ '
1,603,000,080'; 25,082,252 ;1 725,760,124,889 : 11,356,018,362
Next, from ‘

Lunar days elapsed, : 725,760,124,88g h
deduct omitted lunar days, ! 11,356,018,362 “
Mean solar’days elapsed, : ,';'14,404_,;35,_5:;

This, then, is the required ahargane, or sum of days from the com-
mencement of the planetary motions to about the time of new moon,
May, 1854. - The processes by which it is found are in all respects the

o i
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same with those illustrated by us in the notes to i. 2123, 24, 48, 4851,
above. It will be noticed that the Hindu astronomer, at least when
working out an illustrative process, like the one in hand, scorns to make
use of any of the means for reducing the labor of computation which
the text directly or impliedly permits, and of which, in our own calcu-
lations, we have been glad to avail ourselves. ; !

IL.  To ascertain the mean longitudes of the sun, the moon, the sun’s
apsis, the moon’s apsis, and the moon’s node, for mean midnight on the
Hindu meridian, at the given interval from the creation.

The amount of motion, since the creation, of the bodies named, in
their order, is found by the following series of proportions :

1,577,917,828 1 714,404,106,527 11 4,320,000 : 1,955,884,9551ev 18 129 14/ 147
1,577,917,828 : 714,404,106,527 +: 57,753,336 : 26,147,889,118rev 18 9° 44’ 2g/"
1,677,917,828,000 1 714,404,106,527 :: 387 : 175rev a8 170 197 23/
I,577,9t7,89.8 1 714,404,106,527 ;¢ 488,203 1  22,134,467rev 28 21° 56’ 1ol
1,577,917,828 : 714,404,106,527 11 232,238 1 105,146,0201ev 109 17° 11’ 50/

Rejecting whole revolutions, and, in the case of the moon’s node,
subtracting the fraction from a whole revolution, we have, as the mean
longitudes required :

Sun, 18 12° 14/ 14"
Moon, ? 18 90 44’ 29"
Sun’s apogee, . ‘ 28 179 19/ 237
Moon's apogee, 9% 1% 860 gt
Moon’s node, i 1% 3§29 518' > 1o 1

The Hindu ealculator has taken, in the case of the moon’s apsis
and node, the numbers of revolutions given by the text, omitting the
correction of the bija. 'We have not, in order to test the accuracy of
his arithmetical operations, worked over again the proportions, except-
ing in two instancq‘s, the first and last: our results differ but slightly
from those above given (we find the seconds of the sun’s place to be 40”7,
and the minutes and seconds of the node’s motion to be 12/ 43')—not
enough to render any modification necessary. .

III.  To ascertain the values of the same quantities at mean sunrise
on the equator, or 6 o’clock.

In order to this, we must add to each planet’s longitude one fourth
the amount of its mean motion in a day., We require, then, the mean
daily motions. They are found as follows, taking the sun as an example :

1,577,917,828d ; 4,320,000V 11 1d ; 59’ 87 107 1077, 4 i

‘We omit the other proportions and their results, as the latter have been
fully stated in the table of mean motions of the planets (note to i. 29-34).
Adding a quarter of the daily motion, we have as follows :

Long. at midr}ight. Correction, Long. at sunrise.
Sun, 18 129 047 147 + 14 47!t = "'1‘20 dgl iyt
Moon, 18090 40t dgrcnich - 39 int 39160 o s e dR | Al gl
Sun’s apogee, 28 179 17/ 23% & o S50 0B 199 ya (gl
Moon's apogee, 28 23° 56 ¢/ Fi4oll ) == ok 0121507 4o

Moon’s node, 18 129 48 10” ~— 48 18 129 47/ 227
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IV. To ascertain the values of the same quantities at mean sunrise
upon the equator, on the meridian of the given place, ‘

Adopting 75° 50’ as the longitude of the Hindu meridian east from
Greenwich, we have, as the interval in longitude of Williams’ College
from it, 149° 2’ 30", which is equal to 24» 50" 2r, The latitude is
42° 42" 51'". We have, then, first, to determine the distance of the
place in question, upon its owx parallel of latitude, from the Hindu
meridian.

The equatorial circumference of the earth has been found above (note
to i. 59-60) to be 5059.64 yojanas. Its circumference upon the paral-
lel of latitude of Williams’ College is found (i.60) by the following
proportion : W

3438 (==R): 2525 (== cos 42° 42’ 51’) 11 5059¥.64 : 37157.97

The degdntara, or difference of longitude in yojanas, is then deter-

mined thus : ;
6on : 24n 50V ap :: 37157.97 3 1538741 ;

And the degdntaraphala, or correction for difference of longitude, is
calculated from the daily motion of each body, by such a proportion as
the one subjoined, which gives the sun’s correction:

- S5y g v 1 538 A1 160l 811 04! ngt ;
. We omit the other proportions, and merely present their results in
the following table : ]

Sunrise at Lanka, Correction. Sunrise on giv. merid.
Sun, 18 120 29/ 17 940 At e ys 1253 a8
Moon, X 18 1390 as Bl LB geEa s 78 TR g0
Sun’s apogee, 28 17°% 177237 "4~ © ol bR S
Moon’s apogee, 28 21° 57/ 497 " 4 a’ 45% == 98 03° of 347
Moon’s node, 18,12°% 477297 = $iagrtan im0 467 d¢

We have already (note to i. 63~65) called attention to the excessively
awkward and cambrous character of this process for making the correc-
- tion for difference of meridian. /

V. To find the sun’s true longitude.

From the longitude of the sun’s apsis, ‘ 28 179 19’ 237
deduct, sun’s mean longitude (ii. 29), 18.108 53¢ 28"
Sun’s mean anomaly, 18 W A% adt Hase
Sine, i 1gdn”

The diminution of the sun’s epicycle is now found by the following pro-

portion (ii. 88) :

st ’ 3438f 1 20%:: 19277 117 127

The dimensions of the epicycle are, then (il 84), 14°—11"12", or

18° 48’ 48", Next, the proportion (ii. 89) ;
3609« 139 48¢ AB/1: & 1oag” s 747 11K

gives us the sun’s equation of the centre, which, by ii. 45, is additive.

Hence to the

Sun’s mean longitude, : 18 120 537 287
add the equation, i b 1

Sun’s true longitude, 15 14° 7/ 39/
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This calenlation exhibits a rather serious error : the sine of 84° 24/,
the anomaly, is 1942/, not 1927,  The final result, however, is not per-
ceptibly modified by it : the equation ought.to be 1° 14’ 30", and the
true longitude 15 14° 7' 58",

V1. To find the moon’s true longitude.

From the lon'gitudé of the moon's apsis, bLIb LR i A

deduct moon’s mean longitude, : 18 189 29/ 20!/
Moon's mean anomaly, ‘ 18,39 31 1 ll
Sine, ; 18987
Diminution of epicycle, | i b
Dimensions of epicycle, 310 48! 58!/
Hquation of the centre, AR &

Hence, to the '

Moon's mean longitude, 18 18° 297 20!/

add the equation, ; 92 4y
Moon's true longitude, Ty (o 1P Tt

VII. To caleulate the true daily motions of the sun and moon.

The equations of motion for the sun and moon have been found by
the calculator of the eclipse by the following proportion: as the whole
orbit of either planet is to its epicycle,so Is its mean daily motion. to
the required equation. That is to say, for the sun, ‘

‘ 360° ; 139 48! 481 1: 59’ 871 2! 16/
which, by ii. 49, is subtractive. Hence the sun’s true mbtion is 597 8/
9/ 16 or 56’ 521, ‘ : ‘ '
Again, for the moon,
3602 31° 487 581/ 19000 35!7 < Gig! 367!
And the moon’s true motion is 790’ 35" —69' 86'', or 720’ 59",

These caleulations are exceedingly incomplete and erroneous, as may
readily be seen by referring to the corresponding process in the other
eclipse, or to that given as an illustration in the note to ii. 47-49. The
actual value of the sun’s equation of motion, as fully calculated by the

~ method of our treatise, is only 1/ 517; that of the moon is only 58’ 49/

whence the true motions are 57/ 17/ and 731’ 46/ respectively. These
are elements of so much importance, and they enter so variously into
the after operations, that we have hesitated as to whether it would not
be better to cancel the whole work of the Hindu caleulator from this
point onward, and to perform it anew ina more exact manner; byt we,
have finally concluded to present the whole as it is, as a specimen—
although, we hope, not a favorable one—of native work; pointing out,
at the same time, its deficiences, and cautioning against its results being

 accepted as the best that the system is capable of affording,

. We have thus far found the true longitudes of the sun and moon for
the moment of mean suntise at the equator, upon the meridian of the
given place. We desire now farther to find the same data for the mo-
ment of sunrise upon the same meridian in latitude 42° 42/ 51" N.

VIL To find the longitudes of the sunand moonat sunrisein long.
140° 280/, lat. 42° 42/ 51" N, ;

{
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1. To calculate the precession of the equinoxes (iii. 9-12).
. The proportion
: 1,577,917,828d : Goorev :: 714,404,106,527 : 271,650rev 88 79 45! 29!’
gives us the amount of the motion of the equinox in its own circle of
libratory revolution, since the beginning of things, Rejecting complete
revolutions, and deducting 6° from the fraction of a revolution, we have
the distance of the equinox from the origin of the sidereal sphere, in
terms of its own revolution, as 67° 45/ 22/ : three tenths of this, or
20° 19/ 36, is the amount of the precession,

2. To calculate the sun's declination,

Sun's longitude, ‘ 18 149 o/ 39"
Precession, ; 20% 19/, 36/"
Sun's distance from vernal equinox, Sl L 6
Sine, 3ror’

Then, by ii. 28,
34381 :1397" ;1 3rot/ : 1260/ = sin 219 31/ 3/
the sun’s declination is therefore 21° 31/ 8/,
:8. To calculate the sun'’s ascensional difference.
The radius of the suns diurnal cirele (dyujya—ii. 60) is 3199/,
The equinoctial shadow in the given latitude is 119.07, being found
by the proportion (iii. 17)
: cos lat. : sin lak. : : gnom. : eq. shad,
or ; : 2525/ 1 2330/ :: 124 11d.07

\ L
Again, to find the earth-sine (Rujyd—ii, 61),
12d : 1ydog s s 126071 11637
And, to find the sine of ascensional difference,
3199! 1 34387 ¢ 1162 : 1249/

The corresponding arc is 21° 19/, or 1279'; and since a minute of
arc is equivalent to a respiration of fime, the sun’s ascensional difference
in time is 1279®, or 218, or 8» 387, rejecting the odd respiration.

4. To calculate the length of the sur’s day.

- The sun being in the third sign, of which the equivalent in right as-
cension (iil. 42-45) is 19350, the excess of his day over 60 nadis is found
by the proportion : _
j 1800’ : 1635p : : 5¢' 8/7: 63y
whence the len%th of his day is 21,663P, ;

In this calculation of thelength of the sun’s day, the operator has ta-
ken the mean, instead of the true, motion of the sun, which is obviously
less accurate, and which is contrary to the meaning of the rule of the
text (il. 59), as explained by the commentator.

Now, in order te find the difference between the sun’s longitude at
sunrise on the equator and sunrise on the given parallel of north latitude,
we make a proportion, as follows: if in his whole day the sun mioves
an amount equal to his daily motion, hew much will he move duriug an
interval corresponding to his ascensional difference ¢ or

21,663p: 5ol 877 11 12799 3 20/’
VOL. VI 58
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- The sun’s declination being north, sunrise on the given parallel pre-
cedes sunrise on the equator, and hence this result—which is called the
carakalds, “ minutes (kald) of longitude corresponding to the ascensional
difference (egra)”’—is to be subiracted from the sun’s longitude as for-
merly found. That is to say, : i

Sun’s longitude at equatorial sunrise, 180140 o/ dglf
deduct the correction (carakalds), ; 3t aglt

Sun's longitude at sunrise, lat. 42° 42’ 517/ N, } 18 445 42 ot

long, 149° 2f 30/t W. from Lank4,

In finding the corresponding value of the moon’s longitude we apply
first a correction for the sun's equation of place ; it is, in fact, the .equa-
tion of time, calculated after the entirely insufficient method which we
have already fully exposed, in connection with part V of the preceding
process. The proportion is (ii. 46) as follows:

j ar6oglsrgotddiin. 10 14t 110 ot 4310

Here, again, bad is made worse by taking as the second term of the
proportion the moon’s mean, instead of her true, rate of motion. It is
to be noticed that a like correction should have been applied also to the
sun’s longitude, but was omitted by the calculator. "We have, then,

Moon’s longitude, mean equatorial sunrise, 18 219 16/ s0!!
add the correction for the equation of time, » a2l 43¢t
Moon’s longitude, true equatorial sunrise, ¥8913 100, 8

Now we apply farther the correction for the sugls ascensional differ-
ence (carasanskdra) ; it is caloulated in the same manner with that of
the sun, and its amount is found to be 47/ 514,

Moon’s longitudé, true equatorial sunrise, phaxlngl 88
deduct the correction for the sun’s asc. diff,, bty il
Moon'’s lqngitudeo at sunrise, lat. 42° 42/ 517/ N,, 16801 3 L
long. 149° 2! 30!/ W, from Lank4,

On comparing the longitudes of the sun and moon, as thus deter-
mined, it is seen that the time of conjunction is alveady past. Hence
the caleulation is carried a day backward, by subtracting fram the lon-
gitude of each body its motion during a day. That is to say,

sunrise }Ac?l?gv]:?nd; ‘solipge, . - day'smotion. { g %?gf;iﬁg;’ eclipse.
Sun, L e i o BOE Gl Seme ipe 1301 shiySH
Moon, 18 20931 1ol e a9 gl aall s ek B9 Halipallie
Moon’s node, 18 320 45! 3L B Dl B LG T

_ This is an entirely uncalled-for, and a highly inaccurate proceeding.
By the rule given in our text (il 66), it is just as easy and regular a
process to find from any given time the interval to the beginning of the
current lunar day by reckoning backward, as that to the end of the day
by reckoning forward. And to assume that the whole calculation may
be transferred from one sunrise back to the preceding by simply deduct--
ing the amount of motion in a day as determined for the former time is
to take a most unwarrantable liberty, and to ignore the change during
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the interval of many of the elements of the caleulation, as the sun’s and
moon’s rates of motion, the sun’s declination and ascensional difference,
ete. In making the transfer, moreover, the longitude of the moon’s
node has been taken as found for mean equatorial sunrise, without any
correction for the equation of time, or for the sun’s ascensional difference.

IX. To find the time of true conjunction, and the longitudes of the
sun, moon, and moon’s node at that time. By ii. 66, from the

Moon's true longitude, 15 8930 13
deduct the sun's do., 18139 718"
remains 139258 22 557
divide by the portion of a lunar day, 720!
the quotient is 20d and 44>’ 55"
deduct the remainder from a whole portion, 720"
remaing e A

This process shows us that the moon has still 277 5" to gain upon
the sun, in order to arrive at the end of the thirtieth or last day of the
lunar month, or at conjunction with the sun,

Next, from the

Moon's true daily motion, » : 720" 59"

deduct the sun’s do., S0 artn
Moon’s daily gainin longitude, 664" 7"

Hence the proportion
) & 664 7' :6on iy a7y’ 57 250 oV
gives us the time of conjunction, reckoned from sunrise, as 25" 2,
Now, by iv. 8, we proceed to find the longitudes for that time. The
amounts of motion during 25 2 are found by the following proportions :
. 56052 231143 :
Gon ; 250 2"::{ 720" 59"+ 300’ 48"
il i e 4 i D

Then, to the

Sun’s longitude at sunrise, 18 139 ! 18/
add the correction, 23/ 431*
Sun’s longitude at conjunction, 18130 317 g0
Moon’s longitude at sunrise, 39 8° 3o/ 13/
add the ecorrection, 59 ol 484

® Moon's longitude at conjunction, ‘ 18 139 317 1t
Node’s longitude at sunrise, 1% 12° 49’ 14/
deduct the correction, : 1/ 19"
Node's longitude ab conjunction, 18120 4! 55!

The mode of proceeding adopted by us above, in the lunar eclipse,
for finding the time of the middle of the eclipse, and the longitudes of
the sun and moon at that time, is, as will not fail to be observed, quite
different from that of the native caleulator of this eclipse. That fol-
lowed by Davis, or his native assistants (As. Res, ii. 273 etc.), varies
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considerably from both. Our own method, though varying in some
respects from that contemplated by the text, is a not less legitimate ap-

L

plication of its general methods than either of the others, and it pos-

sesses this important advantage over both, that we were able to verify
it, and to show, by calcnlating the mean and true places for the given
instant, that the latter was actually the one at which the system made
the opposition of the sun and moon to take place: while, on the con-
trary, in the process now in hand, so many errors have been involved,
that, were the same test to be applied, we should find the centres of the
sun and moon many minutes apart at the moment fixed upon as that of
conjunction, and the place of conjunction as far removed from the point
of longitude above determined for it.

X. To find the apparent diameters of the sun and moon.

These quantities are determined by means of the following propor-
tion : as the mean daily motion in yojanas is to the mean diameter in
yojanas, 8o is the true motion in minutes to the true diameter in min-
utes. That is to say, for the sun and moon respectively,

11,8588y : 6500y : 1 56/ 5212 31! 107"
11,8582y ¢ 480¥:: 720/ 59/t 29! 2!

This method is in appearance quite different from that which is pre-
scribed by our text (iv. 2-3), but it is in fact only a simplification, or
reduction, of the rules there given. Thus, for the moon, the text gives

m. mot. in minutes: true mot,in min, : : m. diam. in yoj.: true diam, in min. X 15
Transposing, now, the middle terms, transferring the factor 15 from the
fourth term to the first, and noting that the meangmotion in minutes,

_ when multiplied by 15, gives the value of the same in yojanas, we have
the former proportion, namely, ‘
m. mot. in yoj. : m. diam, in yoj,: : true mot. in min.: true diam. in min,

Again, in the case of the sun, the rules of the text give
m, mot. in min.: {rue mot. in min:: m. diam.in yoj.: true diam, in yaj.
and  true diam. in yoj.= true diam. in min. X 15X (sun’s orbit ---moon’s orbit)

Now transposing the second and third terms of the proportion, sub-
stituting for the fourth its equivalent as here stated, and transferring to
the first term the last two factors of that equivalent, we have
m, mot, in min, X 15X fm,ﬂli‘ﬁ.— :m.d.in y.:: true mot. in min, : true diam. in min,

; moon’s orbif
But the first term, as thus constructed, is, by the method of determina-
tion of the planetary orbits (see xii. 81-88), equal to the sun’s mean
daily motion upon his orhit reckoned in yojanas: hence the proportion
becomes for the sun, as for the moon,

m, mot. in yoj. :m. diam. in yoj. :: true mot. in min, : true diam. in min,

XI. To caleulate the parallax in longitude (lambana), and the time .

of apparent conjunction (v. 3-9). i

1, To find the orient ecliptic-point (lagna) at the moment of true
conjunction (iii. 46-48),

In order to this, we require to have first the equivalents in obliqne as-
cension (udaydsavas) of the several signs of the zodiae for the latitude



of Williams' College, 42° 42/ 51" N. 'We present annexed their values
as employed by the calculator of the eclipse, and also as caloulated by
ourselves according to the method taught in our text (iii. 42-45). It
will be noticed that the differences are not inconsiderable, and evince
much carelessness on the part of the native astronomer; who, moreover,
employs vinadis only in his processes, rejecting the odd respirations,
which is an inaccuracy not countenanced by the Strya-Siddhénta.

Equivalent in oblique ascension :
ace. to calculator, acc. o us.

st sign Ty g g 1008p 12th sign
and ¢ 1238p 1ith s
el 287Y or 1722P 1699p 1oth ¢
4th = 359v or 2154 2171P oth  #
athi 387v or 2322p 23520 8th 4
6th ¢ 388 or 2328p 2332p i) i

The equivalents assigned by the Hindu calculator to the 3rd and 4th
signs are moreover, it may be remarked, inconsistent with one another,
since the one ought to fall short of 1935P by as much as the other ex-.
ceeds that quantity,

Now, then, o the

Sun’s longitude at conjunction,
add the precession,
Sun's distance from the equinox,

It appears, accordingly, that the sunis in the 3rd sign, and 26° 9’ 23"
from the beginuing of the fourth. Hence the proportion (iii. 46)

: 30°: 287V : 1 269 ¢’ 23// 1 250¥
give us 250" as the ascensional equivalent of the part of a sign to be

traversed (bhogydsavas). The time of the day, or the sun’s distance in
 time from the eastern horizon, is 25» 2¥, or 1502% Then, from the

L s il ) v L
209 16" 3671

A 30—5-(',/ 371

Time of conjunction, 1502¥
deduct ase. equiv. of part of 3rd sign, 250v
remains 12527
deduct asc. equiv, of 4th, 5th, and 8th signs, 11347
remains 118V

This remainder of time, or of ascension, is reduced to its value in are
of the ecliptic by the proportion (iii. 49)

g o : 388v:30%:: 118v:9° 77 25/

Add this result to the whole signs preceding, and the longitude of the
orient ecliptic-point (lagna) is found to be 6% 9° 7' 25/: its sine is 544/
(more correctly, 545').

9. To find the orient-sine (udayajyd—rv. 3).

" This is found by the proportion
2525731397/ 12 544/« 301” &
9525/ being the cosine of the latitude, and 1897 the sine of the inclina-
tion of the ecliptic (ii. 28).
3. To find the meridian ecliptic-point (madhyalagna—iii. 49).

Strya-Siddhdnta. ‘ &t

[
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i | !
In order to this, we must first know the sun’s hour-angle (nata), or
distance in time from the meridian ; it is determined as follows :

A quarter of the complete day, 160 ov
add the sun’s ascensional difference, 3n 33v.
il . The sun's half.day, : 180 337
; deduct from time of conjunction, aGn av
Sun’s hour-angle, west, B ; 6n 2gv

The sun's distance from the beginning of the fourth sign was found
above to be 26° 9’ 28", Tts equivalent in right ascension (lankodayd-
savas) is found by the following proportion (iii. 49) :

3009 :3a28v 11260 of 93!/ a85v

Now, from the

; ‘ Sun’s hour-angle, 6n 297, or : 38gv
i deduct the result of the last proportion, 285v
‘remains ; 104y

and this remainder, being less than the equivalent of a sign, is reduced
to its value as longitude by the proportion (iii. 48)
323¥.: 309 ¢ irogv 00 3 Byt ; ‘

The longitude of the meridian ecliptic-point is accordingly 8¢ 9° 857/ ;
its sine is 3398/, ‘ '

In criticism of the process as thus conducted, we would only remark
that the quarter of the sun’s day should have béen called 15" 2V 4p (see
above, V%l'.I. 4), and that to take 323V as the equivalent in right ascen-
sion of the third and fourth signs is inaccurate, the value given it by
our treatise being 1935p, or 3224, ‘

4. To find the meridian-sine (madhyajyd—yv. 4-5).

First, the declination of the meridian ecliptic-point is determined by
the proportion (ii. 28)

34387 : 1397/ : : 3393/ 1378/ == sin 23° 3/ 3!/
Its valoe being north, it is deducted from the latitude of the place for
which the calculation is made, since this, though by us reckoned as
- north, is to the Hindu apprehension (iii. 14) ahways south, being meas-
ured south from the zenith to the equator: That is to say, \

From the given latitude, A3% el Gtk
deduct decl, of merid. ecliptic-point, 239 3atRfin o
Meridian zenith-distance (natdnyds), 199 3”7 14"

The sine of this arc, which is 1117/, is the meridian-sine, °

Here is another blunder of the caleulator : the sine of 19° 8/ 14 is
actually 1129/, ‘

5. To find the sine of ecliptic zenith-distance (drkkshepa), and the
sine of ecliptic-altitude (drggati).

Kirst, by v, 5,

34387 : o1’ s i 1117t 2 9! 481
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‘Now, then, by v. 6, ‘
 Square of last result, / 9,564
deduct from square of mer.-sine, 1,247,689/
remains i 1,238,195/
Bquare-root, ¢ 113/

This, then, is the sine of ecliptic zenith-distance. The sine of eclip-
tic-altitude is found by subtracting its square from that of rddius, and
taking the square-root of the remainder; it is found to be 8253/,

6. To find the divisor (cheda), and the sun’s parallax in longitude .
(lambana),

The sine of one sign, or 30°, is 1719/,

Square of sin 30°, 2,954,661
divide by i 3,253
Divisor (cheda), 9o8

Next, to find the interval on the ecliptic between the sun’s place and
the meridian : :

Longitude of meridian ecliptic-point, 3609, 3t 6nl/
do.  of sun, 98 3% Gk 3!l
Interval in longitude, 18 52 134 80!t

- Of this the sine i3 1950/, and, upon dividing it by 908, the divisor
(cheda) above found, the value of the parallax in longitude (lambana) is
ascertained to be 2n 271V

Here is some of the worst blundering which we have yet met with.
The sine of 35° 138’ is actually 1982/ not 1950; and upon dividing it
by 908, we find the quotient to be only 27 117,

The calculator assumes the time of apparent conjunction to be deter-
'miued by this single correction. As the text, however (v. 9), directs
that the process be repeated, to insure a higher degree of accuracy, we
shall finally quit at this point the gnidance of his computations, and go
on to apply in full the rules of the Strya-Siddhénta. _

The sun being west of the meridian, or his longitude being less than
that of the meridian ecliptic-point (v. 9), the correction for parallax is
additive to the time of true conjunction, Hence, to the

Time of true conjunction, 250 av
add the correction, ‘ an 11V
Time of conjunction once equated, 270 13%

For the time thus found, we now proceed to calculate again the value
of the parallax. The results of the calculation are briefly presented
below :

Sun's longitude at corrected time of conjunction, a8 3% 530 41!
Orient, ecliptic-point (lagna), 6s 18° 50/
1Its sine, 110"
Orient-sine (udayajid), 614/

Sun’s hour-angle, 3103p




460 E. Burgess, etc.; “iofe
Meridian ecliptic-point (madhyalagna), 31959
Its sine, 3188’
Its declination, 22° o' N,
Tts zenith-distance, 56° 34! 8.
Meridian-sine (madhyajyd), 1207’
Sine of ecliptic zenith-distance (drkkshepe), 11887
Sine of ecliptic-altitude (drggati), 32267
Divisor (cheda), - 916/
Sine of sun’s dist, in long. from meridian, . 2558/
Parallax in longitude (lambana), an 48v

add to time of true conjunction, ahn av
Time of conjunction twice equated, . om 50v

Once more, we repeat the same calculation; its ptincipal results are
as follows : !

Orient ecliptic-point, 68 a1® 41/
Orient-sine, /ol
Meridian ecliptic-point, ) 3% 259 96/
Meridian-sine, 1241’
Sine of ecliptic zenith-distance, . : 1215”
Sine of ecliptic-altitude, 3216/
Diyisot, 919’
Parallax in longitude, an 55v

add to time of true conjunction, 250 gv
Time of apparent conjunction, a7n 57v

A farther repetition of the process would still yield an appreciable
correction, but as so many errors have been involved in the preceding
arts of the calculation as to render any exactness of result unattaina-
Ele, and as enough has been done to illustrate the method of eorrection
by successive approximation and the comparative value of the results it
yields, we stop here, and rest content with the last time obtained, as that
of the apparent conjunction of the sun and moon, or of the middle of
the eclipse, at Williams' College. T
XTI, To caleulate the parallax in latitude (nati) for the middle of the
eclipse. ,
This is given us by the proportion (v. 10)
3438' : 731! a7/t 15 i 15 L 17! 147 8,
in which 1215/ is the sine of ecliptic zenith-distance, as found in the last
TOCEess. .

XIIT, To calculate the moon’s latitude, and her apparent latitude,
for the middle of the eclipse.

We require first to find the longitude of the moon, and that of her
node, for the moment of apparent conjunction, by adding to their lon-
gitudes, as already found (above, IX) for the time of true conjunction,
their motion during 2" 55%. The amount of motion is found by the pro-
portions :
720/ 597 : 35! 3¢*

gon ; an 55V::{ 3 aerts o gt
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Now, then, to the

_ Moon'slongitude at true conjunction, 18.13% 31! 1!
-add the correction, ‘ I3
Moon’s longitude at apparent conjunction, ; 1455 60 41
Farther, from the
Node's longitude ab true conjunction, 18 334y 551!
deduct the correction, git
HNode's longitude at apparent conjunction, 18 120 497 46/7
deduct from moon’s longitude, 18 149 6" 47
Moon's distance from node, 19 18¢ 18/
Sine, 281

Hence the proportion (ii. 57)
343887 amal 4 mBOY B G4
gives us the

Moon's true latitude, ‘ 6/ 8" N.
deduct from parallax in latitude (v. 12), 170 140 8.
Moon’s apparent latitude, | 11! 6178,

XTIV, Tofind the amount of obscuration (grdse) at the moment of
apparent conjunetion.
By iv. 10, we add to the

* Diameter of the eclipsing body, the moon, Aol gl
Diameter of the eclipsed body, the sun, dilizot
Sum of diameters, 60’ 1277
Half'sum of diameters, . : 3ol 617

deduct moon’s apparent latitude, i g
Amount of greatest obscuration, 19! ol

This remainder being less than the sun’s diameter, the eclipse (iv. 11) is
‘partial only. :

XV. To determine the times of the beginning and end of the eclipse
respectively. | S

As the eclipse is a partial one only, we have not to calculate the times
of the beginning and end of total obscuration ; and indeed, we may well
‘suppose that the Hindus would never venture to calculate those times
in a solar eclipse : it is even questionable whether the accuracy of their
methods would justify them in ever predicting with confidence that an
eclipse would be total. :

In the first place, we assume that the moon’s apparent latitude, as cal-
culated for the moment of conjunction, remains unchanged during the
whole daration of the eclipse, and caloulate, by iv. 12-18, what would
be, upon that assuinption, the interval between the middle of the eclipse
and either contact or separation of the disks, That is to say (iv. 12),
from the i

VoL. VI 59
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Square of sum of semi-diameters (30’ 6'"), lgat? k.
deduet square of moon's latitude (117 677), Y33/ g
remains ' ' 2894 487

Scjuare root of remainder, aglibgl!

This result vepresents the distance, as rudely determined, of the two
centres at the moments of contact and separation. To ascertain the
corresponding interval of time, we say (iv. 13)

664" 7!+ 6on 1 297 5g/ an 3av

Now, then, from and to the

Time of apparent conjunction, - a9n Bov

subtract and add the half duration, an 3av
Beginning of eclipse, : 250 28V
End of eclipse, 3on 29¥

This is as far as the operation was carried by the native calculator,
and with data and results somewhat different from those here given,
owing to his neglect to repeat the process of determination of the par-
allax in longitude in finding the time of apparent conjunction,  Un-
fortunately, however, the text (iv. 14~15 ; v. 13~17) prescribes a long
and tedious series of modifications and corrections of the results so far
obtained, of which we shall proceed to perform at least enough to illus-
trate the method of the process, and the comparative importance of the
corrections which it furnishes.

We have first to find the longitude of the sun, moon, and node, at
the moments thus determined as those of contact and separation; they
are as follows: ’

Sun’s long. at true conj. (251 2v), ) 1 Sl b g8 39 310 atl
add for his motion a9t 5! ral’
Sun’s long. at beg. and end of eclipse, 18 13° 31/ 237 38 1 390567 or pi!
add the precession, 20° 19/ 36/ 209 19" 36/
Sun’s distance from the vernal equinox, 28 3% 5o’ 59’/ 98, 89.55! 47!
Moon’s long. at app. conj. T8 raR Gr. At bt 0 bl s L (L
gubtract and add motion in 21 82V, i dol 96!k oot o i
Moon’s long. at beg. and end of eclipse, 15 13° 35! 38/ 18 149367 300,
Node's long. at app. conj., 18 420 4y g6M 18 129 47! 46t
add and subtract : o 8l

Node’s long. at beg. and end of eclfpse, 18199 4nt1Ga! 18 129 47 38V

To find, then, the moon’s true latitude at contact and separation, we
have :

Moon’s distance frem node, 4" 441 a0 48! Bant
Sine, ’ 481 : 109"
Moon's latitude, ‘ BLABHIN. 87 341 N,

Next are calculated the mosh's parallax in latitude, and her aé)pa‘rent
latitude, at the beginning and end of the eclipse, by a process of which
the main results are the following :
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| Orient ecliptic-point, 63 10° 28/ 78 32 5gf
Sine, Gab/ Gl 1oL
Orient:sine; 345° 10637
Sun’s hour-angle, 24550 4279P 4
Meridian ecliptic-point, 38319 64! 48 128 %!
Sine of do,, i 13363/ 2500/
Zenith-distance of do,, 19° 16/ 249 83/
Meridian-sine, 1134 14467 o
Sine of ecliptic zenith-distance, 1128/ 1374¢
Parallax in latitude, 167 ol! 8. 19/ 20! 8,
deduct true latitude, 37 46! N, .87 34t N.
Moon's apparent lat. at beg. and end of eclipse, 13’ 14/ S, 10! 55/ §, |
Finally, from the il
Square of sum of semi-diameters, gob! e 006/ .10
deduct squares of app. latitude, 1504 3G/ 1404 s
remain i iy 755! 3al! 786/ Ho!!
. Distance of centres in longitude, a7/ 29l adt 3
Cortesponding interval, ) an agv an 3av
Corrected times of beginning and end ofgeclipse, = 25n 28v 3on 2gv

It is evidently unnecessary to carry any farther this part of the pro-
cess; at the time of the eclipse, the increase of the moon’s latitude north-
ward, and the increase of her parallax southward, so nearly balance one
another, that the additional correction yielded by a new computation
would be quite inappreciable—as, indeed, has been, in one of the two
cases, that already obtained. In making this corrective calculation we
have not followed with exactness the directions given in the commentary
under v. 14-17, 1t is there taught that, after making the first rough
determination of the half-duration, based upon the moon’s apparent lati-
tude at apparent conjunction, we must turn back to the true conjunction,
find the positions of the planets and node at intervals of the half-dura-
tion from that point, and make these positions the data of our farther
approximative processes. The text itself, as already remarked by us
in the notes, shows an utter and provoking want of explicitness with
regard to the whole matter, and may be regarded as favoring equally
the method of the commentary, our own, or any other that might be
. devised. We have taken our own course, then, because we were

. unable to see any sufficient reason for reverting from apparent to true
“conjunetion, as directed by the commentator, :

ith regard to the next steps, the language of the text is less ambigu-

ous: it distinctly orders us to deduet from and add to the time of true

conjunetion (#ithyanta) the intervals found as the former and latter half-

duration, and from the moments thus determined to compute ancw, by

a repeated process, the parallax in longitude. This is a very laborious

operation, and not altogether accurate, although perhaps as much so

as any which the Hindu methods admit. ; As we are supposed to have

,alreagyv ascertained how far apart the two centres must be at the mo-

ments of contact and separation, the problem is, evidently, to determine
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at what moment of time they will, allowing for the parallax in longi-
tude, be at that distance from one another. Now as formerly, to find the
‘time of apparent conjunction, we started from that of true conjunction,
and arrived at the desired result by a scries-of approximative calcula-
tions of the parallax in longitude, so now, starting from points removed
from true conjunction by the given*intervals, we shall ascertain, by a
similar series of approximations, the times when the distances repre-
sented by those intervals will be apparent, or the moments to which
contact and separation of the disks will be deferred by parallax in lon-
gitude, The results of the calculations, as made by us, are as follows :

Time of true conjunction, 250 av
subtract and add, i an agv
Times of true contact and geparation, 291 33v
Sun’s longitude, with precession, 29 39 487 167/
Orient ecliplic-point, 5272 9!
Orient-sine, 957
Meridian ecliptic-point, a8 259 §a7

- Meridian-sine, ; 1107/
Sine of ecliptic zenith-distance, 11067
Sine of ecliptic-altitude, ! ! 32557
Divisor, " o8

3

Moon’s longitude, 28 30 21/

. Distance from meridian ecliptic-point, 939 31/
Sine, 1316/
Parallax in longitude, ‘ 1n a7V

ggn gy
20 39V

a0 34v
a8:3%.63%, 11l
6s 20° 27/
664"

.38 239 56/
1226/
1203/
3219’

918

28 4° a1’

18 199 35
2617/
2n 51v

Again, we go on to correct these results by repeated calculations of
en sufficiently illustrated.

the parallax, in the mode which has already be
Annexed ave the results only:
Times of contact and separation,
add correction for parallax,
Times of contact and separation, once equated,
Lorresponding parallax, ;
add to times first obtained,
" Times of contact and separation, twice equated,
Coryesponding parallax,

san 33v 271 34V
in 27v 2n 51v
afn ov 3on 25V
1n 54v 3n 26V
291 33y 290 :34%
240 a7V 3on 54v
an iov 3n agv

Without taking the trouble o carry the calculations any farther, we

may accept these as the finally determined values

of the parallax in

longitude at the times of apparent contact and separation. . TBhen,o

by v. 16,
Parallax in longitude at contact and separation,
do, at apparent conjunction,

Difference of parallaxes, )
add to former and latter mean half-duration,

True former and latter half-duration,

subtract and add from and to time of app. conj, 277 57v

Times of apparent contact and separation,

an, av 3o agv.
2n 55v an 55v
539 29v
2n agv an 3av
¢ P—3nw227 3n 1v
am by
241 357 3o0n 58v
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The calculation .of the elements of the eclipse is thus completed.
For the purpose, however, of illustrating the rules of the text (iv. 18-21)
for determining, in the case of a solar eclipse, the amount of obscura-
tion at'any given moment during the continuance of the eclipse, we add
‘also the following process:

. XVI. To find the amount of*obscuration of the sunm, 27 38¥ after
first contact. ] 2

‘We make choice of this time, which is equivalent to 271 137 after sun-
rise, because the data for finding the parallax in latitude at the moment
have already been calculated (see above, XI). By iv. 18, from the

True former half-duration (sphute spargasthityardha), 3a 29v
deduet the given interval, an 38v
Interval to apparent conjunction (madhyagrahana), ' 44v

To reduce this interval in time to distance in longitude of the centres,
we say (iv. 18)

Bon : 664" 7' 11 449 8 7"

"This, then, would be the interval in longitude between the two centres
at the given moment, if there were no change of the moon's fparallax
in longitude during the eclipse, or if the moon actually gained in
on 297, instead of in 8 229, the distance intervening between her centre
and the sun's at the moment of first contact. That, however, being
not the case, we must reduce the result thus found in the ratio of
3n 99V to 9n 297, or of the true to the mean half-duration. That is to
say (iv. 19), ; -

: SH dav.var agv s 8 s 5t ho
and this result, 5¢ 597, is the true distance of the two centres in longi-
tude, 27713V after sunrise.

A briefer and more obvious method of obtaining the quantity in

uestion would have been to make a proportion as follows: if, at the
time of the eclipse, the moon gains upon the sun 27’ 29" in 8a 22V,
what will she gain during 447? or
3n qav: a7 a9l 44V L 6 Bol
Upon computation, we find the

Moon’s parallax in latitude, 270 1§v after sunrise, 160 512/ 8,
Moon's true latitude, ; 5f a5 N
Moon’s ‘appnren‘f. latitude, T

. Tts square, 130! 43"

- 9 8quare of distance in longitude (5 59"), 35 5¢/t
Their sum (iv. 20), Igg' 3471 '
Actual distance of centres, : 12/ B4

deduct from sum of semi-diameters, a6t
Amount of obscuration at given time, 17’ Yar!

1f it were desired to project the eclipse, we should now have to cal-
culate (by iv. 24-25) the deflection (valana) for the moments of contact,
‘conjunction, and separation, and likewise (by iv.26) the scale of projec-
tion, As we do not, however, intend to present here a projection, and as

L.
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the subject of the deflection has been sufficiently illustrated already, in
the notes upon the text and in the caleulation of the lunar eclipse, we re-
gard it as unnecessary to go through with the labor required for making
the computations in question. Finally, we annex, as in the casé of the
lunar eclipse formerly calculated, a summary comparison of the princi-
pal results of the Hindu processes with the elements of the echpse in
question as determined by Prof. Coffin, in his work referred to above.
1t must be borne in mind, however, that, owing to the faulty manner in
which many of the computations of the native astronomer have been
made, the comparison is not entirely trustworthy ; a more careful adhe-
rence to the methods of the Siddhdnta would have given somewhat
different results: in the case of the daily motions of the sun and moon,
the true calculations, as performed by us (see p. 452), give more correct
values; in other instances, the contrary might perhaps have been the

CASE,
Stirya-Siddhanta, Prof. Coffin,  Hindu error.

Tinme of true conjunction in longitude, ah 3om 3h 560 « 1h 2ofm
Bun's and moon’s longitude, e 639 .50/ @it 652 12 3l 1R iaak
Moon's distance from node, ‘ 430 61 4P 10 dptl — 39 sl Gl
Sun's daily motion jun longitude, 56/ 537/ Gd §374
Moow's  do. o ey 1995 oot g mt aall el NG 13
Sun's apparent diameter, dadirollini datidg tilen a7t
Moon's  do. . do. | ) 0l 29 451" ~ 4311
Time of apparent conjunction, 3h 4om 5h 3om — 1h fom
Parallax in longitude, in time, ; ih rom 1h 36m SR T
Amount of greatest obseuration, 19/ 30’ 591! — palc e
Time of first contact, b gom 40 15m | w 1h 55m
Time of separation; 4h 5pm Gh 38m —= 1h 48m
Duration of eclipse,‘ ob 3om ah p3m + om

26. pp. 327-344. Prof. Weber, of Berlin, has favored us in a pri-
vate communication with a number of additional synonyms of the names
of the asterisms, derived from the literature of the Brahmana period.

Mrgaciras, the fifth of the series, is also styled andhakd, * the blind,”
apparently from its dimness; daryikd, “ honorable, worthy;” invakd, of
doubtful meaning : this latter epithet is also found in some manuscripts
of the Amarakoca, as various reading for ilvald, which is there ex-
pressly declared (L. i.2.26) to designate the stars in the head of the
antelope.

Ardrd, the sixth asterism, is called bdhu, “arm.” Taking this name
in connection with that of the preceding group, it seems probable that
the Hindus figured to themselves the conspicuous constellation Orion
as a running antelope, of which «, v, f, and * mark the feet: «, then, is
the left fore-foot, or arm. Perhaps the name Mrgavyldha, “antelope-
hunter,” given to the neighboring Sirius (viii. 10), is connected with the
same fancy. ; ol

The Maghas are called in a hymn of the last book of the Rig-Veda
(x. 85. 13) aghds: the word means literally *evil, base, sinful,” and its
application to one of the asterisms is so strange that, if not found else-
where, we should be inelined to conjecture a corrnpted reading.
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Phalguni, or the Phalgunis, forming the eleventh and twelfth groups,

' are styled also azjuns, “ bright, shining.”

£

Cravana, the twenty-third asterism, receives the name agvaitha, which
is properly that of a tree, the Ficus religiosa; the reason of the appella-
tion is altogether obscure,

Bhadrapada, the last double asterism, is called pratishthdna, “stand,
support,” in evident allusion to the disposition of the four bright stars
which compose it, like the four feet of a stand, table, bedstead, or the like.

2%. p. 344, We offer herewith the stellar chart to which reference
was made in the note on p. 349, and which is intended to illustrate the
positions and mutual relations of the Hindu nakshatras, the Arab
mandzil al-komar, and the Chinese siew. We add a brief explanation
of the manner in which it has been constructed, and the form in which
it is presented,

. The form of the map is that of a plane projection, having the ecliptic
as its central line; It would have better illustrated the Hindu method
of defining the positions of the junction-stars, and the errors of the po-
sitions as defined by them, if the equator of A.D. 560, instead of the
ecliptic, had been made the central line of the projection,  This, how-
ever, would have involved the necessity of calculating the right ascen-
sion and declination of every star laid down, a labor which we were not
willing to undertake. Moreover, the ecliptic is, in fact, the proper cen-
tral line along which the groups of the Hindu and Arab systems, ab
least, are arranged, and the form given to the chart also facilitates the
laying down of the equator of B. (. 2350, which we desired to add, for
the purpose of enabling our readers to judge in a more enlightened
mannet of the plausibility of M. Biot’s views respecting the origin of
the Chinese system : it is drawn with a broken line, while the equator
of A. D, 560 is also represented, by an entire line. As the zone of the.
heavens represented is, in the main, that bordering the ecliptic, the dis-
tances and the confignration of the stars are altered and distorted by
the plane projection to only avery slight degree, not enough to be of any
account in a merely illustrative chart, such as this is. As a general rule,
we have laid down all the stars of the first four magnitudes which are
situated near the ecliptic, or in that part of the heavens through which
the line of the asterisms passes; stars of the fourth to fifth magnitade
are also in many cases added ; smaller ones are noted only when they
enter into the groups of the several systems, or when there were other
special reasons for infroducing them. = The positions are in all cases
taken from Flamsteed's Catalogue, and the magnitudes are also for the
most part from the same anthority : in many individual cases, however,
we have followed other authorities. We have endeavored so to mark
the members of the three different series that these may readiy be
traced across the map; but, to assure and facilitate the comparison, we
also place npon the page opposite it a conspectus of the nomenclature,

‘constitution, and correspondence of the three systems, referring to

pages 327344 for a fuller discussion of these matters, and an exposition
of what is certain, and what more or less hypothetical, or exposed to
doubt, with regard to them,

L
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‘2.
3.
4.
5.

10.

11
ra.
13.
i4
15,

17.
18.
19
20,
a1,

22

23,
24,
25.

26

9

e

164,

Hindu asterisny,

Agvnm
B‘amd v Arietis.

Bbaram.

85, 89, and 41 Arletis.

K!‘“}Ikd
/n Tauri; ete: (Pleindes).

Rohlm
ay 3, v, 0, Tauri.
Mrmglras
A, @t @2 Ovionis.

. Ardra.

o Orionis.
Punarvvasu.

B, « Geminorum.
Pushya. '

9, 8, y Cancri.
Aglesha.

&8, 0y n, o Hydre.
Mawhﬁ.
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Sorye Siddhdiia, T

| 28. p.851. We have perhaps expressed ourselves in a manner liable.
to anisconstruction as to the want of reason or authority for giving to
the asterisms the name of “ lunar mansions,” ¢ houses of the moon,” and
the like. We would by no means be understood as denying that in the
‘Hindu science, especially its older forms, and in the Hindu mythology,
~ they are brought into particular and conspicuous relations with thea
moon. Indeed, whether they were originally selected and established with |
_ reference to the moon’s daily progress along the ecliptic, as has been, |
until lately, the universal opinion, or whether we are o believe with M. |
", Biot that they had in the first instance nothing to do with the moon,
*and only came by chance to coincide in number with the days of her
«w sidereal revolution—it is at any rate altogether probable that to the |
Hindu apprehension this coincidence formed the basis of the system.
‘We may even conclude, from the fact that the asterisms are so fre-
quently spoken of in the early literature of the Brahmana period,
while nevertheless there 1s no distinet mention of the planets until later
(Weber, Ind. Lit., p. 222), that for a long time the Hindus must have

confined their attention and observations to the sun and moon, paying ,

no heed to the lesser planets: and yet we cannot regard it as in any
- degree probable—hardly as possible, even—that any nation or people
conld establish a system of zodiacal asterisms Without discovéring and
taking note of the planets; or that such a system could Tiave been com-
 Munieated to, and applied by, the Hindus, without a recognition on
their part of those conspienous and ever-moving stars. * It may fairly be
~ claimed, then, that the asterisms, as a Hindu institation, are an origin-
ally lunar division of the zodiac; but we object none the less to their
being styled *lunar mansions,” or called by any equivalent name ; be-
carae, in the first place, the Hindus themselves have given them no name
deipting a special relation to the moon, and no name signifying *“house,
nsion, station,” or anything of the kind; and because, 10 the second
place, as soon and as far as the Hindu astronomy extended itself beyond
its limitation to observations of the moon, just so far and so soon did
it employ the system of asterisms as a general method of division of
the ecliptic ; so that finally, as pointed out by us above, the asterisms
have come to be divested, in the properly astronomical literature of
India, of all special connection with the moon. With almost the same
_propriety might we call the Hindu signs “luni-solar mansions”—since
they are, by origin, the parts of the ecliptic occupied by the sun daring
-each successive synodical revolution of the moon-—as denominate the
. nakshatras of the Siddhantas * lunar mansions.” :
29, p. '353. We should have mentioned farther, that an additional
inducement-—and one, probably, of no small weight—to the reduction of
! the number of asterisms from twenty-eight to twenty-seven, is to he
| recognized in the fact that the time of the moon’s sidereal revolution in
. idays, though intermediate between the two numbers, is yet decidedly
" nearer to twenty-seven, exceeding it by less than a third. = M, Biot
might even claim with some reason that the choice of the number
to ty-cight tended to prove the whole system not a lunar one hy
: yet it might be replied that, the time of revolution being dis-
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‘more than twenty-seven days, the larger number was fully adinis-+ .
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sible, and that it was also in some respects preferable, as being one that
could be halved and quartered. -

‘ 80, p. 417. In bringing this work to a close, we deem it advisable

‘ ; to present, in a summary manner, but more distinctly and connectedly
than could properly be done in the notes upon the text, our conclusions
as to certain points in the history of the Strya-Siddhénta, and of the
astronomical science which it represents.

In the firsy place, Bentley’s determination of the age of the treatise
we conceive to be altogether set aside by the considerations which we
have adduced against it (note to i 29-84); there is no reasonable
ground for questioning that the Strya-Siddhénta is, as the Hindus have
long believed it to be, one of the most ancient and original of the works®
which present their modern astronomical science. How far the text of
which the translation has been given above is identical in substance and
extent with that of the original Strya-Siddhanta, is another question,
and one not easy to solve. That it is not precisely the same is evident

cenough. Even the modern manuseripts differ from one another in sin-
gle readings, in details of arrangement, in added or omitted verses. A
comparison of the texts adopted and established by the different com-
mentators would be highly interesting, as carrying the history of the
treatise a step farther back ¢ but to us only one commentary is accessi-
ble, nor do we find anywhere any notices respecting the versions given
by the others: in the absence of such, we may conclude that all pre-
sent substantially the same text, and so are alike posterior to the model-
ling of the work into its present form and witE its present contents.
But the indications of addition and interpolation, which we have had in
8o many cases to point out in our notes, are sometimes too telling to be
misinterpreted. Farther than this we may not at present go: any de-
tailed discussion of the subject must remain unsatistactory, until a fuller
acquaintance with other of the ancient treatises, and a more careful
comparison of them with one another, shall throw upon it new light.
A point of special interest connected with it is, whether the elements of
mean motions of the planets do actually date from about the time
pointed out by Bentley’s calculations. 'With regard to this we are far
from being confident; but we do not regard it as impossible, or even as
very improbable, that those elements, as presented by our text, have
been the same from the beginning, never having undergone correction
until the application of the bija, about A.D. 1500 (p. 163 ete.). And
the date of that correction is calculated at least to suggest the suspicion
that Muslim science may have had something to do with it. ‘Thate
_observation, and the improvement of their system by deductions from
observation, were ever matters of such serious earnest with the Hindus
that they should have been led to make such ainendments independ-
ently, is yet to be proved. The most important alteration of which
anything like direct proof is furnished is that which concerns the pre-
cession of the eqninoxes (note to iil, 9-12) ; and even here we would
not undertake to say confidently what is the conclusion to be drawn.
All such inquiries must remain conjectural, mere gropings in the twi-
light, until the position of the Stirya-Siddbanta in the SiddhAnta litera-
ture shall be better understood, What has given it so much greater
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prominence and popularity than are enjoyed by the other works of its
class, or from what period its preéminence dates, is unknown. There
are treatises, like the Ckalya-Sanhitd (add. note 1), which agree with
it in all essential features; there are yet others, like the Soma and Va-
sishtha Siddhantas, which are said (add. note 6) to vary little from it:
whether any one among them all is original—and if any, which—
whether in each case the relation is one of co-ordination or of subordi-
nation—we must be content for the time to be ignorant.

One thing, however, is certain: underneath whatever yariety may
characterize the separate treatises, there exists a fundamental unity;
their differences are of secondary importance as compared with their

. resemblances ; they all represent essentially a single system. And this
by no means in the same sense in which all modern astronomical works
may be said to represent a single system. For the Hindu system is not

- one of nature; it is not even a peculiar method of viewing and inter-
preting nature, from which, after it had once been devised by some con-
trolling intellect, others had not the force and originality to deviate: it
is a thoroughly artificial structure, full of arbitrary assumptions, of ab-
surdities even, which have no foundation in nature, and could be in-
vented by one as well as another. 'We need only to refer, as instances,
to the frame-work of monstrous chronological periods (i. 14-28)—to
the common epoch of the commencement of the Iron Age (note to i
29-84), with its exact or nearly exact (add. note 6) conjunction of all
the planets—to the form of statement of the mean motions, yielding
rectrring conjunctions, at longer or shorter intervals—to the assump-
tion of a starting-point for the planets from at or near ¢ Piscium (note
to i. 27)—to the revolutions of the apsides and nodes of the planets
(i. 41-44)—to the double system of epicycles (ii. 34-38)—to the deter-
mination of the planetary orbits (xii, 80-90), etc., ete. These are plain
indications that the Hindu science emanated from one centre; that it
was the elaboration of a period and of a school, if not of a single mas-
ter, who had power enough to impoge his idiosyneracy upon the science
of a whole nation. The question, then, of the comparative antiquity
of single treatises is lost in the higher interest of the inquiry—when,
where, and under what influence originated the system which they all
agree in representing? ‘

What our opinions are upon these points will not be a matter of
doubt with any one who may have caretully looked through the preced-
ing pages, although they have nowhere been explicitly stated. We re-
gard the Hindu science as au offshoot from the Greek, planted not far
“from the commencement of the Christian era, and attaining its fully de-
veloped form in the course of the fifth and sixth conturies. The grounds
of this opinion we will proceed briefly to state.

In considering such’ a question, it is fair to take first into account the
general probabilities of the case. And there can be no question that,
from  what we know in other respects of the character and tendencies
of the Hindu mind, we should not at all look to find the Hinduas in pos-
session of an astronomical science containing so much of truth. They
have been from the beginning distinguished by a remarkable inaptitude
and disinclination to observe, to collect facts, to record, to make induo-
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tive investigations. The.old belief under the influence of which Bailly
could form his strange theories—the belief in the immense antiquity of
the Indian people, and its immemorial possession of a highly developed -
civilization—the belief that India was the cradle of language, myth-
ology, arts, sciences, and religions—has long since been proved an error.
It is now well known that Hindu cdlture «cannot pretend to a remoter
origin than 2000 B. C., and that, though marked, by striking and emi-
nent traits of intellect and character, the Hindus have ever been wealk
in positive science; metaphysics and grammar—with, perhaps, algebra
and arithmetic, to them the mechanical part of mathematical science—
being the only branches of knowledge in which they have independently
won honorable distinction. That astronomy would come to constitute
an exception to the gencral rule in this respect, there is no antecedent
ground for supposing. The infrequency of references to the stars in
the early Sanskrit literature, the late date of the earliest mention of the
planets, prove that there was no special impulse leading the nation to
devote itself to studying the movements of the heavenly bodies, All
evidence goes to show that the Hindus, even after they had derived
from abroad (p. 348) a systematic division of the ecliptic, limited their
attention to the two chief luminaries, the sun and moon, and contented
themselves with establishing a method of maintaining the concordance
of the solar year with the order of the Junar months. If, then, at a later
period, we find them in possession of a full astronomy of the solar sys-
‘tem, our first impulse is to inquire, whence did they obtain it} "A -
closer inspection does not tend to inspire us with confidence in it as of
- Hindu origin.  'We find it, to be sure, thoroughly Hindu in its external
form, wearing many strange and fantastic features which are to be at
once recognized as of native Indian growth i but we find it also to con-
tain much true science, which could only be derived from a profound
and’long-continued study of nature. The whole system, in short, may
be divided into two portions, whereof the one contains truth so success~
fully deduced that only the Greeks, among all other ancient nations, can
show anything worthy to be compared with it; the other, the frame-
work in which that truth is set, composed of arbitrary assumptions and
absurd imaginings, which betray a close connection with the fictitious
cosmogonics and geographies of the philosophical and Puranic literature
of India. The question presses itself, then, strongly upon us, whether
these two portions can possibly have the same origin: whether the sci-
entific habit of mind which could lead to the discovery of the one is
compatible with those traits which would permit its admixture with the
« other. Buat most especially, could a system foundod-—as this, if origi- °
nal, must have been—upon sagacious, accurate, and protracted observa-
tion of the heavenly bodies, so entirely ignore the ground-work upon
which it vested, and refuse and deny all possibility of future improve-
ment by like means, as does this Hindu system, in whose text-books
appears no record of an observation, and no confessed deduction from
observations; in which the astronomer is remanded to his text-book as
the sole and sufficient source of knowledge, nor ever taught or coun-
selled to study the heavens except for the purpose of determining his
longitude, his latitude, and the local time ? - Surely, we have a right to

"



say that the system, in its form as laid before us, must come from an-
other people or another generation than that which laid its scientific

. foundation ; that it must be the work of a race which either had never

known, or had had time to forget, the observing habits and the induc-
tive methods of those who gave it origin. But the hypothesis that an
eatlier generation in India itself performed the labors of which the later
system-malkers reaped the fruit, is well-nigh excluded by the absence,
already referred to, of all evidence in the more ancient literature of
deep astronomical investigation: the other alternative, of derivation
from a foreign source, remains, if not the only possible, at least the only
probable one.  We come, then, next to consider the direct evidences of

_ a Greek origin.
' First in importance among these is the system of epicycles for repre-

=1

genting the movement, and calculating the positions, of the planets,
This, the cardinal feature in both systems, is (i1 34-45) essentially alike
and the same in both, Now, notwithstanding the fact that such second-
ary circles do in fact represent, to a certain degree, true quantities in
nature, there is yet too much that is strange and arbitrary in them to
leave any probability to the supposition that two nations conld have de-
vised them independently. But there are sufficient grounds for believ-
ing the Greeks to have actually created their own system, bringing it
by successive steps of elaboration to the form iu which Ptolemy finally
presents it. In the history of the science among the Greeks, everything
is clear and open; they tell us what they owed to the Egyptians, what
to the Chaldeans: we trace the conceptions which were the germs of
their scheme of epicycles, the observations on which it was based, the
inductive and deductive methods by which it was worked out and estab-
lished, In the Hindu astronomy, on the other hand, all is groundless
assumption and absurd pretense: we find, as basis for the system, neither
the conceptions—for these are directly or impliedly denied or ignored

—nor the observations—for not a mention of an actual observation is

anywhere to be discovered—nor the methods : the whole is gravely put
forth as a complete and perfect fabrie, of divine origin and immemorial
antiquity. On the agreement of the two sciences in point of namerical

data we will not lay any stress, since it might well enough be supposed

that two nations, if once set upon the same track toward the discovery
of truth, would arrive independently at so near an accordance with na
ture and with one another,  We will look for other evidences, of a less
ambiguous character, to sustain our main argument. The division of

the circle, into signs, degrees, minutes, and seconds, is the same in both

aygtems, and, being the foundation on which all numerical measurements
and calculations are made, is an essential and integral part of both.
Now the mnames of the first subdivisions, the signs, are the same in
Greece and in India (see note to 1. 58) : but with the Grecks they belong

to certain fixed ares of the ecliptic, being derived from the constellations

occupying those arcs; with the Hindus they are applied to successive
arcs of 80° counted from any point that may be chosen: this is an un-

-ambignous indication that the latter have borrowed them, and forgotten

or neglected their original significance. But farther, the ordinary Hindu
name of that division of the circle which is in most frequent use, the
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minute, is no Sanskrit word, but taken directly from the Greek, being
liptd, which is dentdr. Again, the planets are ordinarily named in the

Siddbantas in the order in which they succeed one another as regents.

of the days of the week; and not only has it been shown above that
the week is no original Hindu institution, but it has even appeared that,
on tracing it to its very foundation, we find there another Gireek word,
e, vepresented by hord. Once more, in the cardinal operation of find-
ing by means of the system of epicycles the true place of a planet, we
see that one of the most important data, the mean anomaly, is called
by another name of. Greek origing namely kendra, which is xévrgor.
These three words, occurring where they do, not upen the outskirts of

the Hindu science, but in its very centre and citadel, amount of them-

selves almost to full proof of its Greek origin : taken in connection with
the other concurrent evidences, they form an argument which can nei-
ther be set aside nor refuted. Of those other evidences, we will only
mention farther here that Hindu treatises and commentaries of an early
date often refer to the yavanas, “ Greeks” or “ westernersy” and to yq-
vandedryds, “the Greek (or western) teachers,” as authorities on astro-
nomical subjects—that .astronomical treatises are found bearing names
which come more or less distinetly from the West (note to i. 4-6)-—and
that floating traditions are met with, to the effect that some of the
Siddhantas were revealed to their human promulgators in Romaka-city,
that is to say, at Rome. Farther witness to the same tmth, deducible

from other coincidences of the two systems, we pass unnoticed here,.

since it is not our object to discuss the question exhaustively, but only
to bring forward the main grounds of our opinions.

The question next arises, when, and in what manner the knowledge of
astronomy was communicated from Greece to India. In reply to this,
only probabilities offer themselves, yet in some points the indications
are pretty distinct. It is, in our own view, altogether likely that the
science eame in connection with the lively commerce which, during the
first centuries of our era, was carried on by sea between Alexandria, as
the port and mart of Rome, and the western coast of India. Two con-
siderations especially favor this supposition : first, that the chief site of
the Hindu science is found to be the city which lay nearest to the route
of that commerce (note to i. 62) : secondly, that Rome is the ounly west-
ern city or country which is distinctly mentioned in the astronomical
geography (xii. 89), and the one with which, as above noticed, the astro-
nomieal traditions connect themselves, Had the Hindus derived their
knowledge overland, through the Syrian, Persian, and Bactrian king-
doms which stood under Greek government, or in which Greek influence
was predominant, and Greek culture known and prized, the name of
Rome would have heen vastly less likely to stand forth with such promi-
nence, and the capitals of Hindustan proper would more probably huve
been the cradles of the new science. The absence from the Hindu
system of any of the improvements introduced by Ptolemy inte that of
the Greeks (note to ii. 43-45) tends strongly to prove that the transmis-
sion of the principal groundwork of the former took place before his
time : nor can we think it likely that the pumerical elements adopted
by the Hindus would vary so much as in many cases they are found to
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do from those of the Syntaxis, if the latter had been already in existence,
and acknowledged as the principal and most anthoritative exponent of
Greek astronomy,  Whether the information was transmitted through
the medium of Hindus who visited the Mediterranean, or of learned
Greeks who made the voyage to India, or by the translation of Greek
treatises, or by what other methods, we would not at present even offer
a conjecture; and the point is one of only subordinate consequence.
~ Whatever may have been the date of the first communication of the
elements out of which the Hindu system was elaborated, there is good
reason to suppose that its final reduction to its present form did not
take place until some time during the fifth and sixth centuries. That
» period is distinetly pointed out by the choice of the equinox of A, D.
570 as the initial and principal point of the fixed sphere (note to i. 27),
# by the definition of position of the junction-stars of the asterisms (p. 855),
and by the Hindu traditions which refer to that time the names of
greatest prominence and authority in the early history of the scicnce.
It is evident that the elaboration of the system must have been a work
of time, probably of many generations: what were the forms which it »
wore in the interval we do not know; here, as in many other depart- f i
ments of the Hindu literature, all record of the steps of development
appears to be lost, only the final and fully formed product being pre-
served and transmitted to us: yet more light upon this point may still
be hoped for, from the careful examination of all documents now ac-
cessible, or of such as may hereafter be discovered. The process of
assimilation and adaptation to Hindu conceptions and Hindu methods
was thoroughly and completely performed. Among the changes of
‘method introduced, the most useful and important was the substitution "
___of sines for chords (p. 200); the general substitution of an arithmetical
for a geometrical form also deserves particular notice. That no great
““amount of geometrical science is implied in any part of the systein, is
very evident: it is distinguished by the constant and dexterous applica-
tion of a few simple principles: the equality of the square of the hy-
pothenuse to the sum of the squares of the base and perpendicular—the
_comparison of similar right-angled triangles—the formation and com-
“ bination of proportions, the rule of three—are the characteristic features
© of the early Hindu mathematical knowledge, as displayed in the Strya-
.~ Siddhanta. Of other treatises, of an earlier or later period, as those of
“Brahmagupta and Bhéskara, which (see Colebrooke’s Hindu Algebra) e
give evidence of knowledge more profound in arithmetic and algebra, w
- Wescannot af present speak; but we hope at some future time to be able
to revert to the subject of the Hindu astronomy, in connection with
these or other of the text-books by which it is represented.

X

N

Rev. Mr. Burgess, having placed his translation and notes in the
hands of the Committee of Publication for farther elaboration, has very
liberally allowed them entire freedom in their work, even where their
deductions, and the views they expressed, did not accord with his own
opinions, The most important point at issue between us is that dis-
cussed in the next preceding pages, or the originality of the Hindua
astromomy ; upon this, then, he is desirous of expressing independently
his dissenting views, as in the following note.




- 476 . Burgess, etc., "

Coxcuvpning Nore BY THE TRANSLATOR.

It may not be improper for me to state, in a closing note, that I had
prepared a somewhat cxtended and elaborate essay on the history of
astronomy among the Hindus, to be published in conunection with the
preceding translation,  But the length of this essay is such—the subject
matter of it not being material to the illustration of the Siddhanta, and
the translation and notes haying already occupied so much space-—that
it was not thought advisable to insert it here. ‘

Yet as my investigations have led me to adopt opinions on some
points differing from those advanced by Prof. Whitney in his very valu-
able additions to the notes upon the translation, truth and consistency
seem to require me to present at least a brief summary of the results at
which T arrived in that essay in reference to the points in question. By
s0 doing, I free myself from any embarrassment under which I should
labor, if hereafter—as I now intend—I shall wish to express the
grounds for my opinions on these points, in this Journal or elsewhere.

The points to which I allnde bear upon the claims of the Hindus to

‘w the honor of original invention and discovery in astronomical seience—
especially, their claims to such an honor in comparison with the Greeks.
Prof. Whitney seems to hold the opinion, that the Hindus derived
their astronomy and astrology almost bodily from the Greeks—and
that what they did not borrow from the Greeks, they derived from other
people, as the Arabians, Chaldeans and Chinese (see pp, 178, 848, 850,
et al.). T think he does not give the Hindns the credit due to them,
and awards to the Greeks more credit than they are justly entitled to.
In advancing this opinion, however, I admit that the Greeks, at a later
eriod, were the more snccessful cultivators of astronomical scienge.
v ﬁ“here 18 nothing among the Hindu treatises that can compare with the
‘great Syntaxis of Ptolemy, And yet, from the light I now have, 1
‘must think the Hindus original in regard to most of the elementary
facts and principles of astronomy as found in their systems, and for the
most part also in their cultivation of the science ; and that the Greeks
' borrowed from them, or from an intermediate secondary source, to
| which these facts and principles had come from India. I might perhaps
80 far modify this statement as to admit the supposition that neither
(Greeks nor Hindus borrowed the one from the other, but both from a
common source.. But with my present knowledge, T cannot ¢oncur in
the opinion that the Hindus are, to any great extent, indebted to the
Greeks for their astronomy, or that the latter have any well grounded °
elaims to the honor of onginality in regard to those elementary facts
and principles of astronomical science which are common to their own
and other ancient systems, and which are of such a nature as indicates
for them a single origin, and a transmission from one system to another.
For the sake of clearness, it is well that I should state more specifically
a few of the more important facts and prineiples that come under the
class above rveferred to. They are as follows :

1. The lunar division of the zodiac into twenty-seven ox twenty-eight
asterisms (see transl., ch. viii). This division is common, with slight
modifications, to the Hindu, Arabian, and Chinese sysfems.
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2. The solar division of the zodiac into twelve signs, with the names
of the latter. These names are, in their import, precisely the same in
the Hindu and Greek systems. The coincidence is such that the theory

of the division and the names of the parts having proceeded from one

original source is unquestionably the correct one.
8. The theory of epicyeles in accounting for the motions of the plan-

ets, and in calculating their true places. This is common to the Hindu .

and Greek astronomies. At least, there is such a coincidence in the two
systems in reference to the epicycles as almost to preclude the idea of
independent origin or invention. :

- 4. Coincidences, and even a sameness in some parts, between the
systems of astrology received among the Hindus, Greeks, and Arabians,
strongly indicate for those gystems, in their primitive and essential ele-
ments, & common origin.

5. The names of the five planets known to the ancients, and the ap-
plication of these names to the days of the week (see notes, i, 52).

In regard to these specifications I remark in general :

First, in refererice to no one of them do the claims of any people to
the honor of having been the original inventors or discoverers appear to
be better founded than those of the Hindus.

Secondly, in reference to most of them, the evidence of originality I
regard as clearly in favor of the Hindus; and in regard to some, and
those the more important, this evidence appears to me nearly or quite
conclusive, :

- I have not space for detail, nor is it the design of this note to enter
into the details of argument on any point whatever. A brief remark,
however, for the sake of clearness, seems called for in reference to each
of the above five specifications of facts and principles common to some
or all of the ancient systems of astronomy and astrology.

1. As to the lunar division of the zodiac into twenty-seven or twenty-
eight asterisms, The undoubted antiquity of this division, even in its
elaborated form, among the Hindus, in connection with the absence or
pancity of such evidence among any other people, incline me decidedly
to the opinion that the division is of a purely Hindu origin. This 1s
still my opinion, notwithstanding the views advanced by M. Biot and
others in favor of another origin. ;

‘ 2. As to the solar division of the zodidge into twelve parts, and the

names of those parts, The use of this division, and the present names
of the signs, can be proved to have existed in India at as early a period
asin any other country ; and there is evidence less clear and satisfac-
‘tory, it is true, yet of such a character as to create a high degree of
probability, that this division was known to the Hindus centuries before
any traces can be found in existence among any other people.

As corroborative of this position in part, or at least as strongly favor-
ing the idea of an eastern origin of the division of the ecliptic in question,
I may be allowed to adduce the opinions of Ideler and Lepsius, as quoted
by Humboldt (Cosmos, Harper's ed., iii. 120, note): “Ideler is inclined
. to believe that the Orientals had names, but not constellations, for the
Dodecatomeria, and Lepsius regards it as a natural assumption ‘that
the Greeks, at the period when their sphere was for the most part
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unfilled, should have added to their own the Chaldean constellations
from which the twelve divisions were named.”” Whether Ideler meant
by +“Orientals” the Chaldeans, or some other eastern people, the appli-
cation-of the term in this connection to the Hindus exactly suits the
supposition of the Indian origin of the division in. question, since in
Indian astronomy the names of the signs are metely names of the
twelfth parts of the ecliptic, and are never applied to constellations.
Humboldt’s opinion is, that the solar divisions of the ecliptic, with the
names of the signs, came to the Greeks from Chaldea. I think the evi-
dence preponderates in favor of a more eastern, if not a Hindu, origin.
3. The theory of epicycles. 'The difference in the development of

this theory in the Greek and Hindu systems of astronomy precludes,

the idea that one of these people derived more than a hint respecting it
~ from the other. And so far as this point alone is concerned, we have as
much reason to suppose the Greeks to have been the borrowers as the
contrary; but other considerations seem to favor the supposition that
the Hindus were the original inventors of this theory.
4. As regards astrology, there is not much honor, in any estimation,
connected with its invention and culture. The coincidences that exist
between the Hindu and Greek systems are too remarkable to admit of
the supposition of an independent origin for them. But the honor of
original invention, such as it is, lies, I think, between the Hindus and the
Chaldeans. The evidence of priority of invention and culture seems, on
the whole, to be in favor of the former; the existence of three or four
Arabic and Greek terms in the Hindu system being accounted for on
the supposition that they were introduced at a comparatively recent
period. In reference, however, to the word kord, Greek o (see notes
to 1. 524 xii, 78-79), it may not he inappropriate to introduce the tes-
timony of Herodotus (B. I, ch. 109): “The sun-dial and the gnomon,
with the division of the day into twelve parts, were received by the
Greels from the Babylonians.” «There is abundant testimony to the
fact that the division of the day into twenty-four hours existed in the
East, if not actually in Inc}}ia, before it did in Greece. In reference,
farther, to the so-called Greek words found in Hindu astronomical treate
ises, I would remark that we may with entire propriety refer them to
that numerous class of words common to the Greexl)( and Sanskrit lan-
uages, which either came to both from a common source, or passed
from the Savnskrit to the Greek at a period of high antiquity; for no
one maintaing, so far as I am aware, that the Greek is the parent of the

Sanskrit, to the extent indicated by this numerous class of words, and

by the similarity of grammatical inflections in the two languages.
5. As to the names of the planets, I remark that the identity of all
" of them in the Hindu and Greek systems is not to my mind clearly
made out. However this may be, I think the present names of the
lanets in Greek astronomy originated at least as far east as Chaldea,
%erodotyus says (B. II, ch. 52) .". . “the names.of the gods came into
. Greece from Egypt” The names of the planets are names of gods.
Herodotns’s opinion indicates the belief of the Greeks in reference to
the origin of these names. Other considerations show for them, almost
beyond & question, an origin as far gast, to say the least, as Chaldea.:

D
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' As to the application of the names of the planets to the days of the
week, it is impossible to determine definitely where it originated. Re-
specting this matter, Prof. H. H. Wilson expresses his opinion—in which
I concur—in the following language: “The origin of this arrangement

is not very precisely ascertained, as it was unknown to the Greeks, and
not adopted by the Romans until a late period. It is commonly
aseribed to the Egyptians and Babyloniang, but upon no very sufficient-

authority, and the Hindus appear to have at least as good a title to the
invention as any other people” (Jour. Roy. As. Soc., ix. 84). ‘
One word on the claims of the Arabians to the honor of original in-

vention ‘in astronomical science. And first, they themselves claim no .

such honor, They confess to having received their astronomy from
India and Greece. They had at an early period some two or three of
the first Hindu treatises of astronomy. ‘“In the reign of the second
Abbasside Khalif Almansdr . . . (A.D.773), as is related in the preface
to the astronornical tables of Ben-Al-Adami, published . . . A. 1. 920,
an Indian astronomer, well versed in the science which he professed,
visited the court of the Khalif, bringing with him tables of the equa-
tions of planets accordin% to the mean motions, with observations rela-
tive to both solar and [unar eclipses, and the ascension of the signs;

 taken, as he affirmed, from tables computed by an Indian prince, whose

riame, as the Arabian author writes it, was Pricuar” (Colebrooke’s
Hindu Algébra, p. Ixiv). That the Arabians were thoroughly imbued
with a knowledge of the Hindu astronomy before they became ac-
quainted with that of the Greeks, is evident from their translation of
Ptolemy’s Syntaxis. It is known that this great work of the Greek
astronomer first became known in Europe through the Arabic version.
In the Latin translation of this version, the ascending node (Greek dva-
BuBdtew olvdeouos) is called nodus capitis, “node of the head,” and the
descending node zGreek xerafifdioy otrdeouog), nodus caude, “ node of
the tail ’—which are pure Hindu appellatfons (see Latin Translation of
Almagest, B. iv, ch.4; B.vi, ch. 7, etal.). This fact, with other evidence,
clearly shows the influence of Hindu astronomy on that of the Arabians.
In fact, this latter people seem to have done little more in this science
than work over the materials derived from their eastern and western
neighbors,

Another fact showing the belief of the Arabians themselves respect-
ing their indebtedness, in matters of seience, to the Hindns, should be
mentioned here. They ascribe the invention of the numerals, the nine
digits (the credit of whose invention is quite generally awarded to the

" Arabians), to the Hindus. “Al the Arabic and Persian books of arith-

metic ascribe the invention to the Indians” (Strachey, on the Early
History of Algebra, As. Res., xii. 184 ; see likewise Colebrooke’s Hindu
Algebra, pp. lii-liii, where the same is shown from a different authority.
Strachey's article was published subsequently to the work of Colebrooke).

The above facts and considerations, showing the indebtedness of the
Arabians to the Hindus in regard te mathematical and astronomical
science, clearly have an important bearing on the question of priority
of invention in regard to the lunar division of the zodiac into twenty-
eight; asterisms, at least so far as the Arabians are concerned. Taking

T
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all the facts into account, the supposition that this people were the
inventors is altogether untenable. ; :

1 close this note—already longer than I intended—with a quotation
from that distinguished orientalist, H. T. Colebrooke. In a very valu-
able essay entitled ¢ On the Notions of the Hindu Astronomers concern-.
ing the Precession of the Equinoxes and Motions of the Planets,” having
stated with some detail some of the more striking peculiarities of the
Hindu systems, and likewise coincidences existing between them and that
of the Greeks, with the evidence of communication from one people to
the other, he says: “If these circumstances, joined to a resemblance
hardly to be supposed casual, which the Hindu astronomy, with its ap-
paratus of eccentrics and epicycles, bears in many respects to that of .
~ the Greeks, be thought to authorize a belief, that the Hindus received
from the Greeks that knowledge which enabled them to correct and im-

rove their own imperfect astronomy, I shall not be inclined to dissent
from the opinion” (As. Res., xii. 245-6; Essays, 1i.411).

This is all that so learned and cautious a writer could say in favor of
the opinion that the Hindus derived astronomical knowledge from the
Greeks. More than this I certainly could not say. After the solar
division of the zodiac, with the names of its parts, it is evident, I think,
~ that only hints could have passed from one people to the other, and that

at an early period; for on the supposition that the Hindus borrowéd
from the Greeks at a later period, we find it difficult to see precisely
what it was that they borrowed ; since in no case do numerical data and
results in the systems of the two peoples exactly correspond. And in
regard to the more important of such data and results—as for instance,
the amount of the annual precession of the equinoxes, the relative size
of the sun and moon as compared with the earth, the greatest equation
of the centre for the sun—the Hindus are more nearly correct than the
Greeks, and in regard to the times of the revolutions of the planets
they are very nearly as corvéet: it appearing from a eomparative view
of the sidereal revolutions of the planets (p. 168), that the Hindus are
most pearly correct in four items, and Ptolemy in six, There has evi-
dently been very little astronomical borrowing between the Hindus and
the Greeks. And in relation to points that prove a communication from
one people to the other, with my present knowledge on the subjeet, I
am inclined to think that the course of derivation was the opposite to
that supposed by Colebrooke—1from east to west rather than from west
to east; and I would express my opinion in relation to astronomy, in
the language which this eminent, scholar uses in relation to some coinei- |
~dences in speculative philosophy and religious degmas, especially the
doctrine of motempsychosis, found in the Greek and Hindu systems,
which indicate a communication from one people to the other: “I
shonld be disposed to conclude that the Indians were in this instance
teachets rather than learners” (Transactions of the Roy. As. Soc., 1. 579).
' This opinion 'is expressed in the last essay on oriental philosophy that
came from the pen of Colebrooke. K.

. Boston, May, 1860,
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SANSKRIT INDE X.

. Tun following Index contains all the Sanskrit words, excepting proper names,
swhich have been cited in the text and notes, in connection with their translation or
more detailed explanation, Tt includes many terms of trivial importance, but we
prefer to err upon the side of fullness, if upon either, All the cases of oceurrence
of each word are not given, but it is referred to a characteristic passage, or to the

note where if is explained. The references by Roman and Arvabic figures are to

2 chapter and verse, and an added 2 denotes the note next following the verse given :

Arabic figures when unsed alone refer to pages.
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dpreshd 332,

deleshd, 882,
dsannatd, xii, 72 n.

indu, add. n. 8,
invakd, add. n, 26, ¢
wlvald, add, n. 26.

dskoe, add. n. 16.

ishta, 1. 58 n. i f :
ucca, 1. 83,84 m, . 6 n.
utkramq;,/d 1520 1, Vaded i
utkramyydrdhapindoke, ii. 22
uttara, vi. 12 n, 333, o/ Hoayly
uttara khanda, xi, 28 o,
wttardyana, iii. 12 n, 70
udaya, v. 81, ix, 1'n, #tng.
udaya/yd v 81, Anae ) L
wdayaprinds, ii. 659 n, [~

o,

o A O,
7 ' &l

1
T g

il N udaydsavas, ii. 59 n, 1. 48 el o,

udaydﬂtddhtlcdm. ix o

Ll umnata, it 89 n, iv. 26,

wnmandala, il 60, v s
unmandalaganku, iii, 84n
wunmilana, 1v. 17 n, winbs

U wllekcha, vil, 18 S

B

. bwdhoam, X, 100,
- drdhva y JMJattaravrttg, xiil. 16 o
g v B CRL s,
rcas, xii, 17,
g, i 18,
7, . 5. 40
Piu, xiv. 100, 4 4
rshi, viii, 21 n, xiv. 96,

ekadeoa, %1, 18 n,
ek&yanagata, xi, b n, 18 n.

. dindra;xi 21
| ojo, f85. 17

kakshd, iv. 8 n, xii. 65 n, xm 44
kadamba, v. 1 n, o e 0
Teanyd, 1. 58 m. ki
kapdla, v 17 n, mir. 22 1.
kapila,vi. 23, iy
- earana, il 67, 69 n. holi
Farani, iii, 80, 84!1.
karka, km‘lcata, i858 u. '
karna, ii, 41, i1 28 b, iv. 211
= Karman, ii. 42 viL 121, Lo
Talana, i, 100, |
Lald; 1,120, 28, 7o by diel
%ald, 4. 170, ol idi
kel yuga, 1. 17 0.
Icalpa, 119,

400 A

‘krte yuga, 11T ¢

 kona, iii. 84, | ywrm

4 grahayut yadlikdre, vii, 1o,

B ngm, etew, i o

b /
L) ol Yol

kdpdlzlca, viii, 181,
kdrmuka, add: n. 16.
kdla, 110 n, ii, 69n.T s
kdlagats, ix. 11n.
kdlabhdguds, ix. §n.
kdlasddhana, iii. 50,
kdldneds, ix. 6n. dediie;
ledshthd, 1. 12 v, g
kuja, add, n."8. |
Tjydy i 83 0, Eandl e
hutila, i1, 12,
kumbha, 1. 58 o, (g ety
kata, vii. 22. :
krte, 1. 17 .

O

krttlkd 328,

Jrshna, xiv. oot
krshnatdmre, vi. 28, ¢
Trshpa pakshae, i 61 n, ‘_' 4
Icemlm 1. 80n, 4608k ¢ v Freaey
koti, ii. 80n, x. 161, add.n. 16/ 7 i
kotijyd, .. 80 n, add. n. 16, sp
kotijydphala, ii. 39 n.

kotiphalg, ii. 89n. -~ . i

konagemlcu, 1it. 84 n, lieih,
kranti, 1, 100, deat. g
krantijya, ii. 28 n. /
krdntipdia, 280, Ao df Clid Vs
krdntipdtagats, iil, 12 0, matomees wdiad o gle s
Icrdntzmandala, Xiil, 18, { |
kvdntivrtta, xiii. 18n.
kroca, 1, 60 n.

Ieshana, 1. 1210,

kshaya, 1. 40 n, xii. 12 m,
kshiti, il 68 n. 4
kslntya. iii. 49 n, v. 1 n, s
kshitiyd, ii. 63 n,
kshap, 1. 70 n. ¢
kshetra, ix. 16n, xiii, 1k,
kshetrdangds, ix. 16n. o L it
]cyhemya,, 887, / it
kshepa, iv. 21n, . 6n

khacare, add, n. 22.
khacdrin, add. n, 22. :
Khamadhya, v. 11, xiii. 14.

b L

gane, 1. 28 n,
ganda, Xi, 22,
ganddnta, X121 2900

gats, v, 6n.

garbha, v. Ln,

gurw, i, 2, add. n. 3‘
gurualcskam, L2,
gulyake, xiii, 8n,
golm, v, o S8
gduna, 1. 18 n.

grasta, vi, 18, ix, 9. 4
graha, iv. 6n, add. n, 22 7
grahapa, iv. 6 v, vi 4, “5‘*'**




&mya-&zddhdnml L L

grdsa, iv. 110, 151, 20. ol G || tuid, s M4 v

caudrade;as b By W e
eara, ii. 68 n, 68, xiv. 60, »
: caralkalds, 4564. 4
caraklcaﬂqla, Yl 44 0 8
caragyd, iii, 36 n,
cara ala, il. 63n
eala; 1. 40, i
cale karng, ii. 42 n.

grahaka, iv. 9 n. R "!cl.;/,k torana, 345,
grahya, iv. 9 n, : tringothrtyas, it 120,

tr m;atkrtvas, 1ii, 12 0.
ghati, xm. 29m. trikona, iii. 84 0.
ghatikd, i 12 n, xiii. 23 n. truazuhkama, vil, 14 n.

trmvd i 60 n. y “ i
cakra, iil, 12 n, xiil, 21 . trifyd, ii. 60 n. ’ ek
caturasra, il bn. st trzpm;nddhekdra, i, 69 n. 3
caturpegn, i, 18, 17 00 4 0nh 5 4 1N aribhajiv, ~jyd, ~mdurvikdy iy On, Mt J
catushpada, ii. 69 n. tribhonalagna, ¥. 1 0. e ) ST by f ‘
candra, add. n, 3. truti, 1. 12 n, g ;
candragrahanddhikdra, iv. 26 n, ! tretd yuga, i. 170, fuaras

gl dakshina, vi. 120, & At
clakshmci‘/mm, jil. 12 n,
dapda, i. 12n, 600, 4
cla.sm, viii. 9.

dinakara, add. n. 8.

R dinardpi, 1, 28n, Bl 0, S, o of da

G flslessnll - dinavydsadala, 1. 80Dy dag widiics

9

iw

edpa, ad .n. 16. divdkora, add. n. 8. o
cilrd, 834, dig, 1. 69n, v. 2 &
dy Lkurman, yit, 12 ni i
chandas, xii, 15. " drkkshepa, v. 61, '
.. chddaka, iv, 9 n. drltutyatd, vii. 18n,

2 hddya, iv.9n. drktulya ete., xi.8n, |
chdyd, m bn, Artied drggate, v. 6, Lok, el
oheda, iii. 85, v. T, tt drggatijivd, v.1. vy &

chedyaka, vi. 1n, 7 drgjyd, v. 6n. L R
drglambana, V. 1 n; 1 ) ""! g

Jjambidvipa, xii, 44 n, drgutite, 'v. Ty MEHESHTL bl b LR
Jayin, vi. 21, j drp, i, 14, iii, 34x, v, 60, e
jm, vii. 20. dreydngds, ix. 5 n. XL aingty ;

Jjiva,add. 0. 8, deca, ii, 691, v. 2, ;

Jivd, ii. 21 n. h e ) degantara, i. 610, Lo L

 Jiia, ndd. n. 8, o alis : decantaraphale, i 891, 434.

Jydy ii. 27 n, add. n, 16.¢ et g ddivata, i1 10.

Jydpinda, i, 21 n. dorjyd, ii. 48, s

jydpmdaka 8L ; Sy dos, i 30n, add, n. 186,

Jydrdha, 1. 270, ¢ ‘Song R dyugena, i 510, -

yc&rdltapmda ii. 16. dyugyd, 1i. 60n. a L

Jueshthd, 836, dudpara yuga, 1171, 70
Jyatzshopamshadadkydya, i, 3n, dvisvabhdva, xiv. 4,

Jyatis; LB ooy Eiilisek, et dvipa, xii, 44 n,

tat, xii, 12 dhana; 1,0 o, S T

tatpara, i 12n, : dhanin, 840. :
“amas, vi, 11, dhanishithd, 340, ;
tallagndmvas, j5.5 4 B N : dhanus, i. 581, 601, xiil. 21n, a,dd n. 16. -'*";‘: i)
tdjika, vii. 28. : dhishnya, viii. 11, %1, 21. e gonlmin 3

tdrakd, tdrd, vii. 11, Vm. 16 19, xil. 481 - dhruva, il 67, vill, 1n, fiele) tov
tdrdgraha yii, Lo, i dhmvaka, viii, 1o, W
tigmangu, add. o. 8. i tlhruvatdrcz, xii. 48,

tithe, 118, 1,66 0, i |

" tithikshaye, 1,400, conihg i i nakehatm, 361,
| tithyanta, v. 130, na.kshatragrabayulyadhkdm, viu. ln
‘tamg, i, 6 n, ,:' S L natd, i, lo, A% N P A
tiryaksitra, x, 150. natajyd, iv. 25 n, g
twuayjyd xiti, 13 n. : natabhdgds, ii. 17, ,
tishya, 331. - matdnpds, 1, 21, AT 28 S ke
tzk«hndn;u, add, n. 8 nath, Vo ke Lol e f T e g
A
& i s v : i = : 1 iy
ALy Rwg ¥ Bonat




. parvdnta, xiv. 16 n,

| ‘palabhd, il 18 n.,

nara, X, 22 n. -
narayanira, Xiii. 24, Stumit v
ndkshatra, %. 6 n.
ndga, ii, 67, 69 n, xii, 33,
nddd, .39 n, xifl. 28n, ) G
nddikd, i. 12 n, xiii. 230.5 , o)
wemilang, iv, 170, smamssop
nimesha, i, 12n,

niraksha, Xii, 44 n,

nirres, 887, i
nigdkara, add. n. 8.

nigdpats, add. n, 8,

nishtyd, 836, .

sh Rl {
paksha, it 68 1. haki
pada, i, 29, vill. 5, 341,
para, 1. 210, L
parama, i 10n, diedel
paramakidnts, Jyd, i, 28 1,
paramdnu, 1, 12 n,
paramdpakramae, ii, 28 n,
param dyus, i. 21 n.
parardha, i, 210, -
paridhi, i, 88n.
arilekha, vi. 1 n, e
‘parilekhadlikdra, vi. 1 n,
paryanka, 333. :
parvan, iv. 8 n, xiv, 16 n. %
parvanddyas, 1v. 8n,  Confrng il |
parvavinddyas, v. 8. Ao 4

s

pala, i. 12 n, xiii. 23 n.

At
W

pagedt, vi. 12n.
Sipdde 1,088, Xl B n, Auwed < ioslond
‘pdtadhikdre, i, 6 n.
‘pdtdla, xii. 38,
pddma, 1. 230,
pdraddrd, xiii, 22 n,
| pinda, ii. 270,
pitaras, 338,
pitrya, viii. 18,
punarvas, 830,
purusha, xil, 12,

G
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pushya, 831, ?ﬁ%ﬁa‘r B

. plrnamd, pirgimd, ii. 66 n,
plrnimdnia, Xiv. 16 n. i
T, B8y el
. plrve Khanda, X1, 280,

i @y 848,50

: ;Wb#ﬁa;'v. 1.

. pdurnamdsi, 1. 66 .
pdushpya, 3i. 21,
prakrti, xii, 18,
‘pragraha, iv. 160,
pragrahage, v. 16,
pratishthdng, add, n, 26,
prabhd, i, 8 n. s ass
pramdna, v. 13,
pravaha, 1.8, W a0
pracoaa, 419, ‘
prdet, iv. 26 n, add. n. 28.

&

w0

- prdfe,vi, 12 n,

Sl

i

et

Vit

B Burgess, ¢te,

prdne, 1120, K
proshtha, 841,
proshthapadd, 341.

phalgunt, 833,
phdlguni, 338,

bala, vil, 20.

bali, 336.

balim, vil, 21,
barhaspatya, viil. 18,

barhaspatya mdna, i, 550, * -

béhu, i1, 80'n, add, n, 16, 26,
bdhugyd, 1§, 80. k¢ .
biluphala, i, 89 n, At
by, 1. 9n, 34n. el
budha, add. n. 3,
brhaospati, add. n. 8.
brafiman, xii. 12. -
bralumahrdaye, viii, 12 0,

bha, i. 211 n, iii, 12 n,

bhagana, i 9T n, i, 1, xil, 6. T it

bhacakra, ii. 46,
bhadra, 841,
bhadrapadd, 341,
bharant, 328.
bhasandhi, xi. 21 n.
bhd, il B, bl
bhdga, 1, 298 n, Aty
bhddrapadd, 841,
bhdanu, add. n. 8.
bhdrgava, add. n, 8.
bhdskara; add. n, 3.

blukidsanas, iii, 490,

phala, ii. 84n. ,fr:;‘.-.,{r VJ;‘P

Ohukts 3 2T m0 oty Bk

bhwj, 1. 27 .

bhiija, ii, 801, iil. 51, add. o, 16,

bhujajyd, ii. 80 n, add, o, 16
bhujajydphala, i, 89 n.
bhujaphala, 1i, 89 o,

bhujasiitra, iii, 6. Buot fnt

bhitgola, xit. 82,

1L\ bhigolidiydys, %1, 281,

bhiputra, add. n, 8. |
bhiibhagola, xiii, 8 n, 1
. blibmigola, xiii. 8n. v

bhusuta, add.n, 3,
bhrgu, add. . 8.

s
N
T

=

=

bhoga, it. 64, ﬂff’%‘k-/i”’«l‘W*; o0

 bhogydsavas, 1. 49 1,
bhduma, add, n. 8,
bhramana, xii, 76, 1

makard, 1. 58 n.
maghd, 332,
madica, 383,

| bhimiputra, add n, 8. ::,‘- i

e

el
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il memdr:la, x. 156 n, xi. 18 n, xn. 76. Il rankas, ii. 8n.
matsya, 1. o, ol ravi, add. n, 8.
madhym, i 10 n, xiii, 15h Pty rdkshasa, 1, 62, * i

madhyakarna, ili. 28n. rdgicl 280, S49n ¢ B

madhyayralmm, v.18n.° 3 rdhi, il 8 n, & sty 6 ,m«iimj 0
madhyajyd, v. 51, mnd,’,c,g,, et rekhd, 1. 61 n. ;
madhyapdlae, xi. b n. : renuqa;bha, xiii, 22 n.

madhyabha, vl | » revati; 343,

madhyama, xiii, 14. rolini, 829,

madﬁyumadhzkdm, i, 70m. | rdudrarksha, ix. 14,
madhyorekhd, i. 62n. 041 it

madhyalagna, iii. 49 n, xiii, 15 B, foe . £ 8 Lagna, il 48, 491, |

madfn/mt/ntyardha, v. 13n, O B - lagnautamprands, ix. b
: ad/m/a/ma, X 8n. logndntarasavas, %, 2
i madlye, Xiv. 14 n. 4 lagndsavas, i, 47,

manu, L 19 0, lankodayds, xiii. 14. S
mandn, i.6n; 12, add 0, 8. ety lankodm/zimvas iil, 49 o Meghd | AR
mandakarnan, vi. 18 n ; lamb, i, 27 n, . 12 0. A e A
mandakendra, ii. 30 m. &0l lamba, 160N, | Grortet Sl L v
mandatara, il 12. S lambagyd, i 60.

mana‘?’zp:rfldkz, .84, o shagpele {420 gambana. vid m o e 7 3

mandaphala, il 44, iotd, 1. 98n,  AETT

mamlucpca Logdm hoand o o l7§iu’cd 128 n, e Gl

mam:an}tam 1180, ‘ ;ub«lhalm viii. 12 n.

maharshi, 1. 8, xii, 86. ok, xiii 16 m

. mahdbhita, xii. 28. 5 i i
“spahdyuga, . 170, L i b oy va&m. 119, Ay o aame Ad i
mahdmnkn add n. 21, 'uakmgatz, viil. 15. Bt
a, iv. 8 n, xiv. 2 o, vakrin, i, bl ‘ i
mdnddht/dycc, Xiv, 2 n. | W)arslmi xii, 44 n, S #
manda karman, i, 48. / valana, iv, 26 n, = Leitiny, i
ci‘nlda p/rala, i, 89, @ et Peaitn ] R valandnpeds, iv, 26 B, '
mdsha, xiil. 28, i vali, 836.
matra, 386, e . g vasu, 330, . i

mithuna, i, 58n. g vastra, xiii. 16.
d 1 #

ming, 1680y 1Tuk e vdyava, vii. 190,
mukhea. xiv. 60, ; vdrd, k 520, Ate i iy
mukhya, i 18n. vdrdha, 1. 28 n. o
muhiria, i 12 n, i ; vdsava, 1. 18. ; !
mirta, 1. 100, vikald, i i 28, vii. 10, Sedewd
mitla, 837, 7 wikship, 1. 10 n, viii, 12 ¥
my-g“' )_ B8 1. (_,‘-\.1__ BB ] VJ‘Z’CV;‘"P(‘ i Ton, meas e vl i
mrgaoyddha, vilh12a. e | wmigraha, vil, 22.
mrgnmrax B0,y wierldu, 831.
. mrgagirsha, 329. ' vijita, vii, 21, 7 i
‘melaka, Vii. ln. f e vetasti, iii. 5 0, hedlny 2 46
mesha, i, 68, Qs vidie, i, 82,
. mditra, Vil '18. N widyddhara, xii. 81m.
o wuokshayiv.16n, - vidliy, add, n, 8.
: m&urpikd 2T e vidhria, vidhpts, 1L.68 0 Ak
i L M vidhvasia, vii 21, W Aoy
; -yajdmhi xii, 17 i) Suinddic i B2 w24 s e e
i y(mtm XL M vipavita, %i. 6 n, . 9 B T
Yanhts, 2ili, 2V0. e : vimarda, iv, 15n,
- ydmyottaranrtta, iv. 25 n, i, lﬁn. vivayuand, add. m. 8.
yuga, 1170, 58 By wvigdlehd, 385, 838,
. yugma, . 80, : b vigve devdis, 338,
yuts, Vi, 10, Ll 4 visliama, i, 30,
| yuddha, vii, 1n. vishuva, vishuyat, il 0. Wopnes v
ol ,V.Lgaga, ii, 63 n, vii, 1, add. n. 19 vishuvatprabld, iii. 13, g
1T yogatdrd, 323, )l o} vishuvadbhd, i T, o ne o
- yogutdrakad, viii. by e il vishumadortta, iii. 6 0, ¢ \ i
Yyojana; i 600, = & Linte ) vishwvanmandela, il 6 n. LA e v
VOL, YL O fo G f :
)
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'vya.x 4N, “iken | e
urtt, ii. 33 n,
vrddhi, xii, 12 n. e

vrecika, 1. B8 n. s i
vrshan, i. 580, T

vega, ii. 11 n,

veda, xii, 27, " et
veddnga, i. 8 n. urihions { the Vool

vaidhria, vdidhrii, xi. B n
vdiva, viii, 4,

vdeshunali, xiil. 9.
vdishpava, ix. 18,
vyaksha, xii. 44 n.
vyatipdta, xi. 6 n,
vyoman, xii, 0. PG

paka, add. n. 12,

pakuni, i, 69 n. :
ganku, iil. 51, 840, goon o
gankyjivd, iii, 22.
satabhishoj, «shd, 341.

gand, add. n. 8.

pandirenra, add. n. 8.

eayyd, 883,

gara, add. n. 16.

gagdnka, add. n. 8.

gagija, add. n. 8,

eagin, add. n. 8.

gdka, add. n. 12,

e 2
0 A

I ctohra, i. 84 n, 11.12. AR AR
cighrakarman, i, 8T,

gighratara, ii. 12,
vighraparidhi, ii, 56
gighraphala, il 44. 4 7/
gighrocea, i, 5 n. ufpeiien
gibage, ;ztadz.d/ntz, yztdngu, add n, 3
¢wkra, add. n: 8,
pukla, x. 4,9, ik
oulela pakaba bl
eulba, xiii.
grnga, X. 11 n.
frngdta, 839,
grngonnatyadhikdra, x. 1n,
gesha, iii, 51 n.
cdighrya, ii. 42, 48, 0on i
grava, 1l 26,1v. 2L n, =
gravana, iv. 21 n, 840, |
gravishthd, 840,
" grond, 840,

T

shadagitimukha, xiv. 8n. 0 4 B2

samyogd, vii. 1n.
samvat, samvatsara, add. n, 12.
:amlddm, 454,

gikhin, 860 note, } -

;ighmkcndra, L L

- hasta, i. 60 n, 334,

Z. Burgess, ete.,

sanhitd, vil. 28n, add. n, 1. !
sankramana, xiv. 10n. . e
sankrdnti, xiv, 3 n. Gaig ;
sadlimra, Vi, 28,

sandhi, xi. 22 n,

sannihitam saras, i. 62 n.
saptarshayas, xiii, 9.

sama, 11, 12, iv. 25 n, /
samamandala, iii. 6n. Jv s Milised | F
samama'ndalapanlm, it 84 n.
ramasitra, xiv, T n,

]
samdgama, vii. 1 n, 20, 22 X e

mmzéka vi. 8.

saras, i. 62 n, o
sarpds, 332 )
savana, xiv, 19n, v

savitar, xii.' 28 n, add. n. 8.

savyam, xii. 12 n.

sdmdng, xii. 17,

sampraddyike, vii. 14 n.

adwna, 439,

sdrpa, viii. 19,

sdvana, 1. 12, xiv. 19 n.

sinha, 1, 680,10,

séddha, xii. 28,

siddhdnta, add. n. 1,

sidhya, 381, a4
sura, xii. 41, i
et dv. bl ol awiadly ,
sittra, xiil, 22 n. i
sarya, add, n. 3
stryagrahanbdhikdra, iv. 26 n.
siryatanaya, add. n. 8.
mrz/adz.ras, X 10N,
soma, add. n. 8,

sdumyn, viii. 16, add. n, 8
Sdnra; Y. 18, xiv. 80, 8 okas
sthits, iv. 156 n.

sthira, xiv. 6 n.

sthitla, vill, 19,

spurga, iv, 16 n, i

spashte, ii. 58.
«pa,ektddﬁzkdra, L 70 n.
sphuta, 1. 60, ;
sphutasthitynrdha, v. 1'1 )
sp]mtzlmmna g /
srotas, xii. 26,

v

- Sudti, svdti, 385,

il
harija, v, 1 n, [t

hdni, xii. 12n.

Imnadzdhm, liimaragmi, hzmdmpu, add,
n 8

bvmnwgarbba. xu 15,

Ilutablmg viii, 12

ford, x11. 79 n.

F a0
¥
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. Aglesha, vth asterism—identification etc.,

© Amrta, name of a youa, add. n. 19,

Strya-Siddhdnta. ‘
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GENERAL INDEX.

The references are as in the preceding Index.

.

Abhijit, 22nd asterism——~identification ete.,
339 omission from the series, 352-4.
Abuer-Raihin, see al-Birdni,

. 8825 its last quarter unlucky, xi. 21.

Agving, 6th or 7th month—i,51 n, xiv. 3 n,
16 n,

Agyind, 1st astervism—identification ete.,
321,

Agvins, divinities of 1st asterism, 827,

Aditi, divinity of Tth asterism, 881,

Aditya, 331 ete, xii. 28 n.

Alon, i. 193 day of Brahma, i. 20; names
of past and current, i. 23 n, .
Agastya, name of star (Canopus), viii. 10,
Lge—Great Age, or Quadruple Age, how

composed, I. 15-17; Golden, Silver, Bra-
zem, and Iron Ages, i.17 n; quarter-Age,
proper period of this treatise, 160,
Agni—divinity of 8d asterism, 328 ; with
Indva, divinity of 16th asterism, 835;
name of star (3 Tauri), viii, 11,
Albategnius, Arab inventor of sines, 200.
al-Birdni—visit to India, and notices of!
Hindu astronomy, 1. 8n, 6 n; identifica.
tion and description of the asterisms,
326 ete., 352.
[For other Arabie names commencing
with the article, see the initial letter of
the word following the article. )
Altitude; sine of—name, 258, adil. n. 21 ;
how caleulated, iii, 28-84, 84-86, 37-88:
instrument for taking altitude, xiii. 21 n.
Altitude n time, iii, 89, iv, 26,
Amplitude, sun's at horizon—sine of, iii,
27 measure of, on the dial, iii. 7; its
constant ratio to hypoth. of shadow, ii.
Zn; how ealeulated, iii. 22-28, 27-28,

Anala, 24th yenr of Jupiter's cycle, i. 85 n.
nanda—22nd year of Jupiter's cycle, i.
551 ; name of w yoga, add. n. 19.

Angiras; 40th yearof Jupiter's cycle, i,55 n.

Angle, a quantity not employed in Hindu
astronomy, 259,

Anamalistic revolutions of planets, 207

Anomaly, mean——name, ii. 29; how reck-
oned, ii. 29 n,

Anqguetil du Perron, notice of the Parsi
asterismg ete., 324, :

cte, 886,
Anuvatsara, 4th year of lustrum, xiv. 17 n,
Apamvatsa, name of star (3 Virginis), viii,

21,

Apas, name of star (3 Virginis), viii. 21.
Aphelion, 16Y—see Apsis,

Apogee, 159-—see Apsis.

Apparent longitude, vii. 12n; term how

used by Colebrooke, viii, 1 n.
Apsis—term how employed in this work,

159: apsides of the planets, mode of

action, 1i, 1-5 ; revolutivns, i, 41-42 ; how

devised, i. 44 n; positions, ace, to dif-

with Ptolemy’s, add. n. 11.
For moon’s apsis, see Moon.

Arab astrology, connection with Hindu,
vii. 23 n,

Arab use of sines, later than Hindu, 200,

Arab lunar mansions, 824 : identitied and
compared with Hindu and Chinese, 827
4344 ; character and origin of system,
347 ete, ; stellar chart illustrating, add.
N2

Arc—names of, and of its functions, add,

n. 16 part of arc determining sine, ii,

. 805 to find arc of a given sine, ii, 33.

Ardrd, 6th asterism-—identification ete,
880, add, n. 26.

Armillary sphere— construction, equip-
ment, and revolution of, xiii, 1-20; itg
use, and comparison with those of other
nations, xiii. 8n; its adaptation to ob-
serving polar longitude and lutitude,

. Vi, 121,

Aryabibatia—his period and writings, add.
. 1; references to bis doetrines, i, 27 n,
160 n, add, n. 18-—see Arya-Siddhanta,
Laghu- Arvya-Siddhéanta, Ary&sh@;:mu,

. Dagagitika, i

Aryabbatta, commentator on the Strya-
Siddhanta, add, n. 2,

Aryaman, divinity of 11th or 12th aster-

. 1w, 334, o

Aryfishtacata, treatise by Aryabhatta, add,

ik
Arya-Siddhanta, add. n. 1! citations of its
teachings, 168, i. 44 n, add. n. 6,
Ascension—see Right ascension and Ob-

Antipodes, Hindu view of, xii, 51-53,

lique ascension.

Anurddhd, 17th asterism—identification

¢

=

ferent authorities, i. 44 n; compared

L
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Ascensional difference, how caleulated, ii.
81-62. ;
Aseensional equivalents—see Right ascen-
sion and Oblique ascension,
Ashidhd, 20th and 21sl asterisms—i
fication ete., 888,
Ashadha, 3rd or 4th month, i, 51 n, xiv.
3n, 16n,
Aspects, unfavorable, of sun and moon,
when of like declination, xi.
Asterizms— Hindu name for, 851 ; how to
be translated, 351, add. n. 28 « their por-
tions, or divisions of the eeliptic belong-
ing to them, il 64, 823, 351 ; their junc-
tion-stars, 823 ; time and motive of se-
lection, 851; names, add.n, 19 situa-
tion in each group, viii. 16-19 ; mode of
definition of positicm, viil, 1 n; defined
gositiuns, viil. 2-9; illustrative figure,
22 5 discordance of authorities, 826;
errors of position examined, and time of
definition deduced, 355; mode of ob-
servation of positions, viii. 12 n; detailed
identification of the groups and their
Jjunction-stars, with statement of names,
symbols, divinities, defined positions,
ete, comparison with Arab mandzil
al kamar and Chinese siew, 827-344 ;
additionnl synonyms of names, add, n.
26; inability of later Hindus to point
them out, 826 ; al Birdnl's information
respecting them, 325 cte, 3562, 3563,
conspectus of correspondences of the
three systems, 344 ; stellar map illus:
trating their velations, add. n. 27; Bi-
ot's views of their origin and connec-
tion, 845 ete.; age of the system in In-
dia, 347; discussion of its character.
_eonnections, and origin, 347 ete.; trans:
fer of first rank from Krttikd to Acvini,
860 ; relation to the moon, 852, add. n.
284 variation in number, and omission
of Abhijit, 352.
conjunction of planets with astervisms,
* viii. 14, 15; systems of yogas founded
upon, 356, add. n, 19; heliacal settings,
ix.12-15, 17-18; orbit and revolution,
xii, 73, 80, 90n.
Astrology—generally treated in distinet
works, vii. 23 n; titles of astrological
works, vil. 231n; connection of Hindu
with Greek and Arab, vii. 28 n: astro
Jogical import of conjunctions of plan:
ets, vii. 18-28; of splitting of Rohini's
avain, viil. 18 ny of equality of declina-
tion of sun and moon, xi; of sun's en-
trance into a sign, xiv, 11
#stronomy—~see Greek astronomy, Hindu
astrononiy.
Astronomical literature of Hindus, sum-
mary view of, add, n. 1,

denti-

B. Burgess, d.,

Atignnda, 6th yoga, ii. 65 n.
al-Auwa’, 1 8th manzil, 834,
Avanti, name of Ujjayini, i, 62, S
Aytn-Akbari—orbits of the planets, as
given by, 899, note; description of in-
. strument for measuring time, xiii. 23 o,
Ayushmant, 8rd yoga, ii. 65 1.

s

Bahndhanya, 46th year of Jupiter's cycle,
1 obn,

Bailly—hig views of Hindu astronomy,
introd. n, 472; mean positions of the
planets at beg. of Iron Age, 1621 other
references to his works, 218, 438,

Bélaya, 8rd ete. karana, ii. 69 n.

al-Baldah, 2 1st manzil, 339.

Banij, Tth ete. karana, ii 69n.

Base of a right:angled triangle, ii. 30 n,
add. n. 16.

Bage-sine == sine, ii, 80 n, add. n. 16, |

Base of the gnomon-shadow, iii. 6n, 23~

et

25,

Batn al-Hut, 28th manzil, 343,

Baya, 2nd ete. karana, ii, 69 n.

Bentley, introd. note ; his views of Hindu
astronomieal literature, 'i. 8 n, 1684
method of determining the age of a $id-
dhanta,164; applied to Sarya-Siddhanta,
and conelusion drawn, 165 ; eriticism of
his method and results, 166 ete; gene-
ral estimate of hislabors, 168, add. n, 8;
his view of Hindu precession, 248; of
asterisms, 388 ; other citations from and
references to his works, 162, 168, 172,
918, 247, add. n. 1, &, 6, 8, 470.

Bhadricva, name of a clime, xii. 88,

Bhidrapad4, 26th and 27th asterisms-—
identification ete., 841, add. n. 26,

Bhéddrapada, 5th or 6th month, i, 51 n, xiv.
3n, 16 n,

Bhaga, divinity of 11th or 12th asterism,
384, !

Bharant, 2nd asterism—identification ete.,
828, A

Bhirata, name of a elimey containing In-
dia, xii, 89. A

Bhaskara, add, n. 1--see Siddhanta-Ciro-
mani. : :

Bhiva, 42nd year of Jupiter’s eycle, .85 1.

Bhaja-Siddbdnta, add. n. 1. 4

Bhroya (¢ Vishya?) 49th year of Jupi-
ter's eycle, i. D6 n, e :
Bhidhara, commentator on  Sfirya-Sid-
dhinta, add, n. 2. ‘ ;
Bija, correction of mean motions of plans

ets, 163 ete, . 9n; table of menn mos
tions as so corrected, 164, add, n, 7,
Biot—-his views of origin and history of
Chinese sien, 825, 845 ete.; of Hindu as
terisms, 850 ete. ; of omission of Abhijit,

3523 of Hindu sines, add. n. 15; other

v
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Strya-Siddhdnta.

references to and citations from his|
works, i. 44 n, 1 6 n, 3569, add. n. 10,
17,18, 2%, 28,24,

Brahma—duy of, i. 20; length of his life,

.21 time of, xiv. 21: divinity of 22nd

asterism, 839 : name of star (§ Aurige),
viii. 21 n: 26th yoga, ii. 65 n.

Brahmagupta, i. 3 n, add. n. 1-—see Brahma-
sphuta-Siddhanta and Khanda Kataka.

Brahmahrdaya, name of star (Capella),
viik. 11-12,

Brahma-siddhanta, add. n. 1, 6, *

Brahma-sphuta-Siddhanta, add. n. 1; its
system, how different from Strya-Sid-
dhinta, add. n. 6: refexences to its doe-
trines, i. 8n, 40n, 60n, 246, 326 etc.,
viii, 12 n, add, n, 18.

Brhaspati, divinity of 8th asterism, 331.

Brhaspati-Siddhanta, add. n, 1,

Budhaydra, Wednesday, i. 562 n,

al-Bula', 28rd manail, 340,

al-Butain, 2nd manzil, 328.

(abdakalpadrama—its list of Siddhantas,
add. n, 1.

Citra, 12th or 1st month, i, 51 n, xiy, 8n,

ol 8y j

Cakalya-Sanhitd, add. n. 11 references to,
825, 326 etc,, 357, 361, 862, add. n. 6,
ete.

Cakuni, 58th karana, 1. 69 n.

Calendar, sketch of a Hindu, for the year
1859-60, i, bLn.

Alivihana, era of, add. n. 12,

Canivir, Saturday, 1. 52 n,

Cara, name of a yoga, add. n. 19,

Carad, autumn, xiv. 10n, 16 n,

Cardinal directions, names of; vi. 12 n.

CQarvari, 8th year of Jupiter's cycle, i. 65 n.

Catabhishaj, 25th asterism—identification
ete, 841, i

* Catushpada, 60th karana, ii. 69 n.
Central ecliptic-point, v, 1n; sines of its

altitude angegenith-distance, v. 5-6.
Chang, 9th sieligh 34,

‘Chattra, name of a yoga, add, n. 19,
~ Che, 24th siew, 343,
Chin, 11th siew, 834,
Cilinese astronomy and division of the
. heavens—see Sieu,
Chord of an are, 201, xiii. 13 n, add. . 16,
Chronological cycles, i 15-21; eras, add.
Dl ;
igira, cool season, xiv, 10n, 16 n,
Jircle==nane, ii. 88 n; divisions of, i. 28 ;
. ratio of dinm. to eircumf i. 60n, 201,
Citril, U4th asterismn—identification ete,

il

Citrabhdnu, 50th year of Jupiter's eycle,
1 000, ‘ :

givn‘,\‘;u'th yoga, il. 851,
iyil time, day-~see Tine, Day.
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(loka, common Hindu verse, introd. n,

(obhana-—11th year of Jupiter's cycle, i,
55 n; 6th yoga, ii. 656 n.

Co-latitude, terrestrial—name, i. 60 n; how
found, iii, 13-14, 14-17,

Colebrooke, introd. n.: his statement of
the systems of yogas, ii. 65, add. n, 19;
identification ete. of the asterisms, 824
ete,; information as to astronomical lit-
erature, add. n. 1: other references to
and citations from his works, i. 27 n,
167,183, 245 etc., viil. 1n, 10-12n, 12 n,
19 n, 21 n, xiil. 8 n, 6 n, xiv. 16 1, add.
12,6, 105 18

Color of moon when eclipsed, vi. 28,

Commutation, mean—name, ii, 20 1i; how
reckoned, ii. 29 n, A

Conjunction of a planet—term how em-
ployed in this work, 160 ; mode of ac-
tion on.the planet, il. 1-56; revolutions,
1,29~82 ; orbits, xii. 85-86.

Conjunction and opposition of sun and
moon, common name of, iv, 8 n: true and
apparent conjunction, names of, v. 13 n,

Conjunction of planets with one another,

* vii; with asterisios, viii, 14-15; name,
general, vil. 1 n; particular, astrological,
vii, 18-20, 22 : conjunction viewed as
taking place on secondary to prime
vertical, vil. 6n: time and place Low
caleulated, vii. 2-11; illustrative ob-
servations of conjunctions, vii. 156-18,

Contact of disks, or disk and” shadow, in
eclipses, iv. 15 n; time of first and last
contact how determined, iv. 16.

Cosine~—not distinctly recognized, 200, il,
80 n; term corresponding to, i 80n,
add. n. 16; part of arc determining co-
sine, ii, 30.

Cosmogony, development of creation, xii,
10-28,

Cravana, 23rd asterism—identification ete.,
340, add. n. 26.

Crivana, 4th or bth month, i. 51n, xiv,
3, 16n.

Cravishthd, 24th asterism——identification
ete., 340,

Creation, time spent by the Deity in, i
24 ; as given by other treatises, k. 44n;.
reason of this allowance, 162.

Cridhara, ratio of diam. to circumf#cmﬂ-
ing to, i, 60 n, i

Grimukha, 41st year of Jupiter's
bb o, Pl

(rishena, author of Romaka-Siddhanta,
add. . 1.

(Zrivntsa, name of a yoga, add. n, 19,

Cubha—~28rd yoga, ii. 65n; name of a
yoga, add. n, 19

Cubhakrt, 10th year of Jupiter’s cyele, i,
55 n

cyele, i,

Cubit, . 60, iil. 5n.
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" Cukla —381th year of Jupiter's cycle, i.
66 n; 24th yoga, ii. 65 n.

Cukravira, Friday, 1. 52 n.

Cala, 9th yoga, 11465 n.

Cusps of the moon—name, x. 1n, 16 n;
their elevation calculated, x. 6-8; de-
lineated, x. 10-156.

Cycle—of five years, i. 58 n ; names of its
years, Xiv. 17Tn: of sixty years of Jupi-
ter, 1. 65t of twelve years of Jupiter,
xiv. 17 ; their relation, xiv. 17 n : vaster

- chronological cyeles, i. 15-21.

ad-Dabardn, 4th manzil, 329, :
Dagagitikd, treatise by Aryabhatta, add.

Y

Dada Bhai, commentator on Strya-Sid-
dhiunta, add. n. 2.

Daily motions of planets ete., i, 25-217 ; of
equal absolute amount on each orbit,
xi1. 90 n : tables of mean daily motions,
161, 164, add. n. 5, 7; mean motions in
sidereal day, 436 : true daily motions,
how caleulated, ii, 47-561; comparative
table of, tor Jan, 1, 1860, 231,

Davis, references to and citations from his
essays in Asiatic Researches, introd, n.,
163, i. 5.0, 198, 218, xiv.16n, 17n,
add. n. 17, 438, 484, 4565.

Day—civil day, how reckoned, i, 86, xiv.
18; number of in an Age, i. 87; varying,
length in different seasons, xii 45-71:
lavar day, i. 13 ; number of in'an Age,
4. 37 ; its portion, i1, 64 ; current one how
determined, ii. 66 : omitted lunar days,
i. 36 : number of in an Age, i. 88; how
caleulated for a given period, i. 50 sid-
ereal day, xiv. 15; its divisions, i. 11~
12; number of in an Age, i, 84 : solar]
day, xiv.3n: day of the gods, i 13-14,!
xil, 45, 41-51, 14, xiy. 20; day of the
Fathers, xil, 770, xiv. 14; day of Pra-
JApati, xiv. 21; day of Brahma, i 20,
iy, 21 :

Day of a planet, i. 84, ii, 59 ; its divisions,
1, 62-63.

Day-measure, lii. 35 n.

Day-radius, ii, 60.

Day sine, ii. 60 n. i

Deelination—nanme, 190; reckoned as in

_the fﬁliptic, 190, wiil. 1 n; how ealeu-
lated, i, 285 how combined with lati-
tude, ii. 58; comparative table of, for
Jan. 1. 1860, 231: how found by ob-
servation, iii, 17-18. ‘

Declination, equal, of the sun and moon—
time how caleulated, and astrological
influence, xi.

Deflection of ecliptic from an east and
west direction—how caleulated, for use

E. Burgess, ele.,

Degree of a circle, i, 28, ;

Delambre, references to and citations from
his works, introd. n., 199, 200, 249, vii.
14 0, add. n. 15,17, 18,

Dhatar, 44th year of Jupiter's cycle, i,
58 n.

adh-Dhird’, Tth manzil, 331,

Dhrti, 8th yoga, 1i. 65n.

Dbruva, 12th yoga, ii. 65 n.

Dhimra, name of a yoga, add. n. 19,

Dhvaja, name of a yoga, add, n. 19.

Dhvanksha, name of a yoga, add. n.19.

Dial, construction of, iii, 1-1.
Dismeter. relation of to circumference, i.
60n, 201, ‘ ;
Digit, iii. 5 n; measure of the gnomon in,
Ik Bn: equivalent in minutes, in pro-
Jjecting an eclipse, iv. 26; measure of
the moon’s disk in, iv. 11.n, x. 9n.

Directions on the sphere, how reckoned,
281, vii, 6 n: cardinal directions, vi,
1200 ;

Diurnal circle, radius of, how calculated,
ii. 60.

Dundubhi, 30th year of Jupiter’s eycle,
185 n,

how determined, iv. 12<15, v. 18-117."
Durmati, 29th year of Jupiter’s eycle, i.
55 n,
Durmukha, 4th year of Jupiter’s cycle, i.
66 n, )

Earth—form, position, and support, xii,
32 ; apparent form, xii. 54; its revolu-
tion taught by Aryabhatta,i. 27 n'; dis
mensions, 1. H9; centre and surface,
terms for, 286; poles, xii. 84-85; geo-
graphical divisions, xil. 86-40; zones,
xii. 6969 ; cavities.within it, xii. 88;
measurement by circles and ar¢s not ap-
plied to, 1. 65 n. i A ‘

Barth’s shadow, diameter how caleulated,
iv, 4-5. g

Earth-sine, ii. 61, i ;

East and west direction on the sphere, 281,

East and west hour-eircle, iii. 6; xiii, 16 n,

East-point, 282, add, n. 23,

Becentric circle, equivalent to Hindu ept.

eycle of apsis, 208, ;

Eecentricitios of planetary orbits, compar-

ative table of, 220,

Eclipses—uname, iv. 6 n; rules, applying

to solar and lunar, iv; rules for paral-.

lax, applying to solar, v; projections of
eclipses, vi: primitive theory of cause

of eclipse, iv. 60, 11n: true theory, iv.

9 occurrence of annular eclipse not

contemplated, v. 18n: caleulation of a

lunar eclipse, add. n. 24; of a solar

eclipse, add. n. 25; projection of a Iu-

I
in projection of eclipses, iv. 24-25; how,
projected, vi. 2-9. h

nar eclipse, 301,

.f]'h
i H 4 . &
Duration of an eclipse, name of, iv, 15 4;

L
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Ecliptic—~name, xiii, 18 n; pole, 287 ; di-
~ yisions, 1. 28; their equatorial equiva-
.lents, iii, 4245 ; inclination, ii. 28 ori-
ent and meridian points, iii. 46-49 ; cen-
tral point, v. 1 n: deflection from east
and west direction at a given point, iv,
24-25.
Elements, five, xii, 23. ;
Entrance of thesun into a sign, astrolog-
ical character, xiv, 8, 11,
Epicycle—name, ii. 88 n: dimensions, for
all the planets, ii, 84-87; change of di-
mensions, ii. 88 n, 219, add. n. 18; epi-
cycle of apsis equivalent to eccentric
orbit, 208 : relative dimensions of orbits
deduced from epicyeles of conjunction,
220 ; comparison of Greek and Hindu
| systems, 218 ; Greek origin of the meth-
od, 473,

_~ Equation of the centre—how calenlated.

Vel

47|

1. 89; Ptolemy’s method, for sun and
moon, 211 ; for other planets, 217 : how
applied, with annual equation, in find-
ing true places of lesser planets, il. 45-
45; comparative table of value when
«. | greantest, 220,
wauation of the orb, or annual equation—
- wow found, ii. 40-42 : Ptolemy's meth-
od, 217 : how applied, with equation of
centre, ii, 43-45,

* Equation of time, correction for, ii. 46;

its insufficiency, ii. 46 n, 437,

Equation of motion of a planed, i, 47-51.

Equator, celestial, iii. 6.

Equator, terrestrial, 892,

Equinoctial shadow, iii. 7, 12-133 how
found from latitude, i1, 17.

Equinos, iil. 6n: precession of—see Pre-
cession, !

Eras in practioal use among Hindus, add.

Gony 12

Ether, fifth element, xii. 28 orbit of, xii.
30, 81, 90. 5

Evection, not noticed by Hindug, 211.

al: Fargh al-Mukdim, 26th manzil, 343,

al-Fargh al-Mukhir, 27th manzil, 343,

‘Fithers, or Manes—divinities of 10th as-
terism, 832; their station and day, xii,
14, xiv. 14,

Fixed stars—names and defined posifions
‘of certain, viii. 10~12, 20-21 ; their iden-

' tification, viil. 12 n, 21 n
Full moon, day of, ii. 66 n.

Fang, 15th siew, 336. i

Gada, name of a yoga, add. n. 19.
Clanda, 10th yoga, i, 65 n.
Ganeca, author of Graha-Léghava, add.

oL
Clara, 6th etc. karana, ii. 69 n.

Strya-Siddhdnia.

Geogriphy, xii. 84-42; of Purdgas, xid.
44 n.

al-Gthafr, 15th manzil, 336,

Gnomon, i, 1, bn

Groei, 28rd siew, 841,

Graha Laghava, add. n. 1 ; its definition of
position of the asterisms, 826-342 ; of
fixed stars, viii. 12 p, 21 n.

Greek astronomy, relation of, to Hindu,

471 ete~see Ptolemy.
Greek words in Hindu technieal language,
i 280,62 n, il 80'n, il 84 n, 474,
Grishma, summer, xiv. 10 n, 16 n.
(Hidhérthaprakdcaka, name of Rangand-
tha's commentary on the Sarya-Sid-
dhénta, introd. n,
Guruvdra, Thursday, i. 52 n,

al-Hak'ah, 5th manzil, 330,

Hall, F. E.—his edition of 8trya-Siddhan-
ta, introd. n, add. n 1.

al-Hav’ah, 6th manzil, 530,

Harshana, 14th yoga, ii. 65 n,

Hasta, 13th asterism—identification etc.,
884,

Hemalamba, 5th year of Jupiter's eycle,
i, 65 n.

Hemanta, winter, xiv. 10 n, 16 n.

Hemisphere—name, v. 17n; eastern and
western, of heavens, v. 17 n; northern
and southern, of earth, xii. 45, 46.

Heliacal settings and risings—of planets,
ix. 1-11; distance from sun of occur-

rence, ix. 6-9; caleulation of time, ix, '

10-11, 16: of asterisms, ix. 12-17; as-
terisms which never set heliacally, ix.
18: of moon, x. 1. . ‘

Hindu astronomy, discussion of its origin,
age, and relation to the Greek, add.
n, 80.

Hiit, 22nd siew, 841. ;

Hoisington, H. R.—his Oriental Astrono-
mer cited, introd. n.,'il. 13 n, 218.

Horizon, iii, 49 n.

Hour—name, 1. 52 n; succession of regents
of, xii. 79, 3

Hour-angle, distance in time from meridi-

an, iii, 34-86 ; corrected hour-angle, 284;

sun's hour angle how determined from
observation, iii. 37-89. i

Hy pothenuse—name, iv. 21 n: hypoth. of
shadow of gnomon, iil, 8; constant re-
lation to measure of amplitude, ¥i 7 n.

fovara, 45th year of Jupiter's eycle, i
Bbn. .

[davatsara, 8rd year of lustrom, xiv. 17n,

Ideler—identifications of Arab miendzil,
826 ete.

Idvatsara, 4th or 5th year of lusirum,
xiv, 17 n,

Garga, Garga-Siddhanta, add. n. 1.

al-Ikltl, 17th manzil, 836,
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Inclination—of planetary orbits to ecliptic,
i, 68-70; comparative table of, i. 79 n:
of ecliptie to equator, ii, 28.

Indra—26th yoga, ii. 65n: divinity of
18th asterism, 887 ; of others, 841 ; with
Agni, of 16th, 336,

Inequalities of planetary motions—how
produced, ii, 1-8 ; why of different de-
grees, i, 9-11.

Instruments—armillary ephere, xiii. 120,
viil, 12 n; other instruments for meas-
uring time, xiii. 20-24; for taking alti-
tude, xiii. 21 n; for taking zenith-dis-
tance at meridian transit, viii, 12 n,

Iron Age, i. 17 n; its commencement, 161 ;
how determined, 162,

aj-Jabhah, 10th manzil, 333.

Jumbiulvipa, central continent in Puranic
geography, xii. 44 n,

Jaya, 2nd year of Jupiter’s cycle, i. 65 n.

Jervis, his Weights, Measures, and  Coing
of India, introd. n. !

Jiina-Bhiskara, reference to, 1. 6 n,

Jitina-rdja, author of Siddhinta-Bundara,
add. n. 1.

Jones, Sir W, references to and citations
from his works, 824, 825, xiv. 16 n, add.
nl

Jupiter-—names, revolutions, ete., etc., see
F’lahets—J‘upiter‘s eycle of sixty yenrs,
4. 583 of twelve years, xivi17; their
relation, xiv, 17n,

Jydishtha, 2nd or 3vd month, i, 61 n, xiv.
3n, 16n, 3

Jyeshthi, 18th asterism—identification etc,
336 ; its last quarter unincky, xi. 21,

Jyotisha, astronomical treatise, i. 3n.

Kaladanda, name of a yoga, add, n. 19,

Kilayukta, 26th year of Jupiter'’s cycle, i
b5 n,

al-Kalb, 18th manzil, 331,

Kamalikara, author of Tattva-Viveka,

. addin. 1,

Kana, name of a yoga, add, n. 19,

Kaung, 18th sieu, 335,

Karuna, haif a lunar day, ii. 67-69,

Karttika, 1th or 8th wmopth, 1, 61 n, xiv.
8n, 161, )

Kiulava, 4th ete. karana, ii. 69 n.

Ketu, moon’s descending node, ii. 8 n.

Ketumila, n clime, xii. 89,

Khanda-Kataka, treative, or chapter of one,
by Brahmagupta—cited by al-Birdni re-
specting asterisms, 823 etc, 862, 853,

Khara, 59th year of Jupiter’s cycle, i. 55 n.

XKi, 18th siew, 339.

Kilaka, 16th year of Jupiter’s cycle,i. 55 n.

Kinstughna, 18t karana, il. 690,

Kio, 12th siewn, 335.

Koei, 26th siew, 843.

E. Burgess, ete.,

Krodhana, 88rd year of Jupiter's eycle, i.
56 n i

Krodhin, 12th year of Jupiter's cycle, i.

L8b . i

Erttika, Srd asterism—identification etc,
328 ; formerly first of the series, 1. 27 n,
860.

Kshaya, 84th year of Jupiter's eyele, i,
55 n. |

Kue, 6th siew, 881,

Ruru, a clime, xii. 40.

Kurukshetra, region in India, i. 62 n.

Lddha, astronomical authority, i. 8n. 5
Lagadha or Lagata, author of Jyotisha, i.

3.

Laghu-Arya-Siddhdnta, add. n. 1; cita-
tions and references, 168, add. n. 6.

Lambaka, name of a yoga, add. n. 19,

Lankd, i, 62 n, xii, 89,

Liita, called by al-Birfini anthor of Sdrya-
Siddbanta, 1. 3 n.

Latitude, celestial—name, 1. 70 n, iv. 21 n;
how measured, i, 70 1, viii, ] n; mean
greatest latitude of planets, i. 68-70 :
latitude of planets how caleulated, ;&
56-57; how combined with declination,
ii. B8,

Latitnde, terrestrial—name, i, 60 n; how
ascertained by observation of shadow,
iil. 18-14, 14-16 : circumf. of earth on a
parallel of latitude, how found, i. 60

Leu, 277th sieu, 828,

Li, Clinese measure of distance, i, 60 n,
add:. n. 13. ‘

Lieu, Tth siew, 832,

Lokdloka, boundary of the earth, xii, 44 n,
xiil. 16 n.

Longitude, apparent—term how employed,
vil, 12 ny bow fonnd, vil. 1-11%

Longitude, celestial, of a planet——no name
for, i. 63 n; mean longitude how found,

i. 53, B4, 60-61, 67 tiue longitude
how found, ii. 89-45: sun's true and
mean longitude how determined from
observation, iil. 17-20, 40-41.

Longitude, polar—term how employed in
this work, viil. 1 n; polar longitades,of
asterisms, vii. 2-6; of certain fixed °
stars, vitl, 10-11, 20-21, ‘

Longitude, terrestrial—name, i 61 n;
whence measured, 1. 62; how deter-
mined, i. 63-60 ; measured in yojanas,

1, 65 n,

»

Lunar time, day, month—see Time, Day, o

Month,
Lustrum, cycle ‘of five years, i. 58 n;
names of its yeavs, xiv. 17n, - :

Mackenzie collection-—see Wilson,
Maghd, 10th asterism—identification ete.,
332, add. n. 26.

L]
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Mégha, 10th or 11th month, i. 51 n, xiv,

3n,16n. : ( :

Maitra, name of a yoga, add. n. 19,

Mallikdrjuna, commentator on Strya-Sid-

dhénta, add. n. 2. «

Mammabhatta, commentator on Slrya-

Siddhanta, add. n. 2.

Ménasa, name of a yoga, add. n. 19,

Manizil al-kamar—see Arab lunar man-

sions, i

Mangalavira, Tuesday, i, 52 n.

Manmatha, 3rd year of Jupiter’s cycle, i.

65 n. g

Manu, citations and references, i, 12 n,

170,19 n, 23 n, xii, 28 n, xiv. 14 n,

Mao, 1st sicu, 329, /

Margagcirsha, 8th or 9th month, i. 61 n,

XIv. 81, 16 n,

Mars, names, revolutions, ete., etc.— see

Planets.

Mitanga, name of a yoga, add, n, 19.

Maya, recipient of revelation of Slrya-

. Biddhdnta, i, 2, 4, 6 n, T, xii. 1, 10, xiv)

94:27 ; conjectured identity of his name

with that of Ptolemy, i, 6 n.

Mean motions of planets—see Daily mo-

' tions etc. ‘

Mean places of planets—see Tongitude.

Measure of amplitude, iii. 7.

* Mercury, names, revolutions, etc., ete.—
see Planets.

Meridian—no distinet name for in text, xiii,
15n; name in commentary, 288, xiil
15

Meridian ecliptic-point, iii. 49, v, 4-5, 9 n.

» Meridian, prime—situation of, i, 62; why
chosen, 1 62 1, ‘

. Meridian-sine, v. 5, :

Meru—npoles of the earth, xii. 84«35 ; in
Puranic geography, xii, 44 o,

Minute of arc, i, 28,

Mitra, divinity of 17th asterism, 838,

» | Month——civil, i. 12 lunar, i. 18; number
inan Age, i 35; names of those com.
posing the year,‘i. 51'n, xiv. 16 n; how
derived, ‘wiv. 16n; divisions of lunar
month, i, 51n: intercalary months, i

/88 number in a given period how cal-

o Bulated, & 49 : lunar month a day of the
Tathers, xii. T4, xiv, 14 : sidereal month,
.12 solar month, 1, 13 ; number in an
Age, i 89; names, 161 n, Xiv.16 n; pre-
cise length of the several solar months,

. xiv, 8 n; division into seasons, xiv. 16 n,

/ﬂioou——names, revolutions, etc., etc,, see
" Planets—Moon's apsides and nodes,revo-
Jutions in an Age, 1, 83 ; mean daily mo-
tions of, 161,164, add, n. 6, 7; in side-
real day, 435 positions &t beginning of
Iron Age, 162,add. n. 6;orbits, xii. 87~
88 : moon’s dimensions, iv. 1 ; mean ap-

e

Stwrya-Siddhinia.

pavent diameter, distance, and horizon:
 tal parallax, iv. 1n; orbit, iv, 1n, xii,
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85 ; apparent diameter how caleulated,
iv. 2-8 ; coneiser method, 456 : moon's
heliacal setting aud rising, x. 1; time of
rising and setting, how calculated, x. 2
B; elevation of cusps, %, 6-8; to deter-
mine illuminated part of disk, x, 95 to
delineate illuminated part,and eleyation
of ensps, x. 10~15+ moon the divinity of
Bth asterism, 329 ; relation to system °
of asteriems, 861, add. p. 28 equality of
declination with sun' unpropitious, xi, 1
eto. ; station of the Fathers, xii, 74.

Motions of planets—see Daily motions,
Inequalities, '

Mrgacirsha, 5th asterism— identification
ete., 829, add. n, 26.

Mrgavyddha, name of star (Sirius), viii.
10-11, add. n. 26.

Mrtyu, name of a yoga, add, n, 19,

Mudgara, name of a yoga, add. n, 19.

Muhirta-Ointdmani, cited respecting as-
terisms, 325 etc. ; ’

Muhtrta-M4la, ecited respecting Abhijit,
864. i

Miila, 19th asterism-—identifieationete.,837.

Munigvara, author of Siddhanta-Sdrva-
bhiuma, add. n. 1, 2. : i

Musala, name ofa yoga, add. n. 19.

an-Na'dim, 20th manzil, 389, ;

Nadi, sixtieth part of sidereal day,

Naga, 59th karana, ii. 67, 60 n;

an-Najm, 8rd manzil, 329. i

Nandana, 60th year of Jupiter’s eycle, i.
b5,

Narada, Narada-Siddhanta, add, n. 1.

Néradi-Sanhitd, add; n. 1.

an-Nathrah, 8th manzil, 831.

New moon, day of; ii, 66 n.

Nieu, 20th siew, 340,

an-Niyat, stars in Scorpio, 337,

Node of a planetary orbit—name, i, 34 n,
xi. bn; only ascending node spoken of,
i, 84n; names of ascending and de-
scending nodes, ii, 8 n, 860; mode of
action on the planet, ii. 6-8; revolu-
tions, i. 42-44 ; how devised,i.44 n; po-
sitions, ace. to different authorities, i,
44 n; compared with Ptolemy's, add. n.
11; corrections applied to places of, in
caleulating latitude, il 56. o
For moon’s node, see Moon, .

Nirsinha, commentator on Sdrya-Siddhin-
ta, add. n. 2, ¢

Nit, 21st sieu, 540,

Numbers, how expressed in the text, in-
trod. 1.

v U

Oblique ascension, equivalents in, of signs
of ecliptic, iil. 44-45; table of equiva.
lents as caleulated for Washington,
265 ; for Williams" College, 457 ; de-

grees of oblique ascension, ix. & .
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Observations—how far confermplated in
Hindu system, vii, 18 n, viii, 12 n, 472 ;
mgeura.cy of Hindu observations, 856,
‘864, ‘ .

Oel, 28th siew, 328, i

Orbit—name, iv. 8, xii, 76 : orbits of the

lanets, i. 26, xii. 18-717; their absolute
| dimensions, xii. 80-90 ; how determined,

1270, iv. I'm, xii, 90 n; their relative||

‘dimensions deduced from epicyeles, and
compared, 220, i
Orient ecliptie-point, iil. 46-48.
Orient-sine, or sine of amplitude of orient!
_ecliptic-point, v. 8.

Pada, quarter of a cloka, introd. n,

Padma, name of a yoga, add. n. 19.

Padma, name of last Aon, L. 23 0.

Pafsica-Siddhéntika, i 8 n, add. n. 1.

Parfbhava, 14th year of Jupiter’s eycle,
1. 56 n,

Pardcara, add. n. 1,

Parvcara or Pardgara Siddbinta, add. n.
1; its system, add. n, 6; length of year,
168 ¢ positions of apsides and nodes, i.
44 n.

Parallax—general exposition of Hindu

| view of, v.1n; horizontal parallax of

moon and sun, iv. 1n; the same acc.jt

to Ptolemy, iv. 1m¢ vertical parallax
and its resolution, v. 1n; parallax in
longitude, name of, 288; mode of cal-
culating, in time, v. 3-8; parallax in
latitude, name of, 288; mode of calcu-
lating, v, 10-12: method of applying
parallax in determining phases of eclipse,
v. 9, 18-17, 463; general criticism of
methods of calculation, 299: parallax
of other planets neglected, vii. 28 n.

Paridhivin, 20th year of Jupiter’s eycle, i,
55 n.

Parigha, 19th yoga, il. 65 n,

Parivatsara, 2nd year of lustrum, xiv.
17 n i

Pirsi asterisms, or 28-fold division of]
aclipt.ic, 824, 849,

Pdrthiva, 58rd year of Jupiter's cycle, i.

BB

Path of extrernity of shadow, how drawn
on the dial, iii. 41-42. 1

Path of eclipsing body, how drawn in pro-
jection of eclipses, vi. 14-186.

Patriarchate, great chronological period-—
how composed, i. 18: reckoned as day
of Prajapati, xiv, 21.

Péulastya or Pulastya Siddhdnta, add, n. 1,

Phulica or Pulica Siddhanta, i, 6n, add,
nl, 6 ! its length of year, 168,

Phusha, 9th or 10th month, i 51 n. xiv.
3n,16n.

Perfected, the, a race of supernatural

E. Burgess, etc.,

&

[Perigee, perihelion, no name for, 207,

Perpendicular of a right-angled triangle, i,
g0'n add.n.16. i

Perpendicular-sine = cosine, ii. 30 n, add.
118, :

Phélguna, 11th or 12th menth, i 51 n,
xiv. 8 n, 161, :
Phalguni, 11th and 12th asterisms—iden-

tification ete., 838, add. n. 26.

Phases of an eclipse, contact, immersion,
emergence, separation, greatest obseus
ration, ete.—names, iv, 16m, 17 n.

Pi, 2nd siew, 829 ; 2bth siew, 348,

Pingala, 25th year of Jupiter's eycle, i
b5 0,

Planet, name, iv. 6 n, add. n, 22.

Planets—names, add. n. 8; creation, xil.

22-24; general explapnation of motions,

i, 26-27, xii. 18-71; point of eommence-

ment of motion, 1. 27, 162 ; time of com-~

mencentent, i, 24, 161,162, . 44 n; sid-

ereal revolutions in an Age, 1, 29-32;

tables of periods of sidereal revolution,

161, 164, 168, add. n. 5,7; mean daily

motions, i 26, xii, 83 ; tables of do., 1,

"

of last Grolden Age, i. 57 ; do. beginni: &
of Iron Age, i. 58 n, add. n.6; actual
mean positions, beg. of Iron Age, 162:
to find mean longitude for any given
time, i. 53~67; mean longitude as found
for Jan. 1, 1860, and errors, L 67n:
causes of ivregular motion, ii. 1-11;
kinds of motion, i. 12-13 ; how to cal-
culate true longitudes, il 29-45; di-
mensions of epicycles, ii. 34-88; equas
tion of centre, ii. 89 ; annual equation,
il 4042 ; calenlation of true rates of
motion, ii. 47-61; of declination, ii, 28
data for finding latitude, 1. 68-70; mode
of caleulation, 1i, 56-5'T; combination of
Iatitude and declination, ii. 581 com-
parative table of true longitudes, daily
‘motions, and declinations, for Jan. 1,
1860, 281 apparent diameters, iv. 11,
Vi, 19-14: or its, how determined, iv.
“1m, xii. 90 n; absolute dimensions, xii,
80~90; relative dimensions, deduced
from epicycles, 220 ; distances fi¥m

tance, xii;81; order in which referred
to in this work, i. 52 n: synodical revo-
lutions, ii. 42 n: conjunctions of planets
with each other, vii; with' asterisms,
viil. 14 ~15: heliacal settings and risings,
ix, 1-11: regency over days, months,
ete. i 51-52, xii, 78-79: day of a plan-
et, 1i. 59, : L

Plava, 9th yéar of Jupiters' eycle, i,
55 n.

beings, xii, 28, 31, 40.

Plavanga, 16th year of Jupiter's eycls, i
6o n. i

earth, xii. 84; o¥der in réspect to dis-"

I.

34 n, add. n. 5, 73 mean positiovs, end. .
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* Prime meridian, i, 62.

L)

Polar longitude and latitude, terms how
. employed in this work, viii. 1 n.
Pole—of earth, xii. 84-85; of ecliptic,
2817 of prime vertical, 288. ‘
Polestars, xii, 43. i i
Portion of an asterism, ii. 64, 323, 861-54,
Possessors of Knowledge, supernatural
beings, xii. 31, A,
Prabhava, 36th year of Jupiter's cycle, i
56 n.

Prajapati—39th year of Jupiter's eycle, i,

65 n: divinity of 4th asterism, 829, viii,
13 n: the patriarchate a day of, xiv.
21 : name of a star (6 Aurige), viii, 20
name of a yoga, add. n. 19,

Pramadin, 21st year of Jupiter's cycle, i,
55 n. :
Pramithin, 47th year of Jupiter's eycle, i

65 n.

Pramoda, 88th year of Jupiter’s cycle, i
55 n.
Pravardha, name of & yoga, add. n. 19,
Precession of the equinoxes, iii. 9-12;
name, 249 ; statement of, iii, 9 ; form
of theory, a libration, iii. 12 n; possible
reason, 247; Bentley's view refuted,
. 248 theory of Siddhinta-(firomani, not
< libration, 248; whether precession
. taken account of in construetion of Hin-
du system, 247, add. n, 20 ; position and
history in this treatise, 246 etc., add, .
20 ; rale for ecaleulating, iii. 9-10; for
determining by obsexvation, 1ii, 11-12;
Greek view of precession, 249.

Prime vertieal, iil. 6 ; its pole, 283 ; to find
hypoth. of shadow, when sun is on the,
1id. 26-217.

Priti, 2nd yoga, ii. 66 n. :

Progresses of the sum, from solstice to
solstice, xiv, 9. N,

Projection of an eclipse, vi; name, vi, 1, 8
scale of, iv. 26 figure illustrating pro-
Jjection of lunar eclipse, 201.

Ptolemy-~possible traces of his name in

. Hindu astronomy, i. 6 n; his times of]
gidereal revolution of the planets, 168,
add. n. 10; inclination of planetary or-

abits, 1,90 03 of ecliptie, ii. 28 n; use of
- chords, 200; relation of his chords to

Hindu sines; add. n.156; mode of cal-
culating equation of centre of sun and
moon, 210; of other planets, together
with annual ecL ation, 217 ; bis improve-

- ments of Greek astronomy, not found in
Hindu system, 219, 474; relative di-

. mensions and eccentricities of planetary
orbits, 220 ; retrogradation of planets,
226 ; precession, 249 ; distances, paral-
lax, and dimensions of sun and moon,
271 ; direction of ecliptic in eclipses,
284 astrology, vii 28 n; heligeal set-

Strya-Siddhdnta,
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ting of planets, ix. 9 n; positions of ap-
siggs u.nﬁ nodes of planets, add, n. 11.

Pulica, author of PAulica-Siddhanta, add.
n. 1; identical with Paulus Alexandri~
nus ¢ i, 6n, add. n. 1.

Punarvasu, Tth asterism ——identification
ete., 380,

Plrva-ashidhd, 20th asterism—~identifica-
tion etc, 838 :

Pfirva-Bhadrapadd, 26th asterism—iden-
tification ete., 341.

Piirva-Phalguni, 11th asteriem-—-identifi-
eation ete,, 383,

Pishan, divinity of 28th asterism, 843,

Pushya, 8th asterism—identification etc,
331.

Quadrants, odd and even, ii. 29-80. ‘

Radius—names, ii, 60 n; value in min-
utes, ii. 22. ;
Rabu, ii. 6; cause of eclipses, ii.8n, iv.

Gk o

Rékshasa—23rd year of Jupiter's cycle,
i. 66 n ; name of a yoga, add. n. 19,

Raktaksha, 82nd year of Jupiter's eycle,
1,66 n. i

Ranganatha, commentator on Slrya-Sid-
dhanta, introd. n., add. n. 2. .

Ratnamdld, authority respecting aster-
isms, 826.

Rdudra, 28th year of Jupiter's cycle, i.
55 n.

Ravivara, Sunday, i. 52 n.

Regents of yearszmonths, days, and hours,
i, B1-~52, xil. 78-79.

Respiration, measure of time, 1. 11,

Retrogradation of the planets——name, ii,
12-18; explanation, and definition of
limits, ii, 51-65. ey :

Revati, 28th asterism~-identification ete.,
843 ; its last quarter unlucky, xi. 21,

Revolution of a planet, i. 26-27 ; numbets
of revolutions in an Age, i. 2984,

ent signs of the ecliptic in, iii, 48-44.

ar-Rish4, 28th manzil, 348.

Rohini, 4th asterism-~identification ete.,
329 ; astrological consequences of col-
lision of the planets with, viii, 13

Rohitaka, place situated on prime merid-
ian, 1, 62,

Romaka, name of Rowme, i. 6 n, xii. 89.

Romaka-Siddhinta, add n. 1, i. 6 n,

Rudhirodgirin, 81st year of Jupiter's ey-
cle, i. 55 n.

Rudra, divinity of 6th asterism, 830.

[For words often spelt with Sh, 8,8, or
8, see ¢, under the letter C.]

So’d adh-Dhabih, 22nd manzil, 340,

Sa’d al-Akhbiyah, 26th mansif, 841,

Right ascension, equivalents of the differ-

L
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Sa'd ag-Su'dd, 24th manzil, 841,
Sa'd Bula', 28vd manzil, 8400
Sadharana; 18th year of Jupiter's eycle,

E. Burgess, ele.,

Siddhanta-Sdrvabhduma, add. n. 1: meth-
od of observing positions of asterisms,
viil. 12 m; epicycles, add. n. 18.

1. 66 n.
Sadhya, 22nd yoga, ii. 65 n..
Samvatsara—1st year of lustrum, xiv.17 a;

iSiddbénta-Sundara, add. v, 1; cited by

Siddhanta-Sarvabhauma, viii. 12 n.
Siddbarthin, 27th year of Jupiter’s cycle,

year of era of Vikraméditya, add.n. 12.
Sanskrit words, transeription and pronun-
ciation of, introd. n.

as-Sarfah, 12th maneil, 384, :

Sarvadhirin, 56th year of Jupiters cycle,

166 :

Barvajit, 66th year of Jupiter’s cycle, i.
56 n.

Saturn, names, revolutions, ete., ete.—see
Planets.

Sdubhdgya, 4th yoga, ii, 65 n,

Sadumya—1Tth year of Jupiter’s cycle, i.
656 n; name ofa yoga, add. n. 19,

Scale of projection of an eclipse, iv. 26.

Seasons—number and names, xiv. 10 n;
months and asterisms belonging to
them, xiv. 16n; reason of varying
temperature, xii. 46, 72 n,

Second of are, i. 28.

Serpents, divinities of 9th asterism, 832.

Seven Sages, stars in Ursa Major, xiii. 93

their independent revolution, viii, 21 n,

- Shadagitimukha, solar period, xiv. 8-6.

Bhadow of earth -—diameter on moon’s
orbif, iv. 4-5; no account taken of pe-

. mumbra, iv. 6 n.

- Bhadow of gnomon-—names, iil. 5 n; base,
or north and south projection of, iii, 23-
25 ; path of its extrémity, iii. 41-42
equinoctial shadow, iii..7, 12-18: noon
shadow, how calculated, iii. 20~22 ; oth.

« . er shadows, iil. 28-34, 34-36; shadow
cast by any planet or star, how deter-
mined and laid down, 812, 316.

ash-Sharatan, 1st manzil, 827.

ash-Shaulab, 19th manzil, 888,

Siddha, 21st yoga, ii. 65 n.

Siddhanta-Ciromani-—~date, authorship, and
derivation, add. n, 1; account of Vedéin:

gas, i. 8n; planetary system, add. 0.6
division of the day, i:12n; length of
year, and mean sidereal revolutions of]

. planets, 168 ; positions of apsides and

- nodes, i, 44 n; diameter and circumfer-

ence of earth, 1. 60 n; prime meridian,
i. 62 n; precession, 248'; statement re-
specting precession as taught by Strya-
 Siddhanta, 245; sines of zenith-distance
and altitude of ecliptic, v. 7 n; defini-
. tion of position of asterisma, 326-844
of fixed stars, viil. 12 n; geography of]
southern hemisphere, xii. 44 n; orbit of
asterisms, xii. 90 n; armillary sphere,
xiii, 8n; descriptions of instruments,

1. 56 0.
Siddhi—16th yoga, ii. 65n; naume of a
| yoga, add. n.19. d
Sidereal time, day, year--see Timi

Year j
Sieu, 28-fold division of heavens by Chi-'

nese, 320 comparison with Hindu

asterisms and Arab lunar mansions,

821-844; map illustrating position and

relations, add. n. 27; origin of system,

ace. to Biot, 345.

Sign, twelfth part of ecliptic, i. 28 reck-
oned from any given starting-point, i
28 n, 68 n; table of names and symbols,
i, 68 n. :

as-Simak, 14th manzil, 335,

Sin, 16th siew, 387, ; ;

Sine—~name, 201, add. n.16; series of
sines, in minutes, ii, 17-22 ; comparative
table of, 197 ; table of sines for every,
degree, with differences, 429 ; rule fir
developing the series, ii. 15-16; Kow
derived, 198-9, add. n. 15 ; its falsity,
add. n. 15; Hindu use of sines earlier
than Arab, 200 ; Arab sines from Greek
chords, 200 ; whether Hindu sines like-
wise ! add. n. 156 ; Hindu series how
obtained, 198, add. n. 15,
part. of an arc determining the sine, ii. ’
29-30 : to find the sine of a given arc,
or arc of a given sine, ii. 31-33. -

Sing, 8th siew, 333,

Solar time, day, month, year, etc.-—see
Time, Day, Month, Year.

Solstice, name of, 249, xii. 72 n.

Soma-Siddhinta, add n. 1, 6.

Somayara, Monday, 1. 62n.

Sphere, 287, il

Square, iil. 5n, :

Sthira, name of a yoga, add: n. 19.

Subhfnu, 61st year of Jupiter’s eycle, i,
55 n. ; T

Sukarman, 7th yoga, ii. 66 i

Sum of days—names; i. 51 n s B
1, 4b6-b1. s

Sun—names, revolutions, efc, ete., see
Planets-—~dimensions, iv.1; mean ap-
parent diameter, horizontal parallix,
and distance, iv, 1 n; to find true ap-
_parent diameter, iv. 2-8; briefer meth-
od; 456 ; “solar eclipses, iv, v; ealen-
lation of a solar eclipse, add. n. 25 ;
error of sun’s motion and position by
Hindu system, 166; adaptation of those
of other planets to it, 164~167 : sun’s

e, Day,

Xiii, 21 n, 22 n; solar day, Xiv. 3 n; epi-
cyeles, add. n, 18, i

i

revelation of present treatise, 1,29, xiv,
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Strya-Siddhénta.

.\ 24-25 : his part in the creation, xii. 16~
21 : divinity of 18th asterism, 334,
Surd, 259. |
irya-Siddhinta—professedly revealed by
the Sun' to Maya, i, 2-9; aseribed by
al-Birini to Lata, i. 8n; referred by
Bentley to 11th century, 165, refuta-
tion of this conclusion,.i. 8n, 167,470,
osition in astronomical literature of
dia, introd. n,, add: n. 1,470 its sys-
tem compared with those of other trea-
tises, add.n. 6; present extent, xiv. 27 n;
. division into two portions, xi. 23n;
commentaries on, add. n. 2; published
edition, introd. ny, add. n. 1. ¢
Bvatd, 16th asterisrq:-—idenhiﬁcation ete.,

886, !
Synodical revolutions of the planets, 212.

Tables for finding true places of planets,
where given, 218.

-Taitila, 6th ete. karana, ii. 69 n.

Taittiriya-Sanhitd and Taittirlya-Brah
mana, names and divinities of the aste-
risms according to, 326 ete.

|« Tammaya, c¢ommentator on Strya-Sid-

‘= dhénta, add. n. 2.

Tdrana, 52nd year of Jupiter’s cyele, i
55 n.

at-Tarf, 9th manzil, 332,

Mattva-Viveka, add, n. 1.

ath-Thuraiy4, 8rd manzil, 829.

Ti, 14th siew, 336, i

¢

Pime—real and wnreal, i. 10; different

modes of measuring and reckoning, xiv
civil time and its uses, xiv. 18-19; lus
par time, i.18n, xlv. 12-14; sidereal
time, xiv, 15; solar time, xiv. 3, 10;
time of gods, Prajipati, and Brahma,
xiv. 20-21: mode of reckoning time

. practically employed, i. 18 n: instru-
ments for measuring time, xiii. 16,19~
24 : to determine the time by observa-
tion of shadow of gnomon, iil, 37-89-—
see Day, Month, Year, ete.

Times of rising, see Ascensional equiva-
lents.

Tsan, 4th sen, 880,

Tse, 3vd giew, 330,

Teing, 6th siew, 3810

Tvashtar, divinity of 14th asterism, 334.

Tycho Brahe's determination of apparent

' diameter of planets, vii. 14 n.

Udravatsara, 5th year of lastrum, xiv, 17 n.

Uet, 17th siew, 338,

Ujjayini, city determining position of
prime meridian, i. 62 n.

Upanishad, xiii. 3 n,

Utpata, name of a yoga, add. n. 19.

Uttara-Ashddbd, 21st asterism—identifi-
cation efe., 338.
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tification ete., 842,

cation efe., 383,

Viigakha, 1st or 2nd wnonth, i. 61 n, xiv,
3n, 161 ; :
Vaidbrta, or Vaidhrti, name of a hostile
aspect of sun and moon, xi. 2, 4,
VAidbrti, 27th yoga, ii. 65 n.

yoga, add. n. 19.

Virdha, name of current Aon, 1, 23 n.

Variha-mihira, astronomical and astro-
logical authority, i 8n, vii, 281, 859,
viit. 18 n, xiv. 6 o, add. n, 1.

Varaha-Siddhanta, add. n. 1.

Variyas, 18th yoga, ii. 65 n.

Varsha, rainy season, xiv. 100, 16 n.

Varuna, divinity of 25th asterism, 341.

Vasanta, spring, xiv. 101, 16 n,

Vasishtha or Vasishtha Siddhanta, add.

n. 1, 6. 5 3

Vasudeva, xii, 12

Vasus, divinities of 24th asterism, 340.

Vatsara, bth year of lustrum, xiv, 17n.

Vedas, xii. 17.

Veddingas, i. 8 n.

Venus — names, revolutions, ete., ete.,

see Planots—in conjunction with other

planets, vii. 23,

992 ; series of, for the quadrant, il 2327,
Vertical eircle, 287,

Vertical parallax, resclution of, 287.
Vibbava, 36th year of Jupiter's cycle, i.
55 n,

Vigakhd, 16th asterism——identification
etc,, 335.

‘Vicrtau, name of stars in sting of Scor-
pio, 337,

Vigvéivasu, 13th year of Jupiter’s eycle, i.
65 n,

Vijaya, 1st year of Jupiter's cycle, i.
55 n.

Vikarin, 7th year of Jupiter's cycle, i
65 n.

Vikrama, 48th year of Jupiter’s cycle, i.
5o n.

Vikramaditya, era of, add. n, 12

Vikrta, 68th year of Jupiter's eycle; i,
56 n.

Vilamba, 6th year of Jupiter's eycle, i,
55 n, :

Vinadi, measure of time, i. 11,
Virodhaket, 19th year of Jupiter's eycle,
1 65 n.

Virodhin, 67th year of Jupiter's cycle, i,
B85 m, ‘

Vishkambha, 1st yoga, ii. 65 1,
Vishnu—divinity of 23rd asterism, 840;

original character, Xiv, 10 u,

Uttara-Bhadrapadd, 27th asterism—iden-

Uttara-Phalguni, 12th asterism—identifi-

Vajra—15th yoga, il. 65 n; name of a

Versed sine—name, 201 how found, ii.

b

L
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Vishnucandra, anthor of 'Vasishtha-

J'dhanta, add. n, 1. } :
Vishnudharmottara-Purdns, add. n. 1.
Vishnu-Purina, citations from and refer-

Sid-

ences to, 1. 90, 120, 17n, 190, 210}

28 n, 1. 8 a, xq!, 28 n, 44 1.
Vishti, 8th ete. karana, ii. 69 ny
Vrtices, or propelling. eurrents, of thel

lanets, ii. 8, xii, 73, ‘
Vrddhi, 11th yoga, ii. 65 n. B
' Vydghéta, 18th yoga, 1i. 66m. . &
Vyasa-Siddhénta, add. n. 1.

Vyatipata—17th yoga, ii. 651, xi 204

name of a hostile aspect of sun and
moon, xi. 2,4

Vyaya, bath yeat of Jupiter's eycle, i.
5o . » g

Warren’s Kala Sankalita, references to
and eitations frgm, introd. n., i 13 n,
84 n,48n, 660,62 n, 218, xiv. 8n, 17 1,
addinid2 a9l
Weber, references to and extracts from
‘his works and essays, i.:3n, 60, ii, 8 n,
Vi, 28 n, 348, xiv. 6 1, add. n. 1, 8, 26,
28. b ‘
Week—not an original or ancient Hindu
institution, i. 52 n, xil. 79n; whence
brolght to India, i. 52 n; names of its
days, i. 521; how determined, 1. 62 n;
when they begin, 1. 66. ‘ ]
Wilson—his catalogue of Mackenzie Col-
Jection  referred to, add, n. 1, 2; his
Vishnu-Purina, see Vishnu:Purdna,

Y, 10th siew, 384,
Yama, divinity of 2nd asterism, 328,

Yamakoti, eity, xii, 38,

H. Burgess, etc.

Yavanas, Greeks or westerners, roferred
to in Hindu astronomical traditions, i
6n, 474 i ‘

Year—civil, lunar, sideveal, and solar, i.

18 n; year of the gods, i. 14; years in.
practical use in Tndia, 1. 18 n; sketch of
solar and lunisolar calendar, for year
1859-60,1.51. 1n: length of sidereal solar

- year, ace, to different authorities, 168
years of eras of (fdlivihana and Vikra-
miaditya, character and names of, add.
n, 123 years of Jupiter’s cycle, names
of, i. 65 n; years of lustram, names of,
xiv. 170/ ‘ ;

Yellaya, commentator on Strya-Siddhan-
ta,add. o, 2 e

Yoga, period of time—name whence de-
rived, add.n. 19 ; two systems, nanmes
and character of, ii. 85 n, add. n. 19.

Yojana, measure of length, its subdivision
and value, i, 60 n, add. n, 18,

Yuvan, 48rd year of Jupiters cycle, i.
66 n. . :

Zienith, name of, v.1n. :

Zenith-distance-—on the meridian, iii. 14
15 elsewhere, {il. 83; sun’s zenith-d' i
tance on circles of intermediate difae-
tion, how found, iti. 28~54; to find the
same elsewhere, iii. 84-36; how found
from shadow, iii, 14~15, 87 : instrument.
for obtaining sun’s zenith-distance by
observation, giii, 21 n,

Zodiac—pame, ii, 12 n;
Signa, ‘

Zones of the earth, xil. 59-69,

az-Zubdnin, 16th manzil;, 836.

signs of, see

az-Zubrah, 11th monzil, 334




