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| l l  §L
TRANSLATION OF SU'EYA-SIDDIIA NTA.

CHAPTER I.

Called Madhya-GATI which {reals of the Rules for finding the 
mean places of the planets.

1. Salutation to that Supreme Be-
Invoeatioii. . ,

mg which is of inconceivable and 
imperceptible form, void of properties (of all created things), the 
external source of wisdom and happiness, and the supporter 
of the whole world in the shapes (of B kahmI, V ishnu and S iva.)

, 2 & 3. Some time before the end
Introductory. of the Krita ytjoa, a great Demon 

named Maya, being desirous of obtaining the sound, secret, 
excellent, sacred and complete knowledge of Astronomy, which 
is the best of the six sciences subordinate to the Veda, practised 
the most difficult penance, the worship of the Sun.

4. 'The self-delightful Sun, being gra tified at such (difficult) 
penance of Maya, bestowed on him the knowledge of the 
science of Astronomy which he was inquiring after,

The illustrious Sun said.
5. (0 Maya,) I am informed of your intention (of attaining 

the knowledge of the science of Astronomy) and pleased with 
your penance. I, therefore will grant you the great knowledge 
of Astronomy which treats of time.

. 6. (But since) nobody can bear my light and I  have no tirno
to teach you (the science,) this man who partakes of my nature 
will impart to you the whole of the science,
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<-}ocl ®un> having thus spoken 'to, and ord ereS eu L i 
. ^ y h o m  from himself (to teach Mata) , disappeared. That man 
spoke to Mata, who stood bending and folding his hands close 
to his forehead, in the following manner.

8. (0 Mata), hear attentively the excellent knowledge (of 
the science of Astronomy) which the Sun himself formerly taught 
to the great saints in each of the Yuqas.

9 . I teach you the same ancient science, which tho Sun 
himself formerly taught. (But) the difference (between tho 
present and the ancient works) is caused only by time, on 
account of the revolution of tho Y coas.

Swd. of timo. . 10- Time is ° f  two kinds; the first
(is continuous and endless which) de

stroys all animate and inanimate things (which is also the cause 
of creation and preservation), the second is that which can be 
known, I his (latter kind of time) is also of two kinds; the 
one is called Mt/RTA (measurable) and tho other is AbiiIrta 
(immeasurable, by reason of bulkiness and smallness respec
tively).

and GhatiM, ” • The time called MYrta, begins
with P rana (a portion of time which 

contains lour seconds,) and the time called A itIIkta begins with 
Tbutx (a very small portion of time which is the ^ f ^ t l i  part 
of a second.) The time which contains six PkXnas is called 
a Pala, and that whioh contains sixty Pa u s  is called a 
GitatikY

Dny m i  Month. ,8 ' ^  tirne' wllicil fohtams sixty
IjHtTiK.i's is called a KYkshatra A ho. 

Batba (a sidcrpal day arid night) and a Nakshatka Masa (a 
sidereal month) consists of thirty Nakshatka AbokjCtkas. 
Thirty Sa'yana (terrestrial) days (a terrestrial day being 
reckoned from snn-risp to sun-rise) make a Havana month.

_  , 18. Thirty lunar days make a lunarTho lunar and solar mouth ,, , ,, . ,and the Divino Day. month, and a  solar month is the time
which the Sun requires to move from

{ i f  ygw \ l )  Tcamlaiim of the l  n y



r \ \ \  , ,/ # /  \  Vv SiJrjla -S id d b .a n ta , #  ' i

\ * \  fijaW niin* of the Zqdiac to the next. A. solar year “ W H j  
soier mouths , and this is called a day of the (jlods.

14. An A it ok a tea (day and night) 

o{ <*«-> G°ds *«* tta t *  **°Dera^ 8 
are mutually the reverse of each other, 

(viz. a day of the Gods is the night of the Demons ; and ,coix- 
versly, a night of the Gods is tho day of the Demons). Sixty 
A hobatbas, multiplied by six, make a year of the Gods and 
Demons.

15 & 16. The time containing twelve 
x v a Z  le'’gth 0t * gre!*1 thousand years of the Gods is called a 

CitATtiKYUtiA (the aggregate of the four 
yogas, Kkita, TretjI, Dwdi'AitA and Kali),

These four yogas including their SANDHYif and San- 
»HY.vns a cont.un 4,320,000 solar years.

The numbers of years included in these four small yogas are 
proportional to the numbers of the legs ofDiiABMAj (virtue 
personified).

17. The tenth part of 4,320,000The length of the four .v
small yvgab, t h e  number of years m  a great yuoa,

multiplied by 4, 8, 2, 1 respectively 
inako up the years of each of the four yogas, Kbjta and others, 
the yeans of each yoga include their own sixth part, which is 
collectively the number of years of Sakdhya and Sanbhy^ks'a,
(the periods at the commencement and expiration of each yoga),

The length of a period ,8 ; (According to tho technicality of 
“nd that of its tho time called M d atA,) 71 great yucas 

(containing 806,720,000 solar years) 
constitute a Makwantara. (a period from the beginning of a

l
* It is to be observed here that the signs Aries, Taurus, A ., are reckoued 1 

from the star BxvAii (f Eiscium,) and a solar year corresponds to a sidereal I year. B. I).
t  These two words will be explained in the sequel, B, I),
t  It i» stated that I>harma stands with four legs in the Kr|Ta, with three 

legs in the Trkta, with two legs in the Dwafaba and with one leg in the K aja 
Therefore the number of the years of the Khjtj, Tbit*, D,varW and Kaii 
are proportional to,4, 3, 2 aud 1 respectively, B. I).
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its end) and at the end of it, 1,728,00') the "whJeA—i  
\5»l«SSroer of the (solar) years of the Kjsjta, is called its Sandhi ; 

and it is the time when a universal deluge happens.
19. Fourteen such Manus with

nigno their Sandhis (as mentioned before),
constitute a K ai.pa, at the beginning of which is the fifteenth 
Sandhi which contains as many years as a KrIta does.

20. Thus a thousand of the great
u%ht oftieold C , L r  TTOAS mate a Kai'pM » period which 

destroys the whole world. It is a day 
of the God B rah m a ,  and his night is equal to his day.

21. And the age ofBRAHMX con- 
S”a sists of a hundred years—according

to the enumeration of day and night 
(mentioned in the preceding s'loka). One half of his age has 
elapsed, and this present Kama is the first in the remaining 
half of his age.

22. Out of this present Kama six Manus with their Sandhis, 
and twenty-seven vuoas of the seventh Mann called Y aivas- 
wata have passed away.

23. Of the twenty-eighth great ttoia, the Krtta Y’ug.a has 
passod away. Let (a calculator,) reckoning the time from the 
end of the Kkjta compute the number of years passed.

24. 47,400 years of the Gods have elapsed in the creation 
of the God BrarmX, of animate and inanimate things, of the 
planets, stars, Gods, Demons, &o.

25. Now the planets (such as the 
Pkn8ta mOTe Sun) being on their orbits, go very 

rapidly and continually with the star’s 
towards the west and hang down (from their places towards 
east) at an equal distance, (i. e. they describe equal spaces 
daily towards the east,)* as if overpowered by the stars (by 
reason of their very rapid motion caused by the air called 
P kavaha.)

* The Hindu Astronomers suppose that all the planets move in their orbits 
with the same velocity. B. I).

A Z Z \ % x  / ^ \
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\ \ W i p y J  Therefore, the motions of tlie planets appear tuw ^fe^ j  
X%*, .tiŵ Seast, and their daily motions determined by their revolutions 

{by applying the rulo of proportion to them) are unequal 
to each other, rin consequence of the circumferences of their 
orbits ; and by this unequal motion, they pass the signs (of the 
Zodiac.)

27. The planet which moves rapid- 
voWmWl> °r * "A>re*1 re" ly> requires a short time, to pass the

signs (of the Zodiac,) and the planet 
that moves slowly, passes the signs (of the Zodiac) in a long 
time. Bhagana means that revolution through the signs (of 
the Zodiac which a planet makes by passing round) up to the 
end of the true place of the star called Ruvim (£ Piscium, from 
which end they set out.)

28. Sixty V ik a  las (seconds) make
The circular measures. > . ,  ' . , ,a Kali (a minute) and sixty minutes 

constitute an Ahs'a (a degree.) A  E isi (a sign) consists of 
thirty degrees and just twelve Eas'is (signs) make a Bhagana 
(revolution.)

29. In a great ycga each of the
.IheutmiWerofrswolutions p]anGtlg the Sun, Mercury, Venus and

of the Sun, M ercm-v, Venus, 1
and the S'fghrochcto of the S’fOHROCHCHA (i. 0. the farthest 
uTgreat'YcoA?*1'' Jupl,flr point from the centre of the Earth in 

the orbit of each of the planets) of 
Mars, Saturn ami Jupiter moving towards the east make 
4,020,000 revolutions (about the Earth).

30. There are 67,753,336 revolu-
Of Moan and Man,. ^  ^  ^  and 2>?fl6>832 revo.

lutions of the planet Mars.
81. There are 17,937,060 revoln- 

snajfpSr"’8 V{*a"Sba*  tions of the STghbochoha of the planet 
Mercury* and 364,220 revolutions of

the planet Jupiter.
* The revolutions of the Sighroehchas of Mercury and Venus correspond to 

their revolutions about the Sun. B. D.

/ ( /  \V\ Snrya-Suhlh Snta. I



t 32. There are 7,022,376 revom-
iSarflrtun,! 8 ‘8hrodM** tions of the STohuochcha of the planet 

Venus* and 146,568 : revolutions of
the planet Saturn.

33. lu a great TPGA, there are 
N.Mo. MO ' S 'Al Of>,e0 ftml 488,203 revolutions of the Moon’s 

Mandocbcha (apogee,) and the number 
of the retrograde revolutions of the Moon’s ascending node 
is 232,238.

„  , . .. , 34. There are 1,582,237,828 sidere-
lutiona and the made of w revolutions, m ft great yuoa (a sidereal 
of rooT"** rewjation is the time from one rising

of ft star to the next at the equator and 
it is a sidereal day as mentioned in tho twelfth S loka.) Those 
sidereal revolutions diminished by each planet’s own revolutions 
(before mentioned) are its own risings in a great yuga.

, . 35. The number of Lunar months
Tils mope of finding the . ,

No. of Lunar months and Iy equal to tho difference between tho 
£ ? £ £ !  a<lditiTO “ °ntli8 evolutions of the Moon and those of 

the Sun.; and the remainder of the 
Lunar Months lessened bv the Solar months is the number of 
AnHiMiisAS (additive months.)

, „ 36. If  the Savajta (terrestrial) days
The mode of finding tho , , ,  .  , _ ,  '

No. of eubt.racf.ive days in a be subtracted from the Lunar days,
°f the remainder constitute the days 

called the Tithi-kshaya (subtractive 
days.) There the Savana days are those in which a 8.4vana 
day or terrestrialf day is equal to the time from sun-rise to 
sun-rise (at the equator).

37. There are 1,577,91.7,828 terres- 
^ No. of terrestrial and lunar w  dayB  ^  1 j6O8,0OO,O8O lu n a r  d a y s

in a groat yuga.

* The revolutions of the Sighrochclias o f Mercury and Venus correspond to 
th n r revolutions about the Sun. B. D.

t  A terrestrial day is th a t which the English nail a  solar day. B, J).

Ilf j|ff j 1 i Translation of the \ j L  I



38. (Tn a groat tuga) there
X 5 ^ ® “ « X ^ ad additive months and

25,082,252 subtractive days.
~ fS . . . .  89. There are 51,840,000 SolarNo. of Solar months m  a < ’ ’

■stoa and tho way to know mouths in a great toga, and the ter- 
the No. of terrestrial day«i , - n * , ,  . . -restnai clays are the sidereal days 
diminished by the Sun’s revolutions.

40. The revolutions of tho planets, the additive months, 
the subtractive days, the sidereal days, the lunar days and the 
terrestrial days (mentioned above) separately multiplied by 
1000 make the revolutions, the additive months &c., in a Kalpa, 
(because a K alpa consists of 1000 great togas.)

41 & 42. In a Kalpa, there are
tt 08. of Revolutions of the oar, , ,  ,, „  ,

Apogees of the planets. o o t  r e v o lu t io n s  Oi tilO  DU 11 a A p o g e e

(about the Barth),204 of Mars’ apogee, 
808 of Mercury’s apogee, 900 of Jupiter’s apogee, 535 of 
V enus’ apogee and 39 of Saturn’s apogee.

Now we proceed to mention the retrograde revolutions of 
the Nodes (of the planets Mars, &c.)

43 & 44. There are 214, 488, 174, 903, 602 revolutions of 
the Nodes of the planets Mars, Mercury, Jupiter, Venus and 
Saturn respectively. We have already mentioned the revolu
tions of the apogee and node of the Moon.

45, 46 & 47. Collect togothor the 
tL* time Jears of the six Masus, with their six 

HakdiiiS3 and the SaNI,H! which ™ 
t l»  last KriU YoeA. the beginning of the K alpa, those of

twenty-seven great t o g a s  of tho p r e -  
sent Mamo named V aivaswata and those of the K s m  toga ; 
and subtract from the Sum, the said number of years of tho 
Gods, reduced to solar years, required (by tho God Brahma) in 
tne creation of the universe, (before the commencement of 
t he planetary mentions,) and the remainder 1,953,720,000 fs 
the number of solar years beforo tho end of the K e(Ta tcoa.’

11 ( WP ) i! Surija-8i'l:ihri-nta. IHT



the AHAKGA.yi or  ̂° L D J, 720,000 the nuitiFel—̂
Of terrestrial days 0f  e la p se d  y ea rs , a d d  th e  n u m b e r  o f  

from the tune the planetary
motions commenced to the years elapsed (from the end of the last 
vrmen> Kirfra yuga to the present year;) reduce
the sum to months (by multiplying it by 12 ;) to the result add 
the number of lunar mon ths from the beginning of the light half 
of the Chaitka* (of the current year to the present lunar month.)

49. Write down the result separately,- multiply it by the 
number of additive months (in a  yoga) and divide the product by 
the number of solar months (in a  y t o a ) ; the quotient, (without 
the remainder,) will be the elapsed additive months, Add the 
quotient (without the remainder) to the said result, reduce the 
Bum to days (by multiplying it by thirty) and increase it by the 
number of (lunar) days (passed of the present lunar month).

50 and 51. Write down the amount in two places; (in one 
place,) multiply it by the number of subtractive days (in a y u g a ) ■ 
divide the product by the number of lunar days (in a yd o a ) a n d  

the quotient (without the remainder) will be the number of 
elapsed subtractive days. Take the number of those days from 
the amount (which is written in the other place) and the 
remainder will be the number of elapsed terrestrial days (from 
the time, when the planetary motions commenced) to the pre
sent midnight at L a n k a .f

* That lunar month which ends, when the Sun is in Mesh a (stellar Aries) 
the first sign of the Zodiac, is called Chaitka, and that which terminates when 
the Sun is in Yrishabha (Taurus) the second sign of the Zodiac, is called 
Vats'arha and so on. Thus the lunar months corresponding to  the twelve signs 
Mesha (Aries,) V bishabha (Taurus,> M ithtna  (GfiMIKt,) K arka (Cancer,) 
S inua (Leo,) K asya (Virgo,) TuiA (Libra,) V ius' ciiika (Scorpio,) D u AVer 
(Sagittarius,) Makar a (Capricornus,) E ttmuka (Aquarius) and Mina (Pisces,) 
are Uhaitra, Vajs akua, J yeshtha, Ash aw ha, S Havana, Bhad.iupa .da, 
AVwina, Kartika, MargasTusha, P ausha, Mag ha and P baxgitna,

If two lunar months terminate when the Sun is only in one sign of the Zodiac, 
the «econd of these is called Adhimasa (an additive or intercalary month.)
The 30th part of a lunar month is called Tithi (a lunar day.) B. D.

f  The proof of the process for finding the Ahargawa stated in the S'xokas 
* from 48th to 51st will be clearly understood from the following statement.

In  order to find the Ahaeg an a , let the number of the Solar years elapsed be 
njultiplied by 12  ; and the product is the number of elapsed solar months to the 
last-mean M esha Sahkranti (i. e. the time when, the mean Sun enters the first 
stellar sign of the Zodiac called stellar Aries ;) to this let the number o f passed

' G0‘Sx
— x v \
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( i f  I® ' Si'iri/a-Shldhauta. f C R T

\ y J P 5 fifegt tlie number of these elapsed days, the Rulers i
' 5 prOcCui day month and year can be known (by reckoning the 

order of them) from the Sun.
Divide the number of elapsed ter-

To fimt t]ie Euler of the reBtx'i»l days by 7, and reckoning the
present day. • J ’ 5L ,

remainder from the gun-day, the Kttler 
of the present day will he found.

&2. Divide the number of elapsed
To find the Eulers of the . ,  , , -.

present tecrebtrial month and t c r t ’o s tri& i d a y s  b y  t l i 0 number o i d a y s

y8ar' in a month and by that in a year (i. e.
by 30 and 360) multiply the quotients (rejecting the remainders)
by 2 and 3 respectively, and increase the products by 1.
Divide the results by 7, and reckoning (the order of the Rulers)
from the Sun, the remainders will give the Rulers of the
present (terrestrial) month and year respectively.

lunar months Chaitba, Sec., considering them as solar, be added: the sum is the 
elapsed solar months up to the time when the Sun outers the stellar sign of the 
Zodiac corresponding to the present lunar month. To make these solar months 
lunar, let the elapsed additive months be determined by proportion in the 
following manner.

As the number of solar months in a YtJCU 
: the number of addit ive mouths in that period 

: : the number of solar months ju s t found 
: the number of additive months ©lapsed.

I f  these additive months with their remainder he added to the solar months 
elapsed, the sum will be the number of lunar months to  the end of the solar 
m on th ; but we require it to the end of the last lunar month. And as the 
reraaindei’ of the additive months lies between the end of the lunar month and 
th a t of its corresponding solar month, lot the whole number of additive 
months, without the remainder, be added to the solar months elapsed ; and the 
Sum is the number of the lunar months elapsed to the end. of the last luuar 
month.

This number of lunar months elapsed, multiplied by SO and increased h r the 
number of the passed lunar days of the present lunar month, is the number of 
lunar days elapsed. To make these lunar days, terrestrial, the elapsed subtrac
tive days should bo determined by proportion as follows.

As the number o f lunar days in a ypga 
: the number of subtractive days in that period 

: ; the number of lunar days just, found 
: the number of smb tractive days ©lapsed.

I f  these subtractive days be subtracted with their remainder from the lunar 
days, the difference will be the number of terrestrial days elapsed to the end of 
the last lunar day 5 but it is required to the present mid*night. As the 
remainder of the terrestrial days lies between the end of the lunar day and the 
mid-night, the whole number of the subtractive days, (without the remainder) 
should be subtracted from the lunar days elapsed, and the difference is, of 
course, the number of terrestrial days elapsed from the time, when planetary 
motions commenced, to the  present mid-night a t L an ka , B . D.

C
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X ^ W t h .  town places of 53- Mn,liPly the number 0 4 ^  
N ^ 4 l# p ir t«  at a given mid- elapsed terrestrial days by the number

of a planet s revolutions (in a Kauaa) ; 
divide the product by the number of terrestrial days (in a 
K alpa) ; and the quotient will be the elapsed revolutions, signs, 
degrees &c, of the planet. Thus the moan place of each of the 
planets can be found.

To fmdth* Of the 54■ In the same way, the mean
S'Jghiychchas, apogees and places of the S'fGHROCHCHA and MiS- 
i’.odes ol the planets.

oochcha (apogee) whose direct revo
lutions (in a Kalpa) are mentioned before, and those of tlie nodes 
of the planets can be found. But the places of the nodes, 
thus found, must be subtracted from twelve signs, because 
their motions are contrary to the order of the signs.

55. Multiply the number of elapsed 
vatsaea.' | U' P” Wm S*X~ revolutions of Jupiter by 12; to the

product add the number of the signs 
from the stellar Aries to that occupied by Jupiter; divide the 
amount by 60, and reckoning the remainder from V ijaya/ '  you 
will find the present Samvatsaha.
. An easy method for find- 5C* TUese F « !* '  al<; mentioned 
ing the menu places of the (from 45th S'tOKA to 54th) in detail, but,
planets. V , ,

for convenience’ sake, let (an astrono
mer) computing the elapsed terrestrial days from the beginning 
of' the Tret!  yuga, find easily the mean places of the planets.

57. At the end of this K rita yoga the mean places of all 
the planets, except their nodes and apogees, coincide with 
each other in the first point of stellar Aries.

58. (At the same instant) the place of the Moon’s apogee- 
nine signs, her ascending node- six signs, and the places of the 
other slow moving apogees and nodes, whose revolutions are 
mentioned before, are not without degrees (i. e. they contain 
som5 signs and also,degrees).

* Astrologers reckon 60 Samvatsap.as, Vijaya &e., which Answer successively 
to the periods required by mean Jupiter to move from one sign to the next. B. D.

X X  ' 6°‘i x
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v A  S k  ■ ’)  „  59. Tuo diameter of the EartVoS l iof tlio Earth’s . , .  K J
and its eiroiunfcr- 1600 Yojanas. Multiply the square 

enoe- of the diameter by 10, the square-root
of the product will be the circumference of the Earth.

60. The Earth’s circumference mul- 
tip lied by the sine of co-latitude (of 

Des'aniaba* correction in tpgi given place) and divided by the 
radius is the Spbiita or rectified cir

cumference (i. e. the parallel of latitude) at that place.
Multiply the daily motion (in minutes) by the distance of the 

given place from the Middle 1 a ho of the Earth, and divide the 
product by the rectified circumference of the Earth.

61. Subtract the quotient in minutes from the place of the 
planet (which is found at the mid-night of Lank!:, as mentioned 
in SToka 53,) if the given place be 4he Middle bine, but
if it be west, add the quotient to it, and (you will get) the 
planet’s place at (the mid-night of) the given place.

62. (The cities named) Bohitaka,
Middle Line of the Earth. KirsuKsnMBA &c. Hro afc the

line between L anka  and the north pole of the Earth, (this line 
is called the Middle Line of the Earth.)

63, Cl and 65. At the given place 
To find tho terrestrial jf t]ie Moon’s total darkness (in herlongitude of a place. '

eclipse) begins or ends after the instant
when it begins or ends at tlie Middle Line of the Earth, then 
the given place is east of the Middle Line, (but if it begins or 
ends) before the insf „ut (when it begins or ends at the Middle 
Line, then) tho given place is west/if the Middle Line.

Find the difference in Ghatikas between the times (of tho 
beginnings or ends of the Moon’s total darkness at the given 
place and the mid-night, which difference ia called the Des'Is - 
taba Geatikas.)

* Ess'antatu is the correction necessary to be applied to the place of a 
planet in consequence of tiie longitude of a place, reckoned from the Middle 
I.inc of the Earth or tho Meridian of LaskL B. D.

/ i f  Wm \ s\ 8urj«~Slddh<mta. l^TT"



' ’ 6ô ix

W V ^ # ^ t i p l y  the rectified circumference of the Earth by Shis 
^^-•^flercnce and divide the product by 60. The quotient will be 

die east or west distance (in Y ojanas) o f the given place from 
the Middle Line.

Apply the minutes, found by this distance, to the places of 
the planets (as directed before in S'lokas 60 and 61).

66. A day of the week begins at
To find the instant when . , Tn », f  { . ,

a day of the week begins, tllO  AFTARA Cj HAITKAB a f t e r  01* be**
fore tin! mid-night at the given place 

according as it is east or west of the Middle Line.
67. (If you want to know the placeTo find the mean place c -> , , .. „of a planet at a given time. ot a planet at a given time after or

before a given mi d-night,) multiply the 
daily motion of the planet by the given time in (Ihatjka's, 
divide the product by 60, and add or subtract the quotient, in 
.minutes, to or from the place of the planet found at the giyon 
(mid-night,) and you have the place of the planet at the given 
time after or before the given mid-night. The place of the 
planet, thus found, is called its TifKXuKA or instantaneous 
place.

68. The Moon’s deflection to the north and south from the 
end of the declination of her corresponding point at the Ecliptic 
Is caused by her node. The measure of her greatest deflection 
is equal to the ¥'5th part of the minutes in a circle.

69. The measures of the greatest deflections of Jupiter and 
Mars caused by their nodes are respectively § and J of that 
of the Moon, and that of Mercury, Venus and Saturn is J of 
the Moon’s greatest deflection.

70. Thus the mean greatest latitudes of the Moon, Mars, 
Mercury, Jupiter, Venus and Saturn are declared to be 270, 
90, 120, 60, 120 and 120 minutes respectively.

End of the 1st chapter of SORYA-sinDni hta called Madbya- 
g.(ti (which treats of the Buies for finding the mean places of the 
planets.)
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CHAPTER II.

Called SniCTA-CAXI which treats o f the Rules for folding 
the true places of the planets.

Cause of the planetary mo- I* The Deities, invisible (to Llu- 
tlon8' man sight), named S'Igheookcha, •
Masdochcha (Apogees) and Pata (Nodes,) consisting of . 
(continuous and endless) time, being situated at the ecliptic, 
produce the motions of the planets.

2. The Deities, (S'fGHROCHCHAand Majjdocucha) attract the 
planets (from their uniform course) fastened by the reins of 
winds borne by the Deities towards themselves to the east or 
the west, with their right or left hands according as they arc to 
their right or left.*

3. (Besides this) a (great) wind called Pravaha carries the 
planets (westward) which are also attracted towards their 
apogees. Thus the planets being attracted (at once) to the 
east and west get the various motions.

4. The Deity called IJch iia (apogee) draws the planet to 
the east or west (from its uniform progress) according as the 
Deity is east or west of the planet at a distance less than six 
signs.

5. As many degrees &c., as the planets, being attracted by 
their apogees, move to the east or the west, so many are called 
additive or subtractive (to or from Choir mean places).

6. In the same way, the Deity node named IU htt by its 
power deflects the planet, snch as the Moon, to the north or to 
the south from (the end of) the declination (of its corresponding

* The place of a planet rectified by the 1st or 2nd equation is nearer to its 
higher apsis (Mandochcha or S 'igheochcha) in its orbit, than the Dhmet’s 
ttnreofified place. The cause of this is that the Deities have hands furnished with 
reins of winds and by them they attract the planet towards themselves.

This will explain the meaning of the 2nd S 'toka. B. D.
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the ecliptic). This deflection is called ViKfiCTSfiS*“ * 
Xx52l^el^stial latitude).

7. The Deity node draws the planet to the north or to the 
south (from the ecliptic) according as the node is west or east 
of the planet at a distance less than six signs.

8. (But in respect of Mercury and Venus) when their 
PXtas (or nodes) are in the same direction at the same distance 
(as mentioned in the preceding Si-oka) from their S'foHHOCHCHAs, 
they deflect in the same maimer (as mentioned before) by the 
attractions of their S'foHBOCHCHAS.

9. The attraction of the Sun (by its apogee) is very small 
by reason of the bulkiness of its body, hut that of the Mioon is 
greater than that of the Sun, on account of the smallness of 
the Moon’s body.

10. As the bodies of the (five) minor planets, Mars, &c. are 
very small, they are attracted by the Deities 8'Iohboohoha and 
Mandochcha very violently.

11. And for this reason, the additive or Subtractive equation 
of the minor planets caused by their movement (which is pro
duced by the attraction by their Uchchas) is very great. Thus, 
tho minor planets, being attracted by their S'faHBOCHOffA and 
Masdochcita and carried by the wind Pravaha, move in the 
heavens.

12. (And therefore) tho motion of
ivmos of motion. ,  . .

tho planets is of eight kinds, l. e.
I. VakeX (decreasing retrograde motion).
II. Ativakka (increasing retrograde motion).
III. Y ikala (stationary).
IV. Maxda (increasing direct motion less than the mean 

motion).
V . Maxbataba (decreasing direct motion less than the 

mean motion).
VI. " 8 amA (mean motion).

| ,:VIT, S fGHRATARA or Atis'Ighua (increasing direct motion 
) greater than the mean motion).

\ ( jUjjk J  ® Translation of the T



N ^ ^ ^ f e d .  S'fG-nKA (decreasing direct motion greater than *Wu* 
^~mcan motion).

Id. Of these kinds, the iivo motions A iisTohra, S'faKKtf, 
MaxdA, Mandataka' and Sa m  are direct and the two motions 
Vakra and Ativakra are retrograde.

14. (Now) I explain carefully the Buies for finding the true 
places (of the planets) in such a manner that the places found 
by the Buies coinci.de with those, determined by observation, 
of the planets which move constantly with various motions.

The Bulo for finding the 15. The eighth part of the number 
qu2»nLf?LTĈ k  Whose of minutes contained in 'a  sign (i. e. 
Kudius—-S438. 180 0  ) is the first sine. Divide the
first sine by itself, subtract the quotient from that sine, and add 
the remainder to that sine: the sum will be the second sine.

16. In the same manner, divide successively the sines 
(found) by the first sine ; subtract (the sum of) the quotients from 
the divisor and add the remainder to the sine last found and 
the sum will be the next sine.* Thus you will get twenty-

* This method is proved thus.
Let sin. , A—sin. O «= d x ; 

sin. 2 A—sin. A =s= ;
sin. 3 A—sin. 2 A =  «fa ;

Ac. =  Ac.
sin. n A—sin. (**-*-!) A =  dn j 
'sin (> + l)  A —sin. u A dn - f  1.
Then since d t—ds rr= 2 vers A. sin A R ;

d2—d a cat 2 vers A. sin 2 A -f- I t ;  
rfa—dA -= 2 vers A. sin 3 A - f  K ;

Sic. =s= &c.
dn —dn -f- ,  =  2 vers A. sin n  A B j

we have by addition 
2 vers A

d t— d n -f- t —-  tj  (sin. A -f- sin, 2 A - f ..... +  sin. n A) or,
XV

2 vera A
sin. A -f- sin. n A—sin. (11 +■ 1) A «  — —  (sin A -j- sin. 2 A ....... +  sin. n  A)

XV

sin. ( j* +  .1 ) A— sin. n  A -f- sin, A

2 vers A . .  . . . . .  . .------- -------(sm. A sin. 2 A .........-f- am. »  A.)E
Here, A  «=» 3° 45> — ==.PQ-12822 a  which is roughly given

xv 233.0

in the text =  — «
225
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X ^^S to^ innes (in a quadrant of a circle whose radius is 3438). 
These are as follows.

„., , 17 to 22. 225, 441), 671/890, 1105.
1315, 1520, 1719, 1910, 2093, 2267, 

2431, 2585, 2728, 2859, 2978, 3084, 3177, 3256, -8321, 8372, 
3409, 3431, 8438.

Subtract these sines separately from the Kadius 3-438 in the 
inverse order, the remainders will bo the .'versed sines (for 
every 3J°).

. . 23 to 27. There are 7, 20, 66, 1! 7,The versed since. ’ ’ 1 ’
182, 261, 854, 460, 579, 710, 853, 

1007, 1171, 1345, 1528, 1719, 1918, 2123, 2333, 2548, 2767, 
2989, .1213, 8438, versed sines (in a quadrant).

28. The sine of the (moan) greatest declination, (of each of 
the planets)=1807 (the sine of 24°).

The Buie for hading the Multiply the sino (of the longitude of 
pknet’B (newt) declination a planet) by the said sine 1807 ; divide
im ti  its longitude.

the product by the radius 3488; find 
the arc whose sine is equal to the quotient. This arc is the 
(mean*) declination (of the planet required).

29. Subtract the place of the planet from those of the Max- 
DOCHCHAf and SfaHKoesrCHA; and the remainders^ are the 
Kendras. From the Kendra determine the quadrant (in 
which the Kendra ends,) and the sines of the Bhuja and Kopi§ 
(of the Kendra) .

30. The sine of the Botha (of the arc which terminates) in 
an odd quadrant ( i. e. 1st and 3rd,) is the sine of that part of

* The mean declination of a planet is the declination of its corresponding 
point in tho ecliptic i imt the Sun’s mean declination is the same as his true 
detain ition. B. D.

t  ManbOchcsha is equivalent to the higher apsis. The Sun’s and Moon’s 
M ..ndochchas (higher apsides) ore the came os their apogees while tile other 
planets M aKdocBchas are equivalent to tlieir aphelions. 13. D.

J  The first remainder is called the first. K endra which corresponds with the 
anomaly, and the second, the second Kendra which is equivalent to the com
mutation added to or subtracted from ISO" as the second K endra is greater or 
less than 180“. B. D.

§ The B hoja of any given are is that arc, less than 90°, the sine of which is 
equal to  the sine of that given a re ; and the Kofi of any arc is the comrlcnieat 
of tbo l in e .ia of that are. B. D.
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ri*\riS®qpv0n are which falls in the quadrant where it tenninaSe^"^“  ̂
\5!*»£iKesine of the Koyi (of that aro) is the sine of that are 

which it wants to complete the quadrant where the given ai'c 
ends j and the sine ot the Bhuja (of the arc) which ends in an 
even quadrant (i. o. 2nd and 4th): is the sine of that aro whioh 
it wants to complete the quadrant where the given arc ends; 
but the sine of the Koti (of that arc) is the sine of that part of 
the given arc which falls in that quadrant whore it terminates.

To find the sine of the 81. (Reduce the (riven decrees &o., 
given degrees &o. , . . .  _ .  . ,  , °to minutes.) Divide the minutes by 
225: and the sine (in SYokas 17—22) corresponding to the 
quotient is called the gata (the past) sine, (and the next sine 
is called the oamya to he past sine): multiply (the remainder 
in the said division) by the difference! between the gata and 
gamya sine and divide the product by 225.

82. Add the quotient to the sine p ast: (the sum will be the 
sine required). This is the Rule for finding the right sines 
(of the given degrees Ac.) In the same way, the versed sines 
(of the given degrees Ac.) can be found.

Given the sine to find,its 33. Subtract, the (next less) sine
(from the given sine); multiply tho re- 

nminder by 225 and divide the product by tho. difference 
(between the next less and greater sines) : .add the quotient to 
tho product of 22o, and that number (which corresponds to the 
next less sine) ; tho sum will be (tho number of minutes con- 
tained in) the arc (required).

Dimensions of the 1st 34. There are fourteen degrees (of
epicycles of tho Sun and ,
Moon in degrees of the do- t,ie concentric) m the periphery of tho
ferent or concentric. manda or first epicycle of the Sun, and
thirty-two degrees (in the periphery of the 1st epicycle) of tho 
Moon, when these epicycles are described at the end of an even' 
quadrant (of the concentrio or on the Line of the Apsides.)
But when they are described at the end of an odd quadrant 
(of the concentric, or on tho diameter of the concentric per
pendicular to the Line ol the Apsides) the degrees in both an 

D
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by twenty minutes; (thou the degrees in 
'•- i :J3pbery of the Sun's epieycle=130 40' and in that of the 

Moon’s= 3 l°  40'.)
Dimensions of the 1st epi- 85- T1>ere are 75, HO, 33, 12 and

cycles of tho Mars *#* in 40, (degrees of the concentric in the 
donees of (he concentric. . .

peripheries of the first epicycles of
Mars, Mercury', -Jupiter, Venus and Saturn respectively) at the 
end of m  evm  quadrant (of tho concentric, bnt) at tho end of 
an odd quadrant, there are 72, 28, 32, 11, 48 (degrees of the 
concentric.)

Dimensions of the 2nd 36. There are 235, 133, 70, 262 
epicycle* o f Mars ,  OA , ,  -  „  . . .and oil (degrees of the concentric) in
the peripheries ot the Si'oHEA or second epicycles of Mars &o., 
at the ond of an even quadrant (of the concentric).

<17. At the end of an odd quadrant (of the concentric,) there ' 
aro 232, 132, 72, 260,40 degrees of the concentric in the peri
pheries of tho second epicycles of Mars Ac.

Given the Xendiu of * 38. Take the difference between
plain t, to find the dimen- ,, • . - . , ,
sions of th® bactified poriphe* p©npuorios of opicyclos of a  plsinofi 
O Of the epicycle. at y le end3 0f an even and an odd
quadrant; multiply it by the sine of tho Bhcja (of the given 
Ken ora of tho planet,) and divide the product by the radius. 
Add or subtract the quotient to or from the periphery which 
is at the end of an oven quadrant according as it is less or 
greater than that which is at the end of an odd quadrant: the 
result will be the SrHUTA or rectified periphery (of the epicycle 
of the planet.)

Given the 1st or 2nd 89‘ Ma,tiPb' tlM sines of tho B h u -
Kesdma of a planet, to find ,ta and Koti (of the given 1st and 2nd 
the 1st or 2nd Bhtwa-i-ha.. a
la. anelKoTi-PHALA and the Kendra of a planet) by tlie rectified 
1 st aquation of tiia planet, periphery (of tho 1st and 2nd epicycle
of the planet), and divide the products by the degrees in a 
circle or 860“ (the quotients aro called tho 1st or 2nd B hujA- 
rrrALA and Ko'P-phai.a respectively). Find the arc whose sine 
is'equal to tho 1st Bhuja-phala : the number of the minutes
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\AjV3?gntap4d in this arc is the Kmda- phala* (or tlio 1st equafbitro*--^
^''-'ShiElhe planet.)

To find Che 2nd edition 40‘ Find thc ^'XOTI-FHAIA (from 
ot the minor planets Mars a planet’s 2nd Kbntea as mentionedt&O

before:) it is to bo added to the radius 
when the Kendra is less than 3 signs or greater than 9 signs, 
but when the K endba is greater than 3. signs and less than 9, 
(then the 2ndjKoTl-PHAi,A) is to be subtiacted (from the radius).

41. Add the square of the result (just found) to that of 
the sine of the 2nd B hdja-phala : the square root of the sum 
is the S'fOBRA-KABNA or 2nd hypothenuso.f

Find the (2nd) Biuda-fhala of the planet (as mentioned in 
s 'loka 39th;) multiply it by the radius and divide the product 
by the 2nd hypothenuse (above found).

42. Fiad the arc whose sine is equal to the quotient (just 
found) ; the number of the minutes contained in the arc is 
called the S'/ghka-phaiaJ (or 2nd equation of the planet.)

The 2nd equation of Mars &e. is employed in the first and 
fourth operations (which will bo explained in the sequel).

To fine! <£h, true  places of 4 3 ‘ ( I n  0 r d e r  to  f in d  t h e  t r u 0  P la c e a  
l he Sun, tho Moon and other of the Sun and Moon,) a sintdo ope- 
plancta. . ,, ,  , . „ration called masda (or operation of
finding the first equation,) is to be employed (that is to say, 
when you want to find the true places of the Sun and Moon, 
find their first equation and apply it, as will be mentioned in 
45th S'loka, to their mean places: thus you have the true 
places of the Sun and Moon).

But in respect of Mars &c. 1st S'Ighra operation (or operation 
of finding the 2nd equation,) 2nd Manda operation, 3rd Makda 
operation, and 4th S'i'ohra operation, are to be employed 
successively.

* MASUA-rHAM is the game an the equation of the centre of a planet. B. 1).
t  The 8'Iquka-kassa  or 2nd hypothenuae is equivalent to the distance (in 

minutes) of the planet from the E arth 's centre. B. it.
J  SicmitA-pHALA or 2nd equation is equivalent to the annual parallax of (ho 

superior planets j and the elongation of the inferior planets. B. l.h
D 2
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Find the second equation {from the mean place WtW—i 
x^iljdS$thL:) apply the half of it to the mean place, and (to the 

result) apply the half of the first equation (found from that 
. result; from the amount) find the 1st equation again, and apply 

the whole of i t  to the moan place of the planet and (to that 
rectified mean place)*1 apply the whole of the 2nd equation 
(found from the rectifie 1 moan place: thus you will find tho 
true place of tho planet).

Hoy the 1st. and 2nd 45' In tIlC S'fOHRA and MAOTA
equations of the pkuot» are operations, the (second or first) equate bo applied. .  , . . .tion ot a planet in minutes is to he
additive when the (second or first) K eshka (of the planet) is less
than 0 signs ; hut when it is greater than 6 signs, the (2nd or
1 st) equation is to be subtractive.
_ The BsFfXKxMMt emwo- 4 6 .  Multiply the diurnal motion 

non m uunuie*. 0f a  planet by the number of minutes
contained in the first equation of tho Sun, and divide the pro
duct by the number of minutes contained in a circle or 21600': 
add or subtract the quotient, in minutes, according ns the 

j Sun’s equation is additive or subtractive, to or from the place 
of the planet (which is found from tho A h a kga na  at the mean 
mid-night at L a h k a ,  the result w ill be the place of the planet 
at the true mid-night at L a n kA )

\  47. Subtract the diurnal motion of the Apogee of the
Moon from her mean diurnal motion; (the remainder will be 
tin; Moon’s motion from her apogee;) from this remainder 
find tho 1 st equation of her motion (by the rule which will be 
explained further on). This equation is to be subtractive or 
additive to her mean motion (for finding the true motion of the 
moon).

# The rectified mean place of a planet is called its MaheA SMTTJA place.
The Miaoi-srHUTA places of Mars, Jup ite r and Saturn correspond with their 
heliocentric plates. It. D.

t  The Bntr.T.i.vrMtA correction ia to be applied to tho place of a planet found 
from the Ahaugasa for finding the place of tho planet at the true mid-night a t 

arising from th a t portion of tho equation of timo which ia due to the 
unequal motion of the Sun in the Ecliptic, B. D.

V \
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\ V s S 3 ^ j « / « »  tree diurnal 48, In the matoA operation,
^  S r £ [U ),etlĤ 8 IJ ^  the (firet) e ^ ' 100 0f a Pknet’S ainrnal

tii motions of the others. motion from the motion itself, in the 
samo way in which the planet's first equation is found. •

(Take the difference between the gata and gamya sines 
which hiTve been found in finding tho sino of tlio first Kendra 
of tho planet) ; by tho difference between the sines (gata and 
gamaa) multiply the (planet’s mean) motion (from its apogee) 
and divide the product by 225.

. 49. The quotient, multiplied by the (rectified) periphery of 
the first epicycle of the planet and divided by 860° (becomes 
the first equation of the planet’s motion) in minutes. Add this 
equation (to the mean diurnal motion of-the planet) when tho 
first Kendba is greater than 3 signs and less than 9 ;  but 
when the first K enkua is greater than 9 signs or less than 3, 
subtract the equation of the motion from i t : (thus yon* have 
the true diurnal motions of the Sun and Moon, and tho makda- 
sphtjta motions of the others which are equivalent to their 
heliocentric motions.)

To find the true diurnal 50. Subtract tile MAKDA-SPHCpA di
lu t io n  of a minor planet. u r I !a l  motion 0f a (minor) planet from
its s'fGHKocHCHA’s diurnal motion, and multiply tbe remainder by 
the difference between the radius* and the 2nd hypothenuse 
found in the 4th operation for finding the 2nd equation.

51. Divide the product by the (said) 2nd hypothenuse, add 
the quotient (to the matoa-sphuta motion of the planet) when 
the 2nd hypothenuse is greater than tho radius;* but when 
it is less than the radius subtract the quotient (from the 
manda-sphuta motion, tho result will be the time motion of the 
planet). (But in the latter case), if the "quotient be greater 
(than the manda-Sphpta motion,) subtract (tho manda-sfhctta 
motion from the quotient); the remainder will bo the retro
grade motion of the planet.

* K oteu on fiO ami 51. Some commentators of the StfRYA SidotAnta unilcr- 
stand the term radius the cosine of the 2nd equation found iu the 4t)i opera-
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\ y i j  Wrmslat'im of tin- T
theretrogres- 52, When a planet is at a great 

of tl». planets. distaneo (more, than 3 signs) from its
SYghrochcba and (therefore) its body is attracted by tlio loose 

* reins (borno by the SYgubocuoha,) to its left or right, then the 
planet’s motion becomes retrograde.

W hen the planet,s began 5 8  a u d  6 4 ' T b e  P k n e t s  ? fe rS  ̂ a n d  
to retrograde and when they others (i. e. Mars, Mercurv, Jupiter, 
lraye their retrogression. , ,  ,  „  , ,

Venus and Saturn) get the retrograde 
motion about the same time when the degrees of (their 2nd) 
K endras, found in the 4th operation, are equal to 104 ,144, 130, 
Jb3 and 115 (respectively) : aud when the degrees of (their 2nd) 
K endras are equal to the, remainders (196, 216, 230, 197 aud 
213,) found by subtracting the (said) numbers (164, 144, 130, 
163 and 115,) from 360° (separately,) the planets leave their 
retrogression.

55. Venus and Mars (leave their retrogression about the 
same time) when (their 2nd K endra) is equal to 7 signs, on 
account of the greatness (of the rectified dimension) of their 
2nd epicycle: so Jupiter and Mercury (leave their retrogression) 
when (their 2nd K endra) = 8  signs, and Saturn leaves its retro
gression when (its 2nd Kendra) = 9  signs.

To find the htitndc of a 56. Add or subtract the 2nd equa- 
,'U m > tions of Mars, Saturn and Jupiter 
(found in the 4th operation) to or from their nodes according 
fts the 2nd equations applied to the (rectified mean) places of 
the planets: but in respect of Mercury and Venus add or sub
tract their 1st equations (found in the 3rd operation, to or 
from their nodes) according as their 1 st equations are subtractive 
or hdditive respectively (the results are the rectified nodes).

57. (For the argument of latitude of each of the planets): 
Mars, Jupiter and Saturn) taka its rectified node from its true 
place : but for (the argument of latitude of) Mercury or Venus 
take its rectified node from its SYghrochcua ; find the sine (of

t  Notes oi. 5(5 a.id 67. I t  is evident that the argument of latitude of each of 
the planets, found here, equals the heliocentric place of the planet diminished by 
the place of its node, JU. 1).
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y C  */ SimjfuSkldh dnta.

X ^ ^ S ^ ^ i^ n m en t of latitude of a planet); multiply it by the 
'" (greatest) latitude of tlio planet (mentioned in S loka 70tli of 

1st Chapter) and divide tho product by the 2nd hypotheuuse 
found in the 4th operation; but in respect of the Moon divido • 
it by the radius : the quotient will be the latitude (of tho 
planet). *

To find the true declhm- 58. The (mean) declination (of a
tion of * planet. planet! or the declination found by
computation from its corresponding point in the ecliptic) in
creased or diminished by its latitude, according as they are 
both of the same or different denominations, becomes the true 
(declination of the planet). But the Bun’s (true declination) is 
(the same as) his mean declination.

To find the length of a 59. Multiply the diurnal motion
planet s day. (in mnmtea) 0f a planet by the number
of P rXnas which tho sign, in which the planet is, takes in its 
rising (at a given place;) divide the product by 1800' (the 
number of minutes which each sign of the ecliptic contains in 
itself,) add tho quotient, in P kXnas, to tho number of tho 
Pbanas contained in a (sidereal) day : the sum will be tho 
number of Pbaxas contained in the day and night of that 
planet (at the given place).

Givoo the declination, to 6 0 * F i n d  t} le  a l ld  f i t t e d  .
find the radius of tho diur- sines of tho declination (of a p lanet):
nal circle. , t ,  . „

take tho versed sine (just found) from 
tho radius, the remainder will bo the radius of the diurnal 
circle south or north of the equinoctial. (This, radius is called 
Ih'UJYiC).

To find tho ascensional 61. Multiply the sine of declination 
difference. (above found) by tho length (in digits)
of the equinoctial shadow,* divido the product by 12, tho 
quotient is the Ktoya :f The Tvujya multiplied by the radius

* Tho equinoctial shadow is the shadow of a vertical gnomon of 12 digits 
when tho Sun is ill the equinoctial at the mid-day at a given place. B, T).

t  Kc j ia  is the sine of that are of a diurnal circle which is intercepted between 
the Horizon anti the six o’clock line. B. D.
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tjivided by the I)rwv.{ (above found) becomes the sibarJf 1 

'■{. ..tlni f«ccnsiona! difference. The arc of that sine (in minutes) 
is the ascensional difference in Pka'nas.

To find the lengths of the C 2 ' Arld and Subtract the asceil- 
tloy arul night of a planet sional difference to and from the fourth
ttntl a fixed star.

part of-the length of the clay and night 
of the planet (as found in bToka 59) Separately, the rosults 
will be lengths of the half day and half night respectively of 
the planet when its declination is north.

bd. But when the planet's dec!ination is south, the reverse 
of this takes place (i. e. the results, just found, will bo the 
lengths of the half night and half day of the planet respec
tively). (In both cases,) twice the results are the lengths of 
the day and night (respectively).

In tha same way, the lengths of the day and night of any 
fixed star can he determined from its declination which is to 
be found by adding or subtracting its latitude to or from the 
declination (of its corresponding point in the ecliptic).

The Bhooa of a Naesjia- 64. The BuA-miooA (or the space of 
tha and iixhi. -v- ,a JNakshatra or.an Astemm) contains 
800' minutes, and the B uoga of a tithi (or the space which the 
Moon describes from tho Bun in tithi or lunar day) contains 
720' minutes.

To find the Naksuatha Tha Place of a planet, reduced to 
gfamltae.* pknC,fc “ at a mjUttt,cs> divided by the Bhabhooa or 

800', gives the number of those N ak- 
sbatra or Asterisma (counted from As winf which are passed by 
the p lan etan d  the remainder is that portion- of the present 
Kakshatua which is passed by the planet.) (This remainder 
div ided) by the diurnal motion, (of the planet) givos the quotient 
in the days, cihatika's, Am which the planet has taken to pass 
that portion of the present N akshatka.

To Bud tho Voga» at » 65. The sum of the places of the
Sun and Moon (found at a given time,)

* Yooa is a period of lime m which tho sum of the places of the fa n  and 
Moon increases by 13° 20 ' or b00'. JJ. I). 1 0 "  m

"*U  , . . Y> *
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\b |\J liw |*4ed  *° minutes, is to be divided by the BffA-BHOaAkJil-J 
X ^ a ^ T  The quotient is the number of the elapsed Yogas 

(counted from. V ishkarcbtia) : (The remainder is called the
oata of the present Yoga, and the Bha-bhoga (or 800') dimi
nished by the gata is called the gamya of that yoga.) The 
gat a and gamya of the present yoga multiplied by 60 and 
divided by the sum of the diurnal motions (of the Sun and 
.Moon) become the numbers of the past and to be past ailATiiMS 
(respectively of the present Yoga at the given time.)

To find the lunar day afe a 00. Take the place of the Sun from 
given time. that of the Moon (found at a given
tim e); divide the remainder, reduced to minutes, by the 
BnoGA (of a tithi or 720'; the quotient is the number of the 
elapsed tithis or lunar days.) (The remainder is the oata of the 
present tithi, and the Bhooa of a tithi diminished by the gata 
is the gamya of the present tithi.) The gata and gamya of the 
present Tiiar, multiplied by 60 and divided by the difference 
between the diurnal motions (of the Sun and Moon) become 
the numbers of the past and to be past cuia| ika'3  (respectively 
of the present tithi at tho given time).

Invariable Km̂ AS. 67‘ T1,C f0nr ^variable KARANAS
called S akumt, N aua, Chatoshoda 

and K instughka (always appropriate to themselves succes
sively the halves of the tithis,) from the latter half of the 
fourteenth tithi of the dark half (of a lunar month to tho first 
half of the first tithi of the light half of the next lunar month 
inclusive).

_  . . .  68. And the seven variable Kara-Variable iyauanas.
nas, jBava* &c. afterwards succeed 

each other regularly, through eight repetitions in a  (lunar) 
month,

* » i La ta - *• B aava. 3. K apaata. i .  Ta it h a . 5. (Jabaja. 6 Vavi 
aa, 7. Buadka. B. 1).

i f  w lf li' Surya-Siddhanta. I
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\ V S ^ 5 ® j /  I t  is to be known that all the K ah a n a s  answer mdcm ^  ■* 
X''-'5lJ£v<fIy to half of a irra i.

(0 M aya , )  thus I have explained to you the Buies for finding 
the 'true places of the heavenly , bodies, the Sun &e.

End of the 2nd Chapter of the StJKVA-SiOTMNTA. 

CHAPTEll I I I .

Called the T m p b a s 'n a ,  which beats o f the Bides fo r  resolving the 
questions on Time, the position of places, and directions.

1. On the surface of a stone levelled
To determine the meridian

and east and west lines and with water or Oil the levelled floor of 
the point* of the Horizon. ,.h u n a m  ,v o rl( j  describe a circle with
a radius of a certain number of digits.

2 and 3. Place the vertical Gnomon of 12 digits at its 
centre and .mark the two points where the shadow (of the 
Gnomon) before and after noon meets the circumference of the 
circle : these two points are called the west and the east points 
(respectively).

Then, draw a line through the tiki* formed between the

* To draw a  lino perpendicular to and bisecting the line joining two given 
points, i t  it* usual to describe two arcs from the two given points as centres with 
a common radius, intersecting each other in two points ; the line passing through 
the intersecting points is the lino required. Ja  this construction, the space 
contained by the intersecting arcs is called TIMI “ a fish,” on account of its form.
I t  is evident that the line drawn through the tim i formed between two given 

jo in ts ,  must be perpendicular to and bisect the line which joins the given 
points. B . D .

I W k  11 1 Translation o f the vCT̂
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N ^ ^ ^ ^ K e a s t  and west points, and it will be the north and south ; 
' line or the Meridian Line.

4. And thus, draw a line through the ra n  formed between ! 
the north and south points of the Mex’idian Line; this line will 
be the east and west line.

In the same manner, determine the intermediate directions 
through the tijhs formed between the points of the determined 
directions (east, south &c.)i

,, . , 5. (In order to find the directionGiven the Gtnomome Mia- '
dow and iis Bm j ,i , to And of a given shadow of the Gnomon at a 
the direction of the ifeidow* - . ,  , . ,,given time, describe a circle in. the 
plane of the Horizon with a radius whose length is equal 
to that of tho given shadow and at its circumference 
determine the points of the Horizon, tho Meridian and 
east and west lines as mentioned before :) Then describe a 
square about the said circle through tho lines drawn from the 
centre (of the circle to the points of tho Horizon, in such a 
manner that the square shall touch the circle at the cardinal 

, points) and in this circle (towards the western or eastern part 
of it .according as the given time is before or after noon), draw 
n. line (as a sine,) equal to I’huja* (of tho given shadow and 
perpendicular to the east and west line towards the north or 
south according as the Bhuja is north or south. To the end 
of this perpendicular, draw a line from the centre). This (line) 
will denote the direction of the given shadow (at the given 
time).

6. The line representing the Prime Vertical, the six o’clock 
line or the equinoctial, passes through the cast and west points 
of the Horizon.

* The distance (in iltgils) o f the end of (lie shadow of the Gnomon (which Lj 
n ic e  nt the intersecting point of the Meridian and east and west line) is called 
the Bhuja  (of the shadow north or south According as the end of tire shadow is 
north  or south of the east and west line: and the distance of the end o f the shadow 
from t]ie Meridian Line is called the K orl (of the shadow) east or west according 
as the end of ! Its shadow is east or west of the Meridian Line. B . X).

K 2
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' > /v *‘"\he ĥ po! 7* (In t,lia said circle)* from the
ffieSijie of th« given shadow, east and west line (to its north) at a 
distance equal to the equinoctial shadow, draw another lino 
parallel to the former; the distance between the end of the

* H b tc o n th e 7 (h S 'im ti. „ ,
Let 2 f l N H  be the -~c  —f —

plane of the Meridian of the S  c ''■v
given place of north  lav.;- S  \ \  'XV.
tild e ; and in that plane /  \ \  n.
let G A H  be the dinrae- /  \  \  \
ter of the Horizon, 55 the /  \  \  \ p
zonitli, P  and Q the north /  \  tv. Vf
and south poles, E A F  the /  \, j\ \
diameter of the Equinoe- /  \  \  \
ti&l, P A Q that of the six / \
o’clock line, Z A N  that of C---------- ---------------- ■■ \  _________
the Prime vertical, C a  T> I \  & H
that, of one of the diurnal \  \  \  /
circle in which the Sun is \  \  \  /
supposed to revolve at the \  \  \  /
given clay and s the projeo- oh \  \  /
t ion of the Sun’s place: and \  \  \  /
let. s o, s h be the perpendi* \ .  \
rulars to Z N, G H  respec- \  \  / 'D
tively. \

Then, A  a =  Aott.4 or
the sine of the Sun's am- jsi~ ^
plitude ;

® j “  ®^NKIT or thft sine of the Sun’s altitude; 
x r f J S  A  L = or the sine of the distance of the Sun from the Trime

through the Sun a .0  at right angles

r . i f .A T  ° r  th,° distanoe of the perpendicular drawn from the Sun’s
fVom the Une (celled the U datasta-sijtba m 

banskut) m which the plane of the Horizon intersects that of the diurnal circle : 
and i t  is evident from the figure that 

A a =a ah -4- A b :
• .. . OT , AdEA =  S'iNKtfXALA +  BlTOJA !

“ X fS , t e S nidm,1?bc used “ccor‘J!ns “ th3Sun is
Kow jf  these A o * i, S ' i w u w u  mid B u n a  which are in terms of the  radius 

ot a great circle, be reduced to the hjpothenuse of the gnomonic shadow nt the 
green time, it »  d e a r  that the reduced B n w i  will bo equal to the distance of 
tho end ol the riuulow Irom the east and w-est hue, but the reduced Sa m w a ia  
Will equal the Equinoctial shadow. I t  is showed thus: 

lot It teas the radius of a great circle: 
h =  the hypotheuuse of the shadow;

12 i i
then, h : Ki s=* 12 : s b, s b = ----- ;

h
.Nowr, in the triangle g a b . '  l_ a s b =  the latitude of ti e given place j 

a b the Bine of latitude the Equinoctial shadow

/< S > — - O \ \  ✓ ->-

s b the cos. of latitude 12



\  \  J  ~ Surya-SidJhduta.

\%V^gEs^iys]jadow and the latter line is equal to the sine of ampe-1—* 
x"'-...': tti'ds (reduced to the hypotbenuse of the given shadow).

Given th„ shadow to find 8. The square-root of die sum of 
its hypothenuso. the squares (of the lengths) of the
Gnomon and the given shadow is called the hypotbenuse of the 
shadow: from the square of the hypotbenuse subtract the 
square of the Gnomon; the square-root of the remainder will 
he equal to the shadow; and tlio length of the Gnomon is to 
bo known (from the shadow) by the inverse calculation.

The precession of the 9. the circle of Asterisms I)brutes 
equinoM.. ’ 500 times in a great Yuen (that is to
say, all the Asterisms, at first, move westward 27°. Then, 
returning from that limit they reach their former places. Then 
from those places they move eastward the same number of 
degrees; and returning thence come again to their own places. 
Thus they complete one libration or revolution, as it is called.
In  this way the number of revolutions in a Yucia is 600 Which, 
answers to 000,000 in a Kalpa).

Multiplying the Ahaeoasa (or the number of elapsed days) 
by the said revolutions and dividing by the number of terres
trial days in a Kalpa ; the quotient is the elapsed revolutions, 
signs, degrees, &c.

10. (Rejecting the revolutions), find the Bhuja o'f the rest 
(i. e. signs, degrees &o. as mentioned in S'loka 30th of the 2nd 
Chapter). The Bhuja (just found) multiplied by 3 and divided 
by 10* gives the degrees i%o. callbd the Ayaua (this is the same 
with the amountf of the procession of the equinoxes).

h the Equinoctial shadow
or a l  X ------= ----------— ----- ------------ ;

12 R 12
h

.*. a b X — op the reduced S 'ankutaila the Equinoctial shadow ;
R

The reduced sine of amplitude
*** the Equinoctial shadow ±  the reduce i B huja  j this explains the 

7 th  S 'loka. B. 1).
* 27° : 90°. B. D. > , .
t  This is the distance of the Stellar Aries from the vernal equinox. B. I).



su^rao t the amount of the precession of the ermi-
/ t  . 1

roxos (accorclmg as the as ten sms are moving eastward or 
westward at the given time) to or from the place of a planet: 
from the result (which is equivalent, to the longitude of the 
planet) find the declination, the shadow of the Gnomon, the 
the ascensional difference &o.

This motion of the asterisms (or the precession of the equi
noxes) will be verified by the actual observation of the Sun 
when he is at the equinoctial or the solstitial points.

11. According r.s the Sun’s true place found by computa
tion (as stated in the 2nd Chapter) is less or greater than that 
which is found by observation (i. 0. the longitude of the Sun), 
the circle of asterisms is to the east or west (from its original 
place) as many degrees as these are in the difference (between 
the Sun’s true place and the longitude).

The equinoctial shadow. „  1 2 ‘ A t  51 « iv e n  P laCG> w lie n  t l le
Sun comes to tbe equinoctial, the sha- 

j dow (of the Gnomon of 12 digits) cast on the Meridian Line
I at noon is called the P auabita or the equinoctial shadow (for
j that place).

Given (hr equinoctial she- ( 13‘ Tbe multiplied by the
flow, to find the co-latitude Gnomon (or 12) and the equinoctial 
and latitude.. i t , ' ,

shadow (separately) and divided by 
the equinoctial hypothenuse* gives the cosine and sine of the 
latitude (respectively). The arcs of these sines are the co-lati
tude and the latitude which are always southf (at the given 
place from whose zenith the equinoctial circle is inclined to the 
south).

Given the Gnomon’s sha- 14 and 15. The B huja of the sha-
dow at. jioon and Sun’s do- j  P , ri  , „
oliimtion, to find the latitude dOW Ot tbe IrUOID.OTl at 110031 IS tbe
of the place. same as the shadow itself. Multiply

* The equinoctial hvpothsnuso is tlie hypothenuse of the equinoctial shadow 
found by taking the square-root of the sum of the squares of the equinoctial 
shadow and the Gnomon (or 12). B. D,

t  Tho south latitudes of Sanskrit (wrrespoBd to the north latitudes of the 
Europeans. B. I).

/ # « %  . q tI raPt j l  Translation of the yVw I



/1 ( W /f  ) 11 S u n ja * 8 id d h d n ta .

by that B h u ja  and divide the product by the i
Xx52tH&hse of tho said shadow; the quotient will be the sine of 

the zenith distance: the zenith distance, found from that sine 
m  minutes, is north or south according as tho B huja is south 
or north respectively (at a given place). Find the sum of tho 
zenith distance and the Sun’s declination in minutes when 
they are both of the same name, but when they arcs of contrary 
names, find the difference between them* This sum or differ
ence is the latitude in minutes (at the given place),

To find tho equinoctial 16- F in d  t h e  s in e  o f  t h e  la t i tu d e ,  
shadow from the latitude. ( in s t  fonncl) . t a k e  t ]!e s q u a re  o f  t h a t

sine from that of the Radiu:; the square root of the remainder 
is the cosine of the latitude. The sine of the latitude multiplied 
by 12 and divided by the cosine of the latitude gives tho 
RA a: HA or the equinoctial shadow.

Given the latitude of the 17 . Find the difference between th e 
distance at noon, to find his degrees of the latitude (at a  given place) 
decimation and longitude. a n d  those of t h e  Sun’s zenith distance 
at noon when they are both of the same name, but when they 
are of contrary names find the sum of them ; the result will be 
the Sun’s declination: multiply its sine by the Radius.

18. Divide the product by the sine of the Sun’s greatest 
declination (or 1397) : find the arc (in signs &c. whose sine is 
equal to the quotient, just found); this arc will be the longi
tude of the Sun when he is in the first quarter of the Soliptic : 
but when he is in the second or third quarter, subtract or add 
the signs &o, (contained iu tho arc) from or to 6 signs; (the 
remainder or the sum will be the longitude of the Sun).

19. And when the Sun is in tho fourth quarter of the 
Ecliptic subtract the signs &c. (which compose the arc) from 
12 signs; the remainder will bo the true longitude of the Sun 
at noon.

(To the longitude, just found, apply the amount of the pre
cession of tho equinoxes inversely for the Sun’s true place.)



xS* ■ e°3jx

the Sun’s mean (In order to find the mean ptabyoT  ̂
vtogi'from ins true p.aee. the Sun from his true place above
found,) find the 1st equation from the true place of the Sun and 
apply it inversely to the place repeatedly, the result, is the mean 
place of tho Sun (that is, assume the true place as his mean place, 
find the Sim’s first equation from it and add this equation to the 
true place if the equation be subtractive, but if it be additive, 
subtract it from the true place ; the result will be somewhat 
nearer to the exact mean place of the Sun at the given noon ; 
assuming this result as tho Sun’s mean place apply the said 
mode of calculation, and repeat the process until you get the 
exact mean place of the Sun).

Given the latitude of the 20. Find the sum of the latitude of 
place itfid fchti declination of T  ̂ n  .
the s£», to find hi, zenith a 8lven Place ancl tae Sun5rs decimation 
dietaaoe at noon. when they are of the same name, but
when they are of contrary names find the difference between 
them; the result will be the zenith distance of the Sun (at 
noon). Find the sine and cosine of the (found) zenith dis
tance.

Given the Sun’,  zenith 2L TllS sine 0 “^  *?«*) the
distance nt noon, to find tho Radius multiplied by the length of the shadow and its hypothenuse. , ,Gnomon ut digits (or by 32) and di
vided by the cosine (above found) give the shadow of tho 
Gnomon and its hypothenuse (respectively) at noon.

Given the Sun’s deciina- 22. The sine of the Sun’s declinft- 
arnplitade and the sine of tlon multiplied by the equinoctial .hy- 
amplitude reduced. pothenuse and divided by 12 gives the
sine of the Sun’s amplitude. This sine multiplied by the 
hypothenuse of the Gnomonic shadow at noon, and divided by 
the -Radius, becomes the sine of amplitude reduced to the 
shadow’s hypothenuse.

Given tho equinoctial aha- 23. To this reduced sine of the 
Ban’s amplitude add the equinoctial 
shadow i the sum will be the north 

Bhwa (of the shadow at the given time) when the Sun is

If flip ) 1 ' Translation o f the I HT



\ . V, dpy the! iouthem hemisphere, but when he is in the noi?nSk>l . 
'^y-nCh^ffephere, take the reduced sine of amplitude from the 

^equinoctial shadow, and the remainder will be the north 
Bhcja.

24. In the latter case, when the reduced sine of amplitude 
is greater thaD the equinoctial shadow, subtract this shadow 
from the reduced sine; the remainder will be the south Bhtjja 
between east and west line and the end of the shadow at the 
given time. Every day the Bill..i A at noon equals the Gno
mon's shadow at that time.

25. Multiply the cosine of the lati- 
the Sun’s decimation, to fmd tude by the Equinoctial shadow or the
the hypotheuuse of the  aha- sinG  0f the latitude by 12; the product
dow a t the time -when the . . 1
Snn reaches the Prime Vcrti- (which .is the Same in both cases)

divided by the sine of the Bun’s de
clination gives the hypotlienuse of the gnomonic shadow at the 
time when the Sun reaches the prime vertical.*

26. When the (Sun’s) north declin-
UtherwiM. ,

ation is less than the latitude, the
hypothenuse of the shadow at noon multiplied by the equinoc
tial shadow and divided by the reduced sine of amplitude at 
noon, gives the (same) hypothenusof (which is found in the 
preceding S'ioka).

* This is shown thus,
Let l — latitude of the place ; 
e =  the equinoctial shadow 5
d  sse the sine of the San’s declination : a -
p —  ..............................  altitude • > wJ,on Sun readies the prime
x  ast the hypothenuse of the shadow j )  vertical.

Then, sin l : d  .== R  * p  j 
and R : p  =  x  : 12 ;

12  sin l  e cos l
x  = = ------------= 5 ----------(because cos l : sin /  *== 12 : l and e. cos l  »

d  * d 12  sin l).
f  This is proved thus.

Let h —  the hypothenuse of the shadow at- noon ; 
a  =■ the sine of amplitude reduced to that hyp. 

a  R
—— s= tlie sine of amplitude in terms of the radius, 
h

F

/ / /  d&fe 'yV\ Sarija-Bidilhdnta. f  ̂ 33
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The sine of the declination (of the Son) ■ nm ltip lieijjA —i 
X^ r t l ^ rMiaa and divided by the cosine of the latitude becomes 

the sine of amplitude. Multiply this sine by the hypothetmse 
of the shadow at a given time and divide the product by the 
radius: the quantity obtained is the sine of amplitude in 
digits (reduced to the hypothemise of the shadow at the given 
time).

Given the equinoctial sha- 2 8 . a n d  29‘ Subtract the square of
clow ami tho Sun’s ampH- the sine of amplitude from the half of 
lude, to tint! his altitude ,, , . .  ,  . ,
when situated in  the vertical < *0  square o f the radius; multiply

““ the remainder by 144; divide the
product by the half of the square of 

the gnomon (i. e. 72) increased by the square of the equinoc
tial shadow. Let the name of the result be the Karan!'. Let 
the calculator write down this number (for future reference).

dO. Multiply twelve times tho equinoctial shadow by the 
sine of amplitude and divide tho product by the former divisor 
(i. e. 72 added to the square of the equinoctial shadow). Let 
the result be called the Pitala, Add the square of the Karan! 
to the Phaia and take the square-root of the sum.

31 and 32. The square-root, (just found), diminished or 
increased by the P hala according as the Sun is south or north 
of the equinoctial, becomes the Kona-s'anku* or the sine of 

a E
Then — -  : p  (the nine of the Sun’s altitude when he is at the prim e vertical) 

h
=  cob l  : sin l  =  e (equinoctial shadow) 1 2 ;

12 a  R
p  S B ------------- ---

h e
and ,\-p  : I t «  12  : x  (the hypothenuse of the Sun’s shadow when he reaches 

tile prime vertical):
12 R  h e  h e

•’* * .=  ------ ---- 12 E  •---------rsx-------* supposing the Sun’s declination to
P 12 a  E  a  undergo no ohange during the

day,
* This is demonstrated thus.

Ties e £=s the equinoctial shadow,
* a  «= the sine of amplitude, 

k  =# the K ara^I,
f  ’&z the PilA tA,

and  x  -ssf th e  K ojca s' a n k f .

1 Translation o f the (CT



\ ^ X § § W ^ the Sun when situated at an intermediate vefctî A  1 
. X ^  - ^ r s e e t in g  the Horizon at the N. E. and S. W. or N. W. 

and S. E. points). If the sun be south of the prime vertical, 
then the Kona-s askcr will be south-east or south-west, bat if 
he be north of it, then it will he north-east or north-west. 
The square-root of the difference between the square of the 
Konas'amu and that of the radius, is called the Dbicuta or 
the sine of the zenith distance.

33. Multiply the (said) sine of the zenith distance and the 
radius by 12 and divide the products by the Kona-s'anku 
(above found); the quotients will be the shadow (of the gno
mon) and its hypothenuse (respectively, when the Sun will 
come on an intermediate vertical) at the proper place and time.

e
Then, 12 : e =  x  :  -----x  =  S'attkutala (as shown in the note on 7 th. S'loka) j

12
and since it is manifest from the same note that the S'atjxtttaTjA applied with 
the sine of amplitude hy addition or subtraction according as the Sun is south 
or north of the equinoctial, becomes JBh cja  (i. e. the sine of the Sun’s distance 
from the prime vertical), 

e
------ X  ±  a  =  B ho-ja  ;

12
bu t when the Sun is N. E ., N. W ., 8. E., or 8. W ., it is equidistant from the 
prime vertical and the meridian. Therefore the hypothenuse of a right-angled 
triangle, of which one side is the BuiTJA and the other equal to it, is the sine of 
the zenith distance.

e e* a e
.*. livp.)2 ass 2 {------x  ±; a )2 ----------- Xs d t ------ x  +  2 a*,

12 72 3
Now, sineo the aquar# of (he sine of the zenith distance added to  the square 

of the sine of the altitude is equal to  the square of the radius, 
e* a e *

... a* -f.----x* ± -----a; +  2 a s=  Rv *
72 3

o r (e2 - f  72) x* ± 2 4 a e  x  «  72 R a — 144 a« ;
24 00  72 R a — 141 a3 144 ( i  R* -  a*)

x* i  — •—;—  a? — --------------------- ; = ---------------- •
e* -f- 72 e M - 7 2  - f  72

Now, in the foregoing equation i t  will be observed th a t the value of the side 
containing the known quantities is what lias been already spoken of under the 
name of K a i u n I ,  and tha t the half of the co efficient of x  is what has been already 
spoken of under the name of P m ala, 

x9 ±  2 f x  =w
which gives x  =? * / , f  ‘ & dt /•  B. B.
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\  X. UĉM-v -V-M y \ / IL W
^ ^ ^ j / i a t i t a c le of the place 3*  Add or subtract the sine of

-anti the Sun's declination the ascensional difference to or from 
being given, to find the Sun’s
altitude, Zenith distance &c. tho radius according as the Sun is in 
at given time from noon. ,, . ,, , . ,the northern or southern hemisphere. 
The result is called the AntyX. From the AntyX subtract the 
versed sine of the time from noon (reduced to degrees); Multi
ply the remainder by the cosine of the declination.

85 and 36. Divide thoproduct, (thus found), by the radios; 
the quotient is called the chheda • the chheda multiplied by 
the cosine of latitude and divided by the radius becomes the 
SAKKtr* or tlie sine of the Sun’s altitude (at the given time). 
Subtract the square of the S'ahku from that of the radius; 
the square root of the remainder is DRja-.iYA or the sine of the 
zenith distance (at the given time). (From the s'anxu and the 
BRio-JYA) find the shadow and its hypothenuso as mentioned 
before (in S ’loka 32).

Given the gnomonieal Multiply tlio radius by the given
shadow and its hypothenuse, shadow (of fche gnomon) arid divide the to find the tune from noon. ,

product bv the shadow s Hypothenuso.

* This will be manifest thus.
Let l =rs latitude of the place north of the equator; 

d  s=s the Sun’s declination j 
a ~  the ascensional difference, 
t  ~  the time irorn noon in degrees, 

and $  =  the Sun’s altitude.
Then wo have the equation which is very common ;

cos t. cos l. cos d  ±  li. sin l . sin d. *
sin .t = ____________ _ __________ „_____ _

I t 2
tan l. tan d

(cos t  4: ------- ) cos l. cos d
B

R '
(cos t  ± : sin a) cos l oos d

jR*
(B  1- sin a  — vers t) cos d  cos d  

or ----------------- ----------- -------------  ; ____ . ,
B  l i

I t  is to be observed hero, that when the latitude of the place is north  the fin 
a  becomes plus or minus according as the declination is north or south / B, D.

(f ( ® j  Translation of the (CTF



\ ^ v ^ ^ ^ / / T l i e  quotient is the drig-jya ; the square-root oSJJlA^J 
\^aq g afe  of the radius diminished by that of the nrffa-JYA (just 

found), is the s'anktt : multiply it by the radius and divide the 
product by the cosine of latitude (of the place),

38 and 39. The result (thus found) is the chheda ; multiply 
the chheda by the radius; divide the product by the cosine 
of the declination. Subtract the quotient from the A u t y X and 
take the remainder. From the versed sines (given in si,okas 
23—27 of the second chapter) find the are whose versed sine 
equals the remainder : The minutes contained in the arc are 
the Pbanas in the time before or after noon.*

Given tho latitude of the  Multiply the cosine of latitude by
place and the reduced sme tltS given reduced sine of amplitude 
or amplitude*, to  find the °  *
Sun’s declination and longi- and divide the product, by the given

shadow’s hypothenuse (at a given
time).

40. The quotient, (thus found), is the sine of the Sun’s 
declination , multiply it by the radius and divide the product 
by the sine of the greatest declination ■ find the arc in signs, 
degrees, &c. ; from this arc and that quarter of the ecliptic in 
which the Sun is situated at the given time the Sun’s longitude 
can be determined (as mentioned before in S 'l o k a s  18 and 19 
of this Chapter).

„ , 41. On any day place a vertical
the Gnomonic shadow’̂  ond gnomon on an horizontal plane; mark 
rt' ulvt3‘ the end» of the shadow at three dif
ferent times on tho plane, and describe a circle passing through 
these points. Then the end of the shadow of that gnomon 
will revolve in the circumference of this circle through that 
day.f

#  This Rule is the converse of the preceding one. B. P .
f  This Ride is refuted by B kXskaeacharya in his Goladiiyaya, and lie is 

right, because the end of the gisomonical shadow revolves in an-hyperbola in th e  
ptaees between the arctic and antarctic circles. B . D.
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the right ascen- ^J ' 0 '  ̂ order to find the right
IrfthaiiSptte*4‘hW tigm ascensioM of the ends of the three 

first signs of the ecliptic i. e. Aries, 
Taurus and Gemini, find the declinations of the said ends) then 
multiply the sines of one, two, and three sines by the cosine of 
the greatest declination of the Sun separately, and divide the 
products by the cosines of the declinations (above found), 
respectively: The quotients will be tho sines of the arcs j find
the arcs in minutes. (These arcs will be the right ascensions 
of the ends of the three first signs of the ecliptic).

To find the rising periods 43. Tho number of minutes con- 
of tiio«o Mgua at tho Lquator. Gained jn the first right ascension,
(above found), is the number of P rI nas which Aries takes in 
its rising at Lanka (or the equator); then take the first right 
ascension from the second and the second from the th ird ; the 
remainders in minutes will denote the numbers of P ranas in f 
which Taurus and Gemini rise at the equator.

(The numbers of the P ranas, thus found, contained in the 
rising’ periods of Aries, Taurus and Gemini at the equator are) 
1C70, 1795 and 1935 (respectively).

To find tlie rising perioda - (In 0rcler 1)0 fiad the rising periods 
place"086 Slgn8 at a siv°U three signs of the ecliptic

at a given place of N. L., find at 
first tho ascensional differences of the ends of the said signs 
at that place and subtract the first ascensionrd difference from 
the second and the second from tho third. The first ascen
sional difference and these remainders are severally called tho 
Chakakhandas of tho said signs for the given place). Sub
tract the Ckarakhandas (of the first three signs) for the given 
place from their rising periods at the equator: the remainders 
will be the rising periods in Pranas of the said signs at the 
given place.

To find flu rising periods 44. Tho rising periods of the first 
three signs of tho ecliptic at the 

Equator successively increased by their Charakhanpas give in

(1 ( ^Mp ) s i Translation o f the V j*  j



( l ^  l |j |^  j ' Suryti-Siddhawta.

\%Vgc?ef»jAry order the rising periods of the following 
x '-2*il|*rts (i. e. Cancer, Loo and Vergo). The rising periods of the 

first 6 signs, thus found, answer in an inverse order to those of 
the latter six Libra, &c. for the given place.

45. 'From the Sim’s longitude as- 
i the p o i n t  of t h e  e c l i p t i c  juSt certamed at the given time, find the

r i s i n g  a t  a g t t e n  t i m e  f r o m  B h U X T A  a n d  B H O O T A  t i m e s  i n  P R A N A S ,  
f sunrise. 3

( i n  t h e  f o l l o w i n g  m a n n e r .  F i n d  t h e  -

sign in which the Sun is and find the B hukta degrees or the 
degrees which the Sun has passed and the Bhoota degrees or 
those which he has to pass). Multiply "the numbers of the 
B hukta and Bhoota degrees (separately) by the rising period of 
the said sign (at the given place) and divide the products by 30. 
(The first quotient is the Bhukta time in Pranas, in which the" 
Sun has passed the Bhukta degroes, and the latter is the Bhoota 
time in Pranas in which ho has to pass the B hoota degrees.)

46 and 47. From the given time in P kXnas (at the end of > 
which the Horoscope is to be found) subtract the Bhoota time 
in Pranas and the rising periods of the next signs (to that in 
which the Sun is, as long as you can, then at last, you will find 
the sign, the rising period of which being greater than the 
remainder you will not be able to subtract, and which is con
sequently called the as'uddha sign or the sign incapable of 
being subtracted, and its rising period the as'uddha rising). 
Multiply the remainder thus found by 30 and divide the 
product by the as'Addha rising period : add the quotient, in 
degrees, to the preceding signs (to the as'uddha sign) reckoned 
from Aries : (and to tho sum apply the amount of the preces
sion of the equinoxes by subtraction or addition according as 
it will be additive or subtractive): the result, (thus found), 
will be the place of tho Horoscope* at the eastern horizon.
I f  tho time at the end of which the Horoscope is to be found,

*  Thus t h e r e  a r e  t w o  p r o c e s s e s  f o r  f in d in g  t h e  Horoscope, o n e  w h e n  t h e  g iv e n  
t i m e  i s  a f t e r  a tm - r i s e  a n d  t h e  o t h e r  w h e n  i t  i s  b e fo r e  s u n - r i s e ,  a n d  w h ic h  a r e  
c o n s e q u e n t ly  c a lle d  K h a m a  o r  d i r e c t  a n d  V y tJ iR E A M A  o r  i n d i r e c t  p r o e e s s w  
r e s p e c t iv e ly .  B ,  I>,



before sun-rise, then take the Bhukta time 
^ ..7 ^2 '’®*®^) aa^ rising periods of the preceding signs, to that 

which is occupiod by the Sun) in a contrary order from the 
given time; multiply the remainder by 30 and divide the 
product by the as'otdha rising period ; subtract the quotient, 
in degrees, from the signs (reckoned from Aries to the As'un- 
dha sign inclusive) ; the remainder (inversely applied with the 
amount of the precession of the equinoxes) will be the place of 
tho Horoscope at the eastern horizon.

To Sad tho culminating 4S' Fr0Ia tiie ««»» in GHAflKAS, 
point of the Elliptic at tho from noon, before or after, tho Sun’s given time from noon. '

place round at the given time, and
the rising periods of tho signs ascertained for the equator, find 
the arc, in signs, degrees, &c. (intercepted between tho Sun 
and the meridian at the given place) subtract or add the signs 
&C. (just found) from or to the Sun’s place (according as the 
given time is before or after noon); the result will be the 
place of' the culminating point of the ecliptic (at the given 
time).

Given the place of the 4 0 .  (Of tho g iv e n  p la c e  o f  th o  
Horoscope and tha t of the Tr  i  r< .
Sun, to find the time from { OfQSCOpe and t h a t  of t h e  Sun) j find
sun-rise. Hie Bhogya time in PbAnas, of the
less and the Bhukta time, in P ranas of the greater, add toge
ther these times and the rising periods of the intermediate 
signs (between those which are occupied by the Sun and the 
Horoscope) ; and you will find the time (frffta sun-rise at the 
end of which the given place of tho Horoscope is just rising in 
tlio eastern horizon).

50. When the given place of the Horoscope is less than 
that of the Sun, the time (above found) will be before sun-rise, 
but when it is greater, the time will bo after sun -rise.

And when the given place of the Horoscope is greater than 
that of the Sun increased by 6 signs, the time found (as men
tioned before) from the place of the Horoscope and that of the 
Situ added to 6 signs will bo after sun-set.

End of the third Chapter called the Tkifras’na.
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..— " CHAPTER IY.

On tin Eclipses o f tins Moon.

The Of the Sun h  T k ' of the Sun’s orb
mid Moon in XOVAjuiS und is 6,500 yojamas and . that of the
their rectification. , . A 0 ,-.Moon's is 480 miANAs.

2 and 3. Tlio diameters of the Snn and Moon multiplied 
by their tine diurnal motions and divided by (their) mean 
diurnal motions become the sphuta or roctified diameters.

To liiul the San’s diameter Tho reotified diameter of the Sun 
a t the Moon and their dia- multiplied b y  his revolutions (in a  
meters in minutes. T,  . v

KALPA}.and divided by the Moon's
revolutions (in that cycle), or multiplied by the periphery of 
the Moon’s orbit and divided by that of the Sun, becomes the 
diameter of the Sun at the Moon’s orbit.

I’he diameter of the Sun at the Moon’s orbit and the Moou’s 
rectified diameter divided by 15, give the numbers of minutes 
coutained in the diameters (of the discs of the Sun and the 
Moon respectively).

To find the diameter of 4 an<3 5- Multiply the true diurnal 
M oon1“rth'S sllad"'v at the motion of the Moon by the Earth’s 

diameter (or 1,600) and divide the 
product by her mean diurnal motion ; tho quantity obtained is 
called the SOchC, Multiply the difference botween the Earth’s 
diameter and the rectified diameter of the Sun by the mean 
diameter of the Moon (or 480) and divide the product by that 
of the Sun (or 6,500) ; subtract the quotient from the Sue in 
the remainder will be the diameter (in yojanas) of the Earth’s 
shadow (at the moon) j reduce it to minutes as mentioned 
before (i. e. by dividing it by 15).

To find the probable times 5* -The Earth’s shadow (always) 
of the oeoummcei of eclipses, ^ m a i n o  a t  tb&  ^ s t a n c e  of 6 s ig n s  from
tile Sun. When the place of the Moon’s ascending node equals 
the place of the shadow or that of the Sun, there will bo an

G
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(lunar or solar). Or when that node is beyond or v)W rar^ 
X'-25!_i®Ee-'plaee of the shadow or that of the San, by some degrees, 

the same thing will take place.
1. The places of the Sun and the Moon found at the time 

of the new moon are equal (to each other) in signs, (degrees)
&c. and at the instant of the full moon t hey are at the distance 
of C signs from each other.

To reduce the places of 8- (hind the changes of the places of
the Sun, the Moon m i her the Sun, the Moon and her ascending 
ftseenchng node as given a t . . _ »
mid-night to the instant of node in the instant from midnight to

the instant of the syzygy as men
tioned in shoo. 67th of 1st Chapter). To the places of the 
Sun and the Moon (as found at the midnight) apply by sub
traction or addition their changes according as the instant of 
the syzygy is before or after midnight: the results are called 
the SA.MA-KAIA places of the Sun and the Moon : .But increase 
the plane of the node (at midnight) by its change, if the 
instant of the syzygy be before midnight, or diminish it if it be 
after midnight.

W hat coven  the Sun and 6. 'l'he Moon being like a cloud in 
the Moon in tlieir eclipses. _ ia lower sphere covers the gun (m a
solar eclipse); but in a lunar one the Moon moving eastward 
enters the Earth’s shadow and (therefore) the shadow obscures 
her disc.

To find the magnitude of 10, Take the Moon’s latitude (at 
m l,a'1JS0' ti'O time of syzygy) from half the sum
of the diameter of that which is to be covered and that of the 
coverer (in a lupar or solar eclipse) ■ the remainder is the 
greatest quantity pf the eclipsed .part of the disc.

To ascertain the occurrence 11 • I f  tWa quantity should be 
of » total, partial or no greater than the diameter of the disc 

which js to be eclipsed, the eclipse 
will be a total one, otherwise it will be partial, But if the 
Moon’s latitude be greater than half the sum (mentioned in 
the preceding S'loka) there canuot be an eclipse,
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the ha]r “ ■> 1 2 ’ F iD d  t l i e  httlV68 eclipse and that of the the sum and difference of the diameter 
total darkneee. Gf that which is to be covered and
that which is the coverer. Subtract the square of the (Moon's) 
latitude (as found at the time of the syaygy) severally from 
the squares of the half sum and the half difference and tako 
the square-roots of the results.

13. These roots multiplied by CO and divided by the 
diurnal motion of the Moon from the Sun give the S t b it y a b d h a  

the half duration of the Eclipse and h a r d a RDHA the half dura
tion of the total darkness in g h a t ik a s  (respectively).

To find the exact Siamr- 14 and 15. The diurnal motions (of 
the Sun, the Moon and her ascending 

node) multiplied by the S t h it y a r u h a  (above found) in GffA'fr- 

kas and divided by 00 give their changes in minutes. Then to 
find the first exact S t h tt y a b d h a ,  subtract the changes of the 
Sun and the Moon from their places and add the node’s change 
to its place; from these applied places find the Moon's latitude 
and the S t h it y a u d h a . This S t h it v a r d h a  will be somewhat 
nearer the exact one, from this find the changes and apply the 
same mode of calculation (as mentioned before) and repeat the 
process until yon get the saine S t k it y a r d h a  in every repeti
tion, This S t b it y a b d h a  will be the exact first S t b it y a b d h a .  

But to find the latter S t b it y a b d h a  add the changes of the 
Sun and Moon to their places and subtract tho node's change 
from its place; from these applied places find the Moon’s 
latitude and the S t h it v a r d h a  again and repeat the same process 
until the exact latter S t h it y a b d h a  be found. In the same 
maimer determine the first and second exact m a r d a r d h a s  by 
repeated calculations.

To find tho tiroes of the Ifi. At the end of the true lunar 
phases ol i.n eclipse, day (i. e. at the time of the full moon)
the middle of the eclipse takes place; this time diminished by 
the exact first Sthityardiia. loaves the time of the beginning, 

a 2
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creased by the latter exact Sthityakdha gives the tune 
end.'

17.- In the same manner, the time of the middle of a total
eelipse diminished and increased (separately) by the exact first
find second hardIbdhas gives the times of the beginning ami
end of the total darkness (respectively).

To find the Koti or the 18 . Multiply the diurnal motion of 
portion of tlio eoveror’a path ,, „ r
from the middle of the the Moon from the Sun by the (first) 
eclipse to a given time. Sthityaedha diminished by given
g h a t ik a s  and divide the product by 60, the quotient is the 
Ko^f in minutes (or the perpendicular of the right angled 
triangle of which the Moon’s latitude is the base and the 
distance between the centres of that which is the coveror and 
that which is to be covered is the hypothenuse).

j 9 ,  In an eclipse of the Sun, the Koti in minutes (above 
found,) multiplied by the mean Sthityaedha and divided by 
tho apparent* Sthityaedha becomes the S piidta or apparent 
Ko-fi in minutes.

To find the quantity of the 20. The Moon’s latitude is the 
eclipsed part at a given time T, / ,
during the first half of an ’iHWA (or base) and the square-root 
011'il'so' of the sura of the squares of the Koti
and liinwA is the hypothenuse (of the triangle as mentioned 
before in S loka 18th). Subtract the hypothenuse from half 
the sum of the diameters (as stated in S'i.oka 10th) ; the re
mainder will be the quantity of the eclipsed part (of the disc) 
at tho time (at which the Koti and Bhuja are ascertained) .

To find the quantity of the 21. If  it ho required to know the 
eclipsed part as a given time e ,
during the latter half of an ts-°Ti <*c. at a given tune after the 
ei'!'pse' middle of the eclipse, subtract the
Ghatikas (between the given time and the end of the eclipse) 
from the second Sthityaedha ; from the remainder find tho 
K oti &e. as mentioned before, Tho obscured part found front 
the second Sthityaedha is the portion of the disc yet in 
obscurity'.

* Tho mean and apparent sthityardhas will be eiplained in the next 
chapter, B. D,
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v-'^' 0 jv« j-thc  quantity of the 22 and 23. Subtract the minutes 
\iicJS ibeU  part-, to find its , . . ,. ,

corresponding time. c o n ta in e d  1U fell© glV6Tl e c i ip sc c l p t l t i

from half the sum of the diameter of that which is covered 
and that which is the coveror; from the square of the remain
der subtract the square of the Moon’s latitude at that time. 
The square-root of the remainder is the Kofi in minutes (in 
the lunar eclipse). But in the solar one the remainder (thus 
found) multiplied by the apparent Sthityaedha and divided by 
the mean Sthitvakdha gives the Kofi in minutes. From the 
Kori find the time in GhatikAS in the same way that you found 
the Sthityaedha (from the square-root as mentioned in S loka 
18). At this time (before or after the middle of the eclipse,) 
the quantity of the eclipsed part is equal to the given one.

To find the VAI.AS43 used 24. Find the zenith distance* (in 
in the projection of eclipses. t h 0  prime Vertical of the body which
is to be eclipsed), multiply its sine by the sine of the latitude 
of the place, and divide the product by the radius. Find the 
arc whose sine is equal to the quotient; the degrees contained 
in this are called the degrees of the (Aksha or the latitudi
nal) Y AI.ASA : they are north or south according as the body 
is in the eastern or western hemisphere of the place.

25, From the place of the (said) body increased by 3 signs 
find the declination, (which is called A yana or solstitial valana). 
Find the sum or difference of the degrees of this declination 
and those of the latitudinal valana, when those valanas are of 
the same name or of contrary names: (the result is called 
sphuta or true valanI). The sine of the true valana divided 
by 70 gives the valana in digits,t

# The distance of the circle of position (passing through the body) from 
the zenith of the place is called the zenith distance in the prime vertical of the 
body. The rough amount of this can be easily found by the following simple 
proportion.

As half the length of the day of the body 
: 90.
: :  the time from noon of the body at a given time 
: the zenith distance in the prime vertical at the given time. B. I). 
t  In the projection of eclipses, after drawing the disc of the body to bo 

eclipsed, the north  and south and the east and west lines, which lines will of
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f ^ / m x d  the akgttlas or “ ^* F’licl the length of the day (of
' ^ E ' .  Ta?iS? d im J £  th6 b0dy ’wMcl1 is t0 be ecliPB0d M

eclipsed part, &o. at a given mentioned in s'lokas 62 and 63 of the 
time dunug an eclipse. second Chapter): to this length add
its half and the ttnnata time (or the half length diminished by

course represent the circle of position passing throughthe body (supposed on the 
ecliptic) and the secondary to that circle at the given place, to find the direction 
of the line representing the ecliptic in the disc of the body on which the know
ledge of the exact directions of the phases of the eclipses depends, it is necessary 
to know the angle formed by the said secondary and the ecliptic. This angle or 
that arc of a great circle, 90® from the place of the body which is intercepted bo-" 
tween the said secondary or the prime vertical and the ecliptic is called the vaxan a. 
or variation (of the ecliptic). And as it is very difficult to find this arc at once, it 
is divided into two parts of which the one is that portion of the great circle (90° 
from the place of the body) which is intercepted between the Prime vertical and 
the Equinoctial and the other is that portion of the same circle which is intercepted 
between the Equinoctial and the ecliptic; these two portions are called the A'ksha. 
vaxana and the Ayawa-vaxana respectively. The Aks.ua v ax aka is called the 
north or south according as the .Equinoctial circle meets the great circle (90° from 
the place of the body) on the north or south of the prime vertical eastward of the 
body ; and it is evident from this that on the northern latitudes when the body 
is in the eastern or western hemisphere the A'ksha vaxana will be the north or 
south respectively. And the Ayana-vaxana is called the north or south accord
ing as the ecliptic meets the said great circle oil the north or south of the 
Equinoctial to the east of the body, and hence it is evident that when the decli
nation of the body’s place increased by 3 signs is north or south the Ayana- 
vaxana will be the north or south respectively. From the sum of these Vaxanas 
when they are of the same name or from the difference between them when of 
contrary names the are which is intercepted between the prime vertical and the 
ecliptic is found and hence it will be north or south according as the ecliptic 
meets the said great circle on the north or south of the prime vertical eastward 
of the body and it is sometimes called the spashta or rectified VAXANA.

Let A be the place of the body; B G C 
L  the great circle 90® from it j B A G  the D—— —
ecliptic ; D E F  the Equinoctial; E the \
Equinoctial point; G K  L the prime \ \  x.
vertical; H the intersecting point of the /  \ \  \
prime vortical and th© Equinoctial, and /  \  £ \
lienee the east or west point of the Hori- /  \ \  \
Zon and therefore G H equivalent to the /  \ \  V
zenith distance in the prime vertical. / \  \

Then the arc G D «= the AJ£6Ba[ A \R 1
VAXANA, i \\ I

D B =  the Atana. vaxana, \ \ \  /
and 6 1 1 =  the spashta or rectified \  \ \  j

Vaxana. V \ /
These arcs can be found as follows* \  \ /
Let L =  latitude of the place, \ .  \ /

n » the zenith distance in the prime x. j
vertical,

I  =  the longitude of the body, c ^
e  =  the obliquity of the ecliptic, 
d  =  the declination of the body, 
a? =  the A'ksha vaxana,

(l (  ̂I Translation o f the



( i n m f )  . (fljV  y S'urya-Siddhdnta. i 1
— Jr/.v^zy  . ■

^~tHS given time from the midday of the body) ; and by tho
quotient divide the Moon's latitude, diameter &c. in minutes ;
the results are the digits contained in the latitude &c,

(End of the fourth Chapter.)

y  ss= the ArANji.-VAi.iN4, 
and z  =  the rectified valana,

Then in the spherical triangle D U O
sin S D H :  sin D H  G *» sin G  H  : sin G D : 

here, sin G D H  =  sin B D E »  cos d, 
sin D I I  G  =  sin B ; 

and sin G H  =  sin n, 
cos d : sin L  =  sin n i sin a?.

sin L . sin n
sin x  or the sine of the Aksha valasta = --------------- in which the Radius

is used, for cos d  in the text cos d
This YAIA2TA is called north or south according as the point D be north or 

south of the point G.
And in the triangle D E B

Bin II D I ; sin B E D = =  sin B  E  .* sin D  B, 
o r cos d  : Bin e =  cos l : sin y

sin e X eos l
/ .  sin y  or the sine of the Ayana yalana --------------------- in which the

cos d
Radius is used for cos d in the text.

This VAXAKA 13 called north or south ; according as the point B bo north or 
south of the point D.

And the rectified valafa G B =  G  D + D  B, when the point D lies between 
the points G and B, but if the point D be beyond them, the rectified tajlafa 
will be equal to  the difference between the Aksha and Ayana valafab. This 
also is called north o r south as the point B be north or south of the point G,*

To mark the sine of the spashta y a l aka in the projection of the eclipse it is 
reduced to the circle whose radius is 49 digits in the text, 

i. e. R : sin s> =  49 ; reduced sine of the valafa ;
49  sin z  49 sin z  sin e

/ ,  reduced sine of the yalafa == — -------- = ?  -  —-  —
R  3488 70

This reduced sine in digits is denominated the yal ana in the text. B. J),



CHAPTER V.
On the Eclipses of the Sun.

Where the parallax m h  There is EO P ^H ax  in lcmfen~ 
longitude ami that in latitude tude of the Sun when his place equals

the place of the nonagesimal. And 
when the (north) latitude (of the place) and the north declina
tion of the nonagesimal are equal to each other (i. e. when the 
nonagesimal coincides with the zenith) there will be no paral
lax in latitude.

2. Now I  will explain the rules for finding the parallax 
in latitude which takes place when the connection of the place 
and time is different from that which is mentioned (in the 
preceding S'loka,) and the parallax in longitude which arises 
when the Sun is east or west (of the nonagesimal).

To find the sine of ampU- S - A t  t h o  e n d  o f  t l ie  t im e  o£  Con- 
tude of the horoscope. junction (from sunrise) in  g hawk A'a
find the place of the horoscope through thci rising periods at a 
given place (and apply it with the amount of the precession of 
the equinoxes.) Its sine multiplied by the sine of greatest 
declination (or sin 24") and divided by the cosine of latitude 
gives a quantity called the uoaya (or the sine of amplitude of 
the horoscope).

To find the aine of the 4. Then find the place of the cnl-
m™aLg“poiS of thiTeclip- toinatin!? Poillt of tlie ecliptic through 
tio' the rising periods at the equator as
mentioned before, and find the sum of the declination of tlie 
culminating point and the latitude of the place when they are 
of the same name, otherwise find the difference between them.

5. The result (thus found) is the zenith-distance of the 
culminating point of the ecliptic. Tho sine of this zenith- 
distance is called the Madhyajya or the middle sine.

_ „ , , , Multiply the Madhyajya by theTo find tlie sine und co- , . . J
nine of the zenith-distance udaya (above found,) divide the pro- 
of the nonagesimal. -< , ,duct by the radius and square the
quotient.

• G< W \
/ ^ > —̂V\

\ \  y ° Translation o f the Y
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\V S S S < ^ 6 u b tr» c t the square from the Madktajyx : the sq ih u JX j 
Xx^ w f o f  the remainder is (* nearly, equal to) the drikshepa or 

the sine of the zenith-distance of the nonagesimal (or the 
sine of the latitude of the zenith). The square-root of the 
difference between the squares of the drikshbpa and the radius 
is the S askc or the sine of the altitude of the nonagesimal. 
This sine is called the dbjgoati.

7. (Or) the sine and cosine of the
Otherwise. zenith-distance (of the -'culminating

point of the Ecliptic,) are the rough drikshepa and drjgqati 
(respectively.)

„ , , „  . , Dividing the square of the sine ofTo find the Moon s paral- °  1
lax in longitude from tho o t le  s ig t l  ( o r  80°) b y  t h e  DRJGGATI 
Sun rodiased to u iiif iK ia . ^ ( j o v e  fo u n d ,)  t h e  q u a n t i t y  o b t a in e d

is called the cbheda or the divisor.
8. The sine of the difference between the place of tho Situ 

and the nonagesimal divided by the ohhbda gives the Moon’s 
parallax in longitude from the Sun reduced to (savaua) Gha- 
tikas, whether the Sun be east or west (of the nonagesimal.f)

* For, the square-root of the remainder multiplied by the radius and divided 
bv the cosine of the ecliptical part intercepted between tho nonagesimal and tho 
culminating point becomes the exact dhikshepa or tho sine of the latitude of 
the Zenith. B. D.

f  Ail Hindu astronomers suppose that every planet daily traverses 12000 
YOJANas nearly in its orbit and as the part of a planet’s orbit intercepted between 
tho sensible and rational horizon is equal to the  earth’s semi-diameter (or 800 
YOJAJTAS which =  Tjy th of 12000) therefore, the extreme or horizontal parallax 
of a  planet is thought to bo equal to TV f*ar t  o£ its  diurnal motion : thus the 
Moon’s horizontal parallax is 52' 42" nearly and the Sun’s 3 '. .  50" and hence the 
horizontal parallax of tho Moon from the Sun is - = \ 5 2 ' 42") — (3 '..  50")
=  4 8 '. .  4d - And four CIhatikas in which tho Moon describes 48 ' .. 46" from 
the Sun is the horizontal parallax in time.

JSTow, let
l  =  the latitude of a planet- (the Sun or Moon),
d  -•= the difference between the places of the planet and the nonages imM, 
a  =  the altitude of the nonagesimal, 
p sas the horizontal parallax, 
a’ the parallax in longitude, 
y  =  the parallax in latitude.

Then we have the equation,
sin a, sin (d a?)

» = i> ------------ -----
II. cos. (I dfc y)

which is common in astronomy.
H
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the accurate pa,-al. . 9’ Subtract the parallax in time
Tea, and the apparent time (just found) from the end of the true 
ct oonj met, n. time of conjunction if . the place of the
Sun he beyond that of the nonagesitnal; but if it be within, 
add tho parallax. At this applied time of conjunction find 
again tho parallax in time and with it apply the end of 
the true time of conjunction and repeat the same process of 
calculation until you have the same parallax and the applied 
time of conjunction in every repetition. (The parallax lastly 
found is the exact parallax in time and the time of tho conjunc
tion is the middle of the solar eclipse.)

To find the Moon’s paral- 10. Multiply the DBIKSHBPA (or tllO 
lux in latitude irom the Sun. s in e  o f  t h e  z e n jl h .,3ig ta i ic e  0 f  the
nonagesimal) by the mean diurnal motion of the Moon from 
the Sun, and divide the product by fifteen times the radius: 
the quotient is tho parallax in latitude of the Moon from the 
Sun.

11. Dividing the d e ir s h e p a  by 70, 
the quotient is the same amount of 

parallax (found in the preceding S ’loka) or multiplying the 
prikshfj'a by 77 and dividing by the radius (i. e. 8438), the 
quotient is the same.

To find the apparent lati. 12. The amount of the parallax in 
tmle ot the Moon. latitude (just found) is south o r  north
according as the nouagesimal is south or north (of the zenith). 
Add this amount to tho Moon’s latitude if they are of the same

In  this, if  wo take for convenience’s sake sin d  for sin j 't i  -f- x )  and It. for 
cos (l d : y )  on account of the smallness of x, y  and l  in an eclipse, then we have 

sin a. sin d
x  =  p ------------------ -

W
Now, it is evident that if p be assumed, the horizontal parallax o f the  Moon 

from the Sun in time (or p  =  4  Ghatjkas) x will be the Moon’s parallax in 
longitude from the Sun, and then

4 sin a sin d  sin d  sin d

X " ( * R J) chheda. B. D.

sin. a

(i ( jpj| jsi Translation o f the yW I ,
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x^ ^ n p w i/lin t if of contrary names, subtract it. (The result is 
the apparent latitude of the Moon).

13. (In the solar eclipse) through the apparent latitude of 
the Moon (just found) find the sthityaedha* mardahdha 
magnitude of the eclipse &e. as mentioned before : the valana, 
the eclipsed portion of the disc at any assigned time &c. 
are, found by the rule mentioned in the Chapter on. the lunar 
eclipses.

To find the apparent s t h t - M - 1 5 > 1 6  a n d  l 7 ‘ K n d  t h o  P a ‘ 
tyahiihas and mabuXiimus rallaxes in longitude (converted into
in solar eclipses, . . .

tune) by repeated calculation at the 
beginning of the eclipse found by subtracting the first stiuty- 
aedha (just found) from the time of conjunction, and at the 
end found by adding the second bthityaedha. I f the Sun be 
east of the nonagesimal and tho parallax at the beginning bo 
greater and that at the end be less than the parallax at tho 
middle, or if the Sun bo west, and the parallax at the beginning 
be less and that at the end be greater than the parallax at the 
middle, add the difference between the parallaxes at the begin
ning and the middle, or at tho end and the middle to the first or 
the second sthityakdha (above found) : otherwise subtract tho 
difference. It is then when the Sun is east or west of the 
nonagesimal at tho times both of the beginning and the middle 
or of the middle and the end, otherwise add the sum of the 
parallaxes (at the time of the beginning and middle or of the 
end and the middle) to the first or the second sthityardha 
(Thus you have the apparent sthityardhas and from these the 
times of the beginning and the end of the eclipses of the Sun.)

In the same manner, find the apparent mabdakdhas (and the 
times of the beginning and end of the total darkness in the 
total eclipses of the Sun).

End of the fifth Chapter.

* This STHITYABIUIA is called the mean sthitvabdha in tho solar eclipse. B, D.

H 2
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CHAPTER VI.

On Ihc Projection of Solar and .Lunar EclifseS.

I. Since tlie phases of the lunar 
and solar Eclipses cannot be exactly 

understood without their projection, I  therefore explain the 
•excellent knowledge of the projection.

To describe tlm circle in  2 - 1 I a v in 8- m a r k e d  a t  f i r s t  a  p o in t  
which the ralaaa i» to be o n  t h e  f lo o r  le v e l le d  w i t h  w a te r ,  d e -
marked. . . . .

scribe, on the point as centre with 49 
digits as radios, a circle in which the valana (as found in the 
fourth Chapter) is to be marked.

Other two circles conceit- d. (On the same centre,) describo 
t™  with the first. _ a seCond circle named the sa m a sa  with
the radius equal to half the sum of the diameters of that which 
is to be covered and that which is the coveror, and a third circle 
with the radius equal to the semi-diameter of that which is to 
be covered. ■

The directions of"the bo- 4 - (In these circles determine the
(finning and end ot the north and south, and the east and west 
1 Bitar and solar eclipses. .

lines* as mentioned before .(in the ora
Chapter).

In  a lunar eclipse, the obscuration first begins to the east 
and it ends to the west, (hut) in a solar one the reverse of this 
takes place. (Therefore in the projection of the lunar eclipse, the 
vaiana is to be marked as sine to the eastern or western side 
of the outer circle above described according as it is found at 
the beginning or end of the eclipse, but in the projection of 

.the solar eclipse, the vauaha found at the beginning or the end 
of the eclipse js  to be marked to the western or eastern side of 
the circle respectively.)

■ •  I t  is evident that these lines will represent the circle of position, and the 
gecontlary to it passes through tin 'body which is to bo eclipsed. B. D.

, r \
( i f  '8SP̂  \ *J " Translation dj the lOT"



w A a . t b T A W i  in 5 - I n  a  lm ia r  e c l iP s c  n w r k ' ^ L j
x^^^^N irdo. vaiana (as directed in the preceding

S'loka) to tlio eastern side of the outer circle from the east and 
west line to its north or south according as the valaha is north 
or south, when it is found at the beginning of the eclipse; bat 
when it is found at the end of the eclipse, mark it to the west
ern side of the outer circle from the east and west lino to the 
south or north according as the vaiana is north or south. And 
in a solar eclipse mark the VALANA inversely (i. e. mark it at the 
beginning or end of the eclipse to the western or eastern side 
of the outer circle respectively in the same manner as mention
ed before).

6. From the end of the vaiana (as
To m a r t  llio latitudes . ,  „ . ,  , ,,

found at the beginning and drawn before) draw a lino to the centre.
ond of the eolipso in the p h o n i  th i s  l in e  d r a w  a n o th e r  l i n e  Cper- 
sscond circle. _ vt

pendicnlar to the former and) as the
sine in the circle called the samasa, equal to the Moon'S latitude 
found at the beginning or end of the eclipse, (to the north or 
south of the former line according as the latitude is north or 
south).

7. Again, draw a line from the end 
tlJLlmhn^miTrd’oftht of tbe latitude (as drawn before) to 
euhp»e m the disc of the the centre. Then the point, where the
body which is to  be covered. 1 '

body which is to be covered begins to be
obscured or quits the obscuration, is the same whore the line
drawn before cuts the circle representing the disc of the body
which is to be covered.

To determine the d ircc  8 Rnd 9( In tho P o t i o n  of 
tions of the latitudes of the the solar eclipse, tho latitudes of tho 
M uon in tho projections. , r .

.Moon are always designated by their
normal name, but in the projection of the lunar one they are 
designated reversely.

To mark tho vaunA at And in the lunar projection to the 
the middle of the eclipse. northern or southern side of the outer 
circle above described, according as the latitude of the Moon

■ G°̂ \ -
/ i , /̂ i
g /  TgBj \*V ®m'Ua'~lSvldhdnta. I 5̂̂3w



V^^-SrtOT/afc the middle of the eclipse is considered north or sottwi, 
^~Tfiaik the vauana determined at the middle of the eclipse from 

the north and south line to its east, when the VALAKA and the 
latitude are of the same name; but when they are of different 
names, mark the vauana to the west of the north and south 
line. And in the solar projection the reverse of this takes 
place.

To find the magnitude of 10. From the end of the VAI.ANA 
the eclipse. (just marked) draw a line to the centre.
On this line mark the latitude (found at the middle of the 
eclipse) from the centre towards (the end of) the valana.

11. With the end of the latitude (just marked) as a centre, 
and the radius equal to the semi-diameter of the coveror, de
scribe a circle. The part of the third circle (as described before 
with the radius equal to the semi-diameter of that which is to 
bo eclipsed) contained in tko circle above described will be 
eclipsed.

12. In the projection (of the lunar or solar eclipse) de
scribed on the floor or board, reverse the positions of the points 
of the eastern and western halves of the horizon.

The limit of the magni- 13. To the 12th part of the Moon’s
tudo of tho evUjwed portion ^  tlio obscured portion is invisible which is invisible in the so- ,,
lar or lunar eclipse. on account of the brightness Ox the
Moon’s disc; and owing to the dazzling flash of the Sun s
disc its eclipsed part when not exceeding 3 minutes, is not
visible.

„ , f t  15 and 16. Call the points
To find the path of tho - - , .

coveror. at the e n d s  o f  t h e  l a t i t u d e  (io im il a t

the beginning, middle and the end) (as marked before,) tho
first, the middle, and the last points respectively, describe the
TIM is between the first and middle points and the middle and
the last and draw two lines through these two timis; with the
intersecting point of those two lines as a centre, describe such
an arc as will pass through tho three points. This arc will be
the path of the coveror through which it will move.

I jwBt J 1 Translation o f the IL I



§ (  iB r  \  | |  Suryco-Siddhanta. I  ftpl'Y"

X ^ K ^ ta g iv e n c c lip sec t 17 > 18 and )9' [Wll0n >'0U
^S^ortfetr to project the eclipsed portion, the

magnitude of which is given at the time before or after the 
middle of the eclipse] subtract the given portion (in digits) 
as found before from half the sum of the coveror and that 
which is to be covered. From the centre (of the three circles 
as described before) draw a line equal to the remainder towards 
the direction of the beginning or end of the eclipse according as 
the given time is before or after the middle, in such a manner 
that the end of that line may be on the path of the coveror : 
then with the end of that line as a centre, at the distance equal 
to the semi-diameter of the coveror, describe a circle ; then that 
portion of the third circle which falls within the circle (above 
described) will be obscured.

_ .  , , 20 and 21. From the centre of theTo find the direction of
the beginning of total dark, three circles, towards the direction of 
Kes* tiie Pr°jt<-tl0n- the beginning of the eclipse, draw a
line equal to half the difference between the diameters (of the 
coveror and that which is to ho covered) in such a manner that 
its end fall on the coveror’s path. About the end of that lino 
describe a circle with an extent equal to the semi-diametor of 
the coveror. Then you will find the direction of the beginning 
of total darkness where the third circle touches internally the 
circle above described.

, 22. In the same way draw the saidTo and the direction of J
the end of the total dark- line towards the end of the eclipse and

describe a circle as above. Then you 
will find the direction of the end of total darkness just as 
mentioned before.

The colour of the eclipsed 2 3 .  When the eclipsed portion of 
portion of the Moon. the Moon’s disc is less than the half, it
appears of a smoky colour, when it is greater than the half, it 
appears of a black colour : and when the Moon’s eclipsed 
portion is greater than Jfchs of the whole it appears of a dusky 
copper hue, and in a total eclipse it appears of a tawny hue.



. . 24. (O Maya) this science, s e c r e t  ^
/T-,r . WT®rfs scionco 13 very secret. v ,  . .

even to the Gods, is not to bo given
to any body, but to the well-examined pupil who has attended
one whole year.

End of the sixth Chapter.

CHAPTER VII.

O n the con ju n c tio n  o f  the p la n cU .

1. The conjunction of the live mi- 
Kiwis of conjunction. nor pjanet8 ;g considered their light

or association with each other (according to their light mid 
position as will bo explained afterwards) : but their conjunction 
with the Moon, is considered their association with her and 
with the Sun is their astahana disappearance.

2. The conjunction of two planets,
of conjunction is pust or both moving eastward, is past when 
<utu">• the place of the quick moving planet
is beyond that of the slow-moving one, otherwise (i. e. when 
the place of the quick-moving planet is within that of the 
slow-moving) their conjunction is future. But when both, 
the planets have retrograde motions, the reverse of this takes 
place.

3. When, of the two planets, (only) ono is moving east
ward and its placo is beyond that of the other (which move 
to the west) their conjunction is past: but when the placo 
of the retrograde is beyond that of the other (i. o. the east- 
moving) tho conjunction is future.

To find tho time of con- (When you want to know the exact 
junction from a g iven time. tjmt. 0f conjunction of two planets,
find their true places at any given time near the time of con
junction:) (then) multiply tho difference in minutes between

fl (  1, Translation of the ^4^1 T



'A ^3R d^)4cos (above found) by the diurnal motions of tbo planets , , , , , r  . —urinmutes (separately),
4. And divide the two products by the difference between 

•the diurnal motions, when the motions of the planets are both 
direct or both retrograde ; but when of tho planets one is 
retrograde, divide the two products (above found) by the sura 
of the diurnal motions: (the results are the changes of the 
planets.)

•5. From the places of these two planets (found at the given 
time) subtract their changes when the conjunction is past, but 
when it is future add the changes to the places. (This rule 
applies when the planets move eastward,) but when they retro
grade, the reverse of this takes place. When one of the two 
planets is retrograde, add or subtract its change to or from its 
place (according as the conjunction is past or future).

6, Thus the places of the planets on the ecliptic applied 
with their changes become equal (to each other): divide the 
difference between the places of the planets (found at the given, 
time) by the divisor which is taken before in finding their 
changes, the quotient will be the interval in days, GhatiKAs & c , 

(between the given time and the time of conjunction).
7, Having found the lengths of the day and night of the 

places of the planets (found at the time of conjunction) and 
their latitudes in minutes, (determine for that time), tho time* 
from noon (i. e. from the time when the planet's place comes 
to the meridian) and that from rising or setting of the place 
of each of the two planets with the horoscope (at that time 
according as the planet's place is cast or west of tho meridian 
of tho place).

The correction called the 8 . Multiply t h e  latitude o f  t h e  
AKSHA BMKKAKIffJ. 1 j.1planet by the equinoctial shadow and 
divide the product by 12 ; the quantity obtained being multi
plied by the time.in Guatikas from noon of the planet's place

* TIl{’ ho found by the Rule mentioned in S'aoka 49th of the 3rd
Chapter, i i .  D.

H
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\Cv® ffil^y/de(i by half the length of the day of the planet’s pktjiJ-A^i 
ŝ''̂ 2{SS'''f<nincl before), gives the correction called the Aksha deik- 

KAEMA.
9. Subtract the correction from the planet’s place when it 

is oast of the meridian, and add when it is w est; this holds 
when the latitude of the planet is north, but when it is south 
add the correction to the planet’s place when it is east of the 
meridian and subtract when it is west.

The correction called tho !<>• Add 3 signs to the planet’s 
Ayisa dihaeauma.* place alMj 11,0 declination from the
stun. Then the number of minutes contained in the planet’s 
latitude multiplied by the number of degrees contained in tbe 
declination (above found) gives the correction in seconds (called 
the Ayana pbjkkakma). Add or subtract this correction (to or 
from the place of the planet) according as the declination 
(above found) and the planet’s latitude aro of the same name 
or of different names.

11. In finding the times of con-
The use of the, DBjKKAB- _ °

ma in finding the eonjuuo- junctions of the stars and pfanets ancl
,wn* ic" those of rising and setting of the
planets and in finding the phases of the Moon, this brjkkabma
correction must be applied (to the place of the planet) at first.

. 12. (Thus apply the two portions
two jiianete in the some cir- of the PBjKKABMA correction above 

found, to the equal places of the two 
planets as found in Oth s'boka of this Chapter, and from these 
places applied, find the apparent time of conjunction by the 
Hule as mentioned in the s'lokas 2nd to Oth : and repeat tlic 
operation until you get the time at which the places of the two

* D r jKKAKMA is the correction requisite to be nppliedt© the plaee of a pla
net for finding the point of the ecliptic on the circle of position which passes 
through the planet. This correction is to be applied to the place of the planet 
by means of its two portions, one called the Ay ax A duikkakma and the other 
the A'ksiia ohjkkarma. The place of a planet with the Astana drjkkarma 
applied, gives the point o f the ecliptic on tbe hour circle which passes through 
the planet; and this corrected place of the planet again, with the Ak»ha imiK- 
xarma applied, gives the point of the ecliptic on the circle of position which 
passes through the planet. JB. 1>.
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\ V ^ : y  with the two portions of the dbjkkabma applied bitiolA J 
Xjx- .Qt0x(  to each other. This timo is the exact apparent time of 

conjunction of those two planets.)' Find again tho places of 
the planets (at the time of their exact apparent time) and their 
latitudes from them : then find the difference between the lati
tudes when they are of the same name and the sum when they 
are of different names’; tho result will be tho north and south, 
distance (between those two planets at that time).

The apparent diameter* of 13. The diameters ol Mars, Sa
tin) planets ia minutes. turn, Mercury, Jupiter and Venus re
duced to the Moon’s orbit are 30, 37$, 45, 52$ & 60 (yojanas 
respectively). '

14. These diameters multiplied by 2 and the,,radius and 
divided by the sum of the radius and the hypothenuse found 
in the fourth operation (as mentioned in the 2nd Chapter) 
become their rectified diameters'. Divide these rectified diame
ters by 15, the quotients are the uiiuutes contained in the ap
parent diameters of the planets.

15. On the levelled floor (place a
Ofaaervation of the planets. P v i ,1 ,  , ’1 gnomon & ) mark the shadow (found

at any assigned time from the bottom of the gnonjou) to tho
opposite side of the planet: then show the planet in tho
mirror placed at tho'end of the shadow (just marked): tho
planet will be seen in the direction passing through the end of
tho shadow and the reflected end of the guotuon.

16. (When, at the time of conjunction of two planets, they 
will be above the horizon) erect two styles, five cubits long, 
one cubit buried in the ground, in the north and south line, 
at the distance equal to that of the two planets (as found in 
the 12th s lokA of this Chapter, (reduced to digits by the Rule 
as mentioned in s'loka 26th of the 4th Chapter).

17. Mark the shadows from the bottoms of the styles (as 
mentioned in s 'loka 15th) and draw lines from the ends of 
the shadows to those of the styles ; then the astronomer may 
show the.planets in the lines (above drawn),

h 2
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(Thus) the planets will be seen in the heaven at the 

ends of the styles.
The fight and association In the conjunction of any two minor 

of the planets. planets, there is their fight called the
Umekha (paring) when their discs only touch each other: but 
when the discs cross each other, the fight is called the JBheha 
(breaking),

19. When in the conjunction, the rays of the two planets 
rnix: with each other, it is their fight, called the ans'uvi- 
makda (the mixture of the rays).

When in the conjunction o f the two planets, their distance 
(found in s'loka 12th) is less than one degree, it is their 
fight called the afasavya (the contrary) if one of the two 
planets he smaller ; (otherwise the fight is not distinct).

20. (In the conjunction) when the distance of the planets 
is greater than one degree, it is their association, if the 
discs of the planets are both large and bright; (otherwise the 
association is indistinct).

Winch plancl is conquer- In the fight called APASAVYA that 
ed in the fight planet is conquered which is obscure,
small and gloomy.

31. And that planet is overcome which is rough, dis
coloured or south (of the other).

And that is the conqueror of which
Which is the conqueror. .the disc is the brighter and larger,

whether it bo north or south (of the other).
Kind* of fight, 22 • I f  (in the conjunction) the

planets both be very near to each 
other and bright, then their fight is called the samaqama : If 
both the planets he small or overpowered, then the fight is 
called the K uta or vp.ssaha (respectively).

23. (In the fight of Venus with any other minor planet,) 
Yenus is usually the conqueror whether she be north or south 
(of the other).
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time of conjunction of the tri.oon with any of XjW .«**/ .minor planets in the same way as mentioned betore.
24. This {i. e. the association and fight of the planets) is 

(only) imaginary, intended to foretel- the good and evil fortune 
people, since the planets being distant from each other move 
in their own (separate) orbits.

End of the Seventh Chapter called the Geahayuti or the 
planetary conjunctions.

CHAPTER YI1I.

On the conjunction o f the ■planets with the Stars.

m „ , .. , .. , , 1. I  declare the number of theTo find the longitudes of
the  pi’inoipai stara of the juiiiutes contained in the B h o o a s*  of 
Astensm s. (all): theAsterisms (As'wiiff,B h a k a n I,

&c. except the U t t a b a s h x d h a ,  Abhuit, S 'kav a n a  and Dha-

# Dividing the number of minutes contained in the longitude of the principal 
star of an Asberism by 800 and dividing the remainder by 10, the quotient 
obtained is here called the B hoga of the Asterisk . B. D.

Note on Y 2 to 0. For convenience’ sake the longitudes of the principal stara 
of the four Asterisms IJttarasmadhT, Ab h ih t , S'ravana and D hanishtha 
only ere given and the  Bhogas of the others from which the longitudes of the 
remaining principal stara can easily be found by the rule mentioned in 1st 
S'lojla, arc given, s A

The longitudes and 'la titudes of the stars mentioned here are the apparent 
ones. The apparent longitude of a star is the distance from the origin of the 
Ecliptic to the intersecting point of this circle and the circle of declination 
passing through the  s ta r : and the apparent latitude of a star is the sum or 
difference of its true declination and the declination of the intersecting point of 
the Ecliptic and the circle of latitude passing through the star, according a3 the 
said declinations are of different names or of the same name.

The following table will exhibit the names of the Asterisms and o f their 
principal stars us supposed to be meant, their apparent longitudes as will be 
found from their B hogas, and their apparent latitudes.

- __
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Multiply the Bhoga of each Asterism by 10 and to 

the product add the spaces of' the antecedent Asterisms (each 
of which contains 800 minutes ns mentioned in SJioka 04 th. of 
the second Chapter), the sum is the longitude (of the principal 
star of the asterism).

The Bhocus of the Asto- 2. (The number of minutes in the 
rism*' Bhoga of the Asterism called A'svraf
is) 48, (ofBHAUAgf) 40, (of Kkittika) 65, (of lloHr.vf) 57, (of 
Meio*-) 58, (of AsriRf) 4, (of P chaevasu) 78, (of Pushya) 76, 
and (of As'leshA) 14.

8. (The Bhoga, in minutes, of MaohX is) 54, (of Pt/uvA- 
PHALQUNf) 64, (of U'£Taka-phXi.qitkT) 50, (of Hasta) 60, (of 
Chitha) 40, (of SwArf) 74, {of Vis'AKitf) 78, (and ofANuuA- 
dha) 64.

Yo% : f Z 7 rin~ AppT / , ! ; v i - latitudes
a ° ' o

As'winf, a  Arietis, 0 8 0  10 If.
Bharnni, Muaca, 0 20 0 12 If.
K rittika, w Tanri, Pleiades, 1 7 30 5 N.
Bohini, a Tauri, Aldoharan, 1 19 30 5 If.
Mrfga, A Orionis, 2 3 10 S.
Ardra, a Orionis, 2 7 20 9 S.
Punarvasu, 0  Geminornm, 3 3 6 N,
Pushy a, 5 Oancri, 3 16 0 K.
As'lesha, a 1 and 2 Canci-i, 3 19 7 S,
MagM, a Leonia, Beg ulus, 4  9 ON" .
Purvn-pbilguni 8 Leonis, 4 24 12 If.
Uttara-phalguni, 0  Leonis, 5 5 13 N.
Hasta, y  or 8 Oorvi, 5 20 11 S.
Ghitra, a Virginia, Spies, 6 0 2 S.
Swat I, a  Boot i s ; Arcturus, 6 19 37 If.
Vi'sakha, a or x  Libra, 7 3 1 S0# S,
Anumdhd, 5 Seorpionis, 7 14 3 S.
Jyeshtha, a  Seorpionis, Antares, 7 19 4 £j.
Mil la, v Seorpionis, 8 1 9 S.
Pdrvishajdhn, 8 Sagitfcarii, 8 14 5 30 ' S.
XJttaraslmdh^ T Sagittarii, 8 20 - 5  8.
Abhijit, a Lyri, 8 26 40' 60 If.
B'rayana, a  Aquil®, 9 10 30 If.
Hhanishtha, « Pelphini, 9 20 36 If.
S 'atatarata, \  Aquarii, 10 20 0 30' S.
Pdrvfibliadrapafla, a  Pegasi, 10 26 24 N,
Uttoi-abliadrapada, aAndromedo, 11 3 26 If.
Buratf, J’ Piscium, 11 29 5 o 0 U.

B. D.

' g°5 x
. .
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X V ^^S ^ /C T h e  Bhoqa, in minutes, of JvEsnyHi is) 1-4, (of

6, and (of PiTRVAsHXpiT.il) 4. The principal star of Uttara- 
siiXdha is in the midillo of the space of PuRvXsHXniiA (i. e. the 
longitude of the principal star of Uttarashajiha is 8 signs and 
20 degrees). The principal star of Abbott is at the end of 
the space of Pt?rvashabha (i. e, the longitude of the principal 
star of Abbott is 8 signs, 26 degrees and 40 minutes) and (the 
principal star of) S'ravana is situated at the end (of the space) 
of ITtakashXdhX (i. e. the longitude of the principal star of 
S ’kavana is 9 signs and 10 degrees).

5. The principal star of Dhanishi'HA' is at the junction of 
the third and fourth quarters of the space of S'ravana (i. e. the 
longitude of the principal star of Disantshtka is 9 signs and 
20 degrees). (The Bhosa, in minutes, of S’atatagaka' is) 80 
(of PdBVABHiuEAPAOA) 36, (and of UxtabXbhadrapada') 22.

6 to 9. (The Bhoga of R i:vaiX is) 79.
The latitudes of the principal stars of the Asterisms As'wiNf, 

&c. from the ends of their mean declinations are 10° 1ST., 12° 
N., 5* HT„ 5° S„ 10" S„ 9° a., 6° N„ 0°., 7" S., OX, 12“ N., 
13” f 11° S., 2° S„ 37" N„ l" i  S., 3° 8., 4° S„ 9" S., 5% S., 
5° S., 60° N., 30° N., 36“ N., 8., 24° N., 26° JST., and 0° re
spectively.

The longitudes and lati- 10, 11 and 12. Tho Star AqASTYA tudea of the stars Agastita, n  ,
Mki»ayyadha, Aqki and lor ^&o0ptls) is at the end of the sign
BRABstAnajDATA. Gemini at a distance of 80° south
(from its corresponding point in the ecliptic, i. e. the longitude 
of Aoastya is 90° and its latitude is 80° S.) and tho star MfifoA- 
w  ao h a  or the Hunter (which is evidently Sirius) is situated 
in the 20th degree of the sign Gemini (i. e. its longitude is 
2 signs and 2(f degrees) and its latitude from the end of its 
mean declination (from its corresponding point in the ecliptic,) 
to tho south is 40°.

Tho stars called Acm ('or Tauri) and Rrahmahridava (or 
Capelin) are iu the 22nd degree of the sign Taurus (i. e. the



'^^5e^® to(3e of both of them is 1 sign and 22°. The latitudes of 
""' these two stars are 8° and 30° N. respectively.

Having framed a spherical instrument examine each of the 
(said) apparent latitudes and longitudes.

Crossing the cart of Bo- 13. That planet will cross tho cart 
a i'1, (of the Aster ism) B ohinI (i, e. the
place of Eohini which is figured as a cart) which is placed at the 
17th degree of the sign Taurus and of which the south latitude 
is greater than 2°.

To find tha conjunction of 14. (When yon want to know the 
a planet with a star, time of conjunction of a planet with a
star) find the lengths of the day and night of the star as you 
found thoso of a planet (in the preceding chapter) : and apply 
the A ksha-drikkarma (only) to tho longitude of the star as men
tioned before; then proceed just in the same way as in finding 
them in planetary conjunctions : and find the days (past or future 
from the given time to that of conjunction of the planet with 
the star) from the diurnal motion of the planet (only).

To fcnow whether the time 1 5 ‘ <A t  a  8iv C tl tif f ie )> w h e n  t lw  
of^ conjunction is past or lo n g i tu d e  o f  t h e  p l a n e t  (w ith  t h e  tw o

portions of the D mkkabma applied) is 
less than that of the star (with the Aksha-Drjkkakwa applied) 
the conjunction is future : and when the longitude of the pla
net is greater than that of the star, the conjunction is past : 
(this holds when the planet is direct) (but) when it is retrograde 
the conjunction is contrariwise (i. e. when the longitude of the 

, planet is less or greater than that of the star the conjunction 
is past or future).

*

Yoga-tabas or principal 16. The north star of (each of the 
'tiara of the Aatecimna. Asterisms) PfevAriTAMUNI, UrCAKA-
miALUtXI, T f EVA EHA'DRAPAM, UtTARA BIT AURA PAD A PftrVA-
shadiia, Uttarasha'oha, Visitor a, As'wihi and M ri'oa is called 
its voqa-taea or the principal star.

(l f  jj|j| y 1 I Translation of the ŷ ĵ  T
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The star which is near to and west of the north-wesfcerrr^ 
^^IfiBSrof the Asterism Hast* is it# Yoga .tab* ;  and the western 

star of the Asterism Dhakishtha is its Yooa-txbx,
18. The middle star of (each of the Asterisms) JvESHTnA,

S HAVANA, AnorAdhA, and P u s h y  a  is its Yoga-tarX: and the 
southern star of each of tho Asterisms Bhailani, Krittika, 
Maoha, and REVATi is its Yooa-taea'.

19 . Tho eastern star of each of the Asterisms RohinI, P t>  
narvasu, Mtfii, and As't.eshX is its Yoga-tI rI  and of tho 
remaining A sterisms that is the YoctA-TAEi which is the brightest 
(in each Asterism).

Tho longitude and lati- 2 0 .  Tile star P r AJAPATI (AurigEe) 
tudu of the stai i  bajXpati. ja g degrees to tho east of tho star
B h r a h m a - h r id a y a . Its longitude is 1 sign and 27" and tho 
latitude is 38“ N.

Of the stars Ap&a-yatsa 21. The star ApXm-VATSA (b 1. 2. 
and Ajm. g) js Bjtua,ted in tlio Asterism CiiitrX
five degrees north (of its principal star) (i. e. the longitude of 
Apamvatsa is equal to that of the principal star of CeitrX or 
180“ : and its latitude is 3° N.). (And in the same Asterism) the 
star Apa (Virginis)j somewhat larger than AfXm-vaTBa, is 
north of it at a distance of 6“ (i. e. the longitude of Apa is 180° 
and the latitude 9“ N.)

End of the eighth Chapter on the conjunction of the planets 
with the stars.

CHAPTER IX.

O n tho he liaca l r is in g  a n d  se ttin g  o f  the  p la n e ts  a n d  s ta rs .

1. I  now explain tho heliacal rising and setting of the 
bodies (tho moon and other planets and stars) which have little 
light and (consequently) disappear on account of the brilliancy 
of the sun (when ho approaches them).

l
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- x ^ j g ^ ^ e n e t a  which set 2. Jupiter, Mars and Saturn set

”* -lh0, *,'“IX  heliacally in the western horizon when horizon and rise heUaoally J
in the eastern horizon. their places are beyond that of the
sun.: and they rise heliacally in the eastern horizon when 
their places are within that of the sun: and the same thing 
takes place with respect to Yenus and Mercury when they have 
retrograde motion.

, ,. , . . 3. The moon, whose motion isThe plamta which rise m
the eastern horizon and set quicker than that of the sun, anil 

Mercury and Yenus when they have 
quicker motion, set heliacally in the eastern horizon when their ,  
places are within the place of the sun.: and rise heliacally in tho 
western horizon when their places are beyond it.

To and tho time nt which *  <W lieu  y ° “  w sm t to  d e te rm in e
n phmot rises or sots helia- the time of tin i heliacal rising or set

ting of a planet), find (at any given 
day near to that time) the true places of the sun and the planet 
at tho sun's setting, when the planet’s heliacal rising or setting 

, is in tho western horizon ; (but) when it is in the eastern 
horizon, determine the places at tho rising of the sun : then apply 
the MtiKKAEMA correction to the planet’s place (as mentioned 
in tho seventh Chapter).

&. (When the planet’s heliacal rising or setting is in the 
eastern horizon) find the time in frI nas, from the places (just 
found) of tho sun and the planet (by the rule mentioned in 
S'loba 49th Chapter III.) : (It will be the time .from tlie 
planet’s rising to the rising of the sun). But when the heliacal 
rising or setting of the planet is in the western horizon, find 
the time, in vuxx&s, from the places of tho sun wud the planet 
with 6 signs added : (It will he the time from the setting of 
the plftnet to that of the sun). The time, in wiInas, (thus 
found) divided by 60 gives the K amKs'as, the degrees of time 
(i. e. the time turned into degrees at tho .given rising or setting 
of the sun.)
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, yCThe degrees of time at which before the sou’s rising l i*. 1 
sun’s setting a heavenly body rises or sets heliacally, 

are called the K alass’as of that body). Thus the K alXns'as of 
Jupiter arc 11, of Saturn 15 and of Mars 17. (i. e. when the 
degrees of time found by the rule mentioned in S'loka 5th are 
11, 15 or 17 of J upiter, Saturn or Mars respectively, the planet 
will rise or sot heliacally).

7. Venus sets heliacally in the western horizon and rises 
in the eastern horizon by its 8 degrees (of time) on account of 
the greatness of its disc (when it has retrograde motion, but 
when it has direct motion) and hence its disc becomes small, it 
sets heliacally in the eastern horizon and rises in the western 
horizon by 10 degrees (of time),

8. Thus Mercury risos or sets heliacally at the distance of 
12 degrees of time from the sun, when it becomes retrograde ; 
but when it is moving qniclc it, rises or sets heliacally at the. 
distance of 14 degrees.

9. When (at a given time) the KalaKB'as (found from the 
places of the planets by the rule mentioned in 5th Sir,oka) are 
greater than the planet’s own KaiXms'as (just mentioned), the 
planets become visible; (but) when less, the planets having their 
discs involved in the rays of the sun, become invisible on the 
earth.

10. Find the difference, in minutes, between the KauIksas 
(i. e, KalAns'as found from the place of the planet at the given 
time, and those which are the plauot’s own as mentioned befox-e) r 
and divide it by the difference between the diurnal motions* of 
the sun and the planet; the quantity obtained is the interval in 
days, (glwtikas) &c., between the given time and that of the 
planet’s heliacal rising or.sotting, (This holds when the planet is 
direct; hut) when it.is retrograde, take the sum of the diurnal 
motions of tho sun and the planet for the difference of the 
diurnal motions.

*  H e r o  m o tio n s  s h o u ld  f ir s t  h e  t u r n e d  i n t o  t im e  (n s  d i r e c t e d  in  S ' i o k a  1  H i i  
t o  make t h e  d iv id e n d  a n d  d iv is o r  s im i l a r ,  U . 1), I

I 2



The diurnal motions of the sun -and" tho planet irKrnr^“  ̂
v ''-^J$®Ocl by the numbers of PbAnas contained in the rising periods 

of tlje signs occupied by tho sun and tho planet, and divided 
by 1)800, become the motions in time. From these motions 
(turned into time) find the time past or future in days, okati- 
Kas &c,, from the given time to the time of heliacal rising or 

. setting of the planet.
* i 2. The stars SwAtI (Arctnrus), Aoastya (Canopus) M$toa-

TStXbha (Sirius), Chitea (Spica), Jyesh;J'H.£ (Antares), P cnae- 
• 'fAstr (/? Geminorum), Abhijit (a Lyras) and BaAKMAHEfnAYA 

(Capclla) rise or set holiacally by 18 degrees of time.
13. The stars Hasta (8 Com), S'kavaaa (o Aquilse) Pvrva- 

piiALaraf (8 Leonis), P tiaea'-phalouni (/JLeonis), Dhanishtha 
(a Delphini), ItoHisf (a Tauri), MaghA (Kegulus), Yis'akua (a

; Libras) and As'w isf. (n Arietis) rise (or set) heliacally by 14 
degrees of time.

14. The stars Krituika (r Tauri, Pleiades), AnobauhA (8 
SoorjuoniiJ), MtriA (v Scorpionis), As Lesha (a 1 and 2 Cancri), 
AfiDEi (a Orionis) POrvAshadha (8 Sagiitarii) and UiTAKisHA-

'  (t Sagellarii) rise (onset) by 15 dogrees of time.
15-. The stars Bhaeani (Musca), P oshya (8 Cancri) and 

r- Meiga (X Orionis), on account of their smallness, rise or set 
heliacally by 21 degrees of time : and the others [i. e. S'ata- 
taeaka (A Aquarii), POeva-bhadeapada (a Pegasi), TIttaba- 
bhAdkapada (a Andromeda)), Revati (f Piscium), Aoni (j3 
Tauri), PkajApati (8 Auriga)), AfAmvatsa (b 1 .2 . 3.) and Apa 
(8 Virginis)] rise and set by 17 degrees of time.

16. The KAlAns'as (of a planet and those which are found 
at a given time from the place of the planet) multiplied by 
1,800 and divided by the rising period of the sign which is 
occupied by the planet, give the degrees of the ecliptic. (Then 
in S'loka 10th) take the degrees of the ecliptic for their 
corresponding dogrees of time and from them find the time of 
heliacal rising or setting of the planet.

(§ f  Jj|jjj3 \  | ' Translation of tHe T
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The said stars rise heliaoally in the eastern horizonNxncP—̂ 
^^flSrlieliaoally in the western. Apply the Aksha-d̂ ikkarma to 

their longitudes and (through them) find the days past or 
future from the given time to the time of heliacal rising or 
setting of the stars from the diurnal motion of the sun only 
(by the rule mentioned in 10th S'loka).

18. 'fixe stars Abhijit (a Lyras), Brahma-hrx'oaya (Capella), 
S wat! (Arotnrus), S'ravana (a Aquite), DHANisiiTii.f (a Del- 
phini) and Uttara-bhaprapadX (a Andromedse) never disappear 
owing to the sun’s light on account of the greatness of their 
north latitudes (i. e. these stars having great north latitudes 
never set heliaoally) in the northern, hemisphere.

End of the ninth Chaptor on the heliacal rising and setting 
of the planets and stars.

CHAPTEB X.

O n th s  phases o f  the  M oon a n d  th e  p o s itio n  
o f  the M oon’s  cusps.

1. Find the time also at which the Moon will rise or set 
heliaoally in the same way as mentioned beforo. She becomes 
visible in the western horizon and invisible in the eastern 
horizon by 12 degrees of time.

To find the time of daily 2. Find the true places of the Sun 
setting of the Moon. and J,Jo o n  (at Sun-set of that day of
the light half of a lunar month at which you want, to know 
the time of daily setting of the Moon) and apply the two por
tions of the d^ikkahma to the moon’s place); from those places, 
with 6 signs added, find the time in pranas (just in the same 
way) as mentioned before (in 5th S'loka of the preceding 
Chapter). At these peanas after the sun-set, the Moon will 
set (on that day).
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V \\  QgkrJmJi »ln time of M y 3. (But when you want to ^ f |  j  
the Moon. the time of the Moon’s daily rising on

a day of the dark half of a lunar month) find the true places 
of the Sun and the Moon (at sun-set) and add 6 signs to tlio 
Sun’s place (and apply the two portions of the d u ik k a r m a  to 
tho Moon’s place) ; from those places (i. e. from the Sun’s 
place with 0 signs added and from tho Moon’s place with tho 
UftiKKAEMA applied) find the time in p r a n a s  (in the same way 
as mentioned before in 5th S'loka of the preceding Chapter).
A t this time in pkÂ jas after sun-set the Moon will rise (on that 
day).

To find the phases of the 4. (When you want to know tho 
Moon- phase of tho moon on a day of the first
quarter of a lunar month, find the true declinations of the Sun 
and the Moon at sun-set or sun-rise of that day) find the 
difference of the sines of the declinations (just, found), when 
they are of the same name, otherwise find the sum : to this 
result (the difference or the sum) give the name of the same 
direction south or north at which the Moon is from the Sun.

5. Multiply the result by the hypothenuse of the gnomomu 
shadow of tho Moon (at the same time as can be found by the 
rule mentioned in the third Chapter): find the difference 
between tho product and twelve times the equinoctial shadow 
if the result bo north (but) if it be south find the sum of 
them.

6. The amount (thus found) divided hy the sine of co-lati
tude of the place, gives tho B im i or base (of a right angled 
triang le): this is of the same name of which the amount is : 
and the sine of tho altitude of the Moon is the Koti (or perpen
dicular of the triangle). Tho square-root of tho sum of tho 
squares of the Bahu and Koti is the hypothenuse (of tlm 
triangle).

7. Subtract the Sun’s placo from that of tho Moon. Tho 
minutes contained in the remainder divided by 900 give tho 
illuminated part of the Moon: This part multiplied by the

( i f  Translation of tJir w



tlisc (in minutes) and divided by 12 beoomes the i
^'''^i^SfWreetificd illuminated part.

8. (On a board or levelled floor) having marked a point repre
senting the Sun, draw from that point a line equal to thaBAeo 
(above found) in the same direction in which the Bahu is, and 
from the end of the Bahc a lino (perpendicular to it) equal to the 
Ko'fi (as above found) to the west, and draw the hypothenuse 
between the end of the Kofi and the point (denoting the 
Sun).

9. Miout the point where the Koti and the hypothonuse 
meet, describe the disc of the Moon (found at t ie  given time).
In  this disc suppose the directions (east, west &o.,) through 
the line of the hypothenuse (i. e. in the disc suppose the east 
where the line of the hypothenuse outs the disc, the west where 
the same line produced intersects it, and the north and south 
where a line passing through the centre of the disc and beiug 
perpendicular to the line of the hypothenuse cuts the disc).

10. Take a part of tho hypothenuse within the disc from the 
(latter) intersection of the disc and tho hypothenuse equal to 
tho (rectified) illuminated p art: and between the end of that 
part and tho north and south points of the disc describe two 
TIM.IS,

11. From tho intersecting point of the two lines, drawn 
through the txmis, describe the arc which will pass through the 
three points (tho end of the illuminated part and the north 
and south points of the disc). Tho disc thus cut by the arc 
will represent the form of the Moon as it will be seen on tho 
evening of the given day.

12. Marking the directions in the disc through tho K oti 
(above drawn), show the horn elevated at the end of tho trans
verse line ; this figure will represent the phase of the Moon.

13. In tho dark half of the lunar month subtract tbo place 
of the Sun with 6 signs added to it, from the Moon’s place, and 
from the remainder find the dark part of the Moon (in tho 
same way as you found the illuminated part in the 7th S 'loka) :

/ S f “W f  j |i  Swryn-Siddhuvia. IfTIlT
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the diagram) change the direction of the I’. vntJ StfirT^ 
the dark portion of the Moon in the west.

End of the tenth Chapter called S nngonnati which treats of 
the phases of the moon.

CHAPTER XI.

(Jailed PxtXduikara which treats of the Rules for finding , the 
time at which the declinations of the Sun anti 

Moon become equal.

_ 1. I t  is called VaidhrIta when theVaidhuita.
Sun and Moon are in the same A van a 

(i. e. when they are both in the ascending or descending 
signs), the sum of their longitudes equal to 12 signs (nearly) 
and their declinations equal.

_ , , , 2. I t  is called VtXtipXta when the
V x a t J f a t a . 4

Moon and the Sun are in different
Ay^nas, the sum of their longitudes equal to 0 signs (nearly) 
and their declinations equal.

3. The Eire (named Fata) .which arises from the mixture 
of the rays of the sun and the moon in equal quantities, being 
burnt by the air called Prayaba produces evil to mankind.

4. Since the (said) Pa'ta frequently destroys people at the 
time (when the declinations of the Suu and Moon become equal) 
it is called VyatIfata. I t  is also called Vaidhrita.

5. This Pat a is of black colour, and hard body, red eyed 
and gorbellied, destroyer of all people and horrible: it happens 
frequently.

,. , , 6. When the sum of the places of
To fitul tamo at winch the 1

true lieciipntioiiB of the S hu the Sun and Moon, applied with the 
and Moon become equal. p , t ■ <* . idegrees ot the precession oi the eqm- 
noxes as found by observation, is 12 or 0 signs find their 
declinations,.

||[ 'll' Translation of the lO T
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if the Moon’s mean declination (i. e. the deculm- 
—twfi oi her corresponding point in the ecliptic) with her latitude 

applied (i. e. her true declination) be greater than that of the 
Sun, when the Moon is in an odd {1st or 3rd) quarter of the 
ecliptic, the P at A (or the instant when the declinations of the 
Sun and Moon become equal) is past.

8. And (if the Moon’s declination be) less, (the Pata is 
future. But when the place of the Moon is in an even i. e. 2nd 
or 4th) quarter (of the ecliptic) the reverse of this takes place 
(i. e. if the Moon’s true declination be greater than that of the 
Sun the Pa'ta is future, and if loss the Pata is past).

When the Moon’s (mean) declination is subtracted from her 
latitude (for her true declination change the name of the 
Moon’s quarter.

9. Multiply the si ues of the declinations (as found in the 
6th S loka) by the radius and divide the products by the sine 
of the greatest declination (i. e. 24”) : take the arcs whose 
siues are equal to the quotients, and add the difference or half 
the difference of the arcs to the Moon’s place when the Pata 
is future. (This result which is just applied to the Moon’s 
place is called the moon’s change).

10. But when the Pata is past, subtract the Moon’s change 
from her place. The Moon’s change multiplied by the true daily 
motion of the Sun and divided by that of the Moon gives the 
Sun’s change : apply it to the Sun’s place as in the case of the 
Moon.

11. Find the change of the Moon’s ascending node in the 
same way (i. e. multiply the Moon’s change by the daily- 
motion of the node and divide the product by the Moon’s true 
daily motion) : apply this change inversely to the node’s place. 
Find the declinations of the Sun and the Moon again (from 
their places with their changes applied) and apply the same 
process (mentioned in the preceding S'lokas) repeatedly until 
you get their declinations equal.

J£
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when a Pam is 12. The P a'ta is that inscaMaF' 
to be past. which the declinations (of the Sun and

the Moon) become equal, Now, according as the Moon’s true 
place found at the Pata by applying the Moon’s change (as 
mentioned before) is less or greater than that found at mid- 
night (of that day), the Pata is before or after (the mid-night.)

To find the tree time of 13. The difference, in minutes, 
between the Moon’s true places found 

at the Fata and the mid-night, multiplied by 60 and divided 
by the true daily motion of the Moon gives the OHApicAs 
betweon the Pata and the mid-night. (Then yon will get the 
time of the Pata by adding or subtracting the OHApntAs, just 
found, to or from the mid-night according as the Pata is past 
or future).

To find half the duration 14. (Find the semi-diameters, in 
of the PAiaicam. minutes, of the Sun and the Moon by
the Pule mentioned in the 4th Chapter.) The sum of tho 
semi-diameters of the Sun and the Moon multiplied by 60 and 
divided by the Moon’s true daily motion from the Sun gives 
half the duration of the Pata-kala.*

To find tho beginning, 13. T h e  t r u e  t im e  o f  th e  P ata 
middle and end of the P a t a . (fo u Itd  i n  t h e  13th S'loka) j , ca]led
the middle of the Pata : This time diminished by half the 
duration of the P ata, just found, gives the beginning of the 
Pata and increased by half the duration gives the end of the 
Pata.

16. The interval between the beginning and end of a Pata 
is horrible; being in the form of burning fire, all rites are 
prohibited during its continuance.

Form of the PXta-kAlA. l 7 ‘ A s  lo " £  “ 8 the <3' StaI1Ce ° f  an 7
point of tho sun’s disc (from the equi

noctial) is equal to that of any point of the Moon’s disc, the
*  The P a't a -k a '.t,j , or duration of the P a 't a , is the time during which the 

declination of any point o f the Sun’ s disc and that of any point in  the Moon’s 
are equal.—B. D-

• Go ^ N\



lasts and destroys the (happy results of) all klJA. j  

^Sjl f̂p&pformed during that time).
18. People get very great religious merits from such 

(virtuous) acts as bathing, alms-giving, prayers, funeral cere- 
monies, religious obligations, burnt offerings, &c. (performed 
in the Pata-kXla), as well as from the knowledge of that 
time.

19. When the (mean) declinations of the Sun and the Moon 
become equal, near the equinoctial points, the P^TAof the two- 
kinds (i. e. Vyati'pata and Yaidhb{ta) happens twice : contrari
wise (i. e. when the mean declinations become equal noar the 
solstitial points, and the true declination of the Moon is less 
than that of the Sun) no Fata happens.

Third p*Ti 20. There becomes a third Pata
called (also) YyatIpata* when the 

minutes, contained in the sum of the places of the Moon and 
the Sun, divided by the Bhabhoga (or 800) give a quotient 
which terminates in 17 (i. e. which is lucre than 16 and less 
than 17).
GÂ A'KTAandBHASAmmr. 2L The last quarters of the Nak- 

8HATKAS+ A b LESHA, J vKSHITIA' and
ItEVATf are called the Bhasandhi (or junctions of N akshatras) 
and the first quarter of each of their following ones (i. e. 
Magua, Mr la and AsVmf) is called the oanjoa'nta.

22. During the three frightful V yatiTas, Ganda'ntas and 
B hasahdhis (just mentioned), all (joyful) acts are prohibited.

28. (0 Maya,) thus far have I told you the excellent, virtu
ous, useful secret and great knowledge of Astronomy, what 
more do you want to hear ?

End of the 11th Chapter called P ataduika'ra.
End of the F irst Part of the S ijbya-sibdhFnta.

* This is the Y oga op the period of time in which the sum of the places of 
the Sun and the Moon increases by 800'. This Y oga  is the 17th reckoned from 
Y is h k a m b h a . See 65th S 'l o k a  of the second C h a p t e r ..—B, D.

t  These are the periods 9th, 18th und 27th from A s'w iN f: they are found 
from the Moon’s place by the Buie mentioned in the 64th S'hOKA of the 2nd 
C h a p t e e .— B . D.

K 2
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CHAPTEB XII.

On Cosmographical Matters,

1. Now, Maya-asuba joining the palms of his linnds, saluted 
(his teacher) the man who partakes of the Sun’s nature, and 
worshipping him with his best respects asked this :—

Question about the Barth*. 2’ (Tel1 m e ’ 0  *“?) omnipotent 
(master,) What is the magnitude of the 

Earth ? what is its form ? what supports it ? how is it divided ? 
and how are the seven Pataea.-bh(jmis or lower regions situated 
in it ?

Question about the sun’s •>. How does the Sun cause day 
resolution. and night ? How does he, enlighten
ing (all) the worlds, oircumvolve the Earth ?

Other questions. 4' Why are the day and night of
of tho (Gods) and Asuras mutually 

the reverse of each other (i. e. why is it day to the Gods when 
it is night to the Asuras and vice versd) : and how is it that 
the (said) day and night is equal to the time in which the Sun 
completes one revolution ?

5. By what reason does the day and night of the Pit^is con
sists of a lunar month and that of man consists of 60 OBApiK/s ? 
why are not the day and night of the same length every
where ?

6. Why are not the rulers of the days, years, months and 
hours in the same order ? how does the starry sphere with 
the planets revolve, and what is its support?

7. At what distances from the Earth are the orbits of the 
planets and stars arranged one above the other ? what are the 
distances (between the consecutive) orbits? what are their 
dimensions ? and in what order are they situated ?

■ G°ix
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is it that) the Sun's rays are vehement in su m Jg^ L j  
so in winter: IIow far do the Sun’s rays reach ? IIow 

many Manas (i. o. kinds of time as solar, lunar Ac.) are thero, 
and what their use?

9. O you omnipotent, who are acquainted with the past, 
(present and future events) remove my doubts (by answering my 
questions): (as) no one except you is omniscient and remover 
(of doubts).

10. Having heard the speech thus addressed by Maya with 
his best respects, the man (who partakes of the Sun’s nature) 
related to him the secret Second Part of the work.

11. O Maya, hear attentively the secret knowledge called 
Adhyxtman (or means of apprehension) which shall tell you :
I have nothing which is not to be given to those who are 
exceedingly attached to me.

The secret knowledge call- 12. Tlie Supreme Being is called 
ed AdhtItmas. V astjdeva. The excellent soul (Pimu-
sha) partaking of the nature of VIsudeva is imperceptible, 
void of all properties, calm, the spirit or life of the universe 
and imperishable.

13. (This) all-pervading Pcrusha called God Sankarshana 
entering nature made the water and put his influence in it.

14. This (water with that influence) became a golden egg 
involved in darkness : In this egg the eternal Amiruddha first 
became manifest.

15. This omnipotent Anircddha is called Hiranya-garbha 
in the Vedas (by reason of his situation in the golden egg) :
He is called A ditya from his first appearance and (also) Suhya 
on account of the production (of the universe from him).

16. This A nirtodha named SAkya and (also) SavitI  is 
excellent light for the destruction of darkness. This maker of 
the three states (Utpatti birth or production, Swim, life or 
existence, and Sanhaea death or destruction) of animate (and 
inanimate) things, illuminating the world (in the golden egg),—-

17. This self light Anircddha destroyer of darkness is
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Mahan (intelligence): The Rig-veda is his I lS fJL j
B t H A -x epa his rays, and Y a,tur-veda his body.

18. This omnipotent Aniruddiia consisting of the throe 
Vedas is time itself, cause of time, all-pervading, universal 
spirit, omnivagons and supreme soul and the whole universe 
depends on him.

19. Riding on the car of the universe to which are attached 
the wheel of the year and the horses of the seven metres, this 
A n ib d d d h a  revolves at all times.

20. Three-fourths of Aniecddha are hid in the heavens and 
one (fourth) is this manifest universe. That able Aniruddha 
generated Brahm.{ consciousness (Ahankara) for the creation 
of the universe.

21. Now having bestowed the excellent Vedas on B rahma 
the grandfather of all people and placed him in the middle of 
the golden egg, Aniruddha himself revolves and illuminates 
the universe.

22. Then B rahmA hearing the form of consciousness thought 
of creation. The Moon sprung from (his) mind, and the Sun, 
a treasure of lights, from (his) eyes.

23. From Brahma’s mind sprung ether, from ether air, 
(from air) fire, (from, fire) water, (and from water) earth succes
sively. Thus the five primary elements were produced by the 
superposition of quality.*

24. Tho Sun and Moon are respectively of the nature of fire 
and water, and the five (minor planets) Mars and others (i. e. 
Mars, Mercury, Jupiter, Venus, and Saturn) sprung severally 
from fire, earth, ether, water, and air.

23. Again B rahma, of subdued passions, divided a circle, 
invented by himself, into 12 parts, naming it the R as'i-vritta, 
and the same circle into 27 parts naming it the Nakshatra- 
v r it t a . „

* Having produced other with the quality of sound, air was formed by 
adding to ether the quality of touch j fire by adding to air the quality of form, 
water by adding to fire the quality of taste, and earth by adding to water the 
quality of smell. —B. D.
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having created things of different n a tu r e i J p L i  
i^^SoSpOTmding in various proportions the best, middling, and 

worst qualities (i. e. principles of truth, passion, and darkness) 
.Brahma made the universe containing Gods and animate and 
inanimate things.

27 and 28. Having created (Gods and animate and . inani
mate things) successively according to their qualities and 
actions, the able B bam a  arranged the planets, asterisms, stars,, 
the earth, worlds, Gods, Demons, men, and S iddhas, regularly 
at proper places and times in the way mentioned in the V edas.

29. This B rabmanda (the golden egg sacred to B sahmX) 
is hollow : in this (the worlds) Bih5b, Bhuvak&c., are situated.
It is like a samputa (a casket) formed by two kata' has (frying 
vessels joined month to mouth) and of a spherical shape.

Order of tho orbits of tho 30and31> T1‘° circumference of
•tars and planets situated the middle of the Bkahmaspa is called 
one below the other. y _ .

vyomakaksha (the orbit of heaven).
In it (i. e. B rahmanda) all the stars revolve. Beneath them 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury and the Moon 
revolve one below the other, beneath them the Siddha, the 
VinviDHARA and clouds are situated.

Answers to the questions 32. Tho terrostrial globo, posses- 
stated in 2nd S l o i a . sing Brahma's most excellent power of
steadiness, remains in space at the centre of the Brahmanda 
(which is) all around.

33. The seven P atala Biitfiais or infernal regions formed 
by tho concave strata of the earth are very beautiful, being 
inhabited by N Iqas (serpents) and A suras (demons) and having 
the liquors of the divine plants (which shine by their own 
light).

The position of Mitem 3 4  The golden mountain Meru, '
containing -heaps of various precious 

stones, passes through the middle of the terrestrial globe (as 
an axis projecting on both sides at the poles).
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tlio Maeo i. c. of the great holy sagos inhabit the top of the 
I two polos. Meru (i. e. tlie north pole) while the 

Asukas are nt the bottom (i. e. the soutli pole). They (i. e. 
the Gods and Asukas) hate each other.

Situation of the great 8C. The great Ocean (the Ocean 
of salt water) encircles the Meru ; it 

is like a girdle (or Zone) to the earth and separates the re- 
, gions of the Gods and the Asuras (i. e. it is at the Equator 

and divides the terrestrial globe into two hemispheres : the 
north is sacred to the Gods and the south to the Abueas).

The four cities placed at 87. Around the middle of the 
the Equator. Meku in the directions of the east &c.
and at equal distances in the ocean are the four cities mado 

■by the Gods in the different DwfpAS.
I 88. To the east of the Meed (i. e. north pole) at a fourth 

>> part of the Earth's circumference in the B habb^s wa varsha 
/  (a division of a continent) is the city called Yama-koti having 
' goldon ramparts and arched gateways.

89. So to the south in the Buarata-vabsha there is tha 
great city called LankX : to the west in the Ketumala-varsha 
there is the city called Romaka.

40. To the north in the K uru- varsha thore is the city 
called SfDDHA-ruBf (or Stmtha-fuea). Liberal and devout 
men being free from pain inhabit that (city).

41. These (four cities) are situated at a distance equal to 
the fourth part of the Earth's circumference from each other : 
(and) the Meru sacred to the Gods is north of them at the 
same distance.

There is no equinoctial 42. When the Sun is at the equi- 
shadow at the equator. noc.tial, he passes through the zenith
of these (cities) and therefore, there is neither equinoctial 
shadow nor elevation of the terrestrial axis at these cities.

The position of the polar 43. On both sides of the Merit 
(i. e. the north and south poles of the



\ ^ v ^ § ^ ) y t h e  two polar stars are situated in the heaven at tholA —i 
These two stars are in the horizon of the cities 

situated on the equinoctial regions.
44, Since the polar stars aro in the horizon of the (said) 

cities, there is no elevation of the terrestrial axis (but) the 
co-latitudo is 90°; so the latitude at the Meku is 90°.

The beginning of the day 4 5 ' W t e n  th o  S u n  i s  a W  th e  
to the Gods and Abueab. regions of the Gods* (i. e. the northern.
hemisphere) ho first appears to tho Gods at the first point of 
Aries ; but to the A subas (he first appears) a t the first points 
of Libra, when the sun is going above the regions of tho Asueas 
(i. e. the southern hemisphere).

Answer to the question in 46. Owing to this (the Sun’s gO- 
fitli S'loka. ing* northward and southward) tho
Sun’s rays are vehement in summer in the Gods’ regions and 
in winter in the Asm*as’. Conversely they are weak (in summer 
ia the Asueas’ regions and in winter in the Gods’).

47. The God3 and Asubas behold the Sun in the horizon 
at the equinoxes. The two periods in which the Sun is in the 
northern and southern hemispheres are mutually the day and 
night to the Gods and Asubas (i. e. when the Sun is in the 
northern hemisphere it is day to the Gods and night to tha 
Asueas, and vico versfi).

48. The Sun at the first point of Aries, risen to the inhabi
tant of the Meeu (i. e. to the Gods) and passing the three follow
ing signs (i. e. Aries, Taurus and Gemini), completes the first 
half of the day (of the Gods).

* 49. So he (the Sun) passing (the three signs) Cancer and
others completes the second half of the day. In tho same 
mauner (the Sun passing) the three signs Libra, &o. and other 
three Capricorn, &c. (completes the first and second halves of 
the day of the A subas).

Answer to the questions 5 0 - Therefore their day and night 
iu the 4tii S'loka. are mutually reverse, and the length of

* See. the 36th S 'loka of this Chapter. B, I).

L
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Wycthemcron arises from the completion of the Htoul ‘1. J 
x%*^(<»^i’evolution.

51. Their mid-day and mid-night (happen) at the time of
the solstices reversely (i. e. it is mid-day to the Gods when it is 
the mid-night to the A3URAS, and vice versa) : The Gods and
the Asdkas consider themselves each above tho other.

52. The others likewise who ore situated diametrically op
posed (at the earth’s surface) as the inhabitants of the Bbad- 
mswa and Iyetumala (i. e. of Yaiiakotiand Romaka) and those 
of Lanka and Siddiiapuka consider (themselves) one below the 
other. »

53. Thus everywhere on (the surface of) the terrestrial 
globe, people suppose their own place higher (than that of 
others) : because this globe is in space where there is no 
above and below.

54. All people around their own place behold the Barth, 
though globular, of the form of a circular plain, on account of 
the smallness of their bodies.

„ „ , ,, , 55. This starry sphere revolves
Parallel and Right spheres. . „

horizontally (from right) to left to tho
Gods end (from left) to right to the Asuras: But at the
equator (it) always (revolves) vertically (from east) to west.

50. At the equator, therefore, (the length of) the dnv is 
always of 30 OHAfiKAs and the length of the night is also the 
same: and at the regions of the Gods and those1 of the Asuras 
(i. e. at the northern and the southern hemisphere) the day and 
night (except at the equinoxes) always increase) and decrease 
reversely (i. e. at the northern regions the day increases and tho * 
night decreases, while at the southern ones the day decreases 
and the night increases, and vice vers&).

57. When the Sun is in the (northern) signs Aries &c. the 
increase of the length of the day and the decrease of the 
length of the night become more and more (until the Sun 
arrives at tho tropic of Cancer and then they become loss and 
less) at the regions of the Gods : hut at those of the Asubas 
the reverse of this takes place.

( i f  *̂1 Trandatiwipftlfo I r^T
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tjio decrease and increase both of the day and night are 
the reverse. The knowledge of this (increase or decrease) at 
every day from (the oquinoctial shadow of) the given place 
and the Bun's declination is described before (in the 61 sb 
SToka of the 2nd Chapter).

59. Multiply the Earth’s circumference by the number of 
degrees of the Sun’s declination (of a given day) and divide 
the product by 860" (and take the quotient). The Sun (at 
that day) passes through the Zenith (of the place, north or 

* south of the Equator according as the declination is north or 
south) at a distance in yojanas equal to the quotient (above 
found) from the equator.

Determination of the plies 60 61. In  the same manner
where the day or night be- fmiJ the number o f  YOJANAS fro m  the 
cornea of 60 Gkatikas. _ . -t ^Sun a greatest declination and sub-
tract the number from the fourth part of the Earth’s cir
cumference (and take the remainder). Then (when the Sun 
is) at a solstice, the day or night becomes of 60 qoatik.ys once 
(in a year) at the distance in yojanas equal to tlio remainder 
(above found) from the equator (i. e. at the polar circles) in the 
regions of the Gods and the Asuras reversely (i. c. when the 
Sub is at his greatest distance from the equinoctial, the day 
becomes of 60 ghatikXs at the polar circle in tho northern he
misphere, while the night becomes of the same length at the 
polar circle in the southern one, and vice versfi.).

62. (At places) between them (i. e. the equator and a polar 
circle on either side of the equator) the day and night increase 
and decrease within the 60 GHAfiKAs. Beyond that (i. e. in the 
polar regions) the starry sphere revolves in an opposite manner 
(as regards the north polo and the south).

The positions where some 63. f i nd  the YOJANAS (as above) 
signs are always invisible. from the declination which arises from
the sine of two signs* and subtract the yojanas from the fourth

* The sine of two signs (i. o. 60°) multiplied by the sine of the greatest declin
ation and divided by the Radius gives tho sine of declination. B. D.

L 2
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V a  fPgkrii of the Earth’s circumference. At the distance eqn!^y<  ̂ j  
X % 7t6^™ moln’ng yojanas from the equator in the regions of the 

Gods, the Sun, situated, at Sagittarius and Capricornus, is 
never seen.

#>4. But in the regions of the A s u r a s  (at the same distance 
from the equator), (he is nev'er visible) when situated in Ge
mini and Cancer. At that quarter of the Earth’s circumfer
ence in which the Earth’s shadow is destroyed (i. e. never falls)

..the Sun will be seen.
.65 and 66. From the fourth part of the Earth’s circumfer

ence subtract tho y o j a n a s  found from the declination of one * 
sign (30“). At the distance of the remaining y o j a n a s  from 
the equator, the Sun never appears in the regions of the Gods 
when he is in Sagittarius, Capricornus, Scorpio and Aquarius : 
but in the regions of the A suras (at the same distance from 
the equator, he is never seen when situated in the four signs 
Taurus, &c. (i. e. Taurus, Gemini, Cancer, and Leo.).

67. The Gods at the Mere behold the Sun constantly as 
long as he is in (northern) six signs Aries, &c. so the Asebas 
ns long as ho is in (the southern ones) Libra, &c,

„ . . . .  68. At the distance of the fifteenthTerrestrial tropic.
part of tlio Earth’s circumference 

(from the equator) in tho regions of the Gods or the Asukas 
(i. o. at tho north or south terrestrial tropic) the Sun passes 
through the zenith when he arrives at the north or south sols
titial point (respectively).

 ̂Determination of tho 69‘ (At places) between them (i. e.
direction of tho gnomouio between the equator and the tropics) 
shadow at noon. , , . ,,the gnornonio shadow may be north or
south at noon. Beyond this limit it falls towards the ends of
tho Mere (i. e. tho north and south poles) in the northern
and southern hemisphere (respectively).

Anawer to tho question in #0. 1 ho bun when arrived at tlio
tlw 3rd S'liOKA. zenith of BhadrI s'wa (or Yaumkoti)
makes his rising in B iiXrata (or Lanka), mid-night in KbTSE- 
ma'la (or R amaka) and setting in. K oeu (or Siddapuha).

/VV^nVx , .
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\yvP ^% E . ‘/In the same manner, (the Sun) revolving from o a s J ^ L i  
we‘af. (when he reaches the zenith of Bharat a or Lanka) makes 
the mid-day, rising, mid-night and setting in the varshas, Kha'- 
rata and other’s, i. e. BbArata, KetumXla, Kueu and I>ha- 
dras'wa respectively).

72. To one who is going to the
Oblique sphere. ,• , i nend of the Meru (i. e. to the north 

or south pole from the equator) the elevation of the polar star 
(north or south) and the inclination of the starry sphere in
crease (more and more as he approaches the Meru :) and to ' 

’ one going towards the equator the reverse is the case with the 
inclination and elevation.

, .. . 73. The starry sphere, bound at itsAnswer to trio question in J 1 ,
the 2nd half of the 6th S'ilo- two poles (north and south), being
KA' struck with the P rayaha winds re
volves constantly : (so) do the orbits of the planets confined 
within it in regular order.

Answer to the question in 74. (As) on the Earth the Gods 
5th S'i.oka. anc[ the A.SURA8 behold tho Sun con
stantly above the horizon throughout half the year, and men 
throughout their day, (so) do the P itris situated on the upper 
part of the Moon (behold the Sun) throughout a fortnight.

75. The orbit of the upper (of any two planets) is greater 
than that of the lower : and the degrees of tho greater orbit 
(in length) are greater than those of the smaller.

76. A planet revolving in a smaller orbit passes the 1.2 
signs in a shorter time and one going in a greater orbit (pass
es the 12 signs) in a longer time..

77. Therefore the Moon moving in a smaller orbit makes 
many revolutions while the Sanaischaea (slow-moving i, e. 
Saturn) going in a greater orbit makes a few.

78. Every fourth of the planets
Answer to the question m , „ , . , . ,

;hu lirst half of tho 6ih (m the order of choir orbits mentioned 
in S 'loka 31) reckoning from Saturn is 

the Euler of a day (of the week) in succession (thus, tho

' ’ GCW\
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>-lio is fourth from Saturn, is the ruler of the 1st Say-*—‘ 
^ 2 4 B s  Moon, who is fourth from the Sun, is the ruler of the 

second day ; Mars, the fourth from the Moon, ia the ruler of 
the third day, and so on).

In tho same manner every third of the planets, reckoning 
from Saturn (i. e. Mars, Venus, the Moon, Jupiter, &c. succes
sively) is the ruler of a year (of 360 terrestrial days).

79. Beckoning from the Moon, the planets above her (i. o. 
Mercury, Venus, tho Sun, &e.) are called the rulers of tho 
months (of 30 days) successively. And from Saturn (tho 
planets situated) one below the other (i. o. Jupiter, Mars, tho 
Sun, &c.) aro successively the rulers of the hours.*

Answer to the question in SO. The Sun’s orbit (in YOJANAS.to 
71 ii S loxa . be stated in S’ioka 80th) multiplied by
00 gives (the length o f) the middle circle of the starry sphere. 
This circle of the stars of so many yojanas revolves above all 
(the planets).

81. Multiply the number of the said revolutions of the 
Moon in a kalpa by the Moon’s orbit (to be declared in S'loka 
85th) : the product is equal to the orbit of heaven (or the 
circumference of the middle of the Brahmanda) : to this orbit 
tho rays of the Sun reach.

82. The very same (the orbit of
[Determination of tho Di* , - , . ■,

memidns of the orbits of heaven) being divided by the number
the (Janet anti the ir daily f  r e v 0 l n t i0 M  0 f  a  p l a n e t  in  a  KALPA motion 111 YOJANAS. 1

gives the orbit of that planet; (and 
dividing this orbit) by the number ot terrestrial days in a kalpa, 
the quotient is called the daily motion (in yojakas) of all tho 
planets to the east.

Of their daily motions in 83. Multiply this number of yo.ta- 
miimtus or angular motions. NAg of t]ie cqaily motion (of all the

* r. yS and 79. I t  is to  bo known here that the Euler of a day (from m id 
night to mid-night a t L a b i a ) is the aamo as that of the first hour of the day : 
and tho Euler of a month or a year is the samo as that of the first day of the 
month or year. B. I).
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\ V V p j i ^ (  by the Moon’s orbit and divide the product t .y k jJ X j  
the planet (of which the daily motion in minutes is to 

be known) : the quotient being divided by 15 gives the num
ber of minutes of the motion (of that planet).

84. The orbits (of the planets) multiplied by the Earth’s 
diameter and divided by the circumference of the Earth give 
the diameter;; of the orbits. These (diameters) diminished by 
the Earth’s diameter and divided by 2 give the distances of 
the planets (from the Earth’s centre).

86. The orbit of the Moon is 324,000 (yojtanas) and that of 
the SiairaoCHKHA of Mercury, beyond the Moon is 1,043,209,

86. That of the Sighbocheha of Yen us is 2,664,637 beyond 
that, that of the Sun, Mercury and Venus is 4,331,500.

87. That of Mars is 8,146,909 and that of the Moon’s apogee 
is 38,328,484.

88. That of Jupiter is 51,375,764 and that of the Moon’s 
ascending node is 80,572,861.

89. That of Saturn is 127,668,255 and that of the fixed 
stars is 259,890,012.

90. The circumference of the sphere of the BeahmI ndbk 
in which the Sun’s rays spread, is ^87(2080^64000000 tojanas.

Eud of the twelth Chapter.

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

On the constr uction of the armittary Sphere and other astronomi
cal Instruments.

1 and 2. Now the teacher (of Maya) being in a secret and 
holy place bathed, pure and adorned, and having worshipped 
faithfully the Sun, the planets, the asterisms and the Gun yak ; s 
(a kind of Demigods) explained clearly the knowledge which he 
had from his preceptor (the Sun) through traditional instruc
tion, for the satisfaction of his pupil (Maya).

( i f  mm I S Surya-Suldlidnta. y © T



■ G° ix

V^V^!!5 t̂oywnstra<!ii<m of t]ic g and 4. Let an astronomer ka&A—̂ 
Sphere. the wonderful construction of the ar

millary Sphere with that of the Earth (at its centre).
Having caused a wooden terrestrial globo to be made of any 

desired size with a staff representing the H eru passing through 
the (globe’s) centre and projecting on both sides. (Let him 
fix) two circles (on the staff) called the AdhAra kaksha or tho 
supporting circle (answering to the colures) as also the equi- 

„ noctial.
The diurnal circles of the 5- Let three circles marked with 

12 slgus’ the number of degrees in. the 12 signs
(or 300*)- be- prepared (to represent the diurnal circles at the 
ends of tho 3 signs Aries, Taurus and Gemini) with radii an
swering to the respective diurnal circles in proportion to the 
Equinoctial.

G, 7, 8 and 9. Let him fix the three circles for Aries and 
other signs respectively (on the two supporting circles) marked 
with the degrees of declinations north and south, at the end 
of respective declination (north of the Equinoctial) (of tho ends 
of the said signs). The same (circles) answer contrariwise 
to the (three signs) Cancer and others (at the ends of the 
respective declinations of the beginnings of tho signs). In 
the same manner, let him fix (other) three circles in the south
ern hemisphere, for Libra and others (and) contrariwise 
for Capricorn and the rest. Let him also fix circles on 
both the supporting circles for the principal stars of the 
asterisms in both hemispheres as also for A bhijit (and 
Lyras) and for the seven great saints (i. e. the seven stars com
posing the constellation of Ursa major), Agastya (Canopus). 
B rahma (Aurigse) and other stars. In the very middle of all 
(these circles) is fixed the Equinoctial circle.

_ , . . .  . .. 10 and II. Let the two solsticesDelewiuation of trio
places of the 1 2  signs in  the q,e  marked above the intersection of 
st>llcre' the Equinoctial and one of the two
supporting circles (i. e. at the distance of the Sun’s greatest

i f  W  \  i )  Translation of the i G T ^



\ \  J  ^ j S ih 'i/a  - B U h lh d n ta .
\ £k N. ,| .J y ' , J
\^^pch^pjation from the intersection to the north and south oiithe 

supporting circle) and the two equinoxes (at the intersection 
of the equinoctial and the other supporting circle).

Then from the equinox at the exact degrees of every sign 
(i. e. at every 30°) the places of Aries and other signs should 
he determined by the transverse strings (of the circle).

There is another circlo passing fromTho Ecliptic. , ,solstice to solstice.
12 and 13. (This circle) is called the Ecliptic: in this, the 

Sun, enlightening the worlds, always revolves.
(But) the Moon and other (planets) being attracted from the 

ecliptic by their nodes situated in the ecliptic are seen at the 
ends of (their respective) latitudes.

(The point of the ecliptic) in the
The Horoscope. eastern horizon is called the Lagna

(the horoscope) and (tho point) just setting is called the Asia 
lagna (or the setting lagna) on account of its setting.

, ,  _ 14. The point of the ecliptic inThe Madhya Lagna or . . .  ,
the culminating point of tho the middle of' the visible heaven (or

in the meridian i. e. the culminating 
point of the ecliptic) as determined through tho rising periods 
of the signs ascertained for Lanka (in 48th S loka of the 3rd 
Chapter) is called the Madhyajia (Lagna).

The AntvA. (Suppose a line between the two
intersections of the meridian of a 

given place and a given diurnal circle). The string (or the 
portion oi that line) intercepted between the meridian and 
the horizon (in terms of the radius of a great circle) is called 
A nita .

The Bin® of the ascensional 15. And a portion (of the seme
lino) intercepted between (the plane 

of) tho six o’clock line and that of the horizon (in terijs of the 
radius of a great circle) is, it is to be known, equal to the 
sine of the ascensional difference. 

n



(On the terrestrial globe) cousider- 
The Horizon. . ,mg the given place as the highest,

surround the sphere with the horizon in its middle (i. e. 90°
distant from the given place).

The self-revolving Spheric id. thus having surrounded the 
instrument, sphere (tho axis of which should bo
elevated to the height of the pole) by the horizon (made aa 
level as water) and covered (in its lower half) by wax cloth, 
make it rotate by the force of the current of water for the 
knowledge of the passage of time.

17. (Or let an astronomer) make the sphero (a self-revolv
ing instrument) by means of mercury.

The method (of constructing the revolving instrument) is 
to be kept a secret, as by its diffusion here it will be known 
to all (and then there will be no surprise in it).

Therefore, from the instruction of the teacher construct the 
excellent spheric instrument (so that it may be self-revolving).

(The knowledge of) this, the Sun's method is lost at the 
end of every Yraa.

19. It arises again by the favour of some one (great 
■ astronomer) when he pleases.

So let other self-revolving instruments be furnished for 
measuring time.

20. To (such) a surprising instrument let (an astronomer) 
alone apply his contrivance, (in secret).
Other instruments for luoa* Ijet smart (astronomers) from the

suring time. instruction of their teacher know the
hour (of the day) by the dial instruments gnomon, staff, semi
circle and circle in various ways,

21. Let also (astronomers) determine the hour exactly by 
the water-clocks, clepsydra &o., and the sand-clocks in the 
shape of peacock, man or monkey.

22. (For tho self-revolution of the said instruments) apply 
the hollow spokes (half filled) with mercury, water, threads, 
ropes, mixture of oil and water, mercury and sand to them

i * \ * 0  Translation of the I



instruments). These applications are very difficaft-of^- ■* 
—attainment.

Kama Yantra or Ciep- 23. The copper vessel (in the 
6?di'a’ shape of the lower half of a water jar)
which has a small hole in its bottom and being placed upon 
clean water in a basin sinks exactly 60 times in a nycthome- 
ron, is called the K apj£b4 Yantba.

24. As also that instrument the
l'lio Gnomon. . ,, , , , ,Gnomon is very useful by day when tho.

Sun is clear, and an excellent means of ascertaining time by
taking its shadows.

_ , . 25. Having known exactly theConclusion.  ̂ J
science of the planets and stars and

the spheric, man attains (his residence at) the spheres of the 
planets (Moon &e.) and becomes acquainted with tho spiritual 
knowledge by his regeneration, attains to spiritual knowledge 
in a subsequent birth.

End of the thirteenth Chapter called J yautishopanishat.

CHAPTER XIV.

On hinds o f time.

. , , 1. There are nine Manas (kinds ofNumber of Imds of time.
time), the Bbahma (that of Brahma), 

the Divya (that of the Gods), the P itbya, the P bXjapatya, as 
also that of Jupiter, tho Solar, the Terrestrial, the Lunar and 
the Siderial,

1 lie At anas which are used 2. The tour MaNAS the tolar, tho 
llere' lunar, the sidereal and the terrestrial
are (always) in use in this world; the mama of Jupiter is (used 

h 2
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V v ^ u f / n r  knowing tlte 60 S am vatsabas,*  .aaf the oilier n lm k  
aro not always (used).

3, The lengths of tlio day and
tJse of tha solar masa.

night, the S h a d a s  m-MUKHas,t the 
solstitial and equinoctial, times, and the holy time of San- 
kb/ n ti (i. e. the time of the entrance of the Sun into a sign at 
which a good action brings good desert to the performer) 
are determined by the solar man a.

• ThcSHAoAn'faMmiHA. 4  Every eighty-sixth (solar!) day 
reckoned from the time of T cjlI di 

(i. e. from the time at which the Sun outers the sign Libra) 
is called Sha^asTti-mokha in succession. These four days lie 
(in the four solar months) when the Sun is in the four signs 
of two natures (i. e. Gemini,. Virgo, Sagittarius and Pisces).

There are four SnAOAS'fn 6 .  (The first S i i ADAS'It i -MUKHA hap- 
MincHAs in a year. pens when the Sun is) at the 26th de
gree of Sagittarius, (the second) at the 22nd degree of Pisces, 
(the third) at the 18th degree of Gemini and (the fourth) at 
24th degree of Virgo.

6 .  Then (after the fourth S h a p a s 'Itt-m u k h a ) the remaining 
16 solar days of the solar month at which the San is in Virgo, 
are equal to a sacrifice (i. e. good actions performed in these 
days give great merit equal to that of a sacrifice) and in these 
days a  gift given in honour of deceased ancestors is imperish
able (i. e. the gift gives infinite merit).

Four common points of 7- In the middle of the starry 
the ediptio. sphere, the two equinoxes are diame
trically opposed, so are the two solstices (in the ecliptic); 
these four points (of the ecliptic) are very common.

Its other points. 8- A£ain> betWTOn STO*y two con
secutive points (of them) two Sankban-

* See 69th S'xoka of the first Chapter. B . IX
f  This word will be explained in the following S'xoKA. B. D.
+ By a solar day is here meant the time in which the Sun moves one doevev 

of the Ecliptic. B. 1).
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beginnings, of the signs are situated in the eoliptiV: 
^ ^ A n d  of the twelve points of the ecliptic, just mentioned), the 

points which are next to the (four common) points (i. e. tlia 
beginnings of the four signs Taurus, Leo, Scorpio and Aqua
rius) are called the Vishnu-padI.

Two halvas of a tropical From (the time of) the Sun's
Jear- entrance into Capricorn the six solar
months arc the TJttakXyana (the northing of the Sun) : in the 
s a m e  manner from the time of the entrance of tbo Sun into 
Cancer, the six solar months aro the Dak.-d m (tana (the 
southing of the Sun).

The seasons, months and 10. From that time (i. e. the 
y°ar- winter solstice) the periods, in each of
which the Sun remains in the two signs are the seasons S ’is ib a  

(the very cold season) &c.* and the twelve periods in which 
the Sun remains in the 12 signs Aries, &c., are the solar 
months and a year is equal to the aggregate of these months.

The holy time of San- '$1. The number of minutes con- 
kbanti. taiuod in the Sun's disc multiplied by
60 and divided by (his) daily motion (gives a certain number of 
ohatik/s.) Half these gka'jikas, before as well as after the 
S a n k u a n ti (or the time of the Sun’s passage from one sign 
into another) is holy.

The lunar m b u . 12 ‘ The time in which the Moon,
being separate from the Sun (after a 

conjunction), moves daily to the east i§ the lunar mana, The 
time in which the Moon describes 12 degrees (from the Sun) 
is a lunar day.

Use of the t a n n u t j i .  1 3 '  T h e  TlTHI < % )i th e
Kakana (half of a tithi), the time of 

marriage, shaving and all other acts, as also (the times of)

* A solar year is divided into six seasons, viz. The S'rs’iBA (the very cold 
season), the Y a s a a t a  (the Spring), the G e l s h m a  ( H ie  hot s e a s o n )  t h e  V a k s b a  
6 ™  r a i n y  season), the S 'a i u  t  (the Autumn) and tho H e m a p i 'A (the cold 
season). JB. D. v
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is acts of obligations, fasts and pilgrimages are regulated 
lunar mXn a .

Tho MAN4 of Pxtkis. ^  lunar month which consists
of 30 lunar days, is/ as mentioned 

before, a day and night of the Pmtis, The end of a (lunar) 
month and that of the light half of that month take place in 
the middle of them (the day and night of the Pimjis) respec
tively.
* The aidoreal haha. 15- A  daily revolution of the starry

sphere is called a sidereal day.
Naming of the lunar The lunar months are named from 

the N akshatbas* (or asterisms) which 
take place (or in which the Moon is) on the 15th day of these 
months.+

16. On the l oth day of (each of the lunar months) KXktika 
and others, (either of everyl couple of tho Naxshatras reckoned 
from takes place successively. (But on the 15th day
of each of) the three months such ns the last (i. e. ilfs’wiNA) 
and that coming before the last (i. e. Bhadbapada) and the 
fifth (i. e. Phalocna) one of three Nakshateas takes place,J

Years of Jupiter. 17 . (A s  the lunar months are named
Kabtika &o. from the union of their 

15th day with the N akshateas Kbittika, &c. so) the years of 
Jupiter are called Kabtika, &c. from the union of the 15th day 
of the dark half of the months Vais'Xkha, &c. (with the N ak-

* Tho N aksiiatbas are found in the 64tli S’loka of the 2nd Chapter. B. D. 
i ^  )nna1' mo'ith is named Cuaxtea from thu N aksbatka Chitba,

the 2nd VAxa a'ix ua', from V is 'a' kha' the 3rd J yeshtha, from A veshtha, tho Uh 
Ashapua from P i;bvaV ua> ha', tho 6th S'ba' v a j a, from H'eavana, the 6th Biia '- 
hravada from IhhivAoH A ' l l R i i ’A i )  a', the 7th x V v u n a  from A e'wmf, the Sth 
K a' rtiea  from X iuttt !>A, tlie 0th  JU'EOAS'fusnA from MnfuAs'frtauA, the 10th 
IPavsha from Bcshva, tlie 11th Ma' gha from AlAGBA'aud the 12th PKA'r.iwxA 
from Bueva rnATiC ukf. B . D.

t  On tlie 10th day of the lunar month K a ' r t i k a , the N a k s h a t k a  K khttka 
cr B o h  i a I  t a k e s  p l a c e ; o f  M a a s  a drxieiTA, M e J o a  or A k u a a ' ,  o f  P a u s i i a ,  P u e a r - 
v a s u  or PusjjivA : of M a s h a ,  X s ' l e s h a  o r  M a i u i a ' ; of PjiAi,£tUHA, PuitVAi'HAi- 
o u n f  o r  U lT A R A i'E A L O t K i o r  H a s t a  ; o f  C b a i t b a ' ,  C h i t b a  o r  S w a ' t i  ; o f  
V a i s 'a k h a ,  Y i s V e h a '  or A h u b a ' m i a '  ; of J v e s h t i i a , J v e s b t h a '  or M u r a ; o f  
Vs h a d h a , l'xtBVA,SHAJ?BA'o r  U t t a b a ' s i i a p h A j  o i 'S r a v a n a , S e a v a n a  o r  B h a -  

x i s h t h A ; of B h a 'D r a i ' a u a , S 'a t a t a 'e a ,  P u u v a ' h iia ' b r a i 'a d a '  o r  XJTTABA'b H a '-  
d h a p a i u ; and o f  A s'w rn , XtEVAxi As' wikj o r  BHAiuxi. B. JD.
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\ vV K rittikX, &c,, when at the said 15tli day) Jupiterjpy £  j

\^?M rjgks heliacally.
, , 18, The time from one rising of

T e rre stria l m a s a . ' _ _  , M , . , ,  -  a ,
tho Sun to the next is called a davahA 

or a terrestrial day, from this the number of terrestrial days in 
a K aipa is determined: By these days the time of sacrifice
is calculated.

19 , Determination of the StJTAKA
I t ’ g U3G«

(or impurity contracted in consequence 
of a death or birth in one’s family), tho rulers of the day, 
month and year, and the mean motion of a planet are reckoned 
by SirANA (or the terrestrial mana).

..................... _ , 30. It is said before that the dayThe m a n a  of t h e  Gods.
and night of the Gods and the Asheas 

are mutually reverse : This day and night which is found
from the completion of the Sun’s revolution is Divya (or the 
mI na of the Gods).

, , 81. The duration of a Manu (which,
as mentioned before, is equal to 71 

YirnAs) is called PrXjapatya (or the mana of P kajI pati who 
was the father of Manus) . There is no division of tho day 
and night in this mI na,

The Bba’hma mana. The E aipa is callel1 the Brahma (or
the Mana of B bahmI).

Conclusion. 22- 0  suP®ior M aya,  I declared
this secret and surprisingly excellent 

(knowledge) to you. This (equivalent to) the holy knowledge 
is exceedingly meritorious and the destroyer of all sins,

23. Having known this excellent divine knowledge of the 
stars and the planets which is (just) imported to you, man ac
quires a perpetual place on the spheres of the Sun &c.

24, Having properly imparted this to Maya and said this 
(tho moaning of the preceding two verses) and being wor
shipped by him, the man who partakes of the nature of tho 
Sun, ascended to heaven and entered tho disc of tho Sun.

*: h . .. .



Then having learned the divine knowledge from Vif 
Suri himself, Maya considered himself as one who had done his 
duty, and free from sins.

26. Then having known that Maya had obtained a blessing 
of the Sun (same) saints approached and asked him respect
fully the knowledge.

27. He (Maya) being delighted gave the great knowledge 
of the planets to them (the saints) which is very surprising in 
•this world, secret and equivalent to the holy knowledge.

kind ol the 14th Chapter, of the Second Part, and of the 
work.

Postscript by the Translator.
I t is stated in the S i rya-siddh£kta that a dialogue took 

place between a man partaking of the nature of the Sun and 
a  Demon called Maya 2,164,960 years before the present time. 
But nobody knows who has put this dialogue into verse or 
the date of this versification. People believe that it is the 
production of some Muni (saint), and many are of opinion that 
it is the oldest of eighteen ancient astronomical works. Its 
style is easy, and the reading of it, as of the PurInas, is 
considered to be meritorious. Every subject is treated more 
fully in this than in any other of the ancient Siddhantas, and 
the revolutions of the planets are so correctly stated in it that 
their places can be determined with great accuracy.

The names of the eighteen ancient Sidivhantas are :—
1. Stirya-siddMntft. 10.. Mariohi-a.
2. Brahma-s. 11. Manu-s.
3. Vv&sa-s. 12; Atigiras-s.
4. Vasishtha-s, 18. Lomas'a-s.
5. Atri-s. 14. Pulis'a-s.
6. l ’aras'ara-s. 16. Chyavana-s.
7. Kas'yapa.s. 16. Yavana-s,
8. Niirada-s. 17. Bhrigu-s.
9. Garga-s. 18. S'aimaka or Soma-s.
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Sv''-~-- "Alwiongli it is generally supposed that the S ueya-sidduAnta 
is the oldest, yet some consider the Bba hha-siddhInta to be 
so : and it is stated in the S'AMBiiu-uoiiAPBAKAS a (an astro
logical work), that the Soma-siddhanta is the first, the B eab- 
MA-siDBHANTA the second, and the S(jeta-siddh:j(nta the third in 
the order of time. But this opinion is not generally received. Of 
the eighteen ancient Siddhantas only four (viz. Surya-s., Brah- 
xna-s., Sonia-s., and Yasishjha-s.) are-now procurable; the 
others are very fare.

In the translation wherever words are supplied by way of 
explanation they are included in brackets. In  some places the 
original Sanskrit is so brief and terse, that it is not only obscure, 
but unintelligible, without the insertion of words to complete 
the sense: e. g. p. 24, S loka 04., ' f  i
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Page, lane from top. Error. Correction.
I  7 Properties (of all Properties,

created things).
1  9  S iv a . S iv a .

5  1 3  E e v Xt I. R e v  at i .

■8 4 K b [ta toga. K rita yeo-a.
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