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circle through that pole. Thus, in the figure, the declination (kr&nti) of 
8  would be c a, or the distance of a from the equator at c ; its latitude 
(vikshepa) is a S, or its distance from a. We have, accordingly, the 
same term used here as before. To designate the position in longitude 
of a, on the Other hand, we have a new term, dhruva, or, as below, (vv.
12, 15), dhruvafra, This comes from the adjective dhruva, “ fixed, im
movable,” 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, W e venture, then, to translate it by “ polar longitude,” 
as we also render vikshepa, 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 lath 

|j tude,” which are objectionable, as being more properly applied to the
results of the process taught in the last chapter (vv. 1 - 10).

The mode of statement of the polar longitudes is highly artificial and 
arbitrary : a number is mentioned which, when multiplied by ten, wilt 

j give the position of each astorism, in minutes, in its own “ portion”
(bhoga), or arc of 13° 20 ' in the ecliptic (see ii, 64).

This passage presents a name for the asterisms, dlmlmya, which has 
not occurred before ; it is found once more below, in xi, 2 1 ,

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

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

4. Fourteen, six, four: Uttara-Ashfidha, (vdigva) is at the 
middle of the portion (bhoga) of Purva-Ashfidhd {dpya)\ Abbi- 
jit, likewise, is at the end of Purva-Ashadha; the position of 
f^ravana is at the end of Uttara-Ashadha;

o. C;ravishtha, on the other hand, is at the point of connec
tion of the third and fourth quarters (pada) of (Jhavaija : then, 
in their own portions, eighty, thirty-six, twenty-two,

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

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;

9. South, half a degree; twenty-four, north, twenty-six degrees; 
nothing—for Agvin! (dusra), etc., in succession.

The text here assumes that the names of the asterisms, and the order 
.of their succession, are so familiarly known as to render it unnecessary 
to rehearse them. I t has been already noticed (see above, i, 48-51, 55,
5fi-58, etc.) that a similar assumption was made as regards the names 
and succession of the months, signs of the zodiac, years of Jupiter’s 
cycle, 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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fmerally and fam iliarly k n o w n ; the others w ill be stated farther on.
early all these titles are to be found in our text, occurring here and 

th e re ; a few o f the asterisms, how ever, (the 5th , 6th, 9th, and 17th), 
are mentioned on ly  by  appellations derived froru_lli^aunnfia,dl.±lM5^dei- 
ties to whom th e y  are regarded as belonging, apd Qiie,(thQ.25 iM.ahti,t).ee3 
no t l o  b e  O nce.distinctively spokep  of. W e  append to the nam es, in a 
S b u ia r  lorST, th e  data presented in this passage ; nam ely, the position 
o f each asterism (n a h k a l r a ) in th e  arc o f the eclip tic to w hich i t  gives 
name, and w hich  is styled its “ portion” ( b h o c / a ), th e  resulting p o lar lon
gitudes, and th e  polar latitudes. A n d  since it  is probable (see n ote to  
th e  latter h a lf o f v. 12, below ) th at the latter w ere actually derived by 
calculation from true declinations and right ascensions, ascertained by 
observation, w e have endeavored to  restore those more: original d a ta  b y  
calculating th em  back again, accordin g to the data  and methods, o f  this 
Siddhanta— th e  declinations by ii. 28 , the rig h t ascensions by iii. 44-48  
— and we insert o ar results in th e  table, rejecting o dd  minutes less than 
ten.

Positions of the Junction-Stars of the Asterisms.

«  Z  Polar Polar flight True
* ' N°m' '  Portion. L”nsilui10' Latilude- Ascension. Declination. ll0ngitudo, A.
*" r ‘ o ’ "o f~~ ~o 7 Q~ T" O / Q~ ? o t

1 Ajvini, 8 o 8 o jo oN. 7 3o i 3. a&N. /V' 0 u  o
2 Bharaijt, 6 4o 20 o 12 0 “  18 3o 20 o “  3q 16 5o

3 KrttiH, £ 10 5o 37 3o 5 0 “ 35 20 19 20 “  r , 0 t2 o
4 Rolling «  9 3o 49 3o 5 o S. 4720 i 3 0 “ {3 3o [3 ̂
5 Mrgaflrsha, •' 9 4o 63 o 10 o “  61 o i t  20 “   ̂ ^

•6 Ardrfl, p o 4o 67 20 9 0 “ 65 4o i 3 0 “ 5- a? 3o
7 Punarvflsu, () 1 ]  o c;3 o 6 oN. 93 10 3o o “ [3 o ^  0 ,
8 Pushyn, ^ is  4o 106 o 0 0  107 10 2.3 o “ 3  Q 3 ao , _
9 Asltisha, Y  / 2 20 109 o 7 o S . 110 3o l 5 40 “ 20 , 0 ao ^  . Z

10 Maghfl, 4 9 0 129 o 0 0  i3i 10 18 20 |  o i 5 o
n  P.-Phalgun! ,;* 10 4o '44 o 12 oN. i46 10 s5 5o “ ]t 4o .
12 C.-Plmlgani, 8 30 155 o i 3 0 “ 156 5o 22 5o “  0  i 3  S o  '

<3 Hasta, 10 o 170 o 11 o S. 170 4o 7 0 8. jq Q Q .,
t4 Oitr̂ h jJ , . 6 40 180 o 2 0 “ 180 o 2 0 “ 0 , 7 4o J

i 5 Svdti, [2 20 199 o 37 oN. 197 40 29 20 N. ^  Q . 3 [o
16 Vijflkhfl, ,3 o 2i3 o i 3o S. 210 56 i 4 2a S. n  o Jt 0
17 Anuradha, to 40 n 4  o  3 0 “ 221 5o 19 3 0 “ j  Q  ̂ 0
18 Jyeskthii, 2; 20 229 o 4 o “  226 5o 21 5o “ j2 0 , 2 0
19 MUla, t 0 341 o 9 0 “ 238 5o 39 5o “ [3 0 i4 o
20 P.-Ashadhft, o 40 254 o 5 3o “  25a 5o 28 3o “ g Q 3q

21 tT.-Ashfl.dM, . . . .  360 o 5 0 “ 289 10 28 4o “  6 4o 7 0
22 Abhijit, . . . .  266 4o 60 oN, 266 20 36 o  AT. j3 aQ [  ̂ 3o
23 (jravana, . . . .  280 o 3o 0 “  280 5o 6 20 “  jq Q  IO 4o
34 flravishthfl, . . . .  290 o 36 0 “  291 3o i 3 3o “ 3q 0 3q 4o

a5 patabhishaj, i3 20 3so o o 3o S. 322 10 i 5 4» 9. 6 Q g Q
26 P.-Bllflclrapadfl, 6 o' 3a6 o 24 oN. 328 10 10 5o N. Q I(J | g  1
37 U.-Bhfldmpadi, 3 40 337 o 26 0 “ 338 4o 16 5o “  ;5 5o 21 J0
28 Revati, i 3 jo 359 5o 0 0  35? 5o o o s 'IO ? 4o ■
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Our calculations, it sliould be remarked, are founded upon the as-j 
sumption that, at the time when the observations were made of which; 
onr text records the results, the vernal equinox coincided with the! 
initial point of the Hindu sidereal sphere, or with the beginning of; ■ da
the portion of the asterism Agvinl, a point 1 0 ' eastward on the .ecliptic 
from the star £ Piscium : this was actually the case (see above, under i, A ./S"
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 till 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 eases, by themselves alone, constitute the asterisros (nalc- 
shatra) ;  they are only the principal members of the several groups of 
stars—each, in the calculation of conjunctions (yoyo) between the plan
ets and the asterisms (see below, vv. 14-15), representing its group, and 
therefore called (see below, vv. 16-19) the “ junction-star” (yogatara) of 
the asterism.

It will be at once noticed that while, in a former passage (ii. 64), the 
ecliptic was divided into twenty-seven jqual arcs, as portions for the aster
isms, we have, here presented, to us twenty-eight asterisms, very unequally 
distributed along the ecliptic, and at greatly varying distances from it.
And it is a point 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 circle of 
the ecliptic : 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 13° 20', and upon the inside into 
equal twenty-eighths, or arcs of 12 ° o l y ' ; these being the portions 
('bhoga) 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 asterisms. The names of the latter are set over against them, in the 
inner columns: the names of the portions in the system of twenty-seven 
are given in 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 IXttara-Ashadha is at the middle of the por
tion styled Purva-Ashkdhh; the asterism Abhijit, likewise, is at the end 
of the portion Purva-Ashadha; the position of the asterism (JJravana is 
at the end of the portion receiving its name from IXttara-Ashadha; while
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the asterism (^ravishtbit is between the third and fourth quarters of the 
portion named for Qravana.” After tliis interruption to the regularity of 
correspondence of the two systems—the asterism Abhijit being left with
out a portion, and the portion (jhavislitha, containing no asterism—they 
go on again harmoniously together to the close. The figure illustrates 

f \  clearly tliis 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 
fail w ithin the limits of portions bearing the same name, while all the 
discordances are confined to one portion of the ecliptic, that comprising 
the 20 th to the 23d 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 figure 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 limits 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 asterisms in anew light. Whereas it might have seemed, 
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 scries of twenty-eight aster
isms may be something independent of,, yind 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 science 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 Pars! system little or 
nothing is known excepting the number and names of the divisions, 
which are given in the second chapter of the Bunclehesh (see Anquetil 
du Perron’s Zendavesta, etc'., ii. 349). The Arab divisions are styled 
man&zii 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- 

f parison of the Hindu asterisms and the Arab mansions was made by Sir 
William 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 

f lip later, with vastly more learning and acuteness, by Colebrooke, whose 
valuable article, published also in the Asiatic Researches, for 1807 (ix.
328, e tc .; Essays ii. 321, etc.), lias ever since remained the chief source 
of knowledge respecting the Hindu asterisms and their relation to the 
lunar mansions of the Arabs. To Anquetil (as above) is due the credit 
of the first suggestion of a coincidence between the Farsi, Hindu, and 
Chinese systems: but be did nothing more than suggest it :  the origin, 
character, and uso of the Chinese divisions were first established, and
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their 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 conclusions. These wo 
shall present more fully hereafter : at present it will be enough to say 
that the Chinese divisions are equatorial, not zodiacal; that they are 
named suite, “ mansions” ; ami.that they"’are the intervals in right ascen
sion between certain single stars, which are also called sieu, 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 groups 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 is founded, upon the positions of /  / 
their principal or junction-stars, as stated inth^astronomical 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 are 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 Colobrooke, 
although ourselves also having had access to, and compared, most of his 
authorities, namely the yhkalya-Sanhitft, the Muhhrta-Cintatnani, and 
the Ratnamala (as cited by Jones, As. Res., ii. 294). S ir 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-Blriml, 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 Brahmaguptas Al-BirCml 
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 p a r t: 
he is obliged to mark seven or eight of the series as unknown or doubt
ful. He speaks very slightingly of the practical acquaintance with the 
heavens possessed by the Hindus of his time, and they , certainly have 
not since improved in this respect; the modern investigators of the 
same 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 derive 
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 only 
through its Arabic transcription : it seems to designate rather a chapter in a treatise
than a complete work of its author, 

von. vs. 42
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tradition has been of no decisive authority as regards the position 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 latitudes, by the following formulas (see Fig. 30):

(1--C09 A a) cot ELC =  tail Sab 
sin SnJ sin Sa sc  sin S6 
tan Sb cot Sab= sin <26 '

A a being the polar longitude as stated in the text (r= L a - f -180°), Sa 
. the polar latitude, E L 0  the inclination of the ecliptic, S 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 positions of the stars com
pared we take from Flamsteed’s Catalogue Brittanicus, subtracting in 
each case 15° 4 2 'from the longitudes there given, in order to reduce 
them to distances from the vernal equinox of A. D. 500, assumed to 
coincide with the initial point of the Hindu sphere. There is some 
discordance among the different Hindu authorities, as regards the stated 
positions of the junction-stars of the asterisms. The Q&kalya-Sanhit&, 
indeed, agrees in every point precisely with the Shrya-Siddhanta. But 
the Siddh&nta-Qiromani 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 Brahnm-Siddhanta, as reported by Cole
brooke, and the Khanda-Kataka, as reported by al-Bir&nt. 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 3 ': but the latitudes of the Khanda-Kataka 
often vary considerably from both. The Graha-LSghava, 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 authority of the 
Thittiriya-Sanhita, (iv. 4.10.1-3), the Tfiittiriya-Br&hinana (iii. 1 .1,2, as 
eited by Weber1! Zeitsch. £ d. K. d. Morg., vii. 266 etc., and Ind. Stud., 
i. 90 etc.), the Muhftrta-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 Untersucluuigen iiber 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 
jtnd identification of the Hindu asterisms, because we could not accept 
in the bulk, and without modification, the conclusions at which he arrived.
The identifications by Ideler of the Arab mansions, more thorough and 
correct than any which had been previously made, and Bi ot’s compari
son of the Chinese sieu, have placed new and valuable materials in our
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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
nishes—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 
hereafter, leads to important conclusions respecting their historical rela
tions to one another.

1. A pvint; this treatise exhibits the form aevini; in the older lists, 
as also often elsewhere, we have the dual apvin&u, apayvj&u, “ the two 
horsemen, or A§viiis.” The Alvins are personages in the ancient Hindu 
mythology somewhat nearly corresponding to the Castor actd-Jollux of 
the Greeks. They arc the divinities of the asterism, which is named 
from them. The group is figured as a horse’s head, doubtless 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 
is the number allotted to the asterism by the Cakalya and Khanda- 
Kataka. The Surya-Siddhhnta (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, n °  5^  . . . . Idt. i t '  N.
(3 Arietis . . . do. i 3° 56' . . , . do. 8° 28' Nt
a, Arietis . . . do. i? 0 3y' . . . .  do. 9“ S~j’  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 loo little to 
that of longitude : 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, Aevini is composed of dandy  
Arietis (magn. 4,3); as a group of three, it comprises also a in the same 
constellation.

There is no discordance among the different authorities examined by 
us as regards the position of the junction-star of Aevini, either in lati
tude or in longitude. The case is the same with the 8th, 10th, 12th, 
and 13th asterisms, and with them alone.

The first Arab mansil is likewise composed of d and y Arietis, to 
which some add <*: it is called ash-Sharathn, “ the two tokens”—that is 
to say, of the opening year.

The Chinese scries of sieu commences, as did anciently the Hindu 
system of asterisma, with that which is later the third asterism. The
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twenty-seventh sieu, named Lea (M, Biot has omitted to give us the 
signification of these titles), is 0 Arietis, the Hindu junction-star.

' 2. Bharani; also, as plural, bharanyas; from the root bhar, “ carry” : 
in the Thittiriya lists the form apabharant, “ bearer away,” in singular 
and plural, is also found. Its divinity is Yama, the ruler of the world *  
o f 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 be identified with the triangle of faint stars lying north of the 
back of the Bam, or 35, 39, and 41 Arietis: they are figured by some as 
a distinct constellation, under the name of Musca Borealis. The desig
nation of the southern as the junction-star is not altogether unambigu
ous, as 35 and 41 were, in A. I). 560, very nearly equidistant from the 
equator; the latter would seem more likely to he 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 35, and the error in longitude, as 
compared with 41, is greater than that of any other star in the series :

Bharani........................ 24° 35' . . . .  u °  6 ' If.
35 Arietis (a Muse*) . . 26° 54' . . . . 11° 17' N-
41 Arietis (e Muse*) . . 28° io ' . . . . io °  2 6 '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 
1  Bam—is by most authorities defined as comprising the three stars in the

haunch of 'the Ram, or e, d, and ? 3 (or else £) Arietis. Some, however, 
have regarded it as the same with Musca; and we cannot but think that 
al-BMnt, in identifying, as he does, Bharani with al-Butain, meant to 
indicate by the latter name the group of which the Hindu asterism is 
actually composed.

The last Chinese sieu, Oei, is the star 35 Arietis, or a Muscaa.
3 . KrttikA; or, as plural, kvttik&s; 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 Pleiades.
It is figured by some as a flame, doubtless in allusion to its presiding 
divinity : the more usual representation of it is a razor, and in the choice 
of this symbol is to bo recognized the influence of the etymology of the 
name, which may be derived from the root kart, “ c u t i n  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 Alcyone, or >/ 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 Alcyone, nor can we hesitate to regard 
this as actually the junction-star of the asterism. W e compare the posi
tions below:
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Krttika . . . . .  39° 8 ' ..4° 44' N-.
Alcyone . . . . 39° 58' . . . . .  4° 1 ' N.
21 Tauri . . . . 4q° 2 0 ' ..3° 53' ST.
23 Tauri . . . .  39p 4 i' * • • . • 3° 55' N.

The SiddMnta-Qiromani etc. give KrttikS, 2 ' less of polar longitude 
than the Surya-Siddhanta, and the Graha-IAghava, on the other hand,
30' m ore: the latter, with the Kbamla-Kataka, agree with our text as 
regards the polar latitude, which the others reckon at 4° 30', instead of 5°.

'The Pleiades constitute the third manzil of the Arabs, which is de- , %
nominated ath-Thuraiy&, “ the little thick-set group,” or an-Najm, “ the 
constellation.” Alcyone is likewise the first Chinese sieu, which is 
styled Mao.

4. Rohini, “ ruddy” i  so named from the hue of its principal star.
Prajapati, “ the lord of created beings,” is the divinity of the asterism.
It 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 e. d, y, a T au ri; 
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:

Rohini.............. 48° 9 ' . . . .  4° 49' S.
Aldebaran . . . 49° 45' . . . . 5° 3o' S.

The SiddhS.nta-Qirorn.ani etc. here again present the insignificant vari
ation from the polar longitude of our text, of 2 ' less : the former also 
makes its polar latitude 4° 30 ': the Graha-Iiighava 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. e., 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 
obvious propriety in naming any but the second of a series the “ follow
ing” (sequent 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 sieu, Pi, is the northernmost member of the same 
group, or s Tauri, a star of the third to fourth magnitude.

5 .  ' Mrgaptrsha, or mrgapiras, “ antelope’s head” : with this name the 
figure assigned to the asterism corresponds : the reason for the designa
tion we have not beeii able to discover. Its divinity is Soma, or the 
moon. I t  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 A, (p1, <?>3 Orionis, although the Hindu measurement 
of the position of the junction-star, A (magn. 4), is far from accurate, 
especially as regards its latitude :

Mrgafirsha . . . .  610 3’ , 90 49' S.
% Orionis . . . .  63° 4°'  . . . . i3° a5'  S.

I
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Li this erroneous determination of the latitude all authorities agree :
. Graha-IAghava adds 1 ° to the error in polar longitude, readme- 63° 
instead of 63°. fa

Iiore again there is an entire harmony among the three systems com- 
pared. th e  Arab manzil, al-liak’ah, is composed of the same stars 
which make up the Hindu asterism: the third sieu, named Tse, is the 
•Hindu junction-star, A Orionis.

6. ArdrA, “ moist :” the appellation very probably has some meteoro
logical ground, winch we have not traced o u t : this is indicated also by 
the choice of Kudra, ^ tornygod, as regent of the asterism. It com
prises a single slar onlyTand is figured as a gem. It is impossible not to 
regard the bright star of the first magnitude in Orion’s right shoulder, 
or « Ononis, as the one here meant to be designated, notwithstanding 
the very grave errors in the definition of its position given by our text : 
the only visible star of which the situation at all nearly answers to that 

, definition is 135 Tauri, of the sixth magnitude ; we add its position
below, with that of a Orionis : 1

Ardrft.............. 65° 5o' . . . .  8°53'S.
a Orionis . . .  . 68° 43' , . . . , 0° 4 ' S.
135 Tauri . . .  67° 38' . . .  . ,0' g_

The distance from the sun at which the heliacal rising and setting of 
Ardrau 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 tor the confusion existing with regard to this asterism, of which 
akbiruni aiso could obtain no intelligible account from bis Indian 
teachers. But it is to be observed that alt the authorities, excepting our 

/ ^ I .v a -S a n h ita , give Ardra 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 Siddlianta- 
yiromam etc. make the polar longitude of the asterism 20 ' less than that 
given by the Surya-Siddhanta, and the Graha-Lfighava 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 upper star 
m Orion » bolt, or 3 Ononis.(2 )—a strange and arbitrary selection, for 
winch M. B iot is unable to find any explanation. The Arabs have estab- 
iisued their sixth station close to the ecliptic, in the feet of Pollux, nam- 

. :l'b “ the pile” : it comprises the two stars r  (2 .3 ) and I  
(4.A_Gerainonim : some authorities, however, extend the limits of the 
mansion so far as to include also the stars in the foot of the other twin, 
or y, v u Gommorum; of which the latter is the next Chinese sieu.
, , '/(nanmJl >\ in all the more ancient lists the name appears as a 

M M ,P «m rvam : it is derived from pitnar, “ again,” and vasu, “ good, 
brilliant : tne reason of the designation is not apparent. The regent
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of tlie astorism is Aditi, the mother of the Aditvas. Its dual title indi
cates that it is composed of two stars, of nearly equal brilliancy, and 
two.is the number allotted to it by the Qa'kalya and Ivhanda-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 a and ft Getnino- 
rum, and the latter (1.2) is the junction-star. The comparison of posi
tions is as follows:

. Punnrvasu . . . .  92° 5a' . . . .  6° o' N.
|3 Geminorum. . * 93° i 4 ' ■ ■ - • 6° 3<g IT.

The Graha-Laghava adds 1° to the polar longitude of Punarvasu 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 sugg-ests ■& (3.4) and t (5,4).

The determinative of the fifth sieu, Tsing, is ,« Geminorum (3), which, 
as we have seen, is reckoned among the stars composing the sixth 
manzil: the seventh manzil includes, like the Hindu asterism, a and £?
Geminorum : it is named adh-Dhira’, “ the paw”—i.e., of the Lion; the 
figure of Leo (see Ideler, p. 152 etc.) being by the Arabs so stretched 
out as to cover parts of Gemini, Cancer, Cards Minor, and other neigh
boring constellations.

8. .Pu&liya ; from the r&ot push,, “ nourish, thrive” ; another frequent 
name, which is the one employed by our treatise, is tishya, which is 
translated “ auspicious” ; Amara gives also sidkya, “ prosperous.” Its 
iivimty 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 <5 Cancri (4):

Pushya . . . .  1060 0' . . . . o° 0'
5 Cancri. . . . 1080 fa' . . . . o° 4' K,

The other tw-o arc doubtless y (4.5) and & (6 ) 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, 41, and § (4), 
the latter representing the head of the arrow, and the nebulous cluster,
Prsesepe, between y and 41, the feathering of its shaft: 41(105° 43/—
0° 48' S.) would then be the junction'-star.

The Arab manzil, an-Nathrah, “ the nose-gap”—i. e., of the Lion— 
comprises y and 8  Cancri, together with Pnesepe; or, according to somo 
authorities, Pnesepe alone. The sixth sieu, Kuei, is 41 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 S ; 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 
account, in comparing our heavens with those of so remote a past.

. • . ..
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9. Afleshd ;  or, as plural, A flesh As; the’word is also written dpreskd: 
its appellative meaning is “ entwiner, embracer.” W ith 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 a Cancri (4) is. 
pointed out by Golebrooke as the junction-star of A§leshh, 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 Agleshh 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 y, o, d, e, o Hydra;, a and o 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 « Hydras, its 
brightest star (being rated in the Greenw. Cat. as of magnitude 3.4, 
while 8  is 4.5), is the junction-star :

Aglesha . . . .  iog° 5g' . . . .  6° 56 '  S. 
e Hydra . . . . U2° ao' . . . .  u °  8 ' S. 
a Cancri . . . .  n 3° 5 '  . . . . 5° 3 i '  S.

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 astcr
ism 6° instead of 7° of polar latitude. The Siddhanta-Qiromani etc® 
deduct 1 ° from the polar longitude of the Surya-Siddh&nta, and the 
Graha-Lhghava deducts 2° ; both variations would add to the error in 
longitude.

The Arab manzil is, in this instance, far removed from the Hindu aster
ism, being composed of $ Cancri (5) and X Leonis (5.4), and called at- 
Tarfi “ the look”-—i. e., of the Lion. The seventh Chinese situ, Lieu, is, 
as already noticed, included in the Hindu group, being <5 Hydra;.

10 . MaghA ; or, as plural, mag has; “ mighty.” The pitaras, Fathers, 
or manes of the departed, are the regents of the asterism, which is fig
ured as a house. I t  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 t, y, y, and 
a Leonis, of magnitudes- 4.5, 2, 3.4, 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 : v (5), n (5), or q (4) might be forced into a connection with 
them. This difficulty 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 a Leonis, or Regulus, the 
most brilliant of the group, is the junction-star, and its position is defined 
with unusual precision:
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Magb& . . . .  129° o' . . .  . <>° o’
Regains . . . .  129° 49' • . . . o® 27' 7f.

The tenth mansil, aj-Jabhah, “ the forehead”—i. e., of the Lion—is 
also composed of ?, y, v, « Leonis.

The eighth, ninth, and tenth sieu of the Chinese system altogether 
disagree in position with the groups marking the Hindu and Arab man1 
sions, 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 « Hydra (2 ), having longitude (A. I). 560)
127° 16', latitude 22° 25' S.

11, 12. Phalgunl; or, as plural, phalgunyas; the_dual, •phalguny&u, 
is also found : this treatise presents the derivative form phdlguni, which 
is not infrequently employed elsewhere. The word is likewise used to 
designate a species of iig-tree: its derivation, and its meaning, as applied 
to the asterisms, is unknown to us. Here, as in tw o. 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 
aspurva and uttara, “ former” and “ latter”—that is to say, coming ear
lier and later to their meridian-transit. The true original character arid 
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 u s; 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 case, a_ couch or bedstead (payyd, nianca, puryanka) is 
given as the figure of one orTsetir of- the parts, and we recognize in 
them all the common characteristic of a constellation of four stars, form
ing together a Tegular oblong figure, which admits of being represent
ed—not unsuitably, if rather prosaically—by abed. This figure, in the 
case of the Phalgunis, is composed of ft f t  ft and 93 Leonis, a very 
distinct and well-marked constellation, containing two stars, S and ft of 
the second to third magnitude, one, -ft of the third, and one, 93, of the 
fourth. The symbol of a bed, properly belonging to the whole constel
lation, is given by 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 3 and #  Leonis, the former and brighter 
being the distinctive s ta r :

Purva-Phalgunl . . . IJ90 58 ' . . . . n °  19' M\
$ Leonis . . . . . . i 4 i° 15 ' . . . . i 4° ip 'K .
3- Leonis ....................i43° 2/1' . . . .  90 4o' N.

The Siddhhnta-Qiromaui etc., and the Graha-Laghnva, give Pfirva- 
Phalgunl respectively 3° and 4° more of polar longitude than the Sftrya- 
Siddhanta. These are more notable variations than .are found in any 
other ease, and they appear to us to indicate that these treatises intend to 
designate f t  the southern member of the group, as its junction-star: wo 
have accordingly added its position also above.

In the latter group, the junction-star is evidently § Leonis:
Uttara-Phalguni . . . i 5o° io ' . . . . 12° 5y LST.
P L e o n is .............. i 5 i 0 37' . . . . 12° 17' if.

vou. vi. 43
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This star, however, is not the northern, but the southern, of the two 
composing the asterism: its description 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-Blrhnl, j? Leonis and another star to 
the northward, in the Arab constellation Coma Berenices, were pointed 
out as forming the asterism Uttara-Phalgnni. The Q&kalya gives it five 
stars, probably adding to (1 Leonis the four small stars in the head of the 
Virgin, I 1, »■, n, and o, of magnitudes four to five and five.

The regents of Purva and Uttara-Phalgnni are Bhaga and Aryamat, 
or Aryaman and Bhaga, two of the Adityas.

The two corresponding Arab mansions are called az-Zubrab, “ tlie 
e., of the Lion—and as-Sarfah, “ the turn” : they agree as 

nearly as possible with the Hindu asterisras, the former^being composed 
of d and d  Leonis, the latter of § Leonis alone. The Chinese sieu, named 
respectively Chang and Y, are u1 Hydra (5)* and « < 'rateris (4).

13. Hasia, “ 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— §, «, e, y, and 8  Corvi. The text gives be- 
low (v. 17) a very special description of the situation of the junction- 
star in the group, but one which is unfortunately quite hard to under
stand and apply: w.e 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 5 (3):

H asta , . . . .  174° 2a' . . .  . io° 6 ' 8.
7 Corvi . . . .  1700 44' . . . .  i 4° 29'  S.
S Corvi . . . .  173° 27'  . . .  - ia° 10' S.

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 ft, v, Y> ^ B Virginia, 
which form two sides, measuring about 15° each, of a great triangle: 
the mansion is named al-AuwYj “ the barking dog.”

14. CitrA, “ brilliant.” This is the beautiful star of the first magni
tude a Virg-inis, 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 erroneously defined by the Sftrya-Siddh&nta :

Citr.1 . . . .  1800 48'  . . . .  i° 5o' S.
Spica . . . .  i83° 49' • • • • 20 2 r S.

All the other authorities, however, saving the (j'akalya, remove this 
error, by giving Citrit 183° of polar longitude, instead of 180°, The 
only variation from the definition of latitude made by our text is offered 
by "the Siddhhnta-Qiromani, which, varying for once from the Brahma- 
Siddhanta, reads 1° 45' instead of 2°.

* It b, apparently, by an original error of the press, that M. Biot, in all 1m« 
tables, calls this star rt.
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Spica is likewise the fourteenth manzil of the Arabs, styled by them 
as-Simak, and the twelfth sieu of the Chinese, who call it Kin.

15. Sv&li, or sv&ti/  the word is said to mean “ sword,” The Thifc- 
tirlya-Brahmaaa calls the asteritts nitshtyd, “ outcast,” possibly from its 
remote northern situation. I t 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; theGraha-L&gbava 
makes its polar longitude 198° only, instead of i99°. The star intended 
is plainly « Bootis, or Areturns;

Svati . . . . .  i83° a ' . . . .  33° 5o' N.
Arcturus. . . • i84° i i '  . . . .  3o° 5-jr K.

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 sieu, Kang, is ■#. Virginia 
(4.5): the Arab manzil, al-Ghafr, “ the covering,” includes the same 
star, together with », and either A or <j> Virginia.

16. Vipakha, “ having, spreading branches” : in all the earlier lists tlie 
name appears as a dual, vip&Icke. The asterism is also placed under the 
regency of a dual divinity, indr&tjnl, Indra and Agni. We should ex
pect, then, to find it composed, like the other two dual asterisms, the 1 st 
and 7th, of two stars, nearly equal in brilliancy, and two is actually the 
number assigned to the group by the Qakalyn and the Khanda-Kataka, 
blow the only two stars in this region of the zodiac forming a conspicu
ous pair are « and § Libras, 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 ViQ&khh 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. Colebropke, overlooking this star, suggests a or x Librte ( a ) : the 
following comparison of positions will show that neither of them can be 
the one meant to be pointed o u t:

Vifakha ai3°w3i' . . . .  i°a5 'S l
!• Libra) . . . .  u i°  o' . .. . . i 0i48'S.
a Libras . . . .  ao5° 5' . . . . o° 23' 2f.
is Libras . . . . 217° 4'V - * • • o° a 'If.

The group is figured as a torana: this word Jones and Colebrooke
translate “ festoon,” but its more proper meaning is “ an outer door or 
gate, a decorated gateway.” Anil if ^ve change the designation of situ
ation of the junction-star in its group,-given below (v. 16), from “ north
ern” to “ southern,” we find without difficulty a quadrangle of stars, viz. 
t, a, (?, y (4.5) Librae, which admits very well of being figured as a gate- 
wav. Nor is it, in our opinion, taking an Unwarrantable liberty to make 
such an alteration. The whole scheme of-designations we regard as 
of inferior authenticity, and as partaking of the confusion and uncer
tainty of the later knowledge of the Hindus respecting their system of 
asterisms. That they were* long ago doubtful of the position of Yi$itkhA

t
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is shown by the fact that al-Biruni was obliged to marls i t  in his list as 
“ unknown,” Very probably the Sftrya-Siddhanta, in calling * the north
ern member of the group, intended to include with it only the star 20 
Libro (3.4),-situated about 6° to the south of it. Upon the whole, then, 
while we regard the identification of Viy&kM 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 a and P Libras, and that 
later the group was extended to include also tand y, 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 SiddMnta-Qiromani etc, give 
"Vkpiklni 55' less of polar longitude, and the Graha-L&ghava 1° less; of 
polar latitude, the Siddbanta-Qiromani gives it 10', the Graha-L&ghava 
30' less; the Khanda-Katalca agrees here, as also in the two following 
asterisms. with the SCirya-Siddh&nta.

The sixteenth Arab manzil, comprising, as already noticed, « and B 
Libras, is styled az-Zubanhn, “ the two claws”—i. c., of the Scorpion : 
the name of the corresponding Chinese mansion, having for its deter
minative a Librae, is Ti.

) 7. Anur&dht't; or, as plural, a m r & d h d s the word means “ success.”
The divinity is Mitra, “ friend,” one of the Adityas. According to the 
t&kalya, 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 jS, d ,it  Seorpionis, <5 (2.3) being the junction-star ; as the fourth 
member we are doubtless to add $ Seorpionis (5.4). I t  is figured as a 
hali 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 : perhaps it may better be taken as simply ‘‘ a r i ® t h e  stars 
of the asterism, whether considered as three or four, being disposed in 
nearly a straight line. The comparison of positions is as follows :

AnurfuM . . . .  Ja4° 44' . . . .  ‘ a0 52' S.
8 Seorpionis . - . 222° 34' . . . .  i° 5 f S .

The Siddhanta-Qiromani and Graha-L&ghava estimate the latitude of 
Anurklha somewhat more accurately, deducting from the polar latitude, 
as given by our text, 1 ° 15' and 1 ° respectively: the Si'ddhanta-Circraani 
etc. also add the insignificant amount of 5 ' to the polar longitude .of the 
Sfirya-Siddh&nta.

The corresponding Arab manzil, named al-Iklil, “ the crown,” con
tains also the three stars (?, 8 , n  Seorpionis, some authorities adding q to 
the group. The Chinese sieu, Fang, is »*(3), the southernmost and the 
faintest of the three.

18. Jyeskthd , “ oldest” The Taittirlya-Sanhitit, in its list of aster
isms, repeats here the name rohini, “ ruddy,” which we have had above 
as that of the 4th asterism: the appellation has the same ground in this
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as in the other case, the junction-star of Jyeshthft being also one of thoso 
which shine with a reddish light. The regent is Indra, the god of the 
clear sky. The group contains, according to all the authorities, three 
stars, and the central one (v. 18) is the junction-star. This is the bril
liant star of the first magnitude a Seorpionis, or Antares; its two com
panions are o- (3,4) and t (3,4) in the same constellation :

.TyeshthS . . . .  a3o° •j' . . , . 3° 5o' 8.
Antares . . . .  2290  4 4 ' . . . .  4* 3i' S.

The constellation is figured as a ring, or ear-ring; by this may he un
derstood, perhaps, a pendent ear-jewel, as the three stars of Jyeshtkh 
form nearly a straight line, with the brightest in the middle.

The Siddhanta-tjirornani and Graha-L&ghava add to the polar longi
tude of the junction-star of the asterism, as stated in our text, 6 ' and 1 ° 
respectively, and they deduct from its polar latitude 30' and 1 ° respect- 
ivdy, making the definition of its position in both respects less accurate.

Antares forms the eighteenth mannil, and is styled al-Kalb, “ the 
heart”—i. 0., of the Scorpion : a and r are called an-Niyht, « the p m -  
cordict.” The Chinese sieu, Sin, is the westernmost of the three, or a.

19. Mu!.a, “ root.” The presiding divinity of the asterism is nirrti,
“ calamity,” who is also regent of the south-western quarter. I t  com
prises, according to the pakalya, nine stars; their configuration is rep
resented by a lion’s tail. Tire stars intended are those in the tail of the 
Scorpion, or e, /1, A, t, k, v, l  Seorpionis, all of them of the third,
or third to fourth, magnitude. Other authorities count eleven stars in 
the group, probably reckoning « and £ as four stars; each being, in fact, 
a group of two closely approximate stars, named in our catalogues w1 
(3), p 9  (4), j i  (4.5), £3 (3). The Khanda-Kataka alone gives Mflla only 
two stars, which are identified by al-Biruni with the Arab mansil ash- 
Shaulab, or l  an d y  Seorpionis. The Tkittiriya-Sanhitk, too, gives the, 
name of the asterism as vicri&u, “ the two releasers” : the Vicrtau are t
several times spoken of in the Atharva-Veda as two stars of which the 
rising promotes relief from lingering disease (kshetriya) • it is accord- 
ingly probable that these are the two stars in the sting of the Scorpion, 
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. 10 ) designates the eastern member of the group as its junc
tion-star : it is uncertain whether the direction is meant to apply to the 
group of two, or to that of nine stars: if, as seems probable, /• is the 
star pointed out by the definition of position, it is strictly true only of 
the pair I and », since *, x, and #  arc all farther eastward than I :

Mula................. 34a0- 5a' . . . . 8° 48' S.
% Seorpionis . . . 244° 53' . . . .  i3° 44 'S.

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 error in latitude, by deducting 1° from that presented 
by our te x t ; the Siddbaiita-Qiromani, in like manner, deducts 30', while 
f be Khanda-Kataka adds the same amount.

t ■ -  ■■ ■ \  " '  ̂ '



$ ' ’G° ^ \  • ■ '

| i |  bit,
338 M  Burgess, fife., [vm. 9.

Til® Taittiriya-Sanllta makespitaras, the Fathers, the presiding divin
ities of this as'tevism, as well as of the tenth,

Bentley states (Hind. Asti*., p. 5) that Mftla 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 Jyeshtha, which thence received its title of 
“ eldest.” These statements are put forth with characteristic reckless
ness, and apparently, like a great many others in his pretended history 
of Hindu astronomy, upon the unsupported authority of his own conjec
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 Miila may perhaps have been, so named from its be- 

j; tag considerably the lowest, or farthest to the southward, of the whole
series of asterisms, and hence capable of being looked upon as the root 
out of which they had grown up the heavens. I t would even bo. possi
ble to trace the same conception farther, and to regard Jyeshtha as so 

' styled because it was the first, or “ oldest,” outgrowth from this root,
while the Vigakhe, “ the two diverging branches,” were the stars in 
which the series broke into two lines, the one proceeding northward, to 
Svati or Arcturus, the other westward, to Citrh 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.

The nineteenth Arab manzU is styled ash-Shaulah, “ the sting”—i. e , 
of the Scorpion—and comprises, as already noticed, v and 1 Scorpionis.
The determinative of the seventeenth sku, Dei, is included in the Hindu 
aaterism, being « 2 Scorpionis.

20, 21. Ash&dM; or, as plural, asMdh&x; this treatise presents the 
derivative form ’&shadh&, which is not infrequent elsewhere: the word 
means “ unsubdued.” Here, again, we have a double group, divided 
into two asterisms, which are distinguished as p&rva and uttara, “ former 
and latter.” Their respective divinities are dpas, “ the waters,” and vifve 
devas, “ the collective gods.” Two stars are ordinarily allotted to each 
asterism, and in each case the northern is designated (v. 16) as the junc
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 <5 (3.4) and e (3.2) Sagittarii, the former being the junc
tion-star ; this is shown by the following comparison of positions:

■ Pftnra-AsMdhA . . . .  a54° . . .  . 5° 28' S.
6 Sagittarii............... a54° 33' . . . .  6° a5' S.

The Graha-Laghava gives Bfirva-Ash&dM 1° more of polar longitude, 
and 30' less of polar latitude, than the Sfirya-Siddlianta: the Siddhanta- 
Ciromani etc, 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 he 110 other than a (2.3) in 
the same constellation, notwithstanding the error in the Hindu determi-
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nation of its latitude, which led Colebrooke to regard t (4.3) as the 
star intended : we subjoin the positions:

TJttara--&shadtiil . . . .  .260° 23' . . . .  4° 69' S,
a S ag itta r ii................ ...  262° 21' . . . .  3° 24' S. ■
■i Sugittarii . . . . . .  264° 48' • • • • 5° 1 ' 3.

The only variation from the position of the junction-star of this aster- 
ism as stated in our text is presented by the Graha-Jjaghava, winch 
makes its polar longitude 261° instead of 230 ',

The Qhkalya (according to Colebrooke: our MS. is defective at this 
point) and the Iihanda-Kataka assign four stars to each of the Ashftdh&s, 
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
tarius, each including the stars above mentioned, with two others : the 
one would be composed of y2 (4.3), 8 , e, > ? (4—the star is also called |?
Telescopii), the other of 9  (4.3), u, r,  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-Blrfml. The 
junction-stars would still he S and <r, which are the northernmost in their 
respective constellations; nor is there any question as to which jour 
among the eight are selected to make up the double aster ism, since S, s,
K, and a botlfform the most regular quadrangular figure, and are the 
brightest stars.

The determinatives of the eighteenth and nineteenth mansions of the 
Chinese, Ki and Tcu, are y2 and 9  Sagittarii, which are included 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’aiin, “ the pasturing cattle” : some also understand each group of 
four as representing an ostrich, lia’am. The twenty-first manzil, 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 n Sagittarii (4.6).

22. Abhijit, “ conquering.” ' The regent of the asterism is Brahma.
The position assigned to its junction-star, which is described as the 
brightest (v. 19) in a group of three, identifies it with a Lyrse, or Vega, 
a star which is exceeded in brilliancy by only one or two others in the 
heavens;

Abhijit . . . .  264° 10'  . . .  . 69° 58' IT.
Vega . . . .  265° i 5 ’  . . .  . 61° 4 6 ' IT.

The other authorities compared (excepting’the Qitkalya) define the 
position in latitude of Abhijit more accurately, adding 2° to the polar 
latitude given by the Sfirya-Siddhhnta: the Graha-Lkghava also improves 
the position in longitude by adding 1 ° 20', while the Siddhanta-Qiromam 
etc, increase the error by deducting 1° 40'.

The Taittiriya-Sanhinl (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 yr-ngdta, 
an aquatic plant; this very distinctly represents the grouping of « Lyras

/  . 'iyyjf^jy
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with the two other fainter stars of the same constellation, e and %, both 
of the film magnitude.

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 ecliptic. The twentieth sieu is named Nieu, and 
is the star /? Capricorni (3), situated in the head of the C oat: the twen
ty-second mangil, Sa’d adh-Dhabih, “ felicity of the sacrificer,” contains 
the same star, the group being a (composed of two stars, each of mag
nitude 3.4) and § Capricorni.

23. Qravam, “ hearing, ear” ; from the root era, “ hear” : another 
name for the asterism, prmi&, found occurring in the T&ittiriya lists, is 
perhaps from the same root, hut the word means also “ lame.” Qravana 
comprises three stars, of which the middle one (v. 18) is the junction- 
star : they are to be found in the back and neck of the Eagle, namely 
as */, a, arid /? Aquilse; «, the determinative, is a star of the first to sec
ond magnitude, while y and /? are of the third and fourth respectively:

(^rarnna . . . .  282° 29' . . .  . 29° 5 4 '  N .
a  Aquilai - - . 281° 4 1 '  . . . .  2 < y ° u ' N .

All the authorities agree as to the polar latitude of CfaVana: the 
Siddh&nta-Qiromani etc. give it 2° less of polar longitude than our trea
tise, and the Graha-Lhghava even as much as 5° less.

The regent of the asterism is Vishnu, and its figure or symbol corres
ponds therewith, being three footsteps, representatives of the three steps 
by which Vishnu is said, in the early Hindu mythology, to have strode 
through heaven. The Qhkalya, however, gives a trident as the figure 
belonging to Cravarta. Possibly the name is to he regarded as indica
ting that it was originally figured as an ear.

The Chinese sieu corresponding in rank with (havana is called Nil, 
and is the faint star e Aqnarii (4.3). The Arab mangil Sa’d Bula’,
“ felicity of a devourer,” or ai-Buia’, “ the devourer,” etc., includes the 
same star, being composed of e, u (4.S), v (a) Aqnarii, or, according to 
others, of e and 7 (6) Aqnarii, or of ft and v.

24. pravishtkd ; 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 dhanisht.hh, an irregular superlative from dhanin, “ wealthy.” The 
class of deities known as-the vasus, “ bright, good,” are the regents of 
the asterism, It comprises four stars, or, according to the (JAkaiya and 
Khanda-Katakii, five : the former, which is given by so early a list as 
that of the Taittirlya-Bialnnana, is doubtless the original number. The 
group is the conspicuous one in the head of the Dolphin, composed of 
(?, u, y, <) Dclphini, 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 :

gravisM-A . . . .  296“ 5'  . . . .  35® 33' S.
Delphini . . . .  296° i$'  . , . . 3i° 5y'  S.
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Tlie only variation from the position assigned iti our text to t he junc
tion-star of yravishtln\is presented by the Hraha-IAghava, which gives 
it 286°, instead of 290°, of polar longitude. Perhaps its intention is to 
point out £ (5 ) as the junction-star: this is doubtless the one added to 
the other four, on account of its close proximity to them, to make up the 
group of five ; it lies only about half a degree westward from it

The name of the twenty-fourth manzil, Sa’d as-Su’ud, “ felicity of 
felicities”—i. e., “ most felicitous”—-exhibits an accordance with that of 
the Hindu 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 § (8) and £-*(5.4), in the
left shoulder of Aquarius, to which some add also 46, or c1, Capricorni .
(6). The corresponding sieu, Hitt, is the first of them, or § Aquarii. v;

25. flalabhishaj, “having a hundred physicians” : the form patobhisM, 
which seems to be merely a corruption of the other, also occurs in later 
writings. It is, as we should expect from the title, said to be composed 
of a hundred stars, of which the brightest (V. 19) is the junction-star.
This, from its defined position, can only be t  Aquarii (4) :

(jatabhisbaj . . . .  3 1 9 ° 51' . . . o° 29 ' S.
•K A quarii................321° 33' . . . .  o° a3'  S.

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 : of course, the num
ber one hundred is not to be taken as an exact one, nor are we to sup- ‘ , 
pose it possible to trace out with any distinctness the figure assigned 
to the group, which is a circle. The Khanda-Kataka, according to al- 
Birum, gives Qatabhishaj 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.

The regent of the 25tli asterism, according to nearly all the authori
ties, is Vanina, the chief of the Adityas, but later the god of the waters: 
the Taittiriya-Sanhita alone gives to it and to the 14th asterism, as well 
as to the 18tli, Indra as presiding divinity: this is perhaps mere blun
dering.

The Graba-L&ghava places the junction-star of Catabhiahaj precisely 
on the ecliptic: the Siddhanta-Qiromani etc. give it 20','instead of 80', 
of polar latitude south.

The corresponding lunar- mansion of the Arabs, Sa’d al-Aklibiyah,
“ the felicity of tents,” comprises the three stars in the right wrist and
hand of the Water-bearer, or 7 (3), £ (4), 1?-(4) Aquarii, together with a
fourth, which Ideler supposes to be « (5). Since, however, the twenty-
third Chinese determinative, Goei, is « Aqitarii (8), a star so near as f i
readily to be brought'into the same group with the other three, we are
inclined to regard it as altogether probable that the mansion was, at
least originally, composed of a, y, £, and 1?. 1

26, 27. Bhaclrajpad&; as plural, bh&drapad&s: also bhadrapadd ; from '
’ bhadra, “ beautiful, happy,” and pada, “ foot.” Another frequent appel

lation isprmhthapad&: proshtha is said to mean “ carp” and “ ox” ; the 
latter signification might perhaps apply here. We have here, once more, 
a double asterism, divided into two parts, which aro distinguished from

von. vi. 44
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one another nsp&rva and uttara, “ former” and “ latter.” All authori
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 couch or bed, 
the alternate one, in either case, being pronounced a bi-foeed figure: the 
Muhhrta-Cintamani calls the first a bed, and the second twins. It ad
mits, we apprehend, of little or no question that the Bhhdrapad&s are 
properly the four bright stars (?, «, y Pegasi, and a Andromeda}—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 

!'f‘ of Pegasus.” The figure of a couch or bed, then, belongs, as in the
ease of the other two double asterisms, already explained, to the whole 
constellation, and not to either of the two separate asterisms into which 
it 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 

, face. The appropriateness of the designation “ feet,” found as a part 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 « Pegasi:

POrva-BbAdrapacto . . . .  334° 25' . . .  . 220 3o' K.
» Pegasi  .............. 333° 27’ . . .  . 190 25' N.

The Graba-IAghava gives the junction-star 1° less of polar longitude, 
which would bring its position to a yet closer accordance, in respect to 
longitude, with « Pegasi: the error 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 th e . first pair some more 
southern star, perhaps £ Pegasi (3.4). The confusion is not less marked, 

if- although of another character, iu 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-BMdrapadfi . . . .  347° 16' . . . .  a4° i 'l f .
7 P e g a s i...................... 349° 8' . . . . ia° 35' N.
a AnUromedas.................  354° 17'  . . . , 25° 4i' ST.

If we accept either of these two stars as the one of which the posi
tion is meant to he defined, we shall be obliged to admit an error in the 
determination either of its longitude or of its latitude considerably 
greater than we have met with elsewhere. Kbr 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
tude of Uttara-BliadrapadA, 27° instead of 28°. There can be no 
doubt that the two stars recognized as composing the asterism are y Pe
gasi and « Andromeda?, but there has evidently been a blundering con
fusion of the two in making out the definition of position of the junc
tion-star. W e would suggest the following as a possible explanation of
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this confusion : that originally a and y Pegasi wore designated and de
scribed as junction-stars of the two half-groups,- of which they were 
respectively the southern members; that afterward, for some reason—- 
perhaps owing to the astrological theory (see above, vii. 2 1) of the supe
riority of a northern star—the rank of junction-star was sought to be 
transferred 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 attempt was made to define 
the real position of the northern star, but by simply adding to the polar 
latitude already stated for y Pegasi, without altering its polar longitude 
also. Al-Biruni, it should be remarked, was unable to obtain from his 
Hindu informants any satisfactory identification 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 Bh&drapa- 
d&s is powerfully supported by their comparison with the corresponding 
members of the other two systems. The twenty-sixth, and twenty- f|jp§
seventh mansils, al-Fargh al-Mukdim and al-Fargh al-Mukhir, “ the fore 
and hind spouts of the water-jar;” comprise respectively a and (9 Pegasi, 
and y Pegasi and a Andromeda; the determinatives of the twenty- 
fourth and twenty-fifth sieu, Che and Pi, are « and y Pegasi.

The regents of these two asterisms are aja cJcapat and aid budhnya, 
the “ one-footed goat” and the “ bottom-snake,” two mythical figures, of 
obscure significance, from the Vedic pantheon.

28. Revati, “ wealthy, abundant,” Its presiding divinity is Pushan,
“ the prosperer,” one of tho Adityas. It is said' to contain thirty-two 
stars, which are figured, like those of (j)ravishth;\, by a drum or tabor; 
but it would be in vain to attempt to point out precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance- w 
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 
placing it upon the ecliptic, and all excepting our treatise and the 
Q&kalya make its position exactly mark the initial point of the fixed 
sidereal sphere. Tho star intended is, as we have already often had 
occasion to notice, the faint star £ Piscium, of about the fifth magnitude,, 
situated in the band which connects the two Pishes. It is indeed very- 
near to the ecliptic, having only 13' of south latitude. I t  coincided in 
longitude with the vernal equinox in the year 572 of our era.

At the time of al-Birunfs visit to India, the Hindus seen* to have 
been already 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 tho planets commenced at the creation, and at 
which, at successive intervals, their universal conjunction would again 
take place; for he is obliged to mark the asterism as not certainly iden
tifiable. He also assigns to it, as to Qatabhishaj, only a single star.

The twenty-sixth Chinese sieu, Koei, is marked by i; Andromedie (4)r 
which is situated only 35' east in longitude from £ Piscium, but which 
lias 17° 36' of north latitude. The last mamil, Batn al-Hut, “ the fish’s 
belly,” or ar-BisM, “ the hand,” seems intended to include the stars com
posing the northern Fish, and with them probably the Chinese deter
minative also: but it is extended so far northward as to take in'the bright

- ' - ' , a  ,-"v4
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star $■  A n d ro m ed a  '(2), and to this star alone th e  nam e o f the m ansion 
is som etim es applied, a lth ou gh its situation, so far from  th e  ecliptic (in  
la t. 25 ° ■56 ' N .), renders it  b y  no m eans suited to  becom e the distinctive 
star o f  one o f th e  series o f  lunar stations.

W e  present, in  the annexed table, a  general conspectus o f the corres
pondences o f  the three sy ste m s; and, in order to b rin g  out those corres
pondences in th e  fullest m anner possible, w e have m ade the com parison 
in  three different w ays : noting, in the first place, th e  cases in  w hich  th e  
three agree w ith  one a n o th e r; then  those in  w hich each agrees with one 
o f th e  o th e r s ; and finally, those in  w hich  each agrees w ith  eith er the 
on e or th e  other of th e  rem aining tw o.

Correspondences of the Hindu, Arab, and Chinese Systems of Asterisms.
Hindu If , ,, , . , Hindu Arab Chinese

Hindu with I Hindu Hindu Arab with with with
\'o. Arab with with with Arab Hindu Hindu

______  ' jS L
i  A^vini, r  I i t i  i 1
a Bharani, -a* a-* a a* 2 ** *
3 Krttika, 3 3 3 3 3 3 3
4 Rohiiu, 4 4 4 4 4 4 4
5 Mrgagirrha, 5 5 5 5 5 5  5
6 Ardrfi, •• •• •• t  ••• •;
7 Punarvasu, •• 6 . .  f  6 6 +
8 Pushya, 6t 7  6 7 7 6
9 Aflesbi, • • • ■ 7 • • ® 7

to Maghft, •• 8 . .  . .  9 8
i i  P.-Phaigunt, 9 •• lo 9
13 TJ.-Plmlguni, •• to  •• •• 11 IO

« i3 Hasta, •• 8 •• 12 •• 8
t4 Oltrrt, 7 n  9 6 i 3 n  9
15 Sijit!, •• •• •• 7 ••• 22 Jo
16 VigsUdift, 8 12 10 8 14 i 3 11
17 AnunWhA, 9 i 3 11 9 i 5 i4  12
18 Jyesh tb i 10 i 4 12 10 16 i 5 i3
19 Mu la ,' n t  15 x3 .. 17 x6 14
20 P.-AsMdha, 12 16 14 n  18 17 i 5
21 U.-AsMdha, , .  . .  i 5 . .  19 •• 16
22 Abhijit, •• •• •• 1J 17
23 Bravana, ..  •• •• i 3 •• 19
44 yrarishtM, . .  . .  . .  i 4 •• ao 19
a5 (JSatabhishaj, . .  •• •- i 5 . .  21 20
26 P.-BhadrapatM, i 3 17 16 16 20 22 21
27 tl.-BM rapada, i 4 18 17 17 21 23 22
28 Bevatl, . .  . .  i8§ . .  24§^ .a3g

*  This supposes the second m a n r . i l  to he composed of the stare in Mnsca, as
defined by some authorities, -f The sixth mane.il includes, according to .many 
authorities, tlie fifth sieu, but as there is, at any rate, a discordance in the order of 
succession, we have not reckoned this among the correspondences. % W e reckon 
these two as cases of general coincidence, because, although the Chinese sieu is not 
contained in the Arab mansion, the Hindu asterism includes them both, and the 
virtual correspondence of the three systems is beyond dispute, § Here we assume 
the. Chinese sieu to be comprised among the stars forming the last manzil, which is 
altogether probable, although nowhere distinctly stated.
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Owing to the different constitution of the systems, their correspond
ences are somewhat diverse in character: we account the Hindu aster- 
isms and the Arab mansions to agree, when the groups which m art the 
two 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 slew is to be found among the stars composing their groups. We 
have prefixed to. the whole the numbers and titles ot the Hindu aster- 
isms, for the sake of easy reference hack to the preceding detailed iden
tifications and comparisons.

After this exhibition of the concordances existing among the three 
systems, it can, we apprehend, enter into the mind of no one, to doubt 
that all have a common origin, and are but different forms of one and 
the 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 ?
In endeavoring to answer these questions, we will first exhibit the views 
of M. Biot respecting the origin and character of the Chinese siew, as 
stated in the volumes for 1840 and 1859 of the Journal des Savants.

According to Biot, the .new form an organic and integral part, of that 
system hy which the Chinese, from an almost immemorial antiquity, 
have been accustomed to make their careful and industrious observations 
of celestial phenomena. Their instruments, and tlieir methods of ob
servation, have been closely analogous with those in use among modern 
astronomers in the West: they have employed a meridian-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 
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 sieu. ' Twenty-four of them were fixed upon more than two 
thousand years before our era (M, Biot says, about 1>. 0. 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 visibility—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 stars 
near the pole, within the circle of perpetual apparition: M. Biot finds 
reason to believe 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, 
such 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.C. 1100, because they marked very nearly the 
positions of the equinoxes and solstices at that epoch : the bright star of 
the Pleiades, however, which had originally been made the first of the i

i > 'M it jfe. ■ TAPA
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series, from its near approach to the vernal equinox' of that remoter era, 
still maintained, as it lias ever since maintained, its rank as the first.
Since the time of Chen-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.
1) the history of the Chinese sieu, as thus drawn out, is well-founded 

and true, the question of origin is already solved: thesvstemoftwenty- 
eight celestial mansions is proved to be of native Chinese institution— 
just as the system of representation of the planetary movements by epi-. 
cycles is proved to be Greek by the fact that we can trace in the historjP' 
of Greek science the successive steps of its gradual elaboration. That 
history rests, at present* upon the authority of M. Biot alone: wc are 
not aware, at least, that any other investigator lias 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 authority, with no slight measure of confidence: his own dis
tinguished eminence as a physicist and astronomer, his familiarity with 
researches into the history and archaeology 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 zealous 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 clo we see that any general considerations of import
ance can be brought 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 a tendency to observe and 
record as the Hindus by the lack of such a tendency : they have always 
attached .extreme importance to astronomical labors, and to the construc
tion and rectification of the calendar; and the industry and accuracy 
of their observations is attested by the use made of them by modern 
astronomers—thus, to take a single instance, of the cometary orbits 
which have been calculated, the first twenty-five rest upon Chinese ob
servations alone: 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, workiifg in
dustriously on thenceforth in the same beaten track, and never develop
ing out of so promising a commencement anything deserving the name 
of a 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.

*
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Again, although it might seem beforehand highly improbable that a 
system 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 no so insuperable difficulties in the way as should - ft 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the pro
ducts «£jthe soil and industry of China were sought as objects of lux
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central 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 
necessary to acknowledge the system of asterisms to have made its ap
pearance in India. The literary memorials of the earliest period, the 
Medic period proper, present no evidence of the existence of the system : 
indeed, it is remarkable how little notice 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 
portions of the Yedic texts—as in the nineteenth book of the Atharva- 
Veda, a modern appendage to that modern collection, and in parts of 
the Yajur-Yoda, 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 Vedic 
pantheon; the popular divinities 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 sufficient 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 anrpng them can be regarded as the j 
immediate source from which* either of the o tter two has been derived."*
It is evident that the Hindu asterisms and the Arab man&zil constitute, 
in many respects, one and the same system : both present to us constel
lations or groups of stars, in place of the single determinatives of the 
Chinese sieu ; and not only are those groups composed in general of the 
same 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 
is 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 is 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 sieu, which the other does not share—the Hindu in
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the 9th, J3t.li, and 21st asterisms, the Arab in the ISth, 22nd, 23rd,
24th, and 25th mansions. The same considerations show, inversely, that 
the Chinese system cannot be traced to either of the others as its source, 
since it agrees in several points with each one of them whore that one 
differs from the third. I t  becomes necessary, then, to introduce an adcli- 

I tional term into the comparison; to assume the existence of a fourth 
i system, differing in some particulars from each of the others^jn which 
‘! all shall find their common point of union. Such an assumption is net 

to be looked upon as either gratuitous or arbitrary. Not only 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 aa a powerful objection to the 
Chinese origin of the twenty-eight-fokl division of the heavens, that we 
find 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 surround
ing peoples, lire  great route 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-eastward into India, through tho valley of the Cabul, the true 
gate of the Indian peninsula. Within or upon the limits of this central 
land of Iran we conceive the system of mansions to have received that 
form of which the Hindu nakshatms and the Arab mandzil are 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 are, as has been noticed above, traces of an Iranian sys
tem to be found in the Bundehesh ; hut 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 
ns yet been pointed out in the earliest Iranian memorial, the Zendavesta.
Weber (Inch literaturgeschiehte, p. 2 21), on the other hand, sees in the 
mazzaloth and mazzaroth of the Scriptures (Job xxxviii. 32; II Kings 
xxiii. 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 Chaklaic origin: hut the allusions appear to us too
obscure and equivocal to he 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 
Chaklaic 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 

j and the-Arab- systems, and can only lie between the Chinese and that 
j fourth system from which the other two have together descended. And
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as concerns these, we are willing to accept the solution which is ftir» 
nisbed 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, 
by the help of a celestial globe or map,* the positions of the Chinese h l (';SS|
determinatives, cannot fail to perceive their general approach to a great 

f circle of the sphere which is independent of the ecliptic, and which 
I 'accords -more nearly with „th.e,equator.of B. C. 2850 than with any other 
I later one. The full explanations and 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 itself, and well enough adapted to the , 
purposes for which it was designed. With the positions of its determin- *  j f  
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 
sieU are drawn off' far to the southward, in the constellations Hydra and 
Crater: and this, in our view, looks much more as if the series of the 
sieu were the original, whose guidance had been closely followed except
ing in a few cases, than as if the astcrisms composing the other systems 
had been independently selected from the groups of stars situated along 
the zodiac, with the intention of forming a zodiacal series. It. is easy to 
see, farther, how the single determinatives of the sieu should have become 
the nuclei for constellations such as are presented by the other systems; 
but if, on the contrary, the sieu had been selected by the Chinese, in 
each case, from groups previously constituted, there appears no reason 
why their brightest stars should not have been chosen, as they were cho
sen later by the Hindus, in the establishment of junction-stars for the 
astcrisms.

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. C. 1100 , and was there adopted by some western people, either 
Semitic or Iranian. That in their hands it received a new form, such as 
adapted it to a ruder and less scientific method of observation, the limit
ing stars of the mansions being converted into zodiacal groups or con
stellations, and in some instances altered in position, so as to be brought 
nearer to the general planetary path of the ecliptic. That in this 
changed form, having become a means of roughly determining and de
scribing the places and movements of the planets, it passed into the 
keeping of the Hindus—very probably along with the first 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 kno wn 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 sufficiently 
illustrate the character and mutual relations of the three systems compared, 

v on. vi. 45
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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 
less constantly faithful than is the Chinese to its own guiding principle.
The Hindu sustains in this respect but an unfavorable comparison with, 
the others : the arbitrary introduction, in the 15th, 22nd, 23rd, and 24th 
asterisks, 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.
It might, at first, sight, appear that the adoption by the Arabs of the 

manzil corresponding to Agvini as the first of their series indicated that 
they had derived it from India posterior to the transfer by the Hindus 
of the first ran t from Krttika, the first of the aim, to Aqvinl: 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 begiu 
with the group coinciding most nearly with the beginning of the Greek 
zodiac. The transfer on the part of tlie 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 
respect 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 i t ;  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 
hatchet, 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 otfice. Indeed, taking the Hindu system in its more perfect 
and consistent form, as applied, by the Arabs, and comparing it with the 
Chinese sieu at any time within the past two thousand years, we are by 
no means sure that the advantage in respect to adaptation would not he 
generally pronounced to be upon the side of the former. The distance 
of many of the sieu 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 to 
them. M. Biot’s error lies in his misapprehension, in trio important
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respects, of the character of the Hindu asterisms: in the first place, he 
constantly treats them as if they were, like the sien, single stars, the in
tervals between whose circles of declination Constituted 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 plural names of the asterisms, or by their 
otherwise significant titles—compare especially those of the 18th and 
25th of the series. The selection of a “ junction-star” to represent the
asterism appears to.Jhfe«aom&tbing comparatively.modem: we regard it
as posterior to the reconstruction of the Hindu astronomy upon a truly 
scientific basts,‘and tire determination, by calculation, 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 calculation of : 
conjunctions, for astrological purposes ; the astronomical uses of the 
system being no longer of much account after the division of the ecliptic 
into signs. And the choice of the junction-star has fallen, in the ma
jority of cases, not upon the Chinese determinative itself, but upon 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
dered at that M. Biot should treat the Hindu mkshatras as a system 
bearing special relations to the moon, since, by those 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, oy, in misapprehension.,
In the Sffrya-Si^&n^^rEsunTH' there "Is "ho hint to he 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 
the asterisms (mkshatra, bna, dhhhnya) means literally anything more 
than “ star” or “ constellation” : their most ancient and usual appella
tion, mkshatra, is a word of doubtful etymology (it may be radically 
akin with nakta, nox, “ night”), but it is not infrequently met with 
in the Vedie writings, with the general signification of “ star,” or 
“ group of stars” : the moon is several times designated as “ sovereign 
of the nahshatrasy' but evidently in no other sense than that in which
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we stylo lier “ queen of night” ; for the same title is in other passages 
given 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 5th, was placed un
der the regency of the moon, as another, the 13th, under that of the 
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 
moon is the most conspicuous of the nightly luminaries, and her revolu
tions more rapid and far more important than those of the others, the 

j asterisms would practically be brought, into much more frequent use in 
5; connection with her movements: their number, likewise, being nearly J accordant with the number pf day* of her sidereal revolution, could not 
I but tempt those who thus employed them to set up an artificial relation 
I between the two. Hence the Arabs distinctly call their divisions of the 

zodiac, and the constellations which mark them, “ houses of tire moon,” 
and, until the researches of M. Biot, no one, so far as 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, 
having 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 familiar title 
of “ lunar stations” to the Chinese sieu also; an error for which he is 
sharply criticised by M. Biot (Journ. d. Sav., 1859, p. 480). The latter 
cites from al-Biruni (Journ. d. Sav. 1845, p. 49; 1859, pp. 487-8) two 
passages derived by him from Varaha-mihira and Brahmagupta respect
ively, in which are recorded attempts to establish a systematic relation 
between the asterisms and the moon’s true and mean daily motions.
One of these passages is exceedingly obscure, and both are irreconcila
ble with one another, and with what we know ot 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 
such 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 a con
nection as al-Birihii, who naturally sought to find in the Hindu naksha- 
tras the correlatives of his own mandstU 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 ecliptic, and 
employable for all the purposes 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- J 
cause the mansion belonging to that asterism was on the point ofbe.com- |
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ing extinguished, the circle of declination of its junction-star b e in g ]/j 
brought by the precession to a coincidence with that of the junction-star | |  j 
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 arc of the ecliptic intercepted between the circles of declina
tion of two successive junction-stars—is altogether erroneous: 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 account 
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 T&ittiriya- t 
Sauhita. It is to he observed, moreover, that M. Biot, in calculating the * 
period of Abhijit’s disappearance, has adopted t  Sagittarii as the junc
tion-star of littara-Ashadha, while we have shown above that <r, and 
not, t, is to be so 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 live 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 calculation 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 (see Fig. 31, beginning of this 
note), that the asterisms are in general so distributed as to accord 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 l: 
region where they are too much crowded together is that from the 20 th , 
to the 23rd asterism, and that, among those situated in this crowded j| 
quarter, Abhijit is farthest removed 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 
tha t treatises like this Siddhanta, 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
tic, be found a place and a portion for a twenty-eighth asterism 1 The 
Khanda-Kataka, as cited by al-Biyftni—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—-allots 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 dava.
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Others allow it a share in the propel- portions of the two neighboring 
asterisms : thus the Muhfirta-Mala, a late work, of date unknown to us, 
says : “ the last quarter of Uttara-Ash&dM. and the first fifteenth of 
Cravana together constitute A bhijit: it is so to bo 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 
introduction 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 77 I f .

Much yet remains to be done, before the history affd use of the sys
tem  of asterisms, as a part of the ancient Hindu astronomy and 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 
he in place here. W e have already allotted to the nahhatras 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
van ts; and finally and especially, the fact that in and with the asterisms 
is bound up the whole history of Hindu astronomy, prior to its trans
formation under the overpowering inilueuce of western science. In, the 

j i modeim astronqvay^ o|  ̂Jn d i^  the are of subordinate conse-
; ' quenee oniy  ̂and'appear as hardly more than reminiscences'of a former 
\ order of things: from the Shrya-Siddh&nta might be struck out every 

; line referring to them, without serious alteration of the character of the 
'{: treatise.

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 calculation from the posi
tions stated in our text, with the actual longitudes and latitudes of the 
stars with which they are probably to be identified. In a single ease,
(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, k  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
m ent of southern latitudes, when of considerable amount, and they are

e



f(l)1 %L
viii. 9 .] Stirya-Siddh&nta, 855

Positions, and Errors of Position, of the Junction-Stars of the Asterisms,

„  „  Longitude, A. I). 5G0. Latitude.
f' 0, Wamo. Hindu Hindu Star compared.

Hindu. T rue. J1"u u  Hindu True 11 m lu____ _______  error. «*»“«• x rut5» error.
b  t  q  • q  t  q  t  o / 0 /

i Aijvini, ir  59 13 56 -  t 5? g r i N .  8 28N. +  o 43 ,3 Arietta,
3 Bliarnni, 24 35 2 6 5 4 - 2 1 9 1 1  6 “ 1 1 1 7 “ -  o 11135 Arietis, a Muscie.
3 KrttikA, 39 8 39 58 -  o 5o 4 44 “  4 i 11 ! + o 43b? Tauri, Alcyone,
4 Rohini, 48 9 4 9 4 5  -* 3 6  4 49,8 - 5 3oS. + o 4 i f  Tauri, Aldebaran.
5 Mrgngirsha, 61 3 63 4o -  2 3? 9 49 “ i 3 a5 “ + 3 36 A Orionis
6 A rdrt, 65 5o 68 43 -  2 53 8 53 “ 16 4 “ +  7 11L  Orionis.
7 i Punarvasu,- 92 52 98 1 4 - 0 2 2  6 oN.  6 39N- -  o 39 .3 Omnia, Pollux.
8 Pushy a, io5 0 1 0 8 4 2 - 2 4 2  o o o 4 “  - o  4 8  Cancri.
9 Afloshd, [09 59 i r2 20! -  2 21 6 56 8 .1 1 8 S. + 4 12 c Hydra*.

10 Magha, ra9 0 1 2 9 4 9 - 0 4 9  o o o 27 N, -  o 27 a  Leonis, Itegulus.
u  P.-Phalgtim, 1.39 58 i4 i i 5 -  1 17 i t  19N. M 19 “ - 3  o  8 Leonis.
12 L'.-Phalguni, itSo 10 i5r 37 -  t 2712 5 “  12 17 “ -  o 12 8 Leonis.
i 3 *Hasta, 174 2.2 173 27 + o 55 10 6 .8 .1210S. + 9  4 5 Corvi.
e4 Citra, 1180 48 1 S3 49 -  3 1 1 5o “  2 9 “ + o » *  Virginia, Spica,
1.5 Sv-iti, i 183 2 184 12I -  1 io 33 5o N .|3o 57N. + 2 53 a Bootis, Arcturua,
16 Vicakki,^ a i3 3i 211 o[ +  □ 3i 1 a5 S. 1 48 8. + 0 2 3  t Librw.
17 Anurarilnt, 35.4 44 222 34, + 210 2 52 “ I 67“  -  o 55 8 Scorpionis,
18 Jyeshthil, 230 7 229 44 + 0 23 3 5o “ 4 3l. “ + o 4i a Scorp., Antarea.
*9 _ 242 52 244 33 — 1 4i 8 48 “ i 3 44 “ + 4  56 x Scorpionis.
20 P.-AshddhS,, 254 3^ ,54 33 + 0 7 5 28 “ 6 25 11 + 0  57 8 Sagittarii.
21 D.-Asliadh4, 260 23 262 21 -  1 58 4 5 g “ 3 24 “ -  1 25 <1 Sagittarii.
22 Abhijit, 264 , 0 205 i 5 ■- i 559 58N. 6t 46N. -  1 48 a Lyric, Vega.
23 Qravann, 282 29 281 4 t + 0  48 29 54 “ 29 19 “ + o 35 a  Aquilfe, Atair.
24 ?ravishthi, 296 5 296 1 9 - 0  i 43$ 33 u [3t 5j  “ ; + 3 36 3 Delpbini.
25 0atabhiShaj* 319 5o 321 33 -  1 43 o 28 SJ o 2$ S.' -  o  5 », Aquarii.
26 P.-BhfldrapadA, 334 25 333 27 + o 58 22 3oN-;t9 q5N." +  3 5 i  Pegasi,
27 U.-Bhadrapadfl, 34? 16 349 8 -  1 52 a4 1 “ {=5 4i “ | -  1 4o y Peg. *  a  Androrn,
28 Ravati, 359 5o 359 5o o 0 0  o I o i 3 S.! + o r 3 .? 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
m a rk e d  p rep o n d eran ce  o f  minus e rro rs , th e ir  sum  b e in g  33° 5-P, w hile
the sum of plus errors is only 7° 52'. Upon taking the difference-of
these sums, and dividing it by twenty-eight, we find the average error 3;i
of longitude to be -  56', the greatest deviation from it in either direction
being -  2° 4' and -}- 3° 27',* 80 far as this goes, it would indicate that
th e  H in d u  m easu rem en ts  o f  position  w ere  m ade from  a  vernal eq u in o x
situated 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. I). 490. In our present ignorance of the methods of observation

* In a  comparison in which a high degree of exactness was desired, and was not, 
in the nature of the case, unattainable, it would of course be necessary to take into 
account the proper motions of the stars compared. This we have not thought it 
worth while, in the present instance, to do. W e may remark, however, that tho 
junction-star of the 15th asterism, Arcturus, has a much greater proper motion thnn 
any other in the series; and that, if this were allowed for, according to its value as 
determined by Main (Mem. Roy, Astr. Soc, vol. xix, 4to, 1851), the Hindu error of 
longitude would be diminished about 22', bu t tha t of latitude increased about 35'.
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employed by the Hindus for this purpose, such a determination of date 
cannot, indeed, be relied upon as exact or conclusive, yet it is the best 
and surest that, we can attain. The general conclusion, at any rate, 
stands fast, that the positions of the junction%tars of the asterisks were 
fixed not far from the time when the vernal equinox coincided 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 2 ?° in either direction (see above, 
iii. 9- 1 2 ), we are not surprised to find the positions of the asterisms pri
marily defined upon the supposition of their coincidence. B ut 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. 1 2 , below, and the note upon it), 
and that directions for calculating the conjunctions of the planets with 
the asterisms according to their positions as thus stated should he 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 calcula
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, ii. 85, 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; 
vet, in tbe absence of other tests of their powers, we cannot well help 
drawing the conclusion th a t the accuracy of a Hindu observation is not 
to be relied on within a degree or two.

10. A gastya is at the end of Gemini, and eighty degrees south; 
and Mrgavy&dha is situated in the twentieth degree of Gemini;

1 1 . LLis latitude (vikshepa), reckoned from his point of declina
tion (apakrama), is forty degrees south: A gni (hutabhuj) and Brali- 
mahrdaya are in Taurus, the twenty-second degree;

1 2 . A nd they are removed in latitude (viJcshipta), northward, 
eight and th irty  degrees respectively. . . .

In connection with the more proper subject of this chapter we also 
have laid before us, here and in a subsequent passage (vv. 20- 2 1 ), 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 ail difficult to 
identify the stars referred to in these verses ; they were correctly pointed 
out 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

■ ■ r \ -
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most brilliant in the southern heavens. Its remote southern position, 
only 37° 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 rshis, or inspired sages. The comparison of its 
true position with that assigned it by our text—which, in this instance, 
does not require to be reduced to true longitude and latitude—is as 
follows:

Agastya . . . .  90° of . . . .  8o° o' S.
Canopus . . . .  85° 4' < • • ■ 78° 5a ' S.

The error of position is here very considerable, and the variations of 
the other authorities from the data of our text are correspondingly great 
The SiddMnta-Qiromani and (according to Colebrooke) the Brahtna- 
Siddhhnta give Agastya 87° of polar longitude, and 77° of latitude,- 
which is a fair approximation to the tru th ; the Graha-IAghava- also 
places it correctly in lat 76° S.,- hut makes its longitude only 80°, which 
is as gross an error as that of the Sftrya-Siddhanta, but in the opposite 
direction. The Qhkalya-Sanhith 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 I.ubdhirka,-“ hunter”— 
is « Can is Majoris, or Sirius, the brightest of the fixed stars ;

Mr^avyddha . . . .  76° 23'’ . . . .  39° 5s' S.
Sirius.................... 84® 7' . . . .  3a' S.

Here, while all authorities agree with the correct determination of the 
latitude of Sirius presented by , our text, the Siddlianta-Qiromani etc. 
greatly reduce its error of longitude, by giving the star 86°, instead of 
80°, of polar longitude: the Graha-LAgnava reads 81°.

The star named after the god of fire, Agni, and called in the text by 
one of his frequent epithets, hutfibhuj, “ 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 :

Agni . , , . . 54° 5' . . . .  70 44-' K.
/3 Tauri . . . .  62° 32' . . . .  5" 22'  N.

The very gross- error in the determination of the longitude of this star 
is but slightly' reduced by the Graha-Mghava, which gives it 53°, instead 
of 52°, of polar' longitude. The Siddh&nta-Qiromani and Brahtna-Sid- 
dh&nta omit all notice of any of the fixed stars excepting Canopus and 
Sirius.

Brahmahrclaya, “ Brahma’s heart,” is a Auriga?, or Capella : 
Brahmahrdaya . . . .  6o° 29'  . . .  . 28° 53' K.

- Capella . . . . . . .  6 1 ° 5t>' . . .- . 22° 52' H.
The Graha-Lhghava, leaving this erroneous determination of latitude 

unamended, adds a greater error 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, one may examine the 
corrected (sphuta) latitude and polar longitude (dhmvakdy 

von. vi. 46
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What is the true meaning and scope of this passage, is a question with 
regard 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, yet 
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 is descri bed below (chap, xiii)—of which the principal parts, and the 
only ones which would be brought into use in this process, are hoops or 

| circles representing the colures, the equator, and the ecliptic—and is to
f suspend upon its poles an additional movable circle, graduated to de

grees : this would he, of course, a revolving circle of declination. The 
sphere is next to he adjusted in such manner that its axis shall point to 
the pole, and that its horizon shall be water-level Then, in the night, 
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 i t ; after that, it will be necessary only to bring the revolv
ing circle of declination, as observed through the hole 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 maybe read off directly 
upon the ecliptic and the movable circle respectively.

Colebrooke (As. Res., ix. 326 ; Essays, ii. 324) found this passage 
similarly explained in other commentaries upon the Surya-SiddMnta to 
which he had access, and also met with like directions in the commen
taries on the Stddh&nta-Qiromani.

There are, however, very serious objections to such an interpretation 
of the brief direction contained in the text. It is altogether inconsist
ent with the whole plan and method of a Hindu astronomical treatise to 
leave, and even to order, matters of this character to he determined by 
observation. Observation has no such important place assigned to it in 
the astronomical system : 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 instruments 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 expressly stated to he 
“ for the instruction 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 he that, having constructed a 
sphere in the manner to be hereafter described, one may examine the 
places of the asterisma as marked upon it, and note their coincidence

■ 1
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with the actual positions of the 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 (near 
the end of the note on the last passage but one) and to free the Sid- 
dhanta from the imputation of having neglected the processional 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 were at first laid down, or 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 he more authentic and of higher value, is described by Colebrooke 
(as above) from the Siddhanta-SarvabMuma, being there cited from the 
Siddhanta-Sundara ; it is as follows :

“ A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian : and the line of the tube, pointed to the stai\ 
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 j 
is the perpendicular ; and its distance from the extremity of the thread 
is the base of the triangle. Therefore, as the hypothenuse is to its base, 
so is the radius to a base, from which the_ sine of the angle, and couse- • 
quentiy the angle itself, are known. If it exceed the latitude [of the 
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 deeli-1 
nation of the corresponding point of the ecliptic being found, the sum 
or difference of the declinations, according as they are of the same or of 
different denominations, is the distance of the star from the ecliptic. The 
longitude of the same point is computed ; and from these elements, with 
the actual precession of thes equinox, nfay be calculated the true longi
tude of the star; as also its latitude on a circle passing through the poles 
of the ecliptic.”

The Siddhanta-Sarvabhhiuna also gives the true longitudes and lati
tudes of the asterisrns, professedly as thus obtained by observation and 
calculation, and they are reported by Colebrooke in his general table of 
data respecting the asterisrns.

If we are not mistaken, the amount and character of the errors in the 
stated latitudes of the asterisrns 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 Roliipt

« The asterism Rohint, 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 Praj&patL The distances of 
its stars in "longitude from the initial point of the sphere vary from 45°
46 '(/) to 49° 45’ (a): hence the seventeenth degree of the second 
sign—the reckoning commencing at the initial point of the sphere, taken 
ascoinciding also with the vernal equinox—is very nearly the middle of



!i’®V (CT
O - L i

"T ■■ 38.0 E, Burgess, etc,, [viii. 13—

the wain. The latitude of its stars, again, varies from 2 ° 3(V (e) to 6°
47' (fr) S . ; hence, to come into collision with, or to enter, the wain, a 

i planet most have more than two degrees of south latitude. The Sid- 
dhanta does not inform us what would be the consequences of such an 
occurrence ; that belongs rather to the domain of astrology than of as
tronomy. We cite from the Pancat antra (vv. 238—241) the following 
description of these consequences, derived from the astrological writings 

|  of Yaraha-niihira :*
* “ AVhen Saturn splits the wain of Roliinl here in the world, then

Madhava rains not upon the earth for twelve years.
I “ When the wain of Prajapati’s asterism is split, the earth, having 

as it were committed a sin, performs, in a manner, her surface being 
I strewn with ashes and bones, the k&p&lika penance.

“ If Saturn, Mars, or the descending node splits the wain of Rohint, 
why need I  say that, in a sea of misfortune, destruction befalls the world?

“ When the moon is stationed in the midst of Rohini’s wain, then 
\ men wander recklessly about, deprived of shelter, eating the cooked 

flesh of children, drinking water from vessels burnt by the sun.”
Upon what conception this curious feature of the ancient Hindu as- 

1 trology is founded, we are entirely ignorant.

14. Calculate, "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 
as a divisor: the same is the case as regards the time.

15, When the longitude of the planet is less than the polar 
longitude (dhruvaka) of the asterism, the conjunction (yoga) is to 
come ; when greater, it is p ^ t : when the planet is retrograding 
(valeragati), the contrary is to be recognized as true of the con
junction (sam&gama).

The rules given in the preceding chapter for calculating the conjunc
tion of two planets with one another apply, of course, with certain mod
ifications, to the calculation of the conjunctions 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
tude of an asterism. one part of the process prescribed in the case of a 
planet, the ayanadr/c/carman, or correction for ecliptic deviation, is to he 
omitted altogether; since the polar longitude of the asterism, which is 
given, corresponds in character with the Ayana graha, or longitude of 
the planet as affected by ecliptic deviation, which must be ascertained 
by the ayanadrkkarman. The commentary notices the omission, hut. 
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 bv Benfey 
(Pantsehatantra etc., 2r Theil, no. 231- 237). In the third of the verses, however, 
the reading of the published text, fa(i, “ moon,” would seem decidedly preferable to 
fikhi, “  descending node” ; since the node, being always necessarily in the ecliptic, 
can never come into collision with Rohim’s wain.
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to be used as divisor in determining tile place and time of the conjunc
tion—is duly noticed.

The inaccuracies in the Hindu process for determining apparent lon
gitudes, which, as above noticed, are kept within bounds, where the 
planets alone arc concerned, by the small amount of their latitudes, 
would be liable in the case of many of the asterisms to lead to grave er
rors of result.

16. Of the two Phalgunis, the two BhMrapadas, and likewise 
the two Ashadhas, of V'igfikha, Agvint, and Mrgagirsha (sdumya), 
the junction-star (yogatdrd) is stated to be the northern (uttara) s

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

18. Of JyeshtM, Qravana, Anuradha (mciitra), and Pushya 
(bdrhaspatya), it is the middle s ta r: of Bharani, Ivrttika (dgneya), 
and MagM (pitrya), and likewise of Bevati, it is the southern:

19. Of HobinJ, Punarvasu (Mitya), and Miila, it is the eastern, 
and so also of Agleslnt (sdrpa): in the case of each of the others, 
the j unction-star (yogatdralcd) is the great. (sthulct) one.

We have had occasion above, in treating of the identification of the 
asterisins, 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 verses 20 and 21 of the positions of certain stars should 
be separated from those presented above, in verses 10- 12. A designa
tion of the relative position of the junction-stiff in each group ought also 
properly to be connected with a definition of the number of stars com
posing each, and a description of its configuration—such as are presented 
along with it by other treatises, as the Qftkalya-Sanhit&, The first is even 
jn some points ambiguous unless accompanied by the others, since there 
are cases in which the same star has a different position in its asterism 
according as the latter is to he regarded as including a less or a greater 
number 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 inspire 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 more than one star, 
namely Abhijit and Qatabhishaj, described by their superior brilliancy, 
while that of the former is not less capable 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 questionable ■which star is meant to be pointed oat 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 heyond all doubt or 
cavil, 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 occupies nearly 
all of verse 17. That Golebrooke 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 $ Com .” His translation of the verse, “ 2nd W. of 1st N. W.”, 
conveys to us no intelligible meaning whatever, as applied to the actual 
group. He evidently understood pafcimottaratardyd as a single word, 
standing by euphony for -t&rdyas, ablative of -tdrt1  Our own render
ing supposes it divided ipto the two independent words paycimotta- 
ratard yd, or the three pctfdmd uttaratdrd yd. This interpretation is, in 
the first place, supported by the corresponding passage in the Q&kaiya- 
Sanhitfi, which reads, “ of Hasta, th e north-western (vdyavi): it is also 
the second western.” Again, it applies without difficulty to one of the 
stars in the group, namely to y, 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, 8 as the northern, (i as the 
eastern, a as the southern, and e as the western star. We should, then, 
regard the description as unambiguous, were it not for what is farther 
added, “ being the second situated wes t wa r d f o r  y is the first or most 
westerly of the five in longitude, and the third in right ascension, while 
the second in longitude and in right ascension respectively are the two 
faint stars e 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, 
to 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 description of the relative places of the junction- 
stars, excepting the Q&kalya-Sanliita, and our manuscript of its text is 
so defective and corrupt at this point that we are able to derive from it 
with confidence the positions of only about a third of the stars. So 
far, it accords with the Shrya-Siddh&nta, save that it points out a9 the 
junction-star of Phrva-Ashhdhh 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 Rrahmahrdaya is Pra- 
jSpati: it is at the end of Taurus, and thirty-eight degrees north.

21. Apamvatsa is five degrees north from Citra: 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-Sauhith, nor in the Siddhauta-Qiromani and
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(according to Colebrooke) the Brahma-SiddMnta; only the latter of 
them, Apas, is omitted by the Graha-Laghava, being noticed in the 
Sdrya-Siddhhuta alone, it may fairly be questioned, for the reason re
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. 1.8), where those stars are spoken of which never set heli- 
acally, on account of their high northern 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, 
which, according to the commentary on this passage, and to Colebrookc, 
it also customarily hears. Perhaps another evidence of the unauthen
ticity of the passage is to be seen in the fact that the two definitions of 
the polar longitude of Prajhpati do not, if taken in connection with verse 
1 1 , appear to agree with one another: a star which is 5° east from the 
position of Brahmahrdaya, as there stated, is not “ at the end of Taurus,”

•  but 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 Taurus. 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- 
jhpati 01° of polar longitude, or 5° more than it assigned to Brahmahr- 
daya .* it also adds 1 ° to the polar latitude as stated in our text. The 
star referred to can hardly he any other than that in the head of the 
Wagoner, or d Aurigas (4):

Praj&pati . . . .  67° i t ' . . . .  36° 4p' N,
8  Aurigse . . . .  69° 54'  . . . .  3o° 49' 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
conspicuous a star should be found among the few of which the Hindu 
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 Citrft, or Spica Virginia: it is said to 
be in the same longitude, 180°, and 5° farther north; and this, since 
Citra itself is in lat. 2° S., would make the latitude of Apkmvatsa 8° 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. I t  is identified by Cole- 
brooke with d Virginis (3), and doubtless correctly :

Apas *76° 2 3 '  . . . .  8°  x5' N.  1
8  Virginis . . . .  1710 28' . . . .  8° SS'  If.

Cbtebrooke pronounces Apamvatsa 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 us, and hence presume that 
Golebrooko must have been misled here by some error of the authority 
on which ho relied. There is, on the other hand, a  star, A Virginis (4),
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situated directly between Spiea and <5, and at such a distance from each 
as shows almost beyond question that it is the star intended:

Apfimvatsa . . . .  178° 48' . . . . 2 °  45' N.
3- Virginis . . . .  178° 12' . . . .  i° 45' N.

It is not less difficult in this than in the former case to account for the 
selection of these stars, among the hundreds equalling or excelling them 
in brilliancy, as objects of special attention to the astronomical observers 
of ancient India. Perhaps we have here only the scattered and discon
nected fragments of a more complete and shapely system of stellar as
tronomy, which flourished in India before the scientific reconstruction of 
the Hindu astronomy transferred the field of labor of the astronomer 
from the skies to his text-books and his tables of calculation.

The annexed table gives a comparative view of the positions of the 
seven stars spoken of in this and a preceding passage (vv. 10 - 1 2 ) as 
defined by our text and as determined by modern observers ;

Positions o f certain Fired Stars.

N«»w. Hindu position: True, position: Star compared,
pol. long. pol. lat. long. lat. long. lat.

~~ 0 / 0 /  0 / 0 /  0 1 0 /

A gusty a, oo o 80 o S. 90 ojgo oS. 85 475  5o 8. «• Argils, Canopus.
Mrgavycicilia, 80 o 4° 0 S. 76 23,39 5a S. 84 7 39 32 S. ctCanisMaj.,Siiius.
Agni, 52 o 8 oN. 54 5 7 44N. 6a 3a 5 23 N. 8 Tauri.
Brahmahrckya, 5a o 3o oN. 6o 29:28 53.K- 61 5ola 5aN. a Aurigre, Capella.
Praifi-patij 57 o 38 oN 67 ir36 49N. 6 9 543o 49N. 3 Aurigfe, •
Apfinmtsa, 180 u 3 oN- 178 48 2 45 N. 17812 1 45X. 3 Virginia.
Apaa, 180 o 9 oN. 17623 8 i$N . 171 28 8 3 8 N. 8 Virginia.

The gross errors in the determinations of position of these stars give 
us a yet lower idea of the character of Hindu observations than wc 
derived from our examination 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 different authorities for calculating 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 Hindu doctrine of the Seven Sages, or ph is, by which name are 
known the bright stars in Ursa Major forming the well-known constella
tion of the W ain, or Dipper. To these stars the ancient astronomers of

! India, and many of the modern upon their authority, have attributed an 
independent motion about the pole of the heavens, at the rate of 8 ' yearly, 
or of a complete revolution in 2100 years. The Surya-Siddhaata alludes 
in a later passage (xiii. 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 SiddlAnta Oiroumni. 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 a circumstance to be left out of sight in esti
mating the7character of the ancient and native Hindu astronomy.
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C H A P T E R  I X .

OF HELIACAL RISINGS AND SETTINGS.

Goxmsts :—1, subject of the chapter; 2-3, under what circumstances, and at which 
horizon, thu planets rise and set heliacally; 4-6, method of calculating their dis
tances in oblique ascension from the sun; 6-9, distances from the sun at which 
they disappear and re-appear; 10-1 1 , how to find the time of heliacal setting or 
rising, past or to come; 12-15, distances from the sun at which the asterisms and 
fixed stars disappear and re-appear; 36-17, mode of determining their times of 
rising 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, ■udayast&dhi/c&ra, is literally 
translated in our heading,

2. Jupiter, Mars, and Saturn, when their longitude is greater 
than .that o f 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 "than 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 thoir 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 direct.

4. Calculate 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 calculation of apparent longitude (drkkar- 
■man) of the planet.

5. Then the ascensional equivalent, in respirations, of the in
terval between the two (lagnanlarapranas) will give, when divid
ed by sixty, the degrees of timq (Mld?igds) or, in the west, the 
ascensional equivalent, in respirations, of the interval between 
the two when .increased each by six signs.

Whether a planet will or will not be visible in the west after sunset, 
or in the east before sunrise, is in this treatise made to depend solely 
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upon the interval of time by which its setting follows, or its rising pre
cedes, that of the sun, or upon its distance from the sun in oblique 
ascension; to the neglect of those other 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 calculation

* 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 ecliptic, 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 he found by a separate process. This is accomplished 
by calculating the apparent longitude of the planet, according to the 
method taught in the seventh chapter. There is nothing in the lan
guage of the text which indicates that the calculation is not to be made 
in full, as there prescribed, and for the given moment of sunrise: 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 
it U 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 owe rising. The Commentary removes this difficulty, 
by specifying that the aJcskadrkJcarman, or that part of the process 
which gives the correction for latitude, is to be performed “ only as 
taught in the first half-verse”—that is, according to the former part of 
yii. 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 ascertained the points of the ecliptic which rise with the 
sun and with the planet respectively, the corresponding equatorial inter
val, or the distance of the planets in oblique ascension, is found by a 
rule already given (iii. 50). The result is expressed in respirations of 
sidereal time, which are equivalent to minutes of the equator (see above,
i. 1 1 - 12 ); they are reduced to degrees by dividing by sixty; and the 
degrees thus found receive the technical name of “ time-degrees” 
(kaldnp&s, Mlabhayds); they are also called below “ degrees of setting”

 ̂ (astdnfds), and “ degrees of visibility” (dffy&np&s).
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 at 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 iii. 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,
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Before going on to explain how, from the result thus obtimecl, tire 
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) are, for Jupiter, eleven; 
for Saturn, fifteen; for Mars, moreover, they are seventeen:

7. 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 occur, owing to her 
inferior size, at ten degrees :

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

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

The moon, it will be noticed, is omitted here; her heliacal rising and 
setting are treated of at the beginning of the next following chapter.

In the case of Mercury and Venus, the limit of visibility ia at a greater 
or less distance from the suit according as the planet is approaching its 
inferior or superior conjunction, the diminution of the illuminated por
tion of the disk being more than compensated by the enlargement of 
the disk itself when seen so- much nearer to the earth.

Ptolemy treats, in the last three chapters (xiii. 7 -9 ) 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 Saturn, 14° ; for Jupiter, 1 2 ° 45'; for Mars, 14° 30' ; for Venus and 
Mercury, in the west, 5° 40' and 1 1 ° 30' respectively.

10. The difference, in minutes, between the numbers thus sta
ted and the planet’s degrees of time {Ml&ng&s), when divided by 
the difference of daily motions—or, if the planet be retrograding, 
by the sum of daily motions—gives a result which is the time, in 
days etc.

11. The daily motions, multiplied by the corresponding ascen
sional equivalents (taUagndsavm), and divided by eighteen hun
dred, give the daily motions in time (Mlugati) ; by means of these 
is found the distance, in clays etc., 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. I f  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-appearance will take place may be readily found by
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dividing #tr the rate of approach or separation of the two bodies the dif
ference Between tlieir actual distance and that of apparition and dispari- 

• . tion : but the divisor must, of course, be the rate of approach in oblique
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 iii. 42-45, so is the arc 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” (kalaguti), as being commen- 

, surate with the “ time-degrees” (Mldnf&s).

12. SvM, Agastya, MrgavyMha, Citra, JyeshtM, Punarvasu, 
Abbijit, and Brahmalirdaya rise and set at thirteen degrees.

18. Hasta, Qravana, the Phalgunls, Qravishtha, Eohird, and 
MagM become visible at fourteen degrees; also Vigakha and . 
Agvini.

14. Krttika, AnuradM (mditra), and MiTla, and likewise A le 
sha and A rdra (rdudrarksha), are seen at fifteen degrees; so, too, 
the pair of AsMdhas.

15. Bharani, Pushy a, and Mrgagijrsha, owing to their faintness, 
are seen at twenty-one degrees; the rest of the asterisms become 
visible and invisible at seventeen degrees.

B These are specifications of the distances from the sun in oblique as
cension (Ml&np&s) at which the asterisms, and'those other of the'fixed, 
stars whose positions were defined in the preceding chapter, make their 
heliacal risings and settings. The asterisms we are doubtless to regard 
as represented by their junction-stars (yogut&raj. The classification 
here made of the stars in question, according to their comparative mag
nitude and brilliancy, is in many points a .very 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 a distance of 13° from the sun, 
is, indeed, almost wholly composed of stars of the first magnitude; one 
only, Punarvasu Gerninorum), being of the first to second, and hav
ing for its fellow one of the first (« Gerninorum). 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 (Bohmi), 
Regulua (Magha), Dcneb or § Leonis (Uttara-Phalgunl), and Atair or 
« Aquil® (Qravana); and, along with these, one of the second to third 
magnitude, 8 Leonis (Pftrva-Phalguni), three of the third, and one, 
t Librae (YighkM), of the fourth. In this last case, however, it might 
ho possible to regard a Libras, of the second magnitude, as the star 
which is made to determine the visibility of the asterism. Among 
the stars ofA the. third class, again, which are visible at 15°, is one,
« Orionis (Ardri,), 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 two 
stars of the fourth magnitude, but also two of the second, one of which,
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a Andromeda or y Pegasi (Uttara-BhMrapada), is mentioned below 
(v. 18) among thoso 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 its junction- 
star. Since Agni, Brahma, Apamvatsa, and Apas are not specially men
tioned, it is to he assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator: the first of 
them (3 Tauri) is a star of the second magnitude; for the rest, see the 
last note to the preceding chapter.

Some of the apparent anomalies' of this classification are mitigated or 
removed by making due allowance for the various circumstances by 
which, apart from its absolute brilliancy, tire visibility of a star in the 
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 disappearance. 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 
and copyists.

16. The degrees of visibility- (drgydngds), if multiplied by 
eighteen hundred and divided by the corresponding ascensional 
equivalent (udaydsavas), give, as a result, the corresponding de
grees on the ecliptic (kshetrdngas); 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 preceding, with which it has no special connection, but after 
verse 1 1 . Instead of reducing, as taught in that verse, the motions up
on the ecliptic to motions in oblique ascension, the “ degrees ol time”
(k&l&nf&s) 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”
{'irpjiinfan, or MMtnfds) of the planet to the equivalent distance upon 
that part of the ecliptic in which it is then situated. The technical 
name given to the result of the proportion is hketr&nf&s: kshetra is lit
erally ‘‘field, territory,” and the meaning of the compound m aybe thus 
paraphrased: “ the limit of visibility, in degrees, measured upon that 
part of the ecliptic which is, at the time, the territory occupied by the 
planets in question, or their proper sphere.”

17. Their rising takes place in the east, and their setting in 
the w est; the calculation of their apparent longitude (drkkarman)

I
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is to be m ade according to previous ru le s ; the ascertainm ent o f 
th e  time, in  days etc., is alw ays by the  daily  motion o f  the  sun 
alone.

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 calculated to sug
gest a suspicion of interpolations.

The directions given in the verse require no 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 (akshadrkhm m n) is to be made only for the horizon, or as 
stated in the first half-verse of the rule.

18. A bhijit, B rahm ahrdaya, Svati, Q ravana (vaishnava), 0 ra
vish  thft (vdsavct), and U ttarn-B hadrapada (ahirbudhnya), ow ing to 
th e ir n o rth ern  situation, are no t extinguished by the su n ’s rays.

I t  may seem that it would have been a more orderly proceeding to 
omit the stars here mentioned from the specifications of verses 12-15 
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 thought it worth the trouble to 
go through with the calculations, and ascertain whether, according to 
the data and methods of this treatise, these six stars, and these alone, 
of those which the treatise notices, would never become invisible at 
Ujjayini. I t  is evident, however, as has already been noticed above 
(viii. 20- 2 1 ), that the star called Bralnna or Prajapati (5 Auriga;) 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.

C H A P T E R  X.

OF THE MOON’S RISING AND SETTING, AND OF THE ELEVATION
OF H ER  CUSPS.

Contexts :— 1, of the heliacal rising and setting of the moon ; 2-5, how to find the 
interval from sunset to the setting or rising of the moon; 6-8, method ofdetej- 
miniug the moon’s relative altitude and distance from the sun at sunset; 9, to as
certain the measure of the illuminated part of her disk; 10-14* method o f delin
eating the moon’s appearance at sunset; 16, how to make the same calculation 
and delineation for sunrise.

1. The calculation o f th e  heliacal rising (itdaya) and  setting  
(asta) o f  the  moon, too, is to  be  made by the  ra les already given.
A t  twelve degrees’ distance from  the sun she becomes visible in 
th e  west, or invisible iu 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 ascertaining 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, prnffonnatyadhITctira,
“ chapter of the elevation of the moon’s cusps” (prnqa, literally “ horn”), 
properly applies only to that part of it which follows the fifth verse.

The degrees spoken of in this verse are, of course, “ degrees of time”
(Ml&np&s), or in oblique ascension.

2. A dd six signs to the longitudes of the sun and moon re 
spectively, and find, as in former processes, the  ascensional equ iv 
alent, in respirations, of their interval (lagndntardsavas) :  i f  the 
sun  and m oon be in the same sign, ascertain their in terva l in  
minutes.

8. M ultiply the daily motions of the sun and  moon by  th e  re 
sult, in nfidis, and divide by s ix ty ; add to the longitude o f each 
the correction for its motion, thus found, and find anew their in 
terval, in respirations;

4. A nd so on, until the interval, in  respirations, o f the  sun 
and moon is fixed : by so m any respirations does the moon, in  
the  light half-month (gukla), go to  her setting after the sun.

5. A dd h a lf a revolution to the sun’s longitude, and calculate 
the corresponding interval, in respirations: b y  so m any resp ira
tions does the moon, in the d ark  half-month (Jcrshriapah'ha), 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 
half-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 Ihq 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 
setting or rising : this is done by calculating the amount of her motion 
during the interval as first determined, and adding its equivalent in ob
lique 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.

I  g • . ,k >
. , : X j
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The process thus explained, however, is not precisely that which 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 to 
the longitudes of the two bodies, to take the ascensional equivalent of 
the distance between them in longitude, as thus doubly corrected, lor 
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 reduc
tion of the interval from sidereal (nakshatra) time to civil, or true solar 
(s&vana) time, or from respirations which are thirty-six-hnndreths of the 
earth’s revolution on its axis to such as are like parts of the time from 
actual sunrise to actual 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 nMis which constitute a 
sidereal day so much sidereal time as is needed to make out the length 
of a day that is reckoned by any other method. It seems necessary, 
then, either to suppose a notable blunder in this passage, or to recognize 
iu 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 
he chosen: it is, at any rate, that which the commentator prefers: he 
pronounces the two verses beginning with the second half of verse 2,̂  
and ending at the middle of verse 4, to be spurious, and the true text of 
the Siddhanta to comprise only the first half of verse 2 and the second 
of verse 4 ; these would form together a verse closely analogous in its 
method and expression with verse 5, which teaches the like process for 
moon-rise, in the waning half-month. Fortified by the authority of the 
commentator, we are justified in assuming that the S&rya-Siddh&nta 
originally neglected, in its process for calculating the time of the moon’s 
setting, her motion during the interval between that time and srnsset, 
and that the omission was later supplied by another hand, from some 
other treatise, which reckoned by solar time instead of sidereal. Thfe 
does not, however, explain and account for the second half of the second 
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 another as to be in the same sign, the discord
ance between distances on the ecliptic and their equivalents upon the 
equator may be neglected, and the difference of longitude in minutes 
taken for the interval of time in respirations.

If the time is between new and full moon, the object of the process is 
to obtain the interval from sunset to the setting of the moon; as both 
take place at the western horizon, the -two planets are transferred to the 
eastern horizon, 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 
moonrise 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 uadis, 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 bypothenuse of the moon’s mid-day 
shadow, and, when it is north, subtract it from the sine of lati
tude (afcsha) multiplied by twelve; when’it is south, add it to 
the same.

8 . The result, divided by the sine of co-latitude (Jamba), gives 
the base (thuja), 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 tex t: for illustration we refer to the accompany
ing figure {Fig. 32).

The figure represents the south-western quarter of the visible sphere,

to have a certain altitude, being atM  : draw from M the perpendicular 
to the plane of the horizon M L, and join M S : it is required to know 
the relation to one another of tlie three sides of the triangle S L  M, in 
o ||e r  to the delineation of the moon’s appearance when at M, or at the 
moment of sunset. §|

Now M L is evidently the sine of the moon’s altitude at the given 
time, which may be found by methods already m ore than once described 
and illustrated. And SL  is composed of the two parts S N and N L, of 
which the former depends upon the distance of the moon in declination 
from the sun, and the latter upon the moon’s altitude. But S N  is one 
of the sides of a right-angled triangle, in which the angle N S/; is equal 
to the observer’s co-latitude, and N b to the sum of the sine of declina
tion of the sun, cb or W  «, and that of the moon, N c. Hence 

von, v». 48
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* j n 6 S K : J N : : R : S 2 7
nr sin co-lat,.: sum of sines of decl.: :  R : S ff
ami 8  N =  (It X sum of sines of decl.) sin co-lat.

In like manner, since, in the triangle M N L, the angles at M and N 
are respectively equal to the observer’s latitude and co-latitude,

sin M jSTL : sin LM1S":: M L : K L 
or ein co-lat. : sin. lat. :: sin a l t . : N L
and N L =  (sin alt. x  sin lat.) ~  sin co-lat.

W e have thus found the values of M L and the two parts of S L in 
terms of the general sphere, or of a circle whose radius is tabular radius: 
it is desired farther to reduce them to terms of a circle in which M L 
shall equal the gnomon, or twelve digits. And since the gnomon ia 
equal to the sine of altitude in a circle of which the hypothenuse of the 
corresponding shadow is radius (compare above, iii. 25-27 etc,), this re
duction may he effected by multiplying the quantities in question by the 
hypothenuse of the shadow and dividing by radius. That is to say, rep
resenting the reduced values of S N and N L by $ n and n l respectively,

R : hyp. ehad.:: M L : gnom,
R : hyp. shad.:: S N": sn  
R : hyp. shad.:: N L : n l

Substituting, now, in the second and third of these proportions the val
ues of S N and N L found for them above, and substituting also in the 
third the value of the hypothenuse of the shadow derived from the first, 
we have

„ , , , R X sum sin decl. , R X mom sin alt. X sin lat.
R : hyp, shad.:: — —----- v--------- : sn , and I t : — : : ----- 1------—-  : nl

sin co-lat. smalt. sm co-lat.
which reduce to

hvp. shad. X sum sin decl, , , sin k t.  X gnom.
a n —  -----v.™— ------------------  and n l  = ------ .-------—

sin co-lat. sm co-lat.
Hence, if  the perpendicular M L be assumed of the constant value of the 
gnomon, or twelve digits, we have

g j ._(hyp, shad. X sum sin decl.) +  (sin lat. X gnom.)
sin co-lat.

In th® case thus far considered the sun and moon have been supposed 
upon opposite sides of' the equator. I f  they are upon the same side, 
the sun setting at S', or if their sines of declination, S ’d and N c, are of 
the same direction, the value of S ' N, the corresponding part of the 
base S ' L, will be found by treating in the same manner as before the 
difference of the.sines, S'e, instead of their sum. In  this case, todgJ§i« 
value of S'e bei% north, S 'N  will have to be subtracted from N 'I r to  
give the base S'E.. Other positions of the two luminaries with respect 
to  one another are supposable, but those which we have taken are suffi
cient to  illustrate all the conditions of the problem, and the method of 
its solution.

I t  is evident that, in two points, the process as thus explained by the 
commentator is discordant 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 declination, but the sine of the sum or difference of declinations, 
as the side h N of the triangle 8 N b. This seems to be a mere inaccu
racy on the part of the text, the difference between the two quantities, 
which conld never 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 
discordance is one of much more magnitude and importance : the text 
speaks of the “ hypothenuse of the moon’s in id-day shadow” (madhy&h- 
nenduprabhakariia), 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 discrepancy 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 bis understanding of the term, that we 
are expressly taught above (vii. 1 1 ) that the calculation of apparent 
longitude (drkkarman) 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 (qulda): this, multiplied by the num
ber of digits (cingula) of the moon’s disk, and divided by twelve, 
gives the same corrected' (sphuta).

The rule k id  down in this verse, for determining the measure of the 
illuminated 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 illuminated 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 henee 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, so is the moon’s distance from the sun in minutes to the 
corresponding part of the diameter illuminated: the substitution, in the 
first,ratio, of 900 :1  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),
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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 is not to be wondered at that the Hindus did not recognize the el- 
Kpticity of the line forming the inner boundary of the m oon s illumina
ted p a r t: it is more strange that they ignored the obvious fact that, 
while the illuminated portion of the moon’s spherical surface visible fropi 
the earth varies very nearly as her distance from the sun, the apparent 
breadth of the bright part of her disk, in which that surface is seen pro
jected, must vary rather as the versed sine of her distance.

1 0 . 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
sise . first make a determination of directions;

12 A nd lay off upon the hypothenuse, from the point ot 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 {m atsya);

1 3 From the point of intersection of the lines passing through 
their midst describe 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 b y  means ot 
the perpendicular, point out the elevated (unnata) cusp at the 
extremity of the cross-line: having made the perpendicular 
Ocoti) to "be erect (unnata), that is the appearance pi the moon.
' 15. In the dark half-month subtract the longitude of the sun 

increased by six signs from that of the moon, and calculate, m 
the same manner as before, her dark part. In this case lay oil 
the base in a reverse direction, and the circle of the moon on the 
west.

Having rondo the calculations 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. Iho annexed figure 
(Fig. 33) will illustrate the method of the projection. .
' tVTe 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 oi the third chap
ter, the lines of cardinal direction of which it is the centre. From this 

' point we then lay off the base (hhuja) S L, according to its value m dig
its as ascertained by the previous process, and northward or southward, 
according to its true direction as determined by the same process. From 
L its extremity, is laid off the perpendicular (frerft), which has the fixed y .  
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 oft' west-
ward from L, apparently in order that

are to prolong the hypothenuse, S M, to e, and to draw, by the * usual 
means, the line s n at right angles to i t :  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 S, 
the illuminated half of the moon's circumference will be s w n, the cusps 
will be at s and n, and w will be the extremity of the diameter of great
est illumination. From «>, then, lay off upon the hypothenuse an amount, 
w x, equal to the measure in digits of the illuminated part of the diam
eter, and through *, as, .and n  describe an arc of a circle, in the manner 
already more than once explained (see above, vi. 14-16); the crescent 
<? w n x  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 e\ and draw s' n' at right angles to it : the 
directions thus established are styled in the commentary “ sun-directions’'
(s&ryadipas), although without obvious propriety : they might rather be 
called “ apparent directions,” or “ directions on the sphere,” since s' n' 
should represent a line parallel with the horizon, and to' e' one perpendicu
lar to it. The line s’n' is called in the text the “ cross-line” (tiryaJcsutra), 
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 (nata). Whenever there is any base (bhvja), 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 o ther; 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 n esw  from 
n 'e 's 'w ']  and the elevated cusp will always he that upon the same side 
of the perpendicular on which the base lies. W hat 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 i t : 
he understands koti as meaning in this instance “ cusp,” which signifi
cation it is by derivation well adapted to bear, and does actually receive, 
although not in any other passage of this trcjUibi*: and he explains the 
verb krlvd, “ having made,” by drshtvA. “ hiving seen” : the phrase 
■would then read “ beholding the elevated cusp.” ' W e cannot accept
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this explanation as a plausible one: to us the meaning seems rather to 
he that whereas, in the projection, the perpendicular (koli) LM is drawn 
on a 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.

We have thus far only supposed a case in which the calculations are 
made for the moment of sunset, the situation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is noth* 
ing whatever to limit or determine the time of calculation, 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 verso 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 {asita, “ 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 is because all the conditions of the problem are reversed by 
our having to calculate and lay off the obscured, instead of the illumina
ted, part of the moon’s d isk : 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 sufficiently determines 
all the re s t: 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 observer upon the 
western side of it, looking eastward, to lay off the perpendicular away 
from him, toward the east; and then to proceed as before, only measur
ing the obscured part of the diameter 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” to 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 wo 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 satisfied with our comprehension of 
the scope and methods of this chapter than of any that precedes it. We 
are disappointed at fin&mg the result arrived at one of so indefinite a 
character, and of so l i t* ' significance. The whole laborious calculation 
seems to be made simply for the sake of delineating the appearance of
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the moon at a given moment, and pointing ont 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 dish can he regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that e' iv' and n' s' (Fig.̂  33) repre
sent actual directions upon her face: anywhere else, the relations of the 
moon’s disk at M in the first figure (Fig. 32) and at M in the other fig
ure (Fig. 33) are so different that the latter cannot fairly represent the 
former. I t would seem, indeed, as if the moment of the moon’s own 
setting or rising were the one for which such a calculation and projec
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 trouble 
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 ease, and the commentary is explicit in its 
definition of the time of the calculation, as sunset or sunrise alone, to 
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 he 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 calcu
lation and the use made of its results, and an acquaintance with the so
lutions of the problem presented by other astronomical treatises, might 
throw additional light upon these points; hut we are not able at present 
fully to avail ourselves of such assistance, nor is the importance of the 
subject such as to render incumbent upon us its fuller elucidation.

C H A P T E R  X I .

OP CERTAIN MALIGNANT ASPECTS OP THE SUN AND MOON.

Contexts:—-1-5, definition and description o f the malignant aspects o f the sun and 
moon, when of equal declination; 6-11, to find the longitude o f the sun and 
moon when their declinations are equal; 12-18, to ascertain, the corresponding 
time ; 14-15, to determine the duration o f  the aspect, and the moment of its be
ginning and end; 16-18, its continuance and its influences; 19, when such an a s
pect'm ay occur more than once, or not at a l l ; 20, occurrence of the yoga o f  like 
name and character; 21, of unlucky points in the circle o f asterisms; 22, caution 
as to these unlucky aspects and points; 23, introductory to the following chapters.

: ........  ' (a
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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 circle, 
they are of equal declination, it is styled vdxdhrta.

2. When the moon and sun are upon opposite sides of either 
solstice, and their minutes of declination are the same, it is 
vyalipala, 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 (pdta) at this time often causes the destruction 
of mortals, it is known as vyatip&ta, or, by a difference of title, 
vdidhrti.

5. 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 value. It is styled pat&dhik&ra, “ chapter of the paias,” 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 calculated.
The latter part alone properly tails within the province of an astronom
ical treatise like the present: the other would better have been left to 
works of a professedly astrological character. The terra p&ta, applied to 
the aspects in question, means literally “ fail,” 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 R&bu (see above, iv. 6) ; 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, we translate it simply “ aspect.” Why the 
time when the sun and moon are equally distant from the equator should 
he looked upon as so especially unfortunate is not easy to discover, noft 
withstanding the lucid explanation furnished in the third verse. For the 
“ provector” (pravaha), tiie 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 vdidhrta, or vdidhrti. This 
word is a secondary derivative from vidhrti, “ holding apart, withhold
ing,” or from vidhrta: 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 is 360°. The title of the other aspect (pdta), 
which occurs when the sun and moon are equally removed from the 
equator upon the same side of it, is vyallp&ta, which may be rendered 
“ very 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-

! « .  ( W 4 i  ’ : H -  :
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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 luminaries are equally dis
tant from either solstice, or either equinox, is not to he 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 nia- 
dhyap&ta, “ the mean occurrence of the aspect.” The terms translated 
by us “ upon the same and upon the opposite sides of either solstice ” 
are ek&yanagata and viparit&yanagata, literally “ situated in the same 
and in contrary ayanas”; ay ana being, as already pointed out (end of 
note to iii. 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 etc. 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 
quadrant, is, when corrected by her latitude (vikshepa), greater 
than the declination of the sun, the aspect (pata) is already past;

8. I f  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 rales as to the quadrant are to be reversed.

As in other processes of a similar character (see above, iv. 7-8 ; vii.
2- 6), we are supposed to have found by trial, for the starting-point, of 
the present calculation, the midnight next preceding or following the 
occurrence 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, wo are to apply the correc
tion for precession; this is the meaning of the expression in verse 6, 
drktulyas&dhit&nf&di, which may be literally translated “ degrees etc. 
calculated for accordance with observed place” ; the reference is to the «■
similar expression for the precession contained in iii. 1 1 . 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 already 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 
is 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, 

von, 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 (pdta) is to come;

10. A nd is to be subtracted from the moon’s longitude when, 
the aspect is past. I f  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.

1 1 . 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 he 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 he 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 
(ii. 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, 
so 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 
moon, 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 to the final result of the 
process by taking only half of the difference.

! • ‘ .
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12. The aspect (pdta) is at the time of equality of declinations; 
if, then, the moon’s longitude, as thus increased or diminished, 
he less than her longitude at midnight, the aspect is past; if 
greater, it is to come.

18. The minutes of interval between the moon’s longitude as 
finally established and that at midnight give, when multiplied 
hy sixty and divided by the moon’s daily motion, the time of the 
aspect, in nMis.

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 n&dis, 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 midnight

14. Multiply the half-sum of the dimensions (mdna) of the sun 
and moon by sixty, and divide by the difference of̂  their daily 
motions: the result is half the duration (sthiti), in nadis etc.

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 ^exceedingly 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; hut the aspect 
and its malignant influences are to be 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 sixty nhdis, the two 
centres of the sun and moon become separated hy a distance which is 
equal to the difference of their daily motions, in how many nhdls will 
they become separated by a distance which is equal to the sum of their 
semi-diameters? or

cliff. d. m o tio n s : 60 : :  su m  se m i-d ia m .: h a lf-d u ra tio n  

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 oi 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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ciination 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 calcula
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 wo 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 he 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. If 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. W hile any parts of the disks of the sun and moon have 
the same declination^o long is there a continuance of this aspect, 
causing the destruction of all works.

18. So, from, a knowledge of the time of its occurrence, very 
great advantage is obtained, by means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts.

W e have translated verse 17 in strict accordance with the interpreta
tion of it presented in the commentary, although we must acknowledge 
that we clo not see how that interpretation is to be reconciled with the 
actual form of the text. The term ekdyanagata, which the commenta
tor renders “ having equal declination,” is the same with that which in 
the first verse signified “ situated 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 verse for a ‘‘ circle,” or “ 360°” ; 
and antara, which he explains by ekadepa, “ any part,” never, so far as 
we know, is properly used in that sense, while it is of frequent occur
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 
sun and moon the interval of a .circle, situated in the same ayana."
This, however, yields no useful meaning, since such a 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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as disables it 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 occur a second time : in the contrary case, it may fad 
to occur.

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 nearer the 
equator than the sun 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.

20. I f  the sum of the longitudes of the sun and moon, in min
utes, on being divided by the portion (bhoga) of an asterism 
(iha), yields a quotient between sixteen and seventeen, there is 
another, a third, vyatipdta.

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
enteenth of the series, as is shown by the list there given, has the same 
name, vyattp&ta, with one of the aspects treated of in this chapter: 
judging from verse 22 , below, it is also regarded as possessing a like por
tentous and malignant character.

2 1 . Of the asteristns (dhishnya) Aglesha (sdrpa), Jyeshthfi (dm- 
dm ), and Revati (paushmya), the last quarters are junctions of 
the asterisms (bhasandhi) ; the first quarter an the asterisms fol
lowing these respectively is styled ganddnia.

22. In  all works, one must avoid the terrible trio of yyattpdias, 
as also the trio of ganddnlas, and this trio of junctions of as
terisms.

The division of the ecliptic'into twenty-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 signs respectively. To this innocent circum
stance it seems to be owing that those points, and the quarters ot por
tions, or arcs of 200', on either side of them, are regarded and stigma
tized as unlucky and ominous. Hence the title bhasandhi; sandhi is 
literally “ putting together, joint,” and bha is, as has been noticed else
where (note to iii. 9- 1 2 ), a name both of the asterisms and of the signs.
In which of its various senses the word ganda is used in the compound 
gand&nta, we do not* know.

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

■. \b-'A;v ' ’v . - ■ ■" . ■ 1 ' -; 9  ■ - . '
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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 ol 
since near the beginning of the work (i. I7). 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 pitrva 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 Siddh&nta 
as originally constituted.

The title of the next following chapter is bhugolddhydya, “ chapter of 
the earth-globe” : in the second part of the treatise the chapters. are 
styled adhy&ya, “ lection,” instead of, as hitherto, adhik&ra, “ heading.”

C H A P T E R  X I I .

COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION.

Contents 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, structure, and divisions of the 
earth; 45-72, varying phenomena of night and day in different latitudes and 
zones; 73-77, revolutions 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 himself 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: . . . ' ,

2 . O blessed one! of what measure is the earth i of what 
form? how supported? how divided? and how are there in it 
seven interterranean (pdtdla) earths?

8 , A nd how does the sun cause the varying distinction of day 
and night? how does he revolve about the earth, enlightening
all creatures? , b

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. W hy does the day of the Fathers consist of a month, but 
that of mortals of sixty nadis ? for what reason is not this latter
everywhere the case ? k

6. ' Whence is it that the regents of the days, years, months, 
and hours (hord) are not the same ? How does the circle of as* 
terisms (bhagana) revolve ? what is the support of it with the 
planets ?

$$$%$. : |§  • ■■ \ J. •



<SL
r̂ rp  l |||i ' 'f ! ' ( j ;, " ' ■ " ' ■ ■•-. ■.■.■• .■ ' • ■ ■■■ ' |M J|||? ' ' ' '^S  «,H n* «.* "S

xii. IT.] Silrya-Siddhdnta. S87

7. Tlie orbits of tbe 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 . W hy are the rays of the sun hot in the summer, and not 
so in the winter? how far do Ms rays penetrate? How many 
inodes of measuring time (pidna) are there ? and how are they 
employed ?

9. Resolve these my difficulties, 0  blessed one, creator of crea
tures ! for there is not found besides thee another resolver, 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 (adhydtma) : there is 
nothing which may not be bestowed on those who are exceed
ingly devoted to me.

1 2 . Vasudeva, the supreme principle of divinity (brahman), 
whose form is all that is (tat), the supreme Person (pwrusha), un
manifested, free from qualities, superior to the twenty-five prin
ciples, imperishable,

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

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

15. He in the scripture (chandas) is denominated the golden- 
wombed (hiranyagarbha), the blessed; as being the first (ddi) ex
istence, he is called A ditya; 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 (sdm&ni) 
his beams, the Liturgy (yajUnshi) his form.
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18. He, the blessed one, is composed of the trio of sacred 
scriptures, the soul of time, th,e producer of time, mighty, the 
soul of the universe, all-penetrating, subtle: in him is the uni
verse established.

19. Having made for his chariot, which is composed of the 
universe, a wheel consisting of the year, and having yoked the 
seven 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 (ahdnJcara).

21. Bestowing upon him the Scriptures (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
sciousness (ahanJcdra), produced mind in the creation: from mind 
was horn the moon; from the eyes,' the sun, the repository of 
light;

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

24. A gni and Soma, the sun and m oon: then Mars etc. were 
produced, in succession, from light, earth, ether, water, wind.

25. Again, dividing himself twelve-fold, he, the mighty one, 
produced what is known as the signs; and yet farther, what has 
the form of the asterisms (najcshatra), twenty-seven-fold.

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

27. Having produced them, in succession, as stated, by a dif
ference of quality and function, he fashioned the distinctive char
acter of each, according to the showing of the Scripture (veda)—

28. That is, of the planets, asterisms, and stars, of the earth, 
arid 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
tion, or to compare it critically with the similar schemes presented in 
other Hindu works, as Mann (chap, i), the Puranas (see Wilson's Vishnu 
Purhna, Boole I), etc. W e will merely explain a few of its expressions, 
and of the allusions it contains. Vftaudeva is an ordinary 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 
theShnkhya 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: Mitya comes, not from Adi, “ first,” but from aditi,
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“ eternity” ; and to derive surya, “ sun,” from the root &L "generate”
(from which savitar actually comes), is beyond the usual measure of 
Hindu theologico-plulosophical etymologizing. The Hymns, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Yeda, Sama-V eel a, and Yajur-Veda. The “ seven metres” (v. 19) are 
those which are most often employed in the construction of the Vedic 
hymns : in parts of the Yeda 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. 13) 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 Shukhya 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 assigmed to the sun 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, etc.; 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,

31. Bevolve Saturn, Jupiter, Mars, the sun, Venus, Mercury, 
and the m oon; below, in succession, the Perfected (siddha), the 
Possessors of Knowledge (vidy&dhara), and the clouds.

The order of proximity to the earth in which the seven planets arc 
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 latter* So far as the first three and the last are con
cerned, it is a naturally suggested arrangement, which could hardly fail 
to be hit upon b-y any nation having sufficient skill to form an order of 
succession at a l :  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 
aught 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.

32. Quite in the middle of the egg, the earth-globe (bhuyala) 
stands in the. ether, bearing the supreme might of Brahma, which 
is of the nature of self-supporting force,

von. vi. 50
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33. Seven cavities within it, the abodes of .serpents (ndga) and 
demons (a,sura), endowed with the savor of heavenly plants, de
lightful, are the interterranean ( pdidla) earths.

34. A collection of manifold, jewels, a mountain of gold, is 
Meru, passing through the middle of the earth-globe, and pro
truding oii either side.

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

36. 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.

38. A t a quadrant of the earth’s circumference eastward, in • 
the clime (varsha) Bhadragva, is the city famed as Yamakoti, 
having walls and gateways of gold.

39. To the southward, in the clime Bharata, is in like manner 
the great city Lanka: to the west, in the clime called Ketuinala, 
is declared to be the city named 'Hornaka.

40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (sidclha) ; 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 (sura).

42. Above them goes the sun when situated at the equinoxes; 
they have neither equinoctial shadow nor elevation of the pole 
(akshonnati).

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 (niraJcsha), 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 (lambaka) 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 Pur&nas put forth as geogra
phy are here for the most part ignored, only 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 Pnr&na, Book IE, chap, 
ii-vi), the earth is a plain,. of immense dimensions. Precisely in the

uK1, - e-
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middle of it rises Mount Mom, itself of a size compared with 'winch the 
eartli, 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 system makes the axis of the eartli, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 
Pm&nas declare the summit of Mem, 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 Jarob'u- 
dvipa, “ the island of the rose-apple tree ” : it is intersected by six paral
lel ranges of mountains, running east and west, and connected together 
by short cross-ranges: the countries lying between these ranges are 
styled varskas, “ climes,” and are all fully named and described in the 
Purhnas, as are the mountain-ranges themselves. The half-moon-shaped 
strips lying at the bases of the mountains on the eastern, southern, west- »
era, 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.
Bh&rata is a real historical name, appearing variously in the early Hindu 
traditions; Kura, or Uttara-Kuru, is a title applied in Hindu geography 
of a less fictitious character to the'eountry or people situated beyond the 
range of the Himalaya ; the other two names appear to be altogether 
imaginary. The Purfinas say nothing of cities in these four climes.
Lankh,, as noticed above (i. 62), is properly an appellation of the island 
Ceylon ; and Komaka undoubtedly comes from the name of the great 
city which was the mistress of tile 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 dvtpas, and simply sur
rounds the earth with an ocean in tho midst, like a'girdle: the Puranas 
encompass Jambfidvipa about with six other dvtpas, 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 sevqn oceans, the first, which washes the shores of Jainbfidvlpa, is 
naturally enough .acknowledged to be composed of salt water: but the 

, second is 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 Lokhloka mountains, 
beyond which is. only nothingness and darkness.

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

The pdtdlas, or intertemnean cavities, spoken of in verse 33, are also 
an important feature of the Purauic geography. If our author has not
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liad the good sense to reject them, along with the insular continents, lie 
at least passes them bv with the briefest possible notice. In the Pur&nas 
they are declared to" be each of them 10,000 yojanas in depth, and 
their divisions, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth’s surface.

It will be observed that the text, although exhibiting m verse 41 a 
distinct apprehension of the fact that the pole is situated to the north
ward of all points of the equator alike, yet, in describing _ tlm 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 Lanka, 
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 distinctive name; it is referred to 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 
while in that beginning with Libra, he is visible to tbe 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 
that of the demons in w inter: in the contrary season, they are 
sluggish.

47. A t the equinox, both gods and demons see the sun m 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 M eru; .

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. Hence 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 half-revolution from solstice to 
solstice (ayana). The gods and demons each suppose themselves 
to be uppermost.

52. Others, too, who are situated upon the same diameter 
(samastitrasthci), think one another underneath—as the dwellers 
in Bhadr&jva and in Ketumala, 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 he uppermost: but since it is a globe in the 
ether, 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, looting 
in every direction from the position they occupy, behold this 
earth, although it is globular, as having the form of a wheal.

55. To the gods, this sphere of asterisras 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-

55. Hence, in the latter situation, the day is of thirty nadis, 
and the night likewise: in the two hemispheres 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 (dega) and declination, has been
before explained. , . '

59. Multiply the earth’s circumference by tbe sun’s decimation 
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 occurs once, at the end of the sun’s half-revolution 
from solstice to solstice, a day of sixty nadis, 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 nadis; beyond, this 
sphere-of asterisms (bha) revolves perversely.

63. Subtract from a quarter of the earth’s circumference the y 
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 Gemi
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 
(JcaJcshd) the number of yojanas derived from the declination 
found by the sine of one sign : at the distance from the place of 
no latitude of the remaining number of yojanas,
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66 . The sun, -when situated in Sagittarius, Capricorn, Scorpio, 
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.

67. A t Merti; 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 cir
cumference, on the side both of the gods and of the demons.

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

70. W hen passing overhead at Bhadrfigva, the sun is rising in 
B M rata; it is, moreover, at that time, midnight in Ketumala, 
and sunset in Kuru.

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

72. To one going toward Meru, there take place an elevation 
of the pole (clhruva) 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. I t  
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” (Asannatd) 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 Ms perigee, than in summer.
' The expression ayan&nta, “ 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” (see above, 
end of note to iii. 9-1*2), is an abbreviated form of ayananta, lik& jyd  for 
jy&rdha (ii. 15-27), and. aksha for akshonnati (i. 60).

In verse 55, we have translated by “ toward the right” and “ toward 
the left” the adverbs savyarn and apasavyam, 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 religious cere
monial.

The natural measure of the day and of the night Is assumed in verse 
56 etc. to be the half of a whole day, or thirty nadis, and any deviation 
from that norm is regarded as an excess (dhana, vrddki) or a deficiency 
{rna, M m , kshaya). The former processes referred to a t the end of 
verse 58 are those taught in ii. 60-0^2.

We have already above (note to i. 6.3-65) 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 ” (viparitd) 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 
(cam—see ii. 6.1 ) 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 pro vector (pravaha) winds, re volves 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 y e a r ; the Fathers (pitaras), who have their station in 
the moon, for a half-month (paksha); and men. upon the earth, 
during their own day.,

75. The orbit (IcaJcsha) of one that is situated higher up is 
large; that of one situated lower down is small. Upon a great 
orbit the degrees are g rea t; so also, upon a small one, they are 
small.

76. A  planet situated upon a small circuit (bhramana) traverses 
the circle of constellations (bhagana) in a little tim e; one revo lt
ing on a large circle (mandala), 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 
is palpably out of place, and is, moreover, in great part superfluous; 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 m atter 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 
Blanks of the departed, and they are accordingly 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 iu i. 26-  
27; hut 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 the two following verses, respecting 
the regents of years, months, days, and hours.

78. Counting downward from Saturn, the fourth successively 
is regent of the d ay ; and the third, in like manner, is declared 
to be the regent of the y ear;

79. Beckoning upward from the moon are found, in succession, 
the regents of the m onths; the regents of the hours Uiorci), also, 
occur 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. W e 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 31, above, their successive regency over the 
hours is the one fundamental fact upon which all the rest depend, each 
planet being constituted lord also of the day whose first hour is placed 
under his charge, and so likewise of the month and of the year over 
whose first hour and day he is regent-—neither the month nor the year, 
any more than the hour itself, being divisions of time which are known 
to the Hindus iu any other uses, and the name of the hour, hord, which 
is the Greek <%«, betraying the source whence the whole system was 
introduced into India.

80. T he orbit (halcshd) of the asterisms (bha) is tbe circuit 
(bhramana) of the sun multiplied by six ty : by so many yoj anas 
does tbe circle of tbe asterisms revolve above- all.

81. I f  the stated number of revolutions of the moon in an 
iEon (Jcaljpa) 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. I f  this he divided by the number of revolutions of any 
planet in an Mon (kalpa), the result will be the orbit of that 
p lanet: divide this byr tbe number of terrestrial days, and tbe 
result is the daily eastward motion of them all.

83. M ultiply this number of yojanas of daily motion by the 
orbit of the moon, and divide by a planet’s own o rb it; the re
sult is, w hen divided by fifteen, its daily motion in minutes.

■ e° i ^ X  ■ ' ■
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84. A ny orbit, multiplied by the earth’s diameter and divided

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

85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas : that of Mercury’s conjunction (dghra) is one 
million and forty4hree thousand, two hundred and n ine:

86. That of Venus’s conjunction (fighra) 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 moons apsis 
(ucccQ 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-seven 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.

We present beknv the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other 

* treatises:
Plan st etc. Orbit, in yojanat.

Moon, 3H<x>o
“ ap9!3, 38,3 28,484
“  node, 80,572,864

Mercury (conjunction), 1,043,209
Venus (conjunction), a,664,637
gun 4,331,5os
Mars, 8,146,909
Jupiter, 5i ,375,764
Saturn, 127,668,255
Asterisms, 259,890,01a
Universe, . 18,712,080,864,000,000

We have already more than once (see above, notes to i. 25—27, and
iv. 1) had occasion to notice upon what principles the orbits of the plan
ets, as here stated, were constructed by the Hindus. That of the moon 
(see note to iv. 1 ) was obtained by a true process of calculation, from 
genuine data, and is a tolerable approximation to the tru th : 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 hence, 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 
it, or as the period of sidereal revolution. These dimensions, then, may 
be found by various m ethods: upon dividing the circumference of the 
moon’s orbit by lier time of sidereal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (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 eld. rev.: planet’s sid. rev .: : moon's orbit: planet’s orbit

And since the times of sidereal revolution of the planets are inversely 
as the number of revolutions made by them in any given periocf, this 
proportion, again, is equivalent to

planet's no. of rev. in an 2Eon : moon’s d o .::  moon’s o rb it: planet’s orbit

This is the form of the proportion from which is derived the rale as 
stated in the text, only the latter designates the product of the multi
plication of t-lfe moon’s orbit by her number of revolutions as the orbit 
of the ether (d/capa), ox the circumference of the Bra^ma-egg, within 
which the whole creation, as above taught, is enclosed. This is the same 
thing with attributing to the outermost shell of the universe one com
plete revolution in an TEon (kalpa), of 4,320,000,000 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 asterisks 
of an orbit sixty times.as great as that of the sun. 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 Siddh&nta-Qiromani 
(GapitS-dliy., iv. 5), and it is to be looked upon, accordingly, as an es- , 
sential part of the general Hindu astronomical system. We do not see 
how it is 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
jects 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 .dSon as corrected by the bija (see note to
i. 29-34), we should actually obtain for his orbit the value given it by 
the text; the exact quotient being 1,043,208.73. But as none of the 
other orbits given are such as would be found by admitting the several

X w * E ' e° i x
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corrections of the btja, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author of the chapter made 
a blunder in one of his calculations.* .

The value of a minute of are upon the moon s orbit being htteen yo- 
ianas (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 oi 
Which the rale given ill 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, so 
is the moon’s mean motion in minutes, or li;858.7l7  --- 15, to that ot
the planet. , , .

In verse 84 we are taught to calculate the distance of any planet from 
the earth’s surface : in order to tliis, we arc first to find the diameter of 
the planet’s orbit, adopting, as the ratio of the diameter to the circum
ference, that of the diameter to the circumference of .the earth—taei toi - 
mer, of course, as calculated (i. 59) by the false ratio of I : v  10. Attei 
being guilty of so gross an inaccuracy, it is quite superfluous, and a mere 
affectation of exactness, to take into account so trivial a quantity ns the 
radius of the earth, in estimating the planet’s distance from the eaith.

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 epicyeheal mo-1 
tions, and of their consequently varying distances from the earth in dif-l « 
ferent parts of their revolutions.

C H A P T E R  X I I I .

OF T H E  ARM ILLAEY SPHERE, AND OTHER INSTRUMENTS.

Contents:—1-13,construction and equipment of the armillary sphere; 13-15, po
sition of certain points and Bines upon i t;  15-16, its adjustment and revolution;
17-25, 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 (Ma), and the elves (guhyaka), ,

2. Let the teacher, in order to the instruction ot the pupil-™
himself beholding everything clearly, _ in accordance with the 
knowledge handed down by successive communication, and 
learned from the mouth of the master {guru)—  .

8. Prepare the wonder-working fabric of the terrestrial and
stellar sphere (bh-dbhagola) . . . .

* The last, six verses of the chapter, which contain the numerical data, may very 
nossiblv be a later addition to its original content: the Ayin-Akbari (as translated 
bv Gladwin), i« its account of the astronomy of the Hindus, which it professed y  
bases upon the Surya-Siddhiinta, gives these orbits (8vo. edition London, 1800, 
ii 306), but with the fractional parts of yojanas, aa if independently derived from 
the data and by the rules of the te x t : the orbit of Mercury it states correctly, as 
l,Q43,207S yojanas.
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We have already remarked above (note to xii. 1 - 0) that the subject 
of this chapter is 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 jyotishopanishadadhyaya, “ lection of the astronomical Upa- 
nis.had.” 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. I t 
may possibly also indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Sfirya-SiddhAnta.

The word bha, in verse 1 , may mean either the asterisins proper 
[nakshatra), or the signs (r&fi), and is explained by the commentator as 
intended to include both. The guliyakas, “ secret ones,” are a class of 
demigods who attend upon 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 etc., lesser divinities.” In our 
translation of verse 3 we have followed the reading of the published 
text, which Golebrooke also appears to have had before him ; our own 
manuscripts read, instead of bliubhagola, bhkmigola and bhumer gala,
“ sphere of the earth” simply.

Golebrooke, in his essay On the Indian and Arabian Divisions of the 
Zodiac (As. Res., ix. 323 etc. ; Essays, ii. 321 etc.) 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-Ciromam. 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. I t 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 |he 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
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instruments of western nations: bat, on the other band, 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 . F ix ’a staff, passing through the midst of it and protruding 
at either side, for M eru; and likewise a couple of sustaining 
hoops (kakshd), and the equinoctial hoop;

5. These are to he made with graduated divisions (cingula) ot 
degrees of the circle (bhagana). . . .

The fixing of a solid globe of wood, representing the earth, in the 
midst 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, vie 
are not informed of what relative size the globe and the encompassing 
hoops ar* to be m ade; 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. 1 0 ).

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging g> the following passage, instead of 
the preceding. I t  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. ■

5, . . , 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 
(vihshepa) marked off upon the flatter—at their own respective 
distances in declination, according to the declination ol Aries
etc., three , „ . , ,

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

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 clearly understood without farther explanations. Its 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles out of which our instrument is to be constructed, namely 
those intended to represent the two cohires 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. 01 
these there will be, of course, three north of the equator, one for the
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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 above, ii. 60), as 
ascertained by calculation 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 (krdnti) 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. /

8 . . . . Those likewise of the asterisms (bha) situated in the 
southern and northern hemispheres, of Abhijit,

9. Of the Seven Sages (saptarshayas), of Agastya. of Brahma 
etc., are to be fixed . . . .

If the orders given in these verses are to be strictly followed, our instru
ment must now be burdened with forty-two additional circles of diurnal 
revolution, namely those of the twenty-seven junction-stars (yoc/atara.) 
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. 352 etc.)—those of the seven other fixed stars of which the positions 
were stated in the eighth chapter (vv. 1 0 - 1 2  and 20- 2 1 ), 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 hut inspire the suspicion that the instrument may never 
have been constructed except upon paper.

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

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

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 construction 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” (urdhvam) in verse 10  requires to be 
understood in two very different senses, as is pointed out by the com
mentator, to make the definitions of position of the solstices and of the 

H equinoxes both correct: the latter are situated 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.

W e are next taught how to fix in its proper position 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 (ciyana) to solstice,

12. And called the circle of declination (Icr&nti): upon that 
the sun constantly revolves, giving light: the moon and the other 
planets also, by their own nodes, which are situated in the eclip
tic (apamandala),

18. Being drawn away from it, are beheld at the limit of their 
removal in latitude (viJcshepa) from the corresponding point of 
declination. . . ,

%v
■ s _ Instead of simply directing that a circle or hoop, of the same dimen

sions as those of tire equator and colures, be constructed to represent the 
ecliptic, and then attached to the others at the equinoxes and solstices, 
tiie text regards it as necessary to fix, upon the six diurnal circles 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 
tiryaajyA, in verse 1 1 , which we have rendered “ oblique chords,” we 
conceive jy& to lave its own more proper meaning of “ chord,” instead of 
that of “ sine,” which, by substitution for jy&rdhn (see note to ii, 15-27, 
near the end), it has hitherto uniformly borne. We are to ascertain by 
calculation 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.

I t does not appear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ad
ded to the instrument.

In verse 12  we have a name for the ecliptic, apamandala, which does 
not occur elsewhere in the treatise. The word might be literally trans
lated “ off-circle,” and regarded as designating the circle which deviates 
in direction from the neighboring equator ; but it is more probably an 
abbreviation for apaJcrarnamandala, which would mean, like the ordinary 
terms kr&ntimandala, kmntivrha, “ circle of declination.”

13. . . .  The orient ecliptic-point {lagna) is that at the orient
■ horizon ; the Occident point (a-stamgachat) is similarly determined.

14. The meridian ecliptic-point (madhyama) is as calculated by 
the equivalents in right ascension (lanhodayas), for mid-heaven 
Qchamadhya) above. The sine which is between the meridian
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{madhyn) and the horizon (Jcslvitija) is styled the day-measure 
(antyd).

15. A n d  the sine’of the sun’s ascensional difference (caradala) 
is to be recognized as the interval between the equator (vishuvat) 
and the horizon. . . .

These verses contain an unnecessary and fragmentary, as also a con
fused 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 rii. 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 “ in a 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 f  
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,” Ibis being a convenient and exact definition of the point actually 
referred to, we do not regard the word madhya, occurring in it, as mean
ing “ meridian” in the sense in which it, is used in modern astronomy, 
namely the great circle passing through the observer’s zenith' and the 

, north and south points of his horizon. For it deserves to he noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere: it will he seen just below 
that, while the position of the horizon is defined, the meridian is not 
contemplated as a circle of sufficient consequence to require to be rep
resented upon the illustrative ancillary sphere. The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
yamyottaravrtta, “ south, and north circle,” or urdhvay&myottaravrtla, 
“ uppermost south and north circle.” In the latter half of verse 14, 
where we have translated madliya by “ meridian,” it would have been 
more exact to say “ mid-heaven,” or “ the sun at the middle of his visi
ble revolution,” or “ the sun when at the point called madhyalagna,.”
For the “ day-measure” (anlya), see above, iii. 34—36. Its definition 
given here is as bad as it could well b e : for, passing over the fact that 
the line in question is not properly a sine, and moreover that the text 
does not tell us in which of the numberless possible directions it is to be 
drawn from tbe meridian to the horizon, the line which it is attempted 
to describe is not the one which the treatise regards as the antyd, hut 
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 (carajya) : the line A B in the 
same figure, which is the “ earth-sine” ([kvjyA, JcshitijyA), is taken, in
stead of its equivalent in terms of a great circle, G G. Moreover, the

• ■ G° i x
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text reads “ equator” (viskuvat—E C in the figure) here for “ east and 
west hour-circle” (unmandala— C P ) : 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, Icmkoday&s is substituted for tbe more usual term lanko- 
day&savas (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. j

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

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, but, their 
E general meaning is plain, aud is that which is attributed to them"by the 

*»% 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 it3 
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 Lok&loka mountains. Lokaloka 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 (loha) 
from the non-world (aloha) ; 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 
■now 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 fixod axis.

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

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

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

von. vi. 52
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heavens about, the earth, is something so calculated to strike the minds 
of the uninitiated with wonder, that the means by which it is to he 
accomplished must not he fully explained even in this treatise, lest they 
should become too generally known; they must be learned by each 
pupil directly from his teacher, as the latter lias 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 imperfect way; that it should have marked time, 
and continued for any period to correspond in position with the actual 
sphere, is impossible.

The word which, upon the authority of the commentator, we have 
rendered “ water,” in verse 16, is amrtasr&va, literally “ having an im
mortal flow” : perhaps the phrase should be translated rather, “by 
managing a constant current of water.”

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

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

21. According to the instruction of the preceptor (guru), 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 auto
matic motion, must he made privately, lest people, understanding the 
method too well, should cease to wonder at it, The instruments men
tioned in the latter half of the same verse are explained in the com
mentary simply by citations from the yantrMky&ya, “ chapter of instru
ments,” of the Siddhanta-yiromani (Goladhy., pp. 111-136, published 
edition). We will state, as briefly as may be, their character :

The gnomon (fanku) 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” (yashtiyantra) is described 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 
(agrA) 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 circle, with a ra
dius proportioned to that of the calculated diurnal circle of the day 
(dyuyyA), is also described about the centre of the othe,r, and is divided 
into sixty equal parts, representing the division of the sun’s daily revolu
tion into sixty n&dis. Into a depression at the centre, the foot of a 
staff (yashti), 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

1: /^ S - •
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moment upon the sphere. Measure, by a stick, the distance of that 
extremity from the point of sunrise or of sunset; this will be the chord 
of that part of the diurnal circle which is intercepted between the sun’s 
actual position and the point at which he rose, or will se t: the value of 
the corresponding; arc in n&,dis 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 awheel, 
suspended by a string, graduated to degrees, having its lowest point 
and the extremities of its horizontal 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 latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the sun. From these, by the 
methods of the third chapter (iii, 37-39), the time may be derived.

The “ arc” (dhamis) is the lower half of the instrument just described 
—or, we may also suppose, a quadrant of i t ; since only a quadrant is 
required for making the observations for which the instrument is em
ployed.

21. B y  water-instrum ents, the  vessel (Jcapdla) etc., b y  the  pea- 
crick, man, monkey, and by  stringed Band-receptacles, one m ay 
determ ine tim e accurately.

22. Quicksilver-holes, water, and cords, ropes (c/utbci), and oil 
and water, m ercury, and sand are used in  th e se : these applica
tions, too, are difficult.

The instruments and methods hinted at in these verses are only par
tially and obscurely explained by the commentator. The kttpala, “ Clip” 
or “ hemisphere,” is doubtless the instrument which is particularly 
described below, in verse 23. The nara, “ man,” is also spoken of be
low, in verse 24, and is simply a gnomon ; it is perhaps one of a partic
ular construction and size, and so named from having about the height 
of a man.. The peacock and monkey are obscure. The “ sand-vessels” 
(renuc/arbha), which are “ provided with cords” (sasiilra), are probably 
suspended instruments, of the general character of our hour-glasses. 
The commentator connects them also with the “ peacock,” as if the 
latter were a figure of the bird having such a vessel in liis interior, and 
letting the sand pour out of his mouth. In illustration of the “ quick
silver-holes” (p&raddrd) a passage is cited from the Siddhhnta-Qivomani 
(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 distances 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 
method 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

' GOk^X
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one or two other somewhat similar machines are also cited in the com
mentary from the Siddhanta-Qiromani: 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, throughout 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-established, 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-^lokas, instead of two, the whole chapter being 
thus allowed to contain an uneven number of lines. There are 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.

23. 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 instrument 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 Ayln-Akbari (ii. 302). One of the common 
names for the sixtieth part of the day, ghatt or ghatilca, literally “ ves
sel,” is evidently derived from i t : the other, n&di or n&dikd, “ reed,” 
probably designated in the first place, and more pi-operly, 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 
pains' weight of copper, six digits (angula) high, and of twice that width 
at the mouth, and is to contain sixty pala,s of water: the hole in the 
bottom through which it is to fill itself is to he such as will just admit 
a gold pin four digits Jong, and weighing three and a third mdshas.
The description of the Ayiu-Akbari does not precisely agree with this; 
and it is, indeed, sufficiently evident that an instrument intended for 
such a purpose coukl not be accurately constructed by Hindu workmen 
from measurements alone, but would have to be tested by comparison 
with some recognized standard, o r by actual use.

24. So also, 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 2 1 , 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.



I I I  <SL
xiv. 3 .] S&ri/a-Stddhdnla. 409

C H A P T E R  X I V .

OF THE DIFFERENT MODES OF RECKONING TIME.

Contents 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; 7-11, 
of points and divisions in the sun’s revolution ; 12-13, lunar tim e; 14, time of the 
Fathers; IS, sidereal time; 15-16, of the months and their aaterisms; 17, of the 
twelve-year cycle of Jupiter; 18-19, civil, or mean solar, time ; 20-21, time of 
the gods, Prajapati, and Brahma; 22-26, conclusion of the work.

1. The modes of measuring time (mana) are nine, namely those 
of Brahma, of the gods, of the Fathers, of Prajapati, 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 m en; 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.

Tins 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 mana, which gives it its title of ma- 
nMky&ya, 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. 2-3) 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 shadadtimuklias, the solstice (ayana), the equi
nox (vishuvat), and the propitious period of the sun’s entrance 
into a sign (sankrdnti).

The adjective saura, which we translate “ solar,” is a secondary de
rivative from surya, “ 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. 12-13), 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 X, 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 l ' i n  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. 29-34, near the end), somewhat differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to the Sfrrya-Siddhanta, is thus stated by Warren 
(KMa Sankalita, p. 69):
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Duration of the several Solar Months.

No. Namo. Duration. Sum of duration. ■
--------—  ——----i---------------- ---- ----- -----------------------|

1 Vtiijdkha, 3o 55 32  a 39 3o 55  32  2 39
2 ! Jy&ishtba, 3 i 24 12 2 4 i 62 19 44  5 20
3  AsWtdlm, 3 1 36 3 8  2 44 93 56  22 8 4
4  (“/ravana, 3 i 28 12 2 42 125 24 34 10 46
5 BMdrapada, 3 i 2 10 2 4 o i 56  26 44  l3  26
6 Ajvina, 3o 27 22 2 38  186 54 6 16 4
7 Karttika, 29 54 7 3  35 216 48 i 3 18 39
8 Margacirsha, 29 3o 24 2 33 246 18 37 at 12
9 Pausha, 29 20 53  2 3 i 275 39 3o 23 43

10 Magha, 29 27 16 2 32 3o5 6 46  26 i 5
u  FkAlguna, 29 48 24 2 33 334  55 10 28 48
t2 Caitra, 3o 20 21 2 36 365 i 5 3 i 3 i 2 4

The former passage (i. 12-13) took no note of any solar day; in this 
chapter, however, such a division of time is distinctly contemplated : it 
is also recognized by the Siddhanta-Qiromani (Ganitadhy., ii. 8), and 

1 seems to be, for certain uses, generally accepted. The solar day is the 
, time during which the sun traverses each successive degree of the eelip-

J v V  tic, with his true motion, and its length accordingly varies with the rap-
... -**-v idity of his motion : three hundred and sixty such days compose the 

X *1 ’ . sidereal year. In order 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 longitude 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 (sankr&nti, “ entrance upon connection with”) : for the latter, 
and for the continuance of the propitious influences which are believed 
to attend upon it, see below, verse 1 1 . The shadat/diniukhas form the 
subject of the next following passage.

The manuscript without commentary inserts here the following verse:
“ 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 (krta) and other Ages, as already stated, is to 
be known.”

•*1 0  ] 4. Beginning w ith  Libra, th e shadagitimulcha is at the end t i
4  ’ 5 ?: the  periods of eighty-six (sAadaffct) days, in succession: there are
, » ! r  , four of them, occurring in  the signs o f double character {dvisva- 

; \  * . I  v . bhdva) ;
| f \ U )  Namely, at the  twenty-sixth degree of Sagittarius, at the
. ’ twenty-second of Pisces, at the eighteenth degree of Gemini, and 

a t the fourteenth o f Virgo.
6 . From  the la tte r point, the  sixteen days o f V irgo which re 

m ain are suitable for sacrifices: anything given to the Fathers 
(pilaras) in them  is inexhaustible.
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We have not been able to find anywhere any explanation of this ca
rious division of the sun’s path into arcs of 86°, commencing from the 
autumnal equinox, and leaving an odd remnant of 16° at the end of 
Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet “ of double character” (dvisva- 
hhdva) belongs to the four signs mentioned in verse 5; judging from the 
connection in which it is applied to them by Var&ha-Mihira (Laghu- 
jktaka, i. 8, in Weber’s Indische Studiqn, ii. 278), it designates them as 
either variable {cara) or fixed {sthira), in some astrological sense. The 
term shadapitirrmkha is composed of skadapiti, “ eighty-six,” and rnukha, 
“ mouth, face, beginning.” We do not understand the meaning of the 
compound well enough to venture to translate it.

7. In  the midst of the zodiac (lhaeaJcra) are the two equinoxes 
(ivishuvat), situated upon the same diameter (samas(lraga), and 
likewise the two solstices {ayana) ; these fou'r 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 (sanJcrdnti) into Capricorn, six 
months are his northern progress (uitardyana); so likewise, from 
the beginning of Cancer, six months are his southern progress 
(dakshindyana).

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

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

The technical term for the sun’s entrance into a sign of' the zodiac is, 
as noticed already, sankrdnti (the commentary 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 (sankranti) immediately 
following the solstice or equinox is styled “ Vishnu’s feet.” In 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 V&jshnava mythol
ogy, and there is plainly some reference to them in this designation of 
the sun’s entrances into the signs. I t  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 rtu means originally and literally any determined period of 
time, a “ season” in the most general sense of the term ; but it has also
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been employed from very early 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 ^iyira, Yasanta, Grishina, Varsha, Qarad, and 
Hemanta, which may be represented by cool season, spring, summer, 
rainy season, autumn, and winter, (yicira begins with the month M&gha, 
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.

1 1 . 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 nddis, is propitious before the sun’s entrance 
into a sign (sankranti), and likewise after it.

The propitious influences referred to above, in verse 3, 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 hy the following proportion : as the sun’s ac-' 
tual daily motion, in minutes, is to a day, or sixty nadts, so is the meas
ure of his disk, in minutes, to the time which it will occupy in passing 
the poinjt 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 (tithi) is to be regarded as corresponding to twelve 
degrees of motion.

13. The lunar day (tithi), the karana, the general ceremonies, 
marriage, shaving, and the performance of vows, fastings, and 
pilgrimages, are determined by 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 (palcsha) are at their mid-day 
and midnight respectively.

Tor the tithi, or lunar day, see above, ii. 66 : for the karana, see
ii. 67-69. For the month considered as the day of the pitaras, or manes 
of the departed, see note to xii. 73-77. Maim (i. 66) pronounces the 
day of the Fathers to bo the dark half-month, or the fortnight from full 
moon to new moon, and their night to be the light half-month, or the 
fortnight from  new moon to fall moon. W ith 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- 
leva) 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 Karttika etc. belong, as concerns the con
junction (samayoga), the asterisms Krttikd etc., two by two: but
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three months, namely the last, the next to the last, and the fifth, 
have triple asterisms.

The subject of sidereal time, although one of prominent importance 
in the present treatise, siiifis,,the.subdivision of the day,is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
we find 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 strictly true admits of much doubt. Our text does 
not imply any such claim : it only declares that the month is to he 
called by the name of that asterism with which the moon is. in conjunc
tion {yoga) 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 ex
plained by the commentary, of the light half {fukla palcsha) alone, so 
that the end of the parvan (parv&nta) is equivalent to the end of 
the day of full moon {p&rnim&nta), or to the moment of opposition in 
longitude. How 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 occur in succession 
in all the asterisms, and at all points of the zodiac; so that although, 
at the time when the system of names for the months originated and 
established itself, they were doubtless strictly Applicable, 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 call a month KArttika in which the full of the moon takes place either 
in KrttikA or in Rohint, and so on ; the twenty-seven asterisms beitm 
distributed among the twelve months as evenly as the nature of the case 
admits.

At wliat period these names were first introduced into use is unknown.
* It must have been, of course, posterior to the establishment of the sys

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 certainly, 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 continuance her full 
beauty and perfection. In later times, as we have ajresdysseea (not^tO
i. 48-51), the true lunar months are entirely "dependent for their nomen
clature., upon the solar months, according to the determination of the 
latter, as regards their commencement and duration, by the data and 
methods of the modern astronomical science. There has been handed 
down another system of names for the months (see C'olebrooke in As.
Res., vii. 284 ; Essays, i. 2 0 1), which have nothing to do with the aster
isms : whether they are to be regarded as more ancient than the others

von. vi. 53
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Tve do not know. They are—commencing with the first month of the. 
season Yasanta, or with that one which in the other system is called 
CAitra—as follows : Madhu, MAdhava, Cukra, Quci, Nabhas, Nabhasya,
Isha, tfrja, 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 a 
tabular form:

„  , ,  Asteriams in which
SettBoa- Month- lull moon may w o * .
9 a m d .  -j K 3r t t j k a _ ( K rttifefl.

I  (Oct.-Nov.) 1 R o h u ? t

fMdrgagiraha. { f ^ af sha"
J  (Nov.-Dec.) ( A ja r a -

Eemanta. ■ , Punarrasu.

l £ t ,  i Puahya-

fE S U , i ^ “hl
fifira, 1 ( P.-Phalgunt

Ph&lguna. U.-Phalguni.
(Feh.-Mor.) ( Hasta.

. J £ v >  I S -
• ■ Yasanta. < , YiS4kM.

l(ApfM„y ) |  Anurfidha.
r Jyftbhthft. \

.  ̂ a j (M ay-June,) ( Mula.
■ • G n s h m a . U s M d k  ( P .-A s M d M .

1  (June-Ally.) { U .-A slA d M .

* f C r 4 v a n a .  5 f r a v w ja .
(July . Aug.) ( y n m s litM .

Yarsha. - ( Qatnbliiskaj.
Bhadrapada. ■! P.-Bhfidrapadft.

L (Aug.-Sept.)j (  U .-B hftd rapad ft.

( Kevatl.
•"'% f  Agyina. \  Agyiof.

farad. ij (Sept.-Oct.) ( Bharanl.
Davis (As. Res., iii. 218) notices that some of the ancient astrono

mers have divided the asterisms somewhat differently, giving to Qr&vana 
the three beginning with Qvavana;_to Bhhdrapada the three beginning 
with Purva-Bha.drapada, and to Agvina only Agvinl and Bharanl. I t 
seems, indeed, that the selection of the three months to which three 
asterisms, instead of two, were assigned, must have been made, somewhat 
arbitrarily.

I t  will be noticed that in this passage KArttiba is treated as the first 
1 of the series of months, while above (v. 1 0 ) flicira was mentioned as the

first season, .and while in practice (see note to i. 48-51) Vaighbha is 
treated, as the first of the solar months, and CAitra of the lunar. Another 
name for MArgaglrsha, also, is Agrah&yana, which appears to mean 
“ commencement of the year.” Ilow much significance these varia
tions of usage may have, and what is their reason, is not known to us.
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As regards Vaighkha and Caitra, indeed, the ease is clear, and we may 
also regard the rank assigned to Khrttika as due to the ancient position 
of Krttika, as first among the lunar mansions.

17. In  Yaiglik.ha etc., a conjunction {yoga) in the dark half
month Qcrsh'ga), on the fifteenth lunar day {tithi), determines in. 
like manner the years Karttika etc, of Jupiter, from his heliacal 
setting (asta) and rising {udaya).

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 a year, and the twelve parts, each quite nearly equalling a solar 
year (see note to i. 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 (nakshatra) in which the 
planet is found to' he at the time of its disappearance in the sun’s rays, 
and its disengagement from them : for it would, of course, sot 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 occur, but will be the 
opposite of it, 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 stated 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 Yhiglkha, 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 at the same time situated—will determine the name of the year, which 
will be Khrttika: 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, if we alter their 
headings respectively, from “ month” to “ year of the cycle,” and from 
“ asterisms in which full moon may occur” to “ asterisms in which Ju
piter’s heliacal setting and rising may occur.”

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 interval between two succes
sive heliacal settings is a little more than a solar month; and this <fif-
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ference accumulates so ixtpidly 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 otie 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 cycle of twelve years (Kala Sankalita, p. 2 1 2  etc.), states 
that he knows of no nation or tribe making any use of it, hut only finds 
it mentioned in the books. According to Doth him and Davis (As. Res.,
iii. 217 etc.), the cycle of twelve years is subordinate to that of sixty, 
the latter being divided into five such cycles, 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), or 
cycle 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 Samvatsara,

( Parivatsara, Id&vatsara, Idvatsara, (or Anuvatsara), and Yatsara (or 
Idvatsara, or Udravatsara). I t 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 
etc., 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 succfis-

j sive periods, sdvana corresponds to what we call (‘ mean.solar” time.
The word itself seems.to Be a "derivative from" savana, “TibationT' file'
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.

■ G° f e X  •
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21 . The space of a Patriarchate (immivantara;) is styled time 
of Praj&pati: in it is no distinction of day from night. A n iEon 
(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. 43—50, 67,
74 ; and the interpolated verse after xiv. 3), almost as if it were so new 
and striking an idea as to demand and bear repeated inculcation. For 
the Patriarchate (manvantara), or period of 308,448,000 years, see 
above, i. 18 ; this is the only allusion to it as a unit of time which the 
treatise contains. For the A3on (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 (brahman), most exalted, pure, 
all guilt destroying;

23. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited: he who knoweth it thoroughly 
obtainefh in the worlds of the sun etc. an everlasting place.

24. W ith 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.

25. So then Maya, having personally learned from^the sun 
that divine knowledge, regarded himself as having attained his 
desire, and as purified from sin.

26. Then, too, the sages (rshi), learning that Maya had received 
from the sun this gift, drew near and surrounded hirn, and rev
erently asked the knowledge.

27. 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 (brahman).

The Skrya-Siddhanta, in the form in which it is here presented, as ac- , 'j
cepted by JRanganktha 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 occasion above to point out indications, more or less distinct 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.

v» « . ;$ .



l i f t  ■ <SL
418 E. Burgess, eic,, [introd.

A P P E N D I X :

CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
ECLIPSES, A STELLAR MAP, Etc.

I .  p. 142. The name siddh&nta, 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 in 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 necessarily 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 Puna, 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 modem Sanskrit Encyclopedia, the Qabdakalpadruma, as entitled to 
the name of SiddMuta. The longer list was intended to be arranged 
chronologically; the remarks appended to the names of treatises are 
those of i|s compiler.

1. Brahma-Siddh&ntn. I. Brahma-Siddhiintav
2 . Surya-Siddhinta. 2 . Surya-SiddMnta.
3. Soma-Siddbanta. 3. Soma-SiddhAnta.

"  4. V&sishtha-SiddMnta,. 4- Brhaspati-SiddMnta.
5. Komaka-Siddh&nta. 5. Garga-SiddhUnta,
6 . Piiulastya-SiddMnta. 6 . NArada-SiddMnta.
7. Brhaspati-Siddhanta. 7. PdiAjara-Siddhanta.
8 . Garga-Siddhanta. 8 - P&ulastya-SiddMnta-
9 . Vyfea-SiddhAnta. 9 . Tasishtha-Siddh^nta.

1 0 . Paragara-Siddh.lnta,
I I . Bhoja-Siddhanta; earlier than the îromani.
is. Yaraha-Siddh&nta; earlier than the (jiroraani.
1 3. Brahmagupta-Siddhftnta; earlier than the (JJiromani.
i4  Siddhftnta-<J!iromnr)i; fake  1012 [A.D, 1150].
1 5. Sundara-Siddhanta; about 400 years ago, [years ago.
1 6 . Tattva-Viveka-SiddlAnta ; in the time of the reign of Jaya Sinha, about 260
17. Siirvabhihuna-Siddhilnta; in the time of the reign of Jaya Sinha.
1 8 . Laghu-Arya-Siddhftnta) ,,,[earlier than the Ciromam.
1 9 . Brhad-Arya-Siddh&nta ) r

I t  is obvious that these lists are uncritically constructed, and that 
neither of them is of a nature to yield valuable information without ad
ditional explanations. The one is most unreasonably 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 have become lost, and those of which the existence at^any 
period is questiorrable. A more satisfactory account of the Siddh&nta^ 
literature may he 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 authority.

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, as 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 uncertain period ; 
fourth, later texts, of known date and authorship, and mostly of a less 
independent and original character.

I. The first class comprises the Brahma, Surya, Soma, Brhaspati, and 
Nhrada Siddhhntas.

1. Brahma-Siddhdnta. The earliest treatise bearing this name is 
said to have formed a part of the Vishnudharmottara Buvhna, a work 
which seems to be long since lost, and scarcely remembered except in 
connection with the Siddhhnta. 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 
yakalyai-Sanhita. Sanhith, “ text, comprehensive work,” is a term em
ployed to denote a complete course of astronomy, astrology, horoseopy, 
etc.: this treatise, according to the manuscript in oirr possession, forms 
the second division (pragna) of such a course. It professes to be re
vealed by Bi’ahma to the semi-divine personage Nhrada. Of its relation 
to the Skrya-Siddhhnta 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.

2. Sdrya-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-Siddhdnta. Judging from its title, this work must profess 
to derive its origin from the moon (soma), as the preceding from the 
sun (surya). Bentley speaks of it as following in the main the system 
of the Surya-SiddMnta. 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-Siddh&nta. Brhaspati is the name of a divine person
age, priest and teacher of the gods, as also of the planet Jupiter. No 
work bearing’tlus 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 . N&rada-Siddhdnta. A Nhradi-Sanhit&, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to

|
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M rada, among other divine or mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of 
this name into the list of the Qabdakalpadruma.

II. In the second class we include the G&rga, Vyksa, Phrhcara, Paii- 
3iga, Paulastya, and Yasishtha SiddMntas. Garga, Parhqara, Vy&sa, 
Pulastya, and Yasishtha 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 (9 and £ respectively).
They cannot possibly have been the veritable authors of Siddhhntas, or 
works presenting the modern astronomical system of the Hindus : but— 
and this seems to be especially the case with regard to Garga' and Para- 
$ara—one and another of them may have distinguished themselves 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 upon them.

1 . Garga-Siddh&nta. Astronomical treatises and commentaries upon 
them occasionally offer citations from Gkrga (see, for instance, Cole- 
brooke’s Essays, ii. 356 ; Sir William Jones in As. lies., ii. 391), but of 
a Siddh&nta," or text-book of astronomy, bearing his name, we find 
nowhere any mention excepting in these lists.

2 . Vyasa-Siddh&nta. This name, too, is known to us only from the 
list above given.

3 . P&r&para-Siddh&nta. According to Bentley, the second chapter 
of the Arya-Siddh&nta contains an extract from this work, in winch are 
stated the elements of the mean motions of the planets adopted by it.
The work itself appears to be lo st; 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-Parfksara, and said to be “ a 
system of astrology, attributed to Parhsara, the father of Vyksa.”

4 . Pauli fa-Siddhdnta. 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-Biruni at
tributes it to Paulus the Greek; whence Weber (Inch Lit., p. 226) con
jectures that it was founded upon the E la ^ c ,^  of Paulus Aiexaminims.
If this account of its origin be correct, the Puli<;a to whom the later 
Hindus attribute it is a fictitious personage, whose name is manufactured 
out of Phuliga. The work, it will be seen, is not mentioned in either of 
the. lists we have given, its place appearing to he taken by the Pulastya- 
SiddMnta. According to the Hindu tradition, the school represented 
by the Pkulica-Siddhanta was the rival of that of Aryabhatta.

’ 5 . Pulastya-Siddh&nta. Of this Siddh&nta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 

' that the two names may indicate the same w ork; an attempt, founded 
upon the similarity of the names, having been made by some to attribute 
the Pknliga-Siddhanta to a known and acknowledged Hindu sage.

6 . Vasishtha- Siddh&nta. This work is spoken of as actually in ex
istence by both Colebrooke and .Bentley, and the latter states its sys
tem to correspond with that of the Sftrya-Siddh&nta. More than one 
treatise bearing the name is referred to, the older one being of unknown 

, authorship, and the other a later compilation founded upon this, by

'
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Vishnta-candra, who. is said also to have derived Ins material in parttrom 
Aryabhatta. A  copy of a Vrddha-Vasisbtha-Siddhanta formed a part of 
the Mackenzie Collection (Wilson’s Catalogue, i. 121). A

III. To the third class may be assigned the Siddhtatas of Aryabhat- 
ta, Varaha-mihira, and Brahmagupta, and the Romaka-SiddMnta, as 

,f well as the later version of the Vasishtha-Siddhknta, 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 ia 
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-Siddhanta. The two principal works of Aryabhata appear 
to have been originally entitled the Ary&shtaqata, “ work of eight hun
dred verses,” and Daqagitikh, “ work of ten cantos.” Colebroctke knew 
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-Siddhknta and the Laghu-Arya-Siddhanta, 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 Dacagltikh.

2 . Vard ha-Siddh&nta. The only distinctively astronomical work of 
Varaha-mihira appears to have been his 1’anca-siddhkntik8, or Compen
dium of Five Astronomies, of which we have already spoken (note to 
i. 2-3), and which was founded upon the Brahma, Surya, Paulina, Aa- 
sishtha, and Horn aka Siddhantas. It 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-Siddh&nta. The proper title of the work composed by 
Brahmagupta, upon the foundation of an earlier treatise bearing this 
name, isllrahma-sphuta-Siddhanta, “ corrected Brahma-Siddhanta,” but 
the word sphuta, “ corrected,” is frequently omitted in citing it, as has 
been our own usage in the notes to the Shrya-Siddhanta. Oolebrooke 
possessed an imperfect copy of it, and it was also in Bentley’s posses
sion. Upon it was professedly founded, in the main, tho Siddhhnta-Ci- 
romani of BMskara.

4 . liomaM-Siddh&nta. 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 Qrishena, and to have been founded in part upon the original

' Vasishtha-Siddlihnta ; its early date is proved by its being one of those 
treated as authorities by Varaha-mihira. No copy of it seems to have 
have been discovered in later times.

Our list also mentions a Bhoja-SiddMnta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
of R&ja Ehoja Deva, of Dhara, in the tenth or eleventh century of 
our era.

* See an article by Fitz-Edward Hall, Esq., On the Arya-Siddhanta, in a later 
part of this volume.

von. vi. 54
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IT. Our fourth class is headed by the Siddhhnta-^ifomani, written in 
the twelfth century by Blmskara Achrya, and founded upon the Brahma- 
Siddh&nta of Brahmagupta. Our numerous references to fit and cita
tions from it indicate the prominent and important position which it 
occupies in the modern astronomical literature of India. For a descrip
tion of the numerous commentaries upon it, see Colebrooke’a Hindu 
Algebra^ note A (Essays, ii. 450 etc.).

The longer of the lists given above mentions two oy three other 
works of yet later date. Among them the SiddMiita-Sundara is the 
most ancient, having been composed by Jnana-r&ja at the beginning of 
the sixteenth century. The Graha-L&ghava is a treatise of the same 
class, and is highly considered and much used throughout India, although 
omitted from the Puna list. It is of nearly the same date with the 
work last spoken of, being the composition of Ganc^a, and dated gake 
1442 (A.D. 1520). The Siddhknta Tattva-Yiveka, more usually styled 
the Tattva-Yiveka simply, is a century later : it was written by Kama- 
lakara, about A. D. 1620. The SiddMnta-S&rvabhauma dates from very 
nearly the same period, and is the work of Muni§vara, who is also the 
author of a commentary on the Qiroinani, and the sou of Rangan&tba, 
the commentator on the SUrya-Siddh&nta.

This class of astronomical writings might be almost indefinitely ex
tended, but the works which have been mentioned appear to be the 
most authoritative and important.

Of all the treatises whose names we have cited, we know of but three 
which have as yet been published—the Surya-Siddh&nta, the Siddhhnta- 
Qironiani, and the Graha-IAghava; the two latter under the auspices of 
the School-Book Society of Calcutta, Prof. Hall’s edition of the Shrya- 
Siddhknta, 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 valuable assistance throughout.

2. p. 142. Banganhtha, 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 M'um§vara, in the. gAka year 1525, or A. D. 1603. For 
his relationship to other well-known authors or commentators of astro

nomical treatises, see Colebrooke’s Essays, ii. 452 etc. Other commenta
tors on the Sfirya-Siddh&nta mentioned by Colebrooke are Nrsinha, who 
wrote but a few years later than Ranganfttha, and Blindhara and D&da 
Bh&‘i, whose age is not stated. The Mackenzie collection (see Wilson’s 
Catalogue, p. 118 etc ) contained commentaries on the whole or parts of 
the same text by Mallik&rjuna, Yellaya, an Aryabhatta, Mammabhatta, 
and Tammaya.

3. 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 Surya-Siddhanta.

The sun is called by the following names derived from roots signify
ing “ to shine” : arka, bh&nu, ravi, vivasvant, sdrya; also savitar, liter
ally “ enlivener, generator” ; bhdskara, “ light-maker” ; dinalcara and

drmtja- jhA a
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div&kara, “ day-maker” ; and tigm&npu and tihshnanpu, “ having hot or 
piercing rays.”

The mot®, besides her ordinary names inclu, candrct, vidhu, is styled 
nip&iara, “ night-maker” ; mp&pati, “ lord of night’’ ; anushtfagu, pUa- 
gu, gtt&npu, pitadidhiti, himarapnii, him&npu, himadidhiti, “ having cool 
rays” ; and pacin and pap&nJca, “ marked with a hare” ; the Hindu fancy 
sees the figure of this animal in the spots on the moon’s disk^ The 
name soma no where directly occurs, but it is implied in the title s&umya
given to Mfrcury. , , . „ . ,

Mercury is styled jnci and budha, u wise, knowing *, also petpja and 
s&umyot, “ son of the moon.” The reason of neither appellation is ob
vious. I t  will be seen below that the moon, the sun, and the earth have 
each of them one of the lesser planets assigned to it as its son: why 
Mercury, Saturn, and Mars were selected, and on what grounds their 
respective parentage was given them, is hitherto entirely unknown.

Venus has one name, pukra, V brilliant,” which is derived, from her 
actual character : she is also known as bhre/u, which is the name of one 
of the most noted of the ancient sages, or as bhrgujct or bh&rgava,
“ son of Bbpgu.” , .

Mars has likewise a single appellation, ang&raJca,, “ coal, winch is 
given him on account of his fiery burning ligh t: all his other titles, 
namely kuja, bhuputra, bhumiputrci, bhusuta, bkaumet, mark him as son
of the earth.” . *

Jupiter is known as brhaspati, which is, as already more than once 
noticed, the name of a divine personage, priest and_ teacher among the 
gods ; the word means originally “ lord of worship.’ The planet also 
receives some of his titles, namely guru, “ preceptor,  ̂ and amarejya,
“ teacher of the immortals.” The only other name given to it, jiva,
“ living,” is of doubtful origin.

Saturn has two appellations, each represented by several forms; 
namely “ son of the sun,” or arkaja, Avici, suryatanaya, and the slow- 
moving,” or manda, pard, pan&ipeara.

All these names, it wilt 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 a 
very early period (see Weber’s Inch Stud., ii. 261), appear along with 
these, other titles which are evidently derived from those of the 
Greeks.

4 . p. 146. We have everywhere cited Bentley’s work on Hindu
astronomy according to the London 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 
Siddhanta-Qiromani to which we refer, the Ganit&dhy&ya, or properly 
astronomical portion of it, is intended.

5. p: 161. For the convenience of any who may desire to make a 
more detailed examination of the elements oi the mean motions of the 
planets adopted in this treatise, and 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

I
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the amount of mean motion, in seconds, daring a day, and also during 
a Julian year, of 365^ mean solar days.

Mean Motions of the Planets.

P!anet- sidereal devolution. Mean “ b  moti™- Me“  »«">» motion

d
Sun, 365.25875648 3,548.16956 1,295,968.931
Mercury, 87.96970228 14,732.34496 5,38o,911,996
Venus, 224.69856755 5,767.72702 2,106,602.295
Mars, 686.99749394 1,886.46976 689,033.081
Jupiter, 4,332.3ao652.35 299.14683 109,263.381
Saturn, 10,765.77307461 120,38i 5i 43,969.346
Moon,

sider. rev., 27.32167416 47,434-86773 17,325,585.437
synod, rev., 29.53058795 43,886.69817 16,029,6)6.507
apsis, 3,232.09367415 400.97848 146,457.389
node, 6,794.39983121 190.74532 69,669.730

©. p. 161. The system of the Surya-SicldMnta, 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 Qakalya- 
Sanhita. It is likewise presented, according to Bentley (Hind. Astr,, p.
116), by the Soma and Vasishtha Siddhantas. So jar as can he gath
ered from the elements of the P&uliea and Laghu-Arya Siddbhntas, as 
reported by Colebrooke and Bentley, these treatises, too, followed a simi
lar system ; the revolutions of the planets in an Age, as stated by them, 
where they differ from those of the Surya-Siddhanta, always differ by a 
number which is a multiple of four. Some of the astronomical text
books, however, have constructed their systems in a somewhat different 
manner. Thus the Siddh&nta-Qiroinani, following 'the authority of 
Brahmagupta and of the earlier Bralima-Siddh&nta, makes the planets 
commence their motions together at the star £ Piscium at the very com
mencement of the iEon, 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 Phr&gara Siddhhntas: they too, 
as reported by Bentley (Hind. Astr., pp. 148, 150), state the revolutions ^ 
of the planets for the whole JBon only, and in numbers which have 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 make to begin at the moment of mean 
sunrise at Lanka, and manage to effect very nearly a general conjunc
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.

W e 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 calcu
lation 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 SiddMnta-Qiromani and its kindred treatises. We do 
not see how their treatment ot 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 competed, 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 ot the separate treatises, the system 
represented by the Sftrya-Siddhanta is the more ancient.
Mean Placesof the Planets, 6 o'c A.M . at Ujjayini, Feb. 18th, B. C. 3102.

Planet. Siddhfinta-^iromaniJ Arya-SiddMnta. PMsara-Siddhilnta

a • ’ "  « « ° '
Sun, o o o o  o o o o  o o o o
Mercury, i i  27 24 29 11 21 21 36 11 21 17 17
Venus, 11 28 42 i4 11 27 7 12 i i  26 58 84
Mars, n  29 3 5o o o o o  U 29 i 4 38
Jupiter, 11 29 27 36 11 27 7 12 11 27 2 53
Saturn, 11 28 46 34 o o o o  n  28 57 22
Moon, o 0 0 0 !  o o o o o 0 1 0  48

« apsis, 4 5 29 46 f  4 3 5o 24 4  5 12 29
" node, 5 3 12 58 1  5 2 38 A  J L  2 4?

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.

Mean Motions of the Planets, as corrected by the bija.

i Timo . Mean daily motion, i Mean yearly motion.
1 inner. I sidereal revolution. J

~~~ “ d " ,  ”
Mercury, 87.96978075 i 4,732.33(82 5,380,984196
Venus, 224.69895152 5,767.71717 2,106,658.695
Jupiter, 4,332.4 i 58i277 299.14026 109,260.981
Saturn, 10,764.89171783 120.39136 43,972.946
Moon's apsis, 3,232.12015592 1 , 400.97619 146,456.189

“ node, 6,79428280845 190.74861 69,670.930 ;

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 apparent 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 17,937,024, assuming, as his justification, an error of the 
copyists which has not the slightest plausibility, and ignoring the fact
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that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarily amended one of the data npon which he rests the most 
important of his general conclusions, a conclusion 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 howr 
much plausibility Bentley is able to deduce, from the dates of its fourth 
column, the year A.D. 1091 as that of the composition of the Shrya- 
Siddh&nta. We have been solicitous to allow Bentley all the credit we 
possibly could 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 Is 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 Traite Elbmentaire d’Astronomie 
Physique, 3rat! ed., v. 37-71), 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
parative 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 Ptolemy and Lalnnde.
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 distance of that point, or of the 
vernal equinox of A. D. 560, from the vernal equinox of Ptolemy’s time, 
is about 5£°. We should remark also that Ptolemy does not state 
expressly and distinctly 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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calculating the latitude of the planets : not being, however, altogether 
confident of onr correct understanding and interpretation of those rules.

Positions o f the Apsides and Nodes of the Planets.

Plal*et’ | Siddhlnta. '-Ptolemy. Difference.

A p s i d e s :
1 . 0 / ° > O f

Sun, 77 i5 65 3o + n  45
Mercury, a jo 26 190 o + 3o 26

,  Venus, 79 49 55 o + 24  49
Mars, i3o X 1 15 3o +x4 3 t
Jupiter, 17i ,6 161 o +10 16
Saturn, 236 38 233 o + 3  38

Nodes:
Mercury, 20 44 ■ 10 o 4-10 44
Venus, 59 45 55 o + 4 45
Mars, 4o 4 2 5 3o + 1 4  34
Jupiter, 79 41 5i o +28 4r
Saturn, 100 25 x83 o ~ 82 35

It will be perceived that the differences here are not so great as to ex
clude 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 from other sources. In order, however, fully to under
stand the relation of the Hindu to the Greek science 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 arc not ourselves at present in a situation to undertake 
so intricate and laborious a calculation.

1 2 . p. 113. 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 fhlivfihana and of Vikramhditya 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 Qalivhhana are, according to Warren (KalaSankalita, 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 A^e, 
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 
gaka or paka years. In the other era, the luni-solar reckoning is followed 
(Warren, as above, p. 391 and elsewhere); and its first year began with 
the 3045th of the Iron Age, or early in 58 B. C .: its 1962nd year, coin
ciding with the 4961st of the remoter era, commenced (see table on p.

!• 48.] S i i r y a - S id d h d n ta .  427



I f f  <SL
428 E. Burgess, etc., [i.48~

1 74) April 4th, 1859, and ended March 22nd, 1860. The years of this 
era are called and quoted as samvatsnra years, or, by abbreviation, sim
ply samvat.

IS .  p. 183. M. Yivien de St. Martin (in Julien’s Mermfires de Hiouen- 
Thsang, ii. 258) supposes the value of the li in use in China during the 
seventh century to have been about 329 metres, or 1080 English feet.
This would make the values of the three kinds of yojana mentioned by 
the Buddhist traveller to be 8& 6 J, and 3 f English miles-respectively.

•14. p. 188. In the first table upon this page, we have, by an over
sight, given the earth’s heliocentric longitude, instead of the Ban’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) suggests that 
the Hindus, like Albategnius, obtained their sines directly from the 
chords of Hipparchus or Ptolemy. This may not be an altogether im
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 Belambro’s view of the method of its construction and 
the reason of its limitation to arcs which are multiples of 3° 45'. We 
cannot but feel, however, upon matnrer 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° 4o 
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 accu
rate for their uses. 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 

v  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
unequivocal. _

For the benefit of any who may desire to make practical use oi the.
Hindu sines, in calculations conducted according to the processes of the 
Surya-Siddhtota, 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 
given arc, or the reverse, without resorting to the laborious proportions 
by which the text contemplates that they should in each case be deter
mined. Such a table we have onr,selves found highly useful, and even 
almost indispensable, in connection with our own calculations.

/ #  ■ 6°%X
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Table of Hindu. Sines, with Differences.

Arc. Sine. Diff. Arc. Sine. Diff. Arc. Sine. Diff. 

q t t i i  Q t i r t i l l
o o 3o 1719 1 0.849 So 2978 1 0.471
x (3q 31 1769.93 2 1.698 Qi 3006.27 2 0.942

a 120 1 11.000 3a *820.87 ^ 62 3o3458 4 1*84
3 x8o 33 1871.80 j  4.244 63 3o6a-8°  5 j a .356
3 45 * 2a5 ------------ 1 33 45 1 9 1 0 -------------63 45 3o8 4 --------------
4 239.93 1 0.996 34 1922.20 1 o.8i 3 64 3090.20 i o.4i 3
5 299.67 2 I 99I 35 1971 2 1-627 65 3n 5 2 ° - & 27

_ - 3 2.087 „„ „ 3 2.440 c.c o o o 3 r.a4o
6 3594°  4 3.9s! 36 2° ,9 ’8°  4 3.253 66 3l39 '8°  4 x.653
7 4i9.i3 5 4.g?8 37 2068.60 5 4o6y 67 3i 64-6o 5 a.o67
7 3o 449 -------------  37 3o 2 0 9 3 ----------------67 3o 3177 -- .— -
8 478.60 1 °-9®7 38 21 j6.20 * °-773 68 3 i 87.53 1 <>-35t
9 537.8o 2 , -973 39 2x62.60 2 7  69 3208.60 2 .0-70*3 2.060 3 a.3ao _ ... , o t.o53

10 597 4 3.947 40 2209 4 3.093 70 3s29'67 4 1.404
xr 656.20 5 4,933 4x 2255.4o 5 3i867 7t 3a5o.74 5 , .?56
11 x5 671 ——— -3- 4x i 5 2267 ----------  71 i 5 3a56 ------—
12 714.80 2 i .947 42 2299.80 2 ,_45g 72 3269 a o4? |
13 773.20 3 2.920 43 2343.5a 3 2.187 7^ 3a86.33 3 0.867
14 831.60 4  3-893 44 2337.27 j \ 2 -9«6 74 33o3.67 4 x.156
,5 850 - L i i g .  45 .44. 75 334, A i « L
16 947-33 1 46 .4 7 . 07 ’ f  76 3334.60 '
17 1004.67 3 2.867 47 25x3.14 3 2.o53 77 3348.20 3 0.680
18 1062 4 48 2554-21 4 2’738 78 336x.8o 4 0.907
.8 45 i i o 5 A - l 77!  48 45 2585 A - M i -  7g 45 3372 A - I ^ L
19 1119 1 0.933 49 2594.53 i °-636 79 3374.47 * 0-t64
20 i .i 75 3 I ’857 5o 2632.67 2 I '171 80 3384.33 2 ° ’329

,  3 2.800 .  ,  „ 3 1.907 3 0.49,3
21 1231 4 3.733 51 267° '8° 4 2.542 81 3394'20 4 0.658
32 I287 5 4.667 52 2708.93 5 3.1?8 82 34o4.07 5 0.g32
22 3o x3i 5 ________  52 3o 2728 — —------  82 3o 34°9 ------------
23 i 342.33 1 0.911 j 53 2745.47 1 °-582 83 34n .93 1 °-°98
24 i397 2 I '8a2 54 2780.40 2 I -1̂ 4 84 34i 7'8o 2 0-19®

25 l451'67 4 I ' m  55 2815'33 4 2 .L 79 85 3423-67 4 a 39i
26 x5o6.33 5 4.556 56 s85o.a7 5 2.911 86 3429.53 5 0.4g9
26 x5 i 52o __:______ 56 i 5 2 8 5 9 ------------- 86 x5 3431 ----- *-----
27 i 559.8q 1 °-884 57 2882.80 1 ° 'J29 87 3432.4o 1 oo3<

38 l 6 , a ’8 7  5 2,653 . S8 2 ? l 4 -5 3 3 x.587 88 3 4 3 4 ' 2 7  3 o.o93
j 29 i665.94 4  3 5 3g 0 9 2 9 4 6 .2 6  4  2>IIg 8 9  3436.x3 4  <3 ,13 4

j 3o j 1.71.9 j 5 j 4,422 1160 | 2978 j 5 | 2.644 || 90 j 3438 | 5 jo .i56 j

vox,, v i. * 55
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In explaining how the Hindus may hare 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 Delatnbre. 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 implied in other parts of 
the Surya-Siddh&rita.

In the quadrant A B  (Fig. 34), let B F, B B , and BE be three arcs, of
which each exceeds its predecessor 

S4- by the equal increment D F or D E ;
and let F  m, D l, and E k be their 
sines, increasing by the unequal dif
ferences D h and Eg. Now as E D 
and B F  are small arcs (they are 
shown in the figure of three times 
the proportional length of the area 
of difference of the Hindu table),
ED g and D F h may be regarded as 
piano triangles, and the angles made 
by C B  at D  as right angles: hence 
the angles E B g and G D t are equal, 
the triangles E D g  and C D l are 
similar, and E D :E g : :C D : C'l; or 
E g = E D .C  f-f-CD. In like man
ner, D/t—E D.C >w-j—CD. There

fore D ^ E g  =  E D Iw - |-C D ; and Eg, which is the amount by 
which E £  exceeds D I, equals D k-r-(ET).ltn-~-CD). But, by simi
larity of the triangles C D l and B F h, F h, or lm , equals EB .D  l-f- 
C D ; and hence E D.Zm*~CD =  (E D 2ri~C D 2) D J, or (ED-*- 
C D) 2 B  l. Now when E D equals 225' and C B  3438', E D -j- C D =  

nearly (or exactly and (E D-h-C D )2=  nearly (more
exactly, 2-^.j-y). Hence E k= D  l -f- D h <- D l, which is equiva
lent to the Hindu rule.

When we wrote the note to the passage of the text relating to the 
tines, 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 -fa as the value of E D C D  could not hut lead to 
palpably erroneous results, we carried our calculations farther, and found 
that only five of the sines following the first one can he deduced from 
it by the processes prescribed; that with the seventh sine begins a dis
cordance between the table and the result of calculation 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 he 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 tria l; 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 sufficient test of its correctness.

16. p. 203. We 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, eurve,”- 
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 horn of a bow.” We might, then, look upon the relations of the 
arc (dharms, c&pa, karmuka) and its parts and appurtenances as follows.
The whole arc taken into account is (Fig, 2, p.*203) Q R S : of this, B R C 
is the bhuja, ciirve or bow proper, while B Q and C'S are its two hot is 
or horns: B C is the chord or bow-string (jy& etc.), or, more distinct
ively, the bhujajya ; which name, by substitution for jyardha, is also ap
plied to either of its halves, B H  or IIC  : B F  or CL is in like manner 
the kMijijd; R H, finally, the versed sine, is the “ arrow” (cara, ishu)\ 
by this name it-is often known in other treatises, although not once so 
styled in this Siddlihnta. If this view be correct, the terms bhuja and 
koti as applied to' the base and perpendicular of a right-angled triangle, 
are given them on account of their relation to one another as sine and 
cosine, while the synonyms of bhuja, namely lahu 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 application'. For koti the treatise 
affords no synonyms.

IT . p. 207. M. Delambre, in his History of Ancient Astronomy (i.
462 etc)'., has subjected to a detailed examination the rules of the Sfir^a- 
SiddMnta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single fotfnula, and has calculated for 
each degree of a quadrant the values of the equations, comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res.,
ii. 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 revolutipn.

18. p, 220. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated 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 seems to 
defy explanation : we can only conjecture that it may be an unintelli
gent and reasonless extension to ail 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 etc.;
Essays, ii. 400 etc.), there is discordance among the different Hindu au
thorities upon this point. Aryabhatta agrees with the Sfirya-Siddhhnta 
throughout; Brahmagupta and Rhaskara make the epicycles only of 
Venus and Mars variable; MunScsvara, in the SiddMn ta-Sarvabh&urna, 
regards all the epicycles as invariable.
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1 ®. p. 236. Onr suggestion of a possible derivation of the term yoga 
from the “ sum” of the longitudes of the sun and moon is nnquestion-^ 
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 their order, or 

- her successive continuance in their respective portions.  ̂Only the sys
tem is divorced from any actual connection with the asterisms ; for while 
the latter arc 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 b e , reckoned from the 
actual position of the sun -at any given moment.

According to "Warren (Khla Sankalita, p. 14), the names of the twenty- 
seven yogas'  ̂as given by ns on page 236, are also applied by the Hin
dus to the junction-stars (yogatara) of the asterisms (with the omission, 
of course, of A bbijit): for which see the notes to the eighth chapter.
This fact we do not find noticed elsewhere; possibly the usage is a local 
one only.

Of the twenty-eight yogas of the other system, to which the Shrya- 
Siddhanta makes no reference, the names are given by Colebrooke as 
follows:

1. Ananda. io. Mudgara, 19 . Siddhi.
2. Kaiadanda. J l .  Chattra. 2 0 . Qtibha.
3. Dlmmra. , 1 2 . M&itra. 2 1 . Amrta.
4 . Frajapati. i3 . Manasa. 2 2 . Musala.
5. S&umya. 14. Padiiia. 23, Ctada.
6. Dhv&nksba, i5 . Lambaka. 24 . Matmiga.
7 . Dhvaja. 1 6 . Utpata. a5. R&ksliasa.
8 . (jrivatsa. i l .  Mrtyu. 26 . Cara.
9. Vajra. 18. KSpa. 27. Stbirft.

2 8 , Pravardha.
Colebrooke says farther : “ The foregoing list is extracted from the 

Eatnarahla of Cripati. He adds the rule by which the yogas are reg
ulated. On a "Sunday, the nakshatras answer to the yogas in then- 
natural order; viz. Atjvini to Ananda, Bhavani to KMadanda, etc. But, 
on a Monday, the first yoga (Ananda) corresponds to Mrga$iras, the 
second to Ardra, and so forth. On a Tuesday, the nakshatra which 
answers to" the first yoga is Aqlesh&; on "Wednesday, H asta ; on Thurs
day, Anur&dha; on Friday, U ttara-A shldha; and on Saturday, £ata- 
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 motion of the moon.

2 0 . p. 246. In  stating th a t the Shrya-Siddh&nta furnished no hint of 
the precession excepting in this passage, we failed to notice that in one 
other place, namely in connection with the rules for finding the time
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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 ru le : the process in which we are for once 
favored 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 late 
alterations and interpolations. . W e do not, then, regard the statement 
made in our note as requiring to he either retracted or seriously modi
fied. Nor do we, although fully appreciating the difficulty of assuming 
that the original elaborators of the general Hindu system can have been 
ignorant of,’ 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.

2 1 . p. 258. The commentary frequently styles the sine of altitude 
mah&panku, “ great gnomon,” to distinguish it from the panku, “ gno
mon.”

2 2 . p. 275. Our statement that the Surya-SiddMnta employs only 
the term graha to designate the planets requires a slight modification.
In one instance (ii. 69) they are called khac&rin, and in one other (ix. 9) 
ichactim, both words signifying “ moving in the ether” (see xii. 23, 81).

28 . p. 282. This use of the word pr&ct, “ 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 v 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 east-points (pr&ct) of those lines respectively: the arc Et>, 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.

2 4 . p. 285. As promised above, we present here, by way of appen
dix to the fourth chapter of our translation and notes, a

C a l c u l a t io n , a c c o r d in g  to  t h e  D a t a  a n d  M e t h o d s  o f  t h e  SOr y a - 
S id d h a n t a , o f  t h e  L u n a r  E c l ip s e  o f  F e b r u a r y  6 t h , 1860,

FQR TEE LATITUDE AND LONGITUDE OF WASHINGTON.

Bailly, in his work on the Hindu astronomy (p. 355 etc.), 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 hfov. 29th, 1704. But, 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',
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in  his first valuable article in the Asiatic Researches (ii. 273 etc.), has 
also furnished a calculation 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. O ur 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, 
and not the modern system as altered from it. The course1 of the suc
cessive steps of our processes may not everywhere strictly accord 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.

W e omit the preliminary tentative processes, and conceive ourselves 
to have ascertained that, at the time of full moon in the month M&gha,
I. A. 4961 (see page 174), or samvat 1917 (see add. note 12), the moon 
will be eclipsed.

I. To find the sum of days (ahargana, dinardfi) for mean midnight 
next preceding full moon.

The sixth day of February, I860, being the day of full moon (p&rni- 
m&), 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 
4960? 10m 1 4 reckoning (i. 66) 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, is 1,811,981 days.

II. To find the mean longitude of the sun and moon, and of the : 
moon’s apsis.

The proportions (i. 63)
r 4,3ao,ooo': 496o”W 99 23° i j '  1 "

1,577,917,808: 1,811,981: : 57,753,336:66,3aoro'r3» 9° 44 ’ 19"
( 488 ,2 0 3 : 5 6 i**>*i ».i 3° 43 ' 1"

give us—rejecting whole revolutions, and deducting 38 from the motion 
of the moon’s apsis, for its position at the epoch (see note to i. 66-58)— 
the mean longitudes required. These are for the time of mean midnight 
at Ujjayini: to find them for mean midnight a t Washington, which is 
distant from ITjjayini 167l?.28, upon a parallel of latitude 3936r.75 in 
circumference (note to i. 63-66), we add to the position of each 
or ,42453 of its mean motion during a sidereal day. This correction is 
styled the defdntai-aphala. W e have, then,

Loni?; a t TJjjny. C orrection . Lonjf. a tW a s h ’n.
Sun, 9923° ,17 ' 1 r! -f- 25' 1 "  9a a3° 42' 3"
Moon, 3d 90 4 4 ' 19' - f  5° 34 ' 4 3 "  =  3« i 5° 19' 2"
Moon’s apsisr io» i3° 43 ' t "  +  W 5a "  =  io« i3° 45' 5i "
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The place of the sun’s apsis remains as already found for Jan, 1st 
(note to ii. 39) :

Longitude of sun’sapsis, ■>* l l'  =4 "
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 hare derived those amounts from the motions during a sidereal day, 
and not, as in the illustrative processes of our1 notes, during a mean so
lar day. The divisions of the day given in the text (i. 1 1 - 1 2 ) 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 uadis, 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 ot all the illustrations ot 
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 calculation, 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, 58 '  58"  28'" 55" "
Moon 13° 8 ' 25"  21'" 21""
Moon’s apsis, 6 ' 39"  53 ' "  1 ""
Moon’s node, ' 3 '  10" | 3 " '  28 '"

III. To find the true longitudes and motions of the sun and m oon:
1 . To find the sun’s true longitude (note to ii. 39):

Longitude of sun’s apsis, 2“ ' 7 ° T7 ' 24 "
deduct sun’s mean longitude (ii. 2 9 ), 9* 230 4 a' 3 "

Sun’s mean anomaly (hendra), 4 s a3° 35 ' 21"
Arc determining the sine (thuja-—ii- 30), 36° a5 '
Sine of sun’s mean anomaly 'bhujcjyd), 2040'
Corrected epicycle (ii. 38), l3° 4 8 '
Equation (bhujajydphala—ii. 39), Hh !8'

add to sun’s mean longitude, 9 s 230 4 »'

Sun’s true longitude, 9s 25° o'

2 . To find the moon’s true longitude (note to ii. 39) :
Longitude of moon’s apsis, IOs 130 45 '  5 i '

deduct moon’s mean longitude, __3» i 5° 19' 2"

Moon’s mean anomaly, 28° 26' 49"
Arc determining the sine, 2®° 27 f
Sine of moon’s mean anomaly, i 6 3 yf
Corrected epicycle, 3 i° 5o'
Equation, — 2°

deduct from moon’s mean longitude, 3s ; 5° 19'

Moon’s true longitude, 35 I2° 54 '
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3. To find the sun’s true rate of motion (ii. 48-49):

Sun’s mean motion in 60 n&dis, 58 '  58"
Sine of sun’s mean anomaly, 2o4o'
Difference of sines, x83'
Daily increase of sine of anomaly, 47' 58"
Equation of motion, 11 5o"

add to sun’s mean motion, 58 ' 58"

Sun’s true motion, 60' 4 8 "

4. To find the moon’s true rate of motion (ii. 47-49):
Moon’s mean motion in 60 nadia, 788' a5"

deduct motion of apsis (ii. 47 ), & 4  a"
Daily increase of moon’s mean anomaly, 781' 45"
Sine of moon’s mean anomaly, 1637'
Difference of sines, 199'
Daily increase of sine of anomaly, 691' 25"
Equation of motion, _j_ gj" 8"

add to moon’s mean motion, 788  ̂25"
Moon’s true motion, 84o' 3 3"

IY. To find the interval between the given instant of midnight and 
the end of the half-month, or the moment of opposition in long-itude of 
the sun and moon, which is the middle of the eclipse.

A t the instant of mean midnight preceding full moon, we have found 
the true longitudes of the sun and moon, and their distance in longitude, 
to be as follows:

Sun’s true longitude, n» 250 0r
Moon’s do., 3s 120 5 4 '
Distance in longitude, 6s 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, 349' 33"
Sun’s do., 6o' 4 8"
Moon’s daily gain, 788' 4 5 "

Now we m ate the proportion : if the moon in 60 n&dls gains upon 
the sun 788' 45", in how many nhclis will she gain her present distance 
in longitude from the sun ? or

788' 45" : 6o«>:: 726' : 55n 13r 3P
It thus appears that the time of opposition is 55n 13» 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 deduct 10v 3p from the time stated. Then, at 55“ 3V after mean 
midnight, we have as follows:
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Sun’s mean longitude, 9s s4 ° 36 '
Equation of place, -f- i°  20'
Sun’s true longitude, 9s 25° 56 '  *
Moon’s mean longitude, 3» 270 22'
longitude of apsis, io» i 3° 53.'
Equation of moon’s place, -  10 26'

Moon’a true longitude, 3s 25° 56'
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' 48"
Moon’s .do. 854 ' 3 6"

It 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 have 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 dclipse.

What 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 to 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.

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 prescribed (ii. 46) that, so-soon 
as the sun’s equation of the centre 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 tim e; so that the distance of the moment of opposition from mean 
midnight does not directly enter into account at all. We have 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 is-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': 6o„ ; ;  7 8 ': on i 3v 
voi. vi. 56

%
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■which gives us 13 vinhdis, 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—10s 14° 7 '; hence, if the 
sun were 10s 14° 7' distant upon the equator from the vernal equinox, 
or if he had that amount of right ascension, mean and true midnight 
would coincide. But he is actually at 10s 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 he accomplished as follows. The sun is in the eleventh sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795P : his 
distance from jts commencement is 15° 25', or 925'. Hence the pro
portion (ii. 46)

r8 o o '; 1795? :: 926' : 922P
gives us 922p as the ascensional equivalent of the part of the eleventh 
sign traversed by the sun (bhukt&savas). Now add together the

Ascensional equivalents of three quadrants, i6,2oop
do. of the tenth sign, i,935p
do. of the part of the eleventh sign traversed, • 922P

their sum is ig,o57P

which is equal to 10s 17° 37 '; this, then, is the sun’s true right ascen
sion. The difference between itand his mean right ascension, 10s 14° 7', 
is 3° 30', of which the equivalent in sidereal time is 21 Op or 35v, 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. 6 th. being given by the Nautical Almanac as 
14”  20s.

There is not, among all the processes taught in the Shrya-Siddh&nta, 
another one of so inexcusably bungling a character as this, while the 
means lay so ready at hand for making it tolerably exact.

In going on to calculate the local time of the eclipse, we shall adopt 
the valuation, of the equation of time given by the Hindu method, or 
13T, but we shall reserve the distance of the phases of the eclipse from 
midnight, free from this constant error of about 10 m, for final compari
son with the like data given by our modern tables.

To find the local time, we must first ascertain .(ii, 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 require

1. To determine the amount of precession for the given date.
By iii. 9-12, the proportion

1,677,917,828«1 : 6oorev : : 1,811,98.01 : orev 8* 8° 2 ' i4".6 
gives us 248° 2' 14'y.6 as the part of a revolution accomplished by the

# ' _ #
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movable point. Of this, the part determining the sine is 68° 2 ' 14",6.
Then the farther proportion

10: 3 ; : 68° 2' i4".6 : 20® 24' 44"
gives us 20° 24' 4 4 " as the amount of the precession, Now, then, to 
the

Sun’s true longitude, 9 s 2®0 ^6'
add the precession, __2°° ^ '

Sun’s distance from vernal equinox, 10* 16° 21'

This quantity is often called suyand sfarya ; that is to say, “ the sun’s 
longitude with the precession (ayana) added.”

The sun is accordingly in the eleventh sign, of which the ascensional 
equivalent is 1795P'. His daily motion has been found to be 60' 48". 
lienee the proportion (ii. 59)

1800' : i79$p»v: 6o' 48// : 6op.64
gives us 61P, or 10v I p, as the excess of the sun’s day over a true side
real day of 60 n&dls : its length is accordingly 60« 10 v IP, or 2 1 ,66IP.

Next we desire to know liow nmch of this day passed between mid- 
night and sunrise, and for this purpose we have

2 . 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 si'lrya), 10* 160 ax'
Arc determining the sine (bhuja), j$r° 39'
Sine, 23?2'

Now, then, the proportion {ii. 28)
3438 ' : 1397’ : : 2372' : 964'’

gives us 964' as the sine of declination (kr&ntijya) ; the corresponding 
arc (ii. 83) is 16° IT 'S ; its versed sine (ii. 31-32) is 139'.

b. To find the radius of the sun’s diurnal circle (ii. 60).

Prom radius, 3438 '
deduct versed sine of declination, _____ Ĵ 9r

Badiua of diurnal circle (&navydsadala, d!/ujyd), 52 99 '

c. To find the earth-sine (ii. 61). _
The measure of the equinoctial shadow at Washington is (see note to 

ii. 61-63) 9d.68. The proportion, then,
’ ■ lad: 9 .̂68 :: 964' :: 778'

shows the value of the earth-sine (kshitijyd, kujyd) to be ’l l 8'.
d. To find the' sun’s ascensional difference (ii. 61-62).
The proportion

3299' : 3438 '  ;: 778': 811'
oives the sine of ascensional difference (carajyd), which is 811'. The 
corresponding are, or the sun’s ascensional difference (cara, caradala), is 
13° 39', or 819P.
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3. To find the time from midnight to sunrise.
The sun’s declination being south, the ascensional difference is to be 

added (ii. 62-63) to the quarter of the sun’s complete day, to give the 
length of the half-night. That is to say,

Quarter of sun’s complete day (2i,66i p - r 4), 5,4r5p
Sun’s ascensional difference, &19P

Sun’s half-night, 6 .234p

The interval between, true midnight and true sunrise is therefore 
6,234i>, or l7 n 19v. That from surprise till noon (a quantity required in 
later processes) is found in like manner by subtracting the ascensional 
difference from the quarter-day: it is 4596P.

Now then, finally,
Time of opposition, reckoned from mean midnight, 55" 3v

deduct equation of time* r 3v
do. reckoned from true midnight, 54" 5ov

deduct interval till sunrise, 17" 19V

do. reckoned from sunrise, 3yn 31»

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, 37n 31T.

VI. To determine the diameters of the sun, moon, andfhadow.
1. To find the sun’s apparent diameter.
The sun’s mean motion in a sidereal day being 58' 58", his tnfe 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' 58"  ; 60' 48”  : : 65ooy : 67027.81

* 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: 5oiy,37

And upon dividing the result, 501.37 yojanas, by 15 (iv. 3), we find the 
sun’s apparent diameter to be 33' 25".

2 . To find the moon’s apparent diameter.
In like manner as before, the proportion (iv. 2)

788' 25"  : 854 '  36 :: 48oJ ; 52oy.3
shows us that the moon’s corrected diameter is 520.3 yojanas. This also, 
divided by 15 (iv. 3), gives the value of the moon’s apparent diameter in 
arc : it is 34' 41".

3. To find the diameter of the earth’s shadow.
The following proportion (iv. 4),

788' 25"  ; 854'  36"  : :  i6ooy : i j 3 4s .3

determines the value of the earth’s corrected diameter (slid) to be 1734.3 
yojanas.
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Again, from the
Sun’s corrected diameter, 6702y.8i

deduct tlie earth's diameter (iv. 4), id°o

remains ^losy.Sr
and this remainder, when reduced by the following proportion (iv, 5),

65ooy : 48oy : :  5io2y.8i : 376y.8

gives ns the excess of the earth's corrected diameter (stici) over the di
ameter of the shadow on the moon's mean orbit. Hence, from the

Barth’s corrected diameter, 1734)'.’
deduct last result, __

Diameter of shadow, i357y.5
divide by ___

Diameter of shadow in are, g o '3o”

VII. To determine the moon’s latitude at the middle of the eclipse, 
and the amount of greatest obscuration.

The proportion (i. 53)
1,577,917,828 : a32,238 : ;  1,811,981 : s6 6 ^v 8a 70 28' a5"

gives ns the amount of retrograde motion of the moon’s node since the 
commencement of the Iron Age. Deducting from this 0s, 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

Longitude of moon’s node, mean midnight, at U jj, 9s 220 3i '  35"
deduct for difference of meridian, i ' 21"

Longitude of moon’s node, mean midnight, at Wash’n, 9s 220 3o ' i 4 "
deduct motion during 85a 8v, 2'  55"  »|

Longitude of moon’s node a t moment of opposition, 9s 220 27' 19"
subtract from moon’s longitude (ii. 67), 3* a5°  56'

Moon’s distance from node, 3° 29'
Arc determining the sine (bhuja), 3° 2 9 f
Sine, 2°9'

Hence the proportion
3438' :  270' ::  209': 16' 25"

gives,us, as the moon’s latitude at the moment of opposition, 16' 25" S.
Now, then, by iv. 10- 1 1 ,

Semi-diameter of eclipsed body (34' 41" “  2), 1 7 '2 2 "
do. of eclipsing body (90'  30"-**2), 45'  i 5"

their sum, 6 2 '3 7 "
deduct moon’s latitude, 16' 25"

Amount of greatest obscuration (grdsa), 46' 12"

and since this amount is greater than the diameter of the eclipsed 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, obscur
ing about four-fifths 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 he 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 3-|°, 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 bija be applied by the Hindu astronomers to their elements, 
at least to such as enter into the calculation of eclipses.

VIII. 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, 90' 3o "  90' 30"
do. eclipsed body, the moon, 34' 4 i "  34' 4i "

Sum and difference, *25'  n "  55'4 9 "
Half-sum and half-difference (OM and G F i g . 21,p .211), 62' 35"  27' 55"
Squares of do., 2919' 724'

deduct square of latitude, 269' 269'

remain, 365o ' 455'
Square roots of remainders (C A  and CB), 60' 25"  2 1 '19"

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 m om ent:

Moon’s true daily motion, 854' 36"
Sun’s do., 60' 48"

Moon’s gain in a day, 793' 4®"

Hence the proportions (iv. 13)

793'  48"  : 6on ;:  j  * *  ■ 4» 3*
'  l 21' 19" : i B 36T 4P

give us the half-duration of the eclipse as 4“ 34T, and the half-time of 
total obscuration as l n 36v 4p, supposing the moon’s latitude to remain 
constant through the whole continuance of the eclipse. W e now pro
ceed to correct these results for the moon’s motion in latitude. And 
first, as regards the half-duration. We calculate the amount of motion 
of the moon and of her node during the mean half-duration by the fol
lowing proportions (iv. 14):

fio»:854' 36" ; : 4»3A': ia y  a"
6on : 3 ' io" 4n 34v: t4"

—<V \
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Farther,
To and from moon’s long, at opposition, 3a s5° 56' 3s 25° 56'  
add and subtract motion during half-duration, i°  5'  i°  5'

Moon’s long, at end and beginning of eclipse, 3s 27° 1' 3a a4° 5i '
Prom and to long, of node at opposition, 9s 12° 27' 21" 9» 22° 2 7 '21"
subtract and add motion during half-duration, i4"  r4"

Long, of nods at end and beginning of eclipse, 9s 2a0 27' 9s a2°
Moon’s distance from node, 6s 4° 34'  6a 20 23'
Arc determining sino, , 4° 34' a0 23'
Sine, 27 4' i 43'
Moon’s latitude at end and beginning of eclipse, 21' 3l" S .  i i ' i 4"S .

From  these valuations of the latitude we now proceed to  calculate 
anew, in th e  same m anner as before, the half-durations, as follow s :

Square of half-sum of diameters, 3919' 3919'
deduct squares of latitude, 463'  126'

remain, 3456' 3793'
Square roots of remainders, 58' 47,r 61' 35"

And the proportions
, ,  . ( 58'  4 7 ": 4n a6* 3p793 4b . 60 .. I 6 i, 35„ . 4n 39V 2p

give us th e  corrected  values of th e  intervals betw een  opposition and  con
ta c t and  separation  respectively, o r th e  form er a n d  la tte r  half-durations, 
as 4n 39v 2P an d  4n 26^ 3P.

T h e tex t contem plates the repetition  o f th is corrective process, i f  still 
greater accuracy he required in  the results a tta in e d : w e have n o t th o u gh t 
i t  w orth w h ile  to  carry the calculation any farther, as a second correc
tion w ould be o f altogether insignificant am ount.

B y  a  like  process, the form er and latter half-tim es o f to ta l obscura
tion, and the m oon’s latitude a t im mersion and em ergence, are found to  
he as fo llo w s:

Moon’s latitude at immersion and emergence, 14'  36"  18' i 3"
Half-times of total obscuration, i n 4 *y 3p 1“ 29V 4p

B y  adding the tw o halves w e obtain

Duration of the eclipse (sthiti), 9n 5v 5P
do. of total obscuration (vimarda), 3“ 1 v  j p

A n d  b y  subtracting and adding the half-tim es o f duration and o f 
total obscuration from  and to  the tim e o f opposition (iv. 16- 17), w e 
obtain the follow ing schem e for the successive phases o f th e  eclipse :

, Time of occurrence :
lba3e* after mean midnight. after sunrise.

First contact, 5on 23v 4P 3an 5iv 4p
Immersion, 53n 2ov 3P 35n 4&v 3P
Middle of eclipse, 55n 3v op 37a 3iv op *
Emergence, 56» 32v 4p 39a ov 4p
Last contact, 690 29V 3p 4i “ e~>7 v 3P .
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The proper calculation of the eclipse is now completed. If, however, 
we desire to 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. W e will therefore proceed to calculate 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with those given by modern astronomical 
science.

IX. To calculate the deflection of the ecliptic from an east and west 
line (ivalana) 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 a t opposition, 3s a5° 56'
Precession, ao° *tt5'
Moon's distance from vernal equinox, 4s i6° 21'
A rc determining sine, 43° 89'
Sine,

The moon’s declination is then found by the following proportion 
(ii. 28):

. 3438' :  1397':: 2372' : 9 6 4 '= sin 160 17'

Now, from
Moon’s declination

deduct her latitude (ii, 58), * __
Moon’s true declination, *6° i ’ If.
Sine of do., 948'
Versed sine of do., *35'

deduct from radius (ii. 60), 3438'

Moon’s day-radius, 33o3'

.Again, to find the earth-sine, we say (ii. 61),
13 d ; 9(1.68 :: 948'  : 765' =  earth-sine, 

and to find the ascensional difference (ii. 61-02),
33o3': 3438' : ; 765' :  796' =sin i3° 24' or 8o4'.

The excess of the moon’s complete revolution over a sidereal day is found 
by the proportion (ii. 59)

1800': 1795P : :  849' 33"  : 848P
Adding this to a sidereal day, or 21,6O0p, we find that the mooffs day 
is of 22,448P, of which one quarter is 5612». Increase and diminish 
this by the moon’s ascensional difference (ii. 62), and the half-day and 
half-night are found to  be 6416f> 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 
bv 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

|(1  ) | • k /  -•>—•■
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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 he found as follows:
Time of opposition reckoned from sunrise, 37n 3rv, or i 3,5o6p

deduct the whole day, 9,1921’

remains 4,314?
deduct from the half-night, 6,235?

Sun’s distance in time from inferior meridian, U921P

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 moon’s arc of revolution from the horizon to the meridian, hy the 
following proportion:

64i6p : 900 :: 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 (valanAnpas, or 

Alesha valana—iv. 24).
The sine of the latitude of Washington, 38° 54', is 2158'. Hence 

the proportion
3438' :  i 557' : : a i58'  : 977'= sm  160 3i '

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 (Ayana 
valana—iv. 25).

Moon’s distance from vernal equinox, 4s 160 21'
add a quadrant, 3s

their sum, 7s 16° 21'
arc determining sine, 46° p i '
sine, i486'

Hence, hy ii. 28, the proportion
3438'  : 1397': : 2486': 1010'= s in  17° 6 '

gives us l7°6 ' 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 direction is south. W e are now ready for the final process.

e. To ascertain the net amount of deflection (valana), in digits.
From the ecliptic-deflection, 170 6 ' S.
deduct the deflection for latitude, 160 3r 'K .

remains the net deflection, in are, 35' S. r
divide (iv. 25) by 70

Deflection in digits, o<1.5o S.

I t  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 

von. 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 dech- 

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 
he if she made her whole revolution about the earth with those declina- 
tions respectively. This -we take the liberty of omitting to do, as the 
modification thus introduced into the process would he of very small im
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, 3e» 5iv 4p, or n ,83oP 
deduct the whole day, 9>19ap
remain 2,6j 8p
deduct from the half-night, 6,235?

Sun’s distance in time from inferior meridian, 3,597P

This, then, is the hour-angle of the centre of the shadow 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' 35", Ibis 
is reduced to its value in right ascension by the proportion 

1800': 1795P:: 6x' 35" :  6iP,4
Now, then,

from the hour-angle of the shadow, 3,597P
deduct the difference of the moon’s right ascension, 6iP

Moon’s hour-angle a t beginning of eclipse, 3,536p

This is virtually an application of the process taught in iii. 50,
The moon’s hour-angle is now corrected, as before, by the proportion

64i6p : go0 : :  3536p : 49° 36'

The sine of 49° 36' is 261T.
b. To find the deflection for latitude.
The proportion

3438' : 2i 58' :: 2617' : i643'  — ein 28° 34'

gives ns the deflection for latitude as 28° 34', which is north, as before.
c. To find the ecliptic-deflection.

Moon’s distance from vernal equinox a t opposition, 4» 160 21'
deduct motion during 4“ 39V 2i>, 10 6 '

do. at tim e of contact, 4s i 5° i 5'
add a quadrant, 3s
sum, 7* 15° 15'  ,
arc determining sine, 45° i 5'
sine, a441'

/s#*- ' Gc%\
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Next, the proportion
3438': 1397'  :: M4i' ■ 992' — sin 160 47'

shows us that the ecliptic-deflection is 16° 4 7 '; 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, t 6° 4? ' S.

remains the net deflection, in arc, i i °  47' N.
its sine is 7° 2'
divide by 7°

Deflection, in digits, »od.o3 N.

3. For the end of the eclipse.
Of this process, which is throughout closely analogous to the last, we 

shall present only a brief statement of the results.
Hour-angle of the centre of the shadow, 3a?p E.
Distance of the centre of the moon in right ascension, 59P E.
Moon’s hour angle, 38iPE.

do. corrected, 5° 20'
Sine,
Deflection for latitude, 3° a i '  N.
Moon’s distance from vernal equinox - f  3», 7s >7° M ’
Arc determining sine, 47° 24'
Sine, a53o'
Ecliptic-deflection, I7 °2 4 'S .
N et deflection, in arc, *4° 3'S .

do. in digits, 1J4-93 S.

The mode of application of these quantities in m akings 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. To determine the scale 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 
have

Moon’s half-day, 64i 6p
do. hour-angle (»«<«), 192 ip
do. altitude in time (tmnala), 4495P
add 64i6P X 3
the sum is *3,743p
divide by 0 4 1
the quotient is 3-7
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At the elevation, then, wliiclx the moon has when in opposition, 3'.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 he 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 is evident also that 
this is wellnigh impracticable, since one projection could then be nsed 
to illustrate only a single phase, unless several different scales should 
be employed in the same figure.

I t  now 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 calcu
lated from moan midnight.

Sflrya-Siddliitnta. Am. Naut. Almanac. H indu error.
Tim e o f  opposition in long., 9I1 57m 35a p . m. 9I1 27m 10*.8 p. m . +  3om?4 s 
Moon’s long, a t opposition, i 36° 2 i '  137°  3 5 '  5 3 " .7  — J° i 5 '

“ 1st. at “ 16' a?" S. 35'  4a" .i S, -  19' 17"
, “ hourly motion in  long., 3 5 '  "37" 3 8 '  o " .6  — 2' 24 "
1 4  -v Sem i-diam eter of sun, 1 6 '4 2 "  16' i 5 " .a  +  2 7 "

do. of moon, 17' 2 0 "  16' 4 2 " .6  +  3 7 "
do. of shadow, 4 5 '. x5 "  4 5 ' j f e "  -  1 "

A m ount o f obscuration, 1.33 0.812 +  o.5 i 8
W hole duration of eclipse, 3 h 37m 44s 2h 52m 24a +  4 5 m 20*

2 5 . p. 299. Our next note is a

C a l c u l a t io n , a c c o r d in g  to H in d u  D ata  and  M et h o d s , o f  t h e  

S o l a r  E c lipse  o f  M a y  2 6 th , 1 8 5 4 ,

FOR THE LATITUDE AND LONGITUDE OF WILLIAMS’ COLLEGE, WIDLtAMSTOWN, 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 
calculation of a lunar eclipse. The eclipse selected is the one calculated 
and delineated in Prof. James H. Coffin's useful work, entitled “ Solar 
and Lunar Eclipses familiarly illustrated and explained, wi th the method 
of calculating them, according to the theory cf Astronomy as taught in 
New-England Colleges” (New York, 1845).

'■By
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I. To find the sum of days (ahargam) from the commencement, of 
the planetary motions to the time of calculation.

The eclipse in question occurs at the close of the month Vaiq&kha, 
the second month of the luni-solar year, in the lW th  year of the era 
of galiv&hana (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 proceed as follows :

Sandhi at the beginning of the Tealpa, 1,728,000
Six manvantaras, r,85o,688,000
Twenty-seven mahdyugas of the seventh Mann, 1 16,64o,ooo

1,969,056,000
deduct the time spent in creation, 17,064,000

From creation to beginning of 28th mahdyuga, 1,951.992,000
K rta  yuga of 28th or current rn.ahd.yuga, 1,728,000
Tretdyuga of “ 1,296.000
Dvdpara yuga of “ 864,000
K a li yuga, to era of (Jhllivttiana, 3,179
Complete years elapsed of the era, 1,776

From the creation to end of March, 1854, complete yeara, 1,955,884,955 
to reduce to solar months, multiply by 12

Solar months, 23,470,619,460'
add month of current year elapsed, 1

Whole number of solar months, 23,47°,1619,461

Wow, to find the intercalary months, we make the proportion
5i,84o,ooo : 1,593,336 23,470,6)9,461 : 721,384,701

Then, to
Solar months elapsed, 23,470.619,461

add intercalary months, 721,384,701

Lunar months elapsed, 24,192,004,>62
to reduce to lunar days, multiply by 3o >:

Lunar days, 726,760,124,860,
add for current month, 29

W hole number of lunar days, 725,760,124,889

Farther, to find the number of tith/kshayas, or omitted lunar days, in 
, this period, wc say

j,6o3,ooo,o8o : 25,082,252 :: 725,760,124,889 :11,356,018,36a
Next, from

Lunar days elapsed, 725,760,124,889
deduct omitted lunar days, 11,356,018,36a

Mean solar'days elapsed, 714,404,106,527

This, then, is the required ahargam, 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

f  V
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same with those illustrated by us in the notes to i. 21-23, 24, 48, 48-51, 
above. I t  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.

II. 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 : 714,404,106,527 :: 4,320,000 : 1,955,884,955rev *s 120 14'  i4"
*.577,917,828 : 714,404,106,527 :: 57,753,336 : 26,147,889,1 i8*«v is 9° 44' 29"

* ,577,9 *7 ,8 2 8 ,0 0 0  : 7 1 4 ,4 0 4 ,1 0 6 .5 2 7  3 8 7 ;  i 7 5 r e v  2 s 1 7 °  1 7 '  23 "

1.577.917.828 : 714,4o4,106,527 :; 488,203 : 22,i34,467rsv a» 210 56' 9"
*,577,9*7,828 : 714,404,106,527 :: 232,238 : io5,i46,02orev i 0« 170 n '  5o"

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, is 120 14' 14"
Moon, * is 90 44'  29"
Sun’s apogee, , 2* 17° 17' 23"
Moon’s apogee, 28 210 56' 9"
Moon’s node, is 120 /fit I0"

♦

The Hindu calculator 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. W e have not, in order to test the accuracy of 
his arithmetical operations, worked over again the proportions, except
ing in two instances, 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/?, 
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. W e require, then, the mean 
daily motions. They are found as follows, taking the sun as an example :

1,577,9*7,82811: 4,32o,ooorev:: 1 <1; 59'  8" 10'"  io"",4 ** »
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 midnight. Correction. Long, at sunrise.
Sun, i» 12° i 4 '14"' -f  r4' 47"  =  is, 120 29' 1"
Moon, is 9° 44'  29"  q. 30 1?/ 3^0 __ 13 ,30 a, g„
Sun’s apogee, 2s 170 17' j3" +  0 =  2817° 17' a3"
Moon’s apogee, 2s 21° 56' 9" q- i '4 o "  =  3* a t0 57' 49"
Moon’s node, i» 12° 48' 10" — 48" =  x* u °  47' 22''
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IY. 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, 1 4 9 °  2' 30", which is equal to 24n 50f 2P. The latitude is 
42° 4 2 ' 51". We have, then, first, to determine the distance of the 
place in question, upon its own 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:

3438' ( = E ) :  3 5 a5 '(= co s  4s.° 4a' 5i " ) : :  5o59y.64 : 37i5y.97 
The depan tar a, or difference of longitude in yojanas, is then deter

mined thus :
6on : 24n 5ov 2P :: 37157.97 : i 538y,4i

And the depant amph ala, 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:

37i5y,9 7 : 1538y,4i:: 59' 8"  : s4' 27"
■ We omit the other proportions, and merely present their results in 
the following table:

Sunrise at Lanka, Correction. Sunrise on giv. mcrid.
Sun, Is 12° 39'  1" +  a4' 27" s= is 120 53' 28"
Moon, • is  j 3° 2 ' 8" +  5 27 12 =  is 180 29' 20"
Sun’s apogee, 3.s 17° 17' 23"  + 0  =  2s 17° 17' 23"
Moon’s apogee, 2s 210 57 ' 4 9 "  * -j- 2' 45" =  2s 220 o' 34"
Moon’s node, is 120 47'  22" -  1' 19" =  is 120 46'  3"
We have already (note to i. 63-65) called attention to the excessively 

awkward and cumbrous character of this process for making the correc
tion for difference of meridian.

V. To find the sun’s true longitude.
From tbe longitude of the sun’s apsis, 2s 17° 17' 23"
deduct sun’s mean longitude (ii. 29), I s 12° 53'  28"

Sun’s mean anomaly, IS 4°  23'  55"
Sine, r927'

The diminution of the sun’s epicycle is now found by the following pro
portion (ii. 38) :

3438' :  2 0 ':: 1927': i r '  12"
The dimensions of the epicycle are, then (ii. 34), 14° —11' 12", or 
13° 48' 48". Next, the proportion (ii. 39)

36o° : 13° 48' 48":: 1927' :  74'  n "
gives us the sub’s equation of the centre, which, by ii. 45, is additive.
Hence to the

Sun’s mean longitude, IS l a ° 53'  28"
add the equation, i °  i 4'  i i "

Sun’s true  longitude, 18 *4° 7'  -V ’

.  ̂ • ;yj
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Tlxis calculation exhibits a rather serious error : the sine of 34° 24', 
the anomaly, is 1942', not 1921'. The final result, however, is not per
ceptibly modified by i t : the equation ought to be 1° 14' 30", and the 
true longitude l a 14° 7' 58".

YI. To find the moon’s true longitude.
From the longitude of the moon’s apsis, 2s aa° o ' 34"
deduct moon’s mean longitude, r9 i8° 29' 20"

Moon’s mean anomaly, is 3° 3 r ' 1 4"
Sine, 1898'
Diminution of epicycle, u '  2"
Dimensions of epicycle, 3i°  48' 58"
Equation o f the centra, +  2° A l’

Hence, to the
Moon’s mean longitude, I s I8° 29' 20"

add the equation, 2° 47'
Moon’s true longitude, Is 2I° *6' 2° "

VII, To calculate 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 tho^ 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,

36o° : i3° 48'  48"  :: 69' 8" : 2 ' 16"
which, by ii. 4 9 , is subtractive. Hence the sun’s true mStion is 59' 8"
— 2' 16", or 56' 52".

Again, for the moon,
36o°; 3i°  48'  58"  : ; 790' 35" :  69' 36"

And the moon’s true motion is 790' 35"—69' 36", or 720' 59".
These calculations 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 V  51"; that of the moon is only 08 ' 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 calculator from this 
point onward, and to perform it anew in a more exact manner ; byt we, 
have finally concluded to present the whole as i t  is, as a specimen— 
although, we hope, not a favorable one—of native work; pointing out, 
a t th e ‘same time, its deficiency, and cautioning against its results being 
accepted as the best that the system is capable of affording.

W e  have thus far found the true longitudes of the sun arid moon for 
the moment of mean sunrise at the equator, upon the meridian of the 
given place. W e desire now farther to find the same data for the mo
m ent of sunrise upon the same meridian in latitude 42° 42' 51" N.

VIII. To find the longitudes of the. sun and mOon at sunrise in long.
149° 2' 30", lat. 42° 42' 51" F.
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1 . To calculate the precession of the equinoxes (iii. 9-12).
The proportion

1,577,917,828^ • 6ooteT:: 714404,106,527 : *7i,65ot*v 83 7° 45' 22"
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 6s 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, 13 1 4 ° 7 ' 89"
Precession, 20° l 9 f 36"

Sun’s distance from vernal equinox, 4° 27' 15"
Sine, 3io i '

Then, by ii. 28,
3438' :  1397';: 3io i ' : ii6 o '= s  sin 2 ia 3i '  3"  

the sun’s declination is therefore 21° 31' 3".
. 3. To calculate the sun’s ascensional difference.
The radius of the sun’s diurnal circle {'dyujyA—ii. 60) is 3199'.
The equinoctial shadow in the given latitude is l l d.07, being found 

by the proportion (iii. 17)
coa la t.: sin lat. : s gnoni.; eq. shad, 

or 25a5': a33o':; J2i : nd.07

Again, to find the'earth-sine (kujyd—ii. 61),
1 ad : nd.07. :: 1260':  1162'

And, to find the sine of ascensional difference,
3199':  3438': : 1162' :  1249'

The corresponding arc is 21° 19', or 1279'; and since a minute of 
arc is equivalent to a respiration of time, the sun’s ascensional difference 
in time is 1279P, or 213V, or 3“ 38T, rejecting the odd respiration.

4. To calculate the length of the sun’s day.
The sun being in the third sign, of which the equivalent in right as

cension (iii. 42-45) is 1935P, the excess of his day over 60 uadis is found 
by the proportion

38o o ': 1935p :: 5<)' 8 "  : 63v

whence the length of his day is 21,663?.
In  this calculation of the length 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 (ii. 59), as explained by the commentator.

Now, in order to 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 moves 
an amount equal to liis daily motion, how much will he move daring an 
interval corresponding to his ascensional difference ? or 

2i,663p; 59' 8 "  1279P: 3" 29"
von. vr. 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 
carakalAs, “ minutes (Jcald) of longitude corresponding to the ascensional 
difference (cpra)”— is to he subtracted from the sun’s longitude as for
merly found. That is to say,

Sun’s longitude at equatorial sunrise, Is i4° 7' 3 g "  *
deduct the correction (carakalds), • 3' 29"

Sun’s longitude at sunrise, lat. 43° 4 ? '  5i "  N„ )
, L i s  1A0 A ’  t o ”

long. 149° 2' S o " W. from Lanka, i

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 Y  of the preceding 
process. The proportion is (ii. 46) as follows:

21,600' :  790'35" :: i° i 4 'n " : s ' 43"
Here, again, had is made worse by taking as the second term of the 

proportion the moon’s mean, instead o f her true, rate of motion. I t  is 
to be noticed that a like correction should have been applied also to the 
sun’s longitude, but was omitted by the calculator. W e have, then,

Moon’s longitude, mean equatorial sunrise, i« 21° 16' 20"
add the correction for the equation o f time, 2' 43"

Moon’s longitude, true equatorial sunrise, is 210 19' 3"

Now we apply farther the correction for the sun’s ascensional differ
ence (carasanskdra) ; it is calculated in the same manner with that of 
the sun, and its amount is found to be 4V  51".

Moon’s longitude, true equatorial sunrise, r» 21' 19' 3"
I deduct the correction for the sun’s asc. diff., 47' 5 t "

Moon’s longitude at sunrise, lat, 420 4 2 '5j" N ., ) ’ '
long. 149° 2 ' 3o "  W .  from L an ki, f  1B 2° ' 3 l' 1 2 "

On comparing the longitudes of the sun and moon, as thus deter
mined, it is seen th a t the time of conjunction is already past. Hence 
the calculation is carried a day backward, by subtracting from the lon
gitude of each body its motion during a day. That is to say,

Longitude, Longitude,
s u n r is e  following eclipse. uay “ inouon- su n rise  preceding eclipse.

Sun, is i4° 4' 10" — 56' 62" «ps I® i 3° 7' 18"
Moon, ia 200 3i ' 12" — 120 o 1 5 g "  =  r» 8° 3a' i 3"  •  “
Moon’s node, i* 120 46' 3" -f- 3' n "  =  i b i 2 ° 4 9 'i4"

This is an entirely uncalled-for, and a highly inaccurate proceeding.
By the rule given in our text (ii. 6 6 ), 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 calculation, as the sun’s and 
moon’s rates of motion, the sun’s declination and ascensional difference, 
etc. 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, IS ®° 1°' r3"
deduct the sun’s do., xS i  'S ''

remains u s 3$° Ti' 55'’
divide by the portion of a lunar day, 7 s0'

the quotient is 29d anc'
deduct the remainder from a -whole portion, 720'

remains a77' 5"
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., 56' 52"

Moon’s daily gain in longitude, 664' 7"

Hence the proportion
•  664' 7" : Son :: 277' 5" : 25" 2V

gives us the time of conjunction, reckoned from sunrise, as 25“ 2V.
Now, by iv. 8, we proceed to find the longitudes for that time. The 

amounts of motion during 26“ 2V are found by the following proportions:
r 56' 52" : 23' 43"

60“ : 25“ 2V:: 720' 59" : 3oo' 48"
( 3' n " :  J ' 19"

Then, to the
Sun’s longitude at sunrise, i s *3° 7 '

add the correction, 23' 43"

Sun’s longitude at conjunction, i a i 3° 3i '  1"
Moon’s longitude a t sunrise, 18 8° 3o ' i 3"

add the correction, 5° o ' 48"

8 Moon’s longitude at conjunction, js i 3a 3i '  1"

Node’s longitude a t sunrise, i a 120 49' i 4"
deduct the correction, r ' 19"

Node’s longitude at conjunction, 13 12° 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 calculator of this eclipse. That fol
lowed by Davis, or his native assistants (As. Res., ii. 273 etc.), varies

S u r y a -S id d h & n ta . 455
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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
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 calculating 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 a t 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, so is the true motion in minutes to the true diameter in min
utes. That is to say, for the sun and moon respectively, 

i i,858£y : 65ooy : : 56' 5a" : 3i' 1 0 "  
l t,858fy : 48oy: : 720' 59'7: 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 

ju. mot. in minutes:true mot,in m in .:: 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 mean* motion in minutes, 
when multiplied by 15, gives the value of the same in yojanas, we have 
the former proportion, namely,

m. mot. in yo j.; m. diam. in yo j,: : true mot. in m in.: true diam.in min.

Again, in the case of the sun, the rules of the text give
m. mot. in min.: true mot. in m in:: m. diam. in y o j.: true diam. in yoj, 

and true diam. in y o j.=  true diam. in min.X 15 X (sun’s orbit -r-moon’s orbit)
Xow 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 
_  l ■ . w , ,  , sun’s whit ,  .m. mot. in mm.X 15X — — ̂  : m. d. m y . : :  true mot. m mm .: true diam. in min.

But the first term, as thus constructed, is, by the method of determina
tion of the planetary orbits (see xii. 81-83), equal to the sun’s mean ■■ 
daily motion upon his orbit 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 calculate the parallax in longitude (lambana), and the time 
of apparent conjunction ,(v. 3-9).

1 . 'fo find the orient ecliptic-point (lagna) a t the moment of true 
conjunction (iii. 46-48),

In order to this, wc require to have first the equivalents in oblique as
cension (udaydsavas) of the several signs of the zodiac for the latitude

' G0l̂ \  ■
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of Williams’ College, 42° 42' 51" N, We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated by 
ourselves according to the method taught in our text (iii. 42-45). I t 
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 Sftrya-Siddhanta.

Equivalent in oblique ascension : 
acc. to calculator. acc. to us.

i s t  sign . » . .  . . . . .  ioo8p 12th sign
2ih1 “ . . . .  i 238p i i t h
3 rd “ 287V or 1722P 1699? 10th “
4 th  “ 359V or 2 i 54P 2171P 9th “
5 th « 387V or 2322P 2.352P 8th “
6th "  3 8 8 v or 2328P a332P 7th “

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, to the
Sun’s longitude a t conjunction, i» i 3 ° 3 i '  t "

add the precession, ao° 19' 3 6 "

Sun’s distance from the equinox, 2* 3 ° 5o ' 3 7 "

It appears, accordingly, that the sun is in the 3rd sign, and 26° 9' 23" 
from the beginning of the fourth. Hence the proportion (iii. 46)

3o ° : 287V ; :  26° 9 ' 23"  : 25qT

give us 250” as the ascensional equivalent of the part of a sign to he 
traversed (bhogydsavas). The time of the day, or the sun s distance in 
time from the eastern horizon, is 25» 2T, or 1502*. Then, from the

Time of conjunction, i 5o?.v
deduct asc. equiv. of part of 3 rd  sign, 2^°Y

remains
deduct asc. equiv. of 4 th, 5 th, and 6th signs, I l3<fv
remains I l3v

This remainder of time, or of ascension, is reduced to its value in arc 
of the ecliptic by the proportion (iii. 49)

38 8v ; 3o° :: n 8 v ;  90 7 ' 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').

2. To find the orient-sine (udayajya—v. 3).
This is found by the proportion

2525': 1397' : :  544': 3oi'
2525' being the cosine of the latitude, and 1397'the sine of the inclina
tion of the ecliptic (ii. 38).

3. To find the meridian ecliptic-point (madhyalayna—in. 49).

j * frv.j S t ir y a - S id d h  d n  ta . 4»T
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In order to tins, we must first know the  sun’s llour-angle (nata), or 
distance in time from the meridian; it is determined as follows:

A  quarter of the complete day, i5" ov
add the sun’s ascensional difference, 3" 33v

The sun’s lialf-day, x8« 33v
deduct from time of conjunction, a5« av

Sun’s hour-angle, west, 6n 29V

The sun’s distance from the beginning of the fourth sign was found 
above to be 26° 9' 23". Its equivalent in right ascension (lankodayd- 
savas) is found by the following proportion (iii. 49) :

3o° : 323v :; 26° 9' a3/': 285v
• Now, from the

Sun’s hour-angle, 6n 29V, or 3891'
deduct the result of the last proportion, a85v
remains io4v

and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48)

3j3v; 3o0 :: 104V; 90 3 '57"
The longitude of the meridian ecliptic-point is accordingly 3s 9° 3’h i " : 

its sine is 3393'.
In criticism of the process as thus conducted, we would only remark 

that the quarter of the sun’s day should have been called 15" 2V 4r (see 
above, V III. 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 322iT.

4. To find the meridian-sine (madhyajyd—v. 4 - 5 ).
hirst, the declination of the meridian ecliptic-point is determined by 

the proportion (ii. 28)
3438': J397' :: 3393':  1378' =  sin a3° 39' 37"

Its value 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) always south, being meas
ured south from the zenith to the equator. That is to say,

Trom the given latitude, 4a° 45/  5 i"
deduct dec! of merid. ecliptic-point, 230 3<y 3^ /

Meridian zenith-distance (natdn(da), 190 y  Jyr

The sine  ̂of this arc, which is 111V/, is the meridian-sine.
Here is another blunder of the calculator: the sine of 19° 3' 14" is 

actually 1 1 2 2 ’.
5. To find the sine of ecliptic zenith-distance (drJckshepa), and the 

sine of ecliptic-altitude (drggati).
First, by v. 5,

3438': 3 o i';: 1117 ' ;  97'  48"



Now, then, by v. 6,
Square of last result, 9 ,5 6 4 '

deduct from square of mer.-sine, 1,2 4 7 ,6 8 9 '

remains 1,238,125'
Square-root, m 3 '

This, then, is the sine of ecliptic zenith-distance. The sine of eclip
tic-altitude is found by subtracting its square from that of radius, and 
taking the square-root of the remainder; it is found to be 3253'.

6. To find the divisor (chedo), and the sun’s parallax in longitude 
(lam bana ).

The sine of one sign, or 30°, is
Square of sin 30°, 2,9 5 4 , 9 6 1

divide by 3,253

Divisor (chcda), 9 0 8

Next, to find the interval on the ecliptic between the sun’s place and 
the meridian:

Longitude of meridian ecliptic-point, 3s 9 0 3 ' 5 7 "
do. of sun, 29 3° 5o' 3 7 "

Interval in longitude, is 5° i3 ' 2 0 "

Of this the sine is 1950', and, upon dividing it by 908, the divisor 
(cheda) above found, the value of the parallax in longitude (lambana) is 
ascertained to be 2" 21v.

Here is some of the worst blundering which we have yet met with.
The sine of 35° 13' is actually 1982', not 1950'; and npon dividing it 
by 908, we find the quotient to be only 2n l l v.

The calculator assumes the time of apparent conjunction to be deter
mined 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 guidance of his computations, and go 
on to apply in full the rules of the S&rya-Siddh&nta.

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, 25" 2v
add the correction, 2" 1 rv

Time of conjunction once equated, 27”  i3 v

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, 2» 3° 5a ' 4 i"
Orient ecliptic-point (lagna), 6s 180 5o' *
Its sine, m o '
Orient-sine (udayaji/d), 6 1 4 '
Sun’s hour-angle, 3io3p

v,] S h ry a -S id d h & n ta . 459
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Meridian ecliptic-point {madhyalagna), 3» 2 t° 5gr
Its sine, 3*88'
Its declination, a2° 9'
Its zenith-distance, 5C|0 34' 3.
Meridian-sine (madhyajyd), 1 2 0 7 '
Sine of ecliptic zenith-distance (drkkshepct), 1 1 8 8 '
Sine of ecliptic-altitude (drggati), 3 2 2 6 '
Divisor {cheda), 9 lfT
Sine of sun’s dist. in long, from meridian, 2558'
Parallax in longitude (lambana), 2" 4&v

add to time of true conjunction, 25° 2V

Time of conjunction twice equated, 2 7 " 5ov

Once more, we repeat the same calculation; its principal results are 
as follows:

Orient ecliptic-point, 6 s 2 1 ° 4 ' '
Orient-sine, 1°'l>
Meridian ecliptic-point, 3’ 25° 2 6 '
Meridian-sine, 1 2 4r
Sine of ecliptic zenith-distance, T 1 1  r>
Sine of ecliptic-altitude, 321 6 '
Divisor, 9*9'
Parallax in longitude, :' n

add to time of true conjunction, 25" 2v

Time of apparent conjunction, 2 7 " 5 jv

A farther repetition of the process would still yield an appreciable 
correction, but as so many errors have been involved in the preceding 
parts of the calculation as to render any exactness of result unattaina
ble, and as enough has been done to illustrate the method of correction 
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.

XIL To calculate the parallax in latitude (nati) for the middle of the 
eclipse.

This is given us by the proportion (v. 10)
3438': 7 3 i ' 2 7 "~r  i5 ::  i 2 i 5 ' : 1 7 '  i4 "  8 ,

in which 1215' is the sine of ecliptic zenith-distance, as found in the last- 
process.

XIII. 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 tlieir lon
gitudes, as already found (above, IX ) for the time of true conjunction,

* their motion during 2n 55v. The amount of motion is found by the pro
portions

6on;,n 55v; : | ^ ;  W * /™  3"
( 3' 1 1 "  : c/ 9 "

I I I  • (ST !
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Now, then, to the

Moon’s longitude a t true conjunction, i* i 3° 3 ir i "
add the correction, 35'  3"

Moon’s longitude at apparent conjunction, !’ i4° 6 ' 4 "

Farther, from the

Node’s longitude a t true conjunction, i* 1 2 ° 4?' 55"
deduct the correction, 9 "

Node’s longitude a t apparent conjunction, is 1 2 ° 4 7 ' 4 6 "
deduct from moon’s longitude, is 1 4 0 6' 4 "

Moon’s distance from node, to 18' 18"
Sine, 7 8 /

Hence the proportion (ii. 57)
3438' :  2 7 0 ':: 78 ': 6 ' 8 "

gives us the

Moon’s true latitude, 6 ' 8 "  N,
deduct from parallax in latitude (v. 1 2 ), 1 7 ' 1 4 "  g.

Moon’s apparent latitude, 1 1 ' 6 "  g.

XIV. To find the amount of obscuration {gr&sa) at the moment of 
apparent conjunction.

By iv. 10, we add to the

Diameter of the eclipsing body, the moon, 2 9 ' 2 "
Diameter of the eclipsed body, the sun, 3 i '  1 0 "

Sum of diameters, 6 0 '  1 2 "
Half-sum of diameters, • 3o' ftf'

deduct moon’s apparent latitude, n '  6 "

Amount of greatest obscuration, 3 9 '  o "

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.

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 
suppbse 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 duration of the eclipse, and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval between the middle of the eclipse 
and either contactor separation of the disks. That is to say (iv. 12), 
from the

von. vr, 59
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Square of sum of semi-diameters (SO' 6"), 9°®’ ̂
deduct square of moon's latitude (11' 6"),, ia3' i3 "

remains 7 8 2 ' 49"
Square root of remainder, 2 7 ' 5 9 "

This result represents 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)

6 6 4 ' 7 " :  6on :: 2 7 '  5 9 "  : an 3jv

/ Now, then, from and to the
Time of apparent conjunction, 27" 57T

subtract and add the half duration, a" 32v
Beginning of eclipse, 'J5n 26v
End of eclipse, 3°» 2 9 V

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. 1 3 -1 7 )  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 ; thqy 
are as follows:

Sun’s long.at true conj. (25n 2vj, 1 3 i3° 3U 1 "  1 3 i3° 3x' 1 "
add for his motion 2 2 "  5' 1 0 "

Sun’s iong. at beg. and end of eclipse, i® i3° 3 i' a3" 1 3 i3° 36' 1 1 "
add the precession, 20° 1 9 ' 36" 2 0 ° 1 9 ' 36"

Sun’s distance from the vernal equinox, a3 3° 5o' 5 9 "  23 3° 55' 4 7 "

Moon’s long, at app. conj. Is 1 4° 6' 4" *s i4° 6' 4"
subtract and add motion in 2n 32v, 3o' 2.6 "  3o' 2 6 "

Moon’s long, at beg. and end of eclipse, I3 13° 35' 38" is i4° 36' 3o"

Mode’s long, at app. conj., 1 3 1 2 ° 47? 46" 1 3 1 2 ° 4?' 46"
add and subtract 8”  8”

Mode’s long, at beg. and end of eclipse, r3 1 2 ° 47' 54" Is 1 2 ° 4 7 ' 38"

To find, then, the moon’s true latitude at contact and separation, we 
have

Moon’s distance from node, 4?’ 44" i°  48' 5a"
Sine, 48' 1 0 9 '
Moon’s latitude, 3' 46" M. 8' 34" M.

Next are calculated the mobti’s parallax in latitude, and her apparent 
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 ecliptie-point, 6 s io° 2 8 ' 7 s 3° 5g'
Sine, 6a5' 1 9 2 1 '
Orient-sine, 345' io63'
Sun’s hour-angle, a455P 4 2 7 9 P
Meridian ecliptie-point, 3 » n °  54' 4s U °  ? '
Sine of clo., 3363' 2 5 9 0 '
Zenith-distance of do., 1 9 0 1 6 ' 2 4° 53'
Meridian-sine, 1 1 34' i445'
Sine of ecliptic zenith-distance, 1 1 2 8 ' i 3 y4 '
Parallax in latitude, 1 6 '  o "  S. i g 'i g " S .

deduct true latitude, 3 ' 46”  If. 8 ' 34”  If.

Moou’s apparent lat. at beg. and end of eclipse, 1 2 ' 1 4 "  S. 1 0 ' 55”  S.

Finally, from t ie  .

Square of sum of semi-diameters, 9 0 6 '  1 ”  9 0 6 '  1 ”
deduct squares of app. latitude, i5o ' 3 9 ”  1 1 9 ' i f ”

remain 7 5 5 ' 2 2 ”  7 8 6 ' 5o”
Distance of centres in longitude, .2 7 ' 2 9 ”  2 8 '  3”
Corresponding interval, an 2 9V 2n 3av
Corrected times of beginning and end o£*eclipse, 25" 2 8 '  Son 2 9V

I t  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. It 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 hack to the true conjunction, 
find the positions of the planets and node at intervals of the half-dura- 

I 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 
conjunction, as directed by the commentator.

W ith regard to. the next steps, the language of the text is less ambigu
ous: it distinctly orders us to deduct from and add to the time of true 
conjunction ( tithyanta) the intervals found as the former and latter half- 
duration, and from the moments thus determined to compute anew, 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 
already 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 series-of approximative calcula
tions of the parallax in longitude, so now, starting from points removed 
from true conjunction by the given1 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 td  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, 25“ 2V '2̂ n 2V
subtract and add, __

Times of true contact and separation, 22n 33v 5-7“ 3 4 v
Sun’s longitude, with precession, as 3° 48 '  16" as 3° 53'  1."
Orient ecliptic-point, 5® 27° 9 ' 6s 20° 27'
Orient-sine, 9^ ' ®*4 '
Meridian ecliptic-point, 28 25° 5*y . 33 ^ '
Meridian-sine, ” 07' 1226'
Sine of ecliptic zenith-distance, ! 106' 1203 -
Sine of ecliptic-altitude, 3 2 5 5 '  3219'
Divisor, * 9 °® 9 1®
Moon’s longitude, 28 3° 2 1 '  is  4° 2 1 '
Distance from m eridian ecliptic-point, 22° 3 i '  i» 190 3 5 '
Sine, r3 i6 '  2617'
Parallax in longitude, i n 27V 2n 5 iT

Again, we go on to correct these results by repeated calculations of 
the parallax, in the mode which has already been sufficiently illustrated. 
Annexed are the results only:

Times of contact and separation, 22a 33v 2711 34v
add correction for parallax, i"  27y 2<1 ̂ IV

Times of contact and separation, once equated, 24“ ov 3o“ 25v
Corresponding parallax, l n 54v 3n 2oV

add to times first obtained, 2-2Tl 33v 270 34v
" Times of contact and separation, twice equated, 24 n '**)* 3o*> 54v

Corresponding parallax, 2-n 2V 24v
Without taking the trouble to carry the calculations any farther, we 

may accept these as the finally determined values of the parallax iu 
longitude at the times of .apparent contact and separation. Then, -■ 
by v. 16,

Parallax in longitude at contact and separation, 2« av 3 « a4 v
do. at apparent conjunction, a" 55v 2" 55v

Difference of parallaxes, 5 3 v 29V
add to former and latter mean half-duration, 2“ 29V 2” 32V

T ru e  former and latter half-duration, 3n 22V 3“ i v
subtract and add from and to time of app. conj,, 27a 57V 2711 57v

Times of apparent contact and separation, 24° 35v 3o<> 58»
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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 sun, 2" 38v after 
first contact.

W e make choice of this time, which is equivalent to 27n 13v 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 (sphuta. spar(astkityardha), 3n 22V
deduct the given interval, an 3 8v

Interval to apparent conjunction (rn.adhyagra.hana), 44v

To reduce this interval in time to distance in longitude of the centres, 
we say (iv. 18)

6on : 664' 7" '•: 44v: 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 *paral lax 
in longitude during the eclipse, or if the moon actually gained in 
2n 29V, instead of in 3n 22v, 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 
3 n 22v to 2a 29v, or of the true to the mean half-duration. That is to  
say (iv. 19),

3n 2av ; an 29V :: 8' 7" : 5' 59"

and this result, 5' 59", is the true distance of the two centres in longi
tude, 2 7n 1 3 v after sunrise.

A briefer and more obvious method of obtaining the quantity in 
question 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 3“ 22v, 
what will she gain during 44v ? or

3h 22v : 27' 29" :: 44v : 5' 59”
XJpou computation, we find the

Moon’s parallax in latitude, 27n ISv after sunrise, 16' 5 r "  S.
Moon’s true latitude, 5 ' 25"  N.

Moon’s apparent latitude, I J ' 28"
Its square, 14° r 4 3 "

■ Square of distance in longitude (5 ' 89"), 35 ' 69"

Their sum (iv. 20 ), 166' 34"
Actual distance of centres, 12' 54"

deduct from sum of semi-diameters, 3o' 6"

Amount of obscuration at given time, 17' 12"

If 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
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the subject of the deflection has been sufficiently illustrated already, in 
the notes upon the text and in the calculation 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 case of the 
lunar eclipse formerly calculated, a summary comparison of the princi
pal results of the Hindu, processes with the elements of the eclipse in 
question as determined by l ’rof. Coffin, in his work referred to above.
It 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 Siddhanta 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,

Svirya-Siddhilnta. Prof. Coffin. Hindu error-.
Time of true conjunction in longitude, ah 3o«i 31> 56m — i h 26m
Sun’s and moon’s longitude, 63° 5q' 37" 65° 12'37" — i° 25'
Moon’s distance from node, 4 3 ' 6" 4 ° 12' 22" — 3° 29' 16"
Sun’s daily motion in longitude, 56 ' 52"  5if 45" — 53"
Moon’s do. do. 12° o ' 59" 120 7 '1 2 "  — 6 ' i 3"
Sun’s apparent diameter, 3 i '  10" 3 i' 37" — 27"
Moon’s do. do. 29' 2"  29' 45"  — 43"

Time of apparent conjunction, 3h 4om 51> 32m — ih 52m
Parallax in longitude, in time, ih 10m ih 36m _  26m
Amount of greatest obscuration, 19' 3o ' 59" — 11 ' 5g"
Time of first contact, ah so® 4*1 i 5m — ih 55m
Time of separation, 4h 5o® 6h 38m — jh 48m
Duration of eclipse, 2I1 3om ah 23m +  7®

9®. pp. 327-344. Prof Weber, of Berlin, has favored its in a pri
vate communication with a number of additional synonyms of the names 
of the asterisms, derived from the literature of the Brabmana period.

Mrgafiras, the fifth of the series, is also styled anclhaM, “ the blind,” 
apparently from its dimness; Aryikii, u honorable, worthy;” invakA, of 
doubtful meaning: this latter epithet is also found in some manuscripts 
of the Apiaraltoqa, as various reading for ilvald, which is there ex
pressly declared (I. i. 2.25) to designate the stars in the head of the 
antelope.

Ardr&, the sixth asterism, is called t&hu, “ arm.” Taking this name 
in connection with that of the preceding group, i t  seems probable that 
the Hindus figured to themselves the conspicuous constellation Orion 
as a running antelope, of which «, y, f?, and * mark the feet: a, then, is 
the left fore-foot, or arm. Perhaps the name Mrgavy&dha, “ antelope- 
hunter,” given to the neighboring Sirius (viii. 10), is connected with the 
same fancy.

The Maghas are called in a hymn of the last book of the Rig-Veda 
(x. 85. 13) aghas: 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 inclined to conjecture a corrupted reading.
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Phalgunl, or the Phalgunls, forming the eleventh and twelfth groups, 
are styled also arjunt, “ bright, shining.”

Qravana, the twenty-third asterism, receives the name apvaltha, which 
is properly that of a tree, the Ficus religiosa; the reason of the appella
tion is altogether obscure.

Bh&drapadh, the last double asterism, is called pratishth&na, “ 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.

8 7 . 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 
man&zil al-kamar, 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 erroi-s of the po
sitions as defined by them, if the equator of A. I). 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, at 
least, are arranged, and the form given to the chart also facilitates the 
laying down of the equator of B. 0. 2350, which we desired to add, for 
the purpose of enabling our readers to judge in a more enlightened 
manner 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 
ofA .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 configuration of the stars are altered and distorted by 
the plane projection to only a very 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 asterisins passes; stars of the fourth to fifth magnitude 
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 introducing them. The positions are in all cases 
taken from Flamsteed’s Catalogue, and the magnitudes are also for the 
most part from the same authority: 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 readily be 
traced across the map; but, to assure and facilitate the comparison, we 
also place upon the page opposite it a conspectus of the nomenclature, 
constitution, and correspondence of the three systems, referring to 
pages 327-344 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.
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Hindu aslorism. Arab m anzll. Chinese sicu.
l. Ajvini. i . ash-Sharatdn, 2 7 . Leu.

(Land 7  Arietis. (3 and 7  Arietis. fi Arietis.
3. Biinrapi. 2 . al-Butain. 2 8 . Oei.

88, 8b, and 41 Arietis. 35, 39 and 41 Arietis, 35 Arietis.
3. Kfttika. 3. ath-Tlmraiyd. i ,  Mao.

■n Tauri, etc. (Pleiades). n Tauri etc, (Pleiades). n Tauri.
4. Rohini. 4- ad-Dabaran. 2 . Pi.

a, 8 , 7 , d, e Tauri. . a, 9, 7 , d, e Tauri. e Tauri.
5. Mrgajiras. 5. al-Hak’ah. 3. Tse.

A, (pi, ipa Orionis. A, <pi, ip2 Orionis. A Orionis.
6 . ArdriL. * 6 . al-Hnn’ah. 4• Tsan.

a Orionis. a, n, v, 7 , ? Geroinorum. i  Orionis.
7 . Punarvasu. 7 - adh-Bhird’. 5. Tsing.

(3, a Geminorum. (5, a Genunorttni. n Geminorum.
8 . Pushya. 8 . an-Nathrab. 6 . Kuei.

3, 5, 7  Cancri. 7 ,5 Cancri, and Prsesepe, 9 Cancri.
9 . Ajlesbd. 9 - at-Tarf. 7- Lieu.

e, 5, a, n, s Hydran ? Cancri, A Leonis. d Hydrte.
1 0 . Maghfi. 1 0 . aj-Jabhab, 8 . Sing.

a, u, 7 , m « Leonis. a, a, 7 , { Leonis. a Hydra,
1 1 . Purra-Plmlguni. II. az-Zubrab. 9 . Chang.

d, 9 Leonis. 5, 9 Leonis, >1 Hydr®.
1 2 . U ttara- Plmlguni. 1 2 . as-Sarfah. 1 0 . T.

fj, 93 Leonis. ’(3 Leonis. « Craieri*.
13. Hasta. i3. al-Auwa’. xi. Chin.

<5, 7 , £, a, g Corv-i. . P, n, 7 , d, e Virginia. ■>• Corvi.
1 4 . Citrd. l4- as-Sim&k. 1 2 . Kio.

V a Virginia. a Virginia. a Virginia.
15. Svdti.. i5. nl-Glmfr. i3. Kang.

aBootis. 1, x, A Virginia. x Virginia. .
i 6 i Vig&khd. 1 6 . az-Zubdmin. , i4- Ti. .

1, 7 , p, « Libra;. a, P Libra. «2 l ib ra .
1 7 . Anurftdbft. 1 7 - al-Iklil. i5. Pang.

d, p, rr Seorpionis. P, d, n Seorpionis. rr Seorpionis.
1 8 . Jyesbthd. 1 8 . al-Kalb. l 6 . Sin.

a, 0, t Seorpionis. a Seorpionis. or Seorpionis.
1 9 . MClla, 1 9 - ash-Shanlah. 1 7 . Dei.

A, e, x, 1,9, a, {, a, e Soorp. A, v  Seorpionis. n2 Seorpionis.
2 0 . Pflrva-Ashddhd. ao. an-Na’aim. 1 8 . Ki.

d, E SagittariL 72, d, t, >1, p, <r, t, { Sagittnrii. 7 * Sagittarii.
2 1 . Dttara-A-sbddhd. 2 1 . al-Baldah. 1 9 . Teu.

<r, { Sagittsirii U. of r  SagittariL <p SagittariL
2 2 . Abbijit. 2 3 . Sa’d adh-DMbih. 20 . Uiou. , •

a, e, { Lyras. a, (3 Capricorni, p Capricorn!.
23. Qravuiia.' a3. Sa’d Bala’. 2 1 . Nu.

a, p, 7  Aquil®. t, a, v Aijuarii. £ Aqnarii.
2 4 . (Jr.-mshthi. 2 4 , Sa’d as-Su’fld. 2 3 , Hitt.

p, a, 7 , d Delpbiu-i. * p, ? Aqnarii. p Aqnarii.
25. (Jifttabhisbaj. a5. Sa’d al-Akhbiyah. a3. Goei.

A Aqnarii etc. a, 7 , -n Aquarll. a Aquarii.
2 6 . Parvn- Bhddrapadd. 2 6 . al-Fargh al-Mukdim. 24. Che.

. a , p Pegasi. a, |3 Pegasi. . a Pegasi.
2 7 . Uttara-Bbddrapadi. 2 7 . al-Fargh al-Mukhir. 25. Pi.

7  Pegasi, a Andromeda;. 7  Pegasi, a Andromedae. 7  Pegasi.
2 8 . Bevati. 2 8 . Batn al-Hilt, 2 6 . Koei.

£ Pleeiutn, etc. P Andromcd®, etc, i  Andronicda*.
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98.- p. S51. We have perhaps expressed ourselves in a manner liable 
to misconstruction 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, j 
they are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with t 
reference to the moon’s daily progress along the ecliptic, as has been, 
until lately, the universal opinion, or whether we are to 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 
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 is no distinct 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 
could establish a system of zodiacal asterisms’ without discovering and 
talcing note oFIRe planets ; or that such a system comitTiave been com-'-; 
fuutifdatd’d “to,' and applied by, the Hindus, without a recognition on 
their part of those conspicuous and ever-moving stars. It may fairly be 
claimed, then, that the asterisms, as a Hindu institution, are an origin
ally. lunar mansion of the zodiac; but we object none the less to their 
being styled “ lunar mansions,” or called by any equivalent name ; be
cause, in the first place, the Hindus themselves have given them no name 
denoting a special relation to the moon, and no name signifying- “ house, 
n .sion, station,” or anything of the kind; and because, in 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 i
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 during 
each successive synodical revolution of the moon—as denominate the 

„ nakftkatras ,of the SiddMntas “ lunar mansions.”
» 99. 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 astensms from twenty-eight to twenty-seven, is to be 
recognized in the fact that the time of the moon’s sidereal revolution in. 
days, 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 
t' ty-eight tended to prove the whole system not a lunar one by 

; yet it might he replied that, the time of revolution being ais- 
t more than twenty-seven days, the larger number was fully admis-

)i,. vi. 60
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Bible, and that it was also in some respects preferable, as being one that 
could be halved and quartered,

3 0 . 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 Skrya-Siddhhnta, and of the 
astronomical science which it represents.

Iu the first 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. 29-34)' there is no reasonable} 
ground for questioning that the Surya-Siddhanta 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 Sftrya-Siddhhnta, is another question, 
and one not easy to solve. That it is not precisely the same is evident 
enough. Even the modern manuscripts 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 o thers: 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 with its present contents.
But the indications of addition and interpolation, which we have had in 
so 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 unsatisfactory, 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. 3 63 etc.). 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. That* 
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 amendments independ
ently, is yet to he proved. The most important alteration of which 
anything like direct proof is furnished is that which concerns the pre
cession of the equinoxes (note to iii. 9 -1 2 ); and even here we would 
not undertake to say confidently what is the conclusion to be drawn.
Ah such inquiries must remain conjectural, mere gropings in the twi
light, until the position of the Sftrva-SiddhAnta in the SiddhAnla litera
ture shall be better understood, What has given it bo much greater

V'-:.;.-;.; A. A A ffl
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preeminence dates, is unknown. There 
are treatises, like the Qhkalya-Sanhith (add. note I), which agree with 
it in all essential features; there are yet others, like the Soma and Va- 
sishtha Siddhhntas, 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 variety 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. 3 4 -23)—to 
the common epoch of the commencement of the Iron Age (note to i.
29-34), with its exact or nearly exact (add. note 6) conjunction of all 
the planets—to the form of statement of the mean motions, yielding 
recurring conjunctions, at longer or shorter intervals—to the assump
tion of a starting-point for the planots 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. 84-38)—to the deter
mination of the planetary orbits (xii. 80-90), etc., etc. 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 impose his idiosyucracy 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 carefully looked through the preced
ing pages, although they have nowhere been explicitly stated. We re
gard the Hindu science as an 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 continues. The grounds 
of this opinion we will proceed briefly to state.

In considering such's 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 Hindus 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 indue-
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five investigations. The old belief under the influence of which Badly 
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, m yth
ology, arts, sciences, and religions—has long since been proved an error.
I t  is now well known that Hindu culture cannot pretend to a remoter 
origin than 2000 B. C., and that, though marked, bv striking and emi
nent traits of intellect and character, the Hindus have ever been weak 
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 general 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 lunar 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 ns with confidence in it as of 
Hindu origin. W e find it, to he sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian grow th; but we find it also to con
tain much, true science, which could only be derived from a profound 

f  and 1 ong-continlied study of nature. The whole system, in short, may 
he 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 i t ; 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 
cosmogonies 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 w itlybe 
other. But most especially, could a system founded—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 rested, 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
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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 
earlier generation in India itself performed the labors of which the later 
system-makers 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 ol 
a Greek origin.

First in importance among these is the system of epicycles for repre
senting the movement, and calculating the positions, of the planets.
This, the cardinal feature in both systems, is (ii. 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 could 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 in 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 il 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 fabric, of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data wp 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 
systems, and, being the foundation on which all numerical measurements 
and calculations are made, is an essential and integral part of both.
Now the names of the first subdivisions, the signs, are the same in 
Greece and in India (see note to i. 58): but with the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
occupying those arcs; with the Hindus they arc applied to successive 
arcs of 30°, counted from any point that may be chosen : this is an un
ambiguous indication that the latter have borrowed them, and forgotten 
or neglected their original significance. B ut farther, the ordinary Hindu 
name of th a t division of the circle which is in most frequent use, the
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minute, is tio Sanskrit word, but taken, directly from the Greek, being 
UptA, which is lant6v. Again, the planets are ordinarily named in the 
Siddlihntas 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 Greek word,
<$)$>«, represented by hard. 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 origin.' namely kendra, which is xivrgor.
These three words, occurring where they do1, not upon 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 “ westerners-,” and to yct- 
vandc&ry&s.the Greek (or western) teachers,” as authorities on astro
nomical subjects—that .astronomical treatises are found bearing names 
which come more or less distinctly from the W est (note to i. 4 -6 )—and 
that floating traditions are met with, to the effect that some of the 
Siddhhntas were revealed to their human promulgators in Romaka city, 
that is to say, at Rome. Farther witness to the same truth, deducibie 
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 came 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 only west- 

:P " era city or country which is distinctly mentioned in the astronomical
geography (xii. 39), and the one With which, as above noticed, the astro
nomical 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 been vastly less likely to stand forth with such promi
nence, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science. The absence from the Hindu 
system of any of the improvements introduced by .Ptolemy into 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 numerical elements adopted 
by the Hindus would vary so much as in many cases they are found to

r
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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 authoritative 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 (huiixg the fifth ami sixth.,centuries. That 

• period is distinctly pointed out by the choice of the equinox of A. IX 
570 as the initial and principal point of the fixed sphere (note to i. 27),

^ D y  the definition of position of the junction-stars of the asterlsms (p. 355), 
and by the Hindu traditions which refer to that time the names of 
greatest prominence and authority in the early history of the science.
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
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 u s : yet more light upon this point may still 
be Loped 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 

j j | f  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 system, 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 Surya- 
Siddhftnta. Of other treatises, of an earlier or later period, as those of 

- Brahmagupta and Bhftskara, which (see Golebrooke’s Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and algebra,
WQ»cannot at 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.

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 owrn 
opinions. The most important point at issue between us is that dis
cussed in the next preceding pages, or the originality of the Hindu 
astronomy; upon this, then, he is desirous of expressing independently 
his dissenting views, as in the following note.
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Concluding N ote by the Translator.

It may not be improper for me to state, in a closing note, that I had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection 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 
tho translation and notes having 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 I arrived in that essay in reference to the points in question. By 
so 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 allude bear upon the claims of the Hindus to 
. the honor of original invention and discovery in astronomical science— 

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, 348, 350, 
et al.). I think he does not give the Hindus 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 
period, were the more successful cultivators of astronomical science, 
iThere is nothing among the Hindu treatises that can compare with the 
great Syntaxis of Ptolemy. And yet, from the light I now have, I 
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 
wdiich these facts and principles had come from India. I might perhaps 
so far modify this statement as to admit the supposition that neither 
Greeks nor Hindus borrowed the one from the other, hut both from a 
common source. • But with my present knowledge, I cannot concur 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 ' 
claims to the honor of originality 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 principles that come under the 
class above referred to. They are as follows:

1. The lunar division of the zodiac into twenty-seven or twenty-eight 
asterisms (see transl., ch. viii). This division is common, with slight 
modifications, to the- Hindu, Arabian, and Chinese systems.
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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.

3. The theory of epicycles 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 systems, in their primitive and essential ele
ments, a common origin.

5. The names of the live 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 reference 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 witii the absence or 
paucity of such evidence among any other people, incline me decidedly 
to the opinion that the division is of a purely Hindu origin. This is 
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 zodiac 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 
as in 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 cd., 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 1 that 
the - Greeks, at the period when their sphere was for the most part 

von, vi. 61
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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 merely 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 hor&, Greek &§a (see notes 
to i. 52 ; xii. 78-79), it may not be inappropriate to introduce the tes
timony of Herodotus (B. II, ch. 109): “ The sun-dial and the gnomon, 
with the division of the day into twelve parts, were received by the 
Greeks from the Babylonians.” There is abundant testimony to the 
fact that the division of the clay into twenty-four hours existed in the 
East, if not actually in India, before it did in Greece. In reference, 
farther, to the so-called Greek words found in Hindu astronomical treat
ises, I would remark that we may with entire propriety refer them to 
that numerous, class of words common to the Greek and Sanskrit lan
guages, which cither came to both from a common source, or passed 
from the Sanskrit to the Greek at a period of high antiquity; for no 
one maintains, 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 
planets in Greek astronomy originated at least as far east as Chaldea. 
Herodotus says (B. II, ch. 52) . . . “ the names.of the gods came into

. Greece from Egypt.” The names of the planets are names of gods. 
Herodotus’s opinion indicates the belief of the Greeks in reference to 
the origin of these names. Other considerations show for them, almost 
beyond a question, an origin as far east, to say the least, as Chaldea, s
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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. I t  is commonly 
ascribed to the Egyptians and Babylonians, hut 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. Soe., 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 Almansiir . . . (A.D.,773), as is related in the preface 
to the astronomical tables of Bon-Al-Adaini, published . . .  A . I). 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 according to the mean motions, with observations rela
tive to both solar and lunar eclipses, and the ascension of the signs; 
taken, as he affirmed, from tables computed by an Indian prince, whose 
rfame, as the Arabian author writes it, was P hxghab” (Colebrooke’s 
Hindu Algebra, p, lxiv). 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 ot 
Ptolemy’s Syntaxis. I t 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 <W- 
fjift&tyiv ovi'Serruos) is called nodus capitis, “ node of the head,” and the 
descending node (Greek m T a ^^ca v  otvSeapot), nodus caudce, “ node of 
the tail”—which are pure Hindu appellations (see Latin Translation ot 
Almagest, B. iv, cli, 4; B. vi, ch. 7, et ah). 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 science, to the Hindus, 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. “ All the Arabic and Persian books of arith
metic ascribe the invention to the Indians’ (Strachey, on the hail}
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 Colcbrooke).

The above facts and considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to 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 asterisins, at least so far as the Arabians are- concerned. Taking

6<w \
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all the facts into account, the supposition that this people were the 
inventors is altogether untenable.

I 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, hears in many respects to that of 
the Greeks, he thought to authorize a belief, that the Hindus received 
from the Greeks that knowledge which enabled them to correct and im
prove their own imperfect astronomy, I  shall not be inclined to dissent 
from the opinion” (As. Res., xii. 245-6; Essays, ,ii. 411),

This is all that so learned and cautious a writer could say in favor of 
the opinion th a t 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 borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
what it was th a t 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 correct: it appearing from a comparative view 
of the sidereal revolutions of the planets (p. 168), that the Hindus are 
most nearly 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 subject, I 
am inclined to think that the course of derivation was the opposite to 
that supposed by Colebrooke—from 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 coinci
dences in speculative philosophy and religious dogmas, especially the 
doctrine of metempsychosis, found in the Greek and Hindu systems, 
which indicate a communication from one people to the other: “ I 
should be disposed to conclude that the Indians were in this instance 
tcachets rather than learners” (Transactions of the Roy. As. Soc., i. 579).
This opinion is expressed in the last essay on oriental philosophy that 
came from the pen of Colebrooke. E. B.

Boston, May, 1860.
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S A N S K R I T  I N D E X .

The following Index contains all the Sanskrit words, excepting proper names, 
which have been cited in the text and notes, in connection with their translation or 
more detailed explanation. I t includes many terms of trivial importance, hut we 
prefer to err upon the side of fullness, if  upon either. All the cases ot occurrence 
of each word are not given, but It is referred to a characteristic passage, or to the 
note where it is explained. The references by Roman and Arabic figures are to 
chapter and verse, and an added n denotes the note next following the verse given.
Arabic figures when used alone refer to pages.

f ■ ■!'■■ ,
anfa, i, 28 n. “ ayanakaids, v ii. 1 2  n.
anfuvimarda, v ii. ,19, ayanagraha, vii. 12 n, .
aJcsha i. 60 n. ayanadrkkarman, vn. 1 2  n.
akshadrkharman, vii. 12 n, ix. 5 n. ayandnya, 249. f
akshab'hd, iii. IS n. ayandnta, * i. 72 n......
akshonnati, i. 60 n, Ol’ka, add. n. 8.
agrajyd, iii. 7  n. - ' ■. 1 arkaja, add n. 8 . -
agramdurvikd, iii. 27. 11 ...  ' arkagrd. in, 23.
agrd, iii. 7 n. arjuni, add. n. 26.
aghds, add. n. 26. aloha, xiii. 16n,
angdraka, add. n. S. avanati, v. 1 n.
annulet, iii. 5 n, x. 9. ' aywttha, add, n. 26.
aia, i. 68 n. ■' ayvayujAu, 327.
aja ekapdd, 348. «f«»«*. ayvim, ayvmau, 327.
anu, vii. 19. ashddhd, 388.
ativegita, ii. 1 1  n. asavas, iii. 45 n. v. r. '
aticighra, ii. IS. asita,x. 16 n.

nii 28 n am, i, 1 2  n : and see asavai.
adhikdra, i. 70 n, xi. 23 n. asura, i. 2, xii, 33.
adhimdsa, adhimdsaka, i. 40 n. asta, ix. 1 n. ->
adhydtma, xii. 1 1 . gstamgachant, m  18.
adhydya xi. 23 n, xii. 1 0 . astamana, astamaya, ix. 1 n.
anurddhd, 386. astalagna, xiii. 15 n,
ammikra, ii. 13. ■ ' astanyas, ix 6 n.
anushnagu, field, n. 3. asphuta, y. 7.
antara, xi. 18 n. ahankara, xn. 2 0 .
antaralagndsavas, iii. 50 n. ahargaya, 1. 510. _ •

, anlyd, iii!7 n. budhnya, 343, ix. 18.
add. n. 26. ahordtra, in. 61 B

ttpakrama. i. 70 n. ..
apakramanandala, xiii. 13 n. titedya, xii. 'Ujn. _
apabharani, 328. . dksha drkkatnign,v\\. 1 2  D.
apamandala, xiii. 13 n. •„ valana, iy. 25 n.
apasmiyi, vii. 19- . dgnoya, vm. 18.
apasavyam, xii. 7 2  n. xu. 16. • „
apdmvatsa, viii. ?1 n. dditya, Vlil, 19, xm <-8 n.
abhijit, 339. Ap“, dpas, 338, Till. 81 n.
amareiya, add. n. 3. djpya, viii. 4.
mdvdsyd, ii. 6 6  n, iv. 7. - <*»«** 9™ha, vn. 12  n.
amurta i 1 0  ayam drkkarman, vn. 1 2  n
amrtasrdva, xiii. 19 n. dyana valana iv. 26 ».
ayana, iii. 10, 249, xii. 72 n. ........ < Arh, add. n. 3.
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drdrA, 8 3 0 . kdpdlika, riii. ISti.
dryikd, add. n. 28. kdrmuka. add. n. 16.
dli, i. 58 n. kata, i. 10 n, ii. 6 8 n.
dortya, iii. 1 2 n. kdlagati, ix. l ln .
dgreshd, 332. kdlabhdgds, ix. 5 n.
riflexhd, 332. kdlasddhana, iii. 50.
dsannata, xii. 72 n. kdldnr/U, ix. 5  n,

kashtkd, i. 1 2  u.
indu, add. n. 3. kuja', add. ttfs .
invakd, add. n. 26. kujyd, ii. 63 n.
ilvald, add. n. 26. kuti/a, ii. 1 2 .
i&hu, add. n. 16. kurnbha, i. 58 n.
ishta, i. 68  n. kuta, vii. 2 2 .

krta, i. 17 n. ’
ucca, i. 33, 84 n, ii. 5 n. h'ta yuga, i. 17 n.
utkramajyd, ii. 27 n. i krttikd, 328.
utkramajydrdhapindaka, ii. 2 2 . kr.ihna, xiv. 17.
uttar/i, vi. 12  n, 8 8 8 . krsknat&mra, vi. 23.
uttara khanda, xi. 23 n. krshnapaksha, i. 51 n.
uttardyana, iii. 1 2  n. kendra, ii. 30 n, 4 5  n.
ndaya, V. 8 n, ix. In . • koti, ii. 80 n, x. 15 n, add. a  16.
udayajya, v. 3 n. kotijyd, ii. 30 n, add. a  16.
udayaprdnds, ii. 59 n. ko'tijydphala, ii. 39 n.
iidaydsavas, ii. 5 9  n, iii. 48 n. . kotiphala, ii. S9 u. 
udaydstadhikara, ix. 1 n. ko-im, iii. 3 4  n.
unnata. iii. 39 n, iv. 26. konafanku, iii. 34 n,
unmandala, iii. 6  n. krdnti, i. 70 n.
unmandalar.anku, iii. 34 n. krdntyyd, ii. 29 a

| vnmitana.iv. 17 n. krdntipdta, 230.
ullekha, vii. 18. krdnHp&tagati, iii. 1 2  a

krdntimandala, xiii. 13 n.
Ardhvam, xiii. 1 0  n. krdntivrtta, xiii. 13 n.
lirdhva yarnyottaravfttq, xiii. 15 n. krofa, i. 60 n.

k.dtana, i. 1 2 n.
Teas, xii. 17. kshaya, i. 40 n, xii. 72 ir.
7>m. ii; 18. kshiti, ii. 63 n.
rna, ii. 5n. ksh.itija, iii. 4 9  n, v. 1 n.
rtu, xiv. 10 n. kshitijyd, ii. 63 n.
rshi, viii. 2 1  n, xiv. 26. kshtp, i. 70 n.

ks/i.elra, ix. 16n, xiii. 1 1 .
ckadep/t, xi. 18 n. kshetrdnpda, ix. 16 a
ekayanagata, xi. 5 n, 18 n. hhetriya, 3 3 7 .

kshepa, iv. 2 1  n, v. 6 n.
ciindra, xi. 2 1 .

khacara, add. n. 2 2 .
oja, ii. 35. khaedrin, add. n. 22.

khamadhya, v. 1 n, xiii. 14.
kakmd, iv. 8 n, xii. 65 n, xiii. 4.
kadamba, v. 1 n. . gana, i. 28 n.
kanyd, i. 68 n. 1 ganda, xi. 2 2  n.
kapdla, v. 17 n, xiii. 2 2  n. ganddnta, xi. 2 1 , 2 2 .
kapila, vi. 23. gati, v. 6 a
karana, ii. 07, 69 n. garbha, v. 1 n.
karani, iii. 30, 34 n. guru, xiii. 2, add. n. 3.
karka, karkata, i. 58 n. gurvakshara, i. 12n.
karnet, ii. 41, iii. 23 n, iv. 21 n. guhyaka, xiii. 3 n.
karmm, ii. 42, vii. 12 n. gola, In .
katana, i. 1 0  n. . gduiya, i. 13 n.
kald, _i. 1 2  n, 28. grasta, vi, 1 3 , ix. 9.
kali, i. 17 a  gratia,■ iv. 8  n, add. n. 22< !

. kali yuga, i. 17 n. grahana, iv. 6 n, vi. 4 .
kalpa, i. 19. grahayutyadhikdra, vii. 1 n.
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gram, ir. 11 u, 15 n, 20. ' * tvld, l. 58 n.
grdhaka, iv. 9 n. >■ : y torana, 335.
ordAya, iv. On. trmfatkrtyas, m. 1 2 n.

trinfatkrtvas, iii. 1 2  n.
ghati, xiii. 23 n. trikona, iii. 34 n.
ghatikd, i. 12 n, xiii. 23 n. trkatiM arm , vn. 14 n.

trijlva, ii. 60 D. ' '
cakra, iii. 1 2 n, xiii. 2 1  n. tpjyd, ii. 60 n.
caturasra, iii. 5 ti. tripragnddhikdra, i1. 69n.
caturyuga, i. 15, 17 n. ■ tribhajivd, ~jyd, -mdurvikd{ ii. 60 n,
uatushpada, ii. 69 n. tribhonalagna, v. 1  n. :
candra, add. n. 3. truti, i. 12 n,
candragrahanddhikdra, iv. 26 a.. tretd yuga, i. 1 1 n.
candradifas, x. 15 n. ; i .
earn, ii. 68 n, 6 8 , xiv. 6 n. • dakslnna, vi. 1 2  n.
earakalds, 4 5 4 . dakuhindyana, iii. 1 2 n.
carakhanda, iii. 44 n. danda, i. 12 n, 60 n.
carajy4,‘ m. 36 n. da mi, viii. 9.
caradala, ii. 63 n. dinakara, add. n. 3.
cola, ii. 40. dindrdpi, i. 28n, 51n.
cala karn,a, ii, 42 n, dinavydsadala, ii, 60 n.
cdpa, add. n. 16. divdkara, add. n. 3.
citrd, 834 dif, ii. 69 n, v. 2 ,

drkkarman, vn. 1 2  n.
chandas, xii, 15. drkkshepa, v. 6n,
eh&daka, iv. 9 n. drktulyatd, vii. 18 n.
chddya, iv. 9 n. drktulya, etc., xi. 8 n.
chdyd, iii. 6 n. ■ drggati, v. 6  n.
oM n, iii, 8 8 ,• v. 7 . drggatijivd, ▼. T.
chedyaka, vi. In . drgjyd, v. 6 n.

drglambana, v. In ;
jambudvipa, xii. 4 4 n, drgvrtta, v. In .
jayin, vii. 2 1 . drg, ii. 14. id  84 n, v. 6 n.
jita, vii. 20. drgydnfds, ix. 5 n.
jiva, add. n. 3. * f« , ii- 69 n, v. 2.
jivd, ii. 27 n. deydntara, i. 61 n, ,
jHa, add. n. 3. deydntaraphala, ii. 89 n, 434.
jyd, ii. 27 n, add. n. 16. ddivata, ii. 1 0 ,
jydpinda, ii. 27 n. dorjyd, ii. 48.
jydpindaka, ii. 31, dos, ii 30 n, add, n. 16.
jydrd'ha, ii. 27 n. dyugana,̂  i. 5 1 a
jyardkapinda, ii. 16. dyvjyd, ii. 60 n. ■’ -
JpeshthA, 386. dodpara yuga, 1.17 n,
jyotishopanishadadhydya, xiii. 8 n. dnisnabhava, xiv. 4.
jyotis, i. 3 n. dnpa, xii. 44 n.

tat, xii. 1 2 . dhana, ii. 8 u.
tatpara, i. 1 2 n. dhamn, 340.
taviat vi. 11. dhanishtha, 340.
taUagndsavas, ix. 11. dhmms,\.6Bn, 60n, xiii.21n, add.n. 16.
tdjika, vii. 23. dhnhyya, viii. I n, xi. 2 1 . '
tdrakd, tdrd, vii. 1 n, viii. 16,19, xii. 43. dhruva. ii. 67, viii. 1 a
tdrdgraha, vii, 1  n, dhruvaka, viii. l  O.
tigmdnpu, add. n. 3. dhrv.vatdrd, xii. 48,
tithi, i. 13, ii. 6 6  n.
tithikshccya, i, 40 n. nakshatra, 851.
titkymta, v. 13n. nakshcUragrahayulyadhik/Sra, Tin. In.
timi, iii. 5 n. /  nata, iii. 16, 17 n. ■ . ,
tiryaksrutra, x. Ion . natajyd, iv. 25 n.
tiryagjyd, xiii. 13 n. natabh&g&s, iii. 17.
tishya, 331. natangds, iii. 2 1 .
tikshndnfu, add. n. 3. nali, v. 1 n.

. .  ■: ' . . .. MM':, : -
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warn, xiii. 22  n. 'v* prune, vi. 1 2  n.
narayantra, xiii. 24. prana, i. 12 n.
ndkshatra, x. 6 n. proshtha, 841.
»<^ra, ii. 67, 69 n, xii. 33. proshthapadd, 341.
n&di,\, \2n, xiii. 23 n.
nddikd, i. 12 n, xiii, 23 n. phala, iii. 84 n.
nimilana,iv. 17n. i phalguni, 333.
nimesha,\. 12 n. phalguni, 833.
niraksha, xii. 44 n.
nirrti, 337.. bala, vii. 20.
nipdkara, add. n. 3. bali, 336.
nifdpati, add. n. 3. balin, vii. 21.
nishtyd, 335. . bdrhaspatya, viii. 18.

bdrhaspatya mdna, i. 55n.
paksha, ii. 66  n. Mlm, ii. 30 n, add. n. 16, 26. v
pada, ii. 29, viii. 5, 341. bdhvjyd, ii. 80.
para, t  21 n. hahuphala, ii. 39 n.
parama, i. 70 d . Mjti, i. 9n. 84 n.
pararnakrdnti, -jyd, ii. 28 n. bndha, add. n. 3 .
paramdnu, i. 1 2  n. brhaspati, add. n. 3 .
paramdpakrama, ii. 28 n. brahman, xii. 1 2 .
param dyvs, i. 2 1  n. brahmahrdaya, viii. 1 2  n.
parardha, i. 2 1  n.
paridhi, ii. 88  n. bha, i. 27 n, iii. 1 2 n.
parilekha, vi, 1 n, bhagana, i. 27 n, ii. 1, xii. 6 . '
parilekhadhikdra, vi. 1 n. bhacakra, ii. 46,
paryanka, 333. bhadra, 341.
parvan, iv. 8 n, xiv. 16 n. bhadrapadd, 341.
parvanadyas, iv. 8 n. Ct , bharatii, 828.
parvavinddyas, v. 3. * bhasandhi, xi. 21 n.
parvdnta, xiv. 16 n. ■ .  bhd, iii. 5n.
pala, i. 1 2  n, xiii. 28 n. b/uiga, i. 28 n.
palabhd, iii. 13 n. bhddrapadd, 841.
paccdt, vi. 12 u. ’ ' " bhdnu, add. n. 3.
pdla, i. 33, xi. 5 n. i bhdrgava, add. n. 3.
pdtddhikdm, xi. 5 n. bhdskara, add. n. 3.
pdtdla, xii. 33. bhukldsavas, iii. 49 n.
p&dma, i. 28 n. bhukti, i. 27 n.
pdraddrd, xiii. 22 n. bhvj, i. 27 n.
pinda, ii. 27 n. bhuja, ii, 30 n, iii. 5 n, add. n. 16.
pitaras, 332. bhujajyd, ii. SO n, add. n. 16.
pitrya, viii. 18. bhujajydphala, ii, 39 n.
punarvam, 330. bhujaphala, ii. 89 n.
purusha, xii. 1 2 . bhujanutra, iii. 5.
pushya, 831. ,, bhigola, xii.-32. -
ptirnartA, pdrnimd, ii. 6 6  n. bhilgolddhydya,xi. 23 n,
pr&rnimdnta, xiv. 16 a. bhupatm. add. n. 8 .
purva, S83. bhMhagola, xiii. 3 n.
pdrva khantla,xi. 23 n. bhumigola,xiii. 3
pushan, 343. bhumiputra, add ti. 3.
prshtha, v. In . bhdsuta, add. n. 3.
jodurnamdsi, ii. 6 6  n. bhrgu, add. n. 3.
pdushnya, xi. 21. bhrguja, add. a. 3.
prakrti, xii. 13. * bheda, vii. 18. ,
pragraha, iv. 15 n. . bhoga, ii. 64. ,
pragrahana, v. 16. * bhogydsavas, iii. 49 n.
pratishtkaM, add, n. 26. bhduma, add. n. 3.
pntbhd, iii. 5 n. bhramana, xii. 76.
pramdna, v. 13. ; -
pravaha, ii. 3. ■ ■ makara, i. 58 n.
pragma, 419. \  maghd, 332.
prdci, iv. 25 n, add. n. 23. mafica, 833.
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mandala, x. 15 n, xi. 18 n, xii. *16. ranhas, ii. 8 n.
mai*ya,ni. 5n. rani, add n. 8 .
madhya, i. 70 n, xiii. 15 n, ■ rdksfitua, i. 62. 
madhyakarna, ili. 23n. rdfi, i, 28 n.
madhyagraiana, v. 13n. ’ rdhu, ii. 8 n.
madhyajyd, v. 5 n. rekkd, i. 61 n.
madhtfapdta, xi. 6 n. renugarbha, xiii. 2 2  n.
madht/abha, Y. 1. revati, 843.
madhyama, xiii. 14. rohini, S2D.
madhyamddhikdra, i. 7011. rduUrarhha, ix. 14.
rnadhyarekha, i. 62 n.
madhyalagna, Hi, 49 n, xiii. IS n. lagna, iii. 48, 49 n.
madfiycixthityardfia, V. 13 n. lagndntaraprdifds, ix. 6.

1 madhydhna, x. 8 n. lugndntardmvax, x. 2 .
* madjige, xiv. 14 n. lagndxavas, iii. 47.

manu, L 19 n. lankodayds, xiii. 14.
mandrt, ii. 6 n, 1 2 , add. n. 8 , - lankodaydmvas, in. 4% n.
mandakarman, vii. 15 n. lamb, i. 27 n, iii. 1 2  n.
mandakendra, ii. 30 n. lamba, i. 60 n. -
mandatara, ii. 1 2 . latnbajyd, i. 60.
manSiparidhi, ii. 34. lambana, v. ,1 n.
mand'rphala, ii. 44. liptd. i. 28 n.
mandocca, i. 84 n. liplikd. i. 28 n.
mammntara, i. 19n. lubdhaka, viii. 1 2  n.
mahai'xhi, i. 8 , xii. 35. loka, xiii. 16 n.
niahdbhdta, xii. 23. ,
ytakdyuga, i. 17 n. vakra, ii. 12.
1 nahdfanku, add. n. 21. ■ vakragati. viii. 15.
mdna, iv. 3n, xir. 2 n. vahrin, ii. 54
mJdnddhydya, xiv. 2 n. ^arm x, xii. 44 n.
mdnda jcarman, ii. 48. valana, iv. 25 n.
mdndn phala, ii. 89. valmidnfds, iv. 25 n. '
mdsha, xiii 28 b. ‘ vali, 8 8 6 .
mitra, 386. vast/., 380.
mithnna, i. 58 n. vantra, xiii. 16.
mina, i. 58 n. vdt/ava, viii. 19 n.
mukha. xiv. 0 n. vara, i, 52 n.
mukhya, i. 13n. vdrdha, i. 23 u.
muhiirta, i. 1 2 n. vdmva, ix. IS.
mArta, i. lOn. vikald. i, 28, vii. 10.
mula, 337. vikMp, i. 70 n, viii. 12.
mrqa, i. 58 n. vikslupa, i. 10 n. ■ '
mrgavyddha, viii, 1 2 ns. • vigraha, vii. 2 2 .
mrgafiran, 829. virrtdu, 337.
mxgafirsha, 329. vijila, vii. 2 1 .
melaka, vii. 1 n. vitMti, iii. 5 a.
mexha, i. 68 n. 0 vidif, iii. 8 8 .
niditra, viii. 18. vidyddhara,x\i 31 n.
thoksha, iv. 15 n. vidhu, add. rt, :8 .
mdurvikd, ii. 27 n. vidhrta, vidfirti. xi. 6  D.

vidlivaxtu. vii. 2 1 .
yaj&nshi, xii. 17. vinddi, i. 1 2  ri. »
yantra, xiii. 19. viparita, xi. 5 n, xii. 72 a
yaxhti, xiii. 21 n. virnarda, iv. 15 n.
ydniyottaraurtta, ir . 26 % xiii. 18n. yivaxvant, add. n. 3. 
i/itgit, i, 17 n, 58 n. vifdkhd. 385. 388.
yiupna, ii. 30. 'vipis devHa, 338.
yuti, Vii. In. Vixhama, ii. 30.
yuddh.a,y\\. 1 n. vixhnna, vixhuvat, iii. 6 n.

; yoga, ii! <55 n, vii. 1 n, add. n. 19. vUhumtprabkd, iii. 13.
yogatdrd, 323. vixituradb/td, iii. 7.
yogatdrakd, viii. 19. vnhmmdvxHa, iii. 6 n.
yojana, i. 60 n. yithuvanmandala, iii. 6 n.

vol. vi. i 62
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vijct, i. 84 n. sanhitd, vii. 23 n, add. n. 1.
vrtta. ii.‘ 3? n. sankramana, xiv. 10 n.
vrddin, xii, 72 n. , scmkrdnti, xiv, 3 n, ’ 1
iirpctka, i. 58 n. sadh-umra, vi. 23.
vrshan, i. 58 n. sandhi, xi. 22 n.
vega, ii. 1 1  n. sannihitam saras, i. 62 n.
veda, xii, 27. " _ saptarshayas, xiii. 9.
veddnga, i. 8 n. > lama, ii. 1 2 , iv. 26 n.
vaidlirta, vdidhrti, xi. Bn. samamandala, iii. 6 n. d
vdipva, viii. 4. samamandalapanhi, iii. 34 o.
vdixhuvali, xiii. 9, samaxAtra, xiv. 7 n.
vdixhnava, ix. 18. sarndgama, vii. 1 n, 2 0 , 2 2 .
vyakxhn, xii. 44 n. tamdua, vi. 3.
vyalipdta, xi. 5 n. saras, i. 62 n,
vyoman, xii. 30. 1M‘. sarpds, 332.

savana, xiv, 19 n, tA'n-\
paka, arid. n. 12. savitar, xii. 28 n, add, i). 3.
pakuni, ii. 69 n, savywn, xii. 72 u,
panku, iii. 5 n, 34 n. sdmdni, xii. 17.
pankujivd, iii. 22. sdmpradayika, vii. 14 n.
patabhUhaj, -shd, 341. sdyana, 439.
pani, add. n. 3. sdrpa, viii. 19.
pandipcara, add. n. 8 . sdvana, i. 1 2, xiv. 19 n.
fayyd, 383. tinha, i. 6 8  n.
para, add. n. 16. sidilha, xii. 28.
papanka, add. n. 3. siddhdnf.a, add. n. 1.
papija, add. n. 3. sidhga. 331.
papin, add. n. 3. sura, xii. 41.
paka, add. n. 1 2 . suci, iv. 6 n.
pikhin, 360 note. . sutra, xiii. 22 n.
ftghra, i. 84 n, ii. 12. suri/a, add. n. 8.
pighrakarman, ii. 37. suryagrahand.dhikdr<x, iv. 26 n.
plghrakcndra, ii. 30 n, sAryatanaya, add. n. 3.
pighratara, ii. 1 2 . suryadipas, x. IB n,
pighraparidhi, ii. 65. soma, add n. 8 .
pighraphala, ii. 44. sdumya, viii. 16, add. n. 3.
pighrocea, ii. 5 n. sdura, i. 13, xiv. 3n.
pitagu, pitadidhiti, pitdnpu, add. n, 3. sthiti, iv. 15 n.
pukra, add. n. 8., s/hira, xiv. 6 n.
ptikla, x. 4, 9. sthula, viii. 19.
pukla paksha, i. 51 n. | tparpa, iv. 15 n.
pu/ba, xiii. 22. spashta, ii. 58.
prnga, x. 1 n. xpmxhtddhikdra, i. 70 n.
ppngdta, 389. sphuta, i, 60.
prngonnatyadhikAra, x. 1  n. sphutasthityardha, v. 17 n,
pesha, iii, 61 n, sphutikarana, ii. 14.
pdighrya, ii. 42, 48. srotas, xii. 26.
prava, iii. 26, iv, 21 n. suati, svdti, 835.
pravana, iv. 21 n, 340.
pravixhthA, 340, harija, v. 1 n,
prrnicl, 840. hast a. i. 60 n, 834,

hd » i,x ii. 72n. '
shadapitimukha, xiv. 6  n. himadidhiti, hhnarapmi, himdnpu, add. *

n. 3.
samynga, vii. 1 n. hiranyagarbha, xii. 15.
samvat, samvatsara, add. n, 1 2 . hutabhvj, viii. 1 2  n.
sanskdra, 454. hord, xii. 79 n.
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G E N E R A L  I N D E X .

The references are as in the preceding Index.

Abhijit, 22ndasterism—identification etc., Amir&dhd, 17th asterism—-identification 
335); omission from the series, 352-4. etc., 336.

Abu-r-Raihun, see al-Biruut Anuvntsara, 4thyear of lustrum, xiv. 17 n.
Afieslid, 9 th asterism—identification etc., Apkmvatsa, name of star (3- Virgims), viii. 
a 332; its last quarter unlucky, xi. 21. a 21,
Ajvina, 6 th or 7th mouth— i. 51 u, xiv. 3 n, Apas, name of star (S Virgiuis), viii. 2 1 . *

16 n. Aphulion, 155)—see Apsis. ,
AtfvinJ, 1st asterism—identification etc., Apogee, 155)—see Apsis.

3 '-7. Apparent longitude, vii. 12n ; term how
A {vius, divinities of 1 st asterism, 327. used by Ofilebrooke, viii. 1 n.
Aditi, divinity of 7th asterism, 331. Apsis—term how employed in this work,
Aditya, 331 etc.,, xii. 28 n. 159: apsides of the planets, mode of
AEon.i. 19; day of Brahma, i. 20; names action, ii. 1-5 ; revolutions,), 41-42; how

ot past and current, i. 28 n. * devised, i. 44 n; positions, ace. to dif-
Agastya, name of star (Canopus), viii. 1 0 . ferent authorities, i. 4 4  n; compared

go—Great Age, or Quadruple Age, bow. with Ptolemy's, add. n. 1 1 . 
composed, i. 15*17;Golden, Silver, Bra- For moon’s apsis, see Moon, 
zen, and Iron Ages, i. 17 n ; quarter-Age, Arab astrology, connection with Uindu, 
proper period of this treatise, 160. ! vii. 23 n.

Agni—divinity of 3d asterism, 328; with Arab use of sines, later (ban Hindu, 200.
Indi a, divinity of 16th asterism, 335; Arab lunar mansions, 324; identified and 
name of star (3 Tauri), viii, 1 1 . compared with Hindu and Chinese, 327-

Albutegnius, Arab inventor of sines, 300. ,344; character nnd origin of system,
al-Blriini—visit to India, and notices of 347 e tc .; stellar chart illustrating, add.

Hindu astronomy, i. 8 n, 6  n; identifier n, 27.
tion and description of the asterisms, Arc—names of, and of its functions, add,
325 etc., 352. n. 16: part of arc determining sine, ii.
[For other Arabic names commencing a 80; to find arc of a given sine, ii, 83. 
with the article, see the initial letter of Ardrtl, 6 th asterism—identification etc., 
the word following the article.] |j 330, add. n. 26.

Altitude, sine of—name, 258, add. n. 21 ; Armdlary sphere — construction, equip- 
how calculated, iii. 28-34,34-36, 87-88:, meat, and revolution of, xiii. 1-20; its
instrument fortaking altitude, xiii. 2 1  n. use, and comparison with those of other

Altitude in time, iii. 39, iv. 26. nations, xiii. 3 n ; its adaptation to ob-
Amplitude, sun’s at horizon—sine of, iii. serving polar longitude and latitude,

27 : measure of, on the dial, iii. 7; its viii. 12 n.
constant ratio to iiypoth. of shadow, iii. Aryabhntta—his period and writings, add.
7 n ; how calculated, iii. 22-23, 27-28, n. 1 ; references to his doctrines, i. 27 n,

Amrta, name of a yoga, add. n. 19. i. 60 n, add, n. 18—see Arva-Sidillianta,
Anala, 24th year of Jupiter’s cycle, i. 55 rt, Lrtglni-Arya-Siddlianta, Aryfislitafata,’
Annnda—2 2 nd year of Jupiter's cycle, i. a Duyagitika.

55 n ; name of a yoga, add. n. 19. Aryabhatta, commentator on the Sfirya- 
Angiras,40thyearof Jupiter’s cycle. i.55t>. Biddhaiita, add. ri. 2.
Angle, a quantity not employed in Hindu Aryamnn, divinity of 11th or 12th aster- 

astrommiy, 259. a ism, 334.
Anomalistic revolutions of planets, 207 Aryfchtagata, treatise by Aryahliatta, add.
Anomaly, mean—name, ii. 29; how reck- ri. 1.

"tied, ii. 23 n. Arya-Siddhfinta, add. n. 1 : citations of its
Anqnetil du Perron, notice of the Pfirsi teaciiings, 168, i. 44 n, add. n. 6 .

asterisms etc., 324. Ascension—see Right ascension and Ob-
Antipodes, Hindu view of, xii, 51-58. lique ascension.
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Ascensional difference, how calculated, ii. Atignnda, Sth yoga, ii. 65 n.
61-62. at-Auwa’, la th  manzil, 834.

Ascensional equivalents—see Right asccn- Avanti, name of Ujjayini, i. 62.
slim and Oblique ascension. Ayin-Akbari—orbite of the planets, as

Ashadha, 20th and 21st asterisms—idenli- given by, 399, note; description of in-
fieation etc., 83S. strnment for measuring time, xiii. 23 n.

Ashadlm, 3rd or 4th month, i. 51 n, xiv. Ayushmant, 3rd yoga, ii. 65 u.
Sin 16 n.

Aspects, unfavorable, of sun and moon, Bahndhanya, 4.6th year of Jupiter’s cycle, 
wlien of like declination, xi. i. 55 n.

Asterisms— Hindu name for, 351; how to Bailly—his views of Hindu astronomy, 
be translated, 351, add. n .28: their por- introd. n, 472; mean positions of the 
tions, or divisions of the ecliptic belong- planets a t beg. of Iron Ago, 162: other 
ing to them, ii. 64, 323, 351; their juno- references to his works, 218, 433. 
tion-stars. 323 ; time arid motive of se- Balnva, 3rd etc. karana, ii. 69 n. 
lection, 851; names, add, n. 19;situa- id Baldnh, Hist manzil, 839. 
tion in each group, viii. 16-19 ; mode of Banij, 7tli etc. karana, ii 69 n, 
definition of position, viii. 1 n ; defined Base of a right-angled triangle, ii. 30 n, 
positions, viii. 2-9; illustrative figure, add, u. 16.
822; discordance of authorities, 326 ; Base-sine — sine, ii. 80 n, add, n. 16, 
errors of position examined, and time of Base of the gnomon-shadow, iii. 5 n, 23- 
definition deduced, 355; mode of ob- 25,
eervationof positions, viii, 12 n ; detailed Battl al- lfut, 28th manzil, 343. 
identification of the groups and their Baya, 2 nd etc. karana, ii. 69 n. 
junction-stars, with statement of names, Bentley, introd. note ; his views of Hindu 
symbols, divinities, defined positions, astronomical literature, i. 3 n, 168 •
etc,, comparison with Arab mandzil method of determining the age of a Sid-
al kamar and Chinese sieu, 327-344; dliSuta*! 64; applied to SOrya-Siddhiata,
additional synonyms of names, add. n. and conclusion drawn, 165 ; criticism of
26; inability of later Hindus to point his method and results, 166 etc ; gene-
them out, 325 ; al-Birfini's 'information ral estimate of his labors, 168,add. n. 8 ;
respecting them, 325 etc., 352, 353, his view of Hindu precession, 248; of
conspectus of correspondences of the asterisms, 338 ; other citations from and
three systems, 344; stellar map illus- references to his works, 162, 163, 172,
tniting their relations, add. n. 27; Bi- 218, 247, add. n. 1, 4, 6 , 8, 470.
ot’s views of their origin and connec- Bhadrfijva, name of a clime, xii. 38. 
tion, 345 etc,; age of the system in in- BlmdrapadA,, 26th and 27th asterisms—- 
dia, 347; discussion of its character. identification etc,, 341, add. n, 26, 
connections, and origin, 347 etc.; trans- BMdrapada, Sth or 6 th month, i,51 n,xiv. 
fer of first rank from Krttika to Ajvini, 8 n, 16 n.
350; relation to the moon, 352, add. n. Bhaga, divinity of 1 1 th or 12tli asterism,
28 ; variation in number, and omission 334.
of Abhijit, 352. Bharani, 2nd asterism—identification etc.,
conjunction of planets with asterisms, 328.
viii. 14, 15; systems of yogas founded Bhftrata, name of a clime/ containing In- 
upon, 356, add. n. 19; heliacal settings, dia, xii. 39.
ix. 12-15, 17-18 ; orbit and revolution, Bhaskara, add. n . l —seeSiddlAnta-^iro-
xii. 73, 80, 90 n. mani.

Astrology—generally treated in distinct BliAva, 42nd year of Jupiter’s cycle, i.Son. 
work's, vii. 23 n ; titles of astrological Bhoja-SiddhAnta, add. n. 1, 
works, vii. 23 n; connection of Hindu Blir'fya (? Vrsliya?) 49th year of Jupi- 
with Greek and Arab, vii. 23 n : astro ter’s cycle, i. 55 n. 
logical import of conjunctions of plan- Bhudbara, commentator on Surya-Sid- 
et3, vii. 18-23; of splitting of Rohmi's dhanta, add. n. 2. 
wain, viii. 13 n; of equality of declina- Bija, correction of mean motions of plan- 
tion of sun and moon, xi; Of sun's en- ets, 163 etc., i. 9 it; table of mean mo- 
trance into a sign, xiv. I t .  tions as so corrected, 104, add. tt. 7.

Astronomy—see Greek astronomy, Hindu Biot—his views of origin and history of 
astronomy. " Chinese sieu, 325, 345 e tc .; of Hindu as-

Astronomical literature of Hindus, sum- terisms, 360 etc.; of omission of Abhijit, 
mary view of, add. n. 1. 352 ; of Hindu sines, add. n. 15; other
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references to and citations from his Qloka, common Hindu verse, introd. n.
■works, i. 44 n, i. 6-7 a, 859, add. n. 10, (jobhana— lltli year of Jupiter’s cycle, i.
17, 18, 27, 28, 29. 55 n; 5th yoga, ii. 65 n.

Bralmm—day of, i. 20; length of his life, Co-latitude, terrestrial—name, i. 00 njhovv 
i. 2! ; time of, xiv. 21: divinity of 22nd found, iii. 18-14, 14-17. 
asterism, 339 ; name of star(S Aurigae), Colebrooke, introd. n.: his statement of 
■viii. 21 n: 25th yoga, ii. 65 n. the systems of yogas, ii. 65, add. n, 19;

Brahmagupta, i. 3 n, add. n .l—see Brahma- identification etc. of the asterisins, 324.
sphuta-iiiddh&iita and Khanda Kataka. etc.; information as to  astronomical lit-

Brahmahrdaya, name of star (Oapella), erature, add. n. 1 : other references to
viii. 11-12. and citations from his -works, i. 27 n,

Brahma-Siddhdnta, add. n. 1, 6. " 167,183, 248. etc., viii. In , 10-12 n, 12 r>,
Brahma-sphuta-Siddhftnta, add. n. 1; its 19 n, 21 n, xiii. 3 n, 5 n, xiv. 16 n, add.

system, hotv different from Surya-Sid- n. 2, 6, 10, 18. ^s^
dhlnta, add. n. 6; references to its doc- Color of moon when eclipsed, vi. 23. 
trines, i. 3 n, 40 n, 60 n, 246, 326 etc., Commutation, mean—niuno, ii. 29 b; how 
viii. 12 n, add. n. 18. ; reckoned, ii. 29 n. ,

Brhaspati, divinity of 8th asterism, 331. Conjunction of a  planet—term how cm-
Brhaspati-Siddhanta, add. a  1. ployed in this work, 160 ; mode of ac-
Budhavdra, Wednesday, i. 52 n. tion on .the planet, ii. 1-5; revolutions,
al-l!ula’, 23rd manzil, 340, i. 29-32 ; orbits, xii. 85-86. _ .
al-fiutain, 2nd mctnzil, 328. Conjunction and opposition of sun and

moon, common name of, iv. 8 n : true and 
(Jabdakalpadruma—its list of Siddhfintas, apparent conjunction, names of, v. 13 n.

add. n. 1. Conjunction of planets with one another,
Caitra, 12th or 1st month, i. 51 n, xiv. 3n, '  vii; with asterisms, viii. 14-15 ; name,

16n. general, vii. 1 n ; particular, astrological,
^’d'ialya-Sanhitk, add. n. 1: references to, vii. 18-20, 22: conjunction viewed as

325, 326 etc., 357, 361, 362, add. n. 6, taking place on secondary to prime
etc. vertical, vii. 6n : time and place how

Qakuni, o8th knrana, i. 69 n. calculated, vii. 2-11; illustrative ob-
Calendar, sketch of a Hindu, for the year serrations of conjunctions, vii. 15-18.

1859-60, i. 51 n. Contact of disks, or disk and shadow, in
CftlivSliana, era of, add. n. 12. eclipses, iv. 15 n ; time of first and last
yanivara, Saturday, i. 52 n. contact how determined, iv. 16.
Okra, name of a yoga, add. n. 19. Cosine—not distinctly recognized, 200, ii.
Oarad, autumn, xiv. 10n, 16n. Si) n ;  term corresponding to, ii. 30n,
Cardinal directions, names of, vi. 12 n. add. n. 16 ; part of arc determining co-
Oarvarl, 8th year of Jupiter’s cycle, i, 55 n. sine, ii, 30.
Outabhishaj, 25th asterism—identification Cosmogony, development of creation, xii.

etc., 841. 10-28.
Catushpada, 60th karana, ii. 69 n. (Jravaua, 23rd asterism—identificationetc.,
Central ecliptic-point, v. 1 n ; sines of its 340, add. n. 26.

altitude antetnith-distance, v. 5-6. Crflvana, 4th or 5th mouth, i. 51 n, xiv.
Chang, 9th s ic ® ’34. 3n, 16n.
Ch vttra, name a yoga, add. n. 19. QrnvishthS, 24th asterism—identification 
Che, 21th sieu, 343. etc., 840.
Chin, 11th .lieu, 834. I Creation, time spent by the Deity in, i.
Chinese astronomy and division of the 24; as given by other treatises, i. 44 u ;

heavens—see Sieu, reason ot this allowance, 162.
Chord of an are, 201, xiii. 13 n, add. n. 16. (jridlmra, ratio of diam. to circumL|ccord- 
Chronological cycles, i. 15-21; eras, add. ing to, i  60  n.

n, 12. yrlmukha, 41st year of Jupiter's cycle, i.
Cipira. cool season, xiv, 10 n, 16n. 55 n.
Circle—name,. ii. 83 n ; divisions of, i. 28; friahwpa, author of Eomaka-Siddhanta, 

ratio of diam, to eircumf, i. 60 n, 201. 1 add. n. 1.
Citi-a, 14th asterism—identification etc., Crivatsa, name of a yoga, add. n. 19.

334. I yubha—23rd yoga, ii. 65 n ; name of a
CitraiMnu, 50th year of Jupiter’s cycle, yoga, add. n. 19.

i. 5 5  n. " (jubhakyt, 1 0 th year of Jupiter’s cycle, i.
§iva, 2Uth yoga, ii. 65 n. 55 n.
Civil time, day—see Time, Day. Cubit, i. 60 n, iii. 5 n.
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Q qkla— 37th year of Jupiter’s cycle, i. Degree of a circle, i. 28.
55 n; 24th yoga, ii. 65 n. Delambre, references to and citations from

(lukravira, Friday, i. 52 n. his works, introd. n., 199, 200, 249, vii.
yflla, 9th yoga, ii,- 65 n. 14n, add. n. 15,17, 18.
Cusps of the moon—name, x, 1 n, 15 n ; Dh&tar, 44th year of Jupiter’s cycle, i. 

their elevation calculated, x. 6 -8 ; de- 05 n. 
lineated, x. 10-15. _ adh-Dhirft’, 7th manzil, 331.

Cycle—of five years, i. 58 n ; names of its Dhrti, 8th yoga, ii. 65 n. 
years, xiv. 17 n: of sixty years of Jupi- Dhruva, 12th yoga, ii. 65 n. 
ter, i. 55: of twelve years of Jupiter, Dhdmra, name of a yoga, add. n. 19. 
xiv. 17 : their relation, xiv, 17 n : vaster Dhvaja, name of a yoga, add. n. 19. 
chronological cycles, i. 15-21. Dbvsinksha, name of a yoga, add. n. 19.

Dial, construction of, iii. 1-7.
ad-Dabar5n. 4th manzil, 329. Diameter, relation of to circumference, i.
Da$agitik.l, treatise by Aryabhatta, add. 60 n, 201. *

n. 1. Digit, iii. 5 n ; measure of the gnomon in,
Dadii Bhui, commentator on Surya-Sid- iii. 5n; equivalent in minutes, in pro- 

dbfinta, add. n. 2. jectirig an eclipse, iv. 26; measure of
Daily motions of planets etc., i. 25-27 ; of j the moon’s disk in, iv. I I n, x. 9 n. 

equal absolute amount on each orbit, Directions on the sphere, how reckoned, 
xii. 90 n : tables of mean daily motions, 281, vii, 6 n: cardinal directions, vi,
161, 164, add. n. 5, 7; mean motions in I 12 n.
sidereal day, 435 : true daily motions, Diurnal circle, radius of, how calculated, 
how calculated, ii. 47-51 ;  comparative j ii. 60.
table of, for Jan. 1, 1860, 231. jDundubhi, 30th year of Jupiter’s cycle,

Davis, references to and citations from his i. 55 n.
essays in Asiatic Researches, introd. n., Duration of an eclipse, name of, iv. 15 . ;
163, i. 55 n, 198, 218, xiv. 16 n, 17 n, how determined, iv. 12-15, v, 13-17, 
add. n. 17, 433, 434, 455. Durmati, 29th year of Jupiter’s cycle, i.

D ay—civil day, how reckoned, i. 36, xiv. Son.
18; number of in an Age, i. 37; varying Durmukha, 4th year of Jupiter’s cycle, i. 
length in different seasons, xii. 45-71; 55 n.
lunar day, i. 13 ; number of in an Age,
i. 37 ; its portion, ii. 64; current one how Earth—form, position, and support, xii. 
determined, ii. 66 : omitted lunar days, 32 ; apparent form, xii. 54; its revolu-
i. 36 ; number of in an Age, i. 38 ; how tion taught by Aryabhatta. i. 27 n ; di>
calculated for a given period, i. 50: sid- mensions, i. 59; centre and surface,
ereai day, xiv. 15; its divisions, i. 11- terms for, 286; poles, xii. 34-35; geo-
12; number of in an Ago, i. 34: solar! graphical divisions, xii. 36-40; zones,
day, xiv. 3 n : day of the gods, i. 1 3-14, xii. 69-69; cavities, within it, xii. S3;
xii. 45, 47-51,74, xiv, 20; day of the: m easurem entbycirclesandarcsnutap-
Fatbers, xii, 77 ii, xiv. 14 ; day of Pra- plied to. i. 65 n.
j:\pati, xiv. 21; day of Brahma, i. 20, Earth’s shadow, diameter how calculated, 
xiv. 21. iv. 4-5.

Day of a planet, i. 34, ii. 59; its divisions, Earth-sine, ii. 61.
ii. 62-63. East and west direction on the sphere, 281.

Day-measure, iii, 35 n. East and west hour-circle, iii. 6, xiii. 15 n.
x Day-radius, ii. 60. East-point, 282, add. n. 23.

Day sine, ii. 60 n. Eccentric circle, equivalent to Hindu ejft- •
Declination—name, 190; reckoned as in cycle of apsis, 208. 

the elliptic, 190, viii. I n ;  bow cnlcu-j Eccentricities of planetary orbits, com par- 
latedf ii. 28 ; bow combined with Inti- atlve table of, 220. 
tude, ii. 58; comparative table of, for Eclipses—name, iy. fin; rules, applying 
Jan. 1 I860, 231: how found by ob- to solar and lunar, iv ; rules for pitrai- 
servution, iii. 17-18. lux, applying to solar, v; projections of

Declination, equal, of the sun and moon— eclipses, v i: primi'ive theory of cause 
time how calculated, and astrological of eclipse, iv. 6 n, 11 n: true theory, iv. 
influence, xi. j 9: occurrence of annular eclipse not

Deflection of ecliptic from an east and contemplated, v. 18 n: calculation of a 
west direction—how calculated, for use1 lunar eclipse, add. n. 24; of a  solar 
in projection of eclipses, iv. 24-25; how, eclipse, add. u. 25; projection of a lu- 
projected, vi. 2-9. j nar eclipse, 301.

I , i; |
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Ecliptic—name, *iii. 13 n ; pole, 281; dj-'IGeogrdphy, xii. 34-42; of Puraqas, xii, 
visions, i. 28; their equatorial equiva j 44 n.

Tents, iii. 42-45 : inclination, ii. 28 : ori- al-Qhafr, 15th manzil, 336, 
ent and meridian points,iii. 40-49 ; cen- Gnomon, iii. 1 , 5 b 
tra l point, v. I n ;  deflection from cast Goei, 23rd lieu, 341. 
and west direction a t a  given point, iv, Graha-LSghava, add. n. 1 ; its definition of 
24-25. position of the asterisms, 326-342 ; of

Elements, five, xii, 23. fixed stars, viii. 12  n, 21 n.
Entrance of the sun into a sign, astrolog- Greek astronomy, relation of, to H in d u ,' 

ical character, xiv, 3,11. 471 etc.—see Ptolemy.
,  Epicycle—name, ii. 38 n: dimensions, for Greek words in Hindu technical language, 

all the planets, ii. 34-37 ; change of di- i. 28 n, 52 n, ii. 30 n, iii. 34 n, 474. 
mensions, ii, 38 n, 219, add. n. 18; epi- Grishina, summer, xiv. 10 n, 16n, 
cycle of apsis equivalent to eccentric GudharthaprakAfaka, name of Rangamt- 
orbit, 208; relative dimensions of orbits tlia’s commentary on the SOrya-Sid- 
cleduced from epicycles of conjunction, dhSnta, introd. n,
220 ; comparison of Greek and Hindu Guruvctra, Thursday, i. 52 n. 
systems, 218; Greek origin of the meth
od, 473. al-Hak’ah, 5th manzil, 330.

Equation of the centre—how calculated. Hall, F. E.— his edition of Surya-SiddMn- 
ii. 39; Ptolemy’s method, for sun and ta, introd. n, add. n 1. 
moon, 211; for other planets, 217 : how aPHan’ah, ixhmanxil, 330. 
applied, with annual equation, in find- Harshana, 14th yoga, ii. 65 n. 
ing true places of lesser planets, ii. 48- Hasta, i3 th  asterism—identification etc.,
45 ; comparative table of value when 3 3 4

greatest, 220. _ Hemalamba, 5th year of Jupiter’s cycle,
Foliation of the orb, or annual equation— j gg n.

■now found, ii. 40-42 : Ptolemy’s meth- Hemanta, winter, xiv. 10 n, 16 n. 
od, 2174 how applied, with equation of Hemisphere—name, v. 17 n; eastern and 
centre, 11. 43-46. _ __ western, of heavens, v. 17 n ; northern

Equation of time, correction for, ii. 46; and southern, of earth, xii, 45, 46, 
its insufficiency, ii. 46 n. 437,  ̂ Heliacal settings and risings—of planets,

Equation of motion of a planet, ii, 47-51. ix. i „ i l  ; distance from sun of occur- 
Equator, celestial, iii. 6 . rence, ix. 6 -9 ; calculation of time, ix.
Equator, terrestrial, 392. 10-11, 16: of asterisms, ix. 12-17 ; as-
Eqninoctial shadow, iii. 7, 12-13; how terisms which never set heliacally, ix.

found from latitude, iii. 17. 1 8 : 0f  moon, x. I.
Equinox, iii. 6 n: precession of—see Pre- gindu astronomy, discussion of its origin, 

cession. age, and relation to the Greek, add.
E ras in practical use among Hindus, add. 3 0 ,

n- 12. Hiii, 22nd sieu, 341.
Ether, fifth element, xii.23; orbit of, xii, Hoisington, H. R.—his Oriental Astrono- 

30, 81, 90, mer cited, introd. n., ii. 33 n, 218.
Evection, not noticed by Hindus, 211, Horizon, iii. 49 n.

Hour—name, i, 52 n; succession of regents 
Fang, 15 th «ieu, 336. * of, xii. 79.
al-Fnrgh al-Mukdim, 26th manzil, 343. Hour-angle, distance in time from meridi- 
al-Fargh al-Mukhir, 27th manzil, 343. an, iii. 34-36; corrected four-angle, 284;
Fathers, or Manes—divinities of 10th as- sun’s hour angle how determined from 

terism, 382; their station and day, xii. observation, iii. 37-39.
74, xiv. 14. " Hypothenuse—name, iv. 21 n ; hypoth. of

Fixed stars—names and defined positions shadow of gnomon, iii. 8 ; constant ro
o f certain, viii. 10-12,20-21; their idea- lation to measure of amplitude, iii. 7 n. 
tification, viii, 12 n, 21 n.

Full moon, day of, ii. 66 n. Igvara, 45th year of Jupiter’s cycle, i.
55 n,

Gada, name of a yoga, add. n. 19, tdfivatsara, 3rd year of lustrum, xi v. 17 n.
Ganda, 10th yoga, ii. 6 0  n. Ideler—identifications of Arab mandzil,
Ganeqa, author of Graha-L&ghava, add. 326 etc.

n. 1. Idvatsara, 4th or 5th year of lustrum,
Gara, 6th etc. karana, ii. 69 n. xiv. 17 n.
Garga, Garga-Siddhauta, add. n. 1, al-Iklil, 17th manzil, 336.

/Ctf* • G0̂>v
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Inclination—of planetary orbits to ecliptic, Krodhana, SSrd year-of Jupiter’s cycle, i. 
i. 68-70 ; comparative table of, i, 70 n : j 55 n,
of ecliptic to equator, ii. 28. Krodbin, 12th year of Jupiter’s cycle, i.

Indra—26th yoga, ii. 65 n: divinity of 85 n.
18th asterism, 837 ̂  of others, 341, with Krttika, 3rd aeterism—identification etc.,
Agni, of 16 th, 335. 328; formerly first of the series, i. 27 n,

Inequalities of planetary motions—how { 350.
produced, ii. 1 -8 ; why of different de- Kshaya, 34th year of Jupiter’s cycle, i. 
grees, ii. 9-11. 55 n.

Instruments—armillary sphere, xiii. 1-20, Kuei, 6th new, 331. 
viii. 12 n ; other instruments for mens- Kuru, a clime, xii. 40. 
tiring time, xiii. 20-24; for taking alti- Kurukslietra, region in India, i. 62 n. 
tude, xiii. 21 n; for taking zenith-dis
tance at meridian transit, viii. 12 n. Liidha, astronomical authority, i. 3 n.

Iron Age, i. 17 n; its commencement, 161; Lagadlm or Lagata, author of Jyotisha, i. 
how determined, 162. g „

Lnghu-Arya-SiddMnta, add. n. 1; cita- 
aj-Jabhah, 10th m a .m il, 333. tions and references, 168, add  n. 6.
Jambfidvlpa, central continent in Puranic Lnmbaka, name of a yoga, add. n. 19.

geography, xii. 44 n. j Lanka, i. 62 n, xii. 39.
Jaya, 2nd year of Jupiter’s cycle, i. 55 n. LSta, called by al-Birdin author of Svlrya- 
Jervis, bis Weights, Measures, and Coins Siddhfinta, i. 8 n.

of India, in trod. n. Latitude, celestial—name, i. 70 n, iv. 21 n ; *
JSbna-Bhlskara, reference to, i. 6 n, I how measured, i. 70 n, viii. 1 n ; mean 
Jnina-r.lja, author of Siddhfoita-Sundara, greatest latitude of planets, i. 68-70 : 

add. n. 1. latitude of planets bow calculated, '2!
Jones, Sir W., references to and citations 56-57 ; how combined with ddcliaatj&h, 

from his works, 324, 325, xiv. 16 n, add. ii. 58.
n. 1. Latitude, terrestrial—name, i. 60 n ; how

Jupiter—names, revolutions, etc., etc., see ascertained by observation of shadow, 
Planets—Jupiter’s cycle of sixty years, iii. 13-14, 14-16 : circumf. of earth on a 
i. 65; of twelve years, xiv. 17; their parallel of latitude, how found, i. 60. 
relation, xiv. 17 n. Leu, 27th sieu , 328.

Jyiishtha, 2nd or 3rd month, i. 61 n, xiv. Li, Chinese measure of distance, i. 60 n,
3 n, 16 n. ; add. n. 13.

Jyeshth V 18th asterism—identification etc., Lieu, 7th sieu , 332.
336 ; its last quarter unlucky, xi. 21, (Lokfdoka, boundary of the earth, xii. 44 n, 

Jyotisha, astronomical treatise, i. 3 n. xiii. 16 n. t
Longitude, apparent—term how employed, 

KMadimdn, name of a yoga, add. n. 19. v ''; n > found, vii. 7-11.
ICaUyukta, 26th year of Jupiter’s cycle,;. Longitude, celestial, ot a planet no name 

gg n * for, i. 53 n ; mean longitude how iound,
al-Kalb, 18thmarisil, 337. j- 53 54 60-61, .67; true longitude
KamaUkara, author of Tattva-’V iveka, Low found, n. 39-45 : sun true and

a(j(| ri ] j mean longitude how determined, irom
K ina, name of a yoga, add. a. 19. observation, iii. 17-20, 40-41.
Kang, 13th sieu, 835. Longitude, polar—term bow employed m
Karima, half a lunar day, ii. 67-69, ™r\c, viii. 1 n ; polar longitudes of
KSrttika, 7 th or 8th month,!. 5 In , xiv. asteasms, viii 2 -6 ; of certain fixed 

3n  1(j n stars, viii. 10-11, 20-21.
K. mlava, 4th etc. karana, ii. 69 n. Longitude, terrestrial — name, i. 61 n j .
Ketu, moon’s descending node, ii. 8 a. whence m easure^ i. 62; how deter-
Ketunitla, a clime, xii. 39. mined, i. 68-65 ; measured m yojanas,
Kbanda-Kataka, treatise, or chapter of one, T )• <>5 n,

by Brahmagupta— cited by al-Birdmre- Lunar time, day, m on th -see  lim e, Day, — 
specting asterisras, 325 etc., 352, 353. ,  Month,

Khara, 59th year of Jupiter’s cycle,!. 65 n. Lustrum, cycle of five years, i. 58 n ;
Ki. 1 Sth dm , 339. names of lts year8< 17 “ •
Kilaka, 16th year of Jupiter’s cycle, i. 55 n.
Kinstughna, 1st karana, ii. 69 n. Mackenzie collection—see Wilson.
Kio. 12th slew, 885. Maghiit, 30th asterism—identification etc.,
Koei, 26th sieu, 343. 332, add. n. 26.
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MAgha, 1 0 tli or 11th month, i. 51 n, xiv. 85  ; apparent diameter how calculated,
3n ; 16 n. I iv. 2-8 ; conciser method, 4.56 : moon’a

Mftitra, name of ft yoga, add. n. 19. heliacal setting and rising, x. 1; time of
Mallikarjuna, commentator on Sfirya-Sid- rising and setting, how calculated, x. 2 - 

dhilnta, add. n. 2. - 5 ; elevation of cusps, x._6~8; to deter-
Mammabhntta, commentator on Surva- mine illuminated part of disk, x. 9; to  

SiddMntii, add. n. 2. delineate illuminated part, and elevation
MAnasa, name o fa  yoga, add. n. 19. of cusps, x. 10-15: moon the divinity of
Manazil al-kamar—see Arab lunar man- 5th asterism, 829; relation to system

sions. of asterisms, 351, add. n. 28; equality of
MangalavAra, Tuesday, i. 52 n. declination with sun unpropitious, xi. 1
Mamnatha, 3rd year of Jupiter’s cycle, i. e tc .; statiou of the Fathers, xii. 74.

6 5  n. Motions of planets—see Daily motions,
Manu, citations and references, i. 12 n, Inequalities.

17 n, 19 n, 23 n, xii. 28 n, xiv. 14 n. Mrgagirsha, 5tli asterism— identification 
Mao, 1st sieu, 329. etc., 829, add. n. 26.
Mtlrga^irsha, 8th or 9th month, i. 51 nj MrgavyAdha, name of star (Sirius), viii.

xiv. 3 n, 10 n. 10-11, add. n. 26.
Mars, names, revolutions, etc., etc.— see Mrtyu, name of a yoga, add. n. 19.

Planets. Mudgara, name of a yoga, add. a  19.
MAtanga, name of a yoga, add. u. 19. Muhurta-Cint6m:mi, cited respecting os- 
Maya, recipient of revelation of SArya- tori sms, 325 etc.

SiddhAnta, i. 2 ,4 ,6  n, 7, xii. 1, 10, xiv. MuhArta-MAla, cited respecting Abhijit,
24-27; conjectured identity of his name 354.
w ith th a to f  Ptolemy,i, 6 n. MAla,19tb asterism—identification etc.,337.

Mean motions of planets—see Daily mo- Munigvara, author of SiddhAnta-SArva- 
rions etc. blmunm, add. n. 1, 2.

Mean places of planets—see longitude. Musala, name ofa yoga, add. n. 19.
Measure of amplitude, iii. 7.

' Mercury, names, revolutions, etc., etc.— an-Na’aim, 20\Mtnanzil, 339.
see Planets. Nadi, sixtieth part of sidereal day, I. 11.

Meridian—no distinct name for in text, xiii. NAga, 59th karaaa, ii. 67, 69 □.
15 n ;  name in commentary, 283, xiii.j an-Najm, 3rd manzil, 329.
15 n. jNandana, 60th year of Jupiter’s cycle,!.

Meridian ecliptic-point, iii. 49, v. 4-5, 9 n. 55 u.
* Meridian, prime—situation of, i, 62; why Nflruda, Nfirada-Siddhftuta, add. n. 1.

chosen, i. 62 n. NAradi-Sanhitfi, add. n. 1.
Meridian-sine, v. 5. an-Nathrah, 8th manzil, 381.
Mcru—poles of the earth, xii. 34-35; in New moon, day of, ii. 66 n.

Puranic geography, xii. 44 n. Nieu, 20th sieu, 340.
Minute of arc, i. 28, an-Niyftt, stars in Scorpio, 337. _
Mitra, divinity of 17th asterism, 336, INode'of a planetary orbit—name, i. 34 n,

• Month—civil’ i  12: lunar, i. 13; number j xi. 5 n ; only ascending node spoken of,
in an Age, i. 36 ; names of those com- i. 34 n ; names of ascending and de
posing the year, i. 61 n, xiv. 16 n; how scending nodes, ii. 8n , 360; mode of
derived, xiv. 16 n ; divisions of lunar action on the planet, ii. 6-8 ; revolu-
mont-li, i. 51 n : intercalary months, i. tiops, i. 42-44; how devised, i. 44 n ; po-
88 ; number in a given period how cal- sitions, acc. to different authorities, i,
bnlated, u 49 : lunar month a day of the 44 n ; compared with Ptolemy’s, add. n.
Fathers, xii. 74, xiv. 14 : sidereal month, 11 ; corrections applied to places of, in
i. 12 : solar month, i. 13 ; number in an calculating latitude, ii. 56.
Age, i. 39; names, i. 51 n, xiv. 16 n ; pre- For moon’s node, see Moon.
else length of the several solar months, Nrsinha, commentator on Sfirya-SiddhAn-
xiv. 3 n ; division into seasons, xiv. 16 n. ta, add. n. 2.

<l!loon—names, revolutions, etc., etc,, see Nii, 21st sieu., 340.
Planets— Moon’sapsides and nodes,revo- Numbers, how expressed in the text, di
lutions in an Age, i, 33 ; mean daily mo- trod. n. 
tions of, 161, 164, add. n. 5, 7 ; in side
real day, 485; positions :tt beginning of Oblique ascension, equivalents in, of sign#
Iron Age, 162, add. n. 6 ; orbits, xii. 87- of ecliptic, iii. 44-45 ; table of equiva-
88 : moon’s dimensions, iv. 1; mean ap- lents as calculated for Washington,
parent diameter, distance, and horizon- 265; for Williams’ College, 457; de-
tal parallax, iv. 1 n ; orbit, iv. 1 n, xii. grees of oblique ascension, ix. 5 n.

v o n . vr. 63
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Observations—how far contemplated in Perigee, perihelion, no name for, 207.
Hindu system, vii. 18 n, vui. 12 n,472 ; Perpendicular of a right-angled triangle, ii. 
accuracy of Hindu observations, 866, 80 n, add, n. 16.
364. Perpendicular-sine sss cosine, ii. 80 n, add.

Oei, 28th sieu, 828. n. 16.
Orbit—name, iv. 3, xii. 76: orbits of the PMlgtmn, 11th or 12th month, i. 51 n, 

planets, i. 26, xii. 78-77; their absolute xiv. 3 n, 16 n.
dimensions,xii. 80-00; how determined, Phalgunl, 11th and 12th asterisms—iden- 
i. 27 n, iv. 1 n, xii. 90 n ; their relative tification etc., 333, add, n. 26. 
dimensions deduced from epicy cles, and Phases of an eclipse, contact, immersion, 
compared, 220. ' emergence, separation, greatest obscu-

Orient ecliptic-point, iii. 46-48. ration, etc.—names, iv. I5n , 17 n.
Orient-sine, or sine of amplitude of orient Pi, 2nd sieu. 329 ; 25th sieu, 343.

ecliptic-point, v. 8; Pingala, 25th year of Jupiter’s cycle, i.
65 n. •*

Pack, quarter of a  jloka, introd. n. Planet, .name, iv. 6 n, add. n, 22.
Padma, name of a  yoga, add. n. 19. Planets—names, add. n . !!; creation, xii.
P8dma, name of last/E on , i. 28 n. . 22-24; general explanation of motions,
Pafiea-Siddh&ntiM, i. 3 n, add. n. 1. | i, 28-27, xii. 73-77 ; point of commence-
ParSbhava, 14th year of Jupiter’s cycle, j ment of motion, i. 27, 162; time of coin

i. 55 n. I menoemerit, i. 24,161, 162, i. 44 n ; sid-
ParSfara, add. n. 1. | ereal revolutions in an Age, i. 29-82;
Parfiyara or PSr&jara SiddhfUita, add. n. tables of periods of sidereal revolution,

1; its system, add. n. 6 ; length of year, 161, 164, 168, add. n. 5, 7 ; mean daily
168; positions of apsides and nodes, i. motions, i. 26, xii. 83 ; tables of do., i,
4 4  n. I 34 n, add. n. S, 7 j mean positions, end

Parallax—general exposition of Hindu of last Golden Age, i. 57 ; do. beginni g
view of, v. 1 n ; horizontal parallax of of, iron Age, 1. 58 n, add. n. 6 ; actual
moon and sun, iv. I n ;  the same acc, mean positions, beg. of Iron Age, 162:
to  Ptolemy, iv. I n :  vertical parallax to find mean longitude for any given
and its resolution, v. I n ;  parallax in time, i. 53-67; mean longitude as found
longitude, name of, 288; mode of cal- for Jan. 1, 1860, and errors, i. 67 n :
culating, in time, v. 8 -8 ; parallax in causes of irregular motion, ii. 1 -11 ;
latitude, name of, 288 ; mode of calcu- kinds of motion, ii. 12-13 ; how to cal-
lating, v. 10-12: method of applying culate true longitudes, ii. 29-45; di
parallax in determining phases of eclipse, mentions of epicycles, ii. 34-38; equa-
v. 9, 13-17, 463; general criticism of tion of centre, ii. 39 ; annual equation,
methods of calculation, 299: parallax ii. 40-42; calculation of true rates of
of other planets neglected, vii. 23 n. motion, ii. 47-51; of declination, ii. 28 ; 

Paridhftvin, 20th year of Jupiter’s cycle, i, data for finding latitude, i. 68-70; mode 
66 o. of calculation, ii. 56-57; combination of

Parigha, 19th yoga, ii. 65 n. latitude and declination, ii. 58: coin-
Parivatsara, 2nd year of lustrum, xiv. parative table of true longitudes, daily

17 n, I motions, and declinations, for Jan. 1,
Pfira'i asterisms, or 28-fold division of I 8 6 0 , 231; apparent diameters, iv, 1 a,

ecliptic, 824, 349, vii. 13-14 : orbits, how determined, iv..
PUrthivu, 53rd year of Jupiter’s cycle, i. 1 n, xii. 90 n ; absolute dimensions, xii.

Son. 80-90; relative dimensions, deduced
Path of extremity of shadow, how drawn from epicycles, 220 ; distances jjjjftn ,,

on the dial, iii. 41-42. earth, xii. 84; order in respect to dis-
Path  of eclipsing body, how drawn in pro- tance, xii. 31; order in which referred

jection of eclipses, vi. 14-16. to in this work, i. 52 n : synodical revo-
Patriarchate, great chronological period— lutions, ii. 42 n: conjunctions of planets

how composed, i. 18: reckoned as day with each other, vii; with' asterisins, 
of Prajapati, xiv. 21. viii. 14-15: heliacal settings and risings,

PAulasty a or Pulastya S iddhanta, add. a. 1. ix. 1—11: regency over days, months,
PAulitja or Puliga Siddhdnta, i. 6n, add. etc.,-i. 51-62, xii. 78-79: d ay o fap lan - 

n, 1. 6 : its length of year, 168. et, ii. 59.
PSusim, 9th or 10th month, i. 51 n. xiv. Plava, 9th year of Jupiter’s cycle, i.

8 n, 16 n. 65 n.
Perfected, the, n race of supernatural Plavanga, 16th year of Jupiter’s cycle, i. 

beings, xii. 28, 81, 40. 55 n.
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Polar longitude and latitude, terms how ting of planets, ix. 9 n ; positions of ap- 
employed in this work, viii. 1 n. sides and nodes of planets, add, n. 1 1 .

Pole—of earth, xii. 34-85 ; of ecliptic, Pulija, author of P&uliga-Siddb&nta, add.
287; of prime vertical, 283. n. 1 ; identical with Paulus Alexandri-

Polestars, xii. 43. . nus ? i. 6 n, add. n. 1 .
Portion of an asterism, ii. 64,328, 351-54. Punarvnsu, 7th asterism— identification 
Possessors of Knowledge, supernatural etc., 330.

beings, xii. 31. Purva-ashadhii, 20th asterism—identifica-
Prabhava, 85 th year of Jupiter's cycle, i. tlon etc., 338.

55 n. ” Purva-Bhddrapada, 26th asterism—iden-
Prajapati—89tb year of Jupiter’s cycle, i. tification etc., 341.

55 n: divinity of 4th asterism, 329, viii. Pdrva-Phalgum, 11th asterism—identifi- 
13 n: the patriarchate a day of, xiv. cation etc,, 338.
2 1 : name of a star (g Auriga), viii. 20: Pushan, divinity of 28th asterism, 343. 
name of a yoga, add. n. 19. Pushya, 8 th asterism—identification etc,,

Pranuidin, 21st year of Jupiter’s cycle, i. 331.
55 n.

Pramithin, 47th year of Jupiter’s cycle, i, Quadrants, odd and even, ii. 29-30.
55 n. _

Pramoda, 38th year of Jupiter’s cycle, i. Radius—names, i i  60 n ; value in min- 
55 n. utes, ii. 22.

Pravardha, name of a yoga, add. n. 19, R5bu, ii. 6 ; cause of eclipses, ii. 8 n, iv.
Precession of the equinoxes, iii. 9-12; 6 n.

name, 249; statement of, iii. 9 ; form Rfikshasa—23rd year of Jupiter’s cycle, 
of theory, a libratiori, iii. 12 n; possible i. 55 n : name of a yoga, add. n. 19. 
reason, 247; Bentley’s view refuted, Raktaksha, 32nd year of Jupiter’s cycle,
248; theory of Siddhi'mta-Qiromani, not i. 05 n.

V librarian, 248; whether precession Rangan&tha, commentator on Surya-Sid- 
taken account of in construction of Him dhiinta, introd. n„ add. n. 2 , 
du system, 247, add. n. 20; position and Ratnamiila, authority respecting aster, 
history in this treatise, 246 etc., add. n, isms, 325.
20  ; rule for calculating, iii. 9-10; for Rftudra, 28th year of Jupiter’s cycle, i. 
determining by observation, iii. 11-12: 55 n.
Greek view of precession, 249. Ravivara, Sunday, i. 52 n.

Prime meridian, i. 62. Regents of years* months, days, and hours,
Prime vertical, iii. 6 ; its pole, 288 ; to find i. 51-52, xii. 78-79.

hypoth. of shadow, when sun is on the, Respiration, measure of time, i. 11.
iii. 25-27. Retrogradation of the planets—name, it.

Priti, 2nd yoga, ii. 65 n. 1 2 -! 3; explanation, and definition of
Progresses of the sun, from solstice to limits, ii, 51-55.

solstice, .xiv, 9. Rcvati, 28th asterism—identification etc.,
Projection of an eclipse, v i; name, vi. 1, 8 ; 343 ; its last quarter unlucky, xL.il.

scale of, iv. 26; figure illustrating pro- Revolution of a planet, i. 25-27; number# 
jection of lunar eclipse, 801. of revolutions in an Age, i. 29-34.

Ptolemy—possible traces of his name in Right ascension, equivalents of the differ- ■
Hindu astronomy, i. 6  n; his times of ent signs of the ecliptic in, iii. 42-44.
sidereal revolution of the planets, 168, ar-Rishfl, 28th manzil, 343. 
add. n. 10; inclination of planetary or- Rohini, 4th asterism—identification etc., 

ihits, i.7 0 n ; of ecliptic, ii. 28 n; use of 329; astrological consequences of col-
chords, 2 0 0 ; relation of his chords to Iision of the planets with, viii. 13.
Hindu sines, add. n. 15 ; mode of cal- Rohttaka, place situated on prime merid- 
culating equation of centre of sun and ian, i. 62.
moon, 210; of other planets, together Romaka, name of Rome, i. 6  n, xii. 39. 
with annual equation, 217 ; bis improve- Romaka-Siddh&nta, add n. 1, i. 6 n. 
meats of Greek astronomy, not found in Rodbirodgdrin, 31st year of Jupiter’s cy*
Hindu system, 219,474; relative di- cle, i. 55 n.
mensions and eccentricities of planetary Rudra, divinity of 6 th asterism, 330. 
orbita, 2 2 0 ; retrogradation of planets,
226; precession, 249; distances, paral- [For words often spelt with Sh, S', 'S, or 
lax, and dimensions of sun and moon, S, see (J, under the letter C.]
271; direction of ecliptic in eclipses, Sa’d adh-Dlribih, 22nd manzil, 340.
284; astrology, vii 23 n; heliacal set- Sa’d al-Akhbiyah, 25th manzil, 341.
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Sa’d as-Su'tid, 24th manzil, 341, Siddhtata-S&rvabh&urna, add, n. 1 : metb-
Sa’d Bula’, 23rd m anzil, 340. od of observing positions of asterisms,
Sadharana, 18th year of Jupiter’s cycle, viii. 12 n; epicycles, add. n. 18.

i. 65 l). Siddhiinta-Sundara, add. n. 1 ; cited by
S5dhya, 22nd yoga, ii. 65 n.: Siddhfwjta-Shrvabhauma. viii. 1 2  n.
Saui vatsara— 1 st year of lustrum, xiv. 17 n; Siddharthin, 27 th year of Jupiter’s cycle, 

year of era of Vikramfiditya, add. n. 12. i. 55 n.
Sanskrit words, transcription and pronun- Siddhi—16th yoga, ii. 65 n ; name of a 

ciation of, introd. n. yoga, add. n. 19.
as-Sarfah, 12th m anzil, 334. Sidereal time, day, year—see Time, Day,
Sarvadharin, 6 6 th year of Jupiter’s cycle, Year.

i. 65 n. Siou, 28-fold division of heavens by Chi-
Sarvajit, 55th year of Jupiter’s cycle, i. nese, 325 ; comparison with Hindu 

55 n. asterisms and Arab lunar mansions,
Saturn, names, revolutions, etc., etc.—see 827-844; map illustrating position and 

Planets. relations, add, n. 27 ; origin of system,
Sdubhagya, 4th yoga, ii, 65 n. acc. to Biot, 346.
Sfiumya—17th year of Jupiter’s cycle, i. Sign, twelfth part of ecliptic, i. 2 8 ; reek- 

55 n ; name of a yoga, add. n. 19. oned from any given starting-point, i.
Scale of projection of an eclipse, iv. 26. 28 n, 58 n ; table of names and symbols,
Seasons—number and names, xiv. 10 n; i. 58 n.

months and asterisms belonging to as-Simfik, 14th ’m anzil, 335. 
them, xiv. 16 n; reason of varying Siu, 16th sieti, 337. 
temperature, xii. 46, 72 n, Sine—name, 201, add. n. 16 ; series of

Second of arc, i. 28. sines, in minutes, ii. 17-22 ;comparative
Serpents, divinities of 9th asterism, 382. table of, 197 ; table of sines for every
Seven Sages, stars in Ursa Major, xiii. 9; degree, with differences, 429 ; rule for 

their independent revolution, viii. 21 n. developing the series, ii. 15-16; how
ShadajUimukha, solar period, xiv. 3-6. derived, 198-9, add. n. 15 ; its falsity,
Shadow of earth — diameter on moon’s add. n. 15; Hindu use of sines earlier

orbit, iv. 4-5; no account taken of pe- than Arab, 200; Arab sinea from Greek
numbra, iv. 5 n. chords, 200 ; whether Hindu sines like-

Shadow of gnomon—names, id. 5 n ; base, wise ? add. n. 15 ; Hindu series how
or north and south projection of, iii.23- obtained, 198, add. n. 15.
25 ; path of its extremity, iii. 41-42 : part of an arc determining the sine, ii. "
equinoctial shadow, iii. 7, 12-13 : noon 29-30 : to find the sine of a given arc,
shadow, how calculated, ill. 2 0 -2 2  ; oth- or arc of a given sine, ii. 31-33. 
er shadows, iii. 28-34, 34-86; shadow Sing, 8 th sieu, 883. 
cast by any planet or star, how deter- Solar time, day, month, year, etc.—see 
mined and laid down, 312, 316. Time, Day, Month, Year.

ash-Sharathn, 1st m anzil, 327. Solstice, name of, 249, xii. 72 n.
ash-Shanloh, 19th manzil, 338. Soma-SiddMnta, add n. 1,6.
Siddha, 21st yoga, ii. 65 n. SomavSra, Monday, i  52 n.
Siddhiinta-Qiroinani—date, authorship, and Sphere, 287. 

derivation, add. n. 1; account of Vedfin- Square, iii. 5 n. 
gas, i. 3 n ; planetary system, add. n. 6 ; Sthira, name of a yoga, add. n. 19. 
division of the day, i. 1 2  n ; length of Subh&nu, 51st year of Jupiter’s cycle,!, 
year, and mean sidereal revolutions of 55 n. 
planets, 168 ; positions of apsides and Sukarman, 7th yoga, ii. 65 n. 
nodes, i. 44 ri; diameter and circumfer- Sum of days—narnep, 1. 51 n ; how found, 
ence of earth, i. 60 n ; prime meridian, i. 45-51.
i. 62 n; precession, 248 ; statement re-Sun—names, revolutions, etc., etc., sec 
specting precession as taught by SOrya- Planets—dimensions, iv. 1 ; mean ap- 
Siddhanta, 245; sines of zenith-distance parent diameter, horizontal parallax, 
and altitude of ecliptic, v. 7 n; defini- and distance, iv. 1 n; to find true ap
t-ion of position of asterisms, 326-344; parent diameter, iv. 2-3; briefer meth- 
of fixed stars, viii. 12 n; geography of od, 450 ; solar eclipses, iv, v; Calcu- 
southern hemisphere, xii. 44 n ; orbit of lation of a solar eclipse, add. n. 25; 
asterisms, xii. 90 n ; armillary sphere, error of sun’s motion and position by 
xiii. 3n ; descriptions of instruments, Hindu system, 166; adaptation of those 
xiii. 21 n, 22n; solar day, xiv. 3 n ; epi- of other planets to it, 134-167: sun’s 
cycles, add. ti. 18, revelation of present treatise, i, 2-9,xiv.
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24-25: his part in the creation, xii. 15- Uttara-Blikdrapadsi, 2*7tli asterism idon*
•21 : divinity of 18th asterism, 384. tification etc., 342. _ . . .

Surd, 250. J Uttara-Phalguni. 12th asterism—ldenlifi-
Svlrya Siddhanta—professedly revealed by cation etc., 333.

the Sun to Maya, i. 2-0 ; ascribed by
al-Birhni to Lata, i. 3 n ; referred by Vitigakha, 1 st or 2nd month, i. 51 n, xiv,
Bentley to H th century, 165; refuta- 3 n, is  ti.
tion of this conclusion,.!. 3 n, 161,410; VMdhi'ta, or V&idhrti, name of a hostile 
position in astronomical literature of aspect of sun and moon, xi. 2, 4.
India, introd. n., add. n. 1, 410; its sys- V&itusfti, 27th yoga, ii. 65 n.
tem compared with those of other trea- Vajra—15th yoga, ii. 65 n ; name of a
tises, add. n. 6 ; present extent,xiv. 2 1  n ; yoga, add. n. 19.
division into two portions, xi. 28 n; Vaniba, name of current jEott, i. 23 n.
commentaries on, add. n. 2; published Varaha-mihira, astronomical and astro-
edition, introd. n., add. n. 1, logical authority, i. 3n, vii. 23 n, 352,

Svati, 15th asterism—identification etc., viii, 13 n, xiv. 6 n, add. n. 1 .
335. Var&ha-Siddhanta, add. n. 1.'

Synodical revolutions of the planets, 212. Variyas, 18th yoga, ii. 65 n.
Varsha, rainy season, xiv. 10 n, 16 n.

Tables for finding true places of planets, Varuna, divinity of 25th asterism, 341.
where given, 218. Vasanta, spring, xiv. 1 On, 16 n.

Tait.ila, 5th etc. karana, ii. 69 n. Vanishtha or Vasishtha Siddhanta, add.
TMttiriya-Sanhitfi. aiid Taittiriya-Brah- ^n. 1, 6.

mana, names and divinities of the aste* Vasudeva, xii. 1 2 .
risms according to, 326 etc. Vasus, divinities of 24th asterism, 340,

Tammaya, commentator on Surya-Sid- Vatsara, 5tii year of lustrum, xiv. 17 n.
dhanta, add. n. 2. Vedas, xii. 11.

Tirana, 52nd year of Jupiter’s cycle, i. Vedangas, i. 8 n.
5 5  n. Venus — names, revolutions, ete., etc.,

at. Tarf, 9th manzil, 382. see Planets—in conjunction with other
Tattva-Vivekn, add. n. 1. planets, vii. 23,
ath-Thuraiya, 3rd manzil, 329. "V ersed sine—name, 201; how found, u .
Ti 14th sieu, 886 . 22 ; series of, for the quadrant, ii. 23-27.
Time—real and unreal, i, 10; different Vertical circle, 287.

modes of measuring and reckoning, xiv; Vertical parallax, resolution of, 281. 
civil time and its uses, xiv. 18-19; lu- Vibbava, 36th year of Jupiter’s cycle, i, 
nar time, i. 13 n, xiv. 12-14; sidereal 55 n.
time, xiv. 15; solar time, xiv. 3, 1 0 ; Vig&kM, 16th asterism—identification 
time of gods, Prajilpati, and Brahma, etc., 835.
xiv. 20-21: mode of reckoning time Vicrtau, name of stars in sting of Scor- 
praeticaliy employed, i. 13 n: instru- pio, 337. .
merits for measuring time, xiii. 16, 19~ Vipvcivasu, 13th year of Jupiter s cycle, 1 .
24: to determine the time by observa- 55 n.
tion of shadow of gnomon, iii. 37-39— Vijaya, 1st year of Jupiter’s cycle, 1. 
see Day, Month, Year, etc. 55 n.

► Times of rising, see Ascensional equiva- Vikavin, 1th year of Jupiter’s cycle, l. 
lents. 5 5  »• , . _ , , , .

Tsan, 4 th sieu, 830. Vikrama, 48th year of Jupiter’s cycle, i.
, j/se, 3rd sieu, 330. 55 n.

Tslng, 5th sieu, 381. Vikramiiditya, era of, add. n. 12.
Tvashtar, divinity of 14th asterism, 334, Viferta, 58th year of Jupiter’s cycle, i.
Tycho Brahe’s determination of apparent 65 n.

diameter of planets, vii. 14 n. Vilamba, 6th year of Jupiter’s cycle, i.
55 n.

Udravatsara, 5th year of lustrum,xiv, 17 n, VJnadi, measure of time, i. 11.
Uei, 17th sieu, 338. Virodhakrt, 19th year of Jupiter’s cycle,
Ujjayini, city determining position of i. 55 n.

prime meridian, i. 62 n. Virodbin, filth year of Jupiter’s cycle, i.
TTpanishad, xiii. 3 a  Son.
Utpata, name of a yoga, add. n. 19. Vishkambha, 1st yoga, ii. 65 n.
Uttara-Ashadha, 21st asterism—identifi- Vishnu—divinity of 23rd asterism, 340; 

cation etc.,' 338. original character, xiv. 10 n.

1 8  I  ■ . 0 SSH
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Vishnu-candra, author of Vasishtha-Sid- Yavanas, Greeks or westerners, referred 
dhtota, add. n. 1. to in Hindu astronomical traditions, i.

Vishnudharmottara-Purtaia, add. n. 1. 6 n, 474. >
Vishnu-Purina, citations from and refer- Year—civil, lunar, sidereal, and solar, i. 

encesto, h 9 n, 12 n, 17 n, 19 n, 21 n, 13 n ; year of the gods, i. 14; years in
23 n, ii. 8 n, x i^  23 n, 44 n. practical use in India, i. 13 n ;  sketch of

Viabti, 8th etc. karana, ii. 69 n, solar and krai-solar calendar, for year
Vortices, or propelling currents, of the 1839-60,1.53. n: length of sidereal solar

planets, ii. 3, xii. 73. j year, acc. to different authorities, 16S
Vrddhi, 11th yoga, ii. 65 n, years of eras of (jaliv&hana and Vikra-

' Vyftghdta, 13 th yoga, ii. 65 n. | rofiditya, character and names of, add.
Vyiisa-Siddhanta, add. n. 1. ! n. 12; years of Jup iter’s cycle, uamea
V yatipata—17th yoga, ii. 66 n, xi. 20; j of, i. 55 n ; years of lustrum, names of, 

name of a hostile aspect of sun and xiv. 17 n.
moon, xi. 2,4. | Yeilaya, commentator on Surya-Siddlrin-

Vyaya, 54th year of Jupiter’s cycle, i. ta , add. n. 2.
5 5  n, ’ Yoga, period of time—name -whence de

rived, add .n . 19 ; two systems, names
"Warren’s Kftla Sankalita, references to and character of, ii. 65 u, add. n. 19. 

and citations from, introd. n., i. 13 rt, Yojana, measure of length, its subdivision 
34 n, 48 n, 55 n,'62 n, 218,xiv. 3 n, 17 n, | and value, i. 60 n, add. n. 13. 
add. n. 12, 19. " Yuvan, 43rd year of Jupiter’s cycle, i.

Weber, references to and extracts from 55 n. 
his works and essays, i. 3 ri, 6 n, ii. 8 n,
vii. 23 a, 348, xiv. 6 n, add. n, 1, 3, 26, Zenith, name of, v. 1 n.
28. Zenith-distance—on the meridian, iii. 14-

W eek—not an original or ancient Hindu 15; elsewhere, iii. 33; sun’s zenith-d >- 
institution, i. 52 n, xii. 79 u; whence twice on circles of intermediate Bil.ec* 
brought, to India, i. 52 n ; names of its tion, how found, iii. 28-34; to  find the
days, i. 52 n ; how determined, i. 52 n ; same elsewhere, iii. 34-36; how found
when tiiey begin, i. 66. from shadow, iii. 14-15, 37 ; instrument

Wilson—his catalogue of Mackenzie Col- for obtaining- sun’s zenith-distance by
lection referred to, add. n. 1, 2 ; his observation, xiii. 21 n.
Yishnu-Purana, see VishijuVuraaa. Zodiac—name, iii. 12 n ;  signs of, see

Signs.
Y, 10th slot, 334. Zones of the earth, xii. 59-69,
Yama, divinity of 2nd asterism, 328, az-Zubftnfin, 16th mamil. 336.
Yamakoti, city, xii. 88, az-Zubrah, 11th mamil, 384
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