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TRANSLATION OF SU'RYA-SIDDHANTA.

CHAPTER I.

Called MapaYA-GATI which treats of the Rules for finding the
mean places of the planets.

1. Salutation to that Supreme Be-
ing which is of inconceivable and
imperceptible form,void of properties (ofall created things), the
external source of wisdom and happiness, and the supporter
of the whole world in the shapes (of BrarM£, VisENU and Siva.)

2 & 8. Some time before the end
of the Krira vuea, 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 gratified at such (difficult)
penance of Mava, bestowed on him the knowledge of the
science of Astronomy which he was inquiring after.

The illustrious Sun said.

5. (O Mava,) 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 time
to teach you (the science,) this man who partakes of my nature
will impart to you the whole of the science.

B

Invocation.

Introductory.
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Translation of the

7. The God Sun, having thus spoken to, and ordered the
man born from himself (to teach Maya), disappeared. That man
spoke to Mava, who stood bending and folding his hands close
to his forehead, in the following manner.

8. (O Maya), hear attentively the excellent knowledge (of
the science of Astronomy) which the Sun himself formerly taught
to the great saints in each of the Yuaas.

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

10. Time is of 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. This (latter kind of time) is also of two kinds; the
one is called MURTA (measurable) and the other is AmGrra
(immeasurable, by reason of bulkiness and smallness respec-
tively).

Kinds of time.

11. The time called MGrra, begins
with Pr{naA (a portion of time which
contains four seconds,) and the time called AMGRTA begins with
TruTI (8 very small portion of time which is the yy},5th part
of a second.) The time which contains six Priyas is called
& Para, and that which contains sixty Paras is called a
GHATIRA,

Pala and Ghatik4.

12. The time, which contains sixty
GHATIKAS is called a NAKSHATRA AHo-
RATRA (a sidereal day and night) and a NAxsHATRA MAsa (a
sidereal month) consists of thirty NAxsHATRA AHORATRAS.
Thirty SAvana (terrestrial) days (a terrestrial day being
reckoned from sun-rise to sun-rise) make a SAvANA month.

‘ 13. Thirty lunar days make a lunar
mg‘;;:“ﬁ?:i::%':yl?rmnth month, and a solar month is the time
. which the Sun requires to move from

Day and Month.
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one sign*' of the Zodiac to the next. A solar year consists of
twelve solar months ; and this is called a day of the Gods.
14. An AHORATRA (day and night)
g The longth of the year of of the Gods and that of the Demons
are mutually the reverse of each other,
(viz. a day of the Gods is the night of the Demons; and con-
versly, a night of the Gods is the day of the Demons). Sixty
AnHorATRAS, multiplied by six, make a year of the Gods and
Demons.
15 & 16. The time containing twelve
n';[;h: length of a great i} usand years of the Gods is called a
CHaTURYUGA (the aggregate of the four
yvuaas, Krita, TreETS, DwArarA and Kaui).

These four yueas including their SanpHYAt and San-
DHYANS'A contain 4,320,000 solar years.

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

17. The tenth part of 4,320,000

jine length of the four e number of years in a great Yuaa,
multiplied by 4, 3, 2, 1 respectively

make up the years of each of the four yueas, Kryra and others,
the years of each yuaa include their own sixth part, which is
collectively the number of years of SANDHEYA and SANDHYANS'A,
(the periods at the commencement and expiration of each Yuaa).

The length of & period 18. (According to the technicality of
called MaxU and that of its the time called MGrra,) 71 great Yuaas
SxpaL. (containing 306,720,000 solar years)
constitute &8 MANWANTARA (a period from the beginning of a

® Tt is to be observed here that the signs Aries, Taurus, &c., are reckoned
from the ;)tar BEvaTi (¢ Piscium,) and a solar year corresponds to a sidereal
year. B.D.

+ These two words will be explained in the sequel, B. D.

1 It is stated that Dharma stands with four legs in the Kryra, with three
legs in the TRETA, with two legs in the DwAPARA and with one leg in the Karr.
Therefore the number of the years of the Krjra, TRETA, DWAPARA, and KaLx
are proportional to 4, 3, 2 and 1 respectively. B. D.

B 2
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Manu to its end) and at the end of it, 1,728,000 the whole
number of the (solar) years of the KriTa, is called its SaNDHI ;
and it is the time when a universal deluge happens.

19. Fourteen such ManNus with
their SanpHIS (as mentioned before),
constitute a KaLpa, at the beginning of which is the fifteenth
SaNDHI which contains as many years as a Krfra does.

20. Thus a thousand of the great
YUGAs make a KarLpa, a period which
dest.rojs the whole world. It is a day
of the God Brarm4, and his night is equal to his day.

21. And the age of BramMA con-
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 Karra is the first in the remaining
half of his age.

22. Out of this present KaLra six Manvus with their SAnpH1s,
and twenty-seven Yuaas of the seventh Manu called Vaivas-
WATA have passed away.

23. Of the twenty-eighth great yvea, the Kryra Yuaa has
passed away. Let (a calculator,) reckoning the time from the
end of the KryrA compute the number of years passed.

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

25. Now the planets (such as the
Sun) being on their orbits, go very
rapidly and continually with the stars
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
Pravana.)

The length of a KaLra.

The lengths of a day and
night of the God BRARMA.

The period of his life and
that of his passed age.

How the planets move
eastward.

® The Hindu Astronomers suppose that all the planets move in their orbits
with the same velocity. B. D.
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26. Therefore, the motions of the planets appear towards
the east, and their daily motions determined by their revolutions
(by applying the rule of proportion to them) are unequal
to each other, 'in 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-
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. BHAcANA 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 RevAr ({ Piscium, from
which end they set out.)

Bhagana or a sidereal re-
volution.

28. Sixty Viraras (seconds) make
a Kald (a minute) and sixty minutes
constitute an ANs'A (a degree.) A R£si (a sign) consists of
thirty degrees and just twelve R{s'1s (signs) make a Bhagana
(revolution.)

The circular measures.

29. In a great yuea each of the
of'fll:: g“:n“"g‘}'e‘::u’:;f’%‘g‘;': planets, the Sun, Mercury, Venus and
and the S'ighrochcha of the SfeHRocHCHA (i. e. the farthest
i’,f?&,f,‘,’:‘;':,‘e‘?“d Jupiter point from the centre of the Earth in

the orbit of each of the planets) of
Mars, Saturn and Jupiter moving towards the east make
4,320,000 revolutions (about the Earth).

80. There are 57,753,336 revolu-
tions of the Moon and 2,296,832 revo-
lutions of the planet Mars.

381. There are 17,937,060 revolu-
mgﬁﬁﬁ:ﬁ:"’" §fighrochcha  tions of the S'feHROCHCHA of the planet

Mercury* and 864,220 revolutions of

Of Moon and Mars.

the planet Jupiter.

* The revolutions of the Sighrochchas of Mercury and Venus correspond to
their revolutions about the Sun. B. D.
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32. There are 7,022,376 revolu-
tions of the S'faarROCHCHA Of the planet
Venus* and 146,568 revolutions of

Of Venus’s 8'ighrochcha
and of Saturn.

the planet Saturn.
33. In a great yuga, there are
No?ii- Moon's Apogee and 408 903 revolutions of the Moon’s
ManpocHcHA (apogee,) and the number
of the retrograde revolutions of the Moon’s ascending nede
is 232,238.
84. There are 1,582,237,828 sidere-
Number of sidereal revo- . . .
lutions and the mode of 8l revolutionsin a great Yuea (asidereal
g}“:}i“;@p‘l};ﬁ;‘;"i‘:ﬁ'%:ﬁ"gs revolution is the time from one rising
of a star to the next at the equator and
it is a sidereal day as mentioned in the twelfth S'toka.) These
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
NE“ ;’fmff:affnf;‘,ﬁ';‘f :,},’3 is equal to the difference between the
that :‘;2‘: additive months  poyolutions of the Moon and those of
the Sun; and the remainder of the
Lunar Months lessened by the Solar months is the number of
ApHiMAsAs (additive months.)
) 36. If the SxvaNA (terrestrial) days
Nglff sﬁ’gf&&;ﬁ"ﬁ;f i,t,h: be subtracted from the Lunar days,
xvea and the defimtion of the remainder constitute the days
Y.
called the TirH1-K8HAYA (subtractive
days.) There the SavaNa days are those in which a S{vana
day or terrestrialt day is equal to the time from sun-rise to
sun-rise (at the equator).
87. Thereare 1,577,917,828 terres-
aaye, O terrostrisland Iana% trig] days and 1,608,000,080 lunar days
in a great YUGA.

"* The revolutions of the Sighrochchas of Mercury and Venus correspond to
their revolutions about the Sun. B. D.

+ A terrestrial day is that which the English call a solar day. B. D.
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38. (In a great vuea) there are
No. additi th d o
that of subltrlavceti!vl;os:ay:. anc 1,593,336 addltlv.e months and
25,082,252 subtractive days.

. 89. There are 51,840,000 Solar
No. of Solar months in a R
YUGa and the way to know months in & great YUaa, and the ter-
the No. of terrestrial daye.  porial days are the sidereal days
diminished by the Sun’s revolutions.

40. The revolutions of the 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 KavLpa,
(because a Karra consists of 1000 great Yuaas.)

41 & 42. In a KaLra, there are

Ap{;:;:i?:gg‘;ﬁg:&f’f the 387 revolutions of the Sun’s Apogee
(about the Earth),204 of Mars’ apogee,

368 of Mercury’s apogee, 900 of Jupiter’s apogee, 535 of
Venus’ 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, 662 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 together the
The number of the solar  voarg of the six Manus, with their six
years elapsed from the time
when the planetary motions SANDHIS, and the SANDHI which lies in
fﬁ:‘ last. ?xf;t,‘;’,,ﬂi‘f end of 1o beginning of the Kavrpa, those of
twenty-seven great Yuaas of the pre-
sent MANU named VArvaswaTa and those of the KRrira Yuaa ;
and subtract from the sum, the said number of years of the
Gods, reduced to solar years, required (by the God Brahm4) in
the creation of the universe, (before the commencement of
the planetary montions,) and the remainder 1,958,720,000 is
the number of solar years before the end of the Kryra vuca.



8 Translation of the

To find the AHARGANA o 48. To 1,953,720,000 the number
;:l:ml‘ig; ::m :el:l‘le:t;iﬁlne(::z; of elapsed years, add the number of
motions commenced to the years elapsed (from the end of the last
present mid-night. Krfra YUGa to the present year;) reduce
the sum to months (by multiplying it by 12 ;) to the result add
the number of lunar months from the beginning of the light half
of the CHAITRA* (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 Yua) and divide the product by
the number of solar months (in a Yuea) ; the quotient, (without
the remainder,) will be the elapsed additive months. Add the
quotient (without the remainder) to the said result, reduce the
sum 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 Yvaa) ;
divide the product by the number of lunar days (in a Yoga) and
the quotient (without the remainder) will be the number of
elapsed subtractive days. Take the number of these 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 LaNg4.+

* That lunar month which ends, when the Sun is in MEsHA (stellar Aries)
the first sign of the Zodiac, is called CHAITRA, and that which terminates when
the Sun is in VRisHABHA (Taurus) the second sign of the Zodiac, is called
Va1g’AkBA and so on. Thus the lunar months correspouding to the twelve signs
Mesha (Aries,) VeIsEABHA (Taurus,) MiTeHUNA (GEMINL) KarkA (Cancer,)
Singa  (Leo,) KanyA (Virgo,) TurA (Libra,) Vris’cHIKA (Scorpio,) DHANU
(Sagittarius,) Makara (Capricornus,) KuMBaA (Aquarius) and Mina (Pisces,)
are CHAITEA, VAIS'AKHA, JYESHTHA, ASHADHA, S’RAvaANA, BHADRAPADA,
As'wiNa, KArTIKA, MArGAS'TRSHA, PAUSHA, MAGHA and PHALGUNA.

If two lunar months terminate when the Sun is only in one sign of the Zodiac,
the second 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.

+ The proof of the process for finding the AEARGANA stated in the S'Lokas
from 48th to 51st will be clearly understood from the following statement.

In order to find the AHARGANA, let the number of the Solar years elapsed be
multiplied by 12 ; and the product is the number of elapsed solar months to the
last mean MESHA SANKRANTI (i. e. the time when the mean Sun enters the first
stellar sign of the Zodiac called stellar Aries ;) to this let the number of passed
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From the number of these elapsed days, the Rulers of the
present day month and year can be krown (by reckoning the
order of them) from the Sun.

Divide the number of elapsed ter-
restrial days by 7, and reckoning the
remainder from the sun-day, the Ruler
of the present day will be found.

To find the Rulers of the 52. .Divide the number of elapsed
present terrestrial monthand  terrestrial days by the number of days
year. in a month and by that in a year (i. e.
by 30 and 860) 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.

To find the Ruler of the
present day.

lunar months CHAITRA, &c., considering them as solar, be added : the sum is the
elapsed solar months up to the time when the Sun enters 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 Yuaa
: the number of additive months in that period
: : the number of solar months just found
: the number of additive months elapsed.

If these additive months with their remainder be added to the solar months
elapsed, the sum will be the number of lunar months to the end of the solar
month ; but we require it to the end of the last lunar month. And as the
remainder of the additive months lies between the end of the lunar month and
that of its corresponding solar month, let 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 lunar
month.

This number of lunar months elapsed, multiplied by 30 and increased by 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 be determined by proportion as follows.

As the number of lunar days in a YUGA

: the number of subtractive days in that period
: : the number of lunar days just found

: the number of subtractive days elapsed.

If 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; 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 at Lank4. B. D.

C
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To find the mean places of 53. Multip ly the number of
the planets at a given mid- elapsed terrestrial days by the number
night at LaNnk4, - . .

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

To find the places of the 54. In the same way, the mean
S'ighrochchas, “apogees and places of the S'feErocHCHA and MAN-
nodes of the planets. : ;

DOCHCHA (apogee) whose direct révo-
lutions (in a KaLpa) are mentioned before, and those of the 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
varofind the present 8ax-  rovolutions 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 V1javA,* you
will find the present SAMvVATSARA.
 An easy method for find- 56. These processes are mentioned
;‘;ﬁnte’:: mean places of the (from 45th S’LoKA to 54th) indetail, but,
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 Krfra YUcA 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
some signs and also degrees).

* Astrologers reckon 60 SAMVATSARAS, V15AYA &c., which answer successively
to the periods required by mean Jupiter to move from one sign to the next. B. D.
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" The lengths of the Earth's 59. The diameter of the Earth is
diameter and its circumfer- 1600 Yosanas. Multiply the square
enee of the diameter by 10, the square-root
of the product will be the circumference of the Earth.

) ) 60. The Earth’s circumference mul-
e,,;l:,he of :;,ﬁ:d E::{ﬁ:'m:f,s tiplied by the sine of co-latitude (of
Des'dnrama® correction in  the given place) and divided by the

radius is the SPHUTA or rectified cir-
cuniiference (i. e. the parallel of latitude) at that place.
i[ultiply the daily motion (in minutes) by the distance of the
given place from the Middle Line 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 LANEA, as mentioned
in S'LoKA 53,) if the given place be east of the Middle Line, 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) RoHfraka,
P Ussavini, KuruksHETRA &c. are at the
Wween Lank{ and the north pole of the Earth, (this line
isCalled the Middle Line of the Earth.)

63, 64 and 65. At the given place

10..T§m?12'1f :};wﬁ?’mm’l if the Moon’s total darkness (in her

eclipse) begins or ends after the instant

when it begins or ends at the Middle Line of the Earth, then

the given place is east of the Middle Line, (but if it begins or

ends) before the instant (when it begins or ends at the Middle
Line, then) the given place is west of the Middle Line.

Find the difference in GHATIEAs between the times (of the
beginnings or ends of the Moon’s total darkness at the given
place and the mid-night, which difference is called the DEs’AN-
TARA GHATIKAS.)

Middle Line of the Earth.

* DEs’ANTARA is the correction necessary to be applied to the place of a
planet in consequence of the longitude of a place, reckoned from the Middle
Line of the Earth or the Meridian of Laxk4. B. D.
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Multiply the rectified circumference of the Earth by this
difference and divide the product by 60. The quotient will be
the east or west distance (in Yosanas) of 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’Loxas 60 and 61).

66. A day of the week begins at
the Des’ANTARA GHATIKAS after or be-
fore the mid-night at the given place
according as it ig east or west of the Middle Line.

67. (If you want to know the place
of a planet at a given time after or
before a given mid-night,) multiply the
daily motion of the planet by the given time in GHATIEAS,
divide the product by 60, and add or subtract the quotient, in
minutes, to or from the place of the planet found at the given
(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 TArk{LIKA 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 g%;th 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 § of that
of the Moon, and that of Mercury, Venus and Saturn is § 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.

To find the instant when
a day of the week begins.

To find the mean place
of a planet at a given time,

End of the 1st chapter of SGryA-sippEANTA called MapaYA.
a1t (which treats of the Rules for finding the mean places of the
planets.)
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CHAPTER II.

Called SpRUTA-GATI which treats of the Rules for finding
the true places of the planets.

Cause of the planetary mo- 1. The Deities, invisible (tO hu-
tions. man sight), named S'feHROCHCHA,
ManpocHCHA (Apogees) and Para (Nodes,) consisting of
(continuous and endless) time, being situated at the ecliptic,
produce the motions of the planets.

2. The Deities, (S'ferrocHCHA and MaNDocHCHA) 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 are to
their right or left.*

3. (Besides this) a (great) wind called PravaBA 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 UcacHA (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 their mean places).

6. In the same way, the Deity node named R{nu by its
power deflects the planet, such 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 cquation is nearer to its
higher apsis (MANDOCHCHA or S’IGHROCHCHA) in its orbit, than the planet’s
unrectified 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 expluin the meaning of the 2nd S’Loxa. B. D.
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point at the ecliptic). This deflection is called ViksHEPA
(celestial 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
P£ras (or nodes) are in the same direction at the same distance
(as mentioned in the preceding SLoxa) fromtheir S'faHEROCHCHAS,
they deflect in the same manner (as mentioned before) by the
attractions of their S'faHROCHCHAS,

9. The attraction of the Sun (by its apogee) is very small
by reason of the bulkiness of its body, but that of the Moon 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 S faurocHCHA and
MaNDoCcHCHA 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 UcncHas) is very great. Thus,
the minor planets, being attracted by their S'fgarocHCHA and
MaxpocucHA and carried by the wind Pravama, move in the
heavens.

12. (And therefore) the motion of
the planets is of eight kinds, i. e.

I.  Vake{ (decreasing retrograde motion).

II. Arivake« (increasing retrograde motion). .

III. Vigawx (stationary).

IV. Maxnp{ (increasing direct motion less than the mean
motion).

V. Manparard (decreasing direct motion less than the
mean motion).

VI. SaMx (mean motion).

VIL. S'feHRATARX or ATIS'fGHRX (increasing direct motion
greater than the mean motion).

Kinds of motion.
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VIII. Sfearx (decreasing direct motion greater than the
mean motion).

13. Of these kinds, the five motions Atis'feura, S'{oHRS,
Manpx, MANDATARAX and SaMA are direct and the two motions
Vaxra and ATIVAKRX are retrograde.

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

The Rule for finding the 15. The eighth part of the number
;"'l‘:gnfz{ ofhory 4% v % of minutes contained in a sign (i. e.
Radius=3438. 1800) 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 sine. A—sin. O =d,;
sin. 2 A—sin. A = dg ;
sin. 3 A—sin. 2 A =d,;
&e. = &e.
sin.n A—sin. (n—1) A = dn;
sin (n1) A—sin.# A = dn 4 1.
Then sice d,—dgy =2 vers A.sin A = R;
dg—d, =2 vers A.sin 2A = R;
dy—d, =2vers A.sin3 A=+ R;
Phe'= &

dn—dn+4 ,=2vers A.sinn A+R;
we have by addition

A
2 yers (sin. A - sin. 2 A 4 ..... + sin. » A) or,
2 vers A

d—dnt, =

sin, A 4 sin.n A—sin. (n 4-1) A =

(sin A 4 sin. 24 ..... +sin. 5 A)

s 8in. (5 4 1) A=sin.n A 4-sin. A
2 vers A
TR

(sin. A 4-sin. 2 A...... 4-8in, ® A.)

Here, A = 3° 45, .", 2_";'_‘ =.0042822 = -3%—5, which is roughly given

the text = 1
in the tex! = 5%
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four sines (in a quadrant of a circle whose radius is 3438).
These are as follows.

17 to 22. 225, 449,671, 890, 1105,
1315, 1520, 1719, 1910, 2093, 2267,
2431, 2585, 2728, 2859, 2978, 3084, 3177, 3256, 3321, 3372,
3409, 3431, 3438, '

Subtract these sines separately from the Radius 3438 in the
inverse order, the remainders will be the versed sines (for
every 3%°).

The sines.

23 to 27. There are 7, 29, 66, 117,
182, 261, 354, 460, 579, 710, 853,
1007, 1171, 1345, 1528, 1719, 1918, 2123, 2333, 2548, 2767,
2989, 3213, 3438, versed sines (in a quadrant).

28. The sine of the (mean) greatest declination, (of each of
the planets)=1307 (the sine of 24°).

The Rule for finding the Multiply the sine (of the longitude of
planet’s (mean) declination g planet) by the said sine 1307 ; divide
from its longitude.  the product by the radius 3438 ; 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 Man-
pocHCHAT and S‘feHRoCHCHA: and the remainders} are the
Kenpras. From the Kenpra determine the quadrant (in
which the Kendra ends,) and the sines of the Brusa and Kor1§
(of the KENDRA).

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

The versed sines.

* The mean declination of a planet is the declination of its comsgonding
point in the ecliptic : but the Sun’s mean declination is the same as his true

_ declination. B.D.

+ ManNpocHCHA is equivalent to the higher apsis. The Sun’s and Moon’s
ManpocHCHAS (higher apsides) are the same as their apogees while the other
planets’ MANDOCHCHAS are equivalent to their aphelions. ﬁ D.

1 The first remainder is called the first KENDRA which corresponds with the
anomaly, and the second, the second KENDRA which is equivalent to the com-
mutation added to or subtracted from 180° as the second KENDRA is greater or
less than 180°. B. D. :

§ The BHUJA of any given arc is that arc, less than 90°, the sine of which is
equal to the sine of that given arc; and the KorI of any arc is the complement
of the BuuJa of that arc. B. D.
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the given arc which falls in the quadrant where it terminates,
but the sine of the Kori (of that arc) is the sine of that arc
which it wants to complete the quadrant where the given arc
ends; and the sine of the BHUJA (of the arc) which ends in an
even quadrant (i. e. 2nd and 4th) is the sine of that arc which
it wants to complete the quadrant where the given arc ends;
but the sine of the Ko1 (of that arc) is the sine of that part of
the given arc which falls in that quadrant where it terminates.

To find the sine of the 31. (Reduce the given degrees &c.,
given degrees &o. to minutes.) Divide the minutes by
225: and the sine (in S’Loxas 17—22) corresponding to the
quotient is called the gaTa (the past) sine, (and the next sine
is called the aaMyA to be past sine): multiply (the remainder
in the said division) by the difference between the Gara and
GAMYA sine and divide the product by 225.

32, Add the quotient to the sine past : (the sum will be the
sine required). 'Thisis the Rule for finding the right sines
(of the given degrees &c.) In the same way, the versed sines
(of the given degrees &c.) can be found.

Given the sine to find its 33. Subtract the (next less) sine
arc. (from the given sine) ; multiply the re-
mainder by 225 and divide the product by the difference
(between the next less and greater sines) : add the quotient to
the product of 225, and that number (which corresponds to the
next less sine) ; the sum will be (the number of minutes con-
tained in) the arc (required).

Dimensions of the lst 34. There are fourteen degrees (of
;E;‘:f:lf: aﬁér e?;" Ofs‘:]l:e ‘;‘g the concentric) in the periphery of the
ferent or concentric. MANDA or first epicycle of the Sun, and
thirty-two degrees (in the periphery of the 1st epicycle) of the
Moon, when these epicycles are described at the end of an even
quadrant (of the concentric or on the Line of the Apsides.)
But when they are described at the end of an odd quadrant
(of the concentric, or on the diameter of the concentric per-
pendicular to the Line of the Apsides) the degrees in both are

D
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diminished by twenty minutes; (then the degrees in the pe-
riphery of the Sun’s epicycle=18° 40" and in that of the
Moon’s=381° 40".)

Dimonsions of the 18t epi- 35. There are 75, 30, 33, 12 and

gyecglgesogft‘ll]; :::;nfgz in 49, (degrees of the concentric in the

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

Dimensions of the 2nd 86. There are 235, 133, 70, 262
epicycles of Mars &. and 39 (degrees of the concentric) in
the peripheries of the S'iaura or second epicycles of Mars &c.,
at the end of an even quadrant (of the concentric).

87. At the end of an odd quadrant (of the concentric,) there
are 232, 182, 72, 260, 40 degrees of the concentric in the -peri-
pheries of the second epicycles of Mars &c.

Given tho KxxpEA of & 88. Take the difference between
Planct, 1o find_the P‘i‘;{;ﬁ:‘; the peripheries of epicycles of a planet
ry of the epicycle. at the ends of an even and an odd
quadrant ; multiply it by the sine of the Bmusa (of the given
KeNDRA of the 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 even quadrant according as it is less or
greater than that which is at the end of an odd quadrant: the
result will be the SpHUTA or rectified periphery (of the epicycle
of the planet.) : )

Given tho 1st or 2na 09+ Multiply the sines of the Bru-
51?1]::‘02{ 2 é)l;g}:?rirﬁ 7a and Korr1 (of the given 1st and 2nd
La and Kot1-pEaLA and the KENDRA of a planet) by the rectified
1st equation of the planet.  orinhery (of the 1st and 2nd epicycle
of the planet), and divide the products by the degrees in a
circle or 360° (the quotients are called the 1st or 2nd Brusa-
- pHALA and KoT1-PHALA respectively). Find the arc whose sine
is equal to the lst Brusa-pHALA : the number of the minutes
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contained in this arc is tho MANDA-pHALA¥ (or the 1st equation
of the planet.)

To find the 2nd equation 40. Find the 2nd KoT1-PHALA gfrom
of the minor planets Mars a planet’s 2nd KENDRA as mentioned
se. before :) it is to be added to the radius
when the Kendra is less than 3 signs or greater than 9 signs,
but when the KeNDRA is greater than 3 signs and less than 9,
(then the 2nd!KoTI-pHALA) i8 to be subtracted (from the radius).

41. Add the square of the result (just found) to that of
the sine of the 2nd Brusa-PHALA : the square root of the sum
is the S’faERA-KARNA or 2nd hypothenuse.t

Find the (2nd) Brusa-pHALA 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. Find the arc whose sine is equal to the quotient (just
found) ; the number of the minutes contained in the arc is
called the S/farrA-PHALAL (0or 2nd equation of the planet.)

: The 2nd equation of Mars &c. is employed in the first and
fourth operations (which will be explained in the sequel).
" o find the true places of 43. (In order to find the true places
the Sun, the Moon and other of the Sun and Moon,) a single ope-
planets, . .
ration called MANDA (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'Loxa, to their mean places: thus you have the true
places of the Sun and Moon).

But in respect of Mars &c. 1st S'feHRA operation (or operation
of finding the 2nd equation,) 2nd MANDA operation, 3rd MANDA
operation, and 4th S’feERA operation, are to be employed
successively.,

* MANDA-PHATA is the same as the equation of the centre of a planet. B. D,

+ The S'i@HRA-KARNA or 2nd hypothenuse is equivalent to the distance (in
minutes) of the planet from the Earth’s centre. B. D.

1 SieurRA-PHALA or 2nd equation is equivalent to the annual parallax of the
superior planets ; and the elongation of the inferior planets. B. D.

D 2
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44. Find the second equation (from the mean place of a
planet :) 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 it to the mean place of the planet and (to that
rectified mean place)* apply the whole of the 2nd equation
(found from the rectified mean place: thus you will find the
true place of the planet).

How the 1st and 2nq 10+ In the S'feEra and Manpa
equations of the plunets are operations, the (second or first) equa-
to be applied. . . . .

tion of a planet in minutes is to be
additive when the (second or first) Kexpra (of the planet) is less
than 6 signs; but when it is greater than 6 signs, the (2nd or
1st) equation is to be subtractive.

_ The BAUsiNTARAY correc- 46. Multiply the diurnal motion
tion in minutcs. of a planet by the number of minutes
contained in the first equation of the 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 as the
Sun’s equation is additive or subtractive, to or from the place
of the planet (which is found from the AHARGANA at the mean
mid-night at LANk{, the result will be the place of the planet
at the true mid-night at Lank4.)

47. Subtract the diurnal motion of the Apogee of the
Moon from her mean diurnal motion ; (the remainder will be
the Moon’s motion from her apogee;) from this remainder
find the 1st 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 MaNDA sPHUTA place.
The Manpa-sPEUTA places of Mars, Jupiter and Saturn correspond with their
heliocentric places. B. D.

+ The BHUJANTARA correction is to be applied to the place of a planet found
from the AmaRGaNA for finding the place of the planet at the true mid-night at

LaNx4, arising from that portion of the equation of time which is due to the
unequal motion of the Sun in the Ecliptic. B.D.
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Find the true diurnsl  48. In the MANDA operation, find
ﬁ%ﬁﬁ":n do{hatheANi‘i?Sptl‘::x(} the (first) equation of a planet’s diurnal
ta motions of the others. motion from the motion itself, in the
same way in which the planet’s first equation is found.

(Take the difference between the eaTA and .GAMYA sines
which have been found in finding the sine of the first KExDRA
of the planet) ; by the difference between the sines (¢ara and
6AMYA) 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 the
first KENDRA is greater than 3 signs and less than 9; but
when the first KeNDRrA is greater than 9 signs or less than 3,
subtract the equation of the motion from it: (thus you have
the true diurnal motions of the Sun and Moon, and the MANDA-
SPHUTA motions of the others which are equivalent to their
heliocentric motions.)

To find the true diurnal 50. Subtract the MaNDA-sPHUTA di-
motion of a minor planet. urnal motion of a (minor) planet from
its 8'fearROCHCHA’S diurnal motion, and multiply the 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 MANDA-sPHUTA motion of the planet) when
the 2nd hypothenuse is greater than the radius ;* but when
it is less than the radius subtract the quotient (from the
MANDA-SPHUTA motion, the result will be the true motion of the
planet). (But in the latter case), if the quotient be greater
(than the MANDA-sPHUTA motion,) subtract (the MANDA-sPHUTA
motion from the quotient) ; the remainder will be the retro-
grade motion of the planet.

* Notes on 50 and 51. Some commentators of the S¢ryA SIDDUANTA under-

:tand bﬁ the term radius the cosine of the 2nd equation found in the 4th opera-
ion
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The cause of the retrogres- 52. When a planct is at a great
sion of the plancts. distance (more than 3 signs) from its
S’farrocHcHA and (therefore) its body is attracted by the loose
reins (borne by the S'fagrocHCHA,) to its left or right, then the
planet’s motion becomes retrograde.

When the planets began 53 and 54. The planets Mars, .and
fé’;ﬁ'{ﬁ%&“i&iﬁ;&?ﬂ they others (i. e. Mars, Mercury, Jupiter,

’ Venus and Saturn) get the retrograde
motion about the same time when the degrees of (their 2nd)
KEenDRaAs, found in the 4th operation, are equal to 164, 144, 130,
163 and 115 (respectively) : and when the degrees of (their 2nd)
KENDRAS are equal to the remainders (196, 216, 230, 197 and
245,) 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 KENDRA) 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 KENDRA)=8 signs, and Saturn leaves its retro-
gression when (its 2nd KENDRA)=9 signs.

To find the latitude of a 56. Add or subtract the 2nd equa-
planct. tions of Mars, Saturn and Jupiter
(found in the 4th operation) to or from their nodes according
as 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 1st equations are subtractive
or additive respectively (the results are the rectified nodes).

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

T Notes on 56 and 57. It 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. B. D. :
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the argument of latitude of a planet); multiply it by the
(greatest) latitude of the planet (mentioned in S'Loka 70th of
1st Chapter) and divide the product by the 2nd hypothenuse
found in the 4th operation ; but in respect of the Moon divide
it by the radius: the quotient will be the latitude (of the

planet).
Mo find_the true declina- 58. The (mean) declination (of a
tion of a 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 Sun’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 minutes) of a planet by the number
of PrAxas which the 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 the quotient, in PrANAs, to the number of the
Pri{nas contained in a (sidereal) day : the sum will be the
number of PrANAs contained in the day and night of that
planet (at the given place).

Given tho declination, to | 60. Find the right. and versed
find the radius of the diur- gines of the declination (of a planet) :
nal circle. . take the versed sine (just found) from
the radius, the remainder will be the radius of the diurnal
circle south or north of the equinoctial. (This radius is called

Drusx4).
‘To find the ascensional 61. Multiply the sine of declination
difference. (above found) by the length (in digits)

of the equinoctial shadow,* divide the product by 12, the
quotient is the Kusva :+ The Kusv£ multiplied by the radius

* The equinoctial shadow is the shadow of a vertical gnomon of 12 digits
when the Sun is in the e?uinoctial at the mid-day at a given place. B. D.

+ KuavA4 is the sine of that arc of a diurnal circle which is intercepted betwoen
the Horizon and the six o’clock line. B, D.



24 Translation of the

and divided by the Dyusv{ (above found) becomes the sine of
the ascensional difference. The arc of that sine (in minutes)
is the ascensional difference in Pranas.

To find the lengths of the 62. Add and subtract the ascen-
day and night of a planet sional difference to and from the fourth
and a fixed star. .

part of the length of the day and night
of the planet (as found in s'Loka 59) separately, the results
will be lengths of the half day and half night respectively of
the planet when its declination is north.

63. But when the planet’s declination is south, the reverse
of this takes place (i. e. the results, just found, will be 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 the same way, the lengths of the day and night of any
fixed star can be 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 BroGa of & NAKsHA- 64. The Bua-BHOGA (or the space of
R4 and TITHL a NAKSHATRA or an Asterism) contains
800’ minutes, and the Baoga of a TiTHI (or the space which the
Moon describes from the Sun in tithi or lunar day) contains
720" minutes.

Mo find the Nagsmarza  Lhe place of a planet, reduced to
in which a planet is at & minutes, divided by the BraBHOGA or
given time. 800°, gives the number of those NAk-
SHATRA or Asterisms (counted from As'winf which are passed by
the planet: and the remainder is that portion of the present
NaksHATRA which is passed by the planet.) (This remainder
divided) by the diurnal motion (of the planet) gives the quotient
in the days, eEATIEAS, &c. which the planet has taken to pass
that portion of the present NAkSHATRA.

To find the Yoaa® at a 65. The sum of the places of the
given time. Sun and Moon (found at a given time,)

* Yoaa is a period of time in which the sum of the places of the Sun and
Moon increascs by 13° 20’ or 800°. B. D.
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reduced to minutes, is to be divided by the Bma-BHOGA (Or
800.) The quotient is the number of the elapsed Yocas
(counted from VisEkarUBHA): (The remainder is called the
6ATA of the present Yoaa, and the Bra-sHOGA (or 800") dimi-
nished by the aara is called the Gamya of that voea.) The
eata and eaMyA 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 cHATIKAS
(respectively of the present Yoaa at the given time.)

Mo find the lunar day at a .66. Take the place of the Sun from
given time. that of the Moon (found at a given
time) ; divide the remainder, reduced to minutes, by the
Broaga (of a TrTHI Or 720’ ; the quotient is the number of the
elapsed tithis or lunar days.) (The remainder is the gATA of the
present titaI, and the Broca of a TiTaI diminished by the aaTa
is the gamMva of the present TiTHI.) The GATA and cAMYA of the
present TiTHI, 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 GHATIKAS (respectively
of the present TiTH1 at the given time).

67. The four invariable Karayas
called S’Aruni, Naga, CHATUsHPADA
and KiNsTuGHENA (always appropriate to themselves succes-
sively the halves of the TiTmis,) from the latter half of the
fourteenth TITHI of the dark half (of a lunar month to the first
half of the first TITHI of the light half of the next lunar month
inclusive).

Invariable KanAnas,

68. And the seven variable Kara-
NAs, Bava* &c. afterwards succeed
each other regularly, through eight repetitions in a (lunar)
month.

Variable KARANAS,

* 1. Bava., 2. Birva. 3, KavravA. 4. Tarmina. 5. GARAJA, 6. VanI-
JA. 7. BEaDRA. B.D.
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69. It is to be known that all the Karaxas answer sncces-

sively to half of a TITHI.
(O Mava,) thus I have explained to you the Rules for finding
the true places of the heavenly bodies, the Sun &c.

End of the 2nd Chapter of the SURYA-SIDDHANTA.

CHAPTER III.

Called the TrIPRAS'NA, which treats of the Rules for 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 on the levelled floor of
the points of the Horizon. 1, nam work, 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

(vespectively).
Then, draw a line through the TiMr* formed between the

® To draw a line perpendicular to and bisecting the line joining two given
points, it is 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 line required. In this coustruction, the space
contained by the intersecting arcs is called TIMI “a fish,” on account of its form.
It is evident that the line drawn through the TIMI formed between two given
points, must be perpendicular to and bisect the line which joins the given
points. B. D,
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(said) east and west points, and it will be the north and south
line or the Meridian Line. )

4. And thus, draw a line through the TiMr formed between
the north and south points of the Meridian Line; this line will
be the east and west line.

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

Given the Gnomonic sha- 5. (In order to find the direction
dow and its BuUJa, to find of a given shadow of the Gnomon at a
the direction of the shadow. . . . . .
given time, describe a circle in the
plane of the Horizon with a radius whose length is equal
to that of the given shadow and at its circumference
determine the points of the Horizon, the Meridian and
east and west lines as mentioned before:) Then describe a
square about the said circle through the lines drawn from the
centre (of the circle to the points of the 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
a line (as a sine,) equal to Brusa* (of the given shadow and
perpendicular to the east and west line towards the north or
south according as the Brusa 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 east and west points
of the Horizon.

* The distance (in digits) of the end of the shadow of the Gnomon (which is
placed at the intersecting point of the Meridian and east and west line) is called
the BEUJA (of the shadow morth or south according as the end of the shadow is
north or south of the east and west line : and the distance of the end of the shadow
from the Meridian Line is called the Kot (of the shadow) east or west according
as the end of the shadow is east or west of the Meridian Line. B. D.

E 2
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To find the sine of ampli- 7. (In the said circle)* from the
tude reduced to the hypo- . .
thenuse of the given shadow. €ast and west line (to its north) at a

distance equal to the equinoctial shadow, draw another line
parallel to the former; the distance between the end of the

#* Note on the 7th 8’Loxa. c _z

Let Z G N H be the
plane of the Meridian of the
given place of north lati-
tude; end in that plane
let G A H be the diame-
ter of the Horizon, Z the
zenith, P and Q the north oA
and south poles, E A F the
diameter of the Equinoc-
tial, P A Q that of the six
o’clock line, Z A N that of € - =
the Prime vertical, C a D
that of one of the diurnal
circle in which the Sun is
supposed to revolve at the
given day and s the projec- &
tion of the Sun’s place : and
let 8 ¢, 8 b be the perpendi-
culars to Z N, G H respec- o
tively.

Then, A a = AGRA or ¥
the sine of the Sun’s am- N
plitude ;

8 b = SANKU or the sine of the Sun’s altitude;

csor A b= BHUJA or the sine of the distance of the Sun from the Prime
Vertical measured on a great circle passing through the Sun and at right angles
to the Prime Vertical,

a b = S'ANKUTALA or the distance of the perpendicular drawn from the Sun’s
place to the horizontal plane, from the line (called the UpAYASTA-SUTRA in
Sanskrit) in which the plane of the Horizon intersects that of the diurnal circle :

. and it is evident from the figure that
Aa=ab+ Ab:
Lo or AgrA = S'ANKUTALA = BHUJA:
in this the upper or lower sign must evidently be used according as the Sun is
north or south of the Prime Vertical.

Now if these Aerf, S’ANKUTALA and BEUJA which are in terms of the radius
of a great circle, be reduced to the hypothenuse of the gnomonic shadow at the
given time, it is clear that the reduced BEUJA will be equal to the distance of
the end of the shadow from the east and west line, but the reduced SANKUTALA
will equal the Equinoctial shadow. It is showed thus: ' ’

let R = the radius of a great circle :

h = the hypothenuse of the shadow ;
12R
then,2: R =12:5%, .. 80 = —;
3

—{¢

F

Now, in the triangle s a b *.* / @ & b = the latitude of the given place;
a b  thesine of latitude the Equinoctial shadow

s b the cos. of latitude— 12
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given shadow and the latter line is equal to the sine of ampli-
tude (reduced to the hypothenuse of the given shadow).

Given the shadow to find 8. The square-root of the sum of
its hypothenuse. the squares (of the lengths) of the
Gnomon and the given shadow is called the hypothenuse of the
shadow : from the square of the hypothenuse subtract the
square of the Gnomon ; the square-root of the remainder will
be equal to the shadow; and the length of the Gnomon is to
be known (from the shadow) by the inverse calculation.

The precession of the 9. The circle of Asterisms librates
equinoxes. 600 times in a great Yuca (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 Yuga is 600 which
answers to 600,000 in a Kavrpa).

Multiplying the AEARGANA (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 Brusa of the rest
(i. e. signs, degrees &c.as mentioned in S'Loka 30th of the 2nd
Chapter). The Bruja (just found) multiplied by 8 and divided
by 10* gives the degrees &c. called the Ayana (this is the same
with the amountt of the precession of the equinoxes).

k the Equinoctial shadow
or abxX—= H
12 R 12
k
% ab X — or the reduced 8’ANKUTALA = the Equinoctial shadow ;
R

.. The reduced sine of amplitude
= the Equinoctial shadow % the reduced BHUJA ; this explains the
7th 8’Loka. B. D
* 27°:90°. B.D.
t This is the distunce of the Stellar Aries from the vernal equinox. B, D,
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Add or subtract the amount of the precession of the equi-
noxes (according as the asterisms 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 &c.

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 as 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. e. 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).

12. At a given place, when the
Sun comes to the equinoctial, the sha-
dow (of the Gnomon of 12 digits) cast on the Meridian Line
at noon is called the PataBaL or the equinoctial shadow (for
that place).

The equinoctial shadow.

A e . .

Given the equinoctial sha- 13. The Radius multiplied by the

dow, to ﬁr&d the co-latitude Gnomon (or 12) and the equinoctial

titude. ..
and latitude 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 southt (at the given
place from whose zenith the equinoctial circle is inclined to the
south).

Given the Gnomon's sha- 14 and 15. The Brusa of the sha-
Sﬁ:aazn',':g"ﬁ:;?hiulﬁ;t:3; dow of the Gnomon at noon is the
of the place. same as the shadow itself. Multiply

® The equinoctial hypothenuse is the 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.

+ The south latitudes of Sanskrit correspond to the north latitudes of the
Europeans, B. D. .
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the Radius by that Brusa and divide the product by the hypo-
thenuse of the said shadow ; the quotient will be the sine of
the zenith distance: the zenith distance, found from that sine
in minutes, is north or south according as the Bausa is south
or north respectively (at a given place). Find the sum of the
zenith distance and the Sun’s declination in minutes when
they are both of the same name, but when they are of contrary
names, find the difference between them. This sum or differ-
ence is the latitude in minutes (at the given place).

To find the equinoctial 16. Find the sine of the latitude,
shadow from the latitude.  (iugt found) ; take the square of that
sine from that of the Radius; 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 the
ParaBa« or the equinoctial shadow.

Given the latitude of the 17. Find the difference between the

{,’Q:f;,;“,‘,’t ,tll;z:u::)sﬁ:fi";:il; degrees of the latitude (at a given place)

declination and longitude.  and those of the 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 1897) : 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 Ecliptic :
but when he is in the second or third quarter, subtract or add
the signs &c. (contained in the 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 the fourth quarter of the
Ecliptic subtract the signs &c. (which compose the arc) from
12 signs; the remainder will be the true longitude of the Sun
at noon.

(To the longitude, just found, apply the amount of the pre-
cession of the equinoxes inversely for the Sun’s trve place.)
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To find the Sun’s mesn  (In order to find the mean place of
Place from his true place. {6 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 the Sun (that is, assume the true place as his mean place,
find the Sun’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 the 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
51‘?5:'"‘,‘1 the declination of 5 oiven place and the Sun’s declination
distar:ce 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's zemith 21. The sine (just found) and the
distance at noon, to find the Radius multiplied by the length of the
shadow and its hypothenuse. Gnomon in digits (or by 12) an d di-
vided by the cosine (above found) give the shadow of the
Gnomon and its hypothenuse (respectively) at noon.

Given the Sun’s declina- 22, The sine of the Sun’s declina-

ﬁi,’;‘;,‘;:‘fd:"ﬁ?’t;‘; find his  tion 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 the equinoctial sha- 23. To this reduced sine of the
f;;]m%:}‘:orgiﬁcﬁ:iﬁzg Sun’s amplitude add the equinoctial
34 shadow ; the sum will be the north

Brusa (of the shadow at the given time) when the Sun is
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in the southern hemisphere, but when he is in the northern
hemisphere, take the reduced sine of amplitude from the
equinoctial shadow, and the remainder will be the north
Bauia.

24. In the latter case, when the reduced sine of amplitude
is greater than the equinoctial shadow, subtract this shadow
from the reduced sine; the remainder will be the south BHuJA
between east and west line and the end of the shadow at the
given time. Every day the Brusa at noon equals the Gno-
mon’s shadow at that time. -

25. Multiply the cosine of the lati-

Given the latitude and o g, by the Equinoctial shadow or the

the Sun’s declination, to find
the hypothenuse of the sha-  &ing of the latitude by 12 ; the product

dow at the time when the

Sun reaches the Prime Verti- (which is the same in both cases)
cl. divided by the sine of the Sun’s de-
clination gives the hypothenuse of the gnomonic shadow at the
time when the Sun reaches the prime vertical *

26. 'When the (Sun’s) north declin-
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) hypothenuset (which is found in the
preceding S’LOEKA).

Otherwise.

* This is shown thus,
Let I = latitude of the place ;
e = the equinoctial shadow ;

d = the sine of the Sun’s declination ;} when the Sun reaches the prime

= .. .. altitude; vertical

P = ceeiictccnnanas
z = the hypothenuse of the shadow ;
Then, sin I:d=2R: p;
and R:p= x:12;
12sinl e cos i

S =

(because cos :8in ! =12: ! and .. e. cos{ =
d d 12 sin 7).
+ This is proved thus.
Let & = the hypothenuse of the shadow at noon ;
a == the sine of amplitude reduced to that hyp.

eR
*. —— = the sine of amplitude in terms of the radius.
k

F
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27. The sine of the declination (of the Sun) multiplied by
the radius and divided by the cosine of the latitude becomes
the sine of amplitude. Multiply this sine by the hypothenuse
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 hypothenuse of the shadow at the given
time).

Givem the oquinoctial sha- 28.and 29. S.ubtract the square of
dow and the Sun’s ampli- the sine of amphtude from the half of
tude, to find his altitude y . :
when situated in the vertical D€ Square of the radius; multiply
gi;ct}fngg ;’shics‘;. the azimuth 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 Karanf. ILet
the calculator write down this number (for future reference).

30. Multiply twelve times the equinoctial shadow by the
sine of amplitude and divide the product by the former divisor
(i. e. 72 added to the square of the equinoctial shadow). Let
the result be called the PraLa. Add the square of the Karanf
to the PHALA and take the square-root of the sum.

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

aR
Then — : p (the sine of the Sun’s altitude when he is at the prime vertical)
h
= cos ! : sin ! = e (equinoctial shadow) : 12;
12aR

.
)

he
and .. p : R = 12 : # (the hypothenuse of the Sun’s shadow when he reaches

the prime vertical) :
12R he he
& = —— =12 R K =——— = —— ; supposing the Sun’s declination to
? 12 ¢ R a undergo no change during the

day.
® This is demonstrated thus.
Let e = the equinoctial shadow,
a = the sine of amplitude,
k = the Karanf,
J = the PHALA,
and & = the Koya-8’aNxu,



Surya-Siddhanta. 35

altitude of the Sun when situated at an intermediate vertical
(intersecting 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’anku will be south-east or south-west, but if
he be north of it, then it will be north-east or north-west.
The square-root of the difference between the square of the
Koxas’ankvu and that of the radius, is called the Drrcix£{ or
the sine of the zenith distance.

83. Multiply the (said) sine of the zenith distance and the
radius by 12 and divide the products by the KonA-s'ANKD
(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: ¢ = & : —— z = S'AUXUTALA (as shown in the note on 7th S'Loka) ;
12

and since it is manifest from the same note that the 8’AUxUTALA applied with
the sine of amplitude by addition or subtraction according as the Sun is south
or north of the equinoctial, becomes BEUJA (. e. the sine of the Sun’s distance
from the prime vertical),
e
. = 2+ a = BHUJA;

12
but 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 BHUJA and the other equal to it, is the sine of
the zenith distance. )
e ( e ) e? " ae .

S hyp)=2(—2+a)=—2a'*+ — 24 2a
P 12 7 3

Now, since the square of the sine of the zenith distance added to the square
of the sine of the altitude is equal to the square of the radius,
e? ae
Szttt —— 2+ 2a'=R;
: 72 8
or (24 72) 2+ 24aex="72R*— 144 a*;
24ae 72 R*— 144 a® 144 (3 R* —a')
stk T = = .
et 472 et 472 et 4 72

Now, in the foregoing equation it will be observed that the value of the side
containing the known quantities is what has been already spoken of under the
name of KarAnf, and that the half of the co-efficient of # is what has been already
spoken of under the name of PHALA,

Stk 2fr=Fk,
which gives z=4/f*4+k £f B.D.
F 2




36 Translation of the

The latitude of the place 34. Add or subtract the sine of
;:gjgt;zefﬂg; ngetclling‘tlinq: the ascensional difference to or from
altitude, Zenith distance &. the radius according as the Sun is in
at given time from noon. the northern or southern hemisphere.
The result is called the ANTYA. From the ANTYA subtract the
versed sine of the time from noon (reduced to degrees) ; Multi-
ply the remainder by the cosine of the declination.

35 and 36. Divide the product, (thus found), by the radius;
the quotient is called the cHHEDA ; the cHHEDA multiplied by
the cosine of latitude and divided by the radius becomes the
S’ANKU* or the sine of the Sun’s altitude (at the given time).
Subtract the square of the S'ANKU from that of the radius;
the square root of the remainder is DRIG-JYX or the sine of the
zenith distance (at the given time). (From the s’aNku and the
DR]G-JYA) find the shadow and its hypothenuse as mentioned
before (in S'Loka 32).

Given the gnomonical Multiply the radius by t:h'e' given
:2aéigsvt1:dti‘gehagﬁh::::e, shadow (of the gnomon) and divide the

" product by the shadow’s hypothenuse.

# This will be manifest thus.
Let 7 = latitude of the place north of the equator ;
d = the Sun’s declination ;
a = the ascensional difference,
¢t = the time from noon in degrees,
and z = the Sun’s altitude.
Then we have the equation which is very common :

cos ¢. cos l. cos d + R.sin Lsind.

sin 2 = 5
Re
tan l. tan ¢
(cos t & ——) cos Z. cos &
(cos ¢ + sin a) cos Z cos @
= - ;
(R tsina—verst)cosd cosd
or = . —
R R

It is to be observed here, that when the latitude of the place is north, the sin
a becomes plus or minus according as the declination is north or south, B. D.
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87. The quotient is the Dr1G-1¥£ ; the square-root of the
square of the radius diminished by that of the Drig-sv£ (just
found), is the 8’ANKU: multiply it by the radius and divide the
product by the cosine of latitude (of the place).

88 and 39. The result (thus found) is the cHHEDA ; multiply
the cEBEEDA by the radius; divide the product by the cosine
of the declination. Subtract the quotient from the ANty and
take the remainder. From the versed sines (given in s’LOKAs
23—27 of the second chapter) find the arc whose versed sine
equals the remainder : The minutes contained in the arc are
the PrAyAs in the time before or after noon.*

Given the latitude of the Multiply the cosine of latitud'e by
5}";‘; :)ll]idtu‘dhe? rte(;*“‘f’i’;i‘ sme  the given reduced sine of ampht:,ude
Bun’s declination and longi- and divide the product by the given
fade. 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'Loxas 18 and 19
of this Chapter).

To draw a line in which 41. On any dz'zy place a vertical
the Gnomonic shadow’s end gnomon on an horizontal plane ; mark
revolves. the end of the shadow at three dif-
ferent times on the 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.t ‘

* This Rule is the converse of the preceding one. B. D.

4 This Rule is refuted by BEAsKARACHARYA in his GoLADEYAYA, and lie is
right, because the end of the gnomonical shadow revolves in an hyperbola in the
places between the arctio and antarctic circles. B. D
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To find the right ascen- 42. (In order to find the right
zifOEI:eOIfES}; ggt three signs ascensions 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 the sines of thearcs; 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. The number of minutes con-
of those signsat the Equator.  oineq in the first right ascension,
(above found), is the number of Prinas which Aries takes in
its rising at LANKX (or the equator) ; then take the first right
ascension from the second and the second from the third; the
remainders in minutes will denote the numbers of Prinas in
which Taurus and Gemini rise at the equator.

(The numbers of the Pranas, thus found, contained in the
rising periods of Aries, Taurus and Gemini at the equator are)
1670, 1795 and 1935 (respectively).

To find the rising periods (In order to find the rising periods
of those signs at a given of the first three signs of the ecliptic
place at a given place of N. L., find at
first the ascensional differences of the ends of the said signs
at that place and subtract the first ascensional difference from
the second and the second from the third. The first ascen-
sional difference and these remainders are severally called the
CuARAKEHANDAS of the said signs for the given place). Sub-
tract the CHARAKHANDAS (of the first three signs) for the given
place from their rising periods at the equator : the remainders
will be the rising periods in Pr{yas of the said signs at the
given place.

To find the rising periods 44. The rising periods of the first
of the rest. three signs of the ecliptic at the
Equator successively increased by their CHARAKHANDAS give in
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a contrary order the rising periods of the following three
signs (i. e. Cancer, Leo 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.

o find tho Horoscone oF 45. From the Sun’s longitude as-
the point of the ec]ipticp just certained at the given time, find the
Tising at agiven time from  Brygra and BHoGYA times in PrANAs,

(in the following manner. Find the
sign in which the Sun is and find the BrukTA degrees or the
degrees which the Sun has passed and the BHogYa degrees or
those which he has to pass). Multiply the numbers of the
Brukra and Broava 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 BHUETA time in PraNAS in which the
Sun has passed the BEukTa degrees, and the latter is the BEoGYA
time in PrAyAs in which he has to pass the Broaya degrees.)

46 and 47. From the given time in PrANas (at the end of
which the Horoscope is to be found) subtract the BroaYA 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’UpDHA sign or the sign incapable of
being subtracted, and its rising period the As'UDDHA rising).
Multiply the remainder thus found by 80 and divide the
product by the As'uppHA rising period: add the quotient, in
degrees, to the preceding signs (to the As'UDDHA sign) reckoned
from Aries: (and to the 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 the Horoscope* at the eastern horizon.
If the time at the end of which the Horoscope is to be found,

* Thus there are two processes for finding the Horoscope, one when the given
time is after sun-rise and the other when it is before sun-rise, and which are

consequently called Krama or direct and VyGULkRAMA or indirect processcs
respectively. B, D.
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be given before sun-rise, then take the BaukTa time (above
found) and the rising periods of the preceding signs, to that
which is occupied by the Sun) in a contrary order from the
given time; multiply the remainder by 30 and divide the
product by the As'UDDHA rising period ; subtract the quotient,
in degrees, from the signs (reckoned from Aries to the As'Up-
DHA sign inclusive) ; the remainder (inversely applied with the
amount of the precession of the equinoxes) will be the place of
the Horoscope at the eastern horizon.

To find the culminating 48. From the time, in GHATIKAS,
point of the Ecliptic at the from noon, before or after, the Sun’s
given imo from noon. place found at the given time, and
the rising periods of the signs ascertained for the equator, find
the arc, in signs, degrees, &c. (intercepted between the 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  49. (Of the given place of the
g&“&%ﬁ;ﬁgﬁ:ﬁ:&?ﬁ Horoscope and that of the Sun), find
sun-rise. the BHocYa time in PrAnas, of the
less and the BEUKTA time, in PrANAs 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 (from sun-rise at the
end of which the given place of the Horoscope is just rising in
the 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 be 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
Sun added to 6 signs will be after sun-set.

End of the third Chapter called the TripRAS'NA.
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CHAPTER 1V.
On the Eclipses of the Moon.

: . 1. The diameter of the Sun’s orb

The diamcters of the Sun
and Moon in yosanas and is 6,500 vosanas and that of the
their rectification. Moon’s is 480 YOoJANAS.

2 and 3. The diameters of the Sun and Moon multiplied
by their true diurnal motions and divided by (their) mean
diurnal motions become the sPHUTA or rectified diameters.

%o find the Sun's dismeter The rectified diameter of the Sun
at the Moon and their dia- multiplied by his revolutions (in a
weters in miuutes. Karra) 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.

The diameter of the Sun at the Moon’s orbit and the Moon’s
rectified diameter divided by 15, give the nnmbers of minutes
contained in the diameters (of the dlSCS of the Sun and the
Moon respectively).

To find the diameter of 4 and 5. Multiply the true diurnal
the Earth’s shadow at the motion of the Moon by the Earth’s
Moon. diameter (or 1,600) and divide the
product by her mean diurnal motion ; the quantity obtained is
called the SGenf. Multiply the difference between 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 Stcmf
the remainder will be the diameter (in YosaNAs) of the Earth’s
shadow (at the moon); reduce. it to minutes as mentioned
before (i. e. by dividing it by 15).

To find the probable times 6. The Earth’s shadow (always)
of the ocourrences of eclipses.  remaing at the distance of 6 signs from
the Sun. When the place of the Moon’s ascending node equals

the place of the shadow or that of the Sun, there will be an
G
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eclipse (lunar or solar). Or when that node is beyond or within
the place of the shadow or that of the Sun, by some degrees,
the same thing will take place.

7. 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 they are at the distance
of 6 signs from each other.

To reduce the places of & (Find the changes of the places of
the Sun, the Moon and her the Sun, the Moon and her ascending
ascending node as given at . . il .
mid-night to the instant of node in the instant from midnight to
the syzygy. the instant of the syzygy as men-
tioned in 8'LOKA 67th of lst 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 saMa-KALA places of the Sun and the Moon : But increase
the place 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,

What covers the Sun and 9. The Moon being like a cloud in
the Moon in their eclipses. g Jower gphere covers the Sun (in 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
an eclipse. the time of syzygy) from half the sum
of the diamseter of that which is to be covered and that of the
coverer (in a lunar or golar eclipse) ; the remainder is the
greatest quantity of the eclipsed part of the disc.

To ascertain the ocourrence 11. If this quantity should be
of a total, partial or no greater than the diameter of the disc
eclipse. which is 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) therp cannot be an eclipse,
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To find the half duration 12. Find the halves separately of
of the eclipse and that of the the sum and difference of the diameter
total darkness. of 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 syzygy) severally from
the squares of the half sum and the half difference and take
the square-roots of the results.

18. These roots multiplied by 60 and divided by the
diurnal motion of the Moon from the Sun give the StaITYARDHA
the half duration of the Eclipse and MARDARDHA the half dura-
tion of the total darkness in GHATIKAS (respectively).

To find the exact STHITY- 14 and 15. The diurnal motions (of
AmdHa and MamDARDHA. 1o Qun, the Moon and her ascending
node) multiplied by the StITYARDHA (above found) in GHATI-
k&s and divided by 60 give their changes in minutes. Then to
find the first exact STHITYARDHA, 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 StmiryarpHA. This STaAiTYARDHA 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 you get the same STHITYARDHA in every repeti-
tion. This StaITYARDHA Will be the exact first STRITYARDHA.
But to find the latter StHITYARDHA add the changes of the
Sun and Moon to their places and subtract the node’s change
from its place; from these applied places find the Moon’s
latitude and the STHITYARDHA again and repeat the same process
until the exact latter StmiTyarDpHA be found. In the same
manner determine the first and second exact MARDARDHAS by
repeated calculations.

To find the times of the  16. At the end of the true lunar
phases of an 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 STHITYARDHA leaves the time of the beginning,

G 2
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‘and increased by the latter exact STHITYARDHA gives the time
of the end.

17. ' In the same manner, the time of the middle of a total
eclipse diminished and increased (separately) by the exact first
and second MARDARDHAS gives the times of the beginning and
end of the total darkness (respectively).

To find the Kort or the 18.  Multiply the diurnal motion of
E.%::lio"ﬂ?: ﬂ:ifl?l‘;grm;:' p:;,}; the Moon from the Sun by the (first)
eclipse to a given time. StHITYARDHA diminished by given
aHATIKAS and divide the product by 60, the quotient is the
Korf 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).

19. In an eclipse of the Sun, the Kor1 in minutes (above
found,) multiplied by the mean StHITYARDHEA and divided by
the apparent* STHITYARDHA becomes the SeHUTA or apparent
KoT1 in minutes.

To find the quantity of the 20. The Moon’s latitude is the
3?}:.5’,:;“},’,‘;“&‘;2;‘,%;{;’ n1me  Brusa (or base) and the square-root
eclipse. of the sum of the squares of the Korr
and BHusA 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'Loka 10th); the re-
mainder will be the quantity of the eclipsed part (of the disc)
at the time (at which the Kort and Brusa are ascertained).

To find the quantity of the 21. 1If it be required to know the
ff,}:.',:;dt :rm:e:: g,;:ff"o?':: Korr &c. at a given time after the
eclipse. ' middle of the eclipse, subtract the
GaaTias (between the given time and the end of the eclipse)
from the second STHITYARDHA ; from the remainder find the
Kor &c. as mentioned before. The obscured part found from
the second SrtEiTYARDHA is the portion of the disc yet in
obscurity.

* The mean and apparent sTHITYARDIAS will be explained in the next
chapter. B. D.
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Given the quantity of the 22 and 23. Subtract the minutes

eclipsed part, to find its. . . . .
corresponding time, * contained in the given eclipsed part
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 KoTI in minutes (in
the lunar eclipse). But in the solar one the remainder (thus
found) multiplied by the apparent StarryarpHA and divided by
the mean StHITYARDHA gives the KoTr in minutes. From the
Kor1 find the time in GHATIEAS in the same way that you found
the StrEITYARDHA (from the square-root as mentioned in S'LokA
13). 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 VarANAS used 24. Find the zenith distance* (m
in the projection of eclipses. 416 Hrime 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 (AkszA or the latitudi-
nal) VALANA: 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 Avana or solstitial vALANA).
Find the sum or difference of the degrees of this declination
and those of the latitudinal varan4, when those valanas are of
the same name or of contrary names: (the result is called
sphuta or true vaLaNA). The sine of the true varLan£ divided
by 70 gives the vALANKX 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. D.

t In the projection of eclipses, after driwing the disc of the body to be
eclipsed, the north aud south and the :east and west lines, which lines will of
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To find the ANGULAS or 26. Find the length of the day (of

digits contained in the the body which is to be eclipsed as
Moon’s latitude, diameter,

eclipsed part, &c. at a given mentioned in 8'Lokas 62 and 63 of the
time during an eclipse. second Chapter): to this length add
its half and the UNNATA time (or the half length diminished by

course represent the circle of position passing through the 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 be-
tween the said sccondary or the prime vertical and the ecliptic is called the VALANA
or variation (of the ecliptic). And as it is very difficult to find this arcat 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 AKsHA
VALANA and the AYANA-VALANA respectively. The ARSHA VALANA 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 AxsHA VALANA will be the north or
south respectively. And the AYANA-VALANA is called the north or south accord-
ing as the ecliptic meets the said great circle on 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 8 signs is north or south the AyvaNa-
vaLaNA will be the north or south respectively. From the sum of these VALANAS
when they are of the same name or from the difference between them when of
contrary names the arc 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 gpasaTA or rectified VALANA.
Let A be the place of the body; B G C ‘B
L the great circle 90° from it ; B A C the ) r
ecliptic; D E F the Equinoctial; E the
Equinoctial point; G H L the prime
vertical ; H the intersecting point of the
ﬁrime vertical and the Equinoctial, and
ence the east or west point of the Hori-
zon and therefore G H equivalent to the
zenith distance in the prime vertical,
Then the arc G D = the AxsEA A
VALANA,
D B = the AYANA.VAIANA,
and G B = the 8rasHTA or rectified
VALANA,
These arcs can be found as follows,
Let L = latitude of the place,
n= the zenith distance in the prime
vertical,
¢ = the longitude of the body, e F
e = the obliquity of the ecliptic,
d = the declination of the body,
= the AKSHA VALANA,
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the given time from the midday of the body); and by the
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.)

gy = the AYANA-VALANA,
and z = the rectified vaLaNa.
Then in the spherical triangle D H G
sinGDH:sinDHG=3inGH :sinGD;
here, sin G D H = sin B D E = cos d,
sin D HG =sin L;
and sin G H = sin n,
&, cosd: sin L = sinn; sin @,
sin L. sin »
. 8in 2 or the sine of the ARSHA VALANA = — in which the Radius
is used for cos d in the text cos d

This vALANA 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
sin BDE; sin BED =sinBE: sinD B,
or cosd; sine=cosl:siny

sine X cosl

o 8in gy or the sine of the AvaNa vALANA = in which the

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

This VALANA is called north or south; according as the point B be north or
south of the point D.

And the rectified vALANA G B = G D 4 D B, when the point D lies between
the points G and B, but if the point D be beyond them, the rectified vaLana
will be equal to the difference between the Aksha and Ayana varaxas. This
alsois called north or south as the point B be north or south of the point G.

To mark the sine of the SPAYETA VALANA in the projection of the eclipse it is
reduced to the circle whose radius is 49 digits in the text.

i.e. R:sin z = 49 : reduced sine of the YALANA:
49 sin » 49 sin 2 sin ¢
.*, reduced eine of the VALANA = = =
R 3438 70

This reduced sine in digits is denominated the VALANA in the text. B. D,
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CHAPTER V.
On the Eclipses of the Sun.

Where the parallax in 1. There is no parallax in longi-
longitudeand that inlatitude  tude of the Sun when his place equals
i vothing. 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 ampli- S+ At the end of the time of con-
tude of the horoscope. junction (from sunrise) in GHATIKAS
find the place of the horoscope through the 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 upaya (or the sine of amplitude of
the horoscope). )

To find the sine of the 4. Then find the place of the cul-
ﬁ;ﬂ:‘t‘i"‘g’g’;‘ﬁ :ff tﬁgeee‘i;‘;: minating point of the ecliptic through
tic. the rising periods at the equator as
mentioned before, and find the sum of the declination of the
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. The sine of this zenith-
distance is called the MADHYAIYX or the middle sine.

To find the sine und co- Multiply the Mapavasvx by the
sine of the zemith-distance UDAYA (above found,) divide the pro-
of the nonsgesimal. duct by the radius and square the
quotient.
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6. Subtract the square from the Mapuyasy«: the square-
root of 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 priksHEPA and the radius
is the S'ANKU or the sine of the altitude of the nonagesimal,
This sine is called the DRIGGATI.

7. (Or) the sine and cosine of the
zenith-distance (of the culminating
point of the Ecliptic,) are the rough prjksmEPA and DriGaATI
(respectively.)

To find the Moon’s paral- Dividing the square of the sine of
lax in longitude from the one sign (or 30°) by the DriseatI
Bun roduced to @nsprxas. (above found,) the quantity obtained
is called the cHHEDA or the divisor.

8. The sine of the difference between the place of the Sun
and the nonagesimal divided by the cHuEDA gives the Moon’s
parallax in longitude from the Sun reduced to (sivana) GHa-
TikAs, whether the Sun be east or west (of the honagesimal.t)

Otherwise,

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

4+ All 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
the sensible and rational horizon is equal to the earth’s semi-diameter (or 800
¥0JANAS which = % th of 12000) therefore, the extreme or horizontal parallax
of a planet is thought to be equal to ¥ part of its diurnal motion : thus the
Moon’s horizontal parallax is 52’ 42" nearly and the Sun’s 3° .. 56” and hence the
horizontal ?arallux of the Moon from the S8un is = (52’.. 42"") — (3’ ..56")
— 48’ ..46”7, And four GuATIKAS in which the Moon describes 48’ .. 46" from
the Sun is the horizontal paraliax in time. :

Now, let
1 = the latitude of a planet (the Sun or Moon),
d = the difference between the places of the planet and the nonagesimal,
a = the altitude of the nonagesimal,
p == the horizontal parallax,
& = the parallax in longitude,
y = the parallax in latitude.
Then we have the equation,
sin a. sin (d 4 2)

R.cos. (X )
which is common in astronomy.

H

=
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To find the acourate paral- 9. Subtract the parallax in time
urate pa

lax, and the apparent time (just found) from the end of the true
of osnjunetion. time of conjunction if the place of the
Sun be beyond that of the nonagesimal; but if it be within,
add the parallax. At this applied time of conjunction find
again the 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 eonjunction in every repetition. (The parallax lastly
found is the exact parallax in time and the time of the conjunc-
tion is the middle of the solar eclipse.)

To find the Moon’s paral- 10. Multiply the prIksHEPA (or the
lax in latitude from theSun. 6 of the zenith-distance of 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 the parallax in latitude of the Moon from the
Sun.

11. Dividing the prixsHEPA by 70,
the quotient is the same amount of
parallax (found in the preceding S'Loxa) or multiplying the
DRIKSHEPA by 77 and dividing by the radius (i. e. 3438), the
quotient is the same.

To find the apparent lati- 12. The amount of the parallax in
tude of the Moon. latitude (just found) is south or north
according as the nonagesimal is south or north (of the zenith).
Add this amount to the Moon’s latitude if they are of the same

Otherwise.

In this, if we take for convenience’s sake sin d for sin (d 4 z) and R. for
cos (I = y) on account of the smallness of z, y and { in an eclipae, then we have
8in @. sin d

r=2p
2
Now, it is evident that if p be assumed, the horizontal parallax of the Moon
from the Sun in time (or p = 4 GHATIEAS) & will be the Moon’s parallax in
longitude from the Sun, and then
4 ¢in @ sin @ sin d sin d
x — ——

R (A R) chbeda. B.D.

8in. @
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name, but 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 sTHITYARDHA¥* MARDARDHA
magnitude of the eclipse &c. as mentioned before : the vaLAN{,
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 srar. 14> 15, 16 and 17. Find the pa-
TYARDHAS and MARDARDHAS rallaxes in longitude (converted into
fn solar eclipecs. time) by repeated calculation at the
beginning of the eclipse found by subtracting the first sTHITY-
ArDHA (just found) from the time of conjunction, and at the
end found by adding the second stHiTYARDHA. Ifthe Sun be
east of the nonagesimal and the parallax at the beginning be
greater and that at the end be less than the parallax at the
middle, or if the Sun be 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 the end and the middle to the first or
the second sTHITYARDHA (above found) : otherwise subtract the
difference. It is then when the Sun is east or west of the
nonagesimal at the 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 MARDARDHAS (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 STHITYARDHA is called the mean STHITYARDHA in the solar eclipse. B. D,

H 2
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CHAPTER VI.
On the Projection of Solar and Lunar Eclipses.

1. Since the 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 the circle in 2. Having marked at first a point
which the valané is to be on the floor levelled with water, de-
marked. scribe, on the point as centre with 49

Object.

digits as radius, a circle in which the vaLaN{ (as found in the
fourth Chapter) is to be marked.

Other two circles concen- 3. (On the same centre,) describe

trio with the firet. a second circle named the saMAsa 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 be- 4. (In these circles determine the
nning and end of the north and south, and the east and west
unar and solar oclipeos. lines* as mentioned before (in the 3rd
Chapter).

In a lunar eclipse, the obscuration first begins to the east
and it ends to the west, (but) in a solar one the reverse of this
takes place. (Therefore in the projection of the lunar eclipse, the
VALANKX 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 varaNA found at the beginning or the end
of the eclipse is to be marked to the western or eastern side of
the circle respectively.)

® It is evident that these lines will represent the circle of position, and the
secondary to it passes through the body which is to be eclipsed. B. D.
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To mark the varami in  ©O- In & lunar eclipse mark the
the first circle. VALANA (as directed in the preceding
S’Loka) to the eastern side of the outer circle from the east and
west line to its north or south according as the vALAN« is north
or south, when it is found at the beginning of the eclipse; but
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 line to the
south or north according as the VALANK 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 varLaNA (as
fol?:'ﬁl a?:;lke l::;in:?glgtuﬁg drawn before) draw a line to the centre.
end of the cclipse in the  From this line draw another line (per-
second circle,

. pendicular 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). '

o 7. Again, draw a line from the end
thg‘geg‘}];ﬁi::in‘zll:ﬁlg?ﬂg of the latitude (as drawn before) to
eclipse in the disc of the {he centre, Then the point, where the
body which is to be covered. .. .

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

To determine the direc- 8 and 9. In the projection of
tions of the latitudes of the the solar eclipse, the latitudes of the
Moon In the projections. Moon are always designated by their
normal name, but in the projection of the lunar one they are
designated reversely.

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



54 Translation of the

found at the middle of the eclipse is considered north or south,
mark the vALaNA determined at the middle of the eclipse from
the north and south line to its east, when the vALANA and the
latitude are of the same name; but when they are of different
names, mark the vALANX 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 vALANAX
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 vVALANA.

11. 'With the end of the latitude (just marked) as acentre,
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
be eclipsed) contained in the 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
budo of the eclipred portion  giss the obscured portion is invisible
lar or lunar eclipse, on account of the brightness of the
Moon’s disc; and owing to the dazzling flash of the Sun’s
disc its eclipsed part when not exceeding 8 minutes, is not
visible.

To find the path of the 14, 15 and 16. Call the points
coveror. - at the ends of the latitude (found at
the beginning, middle and the end) (as marked before,) the
first, the middle, and the last points respectively, describe the
TiMis between the first and middle points and the middle and
the last and draw two lines through these two TimMIs ; with the
intersecting point of these two lines as a centre, describe such
an arc as will pass through the three points. This arc will be
the path of the coveror through which it will move.
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To project agiven ecliﬁsed 17, 18 and 19. [When you want
portion. 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
tnat 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.

To find the direction of 20 8nd 21, From the centre of the
the beginning of total dark- three circles, towards the direction of
mess by the profection. the beginning of the eclipse, draw a
line equal to half the difference between the diameters (of the
coveror and.that which is to be covered) in such a manner that
its end fall on the coveror’s path. About the end of that line
describe a circle with an extent equal to the semi-diameter 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.

To find the direction of 22+ In the same way draw the said
the end of the total dark- line towards the end of the eclipse and
niees: describe a circle as above. Then you
will find the direction of the end of total darkmness just as
mentioned before.

The colour of the eclipsed ~ 23. 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 ths of the whole it appears of a dusky
copper hue, and in a total eclipse it appears of a tawny hue.
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24. (O Maya) this science, secret
even to the Gods, is not to be given
to any body, but to the well-examined pupil who has attended
one whole year.

This science is very secret.

End of the sixth Chapter.

CHAPTER VII.
On the conjunction of the pluncts.

1. The conjunction of the five mi-
nor planets is considered their fight
or association with each other (according to their light and
position as will be explained afterwards) : but their conjunction
with the Moon, is considered their association with her and
with the Sun is their AesTaMaNA disappearance.

o find whether the time 2." The conjunction of two planets,
of coujunction is past or both moving eastward, is past when
future, . .

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.

8. When, of the two planets, (only) one is moving east-
ward and its place is beyond that of the other (which move
to the west) their conjunction is past: but when the place
of the retrograde is beyond that of the other (i. e. the east-
moving) the conjunction is future.

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

Kinds of conjunction,
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the places (above found) by the diurnal motions of the planets
in minutes (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 the planets one is
retrograde, divide the two products (above found) by the sum
_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, GEATIKAS &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), the 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 east or west of the meridian
of the place).

The correction called the 8. Multiply the latitude of the
AXSHA DRIKKARMA. planet by the equinoctial shadow and
divide the product by 12 ; the quantity obtained being multi-
plied by the time in GHATIKAS from noon of the planet’s place

* The time can be found by the Rule mentioned in 8'zoxa 49th of the 3rd
Chapter. B. D.

H
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and divided by half the length of the day of the planet’s place
(as found before), gives the correction called the ARsHA DRJK-
KARMA.

9. Suabtract the correction from the planet’s place when it
is east of the meridian, and add when it is west: 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 the 10. Add 3 signs to the planet’s
A¥a¥A PRIKEARMAS place and find the declination from the
sum. Then the number of minutes contained in the planet’s
latitude multiplied by the number of degrees contained in the
declination (above fonnd) gives the correction in seconds (called
the Avana DRIKRARMA). Add or subtract this correction (to or
from the place of the planet) according as the declination
(above found) and the planet’s latitude are of the same name
or of different names.

The use of the DRIKEAR- 11. In finding the times of con-
Ma in finding the conjunc- junctions of the stars and planets and
tions &c. .. .

those of rising and setting of the
planets and in finding the phases of the Moon, this DRjKKARMA
correction must be applied (to the place of the planet) at first.

To find the distance of 12. (Thus apply the two portions
:;;oo l;:::l;: the same cir- of the DRIKKARMA correction above

) found, to the equal places of the two
planets as found in 6th s'Loka of this Chapter, and from these
places applied, find the apparent time of conjunction by the
Rule as mentioned in the s'Lokas 2ud to 6th: and repeat the
operation until you get the time at which the places of the two

* DRIKEARMA is the correction requisite to be applied to the place 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 t{:e place of the planet
by means of its two portions, one called the AYaNA DrIKKaRMA and the other
the AKsHA DRJREARMA. The place of a planet with the AYANA DE)KKARMA
applied, gives the point of the ecliptic on the hour circle which passes through
the planet: and this corrected place of the planet again, with the AXksHA DRIK-
xaAuMA applied, gives the point of the eeliptic on the circle of position which
passes through the planet. B. D.
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planets with the two portions of the prixxARMA applied become
equal to each other. This time is the exact apparent time of
conjunction of those two planets.) Find again the 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; the result will be the north and south
distance (between those two planets at that time).

The apparent diameters of 13. The diameters of Mars, Sa-
the planets in minutes, turn, Mercury, Jupiteg and Venus re-
duced to the Moon’s orbit are 30, 374, 45, 524 & 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 minutes contained in the ap-
parent diameters of the planets.

15. On the levelled floor (place a
gnomon & ) mark the shadow (found
at any assigned time from the bottom of the gnomon) to the
opposite side of the planet: then show the planet in the
mirror placed at the end of the shadow (just marked): the
planet will be seen in the direction passing through the end of
the shadow and the reflected end of the gnomon.

16. (When, at the time of conjunction of two planets, they
will be above the herizon) 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 8'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).
"2

Observation of the planets,
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18. (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
ULLekHA (paring) when their discs only touch each other: but
when the discs cross each other, the fight is called the Baepa
(breaking).

19. When in the conjunction, the rays of the two planets
mix with each other, it is their fight, called the ANs'UVI-
MARDA (the mixture of the rays).

When in the conjunction of the two planets, their distance
(found in s8'LOKA 12th) is less than one degree, it is their
fight called the apasavya (the contrary) if one of the two
planets be smaller ; (otherwise the fight is not distinct).

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

‘Which planet is conquer- In the fight called Arasavva that
ed in the fight. planet is conquered which is obscure,
small and gloomy.

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

And that is the conqueror of which
the disc is the brighter and larger,
whether it be north or south (of the other).

22. If (in the conjunction) the
planets both be very near to each
other and bright, then their fight is called the sam{aama: If
both the planets be small or overpowered, then the fight is
called the KGra or vigraHA (respectively).

23. (In the fight of Venus with any other minor planet,)
Venus is usually the conqueror whether she be north or south
(of the other).

‘Which is the conqueror,

Kinds of fight.
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Find the time of conjunction of the moon with any of the
minor planets in the same way as mentioned before.

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 GramAYuT1 or the
planetary conjunctions.

CHAPTER VIIL

On the conjunction of the planets with the Stars.

o find the longitudes of .1. I decla.x:e the.: number of the
the principal stars of the minutes contained in the BHogas* of

Asterisme. _ (all) the Asterisms (As'winf, BHARANS,
&c. except the Urrar{sEHADHA, ABHLIT, S'RAVANA and DHa-

* Dividing the number of minutes contained in the longitude of the principal
star of an Asterism by 800 and dividing the remainder by 10, the quotient
obtained is here called the BHoGA of the AsTERISM. B. D.

Note on V 2 to 9. For convenience’ sake the longitudes of the principal stars
of the four Asterisms UTTARSsHADHA, ABHIJIT, S'BAVANA and DHANISHTHA
only are given and the Broaas of the others from which the longitudes of the
remaining principal stars can easily be found by the rule mentioned in 1st
8’LOKA, are given.

The longitudes and latitudes 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 star: 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 as the
said declinations are of different names or of the same name.

The following table will exhibit the names of the Asterisms and of their
principal stars as supposed to be meant, their apparent longitudes as will be
found from their BEOGAS, and their apparent latitudes.
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NisHTHA). Maultiply the BHOGA of each Asterism by 10 and to
the product add the spaces of the antecedent Asterisms (each
of which contains 800 minutes as mentioned in S'Loka 64th of
the second Chapter), the sum is the longitude (of the principal

star of the asterism).
_The BHoGaS of the Aste- 2. (The number of minutes in the
risms. Broaa of the Asterism called A'swin{

is) 48, (of BrARANS) 40, (of KriTTiKL) 65, (of Rominf) 57, (of
Mraa) 58, (of ArDRA) 4, (of Punarvasu) 78, (of PusHYA) 76,
and (of As'LEsHA) 14.

8. (The Broga, in minutes, of MacHL is) 54, (of PGrvA-
pHALGUNf) 64, (of Urrar{-pafLaunf) 50, (of Hasta) 60, (of
Currr4) 40, (of Swirf) 74, (of Vis'axn£) 78, (and of ANue4-
DHA) 64,

sterisms. Yoea-TARAS or prin- Apparent longi- pparent latitudes

cipal stars. tudes,
8 (] ’ o
As’winf, a Arietis, 0O 8 0 10 N.
Bharant, Musca, 020 O 12 N.
Krittika, « Tauri, Pleiades, 1 7 380 65 N.
Rohinf, a Tauri, Aldeharan, 119 80 6 N.
Mrigs, A Orionis, 2 3 10 8.
Ardré, @ Orionis, 2 7 2 9 S.
Punarvasu, B Geminorum, 3 38 6 N.
Pushya, & Cancri, 8 16 0 N.
As’leeha, a1 and 2 Cancri, 3 19 7 8.
Magh4, a Leonis, Regulus, 4 9 0 N.
Purvé-phélgunf 8 Leonis, 4 24 12 N.
Uttara-philgunf, B Leonis, 6 6 13 N.
Hasta, o or & Corvi, 6 20 11 8.
Chitré, a Virginis, Spica, 6 0 2 8.
Switi, « Bootis; Arcturus, 6 19 87 N.
Vi‘eakha, aorx lera, 7 .8 1 380’8
Anuradhé, 3 Scorpionis, 7 14 8 8.

J. yesh;hﬁ, a Scorpionis, Antares, 7 19 4 8.
Miila, v Scorpionis, 8 1 9 8.
Purvﬁahidbé 3 Sagittarii, 8 14 6 80’8

Uttaréshadlu, ~ Sagittarii, 8 20 5 8.
Abhijit, a Lyri, 8 26 40’ 60 N.
S’ravana, a Aquile, 9 10 80 N.
Dhumah;hﬂ, a Delphini, 9 20 86 N.
S’atatiraks, A Aquarii, 10 20 0 30'8.
Purv&bhédmpada, a Pegasi, 10 26 24 N.
Uttardbhadrapuda, a Andromedo, 1 3 26 N.
Revati, ¢ Piscium, 11 29 5 0 0 N.
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4. (The Broca, in minutes, of Jyesaras is) 14, (of Mora)
6, and (of PGrvisnipmi) 4. The principal star of Urragi-
8HADHA i8 in the middle of the space of Pérvisuipn« (i. e. the
longitude of the principal star of UrrarasH{pa« is 8 signs and
20 degrees). The principal star of ABmIr is at the end of
the space of PGrvAsmaDEX (i. €. the longitude of the principal
star of ABaIIT is 8 signs, 26 degrees and 40 minutes) and (the
principal star of) S’ravaa is situated at the end (of the space)
of UrrarAse£pu{ (i. . the longitude of the principal star of
S'rAvANA is 9 signs and 10 degrees).

5. The principal star of DEANISETEA 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 Dranisurad is 9 signs and
20 degrees). (The Broaa, in minutes, of S’ATATARAKX is) 80
(of PGrvABHADRAPADA) 86, (and of UTTAR{BEADRAPADA) 22,

6to 9. (The Broga of Revarf is) 79.

'[he latitudes of the principal stars of the Asterisms As'winf,
&c. from the ends of their mean declinations are 10° N ., 12°
N,5 N,5°8,10°8,9°8,, 6° N., 0°, 7° 8, 0°, 12° N,
I8N, 11°8,,2° 8,87 N,, 1% S, 8° 8., 4°8.,9°8, 5% 8.,
5°8., 60° N., 30°N., 86° N., §* S.,24°N,, 26° N., and 0° re.
spectively,

The longitudes and lati- 10, 11 and 12. Tke star AagasTyA
tMm;igf‘f,;}';HT’mAAG%‘;";‘d (or Canopus) is at the end of the sign
Beanxanroaya, Gemini ut a distance of 80° south
(from its corresponding point in the ecliptic, i. e. the longitude
of Aaastya is 90° and its latitude is 80° S.) and the star Mrfga.-
VYXDHA 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 20 degrees) and its latitude from the end of its

mean declination (from its corresponding point in the ecliptic,)
to the south is 40°,

The stars called Aanr (or 8 Tauri) and BRAHMABRIDAYA (or
Capella) are in the 22nd degree of the sign Taurns (i. e. the
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longitude of both of them is 1 sign and 22°. The latitudes of
these two stars are 8° and 30° N. respsctively.

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

Crossing the cart of Ro- 13. That planet will cross the cart
Bt (of the Asterism) Rommyf (i. e. the
place of Rohini 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 the conjunction of 14. (When you want to know the
& planet with a star. time of conjunction of & planet with a
star) find the lengths of the day and night of the star as you
found those of a planet (in the preceding chapter): and apply
the Axsua-DrIKKARMA (only) to the 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 know whether the time 15. (At a given time), when the
of conjunction is past or longitude of the planet (with the two
future, . . .

portions of the Drikxarma applied) is
less than that of the star (with the AxsHA-DRIKKARMA applied)
the conjunction is future : and when the longitude of the pla-
net is greater than that of the star, the conjunction iz 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).

Yoaa-rkAs or principal 16. The north star of (each of the
stars of the Asterisms. Asterisms) PlrvapEALaUNI, UTTARA-
PHALGUNI, PGRvVA BHADRAPADA, UTTARX BHADRAPADA PURVA-
sHADHA, UTTARASHADHA, VIsikH4, As'wINI and Mgfca is called
its YOoaA-TAR& or the principal star.
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17. The star which is.near to and west of the north-western
star of the Asterism Hasra is its Yoea-T{rA ; and the western
star of the Asterism DHANISHTHA is its YogA-TARA.

18. The middle star of (each of the Asterisms) JYEsHTHXA,
S’rAvANA, ANURADHK, and PusaYa is its Yooca-TARL: and the
southern star of each of the Asterisms Braranf, KRiTTIEA,
Magu£, and Revarf is its Yoaa-TARA.

19. The eastern star of each of the Asterisms Rominf, Pu-
NARVASU, MYLa, and As'resE is its YogA-r{e{ and of the
remaining Asterisms that is the Yoaa-r4r£ which is the brightest
(in each Asterism),

The longitude and lati- 20. The star Prasxpati (Aurige)
tude of the star PRAIAPATL s & Jogrees to the east of the star
BurAEMA-HRIDAYA, Its longitude is 1sign and 27° and the
latitude is 38° N,

Of the stars Apém-vatsa 21. The star Ap{m-vatsa (b 1. 2,
and Kpa. 8) is sitnated in the Asterism CHrTRL
five degrees north (of its principal star) (i. e. the longitude of
ApLmMvaTsa is equal to that of the principal star of CmiTef or
180° : and its latitudeis 8° N.). (And in the same Asterism) the
star Apa (Virginis), somewhat larger than APr{M-varsa, is
north of it at a distance of 6° (i. e. the longltude of Ara is 180°
and the latitude 9° N.)

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

~

CHAPTER IX.
On the heliacal rising and setting of the plamcts and stars.

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

1
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The planets which set 2. Jupiter, Mars and Saturn set
gg’:ﬁﬂl’;ﬂéﬂﬁge h:h?::ll"; . heliacally in the western horizon when
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 Venus and Mercury when they have

retrograde motion.

The planets which riso in 3. The moon, whose motion is
the castern horizon and set quicker than that of the sun, and
in the western horizon.

Mercury and Venus 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 the
western horizon when their places are beyond it.

To find the time at which 4. (When you want to determine
a planet rises or sots helia- the time of the heliacal rising or set-
cally. . .
ting of a planet), find (at any given
day near to that time) the true places of the sun and the planet
at the sun’s setting, when the planet’s heliacal rising or setting
is in the western horizon; (but) when it is in the eastern
horizon, determine the places at the rising of the sun : then apply
the DRIKKARMA correction to the planet’s place (as mentioned
in the seventh Chapter).

5. (When the planet’s heliacal rising or setting is in the
eastern horizon) find the time in PrANAs, from the places (just
found) of the sun and the planet (by the rule mentioned in
S’Loka 49th Chapter ITL): (It will be the time from the
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 PRANAS, from the places of the sun and the planet
with 6 signs added: (It will be the time from the setting of
the planet to that of the sun). The time, in PeAwAs, (thus
found) divided by 60 gives the KAL&xNsas, the degrees of time
(i. e. the time turned into degrees at the given rising or setting
of the sun.)
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6. (The degrees of time at which before the sun’s rising or
after the sun’s setting a heavenly body rises or sets heliacally,
are called the KArLANs'as of that body). Thus the KaLANs'As of
Jupiter are 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 Jupiter, Saturn or Mars respectively, the planet
will rise or set 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 rises or sets heliacally at the distance of
12 degrees of time from the sun, when it becomes retrograde ;
but when it is moving quick it rises or sets heliacally at the
distance of 14 degrees.

9. When (at a given time) the K{L{ns’as (found from the
places of the planets by the rule mentioned in 5th S’Loka) are
greater than the planet’s own K&LANs’A8 (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 KALANs A8
(i. e. Karans’as found from the place of the planet at the given
time, and those which are the planet’s own as mentioned before) :
and divide it by the difference between the diurnal motions* of
the sun and the planet ; the quantity obtained is the interval in
days, (ghatikés) &c., between the given time and that of the
planet’s heliacal rising or setting. (This holds when the planet is
direct ; but) when it is retrograde, take the sum of the diurnal
motions of the sun and the planet for the difference of the
diurnal motions.

# Here motions should first be turned into time (as directed in 8'ToxA 1 1th
to make the dividend and divisor similar, B. D.

12
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11. The diurnal motions of the” sun and the planet multi-
plied by the numbers of PrAxas contained in the rising periods
of the signs occupied by the sun and the 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, GHATI-
Kfs &c., from the given time to the time of heliacal rising or
setting of the planet.

12. The stars SwAtf (Arcturus), Acasrya (Canopus) Mpica-
vY4ApHA (Sirius), CEITRX (Spica), JyEsaTHA (Antares), PuNag-
vasU (B Geminorum), Abhijit (¢ Lyr®) and BeaEMAHRfDAYA
(Capella) rise or set heliacally by 18 degrees of time.

13. The stars Hasra (8 Corvi), S'RavaNA (a Aquilee) PGRVA-
PHALGUNS (8 Leonis), Urrars-pHALGUNS (B Leonis), DHANISRTHX
(e Delphini), Rouinf (a Tauri), Macuf (Regulus), Vis'4xHX (a
Libree) and As’'winf (o Arietis) rise (or set) heliacally by 14
degrees of time.

14. The stars KgirTira (= Tauri, Pleiades), AxurapaL (8
Scorpionis), M¢61a (v Scorpionis), As'LEsEX (o 1 and 2 Cancri),
ARDRL (a Orionis) PGryxsEADHA (8 Sagittarii) and UrTARAsHA-
pHA (r Sagellarii) rise (or set) by 15 degrees of time,

15. The stars Braranf (Musca), Puseya (8 Cancri) and
Mgica (M Orionis), on account of their smallness, rise or set
heliacally by 21 degrees of time : and the others [i. e.S'aTa-
TARAK (A Aquarii), PGrvA-BHADRAPADA (o Pegasi), UTrARA-
BHADRAPADA (¢ Andromedz), Revar: ({ Piscium), Aeni (B
Tauri), Prasfearr (8 Aurige), ArAmvarsa (b 1. 2. 8.) and Ara
(8 Virginis)] rise and set by 17 degrees of time.

16. The K4riNs'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'voxa 10th) take the degrees of the ecliptic for their
corresponding degrees of time and from them find the time of
heliacal rising or setting of the planet,
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17. The said stars rise heliacally in the eastern horizon and
set heliacally in the western. Apply the AxsHA-DRIKKARMA 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'LoxA).

18. Thestars ABHINT (o Lyrs), BRaEMA-BRIDAYA (Capella),
SwArf (Arcturus), S’RAVANA (a Aquile), DuaNisETHL (o Del-
phini) and Urrar£-sEADRAPADL (2 Andromedse) never disappear
owing to the sun’s light on account of the greatness of their
north latitudes (i. e. these stars having great mnorth latitudes
never set heliacally) in the northern hemisphere.

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

CHAPTER X.

On the phases of the Moon and the position
of the Moon’s cusps.

1. Find the time also at which the Moon will rise or set
heliacally in the same way as mentioned before. 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 the Moon (at Sun-set of that day of
the light half of & lunar month at which you want to know
the time of daily setting of the Moon) and apply the two por-
tions of the ppIkEARMA 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 PRANAS after the sun-set, the Moon will
set (on that day). :



70 Translation of the

To find the time of daily 3. (But when you want to know
rising of 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 the
Sun’s place (and apply the two portions of the DRIKKARMA to
the Moon’s place) ; from these places (i. e. from the Sun’s
place with 6 signs added and from the Moon’s place with the
DRIKKARMA applied) find the time in PrR&NAS (in the same way
as mentioned before in 5th S’Loka of the preceding Chapter).
At this time in PRANAS after sun-set the Moon will rise (on that
day).

To find the phases of the 4. (When you want to know the
Moon, phase of the 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 gnomonic
shadow of the Moon (at the same time as can be found by the
rule mentioned in the third Chapter): find the difference
between the product and twelve times the equinoctial shadow
if the result be north (but) if it be south find the sum of
them.

6. The amount (thus found) divided by the sine of co-lati-
tude of the place, gives the B ru or base (of a right angled
triangle) : this is of the same name of which the amount is:
and the sine of the altitude of the Moon is the Kof1 (or perpen-
dicular of the triangle). The square-root of the sum of the
squares of the Basu and Kofr is the hypothenuse (of the
triangle). ’

7. Subtract the Sun’s place from that of the Moon. The
minutes contained in the remainder divided by 900 give the
illuminated part of the Moon : This part multiplied by the
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Moon’s disc (in minutes) and divided by 12 becomes the Spau-
TA or rectified 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 the Bxau
(above found) in the same direction in which the Baru is, and
from the end of the B&HU a line (perpendicular to it) equal to the
Kor1 (as above found) to the west, and draw the hypothenuse
between the end of the Korr and the point (denoting the
Sun).

9. About the point where - the Korr and the hypothenuse
meet, describe the disc of the Moon (found at the given time).
In this disc suppose the directions (east, west &c.,) through
the line of the hypothenuse (i. e. in the disc suppose the east
where the line of the hypothenuse cuts 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 being
perpendicular to the line of the hypothenuse cuts the disc).

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

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

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

13. In the dark half of the lunar month subtract the 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 the
same way as you found the illuminated part in the 7th 8'Loka) :
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(and in the diagram) change the direction of the B{mu and
show the dark portion of the Moon in the west.

End of the tenth Chapter called Sringonnati which treats of
the phases of the moon.

CHAPTER XI.

Called PXTADHIRARA which treats of the Rules for finding the
time at which the declinations of the Sun and
Moon become equal.

1. It is called VarpER{TA When the

Sun and Moon are in the same AvaNa

(i. . 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. Tt is called VyaTipATA when the
Moon and the Sun are in different
Avanas, the sum of their longitudes equal to 6 signs (nearly)
and their declinations equal.

3. The Fire (named P&ra) which arises from the mixture
of the rays of the sun and the moon in equal quantities, being
burnt by the air called Pravara produces evil to mankind.

4. Since the (said) Pata frequently destroys people at the
time (when the declinations of the Sun and Moon become equal)
it is called Vyarfeata. It is also called VAipHRITA.

5. This P4ra is of black colour and hard body, red eyed
and gorbellied, destroyer of all people and horrible: it happens |
frequently. -

VAIDHR{TA,

VxyirfpiTA,

To flnd time ab which the 6. When the sum of the places of
true declinations of the Sun the Sun and Moon, applied with the
aud Moon become equal. - qooeg of the precession of the equi-
noxes as found by observation, is 12 or 6 signs find their
declinations.
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7. Now, if the Moon’s mean declination (i. e. the declina-
tion of 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 (lst or 8rd) quarter of the
ecliptic, the PAta (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 PxTA 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 PxTa is future, and if less the P&TaA 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 sines 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
sines are equal to the quotients, and add the difference or half
the difference of the arcs to the Moon’s place when the P&xTa
is future. (This result which is just applied to the Moon’s
place is called the moon’s change).

10. But when the P&Ta 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 Swokas) repeatedly until
‘you get their declinations equal.

K
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To find when a PAra is 12. The Pxra is that instant at
past or 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 Pxta by applying the Moon’s change (as
mentioned before) is less or greater than that found at mid-
night (of that day), the P&ra is before or after (the mid-night.)

To find the true sime of 13. The difference, in minutes,
the PAra. between the Moon’s true places found
at the P4ra and the mid-night, multiplied by 60 and divided
by the true daily motion of the Moon gives the GHATIKAS
between the Pxrta and the mid-night. (Then you will get the
time of the Para by adding or subtracting the ¢EATIKAS, just
found, to or from the mid-night according as the Pxr1A is past
or future). '

To find half the duration 14. (Find the semi-diameters, in
of the PATaxira. minutes, of the Sun and the Moon by
the Rule mentioned in the 4th Chapter.) The sum of the
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 PAra-gAua.*

To find the beginning, 15, The true time of the Para
middle and end of the PATA.  (founq in the 13th S'Loxa) is ecalled
the middle of the PAra: This time diminished by half the
duration of the P4ra, just found, gives the beginning of the
P£ra and increased by half the duration gives the end of the
Pira.

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

17. As long as the distance of any
point of the sun’s disc (from the equi-
noctial) is equal to that of any point of the Moon’s disc, the

Form of the PATA-KALA,

® The PA’TA-RA'LA, or duration of the Pa’ra, is the time during which the
declication of any point of the Sun’s disc and that of any point in the Moon's
are equal.—B. D-
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PAra-x41A lasts and destroys the (happy results of) all rites
(performed 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 PAra-r{1a), as well as Yrom the knowledge of that
time.

19. When the (mean) declinations of the Sun and the Moon
become equal, near the equinoctial points, the P4ra of the two
kinds (i. e. Vvarfrira and Vaipurfra) happens twice : contrari-
wise (i. e. when the mean declinations become equal near the
solstitial points, and the true declination of the Moon is less
than that of the Sun) no P£ra happens.

20. There becomes a third Pira
called (also) Vyarfp{ra* when the
minutes, contained in the sum of the places of the Moon and
the Sun, divided by the Brasmoaa (or 800) give a quotient
which terminates in 17 (i. e. which is more than 16 aud less
than 17).

Third P4ita.

21. Tke last quarters of the Nak-
SHATRAStT As'LEsHA, JYESHTHX and
Revarf are called the Brasanpui (or junctions of NAKsHATRAS)
and the first quarter of each of their following ones (i. e.
Maca&, MGLa and As'winf) is called the GANDANTA.

22. During the three frightful Vyarfras, GaxpanTas and
Baasanpafs (just mentioned), all (joyful) acts are prohibited.

23. (O 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{rApHIRARA.

End of the First Part of the SGRYA-SIDDHANTA.

GANDA'RTA and BHASANDHL,

* This is the Yoaa or the period of time in which the sum of the places of
the Sun and the Moon increases by 800’. This Yoga is the 17th reckoned from
VisHRAMBHA. See 65th S'Loxa of the second CHAPTER.~—B. D,

t These are the periods 9th, 18th and 27th from As'winf: they are found
from the Moon’s place by the Rule mentioned in the 64th 8'Loxa of the 2nd
CrapTER.—B. D,

K 2
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CHAPTER XII.
On CosmogPaphical Matters.

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

2. (Tell me, O my) 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 PAT{LA-BHUMIS or lower regions situated

Question about the Earth.

init ?
Question about the sun’s 3. How does the Sun cause day
revolution. and night ? How does he, enlighten-

ing (all) the worlds, circumvolve the Earth ?

4. Why are the day and night of
of the (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 Pirgis con-
sists of a lunar month and that of man consists of 60 grATIKAS ?
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 ?

Other questions.
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8. (Why is it that) the Sun’s rays are vehement in summer
and not so in winter : How far do the Sun’s rays reach ? How
many M4Nas (i. e. kinds of time as solar, lunar &c.) are there,
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 Mava 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
ApHYATMAN (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. The Supreme Being is called
ed ApEYiTMAY. Visupeva. The excellent soul (Puru-
sHA) partaking of the nature of VAsupEva is imperceptible,
void of all properties, calm, the spirit or life of the universe
and imperishable.

13. (This) all-pervading PurusHA called God SANEKARSHANA
entering nature made the water and put his influenice in it.

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

15. This omnipotent ANIRUDDHA is called HIRANYA-GARBHA
in the VEDAS (by reason of his situation in the golden egg) :
He is called Apirya from his first appearance and (also) SUryYA
on account of the production (of the universe from him).

16. This ANiruppHA named SOURYA and (also) Savir{ is
excellent light for the destruction of darkness. This maker of
the three states (Utearrr birth or production, StaITI life or
existence, and Sanm{rA death or destruction) of animate (and
inanimate) things, illuminating the world (in the golden egg),—

17, This self light ANiruppHA destroyer of darkness is
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denominated MABAN (intelligence) : The Ria-veDA is his disc,
S{ma-veDA his rays, and Yasur-vepa his body.

18. This omnipotent ANIRUDDHA consisting of the three
Vepas is time itself, cause of time, all-pervading, universal
spirit, omnivagous 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
ANIRUDDHA revolves at all times.

20. Three-fourths of ANIRUDDHA are hid in the heavensand
one (fourth) is this manifest universe. That able ANIRUDDHA
generated BRAEMA consciousness (AHANKARA) for the creation
of the universe.

21. Now having bestowed the excellent VEpAs on Bramm{
the grandfather of all people and placed him in the middle of
the golden egg, ANIRUDDHA himself revolves and illuminates
the universe.

22. Then Bramu{ bearing 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 BrammA’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. The 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.

25. Agaiu Branuy, of subdued passions, divided a circle,
invented by himself, into 12 parts, naming it the Ras'1-vRITTa,
and the same circle into 27 parts naming it the NaxsmaTRA-
VRITTA.

* Having produced ether with the quality of sound, air was formed by
adding to ether the quality of touch ; 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 swell. —B, D.
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26." Now having created things of different natures by
compounding in various proportions the best, middling, and
worst qualities (i. e. principles of truth, passion, and darkness)
BraaM{ 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 Branu4 arranged the planets, asterisms, stars,
the earth, worlds, Gods, Demons, men, and SippHas, regularly
at proper places and times in the way mentioned in the VEpas.

29. This BranManpa (the golden egg sacred to Brammi)
is hollow : in this (the worlds) BaGR, BHUVAR &c., are situated.
It is like a sampuTa (a casket) formed by two xaramAs (frying
vessels joined mouth to mouth) and of a spherical shape.

Ordor of the orbits of the 80 and 31. The circumference of
stars and planets situated the middle of the BrarMANDA is called
one below the other. VyomaxakseL (the orbit of heaven).
Init (i. e. BearmANpa) all the stars revolve. Beneath them
Saturn, Jupiter, Mars, the Sun, Venus, Mercury and the Moon
revolve one below the other, beneath them the SippmA, the
VipvApmarA and clouds are situated.

Answers to the questions 32. The terrestrial globe, posses-
stated in 2nd 8'z0xA. sing BRAEMA’s most excellent power of
steadiness, remains in space at the centre of the BRaAEMANDA
(which is) all around.

33. The seven PAr{rA Br?GMIS or infernal regions formed
by the concave strata of the earth are very beautiful, being
inhabited by N4aas (serpents) and Asugas (demons) aud having
-the liquors of the divine plants (which shine by their own
light).

84. The golden mountain Mxry,
containing heaps of various precious
stones, passes through the middle of the terrestrial globe (as
an axis projecting on both sides at the poles).

The position of MERU,
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The inhabitants . of the 35. The Gods with INpDRA and the
:;ﬂsl;:’fi ::16 Mszrui. e of the great holy sages inhabit the top of the
) MERv (i. e. the north pole) while the
AsuRras are at the bottom (i. e. the south pole). They (i. e.
the Gods and Asuras) hate each other.
. Situstion of the great 36. The great Ocean (the Ocean

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 Asugas).

The four cities placed at 87. Around the middle of the
the Equator. MEru in the directions of the east &c.
and at equal distances in the ocean are the four cities made
by the Gods in the different Dwfras.

88. To the east of the MERU (i. e. north pole) at a fourth
part of the Earth’s circumference in the BEADRAs'WA VARSHA
(a division of a continent) is the city called Yama-xo7r having
golden ramparts and arched gateways.

39. So to the south in the BEARATA-VARSHA there is the
great city called LaNkL : to the west in the KEruM{rLA-vARSHA
there is the city called RomMAxA.

40. To the north in the Kuru-varsHA there is the city
called SfopHA-pURf (or SippHA-PURA). 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. noctial, 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 MEkru
stars. (i. e, the north and south poles of the
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Farth) the two polar stars are situated in the heaven at their
zenith. These two stars are in the horizon of the cities
situated on the equinoctial regions.

44. Since the polar stars are in the horizon of the (said)
cities, there is no elevation of the terrestrial axis (but) the
co-latitude is 90°; so the latitude at the MERru is 90°.

" The beginning of theday ~ 49- When the Sun is above the
to the Gods and AsuRAs. regions of the Gods* (i. e. the northern
hemisphere) he first appears to the Gods at the first point of

- Aries : but to the Asugas (he first appears) at the first point
of Libra, when the sun is going ahove the regions of the Asuras
(i. e. the southern hemisphere).

Answer to the question in 46. Owing to this (the Sun’s go-
8th §'loka. ing northward and southward) the
Sun’s rays are vehement in summer in the Gods’ regions and
in winter in the Asuras’. Conversely they are weak (in summer
in the Asuras’ regions and in winter in the Gods’).

47. The Gods and Asuras behold the Sun in the homzon
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 Asuras (i. e. when the Sun is in the
northern hemisphere it is day to the Gods and night to the
Asuras, and vice versd).

48. The Sun at the first point of Aries, risen to the mhabl-
tant of the MERU (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 the same
manner (the Sun passing) the three signs Libra, &c. and other
three Capricorn, &c. (completes the first and second halves of
the day of the Asugras).

Answer to the questions 50. Therefore their day and night
in tho 4th 8’L0KA. arc mutually reverse, and the length of

# See the 36th 8'Loka of this Chapter. B, D,
L
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their Nycthemeron arises from the completion of the Suns
(one) revolution.

61. 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 Asuras, and vice versi) : The Gods and
the Asuras consider themselves each above the otker.

62, The others likewise who are situated diametrically op-
posed (at the earth’s surface) as the inhabitants of the Brap-
RxswA and KETUMALA (i. e. of YAmMAKOTI and RoMaka) and those
of LaNk& and SIDDHAPURA 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 Earth,
though globular, of the form of a circular plain, on account of
the smallness of their bodies.

55. This starry sphere revolves
horizontally (from right) to left to the
Gods and (from left) to right to the Asuras: Bub at the
equator (it) always (revolves) vertically (from east) to west.

56. At the equator, therefore, (the length of) the day is
always of 80 aHATIKAS and the length of the night is also the
same: and at the regions of the Gods and those 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 the
night decreases, while at the southern ones the day decreases
and the night increases, and vice versé).

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 the tropic of Cancer and then they become less and
less) at the regions of the Gods: but at those of the Asuras
the reverse of this takes place.

Parallel and Right spheres.
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58. (But) when the Sun is in the (southern) signs Libra
&c. the decrease and increase both of the day and night are
the reverse. The knowledge of this (increase or decrease) at
every day from (the cquinoctial shadow of) the given place
and the Sun’s declination is described before (in the 61st
S’Loka 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 yvosaNas equal to the quotient (above
found) from the equator.

Determination of the place 60 and 61. In the same manner
where the day or night be- find the number of YosANAs from the
comes of 60 GHATIEAS.

Sun’s 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 cHATIEAS once
(in a year) at the distance in YoJaNAs equal to the rerhainder
(above found) from the equator (i. e. at the polar circles) in the

" regions of the Gods and the Asuras reversely (i. e. when the
Sun is at his greatest distance from the equinoctial, the day
becomes of 60 GHATIKAS at the polar circle in the northern he-
misphere, while the night becomes of the same length at the
polar circle in the southern one, and vice versi).

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 cEATIEAS. Beyond that (i. e. in the
polar regions) the starry sphere revolves in an opposite manner
(as regards the north pole and the south).

The positions where some 63. Tind the vosanas (as above)
signs are always invisible. 3., the declination which arises from
the sine of two signs* and subtract the Yosanas from the fourth

# The sine of two signs (i. e. 60°) multiplied by the sine of the greatest declins
ation and divided by the Radius gives the sine of dcclination. B. D.

L2
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part of the Earth’s circumference. At the distance equal to
the remaining vosaNAs from the equator in the regions of the
Gods, the Sun, situated at Sagittarius and Capricornus, is
never seen.

64. But in the regions of the Asuras (at the same distance
from the equator), (he is never 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 the vosanas found from the declination of one
sign (30°). At the distance of the remaining YoJANAS 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 Asuras (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 MEeru behold the Sun constantly as
long as he is in (northern) six signs Aries, &c. so the Asugas
as long as he is in (the southern ones) Libra, &c.

68. At the distance of the fifteenth
part of the Earth’s circumference
(from the equator) in the regions of the Gods or the Asuras
(i. e. at the north or south terrestrial tropic) the Sun passes
through the zenith when he arrives at the north or south sols~
titial point (respectively). -

Terrestrial tropic.

Determination of  the 69. (At places) between them (1 e.
direction of the gnomonic between the equator and the tropics)
shadow at noon, .

the gnomonic shadow may be north or
_ south at noon. Beyond this limit it falls towards the ends of
the MERU (i. e. the north and south poles) in the northern
and southern hemisphere (respectively).

Anawer to the question in 70. The Sun when arrived at the
the 8rd §s0xa. zenith of BHADRAs'WA (or Yamakoti)
makes his rising in Barata (or LANKK), mid-night in KEru.
MaLA (or RaMAka) and setting in Kuru (or SIDDAPURA).

s
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71. In the same manner, (the Sun) revolving from east to
west, (when he reaches the zenith of Ba{raTA or LANKA) makes
the mid-day, rising, mid-night and setting in the vArsHAs, Bra-
RATA and others, i. e. BuAraTA, KETUMAL2, KUBU and BHA.
DRAS'WA respectively).

72. To one who is going to the
end 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 MEgu:) and to
one going towards the equator the reverse is the case with the
inclination and elevation.

Oblique sphere.

Answer to the question in 78. The starry sphere, bound at its
the 2nd half of the 6th 820  two poles (north and south), being
- struck with the PravaEA 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 §’z0xA. and the Asuras behold the Sun con-
stantly above the horizon throughout half the year, and men
throughout their day, (so) do the Pirris 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 the greater orbit
(in length) are greater than those of the smaller.

76. A planet revolving in a smaller orbit passes the 12
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 SaNaiscEARA (slow-moving i. e.
Saturn) going in a greater orbit makes a few.

Answer to the question in 78. Every fourth of the planets
* the first half of the 6th (in the order of their orbits mentioned
Hroms. in S’Loka 31) reckoning from Saturn is
the Ruler of a day (of the week) in succession (thus, the
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Sun, who is fourth from Saturn, is the ruler of the 1st day;
the Moon, who is fourth from the Sun, is the ruler of the
second day; Mars, the fourth from the Moon, is the ruler of
the third day, and so on).

In the 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. Reckoning from the Moon, the planets above her (i. e.
Mercury, Venus, the Sun, &c.) are called the rulers of the
months (of 80 days) successively. And from Saturn (the
planets situated) one below the other (i. e. Jupiter, Mars, the
Sun, &c.) are successively the rulers of the hours.*

Answer to the question in 80. The Sun’s orbit (in YosaNas to
7th §'z0xA. be stated in 8'Loxa 86th) multiplied by
60 gives (the length of ) the middle circle of the starry sphere.
This circle of the stars of so many vosaNAs 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’Loxa
85th) : the product is equal to the orbit of heaven (or the
circumference of the middle of the BRAEMANDA) : to this orbit
the rays of the Sun reach.

Determination of the Di. 82. The very same (the orbit of
mensions of the orbits of heaven) being divided by the number
the plancte and their daily  of revolutions of a planet in a KaLPA

gives the orbit of that planet; (and
dividing this orbit) by the number of terrestrial days in a KALPA,
the quotient is called the daily motion (in Yosanas) of all the
planets to the east.

Of their daily motions in 83. Multiply this number of yosa-
minutes or angular motions. g of the daily motion (of all the

* v. 78 and 79. It is to be known here that the Ruler of a day (from mid-
night to mid-night at LANEA) is the same as that of the first hour of the day:
and the Ruler of a month or a year is the same as that of tho first day of the
month or year., B. D.
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planets) by the Moon’s orbit and divide the product by the
orbit of 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 diameters 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).

85. The orbit of the Moon is 324,000 (YosaNas) and that of
the SicarocHEHA of Mercury, beyond the Moon is 1,043,209.

86. That of the SicEROCHEHA of Venus 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 80,572,864,

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 BraAEMANDEE
in which the Sun’s rays spread, is 18712080864000000 YOJANAS.

End of the twelth CrAPTER.

CHAPTER XIIIL

On the construction of the armillary Sphere and other astronomi-
cal Instruments.

1and 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 GuHYAKAS
(akind 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).
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The construction of the 3 and 4. Let an astronomer make
armillary Sphere. the wonderful construction of the ar-
millary Sphere with that of the Earth (at its centre).

Having caused a wooden terrestrial globe to be made of any

desired size with a staff representing the MERU passing through
the (globe’s) centre and projecting on both sides. (Let him
fix) two circles (on the staff) called the ADHARA KAKSHA or the
supporting circle (answering to the colures) as also the equi-
noctial.
" The diurnal circles of the . Let three circles marked with
12 signs. the number of degrees in the 12 signs
(or 360°) be prepared (to represent the diurnal circles at the
ends of the 3 signs Aries, Taurus and Gemini) with radii an-
swering to the respective diurnal circles in proportion to the
Equinoctial.

6,7, 8and 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 the 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 the 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 Apsuir (and
Lyrz) and for the seven great saints (i. e. the seven stars com-
posing the constellation of Ursa major), Aaasrya (Canopus).
Braun{ (Aurige) and other stars. In the very middle of all
(these circles) is fixed the Equinoctial circle.

Detormination of the 10 and 11. Let the two solstices
Pliceﬂ of the 12 signsin the he marked above the intersection of
sphere the Equinoctial and one of the two
supporting circles (i. e. at the distance of the Sun’s greatest
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declination from the intersection to the north and south on the
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 80°) the places of Aries and other signs should
be determined by the transverse strings (of the circle).

There is another circle passing from
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
eastern horizon is called the Laana
*(the horoscope) and (the point) just setting is called the Asrta
LAGNA (or the setting LAGNA) on account of its setting.

The Mapmzs Lacwa or 14+ The point of the ecliptic in
the culminating point of the the middle of the visible heaven (or
ecliptic, in the meridian i. e. the culminating
point of the ecliptic) as determined through the rising periods
of the signs ascertained for Lanka (in 48th S'Loka of the 3rd
Chapter) is called the MapaYAMA (Lagna).

The AxTyA. (Suppose a line between the two

intersections of the meridian of a
given place and a given diurnal circle). The string (or the
portion of that line) intercepted between the meridian and
the horizon (in terms of the radius of a great circle) is called
ANTYL,

_The sine of the ascensional 15. And a portion (of the same
difference. line) intercepted between (the plane
of) the six o’clock line and that of the horizon (in terms of the
radius of a great circle) is, it is to be known, equal to the
sine of the ascensional difference.

N

The Ecliptic.

The Horoscope.
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(On the terrestrial globe) consider-
ing 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 16. Thus ha'Ving surrounded the
Instrument, sphere (the axis of which should be
elevated to the height of the pole) by the horizon (made as
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 sphere (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 instrament (so that it may be self-revolving).

(The knowledge of) this, the Sun’s method is lost at the
end of every Yuaa.

19. It arises again by the favour of some one (great
astronomer) when he pleases.

So let other self-revolving instraments be furnished for
measuring time.

20. To (such) a surprising instrument let (an astronomer)
alone apply his contrivance, (in secret).

Other instruments for mea- Let smart (astronomers) from the
ouring time, instruction of their teacher know the
hour (of the day) by the dial instraments gnomon, staff, semi-
circle and circle in various ways,

21. Let also (astronomers) determine the hour exactly by
the water-clocks, clepsydra &c., and the sand-clocks in the
shape of peacock, man or monkey.

22. (For the 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

The Horizon,
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(i. e. the instruments). These applications are very difficult of
attainment.

Karaza Yantrs or Olep-  28. The copper vessel (in the
sydra. 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 nyctheme-
ron, is called the Kap{ra YANTRA.

24. As also that instrument the
Gnomon is very useful by day when the
Sun is clear, and an excellent means of ascertaining time by
taking its shadows.

Conclusion.

The Gnomon,

25. Having known exactly the
science of the planets and stars and
the spheric, man attains (his residence at) the spheres of the
planets (Moon &oc.) and becomes acquainted with the spiritual
. knowledge by his regeneration, attains to spiritual knowledge
in a subsequent birth.

End of the thirteenth Chapter called JYAUTISHOPANISHAT.

CHAPTER XIV.
On kinds of time.

1. There are nine M4NAs (kinds of
time), the Br{mma (that of Bramm),
the Divya (that of the Gods), the PiTeva, the PrAiLPATYA, as
also that of Jupiter, the Solar, the Terrestrial, the Lunar and
the Siderial.

The M4AxA8 which are used 2. The four MANas the solar, the
here. lunar, the sidercal and the terrestrial
are (always) in use in this world : the MANA of Jupiter is (used

N 2

Number of kinds of time.
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here) for knowing the 60 SamvaTsaras,* and the other mANas
are not always (used). '

8. The lengths of the day and
night, the SHADAsfTI-MUKHAS,t the
solstitial and equinoctial times, and the holy time of San-
KRANTI (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 MANA.

4. Every eighty-sixth (solar}) day
A reckoned from the time of Turpr
(i. e. from the time at which the Sun enters the sign Libra)
is called SHADAS frI-MUKHA 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 SHADASfTI 5. (The first SHADAS'fTI-MUKHA hap-
MuxmaS 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
14th degree of Virgo.

6. Then (after the fourth SHADAS'fT1-MUKHA) the remaining
16 solar days of the solar month at which the Sun 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 ecliptio. 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.

Use of the solar MANA.

The SHADASiTI MUKHA.

Tts other points. 8. . Again, between every two con-
secutive points (of them) two SANKRAN-

* See 56th 8’T0xA of the first Chapter. B. D.
+ This word will be explained in the following 8’'Loxa. B. D.

1 By a solar day is here meant the time in which th
of the Ecliptic. B. D. o San moves one degm?
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15 or the beginnings of the signs are situated in the ecliptic :
(And of the twelve points of the ecliptic, just mentioned), the
points which are next to the (four common) points (i. e. the
beginnings of the four signs Taurus, Leo, Scorpio and Aqua-
rius) are called the VisENU-PADS.

Two halves of a tropical 9. From (the time of) the Sun’s
year. entrance into Capricorn the six solar
months are the UTTAr{vANA (the northing of the Sun): in the
same manner from the time of the entrance. of the Sun into
Cancer, the six solar months are the DAksHINiYANA (the
southing of the Sun).

The seasons, months and 10. From that time (i. e. the
year. winter solstice) the periods, in each of
which the Sun remains in the two signs are the seasons S'is1ra
(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 Sax- 11. The number of minutes con-
KRANTL tained in the Sun’s disc multiplied by
60 and divided by (his) daily motion (gives a certain number of
emATIKAs.) Half these GHATIRSS, before as well as after the
SaNkrANTI (or the time of the Sun’s passage from one sign
into another) is holy.

The lunar MANA. 12. The time in which the Moon,

being separate from the Sun (after a
conjunction), moves daily to the east is the lunar mMANa. The
time in which the Moon describes 12 degrees (from the Sun)
is & lunar day.

Dso of tho lunar wims. 18. The Tirar (lunar day), the

Kagaya (half of & TiTHI), the time of
marriage, shaving and all other acts, as also (the times of)

* A solar vyear is divided into six seasons, viz. The 8'18'rBA (the very cold
season), the VasaNTa (the Sprmg), the GrfsHMA (the hot season) the VAmsmA
(the r)amy s«la)ason), the 8’ARAT (the Autumn) and the HEMANTA (the cold
season,
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religious acts of obligations, fasts and pilgrimages are regulated
by the lunar MANA.
14. A lunar month which consists
of 30 lunar days, is, as mentioned
before, a day and night of the Pirpis. 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 PiTris) respec-
tively.

The MANA of PiTris.

15. A daily revolution of the starry
sphere is called a sidereal day.

Naming of the lunar The lunar months are named from
months. the NaksHATRAS* (or asterisms) which
take place (or in which the Moon is) on the 15th day of these
months.+

16. On the 15th day of (each of the lunar months) K£gTixa
and others, (either of every) couple of the NAksmaTRAS reckoned
from KritTik{ takes place successively. (But on the 15th day
of each of) the three months such as the last (i. e. As'WINa)
and that coming before the last (i. e. Ba{prAPADA) and the
fifth (i. e. PEALGUNA) one of three NaKsHATRAS takes place.}

17. (As the lunar months are named
K£erika &c. from the union of their
15th day with the NaksaaTras Kgirtir, &c. so) the years of
Jupiter are called K{rT1kA, &c. from the union of the 15th day
of the dark half of the months Vais'Akna, &c. (with the Nax-

* The NARSHATRAS are found in the 64th 8Loxa of the 2nd Chapter. B. D.

+ The first lunar month is named CHAITRA from the NAKSHATRA CHITRA,
the 2nd Vars'a’gna’, from Vis’s’kH4’ the 3rd JYESHTHA, from JYESHTHA, the 4th
AsHADHA from PORVA’S’HA’DHA’, the 5th 8'RA’VANA, from 8'RBAVANA, the 6th BHA'-
DRAPADA from PGRYA’BHA'DRAPADA’, the 7th As'WINA from As'winf, the 8th
Ka’RTIEA from KRITTIRA, the 9th MA’RGas’fesHA from MRrfGas'fRSHA, the 10th
PavusHA from PUsHYA, the 11th Ma’GHA from MaGHA” and the 12th PHA’LGUNA
from PGRVA-PHALGUN. B. D.

1 On the 15th day of the lunar month Ka’RTIKA, the NAKSHATRA KRITTIKA
er RomHIN{ takes place ; of MaraAs'frsHA, MrfGA or ARDRAY, of PAUSHA, PUNAR-
VaSU or PUsHYA ; of MAGHA, AS8'LESHA or MAGHA’ ; of PHALGUNA, PGBVAPHAL-
GUN{ or UTTARAPHALGUN{ or HasTA; of CHAITRA’/, CHITRA or SBwA'TI; of
VAI18’AKHA, VISA'RHA’ or ANUBA/DHA’ ; of JYESHTHA, JYESHTHA' or MGLA; of
AsHADHA, PURVA,SOADHA’ or UTTARA’SHADHA ; of SRAVANA, 8SRAVANA or DHA-
NISHTHA ; of BEA/DRAPADA, 8'ATATA’RA, PURVA’BHA’DRAPADA’ or UTTABA'BHA"
DRAPADA ; and of A8'WINA, REvaT{ Ag'WIN{ or BHARAN. B. D.

The sidereal MANA.

Years of Jupiter.
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sHATRAS KritTir{, &c., when at the said 15th day) Jupiter rises
or sets heliacally.
Torrestrial MAXA. 18. The time from one rising of
the Sun to the next is called a S{vana
or a terrestrial day, from this the number of terrestrial days in
a KaLra is determined: By these days the time of sacrifice
is calculated.
It's use. 19. Determination of the SGTara
(or impurity contracted in consequence
of a death or birth in one’s family), the rulers of the day,
month and year, and the mean motion of a planet are reckoned
by S£vaNna (or the terrestrial MANa). .
80. It is said before that the day
and night of the Gods and the Asur{s
are mutually reverse: This day and night which is found
from the completion of the Sun’s revolution is Divya (or the

MANA of the Gods).

PRA’'TA’PATYA MANA,

The MANA of the Gods.

21. The duration of a MaNU (which,
as mentioned before, is equal to 71
Yucas) is called Pr{7APaTYA (or the MANA of Praj{eaTr who
was the father of MaNus). There is no division of the day
and night in this MANA.

The KaLra is called the Be{EMA (or
the MANa of BragM().

22. O superior Mava, 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 Mava and said this
(the meaning of the preceding two verses) and being wor-
shipped by him, the man who partakes of the nature of the
Sun, ascended to heaven and entered the disc of the Sun.

The BRA'HEMA MANA,

Conclusion.
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25, Then having learned the divine knowledge from the
Sun 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 (some) saints approached and asked him respect-
fully the knowledge.

27. He (Mava) 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.

End of the 14th Chapter, of the Second Part, and of the
work. )

Posrscripr BY THE TRANSLATOR.

It is stated in the SUrvA-sippDHANTA that a dialogue took
place between a man partaking of the nature of the Sun and
a Demon called Mava 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 Mun1 (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 Pur{yas, is
considered to be meritorious. Every subject is treated more
fully in this than in any other of the ancient SippEANTAS, 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 SippHANTAS are :—

1. Sdrya-siddhénta. 10. Marichi-s.

2. Brahma-s. 11. Manu-s.

3. Vyésa-s. 12, Angiras-s.

4. Vasishtha-s. 18. Lomas’a-s.

5. Atri-s. 14. Pulis’a-s.

6. Paris’ara-s. 15. Chyavana-s.

7. Kas'yapa~s. 16. Yavana-s.

8. Nérada-s. 17. Bhrigu-s.

9. Garga-s. 18, S’aunaka or Soma-s.
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Although it is generally supposed that the SGrYA-sIDDEANTA
" is the oldest, yet some consider the BraAHMA-sIDDHANTA to be
so: and it is stated in the S/AMBHU-HORAPRAKAS'A (an astro-
logical work), that the SoMA-sIDDHANTA is the first, the Bram-
MA-8IDDHANTA the second; and the SGrYA-SIDDHANTA the third in
the order of time. But this opinion is not generally received. Of
the eighteen ancient Siddhéntas onlyfour (viz. Sirya-s., Brah-
ma-s., Soma-s,, and Vasishtha-s.) are now procurable ; the
others are very rare.

In the translation wherever words are supplied by way of
explanation they are included in brackets. In some placesthe
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 64,

BAPU DEVA.

Sanskrit College, Benares, 1860,
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Line from top. Error. Correction.
7 Properties (of all Properties,
created things).
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13 RevArf. REvATi.
4 Keira Yvaa. KRITA YUGA,

32 MapuyAcarf. MADHYAGATS.
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TRANSLATION OF THE GOLADHYAYA OF THE
SIDDHANTA-STROMANI.

CHAPTER L

In praise of the advantages of the study of the Splwrw
Salutation to GaNEsA !

1. Having saluted that God, who
when called upon brings all under-
takings to a successful issue, and also that Goddess, through
whose benign favour the tongues of poets, gifted with a flow of
words ever new and with elegance, sweetness and playfulness,
sport in their mouths as in a place of recreation, as dancing-
girls adorned with beauty disport themselves in the dance with
elegance and with every variety of step, I proceed fo indite
this work on the Sphere. It has been freed from all error,
and rendered intelligible to the lowest capacity.

2. Inasmuch as no calculator can
hope to acquire in the assemblage of
the learned a distinguished reputation as an Astronomer, with-
out a clear understanding of the principles upon which all the
calculations of the mean and other places of the planets are
founded, and te remove the doubts which may arise in his
own mind, I therefore proceed to treat of the sphere, in such
a manner as to make the reasons of all my ealculations
manifest. On inspeeting the Globe they become clear and
manifest as if submitted to the eye, and are as completely
at command, as the wild apple (fuwld) held in the palm of
the hand.

Invocation.

Object of the work.

B
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o ' 3. As a feast with abundance of

of the Baherts,™ 82T gl things but without clarified butter,

and as a kingdom without a king, and

an assemblage without eloquent speakers have little to recom-

mend them ; so the Astronomer who hasno knowledge of the
spheric, commands no consideration.

4. As a foolish impudent disputant, who ignorant of gram-
mar (rudely) enters into the company of the learned and vainly
prates, is brought to ridicule, and put to shame by the frowns
and ironical remarks of even children of any smartness, so he,
who is ignorant of the spheric, is exposed in an assemblage of
the Astronomers, by the various questions of really accom-
plished Astronomers.

Object of the Armillary 5. The Armillary sphere is said, by
sphere. the wise, to be a representation of the
celestial sphere, for the purpose of ascertaining the proofs of
the positions of the Earth, the stars, and the planets : this is a
species of figure, and hence it is deemed by the wise to be an
object of mathematical calculation.

6. It is said by ancient astrono-
mers that the purpose of the science
i8 judicial astrology, and this indeed depends upon the influence
of the horoscope, and this on the true places of the planets :
these (true places) can be found only by a perfect knowledge
of the spheric. A knowledge of the spheric is not to be
attained without mathematical calculation. How then can a
man, ignorant of mathematics, comprehend the doctrine of

the sphere &c. ?
Who is likely to under- 7. Mathematical calculations are

take the study with effect.  of two kinds, Arithmetical and Alge-
braical : he who has mastered both forms, is qualified if he have
previously acquired (a perfect knowledge of) the Grammar (of
the Sanskrit Language,) to undertake the study of the various
branches of Astronomy. Otherwise he may acquire the name
(but never the substantial knowledge) of an Astronomer.

In praise of mathematics.
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8. He who has acquired a perfect
knowledge of Grammar, which has been
termed VEDAVADANA i. e. the mouth of the VEpas and domi-
cile of SArAswATI, may acquire a knowledge of every other
science—nay of the VEpas themselves. For this reason it is
that none, but he who has acquired a thorough knowledge of
Grammar, is qualified to undertake the study of other sciences.

The opinion of otherson 9. O learned man ; if you intend
?l‘;:v §°;:;en%‘;g°g°‘:h:::h d; to study the spheric, study the Treatise
of it. of BuASKARA, it is neither too concise
nor idly diffuse: it contains every essential principle of the
science, and is of easy comprehension ; it is moreover written
in an eloquent style, is made interesting with questions ; it im-
parts to all who study it that manner of correct expression in
learned assemblages, approved of by accomplished scholars.

End of Chapter I.

In praise of Grammar,

CHAPTER II.
Questions on the General view of the Sphere.

Questions regarding the 1. This Earth being encircled by
Barth. the revolving planets, remains sta-
tionary in the heavens, within the orbits of all the revolving
fixed stars ; tell me by whom or by what is it supported, that it
falls not downwards (in space) ?

2. Tell me also, after a full examination of all the various
opinions on the subject, its figure and magnitude, how its prin-
cipal islands mountains and seas are situated in it ?

) ) 3. Tell me, O my father, why the
c,&':ﬁ'g::: ’,ff:,{"‘;,‘f :B::: place of a planet found out from well
taining planets’ true places cglcnlated AHARGANA (or enumeration
and their causes,

of mean terrestrial days, elapsed from
B 2
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the commencement of the KaLra)* by applying the rule of pro-

# [A Kavra is that portion of time, which intervenes between one conjunction
of all the planets at the Horizon of LANEA (that place at the terrestrial equator,
where the longitude is 76° E., reckoned from Greenwich) at the first point of
Aries, and a subsequent similar conjunction. A XALPA oonsists of 14 MANUS
and their 15 sANDHIS ; each MANU lying between 2 sanDHIS. Each MANU
eontains 71 yYuaas; each yYvaa is divided into 4 YUeANGHRIS viz., KRITA,
TeEeTa’, DWAPARA and Karl the length of each of these is as the numbera
4,3,2and 1. The beginning and end of each YUaA’NGHRI8 being each one 12th
part of it are respeotively called its 8BANDEYX and SANDHYA'NsA. The number
of sidereal years contained in each YuGga’NGHRI, &c. are shewn below ;

Dwa'PABA, veeee 864,000,
TRETA,.... 1,296,000,
K RITAy . ceeerasnnnenrennserennnrsonsesrossessnssnnsencensesnen 1,728,000,
YUGA, coiveiriiiiiiie e cveiieneeieenens 4,320,000,
71 x Yuaa = MaNU, ..., 4,294,080,000,

14 MANT, oo iiiee cerveninnennrnnrasnes casnesesciecensasaonses 306,720,000,
15 MaNU 8ANDHIS each equal to a KRITaAYUGANGHRT, 25,920,000,

Of the present KaLPa 6 MANUS with their 7 sawpn1s, 27 YUGa8 and their
three YUGA’NGHRI . e. KRITA, TRETA, and Dwa’PARA, and 8179 sidereal years of
the fourth Yuga’NeHRI of the 28th Yuga of the 7th maNU, that is to say,
1,972,947,179 sidereal years have elapsed from the beginning of the present
Karpra to the commencement of the SA’LiwA’HANA era. Now we can easily find out
the number of fears that have elapsed from the beginning of the present Karra
to any time we like

By astronomical observations the number of terrestrial and synodic lunar days
in any given number of years can be ascertained and then, with the result fouud,
their number in a KALPA or YUGA can be calculated by the rule of proportion.

By this method ancient Astronomers found out the number of lunar and ter-
restrial days in a KALPA as givzn below.

1,602,999,000,000 (synodic) lanar days )} .
and 1,577,916.450,000 tosrestriel days v }“‘ a Karea.

With the foregoing results and a knowledge of the number of sidereal years
contained in & KaLPA as well of those that have passed, we can find out the
number of mean terrestrial days from the beginning of a KALPA to any given
day. This number is called ABARGANA and the method of finding it is given in
GANITADHYAYA by BHA'SRKARA'CHA'RYA.

By the daily mean motions of the planets, ascertained by astronomical observa-
tions, the numbers of their revolutions in a KaoLPA are known and are given in
works on Astronomy. :

To find the place of a planet by the number of its revolutions, the number of
days contained in a KALPA and the AHARGANA to a given day, the following pro-
portion is used.

As the terrestrial days in a Kazra,

: the number of revolutions of a planet in a Karpa

: the AHARGANA :

: the number of revolutions and signs &o. of the planet in the AHARGANA.

By leaving out the number of revolutions, contained in the result found, the
remaining signs &o. indicate the place of the planet.

Now, the intention of the querist is this, why should not this be the true
placo of aplanet? In the GaNiTADEYAYA. BHAsKARACHA'RYA has stated the
revolutions in a KaLPA, but he has here mentioned the revolutions in a YUGA
on account of his constant study of the 8’I8SHYA-DH{VR{DDHIDA-TANTRA, & Trea-
gse I‘)”EI Astronomy by LALLA who has stated in it the revolutions in & Yvaa.—
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portion to the revolutions in the Yuaa* &c. is not a true one ?
(i. e. why is it only a mean and not the true place) and why
the rules for finding the true places of the different planets are
not of the same kind ? What are the DESANTAKA, UDAYANTARA,
BrUsANTARA, and CHARA corrections?+ What is the MaNpocHCHAT
(slow or 1st Apogee)and S'feHROCECHA§ (quick or 2nd Apogee)?
‘What is the node ? '

4. Whatis the Kenpral| and that which arises from it (i. e.
the sine, cosine, &o. of it) ? What is the ManDAPHALA|| (the
first equation) and S’feBRAPHALAY (the 2nd equation) which
depend on the sine of the KExpra? Why does the place of
a planet become true, when the MaNDAPHALA or S'fGHRAPHALA

# (1t may be proper to give notes explaining concisely the technical terms
occurring in these questions, which have no corresponding terms in English, in
order that the English Astronomer may at once apprehend these questions with-
out waiting for the explanation of them which the Author gives in the sequel.—

+ [To find the place of a planet at the time of sun-rise at a given place, the
several important corrections, i. e. the UDAYA'NTARA, BEUJA’NTARA, DES'ANTARA,
and CHARA are to be applied to the mean place of the planet found out from the
AHARGANA by the fact of tke mean place being found from the AEaRGANA for the
time when a fictitious body, which is supposed to move uniformly in the Equi-
noctial, and to perform a complete revolution in the same time as the Sun, reaches
the horizon of LaNkA’. We now proceed to explain the corrections.

The Upava’nNTaRA and BEUJA'NTARA corrections are to be applied to the mean
place of a planet found from the AmaRGANA for finding the place of the planet at
the. true time when the Sun comes to the horizon of LANKA’ arising from those
two portions of the equation of time respectively, one due to the inclination
of the ecliptic to the equinoctial and the other to the unequal motion of the
Sun in the ecliptic.

The DEs’s’NTarA and CHARA corrections are to be applied to the mean place of
a planet ap‘Plied with the UDAYA’NTARA and BEUJA'NTARA corrections, for finding
the place of the planet at the time of sun rise at a given place.

The DEs’A’NTARA correction due to the longitude of the place reckoned from
the meridian of LANEA’ and the CHARA correction to the ascentional differ-
ence. B. D.]

1 [MaNDOCHCHA is equivalent to the higher Apsis. The Sun’s and Moon’s
ManNpocHCHAS (higher Apsides) are the same as their Apogees, while the other
planets’ MANDOORCHAS are equivalent to their Aphelions. B. D.]

§ [S'I’'aEROCHOHA is that point of the orbit of each of the primary planets (i. e.
Mars, Mercury, Jupiter, Venus and Saturn) which is furthest from the Earth,
B. D.

] []KBNDBA is of two kinds, one called MANDA-KENDRA corresponds with the
snomaly and the other called 8'T'GHRA-KENDRA is equivalent to the commutation
added to or subtracted from 180° as the SIGRA-KENDEA is greater or less than
180° B. D.]

§ [MANDA-PHALA is the same as the equation of the centre of a planet and
8T GHBA-PHALA is equivalent to the annual parallax of the superior planet ; and
the elongation of the inferior planets. B. D.}p
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are (at one time) added to and (at another) subtracted from it ?
What is the twofold correction called DgikkarMa* which
learned astronomers have applied (to the true place of a pla-
net) at the rising and setting of the planet? Answer me all
these questions plainly, if you have a thorough knowledge of
the sphere.

Questions regarding the 5. Tell me, O you acute astrono-
length of the day and night. o why, when the Sunis on the
northern hemisphere, is the day long and the night short, and
the day short and the night long when the Sun is on the south-
ern hemisphere ?

Questions regarding the 6. How is it that the day and
length of the day and night night of the Gods and their enemies
of the Gods DUTTASPITRIS () 11vas correspond in length with

the solar years? How is it that the
night and day of the Pirgis is equal in length to a (synodic)
lunar month, and how is it that the day and night of Bramm{
is 2000 vueast in length ?

Questions regarding the 7. Why, O Astronomer, is it that
periods of risings of the the 12 signs of the Zodiac which are
signs of the Zodiac. . .

all of equal length, rise in unequal
times (even at the Equator,) and why are not those periods of
rising the same in all countries ?

Questions as to the places of 8. Shew me, O learned one, the
the Dxusx4,the Kosxa’, &2, places of the DNyusvd (the radius of
the diurnal circle), the Kusv£ (the sine of that part of the
arc of the diurnal circle intercepted between the horizon and
the six o’clock line, i. e. of the ascensional difference in terms

* [DrikkaRMA is the correction requisite to be applied to the place of a pla-
net, for finding the point of the ecliptic on the horizon when the planet reaches
it. This correction is to be applied to the place of a planet by means of its
two portions, one called the AvaNA-DRIKKARMA and the other the AksHA-DRIK-
xARMA. The place of a planet with the AYANA-DRIKEARMA applied, gives the
point of the ecliptic on the six o’clock line when the planet arrives at it : and
this corrected place of the planet, again with the AKSHA-DRIKKARMA applied,
gives the point of the ecliptic on the horizon when the planet comes to it. B. D.}

+ The Krita, TeETA/, DWa’PARA and KaLI are usually called Yueas: but
the four together form only one Yuga, according to the SipDHA’NTA system,
each of these four being held to be individually but a Yuea'rarRi, L. W,
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of a small circle), and show me also the places of the declination,
SaMaA-s{NKU,* AGrA (the sine of amplitude), latitude and
co-latitude &c. in-this Armillary sphere as these places are in
the heavens. :

Questions regarding cer If the middle of a lunar Eclipse
tain differences in the times takes place at the end of the TiTmi
iﬁ;}:" of solar andlunar (54 the full moon), why does not the

middle of the solar Eclipse take place
in like manner at the change? Why is the Eastern limb of
the Moon in a lunar Eclipse first involved in obscurity,
and the western limb of the Sun first eclipsed in a solar
Eclipse ?+

Questions regarding the 9. What,” O most intelligent one,
parallaxes. is the Lampana} and what is the
Nar1? why is the LamBana applied to the Trrar and the
Natr applied to the latitude (of the Moon)? and why are
these corrections settled by means (of the radius) of the
Earth ?

Questions regarding the 10. Ah! why, after being full, does
phases of the Moon. the Moon, having lost her pure bright-
ness, lose her circularity, as it were, by her too close associa-
tion, caused by her diurnal revolution with the night : and why
again after having arrived in the same sign as the Sun, does
she thenceforth, by successive augmentation of her pure

hd a[lSAl{bSA'NKU is the sine of the Sun’s altitude when it comes to the prime
vertical. B. D

+ [An Eclipse of the Moon is caused by her entering into the Earth’s shadow
and as the place of the Earth’s shadow and that of the Moon is the same at the
full moon, the conjunction of the Earth’s shadow and the Moon must
happen at the same time ; and an Eclipse of the Sun is caused by the interposi-
tion of the Moon between the Earth and the Sun, and the conjunction of the
Sun and Moon in like manner must happen at the new moon, as then
the place of the Sun and Moon is the same. As this is the case with the eclipses
of both of them (i. e. both the Sun and Moon) the querist asks, *If the middle
of a lunar eclipse &c.” It is scarcely necessary to add that the assumption
that the middle of a lunar eclipse takes place exactly at the full moon, is only
approximately correct. B, D.]

1 [The LamBANA is equivalent to the Moon’s parallax in longitude from the
8un reduced into time by means of the Moon’s motion from the Sun: and the
Na11 is the same as the Moon’s parallax in latitude from the Sun. B, D.]
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brightness, as from association with the Sun, attain her circu-
lar form ? *

End of the second Chapter.

CHAPTER III
Called Bhuvana-kos'a or Cosmography.

The excellence of the 1+ TheSupreme Being Para Bram-
Bupreme Being, MA the first principle, excels eternally.
From the soul (PurusHa) and nature (PrakriTI,) when excited’
by the first principle, arose the first Great Intelligence called
the MAHATTATTWA or BupDHITATTWA : from it sprung self-con-
sciousness (AHANKARA :) from it were produced the Ether, Air,
Fire, Water, and Earth ; and by the combination of these was
made the universe BrRAEMANDA, in the centre of which is the
Earth: and from BranMA CHATURANANA, residing on the sur-
face of the Earth, sprung all animate and inanimate things.

2. This Globe of the Earth form-
ed of (the five elementary principles)
Earth, Air, Water, the Ether, and Fire, is perfectly round, and
encompassed by the orbits of the Moon, Mercury, Venus, the
Sun, Mars, Jupiter, and Saturn, and by the constellations. It
has no (material) supporter ; but stands firmly in the expanse
of heaven by its own inherent force. On its surface through-
out subsist (in security) all animate and inanimate objects,
Danvusas and human beings, Gods and Dairyas.

Description of the Earth.

* This verse has a double meaning, all the native writers, however grave the
subject, being much addicted to conceits. The secend interpretation of this
verso is as follows :

Ah! why does the most learned of Brahmans, though distinguished by his
immaculate conduct, lose his pure honour and influence as it were from his mis-
conduct caused by derangement? It is no wonder that the said Brahman after
having met with a Brahman skilled in the VEDAS, and by having recourse to
him, thenceforth becomes distinguished for his eminent good conduct by gradual
augmentation of his illustriousness. L. W.
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8. It is covered on all sides with multitudes of mountains,
groves, towns and sacred edifices, as is the bulb of the Nauclea’s
globular flower with its multitude of anthers.

Refutation of the supposi- 4. If the Earth were supported by
i‘:i::ztl;gz x‘lf:::h has suo-  any material substance or living crea-

ture, then that would require a second
supporter, and for that second a third would be required.
Here we have the absurdity of an interminable series. If
the last of the series be supposed to remain firm by its own
inherent power, then why may not the same power be supposed
to exist in the first, that is in the Earth ? For is not the Earth
one of the forms of the eight-fold divinity i. e. of S'1va.

Refatation of the objeo- 5. As heatis an inherent property
ltli;’an’it::) :z i:z:mmepfzﬁ‘f of the Sun and of Fire,as cold of the

Moon, fluidity of water, and hardness
of stones, and as the Air is volatile, so the earth is naturally
immoveable. For oh! the properties existing in things are
wonderful.

6. The* property of attraction.is inherent in the Earth.
By this property tie Earth attacts any unsupported heavy
thing towardsit: The thing appears to be falling [but it is in
a state of being drawn to the Earth]. The etherial expanse
being equally outspread all around, where can the Earth fall ?

Opinion of the BAUD- 7. Observing the revolution of the
DHAS. constellations, the BauppaAs thought
that the Earth had no support, and as no heavy body is seen
stationary in the air, they asserted that the earth} goes eternal-
ly downwards in space.

8. The Jainas and others main-

Opinion of the JAINas. .,
P tain that there are two Suns and two

# [1t is manifest from this that neither can the Earth by any means fall
downwards, nor the men situated at the distances of a fourth part of the circum-
ference from us or in the opposite hemisphere. B. D.]

+ [(He who resides on_the Earth, is not conscious of the motion of it down-
wards in space, as a man sitting on a moving ship does not perceive its motion,
B.D.]

C
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Moons, and also two sets of constellations, which rise in con-
stant alternation. To them I give this appropriate answer.

Refutation of the opinion 9. ObserVing as you do, O Baup-
of the Bauppmas. DHA, that every heavy body projected
into the air, comes back again to, and overtakes the Earth,
how then can you idly maintain that the Earth is falling down
in space? [If true, the Earth being the heavier body, would,
he imagines*—perpetually gain on the higher projectile and
never allow its overtaking it.]

Refutation of the opinion 10. But what shall I say to thy
of the Jarvas. folly, O Jama, who without object or
use supposest a double set of constellations, two Suns and two
Moons ? Dost thou not see that the visible circumpolar con-
stellations take a whole day to complete their revolutions ?

Refutation of the supposi- 11. If this blessed Earth were level,
tion that the Earth is level.  };1c¢ 4 plane mirror, then why is not the
sun, revolving above at a distance from the Earth, visible to
men as well as to the Gods? (on the PaurANika hypothesis,
that it is always revolving about MERU, above and horizontally
to the Earth.

12. If the Golden mountain (MERU) is the cause of night,
then why is it not visible when it intervenes between us and
the Sun? And MErU being admitted (by the Pauranikas) to
lie to the North, how comes it to pass that the Sun rises (for
half the year) to the South ?

Reason of the falso ap- 13.' As the one-hmfdredth part of

rance of the plane form the circumference of a circle is (scarce-
of the Harth. ly different from) a plane, and as
the Earth is an excessively large body, and a man exceedingly
small (in comparison,) the whole visible portion of the Earth
consequently appears to a man on its surface to be perfectly
plane.

® [This was BHASKARA’S own notion :—but even on the more correct principle,
that all bodies fall with equal rapidity, the argument holds good. B. D.]
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P 14. That the correct dimensions of
roof of the correctness of

alleged circumference of the the ocircumference of the Earth have
Harth. been stated may be proved by the
simple Rule of proportion in this mode: (ascertain the differ-
ence in YUsaNAs between two towns in an exact north and
south line, and ascertain also the difference of the latitudes of
those towns: then say) if the difference of latitude gives this
distance in YUsaNAs, what will the whole circumference of 360
degrees give ?

To confirm the same cir- 15. As itis ascertained by calcula-
cumference of the Barth. tion that the city of Uwavinf is
situated at a distance from the equator equal to the one-sixteenth
part of the whole circumference: this distance, therefore,
multiplied by 16 will be the measure of the Earth’s cir-
cumference. What reason then is there in attributing (as the
Paur{n1KAS do) such an immense magnitude to the earth ?

16. For the position of the moon’s cusps, the conjunction
of the planets, eclipses, the time of the risings and settings
of the planets, the lengths of the shadows of the gnomon,
&c., are all consistent with this (estimate of the extent of the)
circumference, and not with any other ; therefore it is declared
that the correctness of the aforesaid measurement of the earth
is proved both directly and indirectly,—(directly, by its
agreeing with the phenomena ;—indirectly, by no other estimate
agreeing with the phenomena).

17. LaxNxk{ is situated in the middle of the Earth: Yama-
koTI is situated to the East of Lankx, and ROMARAPATTANA to
the west. The city of SippEAPURA lies underneath Lanx4.
SuMERU is situated to the North (under the North Pole,) and
Vapavinara to the South of Lank£ (under the south Pole) :

18. These six places are situated at a distance of one-fourth
part of the Earth’s circumference each from its adjoining one.
So those who have a knowledge of Geography maintain. At
Mzrv reside the Gods and the SippHAS, whilst at VADAVANALA
are situated all the hells and the Dairyas.

c 2
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19." A man on whatever part of the Globe he may be,
thinks the Earth to be under his feet, and that he is standing
up right upon it: but two individuals placed at 90° from each
other, fancy each that the other is standing in a horizontal
line, as it were at right angles to himself.

20. Those who are placed at the distance of half the
Earth’s circumference from each other are mutually antipodes,
as a man on the bank of a river and his shadow reflected in
the water : But as well those who are situated at the distance
of 90° as those who are situated at that of 180° from you, main-
tain their positions without difficulty. They stand with the
same ease as we do here in our position.

Positions of the Dwiras 21. Most learned astronomers have
and Seas. stated that JAMBGDWfPA embraces the
whole northern hemisphere lying to the north of the salt sea :
and that the other six Dwfras and the (seven) Seas viz.
those of salt, milk, &c. are all situated in the southern hemis-
phere.

22. To the south of the equator lies the salt sea, and to
the south of it the sea of milk, whence sprung the nectar,
the Moon and the Goddess LaksHMf, and where the Omni-
present VAsupeva, to whose Lotus-feet BramM4 and all the
Gods bow in reverence, holds his favorite residence.

23. Beyond the sea of milk lie in succession the seas
of curds, clarified butter, sugar-cane-juice, and wine: and,
last of all, that of sweet Water, which surrounds VADAVANALA.
The Pirira Lokas or infernal regions, form the concave
strata of the Earth.

24. In those lower regions dwell the race of serpents (who
live) in the light shed by the rays issuing from the multitude
of the brilliant jewels of their crests, together with the multi-
tude of Asuras; and there the SippEAS enjoy themselves
with the pleasing persons of beautiful females resembling the
finest gold in purity.

25. The S'&xa, S'{Mara, Kavs'a, Kr{uNcHA, GOMEDARA, and
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Pusakara Dwfras are situated [in the intervals of the above
mentioned seas] in regular alternation: each Dwipa lying,
it is said, between two of these seas.

Positions of the Moun-  26. To the North of LANkL lies
bains ::?néhi‘t;ﬁml:pﬁ“p::tg the HiM{LaYA mountain, and beyond
caused by the mountains, that the HEMAKGTA mountain and
beyond that again the NismapHA mountain. These three
Mountains stretch from sea to sea. In like manner to
the north of SippHAPURA lie in succession the S‘RINGAVAN
S'vkiAa and NfrA mountains. To the valleys lying between
these mountains the wise have given the name of VARsHAs.

27. This valley which we inhabit is called the BEARATA-
VARSHA ; to the North of it lies the KINNARAVARSHA, and
beyond it again the Harrvarsma, and know that the north
of SipDHAPURA in like manner are situated the Kuru, Hiran-
MAYA and RaMyaxa VarsHas.

28. To the north of Yamaxor lies the MALYAVAN mountain,
and to the north of RoMAraPATTANA the GANDHAMADANA
mountain. These two mountains are terminated by the Nifra
and N1sHADHA mountains, and the space between these two
is called the ILAVRITA VARSHA.

29. The country lying between the MaLYAVAN mountain
and the sea, is called the BHADRAS'WA-VARSHA by the learned ;
and geographers have denominated the country between the
GANDHAMADANA and the sea, the KETUMALA-VARSHA.

30. The IvAvRITA-vARSHA, which is bounded by the
NisuapHA, NfrA, GANDHAMADANA and MALYAVAN mountains, is
distinguished by a peculiar splendour. It is a land rendered
brilliant by its shining gold, and thickly covered with the
bowers of the immortal Gods.

Position of the mountain 31. In the middle of the IL{vRriTA
Mzgv in Tnivares. VarsHA stands the mountain MEeru,
which is composed of gold and of precious stones, the abode
of the immortal Gods. Expounders of the Purinas have
further described this MErU to be the pericarp of the earth-
lotus whence BrauMA& had his birth,
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32. The four mountains MANDARA, SueANDHA, ViPULA and
Surirs'wa serve as buttresses to support this MEru, and upon
these four hills grow severally the Kapampa, JamBG, Vara
and Prppara trees which are as banners on those four hills,

383. From the clear juice which flows from the fruit of the
JAMBG springs the JamBG-NADf; from contact with this juice
earth becomes gold: and it is from this fact that gold is
called JAMBUNADA : [this juice is of so exquisite a flavour that]
the multitude of the immortal Gods and SippHAS, turning
with distaste from nectar, delight to quaff this delicious
beverage.

84. And it is well known that upon those four hills [the
buttresses of Mgru] are four gardens, (1st) CHAITRARATHA
of varied brilliancy [sacred to KuBera], (2nd) NaNDANA
which is the delight of the Apsaras, (8rd) the DaRITI which
gives refreshment to the Gods, and (4th) the resplendent
‘VAIBHRAJA.

385. And in these gardens are beautified four reservoirs,
viz. the AruNA, the MANasa, the MAHAHRADA and the S/WETA-
JaLA, in due order: and these are the lakes in the waters
of which the celestial spirits, when fatigned with their
dalliance with the fair Goddesses, love to disport themselves.

36. Mzeru divided itself into three peaks, upon which are
situated the three cities sacred to VisaNu, Brarma and S'1va
[denominated VaikunTHA, BRAEMAPURA, and Kairasa], and
beneath them are the eight cities sacred to INDRA, AaN1, YAMA,
Natrprta, Varuna, V4iyvu, S'as’f, and Ys'a, [i. e. the regents
of the eight Diks or directions,* viz.,, the east sacred to

* [As the point where the equator cuts the horizon is the east, the sun
therefore rises due east at time of the equinoxes but.on this ground, we
cannot determine the direction at MERU [the north pole] because there the
equator coincides with the horizon and consequently the sun moves at MERU
under the horizon the whole day of the equinox. Yet the ancient astronomers
maintained that the direction in which the YaAMAKOTI lies from MEkRU is the
east, because, according to their opinion, the inhabitants of MERU saw the
sun rising towards the YAMAROTI at the beginning of the KarpA. In the same
manner, the direction in which LANKA lies from mount MkRU is south, that
in which ROMAKAPATTANA lies, is west, and the direction in whieh SippHA-



II1. 40.] Sidhdanta-siromant. 119

INDRA, the south-east sacred to Aani, the south sacred to
Yama, the south-west sacred to NairpiTa, the west sacred to
VARUNA, the north-west sacred to Vayu, the north sacred to
S’as’f and the north-east sacred to ¥s’a.]

87. The sacred Ganges, springing
from the Foot of Vismnu, falls upon
mount MERrU, and thence separating itself into four streams
descends through the heavens down upon the four Visaram-
'BHAS or buttress hills, and thus falis into the four reservoirs
[above described].

38. [Of the four streams above mentioned], the first
called Sfr«, went to BHADRAS'WA-VARSHA, the second, called
A1ARANANDL, to BHARATA-vARsHA, the third, called CHAKSHU,
to KETUMALA-VARSHA, and the fourth, called BHADRX to UTTARA
Kurvu [or North Kurvu].

39. And this sacred river has so rare an efficacy that if-
her name be listened to, if she be sought to be seen, if seen,
touched or bathed in, if her waters be tasted, if her name
be uttered, or brought to mind, and her virtues be celebrated,
she purifies in many ways thousands of smful men [from
their sins].

40. And if a man make a pilgrimage to this sacred stream,
the whole line of his progenitors, bursting the bands [imposed
on them by Yama], bound away in liberty, and dance with
joy ; nay even, by a man’s approach to its banks they repulse
the slaves of Yama [who kept guard over them], and, escaping
from NaraxaA [the infernal regions], secure an abode in the
happy regions of Heaven.

Some peculiarity.

PURA lies from MERU is north. The buttresses of MERU, MANDARA, SUGANDHA,
&c. are situated in the east, south &ec. from MERU respectxvely B.D.

Note on verses from 21 to 43 :—BHASKARA'CHA’RYA has eXercised his mgenulty
in giving a locality on the earth to the poetical imaginations of V¥a’sa, ut the
same time that he has preserved his own principles in regard to the form and
dimensions of the Earth. But he himself attached no credit to what he has
described in these verses for he concludes his recital in his commentary with

the words.
ofggH® a7 93 gowtTaw |

“What is stated here rests all on the authorxty of the PUBANAB »
As much as_to say  credat Judeus.” L. W,

. »
~
.
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The 9 xmanpas and 7  41° Here in this BHARATA-VARSHA
EULLCHALAS of Bua’eaTa- are embraced the following nine KHAN-
VARSHA. . .

pAs [portions] viz. AiNDrA, Kas'Erv,
TaMRAPARNA, GABHASTIMAT, KuMARIRA, NAGA, SauMYA, VARUNA,
and lastly GANDHARVA.

42. TIn the KumArikx alone is found the subdivision of
men into castes ; in the remaining KHANDAS are found all the
tribes of ANTYAJAS or outcaste tribes of men. In this region
[BEARATA-VARSHA] are also seven KULACHALAS, viz. the MAHEN-
DRA, SUKTI, MaLavs, Riksaara, PAriv{TraA, the SAHYA, and
Vixpaya hills.

Arrangement of the seven 43. The country to the south of
Loxas worlds. the equator is called the BHGRLOKA,
that to the north the BruvaLoka and MEru [the third] is
called the SwaRLOKA, next is the MamArRLOKA in the Heavens
beyond this is the JanaLoka, then the Tarorora and last of
all the Sarvaroka. These Lokas are gradually attained by
increasing religious merits.

44. When it is sunrise at LANk4, it is then midday at
Yamarort (90° east of LANEL), sunset at SipDEHAPURA and
midnight at ROMARAPATTANA.

Points of the compass 45. Assume the point of the
why MERU is due morth of horizon at which the sun rises as
all placee. the east point, and that at which he
gets as the west point, and then determine the other two
points, i. e., the north and south through the Marsya* effected
by .the east and west points. The line connecting the north
and south points will be a meridian line and this line in
whatever place it is drawn will fall upon the north point:
hence MErv lies due north of all places.

A curious fact is rehearsed. 46. Only Yamaxror: lies due east
Geograpbical Anomaly. from Ussavinf, at the distance of 90°

* [From the east aud west points, as centres, with a common radius describe
two arcs, intersecting each other in two points, the place contained by the
arcs is called MaTsya “a fish” and the intersecting points are the north and
south points, B. D.}
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from it: but LANK&® and not Usavin{ lies due west from
YAMAKOTI.

47. The same is the case everywhere ; no place can lie west of
that which is to its east except on the equator, so that east
and west are strangely related.*

48. A man situated on the equa-
tor sees both the north and south
poles touching [the north and south points of] the horizon,
and the celestial sphere resting (as it were) upon the two
poles as centres of motion and revolving vertically over his
head in the heavens, as the Persian water-wheel.

49. As a man proceeds north
from the equator, he observes the
constellations [that revolve vertically over his head when
seen from the equator] to revolve obliquely, being deflected
from his vertical point: and the north pole elevated above
his horizon. The degrees between the pole and the horizon
are the degrees of latitude [at the place]. These degreos
are caused by the Yosanas [between the equator and the
place].

Right sphere.

Oblique sphere.

How the degreeafof lati- 50. The number of YosANAs [in
tude are produced from the . :
distance ta . Yosanas sng the arc of auy terrestrial or ce}e:ﬁstlal
vice versd. circle] multiplied by 860 and divided

by [the number in Yosanas in] the circumference of the
circle is the number of degrees [of that arc] in the earth
or in the planetary orbit in the heavens. The Yosanas are found
from the degrees by reversing the calculation.

51. The Gods who live in the

Parallel aphere. mount MERU observe at their zenith

[* As the sun or any heavenly body when it reaches the Prime Vertical
of any place is called due east or west, 8o according to the Hindu Astronomical
language all the places on the Earth which are situated on the circle
corresponding to the Prime Vertical are due east or west from the place and not
those which are situated on the parallel of latitude of the place, thatis the
places which have the angle of position 90° from any pluce are due east or
west from that placo. And thus all directions on the Earth arc shown by
means of the angle of position in the Hindu Astronomical works. B. D.]

D
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the north pole, while the Darryas in VaADAvANALA the south
pole. But while the Gods behold the constellations revolving
from left to right, to the Darryas they appear to revolve from
right to left. But to both Gods and Dairvas the equatorial
constellations appear to revolve on and correspond with the
horizon.

Dimensions of the Earth’s 52. The circumference of the earth
ciroumference. has been pronounced to be 4967
Yosanas and the diameter of the same has been declared to
be 15814 Yosanas inlength : the superficial area of the Earth,
like the net enclosing the hand ball, is 78,53,034 square
Yosanas, and is found by multiplying the circumference by
the diameter.*

The error of Talla is ex-  ©5° T.he superficial area of the
posed in regard to the super- Earth, like the net enclosing the
ficial area of the Earth. .

hand ball, is most erroneously stated
by LaLrA: the true area not amounting to one hundredth
part of that so idly assumed by him. His dimensions are
contrary to what is found by actual inspection : my charge of
error therefore cannot be pronounced to be rude and uncalled
for. But if any doubt be entertained, I beg you, O learned
mathematicians, to examine well and with the utmost impar-
tiality whether the amount stated by me or that stated by
him is the correct one. [The amount stated by LaLLA in his

* [The diameter and the circamference of the Earth here mentioned are to
each other as 1250: 8927 and the demonstration of this ratio is shown by
BHASEARACHARYA in the following manner.

Take a radius equal to any large number, such as more than 10000, and
through this determine the sine of a smaller arc than even the 100th part of
the circumference of the circle by the aid of the canon of sines (JYOTPATTIL,)
and the sine thus determined when multiplied by that number which represents
the part which the arc just taken is of the circumference, becomes the length of
circumference because an arc smaller than the 100th part of the circumference
of a circle is [scarcely different from] a straight line. For this reason, the cir
cumference equal to the number 62832 is grunted by ARYABHATTA and the others,
in the diameter equal to the number 20,000. Though the length of the circum-
ference determined by extracting the square root of the tenfold sguare of the
diameter is rough, yet it is granted for convenience by SRIDHARACEA'RYA, BRAH-

MAGUPTA and the others, and it is not to be supposed that they were ignorant
of this roughness.—B. D.]
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work entitled Dr{vRIDDAIDA-TANTRA is 285,68,38,557 square
Yoianas, which he appears to have found by multiplying the
square contents of the circle by the circumference.]

Shows the wrongness of 54. If a piece of cloth be cut in
the Rule given by Lalla. a circular form with a diameter equal
to half the circumference of the sphere, then half of the sphere
will be (entirely) covered by that circular cloth and there will
still be some cloth to spare.

55. As the area of this piece of cloth is to be found nearly
2% times the area of a great circle of the sphere: and the
area of the piece of cloth covering the other half of the sphere
is also the same ; * .

56. Therefore the area of the whole sphere cannot be more
than 5 times the area of the great circle of the sphere. How
then has he multiplied [the area of the great circle of the
sphere] by the circumference [to get the superficial contents
of the sphere] ?

57. As the area of a great circle [of the sphere] multiplied
by the circumference is without reason, the rule (therefore of
Lavra for the superficial contents of the sphere) is wrong,
and the superficial area of the Earth (given by him) is conse-
quently wrong.

58, 59. Suppose the length of the
[equatorial] circumference of the globe
equal to 4 times the humber of sines [viz. 96, there being 24
sines calculated for every 3°4, which number multiplied by
4 = 96] and such oblong sections equal to the number of the
length of the said circumference and marked with the vertical
lines [running from pole to pole], as there are seen formed by
nature on the ANWL{ fruit marked off by the lines running
from the top of it to its bottom.

* Lot the diameter of a sphere be 7: the circumference will be 22 nearly.
The area of a circle whose diameter is 7 will be about 38} ; that of a circle
whose diameter is 11 (} circumference) will be about 899 this 89¢ is little less
than 24 times 383. L. W.

D 2

Otherwise,
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60. If we determine the superficial area of one of these
sections by means of its parts, we have it in this form. Sum of
all the sines diminished by half of the radius and divided by
the same.*

# The correctness of this form is thus briefly illustrated by BEA’SKARA’CHA’RYA
in his commentary.

Let g ak a, g be thesection in which ab, b ¢, ¢ d &e.

and a,b,, b,¢,, c,d,, &c. are each equal to 1 cubit and ﬂ

also aa, arc equal to 1 cubit : then 33,, cc,, dd,, &e. ¢
are proportional to the sines m b, » ¢, o d, &c. and are

thus found. »
mb.

If kaorrad: give,aal (=1) : :mb: bb, = ——
ne

IfRad:1::m0:ce, =—— % x

Rad

od

again Rad :1: : od: dd, = ——

Rad

™

&e.,

Now aa,, bb,, cc,, &c. being found, the contents of
each of aa, b,b, bd, c,c, cc, d,d, &c. the part of the
section is found by taking half the sum of aa, & 85,
bb, & ce,, cc, & dd, &c. and multiplying it by ab ¥
(which is equal to each of de, cd, &c.) here ab is assumed as 1 and the whole
surface each of aa,b,b, bb,c,c as a plane, for an arc of 3°3 is scarcely different
from a plane.

Now to find the sum of aa,b,d, bb,c,c &c. we have

aa, + bb, bb, + ce, e, dd,
x1+ , X1 ————— x 14 &

adding these and leaving out 1 multiplier, we have

Y aa, 4 85, 4 ce, 4 dd, 4 &e.

Substituting the values of aa,, 35,, &c. we have

mb ne od <
3 4+ — + — 4 — + &c. 50 on for the assumed sines
R R R
iR R iR

but } = — = — — —

R R
By substitution we get

+ mb ne iR
—_— —— —_— &e. .o — —
R R + R + & R

Ry mb+netod 4 & .. —3 R

R
It is evident from this that thesum of all the sines diminished by the half
of the Radius and divided b{' the Radius is equal to the contents of the upper
half of the section, therefore by dividing by § Rad we get the whole section
instead of only the upper half of it.
sum of all the sines — } R.
i, e. contents of the whole section = =

iR B
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61. As the superficial area of one section thus determined
is equal to the diameter of the globe, the product found by
maultiplying the diameter by the circumference has therefore
been asserted to be the superficial contents of a sphere.

The grand deluges or dis- 62. The earth is said to swell to
solutions. the extent of one YosaNA equally all
around [from the centre] in a day of BramMA by reason of
the decay of the natural productions which grow upon it: in
the Briuma deluge that increase is again lost. In the grand
deluge [in which BEaEMA himself as well as all nature fades
away then] the Earth itself is reduced to a state of nonentity.

63. That extinction which is daily
taking place amongst created beings is
called the DAINANDINA or daily extinction. The Bri{mmA ex-
tinction or deluge takes place at the end of Bramm{’s day:
for all created beings are then absorbed in Brahm4’s body.

64. As on the extinction of BrarMa himself all things are
dissolved into nature, wise men therefore call that dissolution
the PRAKRITIEA or resolution into nature. Things thusin a
state of extinction having their destinie.s severally fixed are
again produced in separate forms when nature is excited (by
the Creator).

65. The devout men, who have destroyed all their virtues
and sins by a knowledge of the soul, having abstracted their
minds from worldly acts, concentrate their thoughts on the

Are four-fold,

Hlfre, by substituting the values of the 24 sines stated in the GANITA'DHA'YA
we have

A = 3033 viz. the diameter of the globe where the circumference =96. L. W.

[Here, the demonstration of the rule (multiply the superficial area of the
sphere by the diameter and divide the product by 6) for finding out the solid
content of the sphere is shown by BHA'SKARA'CHA'RYA in the following manner,

Suppose in the sphere the number of pyramids, the height of which is equal
to the radius and whose bases are squares having sides equal to 1, equal to the
number of the superficial area of the sphere, then

The solid contents of every pyramid = } R.

= } diameter

and the number of pyramids in the sphere is equal to the number of the
superficial contents of the sphere.

.*. The solid content of the sphere = } diameter X superficial area.—B.D.]
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Supreme Being, and after their death, as they attain the state
from which there is no return, the wise men therefore denomi-
nate this state the ATYANTIKA dissolution. Thus the dissolu-
tions are four-fold.
66. The earth and its mountains,
the Gods and DaANAvAs, men and
others and also the orbits of the constellations and planets
and the Lokas which, it is said, are arranged one above the
other, are all included in what has been denominated the
BrauMAnpa (universe).

The universe.

Dimensions of the Bram- 67. Some astronomers have assert-
MA'NDA. ed the circumference of the circle of
Heaven to be 18,712,069,200,000,000 Yosanas in length.
Some say that this is the length of the zone which binds the
two hemispheres of the BranMANDA. Some PAURANIEAS say
that this is the length of the circumference of the LoxaLoka
PARvATA ¥ :

* Vide verses 67,68,69, BHA’SEARA’CHA 'RYA does not answer the objection which
these verses supply to his theory of the Earth being the centre of the system.
The Sun is here made the principal object of the system—the centre of the
BrarMa’NpaA—the centre of light whose boundary is supposed fixed : but if the
Sun moves then the Hindoo BRABMA’NDA must be supposed to be constantly
changing its Boundaries. Subbuji Bipd bad not failed to use this argument in
favour of the Newtonian system in his S'TRoMANI PRrARA'S'A, vide pages 55, 56.
BHA’SKARA’CHA’RYA however denies that he can father the opinion that this is
the length of the circumference limiting the BRAmIMA'NDA and thus saves him-
self from a difficulty. L. W. ’

[Mr. Wilkinson has thus shown the objection which Subbaje Bipti made to
the assumption of the Sun’s motion, but I think that the objection is not a
judicious one. Because had the length of the circumference of the BRAEMA'NDA
been changed on account of the alteration of the boundary of the Sun’s light
with him, or had any sort of motion of the stars been assumed, as would have
been granted if the earth is supposed to be fixed, then, the inconvenience would
have occurred ; but this is not the case. In fact, as we cannot fix any boundary
of the light which issued from the sun, the stated length of the circumference
of the BRAEMANDA is an imaginary one. For this reason, BHASKARACHARYA
does not admit this stated length of the circumference of the BrARMA'NDA.
He stated in his GANITA'DRYAYA' in the commentary on the verse 68th of this
Chapter that ‘‘ those only, who have a perfect knowledge of the BRAEMA'NDA
as they have of an a’NvALA’ fruit held in their palm, can say that this length of
the circumference of the BeAEMA’NDA is the true one;” that is, as it is not in
man’s power to fix any limit of the BRAEMA'NDA, the said limit is unreasonable.
Therefore no objection can be possibly made to the system that the Sun moves,
by assuming such an imaginary limit of the BrAEMANDA which is little less
impossible than the existence of the heavenly lotus.—B. D.]
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68. Those, however, who have had a most perfect mastery
of the clear doctrine of the sphere, have declared that this is
the length of that circumference bounding the limits, to which
the darkness dispelling rays of the Sun extend.

69. But let this be the length of the circumference of the
BrapMANDA or not : [of that I have no sure knowledge] but it
is my opinion that each planet traverses a distance correspond-
ing to this number of Yosanas in the course of a KaLpra or
a day of BraaMA and that it has been called the KaagaksaA by
the ancients.

End of third Chapter called the BEUVANA-EOS'A or cosmo-

graphy.

CHAPTER IV.
CALLED MADHYA-GATI-VASANA.

On the principles of the Rules for finding the mean places of
the Planets.

Places of the several 1. The scven [grand] winds have
winds. thus been named : viz.—

1st. The Avaha or atmosphere.
2nd. The Pravaha beyond it.
8rd. The Udvaha.

4th. The Samvaha.

5th. The Suvaha.

6th, The Parivaha.

7th. The Parévaha.

2. The atmosphere extends to the height of 12 Yosanas
from the Earth : within this limit are the clouds, lightning, &c.
The Pravaha wind which is above the atmosphere moves con-
stantly to the westward with uniform motion.

3. As this sphere of the universe includes the fixed stars
and planets, it therefore being impelled by the Pravaha wind,
is carried round with the stars and planets in a constant

revolution. -
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An illustration of the 4. The Planets moving eastward
motion of the planets. in the Heavens with a slow motion,
appear as if fixed on account of the rapid motion of the sphere
of the Heavensto the west, as insects moving reversely on a
whirling potter’s wheel appear to be stationary [by reason
of their comparatively slow motion].

Sidereal and terrestrial 5. If a star and the Sun rise simulta-
days and their lengths. neously [on any day], the star will
rise again (on the following morning) in 60 sidereal GHATIKAS :
the Sun, however, will rise later by the number of Asus (sixths
of a sidereal minute), found by dividing the product of the
Sun’s daily motion [in minutes] and the asus which the sign,
in which the Sun is, takes in rising, by 1800 [the number of
minutes which each sign of the ecliptic contains in itself].

6. The time thus found added to the 60 sidereal cEATIEAS
forms a true terrestrial day or natural day. The length of
this day is variable, as it depends on the Sun’s daily motion
and on the time [which different signs of the ecliptic take]
in rising, [in different latitudes: both of which are variable

elements].*

% [Had the Sun moving with uniform motion on the equinoctial, the
each minute of which rises in each AsU, the number of asus equal to
the number of the minutes of the Sun’s daily motion, being added to
the 60 sidereal GHATIEAS, would have invariably made the exact length of the
true terrestrial day as Larra and others say. But this is not the case, because
the Sun moves with unequal motion on the ecliptic, the equal portions of which
do not rise in equal times on account of its being oblique to the equinoctional.
Therefore, to find the exact length of the true terrestrial day, it is necessary to
determine the time which the minutes of the Sun’s daily motion take in rising
and then add this time to 60 sidereal GHATIEKA’S. For this reason, the terres-
trial day determined by LaLLA and others is not a true but it is a mean,

The difference between the oblique ascension at the beginning of any given
day, and that at the end of it or at the beginning of the next day, is the time
which the minutes of the Sun’s motion at the day above alluded to take iu
rising, but as this cannot be easily determined, the ancient Astronomers having
determined the periods which the signs of the ecliptic take in risiug at a given
place, find the time which any portion of a given sign of the ecliptic takes in
rising, by the following proportion.

If 300 or 1800’ of a sign : take number of the Asus (which any given sign
of the ecliptic takes) in rising at a given place : : what time will any portion of
the sign above alluded to take in rising ? .

The calculation which is shown in the 5th verse depends on this proportion.—
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Revolutions of the Sun fn 7+ A sidereal day consists invari-
:ev{j::io;l;eo;e::":h;;o;:e ably of 60 sidereal GHATIRAS : a mean
s{vaNA day of the Sun or terrestrial
day consists of that time with an addition of the number of
Asus equal to the number of the Sun’s daily mean, motion
[in minutes]. Thus the number of terrestrial days in a year
is less by one than the number of revolutions made by the
fixed stars.

8. The length ofthe (solar) year is
365 days, 15 GHATIKAS, 30 PALAS, 22}
VIPALAS reckoned in BHGMI SAVANA or terrestrial days: The
Tgth of this is called a sAURA (solar) month, viz. 30 days, 26
GHATIKAS, 17 panas, 31 vipAras, 524 PraviparAs. Thirty
8AVvANA or terrestrial days make a 8{vANA month.*

Length of lunar month 9. The time in which the Moon
or lunation. [after being in conjunction with the
Sun] completing a revolution with the difference between the
daily motion and that of the Sun, again overtakes the Sun,
(which moves at a slower rate) is called & Lunar month. It is
29 days, 81 GHATIKAS, 50 PALAS in length.t

The reason of additive 10. An AparMAsA or additive month
months called ADHIMA'8AS.  hich is lunar, occurs in the duration
of 32} saurA (solar) months found by dividing the lunar month
by the difference between this and the sAuEA month. From

Length of solar year.

# [Here a solar year consists of 865 days, 15 GHATIKAs, 80 PALAs, 22}
VIPALAS, i. e, 365 d. 6 A. 12m. 9 s. and in SGRYA-SIDDHA'NTA the length of the
year is 365 d. 16 g. 81 p. 81. 4 ». i. e, 365 d. 6 A. 12 m. 36. 56 s.—B. D.]

[+ That lunar month which ends, when the Sun is in MEsHA stellar Aries is
called oEHAITRA and that which terminates when the Sun is in YRISHABHA stellar
Taurus, is called Vars'axma and so on. Thus, the lunar months corresponding
to the 12 stellar signs MEsHA (Aries) VRIsHABHA (Taurus) MirHUNA (Gemini)
Karxa (Oancer), SiNEA (Leo), KaNya’ (Virgo), Tura’ (Libra), VRI8'CHIEA
(Scorpio), DHANU (Sagittarius), Maxara (Capricornus), KumBHA (Aquarius)
and Mi~A (Pisces), are CHAITRA, VAIS’A’REHA, JYESHTHA, A’SHA'DHA S’BRA’VANA,
BHA'DRAPADA, A's'WiNa, KA'RTIRA, Ma’RGAS’fR8SHA, PAUsSHA, MA’GHA, and
PHALGUNA, If two lunar months terminate when the Sun is onlv in one stellar
sign, the second of these is called ADHIMA’SA an additive month, The 30th
part of a lunar month is called Tithi (a lunar day).—B. D.]

E
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this, the number of the additive months in a KALPA may also
be found by proportion.*

11. As a mean lunar month is shorter in length than a
mean SAURA month, the lunar months are therefore more in
number than the sAURA in a kALPA. The difference between the
number of lunar and sAURA months in a KALPA is called by
astronomers the number of ApHIMASAS in that period.

The reason of subtractive 12. An AvaMA or subtractive day
day called Avama. which is sAvANA occurs in 644 TITHIS
(lunar days) found by dividing 30 by the difference between
the lunar and 8{vaNA month. From this, the number of Avamas
in a YUGA may be found by proportion.t

18.1 Ifthe Apmru£sasare found from sAurA days or months,
then the result found is in the lunar months, [as for instance
in finding the AHARYANA. If in the sAURA days of a KALPA : are

# [After the commencement of a YUGA, a lunar month terminates at the
end of AMAVA'SYA’ (new moon) and 8 SAUERA month at the mean VRISHABHA-
SANKRA’NTI (i. e. when the mean Sun enters the second stellar sign) which takes
place with 54 g. 27 p. 31 v. 62} p. after the new moon. Afterwards a second lunar
month ends at the 2nd new moon after which the MITHUNA-SANKRA'NTI takes
place with twice the Ghatis. &c. above mentioned. Thus the following Sax-
XRA’NTIS KAREA &c. take place with thrice four times &c. those GHATIS, &c. In
this manner, when the SANKRA’NTI thus going forward, again takes place at new
moon, the number of the passed lunar months exceeds that of the 8ATRA by one.
This one month is called an additive month : and the 8AURA months which an
additive month requires for its happening can be found by the proportion as
follows.

As 54 ghatis, 27 p. &c. the difference between a lunar and a saura

: One saura month

: : 29, 81, 50 the number terrestrial day &c. in a lunar month

: 82, 15, 31, &o. the number of saura months, days, &c.—B. D.]

+ [At the beginning of a KALPA or a YUGA, the terrestrial and lunar
days begun simultaneously, but the lunar day being less than the terrestrial day,
terminated before the end of the terrestrial day, i. e. before the next sun-rise,
The interval between the end of the lunar day and the next sunrise, is called
AvaMA-8’EsHA the remainder of the subtractive day. This remainder increases
every day, therefore, when it is 60 GHATIKAS (24 hours), this constitutes a
Avama day or subtractive day. The lunar days in which a subtractive day
occurs, are found by the following proportion,

If 0 d. 28 g. 10 p. the difference between the lengths of terrestrial and of a
lunar month.

: 1 lunar month or 80 tithis

. & whole terrestrial day : 64-y4tithis nearly.—B. D.]

1 The objects of these two verses seems not to be more than to assert that
the fourth term of a proportion is of the same denomination as the 2nd.—L. W.



IV. 16] Sidhdnta-giromani. 181

80 many ADHIMASAS :: then in given number of solar days;
how many Apmmisas f] If the ApmHmMAsas are found from
lunar days or months, then the result isin SAURA months, and
the remainder is of the like denomination. ‘

14. [In like manner] the AvaMas or subtractive days if
found from lunar days, are in s{vaNA time: if found from
84VANA time they are lunar and the remainder is so likewise.

15. Why, O Astronomer, in find-
ing the ABARGANA do you add sAUrA
months to the lunar months Cuarrea &c. [which may have
elapsed from the commencement of the current year] : and
tell me also why the [fractional] remainders of ApHiMasas and
AvamMa days are rejected : for you know that to give a true
result in using the rule of proportion, remainders should be
taken into account ?

A question.

Reason of omitting to in- 16.% As the lunar month ends at
clude the Apmimiss s'esHA  the change of the Moon and the
in finding the AEARGANA. .

SUARA month terminates when the Sun
enters a stellar sign, the accumulating portion of an ApnimMasa
always lies after each new Moon and before the Sun enters the

sign.

* [The meaning of these 4 verses will be well understood by a knowledge of the
rule for finding the AHARGANA, we therefore show the rule here.

In order to find the AHARGANA (elapsed terrestrial days from the commence-
ment of the KALPA to the required time) astronomers multiply the number of
SAURA years expired from the beginning of the KaLra by 12, and thus they get
the number of sAURA months till the last MrsgA SANERANTI (that is, the time
when the Sun enters the 1st sign of the Zodiac called Aries.) To these months
they add then the passed lunar months CEAITRA &c., considering them as SAURA.
These 8AURA months become, up to the time when the Sun enters the sign of the
Zodiac corresponding to the required lunar month. They multiply then the num-
ber of these months by 30 and add to this product the number of the passed
TITHIS (lunar days) of the required month considering them as saura days. The
number of sAURA days thus found becomes greater than that of those till the
end of the required TITHI by the ADHIMASA 8’ETHA. To make these sAURA days
lunar, they determine the elapsed additive months by the proportion in the
following manner

As the number of sAURA days in a KaLpa

: the number of additive months in that period
: : the number of 8AURA days just found

: the number of additive montha clapsed

E 2
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17. Now the number of Titais (lunardays) elapsed since
the change of the Moon and supposed as if sAURA, is added to
the number of saura days [found in finding the AmARGANA]:
but as this number exceeds the proper amount by the quantity
of the ApHIMASA-3'ESHA therefore the ADHIMAS-SESHA is omit-
ted [to be added].

18. [In the same manner] there is always a portion of a
Avama-s’EsHA between the time of sun-rise and the end of the
[preceding] TiTHI. By omitting to subtract it, the AHARGANA
is found at the time of sun-rise: if it were not omitted, the
Amarcaya would represent the time of the end of the TrraI
[which is not required but that of the sun-rise].

Reason of the correction 19, 20, 21 and 22. As the true,
called the UpavAxrara terrestrial day is of variable length, the
xamMA. AnArRGANA has been found in mean
terrestrial days: the places of the planets found by this
AnarcaNAa when rectified by the amount of the correction
called the UpavAnTarA whether additive or subtractive will be
found to be at the time of sun-rise at Lank£.* The ancient

If these additive monthe with their remainder be added to the saURA days
above found, the sum will be the number of lunar days to the end of the saurA
days, but we require it to the end of the required TITHI. And a3 the remainder
of the additive months lies between the end of the TiTHI and that of its corre-
sponding 8AURA days, they therefore add the whole number of ADHI-MASAS just
found to that of the sAURA days omitting the remainder to find the lunar days
to the end of the required TITHI. Moreover, to make these lunar days terrestrial,
they determine AvaMA subtractive days by the proportion such as follows.

As the number of lunar days in a KaLpa
: the number of subtractive days in that period
: : the number of lunar days just found
: the number of AvaMa elapsed with their remainder.

If these AVAMAS be subtracted with their remainder from the lunar days, the
difference will be the number of the AvaMA days elapsed to the end of the requir-
ed TITHI; but it is required at the time of sun-rise. And as the remainder of the
subtractive days lies between the end of the TITHI and the sun-rise, they therefore
subtract the AvaMas above found from the number of lunar days omitting their
vemainder i. e. AVAMA-8’E8HA. Thus the AHABGANA itself becomes at the sun-
rise.—B. D.] :

® [If the Sun been moving on the equinoctial with an equal motion, the
terrestrial day would have been of an invariable length and consequently the
Sun would have reached the horizon at LANKA at the end of the AHARGANA
which is an enumeration of the days of invariable length that is of the mean
terrestrial days. But the Sun moves on the ecliptic whose equal parts do not
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Astronomers have not thus rectified the places of the planets
by this correction, as it is of a variable and small amount.

The difference between the number of Asus of the right
ascension of the mean Sun [found at the end of the AnARGANA]
and the number of Asus equal to the number of minutes of
the mean longitude of the Sun [found at the same time] is
the difference between the true and mean AHARGANAS.* Mul-
tiply this difference by the daily motion of the planet and
divide the product by the number of Asus in a nycthemeron.¥
The result [thus found] in minutes is to be subtracted from
the places of the planets, if the Asus [of the right ascension
of the mean Sun] fall short of the kAL 8 or minutes [of the
mean longitude of the Sun], otherwise the result is to be
added to the places of the planets. Instead of the right as-
cension, if oblique ascension be taken [in this calculation]
this UDAYANTARA correction which is to be applied to the
places of the planets, includes also the cHARA correction or
the correction for the ascensional difference.

Reason of the correction ~ 23. The places of the planets
called the Dxs’a’NTARA. which are found being rectified by
this UDAYANTARA correction at the time of sun-rise at LaNk&
may be found, being applied with the DEsANTARA correction,
at the time of sun-rise at a given place. This DEsANTARA
correction is two-fold, one is east and west and the other

rise in equal periods. For this reason, the Sun does not come to the horizon at
Laxnka’ at the end of the Amareana. Therefore the places of the planets
determined by the mean ARARGANA, will not be at the sun-rise at Lanka’. Hence
a correction is necessary to be applied to the places of the planets. This
correction called UDAYANTARA has been first invented by BEAsHARACHARYA Who
consequently abuses them who say that the places of the planets determined by
the mean AHARGANA become at the time of the sun-rise at Lanki.—B. D.]

* The difference between the mean and true ABARGANAS is that part of
the equation of time which is due to the obliquity by the ecliptic.—L. W

%+ [This calculation is nothing else than the following simple proportion
If the number of Asus in a nycthemeron
: daily motion of the planet
:: the differonce between the true and mean AHARGANAS
give.—B. D.]
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is north and south. This north and south correction is called
CHARA,

24. The line which passes from Lank{, Usavinf, Kurvu-
KSHETRA and other places to MERU (or the North Pole of the
Earth) has been denominated the MADHYARERKHL mid-line of
the Earth, by the Astronomers. The sun rises at any place
east of this line before it rises to that line : and after it has risen
on the line at places to its west. On this account, an amount
of the correction which is produced from the difference be-
tween the time of sun.rise at the mid-line and that at a given
place, is subtractive or additive to the places of the planets,
as the given place be east or west of the mid-line [in order
to find the places of the planets at the time of sun-rise at the
given place].

25. As the [small] circle which is described around MEeru
or North Pole of the Earth, at the distance in Yosanas reckon-
ed from MERu to given place and produced from co-latitude
of the place [as mentioned in the verse 50th, Chapter III.]
is called rectified circumference of the Earth (parallel of latitude)
[at that place] therefore [to find this rectified circumference],
the circumference of the Earth is multiplied by the sine of co-
latitude [of the given place] and divided by the radius.

End of 4th Chapter called MADEYA-GATI VASANA.

* This amount of correction is determined in the following manner.

The ¥YoJaNAs between the midline and the given place, in the parallel of
latitude at that place, which is denominated SPASHTA-PARIDHI ara called,
Dxs’a’NTARA YO0JANAS of that place. Then by the proportion.

As the number of YoJANAS in the SPASHTA-PARIDHI : 60 GHATIEAS : : DESA'N-
TARA YOJANAS : the difference between the time of sun-rise at midline and that
at a given place. This difference called DE8’A’NTARA GHATIEA’S is the longitude
in time east or west from LaNkA’. Again

As 60 GHATIEA’S : daily motion of the planet : : DESANTA’RA GHATIKA'S:
the amount of the correction required.

Or this amount can be found by using the proportion only once such as follows

As the number of Y0JANAS in the SPASHTA-PARIDHI: daily motion of the
planet: : DEs’ANTARA YoJANAS : the same amount of the correction above
found.— B. D.]
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CHAPTER V.

On the principles on which the Rules for finding the true
places of the Planets are grounded.

1. The planes of a Sphere are
intersected by sines of BHUJA and
KOTL* as a piece of cloth by upright and transverse threads.
Before describing the spheric, I shall first explain the canon
of sines.

2. Take any radius, and suppose it the hypothenuse (of
a right-angled triangle). The sine of BHUJA is the- base, and
the sine of xor1 is the square root of the difference of the
squares of the radius and the base. The sines of degrees of
BHUJA and KoTI subtracted separately from the radius will
be the versed sines of KorI and BHUJA (respectively).

On the canon of sines.

[* The BHUJA of any given arc is that arc, less than 90° the sine of which
is equal to the sine of that given arc, (the consideration of the positiveness and
negation of the sine is here neglected). For this reason, the BEUJA of that
arc which terminates in the odd quadrants i. e. the 1st and 3rd is that part
of the given arc which falls in the quadrant where it terminates, and the
BAUJA of the arc which ends in the even quadrants, i. e. in the 2nd and 4th,
is ;hgt arc which is wanted to complete the quadrant where the given arc is
ended.

The oI of any arc is the complement of the BEUJA of that arc.

B 2 P

Let the 4 quadrants of a circle
A B CD be successively A B, B
C, C D and D A, then the BHUJAS
of thearcs AP,, ABP,, ACP,,
ADP,willbe AP,,CP,CP,,
A P, and the complements of
these BHUJAS are thearcs B P,,
B P,, D Py, D P respectively. —
B.D.] B 0 0




136 Translation of the [V. 3.

3. The versed sine is like the arrow intersecting the bow
and the string, or the arc and the sine.*

The square root of half the square of the radius is the sine
of an arc of 45°. The co-sine of an arc of 45° is of the same
length as the sine of that arc.

* These methods are grounded upon the followmg principles, wntten by
BHA’SKARA’CHARYA, in the commentary VAsANA'-BHA’SHYA.

(1) Let thearc AB =90° and AC= 4
450

. AD (=4} A B) =sin. 45°; and let
O A or O B = the radius (R) then A B?
=0A'4+0B?=20A?=2R? c

W AB=A2R

andAD=iAB=N/R:‘
2

orsin, 45° = J R?,

(2) It is evident and stated also in the Lira’varr, that the side of a regular
hexagon is equal to the radius of its onrcumscrlbuw circle (i. e. ch. = R).
Hence, sin. 30° = } R.

(3) Let A B be the half of a given arc A P, whose sine P M and versed sine
A M are given. Then

AP=A/P Mz 4 AM?
and 3 AP=A N=sin. A B

» 8in. A B=#} »\/PM*-'-AM'
(4) The proof of the last method by Algebra
cos = R — versed sine
socos=R'—2R.v+v?
subtracting both sides fromR’ P : 'y
R‘—cos? = 2 R. v —v*
orsin?2 =2R.0o—2*
adding v‘ to both sides
sin? »’=2R. 0
and 4 Gin? fv)=3R.v
extracting the square root,

/st +o'= /iR.0

but by the preceding method

4] 8

°

3 8in.? 4 v* = the sine of half the given arc;

- sin. § aro = J AR .v.—B.D.]
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4. Half the radius is the sine of an arc of 30°: The
co-sine of an arc of 30° is the sine of an arc of 60°.

Half the root of the sum of the squares of the sine and
versed sine of an arc, is the sine of half that arc.

5. Or, the sine of half that arc is the square-root of half
the product of the radius and the versed sine.

The sines and co-sines of the halves of the arcs before found
may thus be found to any extent.

6. Thus a Mathematician may find (in a quadrant of a
circle) 3, 6, 12, 24 &c., sines to any required extent.*

Or, in a circle described with a given radius and divided
into 360° the required sines may be found by measuring their
lengths in digits.

Reason of correction which 7.+ As the centre of the circle of
i i d the tr . . .
}:or;‘q‘:'l::d,:;aﬁnplac: of . the constellation of the Zodiac coin-
planet. cides with the centre of the Earth :

* [When, 24 sines are to be determined in a quadrant of a circle, the 3 sines,
i. e. 12th, 8th and 16th, can be easily found by the method here given for finding
the sines of 459, 30°, and the complement of 309, i. e. 66°. Then by means
of these three sines, the rest can be found by the method for finding the sine
of half an arc, as follows. From the 8th sine, the 4th and the co-sine of the 4th
i. e., the 20th sine, can be determined. Again, from the 4th, the 2nd and 22nd,
and from the 2nd, the 1st and 23rd, can be found. In like manner, the 10th
14th, 5th, 19th, 7th, 17th, 11th, and 13th, can also be found from the 8th sine,
From the 12th again, the 6th, 18th, 3rd, 21st, 9th and 15th can be determined,
and the radius is the 24th sine. Thus all the 24 sines are found. Several
other methods for finding the sines will be given in the sequel.—B. D.]

[+ BEA’SKARA’CHA’RYA maintains that the Earth is in the centre of the
Universe, and the Sun, Moon and the five minor planets, Mars, Mercury, &c.
revolve round the Earth in circular orbits, the centres of which do not coincide
with that of the Earth, with uniform motion. The circle in which a planet
revolves is called PRATIVRITTA, or excentric circle, and a circle of the same size
which is supposed to have the same centre with that of the Earth, is called
KARSHA'VRITTA or concentric circle. In the circle, the planet appears to revolve
with unequal motion, though it revolves in the excentric with equal motion.
The place where tlie planet revolving in the excentric appears in the concentric
is its true place and to find this, astronomers apply a correction called MANDA-
PHALA (1st equation of the centre) to the mean place of the planet. A mean
planet thus corrected is called MANDA-SPASHTA, the circle in which it revolves
MANDA-PRATIVRITTA (1st excentric) and its farthest poiutfrom the centre of the
concentric, MANDOCHCH (1st higher Apsis). As the mean places of the Sun and
Moon when corrected by 1st equation become true at the centre of the Earth,
this correction alone is sufficient for them. But the five minor planets, Mars,
Mercury, &c. when corrected by the 1st equation are not true at the centre of
the Earth but at another place. For this reason, astronomers having assumed

F
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and the centre of the circle in which the planet revolves does
not coincide with the centre of the Earth: the spectator,
therefore, on the Earth does not find the planet in its mean
place in the Zodiac. Hence Astronomers apply the correction
called BHUJA PHALA to the mean place of the planet [to get
the true place].

Mode of illustration of 8. On the northern side of a wall
the above fact. running due east and west, let the
teacher draw a diagram illustrative of the fact for the satis-
faction of his pupils.

A verse to encourage those 9. But this science is of divine

who may be disposed to de- s e . . .
spond in consequence ofthe OT1Z1D; revealing facts not cognizable

difficulties of the science. by the senses. Springing from the

the concentric circle as second excentric of these five planets, take another
circle of the same size and of the same centre with the Earth as concentrie, and
in order to find the place where the planet revolving in the 2nd excentric
appears, in this concentric, they apply a correction called s’{GERA-PHALA, or 2nd
equation of the centre, to the mean place corrected by the 1st equation. The
MANDA-SPASHTA planet, when corrected by the 2nd equation is called s’PaSHTA,
or true planet, the 2ndexcentric, 8'fGHRA-PRATIVRITTA, and its farthest point from
the centre of the Earth,s’teEr0oCcHCH the 2nd higher Apsis.

If a man wishes to draw a diagram of the arrangement of the planets accord-
ing to what we have briefly stated here, he should first describe the excentric
circle, and through this excentric the concentric, and then he may determine
the place of the MANDA-SPASHTA planet in the concentric thus described. Again,
baving assumed the concentric as 2nd excentric und described the concentric
through this 2nd excentric, he may find the place of the true planet. This is
the proper way of drawing the diagram, but astronomers commonly, having
first described the concentric, and, through it, the excentric, find the corrected
mean place of the planet in the concentric. After this, baving described the
2nd excentric through the same concentric, they find the true place in the
concentric, through the corrected mean place in the same. These two modes
of constructing the diagram differ from each other only in the respect, that in
the former, the concentric is drawn through the excentric circle, and in the latter,
the excentric is drawn through the concentric, but this can easily be understood
that both of these modes are equivalent and produce the same result.

In order to find the 1st and 2nd equations through a different theory, astro-
nomers assume that the centre of a small circle called N{CHOCHCHA-VRITTA or
epicycle, revolves in the concentric circle with the mean motion of the planet
and the planet revolves in the epicycle with a reverse motion equal to the mean
motion. BHA'BKARA’CHA’RYA, himself will show in the sequel that the motion of
the planet is the same in both these theories of excentrics and epicycles.

It is to be observed here that, in the case of the planets Mars, Jupiter and
Saturn, the motion in the excentric is in fact their proper revolution, in their
orbits, and the revolution of their 8'TGHROCHCHA, or quick apogee, corresponds to
a revolution of the Sun. But in the case of the planets Mercury and Venus,
the revolution in the excentric is performed in the same time with the Sun, and
the revolutions of their s'T@HROCHCHAS are in fact their proper revolutions in
their orbits.—B. D.]
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supreme BrAEMA himself it was brought down to the Earth
by VasisatHA and other holy Sages in regular succession;
though it was deemed of too secret a character to be divulged
to men or to the vulgar. Hence, this is not to be communi-
cated to those who revile its revelations, nor to ungrateful,
evil-disposed and bad men: nor to men who take up their
residence with its professors for but a short time. Those
professors of this science who transgress these limitations
imposed by holy Sages, will incur a loss of religious merit, and
shorten their days on Earth.

Constenction of & dis- 10. In the first place then, de-
gram_to illustrate the ex- scribe a circle with the compass opened
contrio theory. to the length of the radins (3438).
This is called the kKAKsHAVRITTA, or concentric circle; at the
centre of the circle draw a small sphere of the Earth with a
radius equal to y%th* of the mean daily motion of the planet.

11. In this concentric circle, having marked it with 360°,
find the place of the higher apsis and that of the planet,
counting from the 1st point of stellar Aries; then draw a
(perpendicular) diameter passing through the centre of the
Earth and the higher apsis (which is called vcHCHA-REKEHA,
the line of the apsides) and draw another transverse diameter
[perpendicular to the first] also passing through the centre.

12,  On this line which passes to the highest apsis from the
centre of the Earth, take a point at a distance from the Earth’s
centre equal to the excentricity or the sine of the greatest
equation of the centre, and with that point as centre and the
radius [equal to the radius of the concentric], describe the
PRATIVRITTA or excentric circle; the UCHCHA-REKHA answers
the like purpose also in this circle, but make the transverse
diameter different in it.

* All the Hindu Astronomers seem to coincide in thinking that the horizontal
parallax PARAMA-LAMBANA of all the planets amounts to a quantity equal to
vth of their daily motion.—L. W.

F2
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18 and 14.* Where the ucHCHA-REKHA perpendicular dia-
meter (when produced) cuts the “excentric circle, that is the

* Fig. 1.

bnl

4o
B m 3
\\
L
c

[ In fig. 1st let E be the centre of the concentric circle A B C D, T the place
of the stellar Aries, A that of the higher apsis, and M that of the mean planet
in it : then E A will be the vCcHCHA-REKHA (the line of the apsides). Again
let E O be the excentricity and H F L G the excentric which has O for its
centre ; then H, T P, will be the places of the higher apsis, the stellar Aries
and the planet respectively in it. Hence H P will be the XENDEA; P K the
sine of the KENDRA ; P I the co-sine of the KENDRA.

The XENDRA which is more than 9 signs and less than 38 is called MRIGADI

i. e. that which terminates in the six signs beginning with Capricornus) and
that which is above 8 and less than 9 is called KARKYADI (i. e, that which ends
in the six signs beginning with Cancer).

Thus (Fig. 1) that which terminates in @ H Fis MRIGADI KENDRA, and
that which ends in F L & is KaARKYA'DL—B. D.]
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place of the higher apsis in it also. From this mark the first
stellar Aries, at the distance in degree of the higher apsis
in antecedentia: the place of the planet must be then fixed
- counting the degree from the mark of the 1st Aries in the
usual order.

The distance between the higher apsis and the planet is call
ed the kENDRA.* The right line let fall from the planet on the
UCHCHA-REKHX is the sine of BHUJA of the xENDRA. The right
line falling from the planet on the transverse diameter is the
cosine of the KENDRA, it is upright and the sine of BHUJA is a
transverse line.

The principle on which 15. As the distance between the
ing the <. . .
the rule e‘::“gr;d;?%e;t: diameters of the two circles is equal

is based. to the excentricity and the co-sine
of the KENDRA is above and below the excentricity when the
KENDRA is MRIGADI and KARKYADI (respectively).t

# The word KENDRA or centre is evidently derived from the Greek word
xevrpov and means the true centre of the planet.—L. W.

+ [In (Fig. 1) P X is the spHUTA X0TI and P E the xarNaA (the hypothenuse)
which cuts the concentric at T. Hence the point T will be the apparent place
of the planet and T M the equation of the centre.

This equation can be determined as follows.

Draw M n perpendicular to E T, it will be the sine of the equation and the
triangle P M n will be similar to the triangle P E K.

SWPE:EK=PM:Ma;

PM.EK
—— == sine of the equation ;
PE

EO.EK

PE

hence M n ==

,forPM=IK=EO

Now, let ¥ = KEYDEA, @ = the distance between the centres of the two
circles excentric and concentrie, # = sine of the equation, and A = hypothenuse :
then the SPHUTA KOTI <= cos. ¥ + @, according as the KENDRA is MRIGADI or

EAREYADI, and 4 = ¢/sin.? £ & (cos. ¥ & a)?
hence by substitution

a.sin. k a.sin k
r=

A —Vsin.' % 4+ (cos. k %k a)?
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16 and 17. Therefore the sum or difference of the co-sine
and excentricity (respectively) is here the spHUTA KoOTI (i. e.
the upright side of a right-angled triangle from the place of
the planet in the excentric to the transverse diameter in the
concentric,) the sine of the BHUJA [of the KENDRA] is the
BHUJA (the base) and the square-root of the sum of the squares
of the sPHUTA KOTT and BHUJA is called kARNA, hypothenuse.
This hypothenuse is the distance between the Earth’s centre
and the planet’s place in the excentric circle.

The planet will be observed in that point of the concentric
cut by the hypothenuse.

The equation of the centre is the distance between the
mean and apparent places of the planet: when the mean
place is more advanced than the apparent place then the
equation thus found is subtractive ; when it is behind the true
place, the equation is additive.* '

The reason for assuming 18. The mean planet moves in its
the MAND-SPASHTA planet 88y ypa.pRATIVRITTA (first excentric) ;

a mean in finding the 2nd
equation. the MANDA-SPASHTA planet (i. e. whose

mean place is rectified by the first equation) moves in its
8'IGHRA-PRATIVRITTA (second excentric). The MANDA-spAsHTA

It also follows from this that, when cos. k£ is equal to a4 in the XARKYADI
XENDRA, then % will be equal to sin. k, otherwise & will always be greater than
sin. £ and consequently & will be less than a. Hence, when A is equal to sin &,
« will then be greatest and equal to a, i. e, the equation of the centre will be
greatest when the hypothenuse is equal to the sine of the KENDRA, or when the
planet reaches the point in the excentric cut by the transverse line in the
concentric. Therefore, the centre of the excentric ia marked at the distance
?ual to the excentricity from the centre of the coucentric (as stated in the

12th.)—B. D.]

& [Thus, the mean planet, corrected by the 1st equation, becomes
MANDA-SPASHTA and this process is called the mMANDA process. After this,
the MANDA-8PASHTA when rectified by the s1‘érrA PHALA, or 2nd equation, is
the spAsHTA planet, and this 2nd process is termed the 8’1GHRA process. Both
of these processes, MANDA-SPASHTA and SPASHTA are reckoned in the VIMAN-
DALA or the orbit of the planet as hinted at by BHASKARACHARYA in the
commentary called VASANA-BHASHYA in the sequel. These places are assumed
for the ecliptic also without applying any correction to them, because the
eorrection required is very small.—B. D.



V. 23.] Stdhdnta-s'vromani. 143

is therefore here assumed as the mean planet in the second
process (i. e. in finding the second equation).*

The reason for the inven- 19. The place in the concentric
tion of the higher apeis. in which the revolving planet in its
own excentric is seen by observers is its true place. To find
the distance between the true and mean places of the planet,
the higher apsis has been inserted by former Astronomers.

20. That point of the excentric which is most distant from
the Earth has been denominated the higher apsis (or
UcHCHA) : that point is not fixed but moves; a motion of the
higher apsis has therefore been established by those con-
versant with the science.

21. The lower apsis is at a distance of six signs from the
higher apsis: when the planet is in either its higher or
lower apsis, then its true place coincides with its mean
place, because the line of the hypothenuse falls on the mean
place of the planet in the concentric.

22. As the planet when in the higher apsis is at its
greatest distance from the Earth, and when in the lower

The cause of variation of 8psis at its least distance, therefore its
apparent size of planet’sdisc.  gisc appears small and large accord-
ingly. In like manner, its disc appears small and large accord-
ingly as the planet is near to and remote from the Sun.

28. To prevent the student from becoming confused,
I have separately explained the proof of finding the equation
by the PraTiveiTTa BHANGI of the diagram of the excentric.
I shall now proceed to explain the same proof in a different
manner by the diagram of a NfcRocHCHA-VRITTA (epicycle).

® [For this reason, having assumed the MANDA-8PASHTA planet for the
mean, which MANDA-SPASHTA can be determined in the concentric by describing
the excentric circle &c. through the mean planet and MANDOCHCHA, make the
place of the stellar Aries from the MANDA-S8PASHTA place in the reverse order of
the signs and then determine the place of the s'TéHROCHCHA in the order of
the signs. Through the places of the stellar Aries and s’1GHEROCHCHA describe
the 2ud excentric circle &c. in the way mentioned before, and then find the
place of the true planet in the concentric.—B. I).]
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c , ) 24. Taking the mean place of the
onstruction of Diagram . .

to illustrate the theory of planet in the concentric as the centre,
epieycle. with a radius equal to the excentricity
of the planet, draw a circle. This is called NfcmocHCHA
VRITTA or epicycle. Then draw a line from the centre of the
Earth passing through the mean place of the planet [to the
circumference of the epicycle].

25. That place in the epicycle most distant from the
centre of the Earth, cut by the line [joining the centre of the
Earth and mean place of the planet] is supposed to be the
place of the higher apsis: and the point in the epycicle
nearest to the Earth’s centre, the lower apsis. In the
epicycle draw a transverse line passing through the centre of
it [and at right-angles to the above-mentioned line which is
called here ucHCHA-REKHK].

26. As the mean planet revolves with its KENDRA-GATI

(the motion from its higher apsis) in the 1st and 2nd epicy-
cle marked with the 12 signs and 860 degrees towards the
reverse signs, and according to the order of the signs respec-
tively from its higher apsis.
- 27. Mark off therefore the places of the first and second
KENDRAS or distances from their respective higher apsides in
the manner directed in the last verse: the planet must be
fixed at those points. [Here also] The (perpendicular) line
from the planet to the UCHCBA-REKHA is the sine of the BHUIA
of the kENDRA: and from the planet on the transverse line
is the cosine [of the KENDRA].* (See note next page.)

To find the hypothenuse 28 and 29. The BHUJA PHALA and
and the cquation of centre.  gony pgars of the KENDRA which are
found [in the GANITADEYAYA] are sine and cosine in the epicycle.
As the xorr PHALA is above the radius (of the concentric) in
MRIGADI KENDRA and within the radius in KARKYADI-KENDRA, the
sum and difference, therefore, of the KoTI PHALA and the radius
is here the spHUTA-KOTI (upright line), the BHUJA PHALA is
the BHUJA (the base) and the KaARNA hypothenuse (to complete
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the right-angled triangle) is the line intercepted between the

centre of the Earth and the planet. The equation of the

centre is here the arc [of the concentric] intercepted between
* Note on verses from 24 to 27, '

-}

[In fig. 2, let A B C D be the concentric, T the place of the stellar Aries, E the
centre of the Earth, M the mean place of the planet in the concentric, & f I g,
the Epicycle, 5 the place of the higher apsis in it, E & the UCHCHA-REEKHA’
U the place of the lower apsis, P that of the planet, 4 P the KENDEA, P ¥ the
sine of the KENDRA and P s the cosine of it.

The sine and co-sine of the KENDRA in the excentric, reduced to their
dimensions in the epicycle in parts of the radius of the concentric, are named
BHUJA-PHALA and ROTI-PHALA respectively in the GANITADHYAYA. That is

As the radius or 360° of the concentric

: the sine and cosine of the KENDRA in the excentric
: : excentricity or the periphery of the epicycle

: BHUJA-PHALA and KOTI-PHALA respectively.

Therefore the BEUJA-PEALA and KOTI-PHALA must be equal to the sine and
cosine of tl‘e KENDRA in the epicycle.—B. D.] -

G
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the mean place of the planet and the point cut by the hypo-
thenuse. The equation thus found is to be added or subtracted
as was before explained.*

30. The planet appears to move forward from MANDOCHCHA,

Construction of the mized T 15t higher apsis, in the excentric
diagrams of the excentric circle with its KENDRA-GATI (the mo-
and epicycle. . . .

tion from its MANDOCHCHA) and in the
order of the signs and to the East: From its si/eERoCHCHA,
2nd higher apsis, it moves in antecedentia or reversely, as
it is thrown backwards.

31. When the epicycle however is used, the reverse of this
takes place, the planet ‘moving in antecedentia from its 1st
higher apsis and in the order of the signs from its 2nd higher
apsis. Now as the actual motion in both cases is the same,
while the appearances are thus diametrically opposed, it must
be admitted therefore that these expedients are the mere
inventions of wise astronomers to ascertain the amount of
equation.

* In (Fig 2) E k is the spEUTA-KOTI, P E the hypothenuse, T the apparent
place of the planet in the concentricand T M the equation of the centre. This
equation can also be found by the theory of the epicycle in the following
manner.

Draw T n perpendicular to E M, then T » will be the sine of the equation ;
let it be denoted by x, the KENDRA in the excentric by %, the excentricity by a,
and the hypothenuse by A : then .

R :sin k =a : Pk the BHUJA-PHALA
a sin k

. the BHUJA-PHALA = ,

Now, the triangles E T % and E P % are similar to each other
SWEP:Pk=ET:Ts
or A :

]
*

k
that is, the BEUJA-PHALA multiplied by the radius and divided by the hypothe-
nuse is equal to the sine of the équation.
asin k
ButP k= s
R

.*. by substitution
asink B asink
o= X —= , the sine of the equation as.
. R A ]
foundeelf;oae by the theory of the excentric in the note on the verses 15, 16 and
17.—B. D.
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32. 1If the diagrams (of the excentric and epicycle) be
drawn unitedly, and the place of the planet be marked off in
the manner before explained, then the planet will necessarily
be in the point of the intersection of the excentric by the
epicycle.

33. [In illustration of these opposite motions, examine an
oil-man’s screw-press.] As in the oil-man’s press, the wooden
press (moving in the direction in which the bullock fastened
to it goes) moves (also itself) in the opposite direction to that
in which the bullock goes, thus the motion of the planet,
though it moves in the excentric circle, appears in antece-
dentia in the epicycle. )

84. As the centre of the 1st epicycle is in the concentric,

Explains why the 5 minor let the planet therefore move in the
planets requird both the T I .
lst and 2nd equations to concentric with its mean motion: In
their true places. the concentric [at that point cut by
the first hypothenuse] is the centre of the sr'eHrA NicHOCHCHA,
vRITTA or of the 2nd epicycle: In the second or s'iGHRA
epicycle is found the true place of the planet.

35. The first process, or process of finding the 1st equa-
tion, is used in the first place, in order to ascertain the position
of the centre of the sfGERA NfcHoCHCHA VRITTA or of the 2nd
epicycle, and the 2nd process, or the process of the 2nd
equation, to ascertain the actual place of the planet. As these
two processes are mutually dependent, it on this account
becomes necessary to have recourse to the repetition of these
two processes.

36 and 37. Some say that the hypothenuse is not used in

Explains reason of omis- the 1st process, because the difference
sion of hypothenusein the (in the two modes of computation)
MANDA process. P .

~ 1s inconsiderable, but others maintain
that since in this process the periphery of the first epicycle
. being multiplied by the hypothenuse and divided by the radius
becomes true, and that, if the hypothenuse then be used, the

result is the same as it was before, therefore the hypothenuse is
) 62
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not employed. No objection is to be made why this is not
the case in the 2nd process, because the proofs of finding the
equation are different here.*

38. Asno observer on the surface of the Earth sees the
planet moving in the excentric, de-
flected from his zenith, in that place
of the concentric, where an observer situated at the centre of
the Earth observes it in the eastern or western hemisphere,
and at noon both observers see it in the same place, therefore
the correction called NaTakarMa is declared (by astronomers).
The proof of this is the same as in finding the parallax.+

Reason of NATAKARMA.

® [The BHUJA-PHALA, determined by means of the sine of the first KENDRA of
the planet (i. e. by wultiplying it by the periphery of the 1st epicycle and
dividing it by 860e) has been taken for the sine ofP the 1st equatiqn of the centre :
and what we have shown in the note on the V. 28 and 29, that the BHUJA-
PHALA, when multiplied by the radius and divided by the hypothenuse, becomes
the sine of the equation may be understood only for finding the 2nd equation of
the five minor planets and not for determining the 1lst equation.

Some eay that the omission of the hypothenuse in the 1st process has no
other ground but the very inconsiderable difference of the result. But BRAEMA-
GUPTA maintains that the periphery of the 1st epicycle, varies according to the
hypothenuse ; that is, their ratio is always the same, and the periphery of the
1st epicycle, mentioned in the GaNITADHYAY4, is found at the instant when the
hypothenuse is equal to the radius. For this reason, it is necessary at first to
find the true periphery through the hypothenuse and then determine the 1st
equation. But, he declares that by so doing; also the sine of the equation
becomes equal to the BAUJA-PHALA as follows.

As R : 1st periphery = the hypothenuse : the true periphery

PXh
«% the true periphery =
R

, and consequently the BHUJA-PHALA in

Pxk sink
the true epicycle = ———— X —
R 360°
PX4a sink R
X —— X — and abridging =
8600 h

.. the sine of the 1st equation —

P .sin &

which is equal to the BEUJA-PHATA. Hence the hypothenuse is not
860° '

used in the 1st process. :
BRAHMAGUPTA'S opinion is much approved of by Bra’skara’cHA’RYA.—B. D.]

+ But this is not the case, because the NATAKARM which BEA'SKARA’OHA’RYA has
stated in the GANITADHYAYA had no connection with the fact stated in this
8'L.0KA and therefore many say that this 8’Loka does not belong to the
text.—B. D.]

- > —
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39. The mean motion of a planet is also its trme motion

Explains whero the mean when the planet reaches that point in
and true motions of all the the excentric cut by the transverse
planeta coincide. diameter which passes through the
centre of the concentric: and it is when the planet is at that
point that the amount of equation is at its maximum. [Larra
has erroneously asserted that the mean and true motions
coincide at the point where the concentric is cut by its ex-
centric.]*

40. Having made the excentric and other circles of thin

Manner of observing the pieces of bamboo in the manner ex-
retrogression &. of Planets. 110ined before, and having changed
the marks of the places of the planet and its s’{¢gEROCHCHA 2nd
higher apsis with their daily motions, an astronomer may
quickly show the retrogressions, &c.t

® The ancient astonomers LALLA, S'RIPATI &c. say that the true motion of a
planet equals to its mean motion when it reaches the point of intersection of the
concentric and excentric. But BEA’SKEARA’CHARYA denying this, says, that when
the planet reaches the point when the transverse axis of the concentric cuts
the excentric and when the amount of equation is a maximum, the true motion
of a planet becomes equal to its mean motion. For, suppose, p,, 2, s, &c.,
are the mean places of a planet found on successive days at sun-rise when the
planet proceeded from its higher or lower apsis and e,, g, e,, &c. are the amounts
ofiaequation, then p % e,, Py, k£ €y, ps L €,, &c. will be the true places of the
planct,
<ope—p, ?n—"l)r Pa—py (’;—en)t Pa—ps L (e,—¢,), &c. will be the
true motions of the planet on successive days. Now, as the difference between
the true and mean motions is called the GaTIPHALA, by cancelling therefore,
P3s—DP, Ps,—Pg> &c. the parts of the true motions which are equal to the mean
motion, the remaining parts e,—e,, e,—¢, &c. will evidently be the GATIPHALAS
that is the differences between two successive amounts of equation are the
@ATIPHALAS. Thus, it is plain that the gaTreEALA entirely depends upon the
amount of equation, but as the amount of equation increases, 30 the GATIPHALA
is decreased and therefore when it is & maximum, the GaTIPEALA Will indifintely
be decreased i. e. will be equal to nothing. Now as the amount of equation
becomes a maximum in that place where the transverse diameter of the con-
centric circle cuts the excentric, (see the note on verses 15, 16 and 17) the
GATIPHALA, therefore becomes equal to nothing at the same place, that is, in
that very place, the true motion and mean motions of a planet are equal to each
other. Having thus shown a proof of his own assertion, BHABKARA'CHA’RYA
says that what the ancient astronomers stated, that the true and mean motions
of a planet are eqnal to each other when the planet comes in the intersection
point of the concentric and excentric circles, is entirely ungrounded.—B. D.]

% According to the method above mentioned, if the place of the higher apsis
and that of the planet be changed, and the planet’s place be marked, the motion
of the planet will be in a path like the dotted line as shown in the diagram.

8ee Diagram facing this page.
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41. The word KENDRA (or kevrpov) means the centre of a
Tho reason of the inven. CirCl€: it is on that account applied
tion of the appellation of to the distance between the planet and
KENDRA. . .
higher apsis, for the centre of the
NICHOCHCHA-VRITTA or epicycle, is always at the distance of
the planet from the place of the higher apsis.

42. The circumference in yvosavas of the planet’s orbit

SpHUTA-KAKSHA or cor- being multiplied by the s/{GHRA-KARNA
rected orbit. (or 2nd hypothenuse), and divided by
the radius (3438) is spHUTA-RAKSHA (corrected orbit). The
planet is (that moment) being carried [round the earth] by
the PRAVAHA wind, and moves at a distance equal to half the
diameter of the sPEHUTA-KARSHL from the earth’s centre.

43. When the sun’s MANDA-PHALA i. e. the equation of the

Reason of Busa'NTara centre is subtractive, the apparent or
correction. real time of sun-rise takes place before
the time of mean sun-rise: when the equation of the centre
is additive, the real is after the mean sun-rise, on that account
the amount of that correction arising from the sun’s MANDA-
PHALA converted into Asus* of time has been properly declared
to be subtractive or additive.

44. Those who have wits as sharp as the sharp point of the
inmost blade of the DORBHA or DARBHA grass, find the subject
above explained by diagrams, a matter of no difficulty whatever:
but men of weak and blunt understanding find this subject
as heavy and immovable as the high mountaint that has been
shorn of its wings by the thunderbolt of Indra.

End of Chapter V. on the principles on which the rules for
finding the true places of the planets are grounded.

It is to be observed here that when the planet comes to the places a, a &c.
in the dotted line, it is then at its higher apsis, when it comes to the places ¢,
¢ and ¢, it is at its lower, and when it comes to b, b &c. it appears, stationary :
and when it is moving in the upper arc b a b, its motion being direct appears
quicker, and when in the lower arc 6 ¢ b, its retrograde motion is seen.—B. D.]

# [These AsUS are equivalent to that part of the equation of time, which is
due to the unequal motion of the sun on the ecliptic.—B. D.] .

4+ Mountains are said by Hindu theologians to have originally had wings.
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CHAPTER VI.

Called GOLABANDHA, on the construction of an
Armillary Sphere.

1. Let a mathematician, who is as skilful in mechanics as
in his knowledge of the sphere, construct an armillary sphere
with circles made of polished pieces of straight bamboo ; and
marked with the number of degrees in the circle.

2. In the first place, let him mark a straight and cylindri-
cal DHRUVA-YAsHTI, or polar axis, of any excellent wood he
pleases : then let him place loosely in the middle of it a small
sphere to represent the earth [so that the axis may move
freely through it]. Let him then firmly secure the spheres
beyond it of the Moon, Mercury, Venus, the Sun, Mars,
Jupiter, Saturn and the fixed stars: Beyond them let him
place two spheres called KHAGOLA and DRIGEOLA unconnected
with each other, and fastened to the hollow cylinders [in
which the axis is to be inserted].*

[Description in detail of the fact above alluded to.]

8. TFix vertically the four circles and another circle called

. . horizon transversely in the middle of

The prime vertical, the .
meridian and the Konaveir- them, so that one of those vertical
TaS. circles called SaMAMANDALA, prime
vertical, may pass through the east and west points of the
horizon, the other called Y{MYOTTARA-VRiTTA, meridian the

* The sphere of the fixed stars which is mentioned here is called the BRAGOTA
starry sphere. This BHAGOLA is assumed for all the planets, instead of fixing
a separate sphere for each planet. This sphere consists of the circles ecliptic,
equinoctial, diurnal circles, &c. which are moveable. For this reason, this
sphere is to be firmly fixed to the polar axis, so that it may move freely by
moving the axis. Beyond this sphere, the KHAGOLA celestinl sphere which
consists of the prime vertical, meridian, horizon, &c. which remain fixed in a
given latitude is to be attached to the hollow cylinders. Having thus separately
fixed these two spheres, astronomers attach, beyond these, a third sphere in
which the circles forming both the spheres KHAGOLA and BHAGOLA are mixed
together. For this reason the latter is called DR1GGOLA the double sphere.
And as the spherical fingers are well seen by mixing together the two spheres

KHAGOLA and BHAGOLA, the third sphere which is the mixture of the two
spheres, is separately attached.—B. D.] :
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north and south points, and the remaining two called KONA-
vairras the N. E. and S. W. and N. W. and S. E. points.

4. Then fix a circle passing through the points of the

The UNMANDALA or six hoTizon intersected by the prime verti-
o’clock line. cal, and passing also through the
gouth and north poles at a distance below and above the
horizon equal to the latitude of the place. This is called the
UNMANDALA, or six o’clock line, and is necessary to illustrate the
increase and decrease in the length of the days and nights.*

5. The equinoctial (called wipf-vaLaYa), marked with
60 ghatis, should be placed so as
to pass through the east and west
points of the horizon, and also to pass over the meridian at a
distance south from the zenith equal to the latitude, and at a
distance north of the nadir also equal to the latitude of the
place [for which the sphere is constructed].

6. Lot the azimuth or vertical circle be next attached
within the other circles, fixed by a
pair of nails at the zenith and nadir,
50 as to revolve freely on them: [It should be smaller than
the other circles so as to revolve within them]. It should be
capable of being placed g0 as to cover the planet, wherever it
may happen to be.

7. Only one azimuth circle may be used for all the planets ;
or else eight azimuth circles may be made, viz. one for each
of the 7 planets and the 8th for the nonagesimal point. The
azimuth circle for the nonagesimal point is called the DRIK-
SHEPA-VRITTA.

The equinoctial.

Azimuth or vertical circle.

* The circle of declination or the hour circle passing through the east and
west points of the horizon is called UNMANDALA in Sanskrit; but I am not
acquainted with any corresponding term in English. In the treatise on
astronomy in the Encyclopedia Metropolitana the prime vertical is named the
six o'clock line. 'This term (six o’clock line) should, I think, be applied to the
UNMANDALA, because it is always six o’clock when the sun arrives at this circle,
the UNMANDATA. The prime vertical or the saMa-MANDALA of the Sanskrit
cannot, with propriety, be called the six o’clock line; because it is only twice a
year that it is six o’clock when the sun is at this circle, the prime vertical.—
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8. Let two hollow cylinders project beyond the two poles
north and south of the xmAGorA ce-
lestial sphere, and on these cylinders

let the skilful astronomer place the pricgoLa double sphere
as follows.

9. When the system of the kHAGOLA, celestial sphere, is
mixed with the ecliptic, and all the other circles forming the
BHAGOLA (which will be presently shown) it is then called
DRIGGOLA, double sphere. As in this the figures formed by
the circles of the two spheres kHAGOLA and BHAGOLA are seen,
it is therefore called pricaorLa double sphere.*

THE BHAGOLA.

10. Let two circles be firmly fixed on the axis of the poles
answering to the meridian and horizon (of the KHAGoLA);
they are called the ADHARA-VRITTAS, or circles of support:
Let the equinoctial circle also be fixed on them marked with
60 ghatis like the prime vertical (of the kHAGOLA).

11. Make the ecliptic (of the same size) and mark it with
12 signs; in this the Sun moves: and
also in it revolves the Earth’s shadow
at a distance of 6 signs from the Sun. The KRANTI-PATA or
vernal equinox, moves in it contrary to the order of the signs :
The spasHTA-PATAS [of the other planets] have a like motion :
the places of these should be marked in it.+

The DrIGGOLA.

The Ecliptic.

* See the note on 2 Verse.

t [The 8un revolves in the ecliptio, but the planets, Moon, Mars, &e. do not
revolve in that circle, and the plaues of their orbits are inclined to that of the
ecliptic. Of the two points where the planetary orbit cuts the plane of the
ecliptic, that in which the planet in its revolution rises to the north of the
ecliptic is called its PA’TA or ascending node (it is usually called the mean
PA'TA) and that which is at the distance of six signs from the former is called
its SASHADBHA PA'TA or descending node. The Pa'Ta of the Moon lies in its
concentric, because the plane of its orbit passes through the centre of the
concentric, i. e. through the centre of the Earth; but the pa‘ras of the other
planets are in their second excentric, because the planes of their orbits pass
through the centres of their 2nd excentrics, which eentres lie in the plane of the
ecliptic. When the planet is at any other .place than its nodes, the distance
between it and the plane of the ecliptic is called its north or south latitude as
the planet is north or south of the ecliptic. When the planet is at the distance
of 3 signs forward or backward from its PA'T4, it is then at the greatest distance
north or south from the ecliptic : This distance is its greatest latitude. Thus,

H
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12. Let the ecliptic be fixed on the equinoctial in the
point of vernal equinox KRANTI-PATA and in & point (autumnal
equinox) 6 signs from that : it should be so placed that the
point of.it, distant 3 signs eastward from the vernal equinox,
shall be 24° north of the equinoctial, and the 3 signs westward
shall be at the same distance south from the equinoctial.

18. Divide a circle called KSHEPA-VRITTA representing the
orbit of a planet into 12 signs and
mark in it the places of the spasmTA-
PATAS, rectified nodes, as' has been before prescribed [for the
ecliptic]. Then this circle should be so placed in connection
with the ecliptic as it has been placed in connection with the
equinoctial.

14. The ecliptic and the KsHEPA-VRITTA should be so
placed that the latter may intersect the former at the [rectified]
ascending and descending nodes, and pass through points
distant 3 signs from the ascending node east and west at a
distance from the ecliptic north and south equal to the
rectified greatest latitude of the planet [for the time].

15. The greatest (mean) latitudes of the planets being
multiplied by the radius and divided by the sfGHRA-EARNA

Planet’s orbit.

the latitude of the planet begins from its PA’TaA and becomes extreme at the
distance of 3 signs from it, therefore, in order to find the latitude, it is necessary
to know the distance between the planet and its Pa’ra. This distance is equal
to the sum of the places of the planet and its PA’TA, because all PA’TA8 move
in antecedentia from the stellar aries. This sum is called the VIZS8HEPA-KENDRA
or the argument of latitude of the planet. As the Pa’Ta of the Moon lies in her
concentric, and in this circle is her true place, the sum of these two is her
VIKSHEPA-KENDEA, but the PA'TA of any other planet, Mars, &c. lies in its 2ud
excentric and its MANDA-SPASHTA place (which is equivalent to its heliocentrie
place) is in that circle, therefore its VIksHEPA-KENDRA is found by adding the
place of its PA’TA to its MANDA-8PASHTA place. The sPASHTA-PA'TA of the
planet is that which being added to the true place of the planet, equals its
VIKSHEPA-KENDRA for this reason, it is found by reversely applying the 2nd
equation to its mean PA’TA. As
s BPABHTA PA’TA + true place of the planet,

= VIKSHEPA-KENDRA,

= place of the MANDA SPASHTA planet < mean PA'TA,

= p, of the m, &, p. = 2nd equation 4 m. P.Z¢ 2nd equation,

= true place of the planet + mean Pa’‘ra # 2nd equation,

.*» BPABHTA PA’TA = mean PA'TA ¥ 2nd equation.
The place of this sPAsETA PA‘TA is to be reversely marked in the ecliptic from

the stellar aries.— B, D ]
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second hypothenuse becomes spasHTA, rectified. The kKsHEPA-
VRITTA, or circles representing the orbits of the six planets,
should be made separately. The Moon and the rest revolve in
their own orbits.*

® [As the pa’TA of the Moon and her true place lie in her concentric, the suin
of these two, which is called her VIKSHEPA-KENDEA or the argument of latitude,
must be measured in the same circle, and her latitude, therefore found through
her VIKSHEPA-KENDERA, will be as seen from the centre of her concentric i. e.
from the centre of the Earth. But the A’Ta of any other planet and its MANDA-
8PASHTA place (which is its heliocentric place) lie in its 2nd excentric, therefore
its latitude, determined by means of its VIKSHEPA-KENDRA, which is equal to
the sum of its MANDA-SPASHTA place and Pa’TA and measured in the same circle,
will be such as seen from the centre of its 2nd excentric and is called its mean
latitude (which is equivalent to the heliocentric latitude of the planet).

As in Fig. 1, let N E be the °
quarter of the ecliptic, N O
that of the 2nd excentric, N c
the node and P the planet, . -
Suppose O E and P p (parts of N [
great circles) to be drawn from
O and P perpendicularly to
the plane of the ecliptic: then
O E will be the greatest lati-
tude and P p the latitude of the planet at P, by which a spectator at the centre
of the 2nd e§ce§1tric and not at the centre of the Earth, will see the planet distant
from the ecliptic. This latitude, therefore, is called a mean latitude which can
be found as follows,

8inNO :8inOE ::8inNP: sin P p,
. or R.sinPp=4sinOE.sinN p,

consequently, in order to determine P p, it is necessary to know previously O E,
the greatest latitude and N P, the distance of the place of the planet from the
node, which distance is evidently equal to the VIKSHEPA-KENDREA that is, to
the sum of the MANDA-sPasHTA place of the planet and the mean place of the
node. Now the latitude of the planet as seen from the centre of the Earth is

called its true latitude. This true latitude oan be found in the following
manner,

Let E be the centre of the earth, O that of the
2nd excentric, P the MANDA gpasHTA place of the
planet init: then E P will be the 2nd hypothenuse
which is supposed to cut the concentric at A :
then A will be the true place of the planet in the
concentric. Againlet P g be a circle with the
centre O, whose plane is perpendicular to the eclip-
tic plane and A b another circle with the centre
E whose place is also perpendicular to the same
piane, then P g will be the mean latitude of the
planet and A b will be the true. Let P pand A a
lines be perpendicularly drawn to the plane of the
ecliptic, these lines will also be at right angles to
the line Ep : then P p will be the sine of the
;m:im Alazltug? P qb andhA a that of the true lati-
ude A 6. Now the similar triangle
and E A a, J gles B »

EP:Pp::EA:Aa;
EA.Pp

oA = ——

EP




156 Translation of the [VI. 16.

16. The declination is an arc of a great meridian circle:
cutting the equinoctial at right angles,
and continued till it touch the ecliptic.

R X sine of the mean latitude

Declination and latitude.

or the sine of the true latitude =
)]
sinOE .sinNP
R

R sinOE .sinNP
the sine of the true latitude — T x 2

sinOE .sinNP

but, the sine of the mean latitude —=

.*. by substitation

k
As the latitude of the planet is of a smaller amount, the arc of a latitude it,
therefore taken in the SIDDHANTAS instead of the sine of the latitude.
OE.sinNP

Hence, the true latitude = ; ,
that is, the sine of the argument of latitude multiplied by the greatest
laltitude and divided by the 2nd hypothenuse is equal to the true latitude of the
anet.
P Now in the BEAGOLA, a circle should be so fixed to the ecliptic, that the
former may intersect the latter at the spPasHTA-PATA and the point six signs
from it, and whose extreme north and south distance from the ecliptic may
be such that the distance between the circle and the ecliptic at the place of the
true planet may be equal to the true latitude of the planet. This circle is called
the VIMANDALA or VIKSHEPA-VRITTA and its extreme north and south distance
from the ecliptic is called the true or rectified extreme latitude of the planet
which can be found as follows.

Let N be the 8pasHTA- )

PATA, N P the VIRSHEPA-KEN-
DRA, P p the true latitude, [ 4
E O the true extreme latitude: N 4
then

sin N o: sin E O ::sin
NP:sinPp

sin NO.sinPp

sin NP
R.Pp

sin N P

~sinEO =

.
]

orEO = 3

L.sin NP

but if L be taken for the mean extreme latitude the P p =
R L.sin NP R.L

X
sin N P k A
This is the mean extreme latitude stated in the GaNITADHYAYA multiplied
‘by the radius and divided by the 2nd hypothenuse equals the true or rectified
extreme latitude.— B, D.]

s EO0O=
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celestial latitude is in like manner an arc of a great circle
(which passes through the ecliptic poles) intercepted between
the ecliptic and the KSHEPA-VRITTA.

The corrected declination [of any of the small planets and
Moon] is the distance of the planet from the equinoctial in a
circle of declination.

17.  The point of intersection of the equinoctial and ecliptic
circles is the KRANTI-P{TA or inter-
secting point for declination. The

retrograde* revolutiens of that point in a Karra amount
to 30,000 according to the author of the SGryA-sIDDHANTA.

18. The motion of the solstitial points spoken of by Mux-
Jx1A and others is the same with this motion of the equinox:
according to these authors its revolutions are 199,669 in a
Kavrpa.

19. The place of the KRANTI-PATA, or the amount of the
precession of the equinox determined through the revolutions
of the KRANTI-PATA must be added to the place of a planet;
and the declination then ascertained. The ascensional differ-
ence and periods of rising of the signs depend on the
declination : hence the precession must be added to ascertain
the ascensional difference and horoscope.

20. Thus the points of intersection of the ecliptic and the
orbits of the Moon and other planets are the KSHEPA-PATAS, or
intersecting points for the ksHEPA celestial latitude. The
revolutions of the KSHEPA-PATAS are also contrary to the order
of the signs, hence to find their latitudes, the places of the
KSHEPA-PATAS must be added to the places of the planets
(before found).

21. As the MANDA-8PASHTA planet (or the mean planet cor-
rected by the lst equation) and its ascending node revolve
in the 8’IGHRA-PRATIVRITTA or 2nd excentric, hence the amount
of the latitude is to be ascertained from (the place of) the
MANDA-SPASHTA planet added to the node found by calculation.

* The motion of the KRANTI-PATA is in a contrary direction to that of the
order of the signs.—L. W.

Precession of the equinox.
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22. Or the amount of the latitude may be found from the
spASHTA planet added to the node which the s‘iaErA-pPHALA 2nd
equation is added to or subtracted from accordingly as it was
subtractive or additive.*

As the Moon’s node revolves in the concentric circle, the
amount of the latitude, therefore, is to be found from the
true place of the Moon added to the mean node.

23. The exact revolutions of the nodes of Mercury and
Venus will be found by adding the revolutions of their 8'faHgA-
KENDRAS to the revolutions of their nodes which have been
stated [in the GayIT{pEYLYA]: if it be asked why these smaller
amounts have been stated, I answer, it is for greater facility of
calculation. Hence their nodes which are found from their
stated revolutions are to be added to the places of their
8'fGHRA-KENDRAS [to get the exact places of the nodes].+

24. To find the xENDRA [of any of the planets] the place
of the planet is subtracted from the s’fGHROCHCHA : then take

# [See the nodes on V. 11, and V. 13, 14, 15, —B. D.]

+ [In all the original astronomical works, the sum of the pA’Ta and s’faEROCH-
cHA of Mercury and Venus, is assumed for their VIKSHEPA-KENDRA, and
through this, their latitude is determined. But the latitude thus found would
be at the place of their s’f@EROCHCHA and not at their own place, because their
places are different from those of their s’feaErOCHCHAS. To remove this
difficulty, BHA'SKERA’CHA'RYA writes, “The exact revolutions &e.” But the
difficulty arises in the supposition that, the earth is stationary in the centre of
the universe and all the planets revolve round her, because we are then bound
to grant that the mean places of Mercury and Venus are equal to that of the Sun,
and hence their places will be different from those of their s'f@HROCHCHAS.
But no inconvenience occurs in the supposition that, the Sun is in the centre
of the universe and all the planets together with the earth revolve round him.
For, in this case the places of the s’faHBOCHCHAS of Mercury and Venus are
their own heliocentric places, and consequently the sum of the places of their
8’{GHROCHCHAS and PA'TAS will be equal to the sum of their own places and
those of their Pa’ras, that is to their VIRSEEPAKENDEA. For this reason,
their latitude found through this, will be at their own places. Now, it is a
curious fact that, the revolutions of the patas of Mercury and Venus, stated
in the original works, are such as ought to be mentioned when it is supposed
that the Sun is in the middle of the universe and the planets revolve round
him, and not when the Earth is supposed to be stationary in the centre of the
universe. From this fact, we can infer that the original Authors of the As-
tronomical works knew that all the planets together with the Earth revolve
round the Sun, and consequently they stated the smaller amounts of the
revolutions of the Pa’Tas of the Mercury and Venus. When this is the case,
why is it supposed that all the planets revolve round the Earth, because the
Spherics can moro easily be understood by this supposition than by the other.—

0
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the kENDRA with the PATA added [to get the exact amount of
the PA1A or node] and let the place of the planet be added
thereto, [we thus get the VIKSHEPA-KENDRA or the argument
of the latitude of Mercury or Venus]. Therefore from the
g'feEROCHCHAS of these two planets with the raTas added,
their latitudes are directed by the ancient astronomers to be
found.*

25 and 26. The pATAS or nodes of these two planets added
to the s’icErRocHCHRAS from which the true places of the
planets have been subtracted, become spAsHTA or rectified.
It is the s’pasHTA-PATA Which is found in the BHAGOLA (above
described).

In the sphere of a planet, take the ecliptic above described
as the concentric circle, to this circle the second excentric
circle should be attached, as was explained before, and a circle
representing the orbit of a planet (and which consequently
would represent the real second excentric) should be also
attached to the latter circle with the amount of latitude
detailed for it. In this latter circle mark off the mean places
of the nodes of the (superior) planets, and also mark in it the
mean place of the nodes of Mercury and Venus added to their
respective 8'{GHRA-KENDRAS.t

27. Next the AHORATRA-VRITTAS or diurnal circles, must be

Diurnal circles called Made on both sides of the equinoctial
AHOB'ATRA-VRITTAS. [and parallel to it] at every or any
degree of declination that may be required:—and they must
all be marked with 60 cmaTis: The radius of the diurnal
circle [on which the Sun may move on any day] is called
DYUJIYA.

* [Let, A = 8'feEROCHCHA or the place of 2d higher apsis.

k = the 8’fGHEA-KENDRA.
= the place of the planet.
n = PA'TA or the place of the ascending node.
and N, = the exact Pa’TA.
thenk =h—p;and b =k +n="5h —p + n;
‘. VIESHEPA KENDRA or argument of lantude ‘of Mercury or Venus =

N.+p=h—p+ 5+ p=h+ n—B.D.]
+ [See the note on verses 13, 14 and 15:—B. D.]
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28. From the vernal equinox mark the 12 signs in direct
order, and then let diurnal circles be attached at the extremity
of each sign.

29. On either side of the equinoctial, three diurnal circles
should be attached in the order of the signs: these again will
answer for the three following signs.

The BHAGOLA has thus been described. This is to be known
also as the KHECHARA-GOLA, the sphere of a planet.

80. Or in the plane of the ecliptic bind the orbits of Saturn
and of the other planets with cross diameters to support them,
but these must be bound below (within) the ecliptic in succes-
sive circles one within the other, like the circles woven one
within the other by the spider.

81. Having thus secured the BHAGOLA on the axis or
YASHTI, after placing it within the hollow cylinders on which
the xHAGOIA 18 to be fastened, make the BHAGOLA revolve :—
it will do so freely without reference to the KHAGOLA as its mo-
tion is on the solid axis. The kKHAGOLA and DRIGGOLA remain
stationary whilst the BHAGOLA revolves.

End of Chapter VL. on the construction of an armillary
sphere.

CHAPTER VII.

Called TriPRAS'NA-VASANK on the Principles of the Rules for
resolving the questions on time, space, and directions.

The ascensional difference 1. The time called cHARA-KHUNDA
snd its place. or ascensional difference is found by
that arc of a diurnal circle intercepted between the horizon
aud the six o’clock line. The sine of that arc is called the
KUJYX in the diurnal circle: but, when reduced to relative
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value in a great circle, it is called cHARAIYA or sine of as-
censional difference.*

2. The horizon, as seen at the equator, or in a right
sphere, is denominated in other places [to the north, or south
of the equator] the UNMANDALA six o’clock line: but as the
Sun appears at any place to rise on its own horizon, the
difference between the times of the Sun’s rising [at a given
place and the equatorial region under the same meridian] is
the ascensional difference.

3. When the sun is in the nor-

Determination of the . . .
question when the CHARA thern hemisphere, it rises at any
Sorrection. r;"cti:id“"" atd  ylace (north of the equator) before

it does to that on the equator: but
it sets after it sets to that on the equator. Therefore the
correction depending on the ascensional difference is to be
subtracted at sunrise of a given place from the place of the
planet [at sunrise at the equator] and to be added at sunset
to the place of the planet [as found for the sunset at the
equator].

4. When the Sun isin the southern hemisphere the reverse
of this takes place, as the part of the UNMANDALA in that
hemisphere lies below the horizon. The halves of the sphere
north and south of the equinoctial are called the northern and
southern hemispheres.

Cause of increase and decrease 5. [Anditisin consequence of
in length of days and nights. ~ ¢hjs ascensional difference that] the

days are longer and the nights shorter (than they are on the

* [The times found by the ares intercepted between the horizon and the
six o’clock line, of the three diurnal circles attached at the end of the first 3
signsi. e. Aries, Taurus and Gemini are called the CHARA-EA'LAS or the ascensional
differences of these sigus, and the differences of these CHARA-EA'LAS are called the
CHARA-KEHANDAS of those three signs.

As, where the PALABHA is 5 digits or the latitude is nearly 224° north, the as-
censional differences of the 3 first signs are 297, 541 and 642 asvs, and the dif-
ferences of those i. e. 297, 244 and 101 are the CHARA-KHANDAS of those signs.

These are again the cHARA-EHANDAS of the following three signs inversely i. e.
101, 244 and 297 asus.

‘Thus the cHARA-KHANDAS of the first six sigus answer for the following six
signs.—B. D.]

I
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equator) when the Sun is in the northern hemisphere: and
that the days are shorter and the nights longer when the Sun
is in the southern hemisphere. For, the length of the night
is represented by that arc of the diurnal circle below the
horizon, and the length of the day by that arc above the
horizon.

6. But at the equator the days and nights are always of the
same length, as there is no uUNMANDALA there except the
horizon [on the distance between which, the variation in the
length of days and nights depends].

A circumstance of peculiar curiosity, however, occurs in
those places having a latitude greater than 66° N. viz. than the
complement of the Sun’s greatest declination.

Determination of place and 7. Whenever the northern dechna.-
::i;;ﬁt. of perpetual day and tion of the Sun exceeds the comple-
ment of the latitude, then there will be
perpetual day for such time as that excess continued ; and when
the southern declination of the Sun shall exceed the comple-
ment of the latitude, then there will be perpetual night during
the continuance of that excess. On MERU, therefore, day and
night are each of half a year’s length.

8. To the Celestial Beings [on
MERU at the north pole] the equinoc-
tial is horizon : so also is to the parrvas [at the south pole].
For, the northern and southern poles are situated respectively
in their zeniths,

9. The Celestial Beings on MERU behold the Sun whilst he
is in the northern hemisphere, always revolving above the
horizon from left to right: but pArTYAS the inhabitants of the
southern polar regions behold him whilst he is in the southern
hemisphere revolving above their horizon from the right to
the left.

Place of MERU.

. 10. Thus it is day whilst the Sun

Definition of the artificial ., ., . . ..
day and night and the day 18 visible, and night whilst he is in-
sud night of the PITRIS. visible. As the determination of




VII 15.] Siddhdnta-s'iromans. 163

night and day is made in regard to men residing on the sur-
face of the Earth, so also is that of the prrRis or deceased
ancestors who dwell on the upper part of the Moon.

' 11. Asfor the doctrine of astro-
stotho by the ::t:}:ﬁ,g{::f logers, that it was day with the Gods
professors or BA'NHITIKAS.  at MERU whilst the Sun was in the vT-

TARAYANA (or moving from the winter
to the summer solstice) and night whilst the Sun was in the
DAKSHINAYANA (or moving from the summer to the winter sol-
stice), it can only be said in defence of such an assertion, that it
is day when the Sun is turned towards the day, and it is night
when turned towards the night. Their doctrine has reference
merely to judicial astrology and the fruits it foretells.

12. By the degrees by which the Sun proceeds in his nor-
thern course to the end of Gemini, he moves back from that
sign: entering also the same diurnal circles in his descent as he
did in his ascent. Is it not therefore that the Sun is visible in
his descent to the Gods in the place where he was first seen by
them in his ascent ?

Longth of the day of the 13. The prTRIS reside on the upper
PITRIS, part of the Moon and fancy the foun-

tain of nectar to be beneath themselves.
They behold the Sun on the day of our AMAv&sY£ or new Moon
in their zenith. That therefore is the time of their midday.

14. They (i. e. the PrTRIS) cannot see the Sun when he is
opposite the lower part of the Moon : it is therefore, midnight
with the pITRIS on the day of the pGryiMA or full Moon. The
Sun rises to them in the middle of the XrisENA PAKSHA or dark
half of the Moon, and sets in the middle of the s'UKLA PARSHA
or light half of the Moon. This is clearly established from
the context.

15. As BramM{ being at an im-

of'f;l;‘;;ﬁ’:?_mm“ of 8day 1 ense distance from the Earth, always

sees the Sun till tke time of the pra-

LAYA or general deluge, and sleeps for the same time, therefore
12
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the day and night of BRAEMA are together of 2000 MAHAYUGAS
in length.

16. As the portion of the ecliptic
.ig]hiz :ii:ifg teken by enh  which is more oblique than the other,
rizon. rises and sets in a shorter time and
that which is more upright takes a longer time in rising and
setting, hence the times of rising of the several signs are
various [even at the equatorial regions].

17. The (six) signs from Capricorn to Gemini or ascending
signs which are inclined towards the south with their respec-
tive declinations whilst they rise even at the equator are still
more inclined towards the south in the northern latitudes (on
account of the obliquity of the starry sphere towards the south) ;
hence they arise in still shorter times than they do at the
equator. ,

18. At the equator, the [six] signs from Cancer or de-
scending signs incline whilst they rise to the northerly direc-
tion, but they will have upright direction in consequence of the
northern latitude, hence they rise in longer times [than they
do at the equator.] The difference between the period of the
rising of a sign in a given latitude, and at the equator under
the same meridian, is equivalent to the cHARAKHANDA of that
sign.

19. Each quarter of the ecliptic rises in 15 GHATIS or
6 hours to those on the equator: and the 6 signs of the
northern as well the 6 of the southern hemisphere appear to
rise each in 12 hours or 80 GHATIS in every or any latitude.

20. The three signs from the commencement of Aries to
the end of Gemini, i. e. the first quarter of the ecliptic, pass
the UNMANDALA in 15 gHATIS; but the horizon [of a place in
north latitude] is below the uNMANDALA, they therefore pre-
viously pass it in time less than 15 ¢HATIS by the CHARAKHANDAS.

21. The three signs from the end of Virgo to the end of
Sagittarius, i. e. the 8rd quarter of the ecliptic, pass the uNMAN-
palA in 15 eHATIS ; but they pass the horizon of a place
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afterwards which is above the uNMANDALA [in north latitude]
in 15 ¢HATIS added to the CHARAKHANDAS.

22. The three signs from the end of Gemini to the end of
Virgo, i. e. the 2nd quarter of the ecliptic or those from the
end of Sagittarius to the end of Pisces i. e. the 4th quarter of the
ecliptic, pass the horizon in the time equal to the remainder
of 80 erATIS diminished by the time which the first or third
quarter takes to pass the horizon respectively. For this reason,
the times which the signs contained in the 1st and 4th quar-
ters of the ecliptic, or ascending signs, and those contained
in the 2nd and 3rd quarters, or descending signs take to pass
the horizon at a given place are found by subtracting the
CHARAKHANDAS of the signs from and adding them to the times
which those signs take in rising on the equator respectively.*

23. Having placed the 1st Aries in the horizon and set the
sphere in motion, the tutor should show the above facts to the

* The times taken by the several signs of the ecliptic in rising at the equator
and in northern latitudes will be seen from the following memo. according to
the SIDDHANTA.
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pupils, that they may understand as well what has been ex-
plained as any other facts which have not been now mentioned.

24. In whatever time any sign rises above the horizon
[in any latitude] the sign which is the 7th from it, will take
exactly the same time in setting : as one half of the ecliptic
is always above the horizon [in every latitude]. .

25. 'When the complement of latitude is less than 24° (i. e.
than the extreme amount of the Sun’s declination taken to be
24° by Hindu astronomers) then neither the rising pericds of
the signs, nor the ascensional differences and other particulars
will correspond with what has been here explained. The facts
of those countries (having latitudes greater than 66°) which
are different from what has been explained on account of their
totally different circumstances, are not here mentioned, as
those countries are not inhabited by men.

26. That point of the ecliptic which is (at any time) on

Etymology of the word the eastern horizon is called the LaeNA
LAGNA. or horoscope. This is expressed in
signs, degrees, &c. reckoned from the first point of stellar
Aries. That point which is on the western horizon is called
the AsTA-LAGNA or setting horoscope. The point of the
ecliptic on the meridian is called the MADHEYA-LAGNA or middle
horoscope (culminating point of the ecliptic).*

® [When the place of the horoscope is to be determined at a given time it is
necessary at first to ascertain the height and longitude of the nonagesimal point
from the right ascension of mid-heaven, and then by adding 3 signs to the
longitude of the nonagesimal point, the place of the horoscope is found: but as
this way for finding the place of the horoscope is very tedious, it has been
determined otherwise in the STDomA'NTAS.

As, from the periods of risings of the 12 signs of the eeliptic which are
determined in the Siddhantas, it is very easy to find the time of rising of any
portion of the ecliptic and vice verss, we can find a portion of the ecliptic
corresponding to the given time from sun-rise through the longitude of the
Sun then determined and the given time. The portion of the ecliptic which
can be thus found is evidently that portion of the ecliptic intercepted between
the place of the Sun and the horizon. Therefore by adding this portion to the
place of the Sun, the place of the horoscope is found. Upon this principle, the
following common rule which is given in the SIDDEANTAS for finding the place
of the horoscope is grounded.

Find first the true place of the Sun, and add to it the amount of the procession

of the equinox for the longitude of the Sun. Then, from the longitude of the
Sun, the sign of the ecliptic in which the Sun lies and the degrees of that sign
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27. If when you want to find the raGNA, the given eHATIS
are SAVANA-GHATIS, then they will be-
The reason for finding the . . B
exact place of the Sun at come sidereal by finding the Sun’s
the time of question in order ; 3
to Bud saain instantaneous place i. e. the pla,c.e of
. the Sun for the hour given. The times

which he has passed, and those which he has to pass, are known. Thus the
degrees which the Sun has passed, and those which he has to pass, are called the
BHUKTANS'AS and BHOGYAN8’As respectively. Now the time which the Sun
requires to pass the BHOGYANS'AS is called the BHOGYA time, and is found by
the followiitpg proportion.

300

: the period of rising of the sign in which the Sun is
: : BHOGYANS'AS
: BHOGYA time.

In the same manner, the BEUETA time can also be found through the
BHUETANSAS.

Now from the time at the end of which the horoscope is to be found, and
which is called the 1saTA or given time, subtract the BHOGYA time just found,
and from the remainder subtract the periods of risings of the next successive
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 consequently called the As’opDHA sign,
or the sign incapable of being subtracted, and its rising period, As’'UDDHA
rising. From this it is evident that the As’UDDHA sign is of course on the
horizon at the given time. The degrees of the As'UDDHA sign which are above
the horizon and therefore called the BEUKTA or passed degrees, are found as
follows.

If the rising period of the As’UpDHA sign
: 800

: : the remainder of the given time
: the passed degrees of the A8’UDDHA sign.

Add to these passed degrees thus found, the preceding signs reckoned from
the 1st point of Aries, andg from the Sum, subtract the amount of the procession
of the equinox. The remainder thus found will be the place of the horoscope
from the stellar Aries.

If the time at the end of which the horoscope is to be found, be given before
sun-rise, then find the BHUKTA, or passed time of the sign in which the 8un
is, in the way above shown, and subtract it and the rising periods of the pre-
ceding signs from the given time. After this find the degrees of the As'UDDHA
sign corresponding to the remainder of the given time which will evidently be the
BHOGYA degrees of the horoscope by proportion as shown above, and subtract
the sum of the BHOGYA degrees of the horoscope, the signs the rising Fetiods of
which are subtracted and the BHUETA degrees of the sign in which the Sun is
from the Sun’s place and the remainder thus found will be the place of the
horoscope.

Thus we get two processes ; one when the given time at the end of which the
horoscope is to be found, is after sun-rise, and the other when that time is given
before sun-rise, and which are consequently called EKRAMA, or direct, and
VYUTKRAMA or undirect processes respectively.

It is plain from this that if the place of the Sun and that of the horoscope be
known, the given time from sun-rise at the end of which the horoscope is found
can be known by making the sum of the BHOGYA time of the sign in which the
Sun is and the BAUKTA time of the horoscope and by adding to this sum the
rising periods of intermediate signs.—B. D.]
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of rising of the signs which are sidereal must be subtracted
from these cuaris (of the question) reduced to a like deno-
mination. When the hours of the question are already sidereal,
there is no necessity for finding the sun’s real place for that

time.*

* [If it be asked whether the time at the end of which the horoscope is to be
found is terrestrial or sidereal time; if it be terrestrial, how it is that you
subtract from that the rising periods which are of different denomination on
account of their being sidereal, and why the suu’s instantaneous place i. e. the
place determined for the hour given is used to ascertain the BHOGYA time, the
given time is reckoned from sun-rise and the BHOGYA degrees of the sign in
which the sun is, rise gradually above the horizon after sun-rise. Hence the
BHOGYA degrees of the sign of the Sun’s longitude, determined at the time of
sun-rise, should be taken to find the place of the Horoscope, otherwise the place
of the Horoscope will be greater than the real one. As for example, take the
time from sun-rise, at the end of which the Horoscope is to be found, equal to
60 sidereal gmaTIs and 44 AsUS when the Sun is in the vernal equinox at a place
where the PALaBua is b digits or the latitude is 22°} nearly, and ascertain the
place of the Horoscope through the instantancous place of the sun. Then, the
place of the Horoscope thus found will be greater than the place of the Sun
found at the time of next sun-rise, but this ought to be equal to it, and you will
not be able to make this equal to the place of the Sun determined at the time of
next sun-rise, unless you determine this through the place of the sun ascertained
at sun-rise, and not through the Sun’s instantaneous place. Hence it appears
wrong to ascertain the place of the Horoscope through the Sun’s instantaneous
place. But the answer to this is as follows.

The GHATIS contained in the arc of the diurnal circle intercepted between that
point of it where the Sun is, at a given time and the Horizon are the 8AvaNa or
terrestrial GEATIS, but the @HATIS contained in the arc of the diurnal circle in-
tercepted between that point of it where the Sun was at the time of sun-rise and
the Horizon are the sidereal, GEATIS. Thus it is plain from this that if the
Sun’s place determined at the time of sun-rise be given, the time between their
place and the Horizon reckoned in the diurnal circle will evidently be the side-
real time and consequently the place of the Horoscope determined through this
will be right. But if the instantaneous place of the Sun be given, the time given
must be the 8iVaNa time, because let the instantaneous place of the Sun be
assumed for the Sun’s place determined at the time of sun-rise, then the time
between this assumed instantaneous place of the Sun and the Horizon, which is
sAvaNa, will evidently be the sidereal time. Hence the fact as stated in tho
verse 27th is right.

Therefore if the Sun’s instantaneous place and the place of the Horoscope be
given, the time found through these will be the sAvaNa time, but if the place of
the Horoscope and that of the Sun determined at the time of sun-rise be given,
the time ascertained through these will be the sidereal time. And if you wish to
find the 8AvaNA time through the place of the Horoscope and that of the Sun
determined at the time of the sun-rise assumed the sidcreal time just found as a
rough 8AvANA time and determined through this the instantaneous place of the
Sun by the following proportion.

If 60 guaTIs

: Sun’s daily motion

: : these rough BAVANA GHATIS

: the Sun’s motion relating to this time; and add then this result to
the placo of the Sun found at the time of sun-rise. The sum thus found will be
the instantancous placo of the Sun nearly. Find the time again through this
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28. In those countries having a north latitude of 69° 20’ the

o signs sagittarius and capricornus are

in %ﬁfgf?fg-ﬁ:ﬁf :g:,t: ﬂi: never visible: and the signs gemini

;‘llg’ri‘z’:n?b°'° and below the gnq cancer remain always above the
horizon.

29. In those places having a northern latitude of 78° 15, the
four signs scorpio, sagittarius, capricornus, and aquarius are
never seen, and the four signs taurus, gemini, cancer, and leo,
always appear revolving above the horizon.

- 80. On that far-famed hill of gold MEru which has a lati-
tude of 90° N. the six signs of the southern hemisphere never
appear above the horizon and the six northern signs are
always above the horizon. .

31. LaLrA has declared that when the Asus of cHARA-
KHANDA [in any latitude] are equal to
the time which any sign takes to rise
on the equator, then that sign will always remain visible above
the horizon : but this assertion is without reason. Were it so,
then in places having a latitude of 66°, the whole twelve signs
of the ecliptic would always be visible, and would all appear
at once on all occasions, as the times of their rising oun the
equator are equal to the Asus of their CHARA-KHANDAS: but
this is not the fact.

32. LaLuaA has also stated in his work on the sphere that

where the north latitude is 66° 30,
poimother gross error of  ggittarius and capricornus are not

visible, and also that in north latitude
75°, scorpio and aquarius are never there visible : but this also
is an idle assertion. How, my learned friend, has he managed-
to make s0 gross and palpable an error of three degrees ?*

An error of LALLA exposed.

instantaneous place of the Sun, and through this time ascertain the instantaneous
place of the Sun. Thus you will get at last the exact s8A{vaNA time from sun-rise
to the-hour given by the repetition of this process. As the Sun is taken here
for an example, you can find the 8AvaNa time of any planet or any planetary-
time from the planet’s rising to the hour given by the repetition of the aforesaid
process.—B. D.]

* [BEASKABACHARYA means here that LaLra mentioning the degrees of lati-
tudes, has committed a grand mistake in omitting 3 degrees, because he has

K
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33. The altitude of the polar star and its zenith distance
as found by observation, give respectively the latitude and
the LaMBANSX or complement of the latitude. Or the zenith
distance and altitude of the Sun at mid-day when on the equi-
noctial give the latitude and its complement.

34. The unNATA the time found in that arc of the diurnal
circle which is intercepted between the eastern or western
horizon and the planet above it, is s{vaNa. This is used in
finding the shadow of the planet. The sine of the UNNATA
which is oblique, like the ARSHA-KARNA, by reason of the lati-
tude, is called cEEEDAKA and not s'ANKU because it is upright.*

35. In order to find the shadow of the Moon, the upITA
(the time elapsed from the rising of a planet) which has been
found by some astronomers by means of repeated calculation
is erroneous, for the upira, (found by repeated calculation) is
not sAvaNA. The labour of the astronomer that does not
thoroughly understand mathematics as well the doctrine of the

stated in his work that sagittarius and capricornus are nlways visible in a place
bearing a latitude 66° 30', and scorpio and aquarius at 75° N., whereas this is
not the case, those signs are always visible in the places bearing the latitudes
69° 30’ and 78 ° 15 respectively as shown in the verses 28 and 29.—B. D.]

® [When the Sun is above the Horizon, the shadow caused by a gnomon 12
digits, high, is called the Sun’s shadow according to the s'IDDHANTA languages
and having at first determined the sine of the Sun’s altitude and that of it
eomplement through his UDITA time, astronomers ascertained this by the follow-.
ing proportion.

As the sine of the Sun’s altitude
: the sine of its complement
: : gnomon of 12 digits
the shadow caused by the gnomon. .

Thus they determine the shadow of all planets, Moon, &c., and that of the fixed
stars. Though the light of the five small planets, Mars, &c., and the fixed stars
is not so brilliant, like that of the Sun and Moon, as to make their shadow
visible, yet it is necessary to determine the shadow of any heavenly body in order
to know the direction in which the body may be. Because, if the length and
direction of the shadow of the body be known, the direction in which it is can
be ascertained by spreading a thread from the end of its shadow through that of
the gnomon. For, if you will fix a pipe in the direction of the thread thus
spread, you will see through that pipe the body whose shadow is used here.

The time given for determination of any planet’s shadow must be the sAvana
time, because it is necessary to determine the degrees of altitude of a planet
to know its shadow, and the degrees can be determined through the time
contained in that arc of the diurnal circle intercepted between the planet and

horizon. But the time containcd in this arc cannot be other than the sAvaNa
time.—B. D.]
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v

sphere, in writing a book of instruction on the science is utter-
ly futile and useless.*

86. The degrees of altitude are found in the DRINMANDALA
or vertical circle, being the degrees of
'mg;t;’;meigﬁi” of BANKU ojovation in it above the horizon ; the
degrees of zenith distance are (as their
name imports) the degrees in the same circle by which the
-object is distant from the zenith or mid-heaven of the observer :
the s'ankvu is the sine of the degrees of altitude: and the
-DRIGJIYA is the sine of the zenith distance.
87. When the Sun in his ascent arrives at the prime verti-
cal, the s’anku found at the moment is
oo Of SAMASANTT, TONL™  the SAMA-S'ANKU : the s'ankus found ab
: the moments of his passing the Kona-
VRITTA and the meridian are respectively termed the xowa-
8’ANKU and MADHYA-8'ANKU.
38. One-half of the vertical circle in which a planet is
Reason of the correction observed should be Yisible, bu’t only
of parallax to the sine of alti- one-half less the portion opposite the
tude. radius of the Earth is visible to observ-
‘ers on the surface of the Earth. Therefore % part of the daily
motion of the planet observed is to be subtracted from the sine
of altitude or from the s'aNkvU to find the shadow : [inasmuch
as that amount is concealed by, or opposite to, the Earth].
39. The Acr{ (the sine of amplitude) is the sine of the arc
) _ of the horizon intercepted between the
o ho sine of amplitudoand 1,1 vertical and the planet’s diurnal
circle in the east or west i. e. between

# [In order to determine the Moon’s shadow at a given time at full moon,
some astronomers find her UDITA time i. . the time elapsed from her rising to the
hour given by the repeated calculation, through her instantaneous place and the
place of the horoscope determined at the given hour. But they greatly err in
this, because the time thus found will not be the 8’avana time and consequently
they cannot use this in finding the Moon’s shadow. Their way for finding the
UDITA time by the repeated calculation would be right, then ouly if the given
place of the Moon would be such as found at the time of her rising and not her
instantaneous place. Because her upITA time found through her instantaneous
place becomes 8'AVANA at once without having a recourse to the repeated calcu-
lation, as it is shown in the note on the verse 27 of this Chapter.—B D.]

K 2
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the east or west point of the horizon, and the point of the
horizon at which the planet rises or sets. The line connecting
the points of the extremities of the east and west AGr{ is
called the UDAYA8TA-SUTRA, the line of rising and setting.

40. The s'aNEU-TALA or base of the §'ANKU stretches dur-
ing the day to the south of the UDYAsTA-sUTRA; because the
diurnal circle have during the day a southern inclination (in nor-
thern latitude) above the horizon. But, below the horizon
at night, the base lies to the north of the upAYAsTA-sUTRA as
then the diurnal circles incline to the north. The s'ANKU-
1ALA’S place has thus been rightly defined.

41. The s'ANKU-TALA lies to the south of the extreme point
of AGrA when that AGr{ is north and when the Aer& is south,
the s'ANku-TALA lies still to the south of it. The difference
and sum of the sine of amplitude and s'ANKU-TALA has been
denominated the BAHU or BHUJA ; it is the sine of the degrees
lying between the prime vertical and the planet on the plane of
the horizon.

42, [Taking this BAHU as one side of a right-angled
triangle.] The sine of the zenith distance being the hypothe-
nuse then the third side or the KoTI being the square root of
the difference of their squares will be found : it is an east and
west portion of the diameter of the prime vertical.*

I now propose to explain the triangles which are created by
reason of the Sun’s varying declination : and shall then proceed
to explain briefly also the latitudinal triangles or those created
by different latitudes. [The former are called KRANTI-KSHETRAS
and the latter AKSHA-KSHETRAS. ]

® Vide accompanying dia-

ram.
a being place of the 8un : d its
place of rising in the horizon :
d h the UDAYA'STA-SGTRA @ f
the AGRA’: a b the 8'ANKU-TALA:
then a g is the BA'HU and the W/

triangle @ z g is the one here
represented to.—L. W.

3
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43. In the 1st triangle of declination.
1st. The sine of declination = BHUJA or base,

the radius of diurnal circle cor- K
. . o = Kor1 or per-
responding with the dechnatlon} dicul
. pendicular,
above given
and radius of large circle = hypothenuse.
2nd. Or in a right sphere.
The sine of 1, 2 or 3 signs = hypothenuse :
The dec]inatif)n of 1,2 or 3 signs insix| __ BHUJAS.
o’clock line

44, Sines of arcs of diurnal circles cor-
responding with the declination} = KOTIS.
above given
These sines being converted into.terms of a large circle :
and their arcs taken, they will then express the times in asus
which each sign of the ecliptic takes in rising at the equator
i. e. the right ascensions of those signs or the LANKODAYAS,
that is the 2nd will be found when the 1st is subtracted from
two found conjointly, and the 3rd will be found when the
sum of the 1st and 2nd is subtracted from three found con-
jointly.
45. In the right-angled triangle formed by the s'aNku
Triangles arise from lati- OF gnomon when the Sun is on the

tade. -equinoctial *
1st. The s'ankv of 12 digits = the xorTI.
The paLABHA or the shadow of s'ANKU
or gnomon ’ } = the sEUIA
and the ARKSHA-KARNA = the xARNA or
hypothenuse
or 2nd. The sine of latitude = BHUJA,
The sine of co-latitude = KOTI
and radius = hypothenuse

This triangle is found in the plane of the meridian.

[* The right angle triangles stated in the five verses from 45 to 49, are clearly
seen by fastening some diametrial threads within the armillury sphece. As
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46. Or the sine of declination reckoned
on the UNMANDALA from theeast and westline } = KOTL

Kusv4, the sine of ascensional diﬁ'erence} — BHUIA.
in the diurnal circle of the given day

c,__‘c

n

1

N

Liet Z G N H be the meridian of the given place, G A H the diameter of the
horizon, Z the Zenith, P and Q the north and south poles, E A F the diameter
of the equinoctial, P A Q that of the six o’clock line, C f' D that of one of the
diurnal circles, and E B, f% the perpendiculars to G H. Then it is clear from

this that
Z E or H P = the latitude,
A B = the sine of it,
E B = the co-sine of it,
A f == the declination of a planet revolving in the diurnal
circle whose diameter is C D,
and .. A g = the AGEA or the sine of amplitude, .
S g = the xuJ¥a’,
A e = the 8aMA-8A'NKU or the sine of the planet’s altitude

when it reaches the prime vertical.
e g = the TADDHRITI,
e f = the TADDHRITI—XKUJYA',
Sk = the UNMANDALA 8'ANKU or the sine of the planet’s
altitude when it reaches the six o’clock line,
A h = the AGRA'DI-KEHANDA or the 18t portion of the sine
of amplitude,
aud % g = the AGRA’GRA-KHANDA or the 2nd portion of the sine
of amplitude ;
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The sine of amplitude in the horizon = hypothenuse
This is a well known triangle.
47.  Or the saMA 8’ANKU in the prime ver-
. . = KOTI
tical being }

The sine of amplitude = BHUJA
The TADDHRITI in the diurnal circle = hypothenuse
Or
Taking the sine of declination = BHUJA
and the sAMA-8’ANKU = hypothenuse
TADDHRITI minus KUIYK = KOTI.
48. The UNMANDALA s'ANKU being = BHUJA

The sine of declination will then be = hypothenuse
And acrADI KHANDA or 1st portion of the} — xotI
sine of amplitude will be ’

Therefore, with the exception of the first. and last the other six triangles
stated in the verses are these in succession. AE B, A gf,Aeg, Aef,Afh
and g fh aud the first triangle you will get by dividing the three sides of the

EB

triangle A E B by —— and for the last see the note on the verse 49.
12

It is clear from the above described diagram that all of these triangles are
similar to each other and consequently they can be known by means of propor-
tion if any of thein be known.

The sIDDHANTIS, having thus produced several triangles similar to these
original by fastening the threads within the armillary sphere, find answers of
the several questions of the spherical trigonometry. Some problems of the
spherical trigonometry can be solved with greater facility by this SIDDHANTA
way than the trigonometrical way. As

Problem. The zenith distances of a star when it has reached the prime
vrrtical and the meridian at a day in any place are known, find the latitude in
the place.

The way for finding the answer of this problem according to the SIDDEANTA is
as follows.

Draw C ¢ L A Z, (See the proceeding diagram) then C ¢ e will be a lati-
tudinal triangle,

Now, let @ = C ¢, the sine of zenith distance,
b = A c, the co-sine of Z c,
. ¢ = A e, the 8AMA-8'ANKU,
and & = the latitude.

Then C e = 4/ a* 4 (b—c)?,

and Ce:Cc : : AE : AB,
or \/a,’-l-(b—c)’:a::md:sinz;
a X Rad

V& + (b—0)'—B. D.]

o 8in
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Or
Making the UNMANDALA SANKU = KOTI
the AGRAGRA-KHANDA or 2nd portion of the

. ) . = BHUJYA
sine of amplitude is }

the Kusya then becomes = hypothenuse
49.% The s'aNkU being = KOTL
and the s’ANKU-TALA = BHUJA
Then the CHHEDAKA or HRITI = hypothenuse

Those who have a clear knowledge of the spherics having
thus immediately formed thousands of triangles should explain
the doctrine of the sphere to their pupils.

End of Chapter VII. on the principles of the rules for
resolving the questions on time, space and directions.

Cuaprer VIIL
Called GRAHANA VASANA.
In explanation of the cause of eclipses of the Sun and Moon.

1. The Moon, moving like a cloud in a lower sphere,
The cause of the direc- ov?rtakes tl'le Sun [by reason of .1ts
tions t?t'hthe lbeginluing and  quicker motion and obscures its shin-
d of t ipse. . . .
one 0T 1ho aolar eclipse ing disk by its own dark body :] hence
it arises that the western side of the Sun’s disk is first obscured,
and that the eastern side is the last part relieved from the
Moon’s dark body : and to some places the Sun is eclipsed and
to others is not eclipsed (although he is above the horizon)
on account of their different orbits.
* This triangle differs from the 1st of the 47th verse only in this respect that
the base of the triangle in the 47th verse is equal to the sine of the whole ampli-
tude while the base found when the Sun is not in the prime vertical, will always

be more or less than the sine of amplitude and is therefore generally called
SANKUTALA—L., W.
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2. At the change of the Moon it often so happens that an
The cause of the parallax observer placed at the centre of the
igmlgggitude and that in Earth, would find the Sun when far
) from the zenith, obscured by the
intervening body of the Moon, whilst another observer on
the surface of the Earth will not at the same time find him
to be 8o obscured, as the Moon will appear to him [on the
higher elevation] to be depressed from the line of vision
extending from his eye to the Sun. Hence arises the necessity
for the correction of parallax in celestial longitude and parallax
in latitude in solar eclipses in consequence of the difference of
the distances of the Sun and Moon.

8. 'When the Sun and Moon are in opposition, the Earth’s

The reason of the corree. S12d0W envelopes the Moon in dark-
tion of parallax not being ness. As the Moon is actually enve-
nocossary in lunar oclipsee. loped in darkness, its eclipse is equally
seen by every one on the Earth’s surface [above whose horizon
it may be at the time] : and as the Earth’s shadow and the
Moon which enters it, are at the same distance from the Earth,
there is therefore no call for the correction of the parallax in &
lunar eclipse.

4. Asthe Moon moving eastward enters the dark sha-

The cause of the dires. 40W Of the Harth : therefore its eastern
tions of the beginning and side is first of all involved in obscurity,
end of the lunar eclipse. and its western is the last portion of
its disc which emerges from darkness as it advances in its
course.

5. As the Sun is a body of vast size, and the Earth insigni.
ficantly small in comparison : the shadow made by the Sun
from the Earth is therefore of a conical form #terminating in a
sharp point. It extends to a distance considerably beyond
that of the Moon’s orbit.

6. The length of the Earth’s shadow, and its breadth at the
part traversed by the Moon, may be easily found by propor-
tion.

L
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In the lunar eclipse the Earth’s shadow is northwards or
southwards of the Moon when its latitude is south or north.
Hence the latitude of the Moon is here to be supposed inverse
(i. e. it is to be marked reversly in the projection to find the
centre of the Earth’s shadow from the Moon.)

7. As the horns of the Moon, when it is half obscured form

The determination of the VOTY obtuse angles: and the duration
coverer in the eclipse of the of a lunar eclipse is also very great,
Sun and Moon. hence the coverer of the Moon is
much larger than it.

8. The horns of the Sun on the contrary when half of its
disc is obscured form very acute angles : and the duration of a
solar eclipse is short: hence it may be safely inferred that the
dimensions of the body causing the obscuration in a solar
eclipse are smaller than and different from the body causing
an eclipse of the Moon.*

9. Those learned astronomers, who, being too exclusively
devoted to the doctrine of the sphere, believe and maintain
that R{HU cannot be the cause of the obscuration of the Sun
and Moon, founding their assertions on the above mentioned
contrarieties, and differences in the parts of the body first
obscured, in the place, time, causes of obscuration &c. must
be admitted to assert what is at variance with the SANHITS,
the VEpas and Pur{yas.

10. All discrepancy, however, between the assertions above
referred to and the sacred scriptures may be reconciled by
understanding that it is the dark R&uu which entering the
Earth’s shadow obscures the Moon, and which again entering
the Moon (in a solar eclipse)'obscures the Sun by the power
conferred upon it by the favour of Brarma.

* [Had the Sun’s coverer been the same with that of the Moon, his horns,
when he is half eclipsed, would have formed, like those of the Moon obtuse
angles. For the apparent diameters of the Sun and Moon are nearly equal to
each other. Or the Moon when it is half eclipsed would have represented its
horns, like those of the Sun, forming acute angles, if its coverer had been the
same with that of the Sun. But as this is not the case, the coverer of the Moon
is, of course, different and much larger than that of the Sun.—B, D.]
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11. As the spectator is elevated above the centre of the

What is the cause of paral- earth by half its diameter, he thel:e-
lax, and why it is calculated fore sees the Moon depressed from its
from the radius of tho Harth. place [ag found by a calculation made
for the centre of the Earth]. Hence the parallax in longitude
is calculated from the radius of the Earth, as is also the parallax
in latitude.

12. Draw upon a smooth wall, the sphere of the earth

Consbruction of diagram reduced to any convenient scale, and
to illustrate the cause of the orbits of the Moon and Sun at
parallax. proportionate distances: next draw a
transverse diameter and also a perpendicular diameter to both
orbits.*

13,14 and 15. Those points of the orbits cut by this
diameter are on the (rational) horizon. And the point above
i Fig. 1.

* InFig. 1, let E be the F
centre of the earth; A a
spectator on her surface; C
D, ¥ G the vertical circles
passing through the Moon M,
and the Sun 8; D, G the
points of the horizon cut by
the vertical circles C D, F
G ; and C, the zenith in the ¢
Moon’s sphere, and F in that
of the Sun. Now,let EM S
be a line drawn from the
centre of the Earth to the Sun
in which the Moon lies always
at the time of conjunction,and )|
A B8 the vision line drawn
from the spectator A to the
Sun. The distance at which
the Moon appears depressed
from the vision line in the
‘vertical circle is her parallax
from the Sun. ° Q

When the Sun reaches the zenith F, it is evident that the Moon also will then
be at C and the vision line, and the line drawn from the centre of the Earth will
be coincident. Hence there is no parallax in the zenith.

Thus the parallax of the Moon from the Sun in the vertical circle is here
shown by means of a diagram which becomes equal to the ditference between the
parallaxes of the Sun and Moon separately found in the vertical circle as stated by
BHEA’SKARA’OHA’EYA in the chapter on eclipses in the commentary va’saNa’BHA’-
sHYA and the theories and methods are also given by him on the parallaxes of
the Sun and Moon. This parallax in the vertical circlo which arises from the

zenith distance of the planet is called the common parallax or the parallax in
altitude, .
L2
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cut by the perpendicular diameter will represent the observer’s
zenith : Then placing the Sun and Moon with their respective
zenith distances [as found by a proportional scale of sines and

arcs,] let the learned astronomer show the manner in which
Fig. 2.

As in Fig. 2, let A be a specta- %,
tor on the earth’s surface; Z the
zenith ; and Z 8 the vertical circle
passing through the planet S: Let a
circle Z’' m r be desoribed with centre
A and radius E 8 which cuts the lines
A Z and A 8 produced in the points 2’ %
and r: Let a lipe # m be drawn pa-
rallel to E Z, then the arc Z’ m will 'S
be equal to the arc Z 8. Now the
planet 8 seen from E has a zenith dis-
tance Z 8 and from A, a zenith distance
Z’ r greater than Z 8 or Z’ m by the
arc m r, hence the apparent place r of
the planet is depressed by m r in the
vertical circle. This arc m r is there-
fore the common parallax of the planet,
which can be found as follows. A

Draw m » perpendicular to A # and
rotoAZandlet P=ESorAr;

h=EAormS8;
p= l’: r the paral-

X 3
d=1Z8orZ mthe &
true zenith distance of the planet ;
and .. @ 4 p = Z' r the apparent zenith distance of the planet,
Then @ » = sin p and r 0 = sin (d + p).
Now by similar triangles A ¢ o, 8 m .
Ar:ro=8m:mn,
orR s sin (@4 p) =4 : sinp;
& X sin (d 4+ p)

.

oo8inp =

Hence, it is evident from this that when the sin (d ) =Rord4p =
90°, then the parallax will be greatest and if it be denoted by P,
sin P X sin (@
sin P=5Aand ., sinp = — @+7)

R
.. Now, the parallax is generally so small that no sensible error is introduced by
making sin p = pandsin P =P;
P X sin (¢ 4p)

Yo p= .

Again, for the reason just mentjoned sin d is assumed for sin (¢ 4 ) in the
BIDDHANTAS, )

P.sind

>

ep=

that is, the common parallax of a planet is found by multiplying the greatest
parallax by the sine of the zenith distance and dividing the product by the
radius,—B. D.]
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the parallax arises. [For this purpose] let him draw one line
passing the centre of the earth to the Sun’s disc : and another
which is called the DRIKSGTRA or line of vision, let him draw
from the observer on the Earth’s surface to the Sun’s disc. The
minutes contained in the arc, intercepted between these two
lines give the Moon’s parallax from the Sun.

16. (At the new Moon) the Sun and Moon will always
appear by a line drawn from the centre of the earth to be
in exactly the same place and to have the same longitude :
but when the Moon is observed from the surface of the Earth
in the DRIESGTRA or line of vision, it appears to be depressed,
and hence the name LAMBANA, or depression, for parallax.

17. (When the new Moon happens in the zenith) then the
line drawn from the Earth’s centre will coincide with that
drawn from its surface, hence a planet has no parallax when
in the zenith.

Now on & wall running due north and south draw a diagram
as above prescribed ; [i. e. draw the Earth, and also the orbits
of the Sun and Moon at proportionate distances from the Earth,
and also the diameter transverse and perpendicular, &c.]

18. The orbits now drawn, must be considered as DRIKSHE-
PA-VRITTAS or the azimuth circles for the nonagesimal. The
sine of the zenith distance of the nonagesimal or of the latitude
of the zenith is the pRriksHEPA of both the Sun and Moon.

19. Mark the nonagesimal points on the DRIKSHEPA-VRITTAS
at the distance from the zenith equal to the latitude of the
points. From these two points (supposing them as the Sun’
and Moon) find as before the minutes of parallax in altitude.
These minutes are here NATI-RKALLS, i. e. the minutes of the
parallax in latitude of the Moon from the Sun.

20. The difference north and south between the two orbits
i. e. the measure of their mutual inclination, is the same in
every part of the orbit as it is in the nonagesimal point, hence
this difference called NATI is ascertained through the DRIKSHE-
P or the sine of the zenith distance of the nonagesimal.*

[* When the planet is depressed in the vertical circle, its north and south
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21. The amount by which the Moon is depressed below the
Sun deflected from the zenith [at the conjunction] wherever it
be, is the east and west difference between the Sun and Moon
in a vertical circle.*

distance from its orbit caused by this depression is called NATI or the parallax
iu latitude. Fig. 8.

As, in Fig. 3, let Z be the zenith ; N the nona- ,
gesimal ; Z N P its vertical circle; N s r the
ecliptic ; P its pole ; Z & ¢ the vertical circle
passing through the true place 8 and the depress-
ed or apparent place £ of theSun; P £ » a
secondary to the ecliptic passing through the
apparent place ¢ of the Sun ; then & r is the
SBPASHTA LAMBANA or the parallax in longitude
and ¢ r the NATI or the parallax in latitude which
can be found in the foliowing manner according
to the SIDDIANTAS.

Let Z N be the zenith distance of the nona-
gesimal and Z 8 that of the Sun ; then by the
triangles Z N 8, ¢s »

sinZ 8 :8in ZN —=sins¢:sinrt,
sins? X sinZN

so8inrt= ;

sinZ 8
Now, s ¢ is taken for sin s £, and # £ for sin 7 £,
on account of their being very small
st X sinZN
ot = — s
sin Z 8
but according to the sIDDHANTAS
P.sinZ8 '
8t = —

(see the preceding note).. (1)
P.sinZN

et B R )

R
that ie, the ¥ATI is found by multiplying the sine of the latitude of the nona-
gesimal by the greatest parallax and dividing the product by the radius.
. Itis clear from this that the north and south distance frem the Sun depressed
in the vertical circle to the ecliptic wherever he may be in it, becomes equal to
the common parallax at the nonagesimal, and hence the NATI is to be determined
from the zenith distance of the nonagesimal.

For this reason, by subtracting the NaTI of the Sun from that of the Moon,
which are separately found in the way above mentioned, the parallax in latitude
of the Moon from the Sun is found : and this becomes equal to the difference
between the mean parallaxes of the Sun and Moon at the nonagesimal. The
samo fact is shown by BHASKARACHARYA through the diagrams stated in the
verses 12th &o.

At the time of the eclipse as the latitude of the Moon revolving in its orbits is
very small, the Moon, therefore, is not far from the ecliptic ; and hence the
parallax in longitude and that in latitude of the Moon is here determined from her
corresponding place in the ecliptic, on account of the difference being very

_* [According to tho technicality of the Siddhantas, the distance taken in any
circle from any point in it, is called the east and west distanco of the point, and
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22. For this reason, the difference is two-fold, being partly
east and west, and partly north and south. And the ecliptic
i8 here east and west, and the circle secondary to it is north
and south. (It follows from this, that the east and.west
difference lies in the ecliptic, and the north and south differ-
ence in the secondary to it.)

23. The difference east and west has been denominated
LAMBANA or parallax in longitude, whilst that running north
and south is parallax in latitude.

24. The parallax in minutes as observed in a vertical circle,
forms the hypothenuse of a right angle triangle, of which the
NATI-KALL or the minutes of the parallax in latitude form one of
the sides adjoining the right angle then the third side found by
taking the square-root of the difference of .the squares of the
two preceding sides will be SPHUTA-LAMBANA-LIPTA or the
minutes of the parallax in longitude.*

25. The amounts in minutes of parallax in a vertical circle
may be found by multiplying the sine of the Sun’s zenith -
distance of the minutes of the extreme or horizontal parallax
and dividing the product by the radius. Thus the Narr will
be found from the DRIKSHEPA or the sine of the nonagesimal
zenith distance.t

26. The extreme or horizontal parallax of the Moon from
the Sun amounts to & part of the difference of the Sun’s and
Moon’s daily motion. For ¢ part of the YosaNas, the distance
of which any planet traverses per diem (according to the sip-
DHANTAS) is equal to the Earth’s radius.

27. The minutes of the parallax in longitude of the Moon
from the Sun divided by the difference in degrees of the daily

the distance taken in the secondary to that circle from the same point, is called
the north and south distance of that point.--B. D.]

* [See Fig. 8, in which by assuming the triungle » s £ as a plane right-angled
triangle, £ = base, s £ = hypothenuse and s » = perpendicular, and therefore
sr =4/ s t*—r t*,—B, D.]

+ [This is clear from the equations (1) and (2) shown in the preceding large
note.—B. D.]
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motions of the Sun and Moon will be converted into GHATIS
[i. e. the time between the true and apparent conjunction].*

If the Moon be to the east [of the nonagesimal], it is thrown
forward from the Sun, if to the west it is thrown backward (by
the parallax).

28. And if the Moon be advanced from the Sun, then it
must be inferred that the conjunction has already taken place
by reason of the Moon’s quicker motion; if depressed behind
the Sun, then it may be inferred that the conjunction is to
come by the same reason.

Hence the parallax in time, if the Moon be to the east [of
the nonagesimal] is to be subtracted from the end of the TiTHI
or the hour of ecliptic conjunction, and to be added when the
Moon is to the west [of the nonagesimal].

29. The latitude of the Moon is north and south distance
between the Sun and Moon, and the NATI also is north and
south. Hence the saRA or latitude applied with the NaTI or
the parallax in latitude, becomes the apparent latitude (of the
Moon from the Sun).

VALANA or variation (of the ecliptic).

[The deviation of the ecliptic from the eastern point (in
reference to the observer’s place) of a planet’s disc, situated
in the ecliptic is called the VALANA or variation (of the ecliptic).
It is evident from this, that the variation is equivalent to the
arc which is the measure of the angle formed by the ecliptic
and the secondary to the circle of position at the planet’s
place in the ecliptic. It is equal to that arc also, which is the

* Tt is clear from the following proportion.

If difference in minutes of daily motions of Sun and Moon.

: 60 GHATIS — what will

: : given LAMBANA—EKA’LAS or minutes of the parallax give ;
60 X given minutes of the parallax

or
diff. in minutes of Sun’s and Moon’s motions
given minutes of the parallax
== — = acceleration or delay of con-
diff. in degreea of Sun’s and Moon’s motions
junction arising from parallax.—L. W.
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measure of the angle at the place of the planet in the ecliptic
formed by the circle of position and the circle of latitude. It
is very difficult to find it at once. For this reason, it is
divided into two parts called the AxsmA-varLawa (latitudinal
variation) and the AvaNa-vaLaNa (solstitial variation). The
AKSHA-VALANA is the arc which is the measure of the angle
formed by the circle of position, and the circle of declination at
the place of the planet in the ecliptic, and the AYANA-vALANA
is the arc which is the measure of the angle formed by the
circle of declination and the circle of latitude. This angle is
equivalent to the angle of position. From thesum or differ-
ence of these two arcs, the arc which is the measure of the
angle formed by the circle of position and the circle of latitude
is ascertained, and hence it is sometimes called the &'pAsHTA-
VALANA or rectified variation.

Now, according to the phraseology of the Sippmintas, the
point at a distance of 90° forward from any place in any
circle is the east point of that place, and the point at an equal
distance backwards from it is the west point. And, the right
hand point, 90° distant from that place, in the secondary to
the former circle, is the south point, and the left hand point,
is the north point. According to this language, the deviation
of the east point of the place of the planet in the ecliptic, from
the east point in the secondary to the circle of position at the
planet’s place, is the vaLana. But the secondary to the circle
of position will intersect the prime vertical at a distance of
90° forward from the place of the planet, and hence the
deviation of the east point in the ecliptic from the east point
an the prime vertical is the VALANA or variation, and this results
equally in all directions. When the east point in the ecliptic
18 to the north of the east point in the prime vertical, the
variation is north, if it be to the south, the variation is south.

The use of the vALANA is this that, in drawing the projec-
tions of the eclipses, after the disc of the body which is to be
eclipsed is drawn, and the north and south and the east and

M
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west lines are also marked in it, which lines will, of course,
represent the circle of position and its secondary, the direction
of the line representing the ecliptic in the disc of the body can
easily be found through the varana. This direction being
known, the exact directions of the beginning, middle and the
end of the eclipse can be determined. But as the Moon
revolves in its orbit, the direction of its ‘orbit, therefore, is to
be found. But the method for finding this is very difficult,
and consequently instead of doing this, Astronomers deter-
mined the direction of the ecliptic, by means of the Moon’s
corresponding place in it and then ascertain the direction of
the Moon’s orbit.

The varana will exactly be understood by seeing the follow-
ing diagram

s B

Let E P C be the ecliptic, P the place of the planet in it,
A & B the equinoctial, V the vernal equinox, D & F the prime
vertical, » the poir’ of intersection of the prime vertical and
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the equinoctial, hence % the east or west point of the horizon
and D & equivalent to the NaTA which is found in the V. 36.
Again,let e P¢,a P b and d P f be the circles of latitude,
declination and position respectively passing through the place
of the planet in the ecliptic.
Then,

the arc f b which is the measure of £ b P f = the AxsHa-

VALANA :

thearc b ¢ .ouveereenriiiiiiieiennennn Z, ¢ P b = the Lvana-
VALANA :

and thearcfe .cocoveniininiininianen. Z. ¢ P f = the spasuta-
VALANA. -

Or according to the phraseology of the SippHANTAS
E the east point of P in the ecliptic ;

A ... creeinee ceraeennns the equinoctial ;
D oeriiieniinin the prime vertical ;
hence,

the distance from D to A or arc D A or f b = the fksHA-
VALANA :
............... AtoEorarcA E or b ¢ = the {YANA-VALANA :
and ......... Dto E or arc D E or f ¢ = the SPASHTA-VALANA
or rectified variation.
These arcs can be found as follows
Let, I = longitude of the planet,
e = obliquity of the ecliptic,
d = declination of the planet,
L = latitude of the place,
T == NATA,
& = AYANA-VALANA,
9 = AKSHA-VALANA,
and Z = rectified vALANA.
Then, in the spherical triangle A V E,
sin EAV:sin AVE =sin E V:sin AE,
or cos d ; sin e = cos l : sin w,
M2
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sine.cosl.

“. sin « or sine of the AYaNA-vALANA = (A)
cos d
See V. 32, 33, 34.
This vaLana is called north or south as the point E be north
or south to the point A.
And, in the triangle A A D.
smDAA:smAhD=sinD/L:sinD A;
here, sin DA h=sin E AV = cos d,
sin Ah D =sin L,
and sin D i = sin n,
cos d:sin L = sin » : sin ¥,
sin L. sin n
sin y or sine of the AKSHA-VALANA =

(B)

cos d

See V. 37.

The AxsHA-vaLANA is called north or south as the point A
be north or south to the point D.

And the rectified vatana D E= D A 4+ A E, when the
point A lies between the points D and E, but if the point A
be beyond them, the rectified varana will be equal to the
difference between the AxsmA and AvaNA-varLaNa. This also
is called north or south as the point E be north or south to
the point D.

The ancient astronomers Lanna, S’rfeati &c. used the
co-versed sin ! instead of cos ! and the radius for the cos d
in (A) and the versed sin 7 in the place of sin n» and radius
for the cos d in (B) and hence, the varanas, found by them
are wrong. BHASKARACHARYA therefore, in order to convince
the people of the said mistake made by Lavrra, S'rfraTi, &c.
in finding the vArLANAs refuted them in several ways in the
subsequent parts of this chapter.—B. D.]

80. In either the 1st Libra or the 1st Aries in the equi-
noctial point of intersection of the
equinoctial and ecliptic, the north and
south lines of the two circles i. e. their secondaries are different

AYANA-VALANA,
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and are at a distance* of the extreme declination (of the Sun
i. e. 24°) from each other.

31. Hence, the Avana-varana will then be equal to the
sine of 24° :—The north and south lines of these two circles
however are coincident at the solstitial points.

32, 33 and 34. And the north and south lines being there
coincident, it follows as a matter of course that the east of
those two circles will be the same. Hence at the solstitial
points there is no (AYANA) VALANA. )

When the planet is in any point of the ecliptic between the
equinoctial and solstitial points, AYANA-vALANA is then found
by proportion, or by multiplying the co-sine of the longitude
of the planet by the sine of 24°, and dividing the product by
the pyusv& or the co-sine of the declination of the planet.
"This AYANA-VALANA is called north or south as the planet be
in the ascending or descending signs respectively.

Thus in like manner at the point of intersection of the prime
vertical and equinoctial, the six o’clock
line is the north apd south line of the
equinoctial, whilst the hcrizon (of the given place) is the north
and south line of the prime vertical. The distance of these
north and south lines is equal to the latitude (of the place).

85. Hence at (the east or west point of) the horizon, the
KKSHA-VALANA i8 equal to the sine of the latitude. At midday
the north and south line of the equinoctial and prime vertical
is the same. Hence at midday there is no AKSHA-VALANA.

36. For any intervening spot, the {KSHA-VALANA 18 to be
found from the sine of the NaTAt by proportion.

First, the degrees of NaTA are (nearly) to be found by
multiplying the time from mnoon by 90 and dividing the
product by the half length of day.

AKSHA-VALANA.

* [By the distance of any two great circles is here meant an arc intercepted
between them, of a great circle through the poles of which they pass.—B. D.]

+ [Here the NarA is the arc of the prime vertical intercepted between the
- zenith and the secondary circle to it passing through the place of the planet.—
B.D.]
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37. Then the sine of the NATA degrees multiplied by the
sine of latitude, and divided by the co-sine of the declination
of the planet will be the &ksHA-vaLaNAa. If the NATA be to
the east, the AksHA-vALANA is called north. If west, then it
13 called south (in the north terrestrial latitude).

The sum and difference of the AYANA and AKSHA-VALANAS
must be taken for the SPASHTA-VALANA,
viz. their sum when the £vawa and
ARSHA-VALANAS are both of the same denomination, and their
difference when of different denominations i. e. one north and
the other south.

38. When the planet is at either the points of the inter-
section of the ecliptic and prime vertical, the SPASHTA-VALANA
found by adding or subtracting the AvANA and AKSHA-VALANAS
(as they happen to be of the same or different denominations)
is for that time at its maximum.

39. But at a point of the ecliptic distant from the point of
intersection three signs either forward or backward, there is
NO SPASHTA-VALANA : for, at those points the north and the south

EPASHTA-VALANA,

lines of the two circles are coincident.

40. However, were you to attempt to shew by the use of
the versed sine, that there was then no SPASHTA-VALANA at
those points, you could not succeed. The calculation must be
worked by the right sine. I repeat this to impress the rule
more strongly on your mind.

41. As all the circles of declination meet at the poles; it
is therefore evident that the north

Another way of refutation

of using the versed sine. and south line perpendicular to the
east and west line in the plane of the equinoctial, will fall in
the poles.

42. But all the circles of celestial latitade meet in the
pole of the ecliptic-called the KaDAMBA, 24° distant from the
equinoctial pole. And it is this ecliptic pole which causes and
makes manifest the VALANA.

43. In the ecliptic poles always lies the north and south
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line which is perpendicular to the east and west line in the
plane of the ecliptic.

To illustrate this, a circle should be attached to the sphere,
taking the equinoctial pole for a centre, and 24° for radius.
This circle is called the KADAMBA-BHRAMA-VRITTA or the circle
in which the kaADAMBA revolves (round the pole).

The sines in this circle correspond with the sines of the
declination.

All the secondary circles to the prime vertical meet in the
point of intersection of the meridian and horizon, and this
point of intersection is called samA i. e. north or south point
of horizon.

Now from the planet draw circles on the sphere so as to
meet in the sama, in the equinoctial pole and also in the
ecliptic pole.

The three different kinds of vALaNA will now clearly appear
between these circles: viz. the {ksHA vALANA is the distance
between the two circles just described passing through the
sAMA and equinoctial pole.

2. The AvANA-vALANA is the distance between the circles
passing through the ecliptic and equinoctial poles.

3. The sPASHTA-VALANA is the distance between the circles
passing through the sAMA and KADAMBA.

These three vALANAS are at the distance of a quadrant from
the planet and are the same in all directions.

48 and 49. Or (to illustrate the subject further) making

Second mode of illustrat- the planet as the p01e of a sphere,
ing the SPASHTA-vALANA. draw a circle at 90° from it: then in
that circle you will observe the AXSHA VALANA—which, in it,
is the distance of the point intersected by the equinoctial from
the point cut by the prime vertical.

The distance of the point cut by the equinoctial from that
cut by the ecliptic is the AvaNaA—and the distance between the
‘points cut by the ecliptic and prime vertical the sPASHTA-
VALANA.
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50. In this case the plane of the ecliptic is always east and
west—celestial latitude forming its north and south line. Those
therefore who (like s'rfpati or LaLna) would add the s'ara
celestial latitude to find the vaLana, labour under a grievous
delusion.

51. The 1st of Capricorn and the ecliptic pole reach the
meridian at the same time (in any latitude): so also with
regard to the 1st Cancer. Hence at the solstitial points there
1S N0 AYANA-VALANA.

52. As the 1st Capricorn revolves in the sphere, so the
ecliptic pole revolves in its own small circle (called the ka-
DAMBA-BHRAMA-VRITTA round the pole).

53 and 54. When the 1st of Aquarius or the 1st of Pisces
comes to the meridian, the distance in the form of a sine in
the KADAMBA-BHRAMA-VRITTA, between the ecliptic pole and
the meridian is the AvaNa-vaLaNA. This vALANA corresponds
with the KRANTIIYL or the sine of declination found from the
degrees corresponding to the time elapsed from the 1lst Capri-
cornus leaving the meridian.

55. As the versed sine is like the sagitta and the sine is
the half chord (therefore the versed sine of the distance of
the ecliptic pole from the meridian will not express the proper
quantity of vALANA as has been asserted by Laria &c.: but
the right sine of that distance does so precisely). The Avana-
vALANA will be found from the declination of the longitude of
the Sun added with three signs or 90°.

56. Those people who have directed that the versed sine
of the declination of that point three signs in advance of the
Sun should be used, have thereby vitiated the whole calcula-
tion. AKSHA-VALANA may be in like manner ascertained and
illustrated : but it is found by the right sine, (and not by the
versed sine).

57. He who prescribes rules at variance with former texts
and does not shew the error of their authors is much to be
blamed. Hence I am acquitted of blame having thus clearly
exposed the errors of my predecessors.
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58. The inapplicability of the versed sine may be further

Another way of refatation, illustrated as follows. Make the eclip-
of using the versed sine. tic pole the centre and draw the circle
called the sINA-vRITTA With a radius equal to 24°.

59. Then make a moveable secondary circle to the ecliptic
to revolve on the two ecliptic poles. This circle will pass over
the equinoctial poles, when it comes to the end of the sign of
Gemini. :

60. By whatever number of degrees this secondary circle
is advanced beyond the end of Gemini, by precisely the same
number of degrees, it is advanced beyond the equinoctial pole,
in this small siNA-vRITTA. The sine of those degrees will be
there found to correspond exactly with and increase as does
the sine of the declination.

61. And this sine is the vANA-vALANA : This vALANA is the
VALANA at the end of the pynsva. For the distance between
the equinoctial pole and planet is always equal to the arc of
which the pYNJYA is the sine i. e. the cosine of the declination.

62. But as the value of the result found is required in
terms of the radius, it is consequently to be converted into
those terms.

As the JiNa-vRITTA was drawn from the ecliptic pole as
centre, with a radius equal to the greatest declination, so now,
making the saMa centre draw a circle round it with a radius
equal to the degrees of the place’s latitude. (This circle is
called AKSHA-VRITTA.) '

63 and 64. To the two samas or north and south points of
the horizon as poles, attach a moveable secondary circle to the
prime vertical. Now, if this moveable circle be brought over
the planet, then its distance counted in the AKsmA-vRITTA oOF
small circle from the equinoctial pole will be exactly equal to
that of the planet from the zenith in the prime vertical. The
sine of the planet’s zenith distance in the prime vertical, will,
when reduced to the value of the radius of AXKSHA-VRITTA
represent the AKSHA-VALANA.

N
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65. As in the AYANA-vALANA g0 also in this ARKSHA-VALANA,
the result at the end of the pyNsv4 is found ; this therefore must
be converted into terms of the radius. From this illustration
it is evident that it may be accurately ascertained from the
zenith distance in the prime vertical.

66. I will show now how the £KsHA-vALANA may be also’
ascertained from the time from the planets being on the
meridian in its diurnal circle. [The rule is as follows.] Add
or subtract the s’aNkuTALA [of & given time] to and from the
sine of amplitude according as they
are of the same or of different deno-
minations (for the B{HU or BHUJA).

67. The sine of the latitude of the given place multiplied
by the sine of the asus of the time from the planet’s being on
the meridian, and divided by the square-root of the difference
between the squares of the BEUJA (above found) and of the
radius, will be exactly the AksHA-vVALANA.*

See verse 41, Chap. VII.

® This rule and the means by which it has been established by BEASKARAOHA-
RYA require elucidation.

BHuAsKARA'OHA'RYA first directs that the BA'HU or BERUJA be found for the
time of the middle of the eclipse and that a circle parallel to the prime vertical,
be drawn having for its centre a point on the axis of the prime vertical distant
from the centre of the prime vertical, by the amount of the BA’HU. From this
as centre and the KOTI equal to =~/ rad"—BA’BU? as radius draw a circle paral-
lel to the prime vertical. This circle called an UPAVRITTA will cut the dimrnal
circle for the time on 2 points equally distant from the meridian. Connect those
points by a chord. The half of this chord is the NATAGHATI'IYA a8 well in the
diurnal circle as in the UPAVRITTA, but as these 2 circles differ in the magunitude,
these sines will be the sines of a different number of degrees in each circle. Now
the NATAGHATI'JYA is known, but it is in terms of a large circle. Reduce them to-
their value in the diurnal circle.

1. If TRISYA : NATAJYA : : DYNJYA : sine of diurnal circle.

This sine in diurnal circle is also sine in TPAVRITTA.

2. If UPA-VRITTA-TRIJYA : this sine : : TRIJYA equal to ARSHAIYA,

8. DYNJYA' : this result : : TRIJYA : sine of AKSHA-VALANA

now gancel
and there will remain the rule above stated

WATATYA K ARSHAJYA'
= sine of ARSHA-VALANA.

UPAVRITTA-TRIJYA
Here our author makes use of the diurnal ‘circle and UPAVRITTA in term of
the equator and prime vertical, whose portions determine the vALANA, The
smaller circles being parallel to the larger, the object sought is equally attained,
—L. W.
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68. Or the {KsHA-vALANA may be thus roughly found.

Multiply the time from the planet’s being on the meridian
and divide the product by the half length of day, the result
are the NaTA degrees. The sine of these NaTA degrees
multiplied by .the sine of the latitude and divided by the
DYNJYX or the cosine of the declination, will give the rough
AKSHA-VALANA.

69. Place the disc of the Sun at the point at which the
diurnal circle intersects the ecliptic.
The arc of the disc intercepted be-
tween these two circles represents the AYANA-vALANA in terms
of radius of the disc.

70. This varaNa is equal to the difference between the
sine of declination of the centre of the Sun and of the point
of intersection of the disc and ecliptic ; and it is thus found ;
multiply the radius of disc by the BEHOGYA-KHANDA of the
BHUJA of the Sun’s longitude and divide by 225.

71. Then multiply this result by sine of 24° and divide by
the radius : the quotient is the difference of the two sine of
declination. This again multiplied by the radius and divided -
by the radius of Sun’s disc will give the value in terms of the
radius (of a great circle).

72. Now in these proportions the radius of the Sun’s disc
and also radius are in one case multipliers (being in third
places), and in the other divisors (being the first terms of the
proportion) therefore cancel both. There will then remain
rule, multiply the Sun’s BHOGYA KHANDA by sine of 24° and
divide by 225.

73. And this quantity is equal to the declination of a point
of ecliptic 90° in advance of Sun’s place. Thus you observe
that the vaLaNA is found by the sine of declination as above
alleged, (and not by the versed sine). Abandon therefore,
O foolish men, your erroneous rules on this subject.

74. The disc appears declined from the zenith like an
umbrella ; but the declination is direct to the equinoctial pole :

N 2

Further illustration,
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the proportion of the pYNsY4 or complement of declination is
therefore required to reduce the varana found to its proper
value in terms of the radius.

End of Chapter VIII. In explanation of the canse of
eclipses of the Sun and Moon.

D c—

CHAPTER IX.

Called DRIKKARAMA-VASANK on the principles of the Rules for
Jfinding the times of the rising and setting
of the heavenly bodies.

1. A planet is not found on the horizon at the time at

Object of the correction Which its corresponding point in the
e s :::]:mt’;‘:f,ns:”:“ ecliptic (or that point of the ecliptic
gll‘;:i . ‘z)rté:’d&:?h:;:m: having.the same longitr.1df3) reaches
of the ecliptic on thehorizon the horizon, inasmuch as it is elevated
when the planet reaches it. o} v or depressed below the horizon,
by the operation of its latitude. A correction called DRIk-
KARAMA to find the exact time of rising and setting of a planet,
is therefore necessary.

2. When the planet’s corresponding point in the ecliptic
reaches the horizon, the latitude then does not coincide with
the horizon, but with the circle of latitude. The elevation of
the latitude above and depression of it below the horizon, is of
two sorts, [one of which is caused by the obliquity of the
ecliptic and the other by the latitude of the place.] Hence
the DRIKEKARAMA is two-fold, i. e. the AvaNA and the ARsHAJA or
AxsHA. The detail and mode of performing these two sorts
of the correction are now clearly unfolded.

3. When the two vaLANAS are morth and the planet’s

. corresponding point in the ecliptic is

in the eastern horizon, the planet is

thereby depressed below the horizon by south latitude, and
elevated when the planet’s latitude is north.

DRIKEARMA,
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4. When the two kinds of vALANA are south, then the
reverse of this takes place ; the reverse of this also takes place
when the planet’s corresponding point is in the western hori-
zon. ,

[And the difference in the times of rising of the planet and
its corresponding point is called the resultant time of the
DRIKKARMA and is found by the following proportions.]

If radins: AYANA-VALANA :: what will celestial latitude
give ?

5. And
if cosine of the latitude of the given} : AKSHA-VALANA
place
: : what will sPASHTA s'ARA give ?

Multiply the two results thus found by these two propor-
tions, by the radius and divide the products by the pyusv£ or
cosine of declination.

6 and 7. Take the arcs of these two results (which are
sines) and by the Asus found from the sum of or the difference
between these two arcs, the planet is depressed below or
elevated above the horizon. The rAGNA or horoscope found
by the direct process (as shown in the note on the verse
26, Chapter VII.) when the planet is depressed and by the
indirect process (as shown in the same note) when it is
elevated, by means of the asus above found, is its upava
LAGNA rising horoscope or the point of the ecliptic which
comes to the eastern horizon at the same time with the
planet.

When the planet’s corresponding point is in the western
horizon, the LaGNA horoscope found then by the rule converse
of that above given, by means of the place of the planet added
with 6 signs, isits ASTA LAGNA setting horoscope or the point
of the ecliptic which is on the eastern horizon when the planet
comes to the western horizon.

8and 9. For the fixed stars whose latitudes are very
considerable the resulted time of the prikkARMA is found in a
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different way. Find the ascensional difference from the mean
declination of the star, i. e. from the declination of its corre-
sponding point in the ecliptic, and also from that applied with
the latitude, i. e. from the true declination. The asus found
from the sum of or the difference between the ascensional
differences just found, as the mean and true declinations are of
the different or of the same denominations respectively, are the
Asu8 of depression or elevation depending on the AxsHA
DRIKEARMA. (Find also the time depending on the Avana-
DRIKEARMA) : and from the sum of or the difference between
them, as they may be of the same or different denominations,
the UDAYA LAGNA or ASTA LAGNA may be ascertained as above
found (in the 6th and 7th verses).*

* Let AD B C be the meridian; CE D the horizon, A the genith; E the
east point of the horizon; ¥ E G the equinoctial ; K the north pole; L the
south ; P the planet ; p its corresponding point in the ecliptic; H P p J the
secondary to the ecliptic passing through the planet P, and hence p P the
latitude. Let f P g the diurnal circle passing through the planet P and hence
2 R the rectified latitude.

Now, when the corresponding place of the planet is in the horizon, it is then
evident from the accompanying figure, that the planet is elevated above or
depressed below the horizon by its latitude p P and as it is very difficult to find
the elevation or depression at once, it is therefore ascertained by means of its
two parts, the one of which is from the horizon to the circle of declination, i. e.
Q to R. This partial elevation or depression takes place by the planet’s rectified
latitude p R. And the other part of the elevation or depression is from the
circle of declination to the circle of latitude ; i. e. from R to P and this occurs
by the planet’s mean latitude p P. From the sum or difference of these two
parts, the exact elevation of the planet above the horizon or the depression
below it, can be determined. When the terrestrial latitude, of the given place
is north and the planet’s corresponding place in the ecliptic is in the eastern
horizon, the A’K8HA-VALANA is then north and the circle of declination is
elevated above the horizon to the north. For this reason, when the A’RKsHA-
VALANA i8 north, the planet will be elevated above the eastern horizon if its
latitude be morth, and if it be south, the planet will be depressed below the
horizon. But the reverse of this takes place when the A’KsHA-VALANA is south
which occurs on account of the south latitude of the given place, i. e. when the
A’ESHA-VALANA is south, the circle of declination is depressed below the horizon
to the north and hence the planet is depressed below it, if its latitude be north,
and if it be south, the planet is elevated above the horizon.

Again, when the planet’s longitude terminates in the six ascending signs, it is
evident that the AYANA-VALANA becomes then north, and the north pole of the
ecliptic is elevated above the circle of declination passing through the planet.
Hence, when the A’YANA-VALANA is mnorth, the planet is elevated above or
depressed below the circle of declination by its mean latitude, as it is north or
south. But the reverse of this takes, place, when the A’YANA-VALANA is south,
i. e, the planet is depressed below or elevated above the circle of declination,
a8 its latitude is north or south. Because when the A'YANA-YALANA is south
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the north pole of the ecliptic lies below the circle of declination and the south
above it.

Again, when the planet is in the western horizon, the circle of declination
passing through the place of the planet in the ecliptic lies to the north above
the horizon, but the AKSHA-VALANA, becomes south and hence the reverse takes
place of what is said about the elevation or depression when the planet is in the
eastern horizon, But as to the AYANA-vALANA, it becomes north when the
longitude of the planet terminates in the ascending six signs and the north pole
of the ecliptic lies below the circle of declination. Hence the depression of the
planet takes place when its latitude is north and the elevation when the latitude
18 south. But when the longitude of the planet terminates in the discending
Bix signs, the AYANA-VALANA becomes then south and the north pole of the
ecliptic lies sbove the circle of declination. For this reason, the elevation of the
planet takes place when its latitude is north, and the depression when it is
south. Thus in the western horizon the elevations and depressions of the planet
are opposite to those when the planet is in the eastern horizon.

Now, the time elapsed from the planet’s rising when it is elevated above the
horizon and the time which the planet will take to rise when it is depressed
below the horizon, are found in the following mannor.
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10. The [Aspasata] S'arA or true latitude [of the planet]
To find the value of ce- Multiplied by the DyusvA or cosine

lestial latitude in terms of & of declination of the point of the eclip-
circle of declination, to ren- . R
der it fit to be added to or tic, three signs in advance of the

subtracted from declination. 1)), ot7g corresponding point and di-

See the figure above described in which the angle Q K R or the equinoctial
arc Q' p’ denotes the time of elevation of the planet from Q to R, and the time
of elevation of the planet from Rto P is denoted either by the angle P K R
or by the equinoctial arc P’ p’. Out of these two times Q’ p* and P’ p’, we show
at first how to find P’ p’.

In the triangle Pp R, P p — the latitude of the planet, ZP p B = the
A’YANA-VALANA 8nd << PR p = —J, and

~R:sinPpR=sinPp:sinRP;

or if radius

: 8in of A’YANA-VALANA

= the sine of latitude

: 8in R P,
Again, by the similar triangles K P R and K P’ p’
sin K P:sin R P = sin K P’ : sin P’ p’,
here, sin K P = cosine of declination and K P? =R,
R xsinRP

cos of declination

Now, the time p’ Q' is found as follows.

In the triangle p R Q, p R = the sPasHTA-8’ARA Which can be found by the
rule given in the V. 10 of this chapter, Z B p Q = AKSHA-VAIANA and
< R Q p = co-latitude of place nearly

and . einp QR:sin Rp Q::sinp R:sin R Q
or, if cosine of latitude,

: sine of AKSHA-VALANA,

= SPASHTA-8/ARA

:8in RQ;
again, by the triangles K Q R, K Q' p/,

sin KQ:8in QR =3sin K Q' :sinp’ Q ;
here, sin K Q = cosine of declination and sine K Q' = R,

RYXsnQR

cos of declination.

If both of these times thus found, be of the elevation or both of the depres-
sion, the planet will be elevated above or depressed below the horizon in the
time equal to their sum, and if one of these be that which the planet takes for
its elevation and the other for its depression, the planet will be elevated above
or depressed below the horizon in the time equal to their difference as the
remainder is of the time of elevation or of that of the depression. The sum or
difference of the two times just found is called the resulted time of the DRIX-
EARMA in the 8’IDDHANTAS.

That point of the ecliptic which is on the eastern horizon when the planet
reaches it, is called the UDAYA TaGNA rising horoscope of the planet. As it is
necessary to know this UDAYA 1aeNa for finding the time of the planet’s
rising, we are now going to show how to find the rising horoscope. If the

_planet is dopressed by the resulted time above mentioned, it is evident that
when the planet will come to the eastern horizon, its corresponding place in the

"o 8in P pf =

< 8in p' Q' =
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vided by the radius becomes [nearly] the spasHTA or rectified
latitude, [i. e. the arc of the circle of declination intercepted
between the planet’s corresponding point in the ecliptic and
the diurnal circle passing through the planet]. This rectified
latitude is used when it is to be applied to the mean declination
and also in the AKSHA DRIKKARMA.*

11. The celestial latitude is not reduced by BramMagupTA

ecliptic will be elevated above it by the resulted time. For this reason, having
assumed the corresponding place of the planet for the Sun, find the horoscope
by the direct process through the resulted time and this will be the rising
horoscope. But if the planet be elevated above the hiorizon by the resulted time,
its corresponding place will then be depressed below it by the same time when
the planet will come to it. Therefore, the horoscope found by the indirect
process through the resulted time ; will be the rising horoscope of the planet.

That point of the ecliptic which is on the eastern horizon when the planet
comes to the western horizon, is called the ASTA LaGNA or setting horoscope of
the planet. As it is requisite to know the setting horoscope for finding the
time of setting of the planet, we therefore new show the way for finding the
setting horoscope. If the planet be depressed below the western horizon by the
resulted time, it is plane that when the planet will reaches it, its corresponding
place will be glevated above it by the resulted time and consequently the
corresponding place of the planet added with six signs will be depressed below
the eastern horizon by the same time. Therefore, assume the corresponding
place of the planet added with six signs for the Sun and find the horoscope by
the indirect process, through the resulted time and this will be the AsTa LagNA
setting horoscope. But if the planet be depressed below the western horizon, its
corresponding place added with six signs will then be elevated above the eastern
horizon by the resulted time and hence the horoscope found by the direct process
will then be the asTA LAGNA setting horoscope.

Now the time p’ Q' which is determined aboye through the triangle p R Q, is
not the exact one, because, in that triangle the angle » Q R is assumed equal to
the co-latitude of the given place, but it cannot be exactly equal to that, and
consequently the time p’ Q’ thus determined cannot be the exact time. But no
considerable error is caused in the time p’ Q’ thus found, if the latitude be of a
planet, as it is always small. As to the star whose latitude is considerable, the
time p’ Q' thus found cannot be the exact time. The exact time can be found
as follows.

Seo the preceding flgure and in that take R for a star and p the intersecting
point of the ecliptic, and the circle of declination passing through the star R then
2 p’ is called the mean declination of the star, R p, the rectified latitude and R p’
the rectified declination.

Now, find the ascensional difference E p’ through the mean declination p p’
and the ascensional difference E Q' through the rectified declination R p" or
Q Q’. Find the difference between these two ascensional differences and this
difference will be equal top’ Q’i.e. E Q'—E p’ = p’ Q’. But it occurs then
when p and R are in the same side of the equinoctial ¥ G and when p is in one
side and R in the other of the equinoctial, it is evident that p’ Q' in this case
will be equal to the sum of the two ascensional differences.—B. D.]

* This rule is admitted by BnAskarACHARYA to be incorrect; but the
error being small, is neglected. Instead of using the DYUJYA, the YasutI should
have been adopted.

0



202 Translation of the [IX. 12.

Omission of the lnst fmd ot}fer e'a.rly astronomers to its value
mentioned correction or re. 11 declination: and the reason of this
ductio "“‘]’:ec‘:f“&?}ﬂl:;':":)%‘: omission, seems to have been its
zi'herf“ﬂmﬂvl’n and  smallness of amount. And also it is

the uncorrected latitude which is
used in finding the half duration of the eclipses and in their
projections &c.

12. As the constellations are fixed, their latitudes as given
in the books of these early astronomers are the SPASHAT-
8'ARAS, i. e. the reduced values of the latitudes so as to render
them fit to be added to or subtracted from the declination ;
and the DHRUVAS or longitude of these constellations are given,
after being corrected by the AYANA DRIKKARMA so as to sult
those corrected latitudes that is, the star will appear to rise at
.the equator at the same time with longitude found by the

correction.

Let a d be equinoctial and P the equinoctial pole,
d b = Ecliptic,

b & = Celestial latitude, p
b ¢ = Celestial latitude reduced to its value in :
declination is KoTI, .

& ¢ = BHUJA being arc of diurnal circle c s ¢
s ¢ =k b portion of diurnal circle of the planet’s

. &
longitude at b. &
The triangle s ¢ b or s & b is assumed to be a DIG-
L

VALANAJA TRYABEA.

The angle s b ¢ = AYANA-vALANA or the angle of
the inclination of s & which
goes to ecliptic pole with & ¢
which goes to equinoctial

ole. &
Hence this triangle s b ¢ is called DIG-VALANAJA

TRYSEA, the angle s b ¢ varying with the AYANA-vALANA. If b were at the 1st

Cancer, then the north line @ b ¢ which goes to the pole would go also to the

ecliptic pole. )

Hence the ASPASHTA 8A’RA, and SPASHTA 8°ARA of a star of 90° of latitude
being both represented by b ¢ would be the same. To the longitude of a star

being 270°, its ASPASATA and SPASHTA 8ARA would be the same.—L. W.

[The rule stated i this verse is founded upon the following principle. .
Assuming the triangle s 5 o as a plane right-angled triangle and the angle

8 b ¢, as the declination of the point of the ecliptic three signs in advance of the

planet’s corresponding place, because this declination is nearly equal to the

AYANA-vALANA, we have,

sinscb:cossbe=0bs:bec;
or B : yasuTI or nearly the cosine of the declination of the planet’s place 9°0 +

= Celestial lutitude : rectified latitude.—B. D.]

e
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13. Those astronomers, who have mentioned that celestial
, latitude is an arc of a circle of de-
BHA’SKARA'CHARYA  ex- . R
poses the incorrect theory clination, are stupid. Were the ce-
ﬁgczﬁ::?nogfl;ﬁiﬂ’i't‘ﬁ“;?;;’ lestial latitude nothing more than an
tice which is irreconcilable grc of a circle of declination, then why
with their own theory.
should they or others have ever had
recourse to the AvaNa DRIKKARMA at all? (The planets or
stars would appear on the six o’clock line at the time that the
corresponding degree of the ecliptic appeared there.)

14. How moreover have these same astronomers in deline-
ating an eclipse marked off the Moon’s latitude in the middle
of the eclipse on SPASHTA-VALANA-SUTRA or on the line denoting
the secondary circle to the ecliptic? and how also have they
drawn perpendicularly on the VALANA-sUTRA or the line repre-
senting the ecliptic, the latitudes of the Moon at the com-
mencement and termination of the eclipse.

15. How moreover, have they made the latitude xori,i. e.
perpendicular to the ecliptic and thus found the half duration
of the eclipse ? If the latitude were of this nature, it would
never be ascertained by the proportion (which is used in
finding it).

16. A certain astronomer has (first) erroneously stated the

Censure of the astrono- DRIKKARMA and VALANA by the versed

ho erroneously used . .
T vorsed sine i the parx. Sine. This course has been followed

KARMA and VALANA. by others who followed him like blind
men following each other in succession: [without seeing
their way].

17. BraEMagUpTA’s rule, however, is wholly unexceptionable,
but it has been misinterpreted by his
followers. My observations cannot be
said to be presumptuous, but if they are alleged to be so,
I have only to request able mathematicians to weigh them

Praise of BRAEMAGUPTA.

with candour.
18. The prikkARMA and VALANA found by the former astro-
o2
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nomers through the versed sine are erroneous : And I shall now
give an instance in proof of their error.

19 and 20. In any place having latitude less than 24° N.

An instance in proof of Tultiply the sine of the latitude of the
the error. place by the radius and divide the
product by the sine of 24¢ or the sine of the obliquity of the
ecliptic and take the arc in degrees of the result found. And
find the point of the ecliptic, the degrees just found in
advance of the 1st Aries. Now, if from this point the planet’s
corresponding point on the ecliptic three signs backwards or
forwards, be on the western or eastern horizon respectively,
then the ecliptic will coincide with the vertical circle, and the
horizon will consequently be secondary to the ecliptic. Hence
the planet will not quit the horizon, though it be at a distance,
of extreme latitude from its corresponding point in the ecliptic
[which is on the horizon], as the celestial latitude is perpen-
dicular to the ecliptic.*

21. 1In this case the resulted times of the DRIKKARMA being
of exactly the same amount but one being plus and the other
minus, neutralize each other [and hence there is no correc-
tion]. Now this result would not be obtained by using the
versed sine—hence let the right sine (as prescribed) be always
used for the DRIKKARMA.

* [Tt is evident that the longitude of this point is equal to the arc through
which it is found, and as the point of the ecliptic 3 signs backwards or forwards
from this point is assumed on the horizon, this point therefore will at that time
be the nonagesimal, and as the longitude of that point or nonagesimal is less
than 9Ce the declination of this point will be north. This declination equals to
the latitude in question., For

R X sin latitude

* The sine of the latitude of the point = (by the as-
sin 24°
sumption)
sin 24° X sin longitude of the point
sin latitude — , but this = sin de-
Radius
clination.

.. The declination of that point or nonagesimal equal to the latitude of the
place. And hence, if the latitude be north the nonagesimal will be in the
zenith. For this reason the ecliptic will coincide with the vertical circle.—B, D.]
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22. Again here, in like manner, it is from the two vALANAS
having different denominations, but equal values, that they
mutually destroy each other. By using the versed sine, they
would not have equal amounts, hence the vALANAS must be

afound by the right sine.

[In illustration of the fact that the varana does not corre-
spond with the versed sine, but the right sine BEAsSkARACHARYA
gives as an example.]

23. When the Sun comes to the zenith [of the place where
the latitude is less than 24°], and consequently the ecliptic
coincides with the vertical circle, the sPAsHTA VALANA then
evidently appears to be equal to the sine of the amplitude of
the ecliptic point 90° in advance of the Sun’s place in the
horizon. If you, my friend, expert in spherics, can make the
SPASHTA VALANA equal to the sine of amplitude by means of the
versed sine, then I will hold the varana found in the Dufvrip-
DHIDA TANTRA by LaLra and in the other works to be correct.

[To this BaAskaracHARYA adds a further most important
and curious illustration :]

24. In the place where the latitude is 66° N. when the
Sun at the time of his rising is in 1st Aries, 1st Taurus, 1st
Pisces, or in 1st Aquarius, he will then be eclipsed in his
southern limb, because the ecliptic then coincides with the
horizon. Therefore, tell me how the spASHTA vaLaNa will be
equal to the radius by means of the versed sine !

[In the same manner the DRIKEARMA calculation as it
depends on the vALANA, must be made by the right sine and
not by the versed sine and for the same reasons.]

25. Even clever men are frequently led astray by conceit

Cause of error in Latza in their own quick intelligence, by
and others, stated. their too hasty zeal and anxiety for
distinction, by their confidence in others and by their own
negligence or inadvertence, when it is thus with the wise,
what need I say of fool ? others, however, have said :—

26. Those given to the service of courtezans and bad poets,
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are both distingunished by their disregard of the criticisms and
reflections of the world, by their breach of the rules of time
and metres, and their destruction of their substance and of
their subject, being beguiled by the vain delight they feel
towards the object of their taste.

End of Chapter IX. called DRIKKARMA-VASANK.

CHAPTER X.

Called S'RINGONNATI-VASANK in explanation of the cause of the
Phases of the Moon.

1. This ball of nectar the Moon being in contact with rays
of the Sun, is always illuminated by her shinings on that side
turned towards the Sun. The side opposite to the Sun dark
as the raven black locks of a young damsel, is obscured by
being in its own shadow, just as that half of a water-pot which
is turned from the Sun, is obscured by its own shadow.

2. At the conjunction, the Moon is between us and the
Sun: and its lower half which is then visible to the inhabit-
ants of the earth, being turned from the Sun is obscured in
darkness.

That half again of the Moon when it has moved to the
distance of six signs from the Sun, appears to us at the period
of full Moon brilliant with light.

3. Draw a line from the earth to the Sun’s orbit at a
distance of 90° from the Moon, and find. also a point in the
Sun’s orbit (in the direction where the Moon is) at a dis-
tance equal to that of the Moon from the earth. When the
Sun reaches the point just found, he comes in the line per-
pendicular at the Moon to that drawn from the earth to the
Moon. Then the Sun illumines half of the visible side of the
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Moon. That is when the Moon is 85°. . 45" from the Sun
east or west, it will appear half full to us.*

4. The illuminated portion of the Moon gradually increases
as it recedes from the Sun: and the dark portion increases as
it approaches the Sun. As this sea-born globe of water (the
Moon) is a sphere, its horns assume a pointed or cusped
appearance (varying in acuteness according to its distance
from the Sun).

5. (To illustrate the subject, a diagram should be drawn

Disgram for illustrating 88 follows). Let the distance north and
the subject. south between the Sun and Moon re-
present the BHUJA, the upright distance between them the
k0TI and the line joining their centres the hypothenuse. The
Sun is in the origin of the BHUIA which stretches in the direc-
tion where the Moon is, the line perpendicular at the end of
the BHUJA is EOTI at the extremily of which is the Moon and
the line stretching (from the Moon) in the direction of the Sun
is the hypothenuse. The Sun gives light (to the Moon) through
the direction of the hypothenuse.

2 * This is thus illustrated. Let a repre-
sent the Earth, & ¢ d the orbit of the Sun,
e f = do. of the Moon. Then it is ob-
vious that half of the side of the Moon
visible to us will be illuminated when
the Suu is at ¢ and not at d, when the
Sun is at d it will illumine more than
half of the Moon’s disc; b c is less than a
quadrant by the arce d, the sine of which
e ¢ aeoregin terms of the radius of the
N Sun’s orbit, equals to the Moon’s dis-

tance from the earth. L. W.
[The arc & ¢ can be found us follows :—

In the triaugle a e ¢ right angled at e,
L ae — 51566 YOTaNAS, ac == 689377
a Y 4 @ & YuJaNas according to the SIDDHA'NTAS.
ae 51566
Then, cos e @ ¢ == —— = ——— ==, 0748 = cos 85° .. 43’
ac 689377

.. arc bc=85.. 45 nearly.~ B. D.]
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, L)
N

[For instance

Let S be the Sun and m the Moon, then a S = BHUJA,
a m = XoTI,m S = hypothenuse. Then f g a line drawn at
right angles to extremity of hypotenuse will represent line of
direction of the enlightened horns and the angle & m d opposite
to BHUJA will be equal to <~ ¢ m ¢ = the amount of angle by
which the northern cusp is elevated and southern depressed,—
were the Moon at k, there would be no elevation of either cusp
either way. For the hypothenuse will also bisect the white part
of the Moon. If the Sun is north of the Moon, the north cusp
of the Moon is elevated : if south the southern cusp. L. W.]

[Mr. Wilkinson has extracted the following two verses from
the GANITADHYAYA.

I. When the latitude is 66° N. and the Sun is rising in st
Aries, then the ecliptic will coincide with the horizon; now
suppose the Moon to be in 1st Capricorn, then it will appear
to be bisected by the meridian and the eastern half will be
enlightened.

But according to BRanMaGUPTA this would not occur, for he
has declared that the xot1 will be cqual to radius in this case
whereas it is obviously “nil,” and it is the BHUJA which is
equal to radius when there is no north and south difference
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between the Sun and Moon then the kor1 would be equal to
the hypothenuse or radius and the BEUIA would be “ nil.”

II.* And the Moon’s horns are of equal altitude when there
is no BHUJA, whilst they become perpendicular when there is
no xoT1. That the xort and BHUJA shall at one and the same
time be equal to radius is an obvious incompatibility. But
what business have I with dwelling on the exposure of these
errors? BramMacupra has here shown wisdom indeed, and
I offer him my reverent submission !]

6. I have thus only briefly treated of the principles of the
subjects memtioned in the Chapters on MApEYAGATI &c. fearing
to lengthen my work; but the talented astronomer should
understand the principles of all the subjects in completion,
because this is the result to be obtained by a complete know-
ledge of the spheric.

End of Chapter X. called S'RINGONNATI-VASANK.

CHAPTER XI.
Called YANTRADHYAYA, on the use of astronomical instruments.

1. As minute portions of time elapsed from sun-rise cannot
be ascertained without instruments, I
shall therefore briefly detail a fow
instruments which are of established use for this purpose.

2. The Armillary sphere, NApf-vALAYA (the equinoctial),
the vasuTI or staff, the gnomon, the GHATI or clepsydra, the
circle, the semi-circle, the quadrant, and the pEALAKA : but of
all instruments, it is ¢ INGENUITY”’ which is the best.

" Object of the Chapter.

& BrAskARACHARYA is here very severe on BRARMAGUPTA who of all his pre-
decessors is evidently his favorite, but truth seemed to require this condemn-
ation. He at the same here does justice to ARYA-BHATTA and the author of the
8GRYA-SIDDHA’NTA, They both justly concur in saying there is no Kot in this
case,—L. W.

P
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. 3 and 4. (This instrument is to be made as before de-
scribed, placing the Bragora starry
sphere, which consists of the ecliptic,
diwrnal circles, the Moon’s path, and the cirgles of declination
&c. within the kHAGOLA celestial sphere, which consists of the
horizon, meridian, prime vertical, six o’clock line, and other
circles which remain fizxed in a given latitude). Bring the
place of the Sun on the ecliptic to the eastern horizon : and
mark the point of the equinoctial (in the BHAGOLA) intersected
by the horizon, viz. east point. Having made the horizon as
level as water, turn the BHAGOLA westward till thq Sun throws
its shadow on the centre of the Earth. The distance between
the mark made on the equinoctial and the now eastern point
of the horizon will represent the time from sun-rise.

5 and 6. The raeNA or horoscope will then be found in
that point of the ecliptic which is cut by the horizon.

Take a wooden circle and divide its outer rim into 60 eHA-
11k s : Then place the twelve signs
of the ecliptic on both sides, but
instead of making each sign of equal extent, they must be
made each with such variable ares as shall correspond with
their periods of rising in the place- of observation (the twelve
periods are to be thus marked on either side, which are to be
again each subdivided into two HORAS (or hours), three DRESH-
KANAS, into XAVANs'As or ninths of 3°. . 20" each, twelfths
of2°. . 10’ and into TRINS'ANS'As or thirtieths. These are
called the sHADVARGA or six classes). These signs, however,
must be inscribed in the inverse order of the signs, that is
1st Aries, then Taurus to the west or right of Aries and so on.
Then place this circle on the polar axis of the xmAGoLA at the
centre of the Earth (the polar axis should be elevated to the
height of the pole).

Now find the Sun’s longitude in signs, degrees, &c. for the
sun-rise of the given day (by calculation) and find the same
degree in the circle. Mark there the Sun’s place, turn the

Use of Armillary Sphere.

The NA’DI-VATAYA.
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circle round the axis, so that the shadow of the axis will fall on
the mark of the Sun’s place at sun-rise and then fix the circle.
Now as the Sun rises, the shadow of the axis will advance from
the mark made for the point of sun-rise to the nadir and will

indicate the hour from sun-rise, and also the raena (horos-
' cope) : the number of hours will be seen between the point
of sun-rise and the shadow : and the LaeNA will be found on the
shadow itself. [While the Sun goes from east to west the

shadow travels from west to east and hence the signs with
their periods of rising must be reversed in order—the arc
from W to LacNa represents the hour arc: and the Lacna is
at the word LacNa in the accompanying figure.—L. W.]

7. Or, if this circle marked as above, be placed on any axis
elevated to the altitude of the pole, then the distance from the
shadow of the axis to the lowest part of the circle‘will repre-
sent the time to or from midday.

+ 8. A oHATI made of copper like the lower half of a water-

pot, should have a large hole bored in

its bottom. See how often it is filled

and falls to the bottom of the pail of water on which it is

placed. Divide 60 eratis of day and night by the quotient
P2

The GHATI or clepsydra.



212 Translation of the [XI. 9.

and it will give the measure of the clepsydra. (If it is filled
60 times, then the aHATI will be of one GHATIKA ; if 24 times
it will be of one hour or 2} crATTEAS.)

9. For a gnomon take a cylindrical piece of ivory, and let
it be turned on a lathe, taking care
that the circumference be equal above
and below. From its shadow may be ascertained the points
of the compass, the place of observer, including latitude &c.
and times (as has been elsewhere explained).

10. The circle should be marked with 860° on its outer

Gnomon,

circumference, and should be sus-
_ pended by a string or chain moveable
_ on the circumference. The horizon or Earth is supposed to
be at the distance of three signs or 90° from the point at which
it is suspended : the point opposite to that point being the
zenith.

11. Through its centre put a thin axis: and placing the
circle in & vertical plane, so as to catch the shadow of the Sun:
the degrees passed over by the axis from the place deno-
minated the Earth, will be altitude :

12. And the arc to the point denominated the zenith, will
be that of the zenith distance.

Some former astronomers have given the following rule for
making a rough calculation of the time, viz. multiply the half
length of day by the obtained altitude and divide the product
by the meridian altitude, the quotient will be the time sought.

13. First let the circle be so held or fixed that any two

To find the longitudes of Of the following fixed stars appear to
planets by the circle. touch the circumference, viz. Ma-
6HA (a Leonis, Regulus), Pusaya (8 Cancri), REvarf ({ Piscium)
and S’araT{rak{ (or A Aquarii). [These stars are on the
ecliptic and having no latitude, are to be preferred.] Or, that
any star (out of the CmITRX or e Virginis Spica &c.) having
very inconsiderable latitude, and the planet whose longitude is
required and which is at a considerable distance from the star,
appear to touch the circumference.

The CHAKRA or circle,
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14 and 15. Then look from the bottom of the circle along
its plane, so that the planet appear opposite the axis ; and still
holding it on the plane of the ecliptic, observe also any of the
above mentioned stars. The observed distance between the
planet and the star, if added to the star’s longitude, when the
star is west, and subtracted when east of the planet, will give
the planet’s longitude.

The half of a circle is called a cHAPA
or semicircle. The half of a semi-
circle is called TURrfYA or a quadrant.

16. As others have not ascertained happily the apparent
time by observations of altitudes in
a vertical circle, I have therefore
laboured myself in devising an instrument called PHALAKA
YANTRA, the uses of which I now proceed to explain perspi-
cuously. It contains in itself the essence of all our calculations
which are founded on the true principles of the Doctrine of
the Sphere.

17. T BnisxarA now proceed to describe this excellent
instrument, which is calculated to
remove always the darkness of igno-
rance, which is moreover the delight of clever astronomers
and is founded on the shadow of its axis : it is also eminently
serviceable in ascertaining the time, and in illustrating truths
of astronomy, and therefore valued by the professors of that
science. It is distinguished by having a circle in its centre.
I proceed to describe this instrument after invoking that
bright God of day, the Sun, which is distinguished by the
epithets I have above given to the instrument viz. he is
eternal and removes obscurity and cold : he makes the lotus
to flower and is ever shining: he easily points out the time
of the day and season and year, and makes the planets and
stars to shine. He is worthy of worship from the virtuous and
resides in the centre of his orb.*

Semi-circle and quadrant.

PHALAKA-YANTRA.

Addresses to the Sun.

® This verse is another instance of the double entendre, in which even the
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18. Let a clever astronomer make a PHALAKA or board of a
plane rectangular and quadrilateral form, the height being 90
digits, and the breadth 180 digits. Let him halve its breadth
and at the point thus found, attach a moveable chain by which:
to hold it : from that point of suspension let him draw a per-
pendicular which is called the LaMBA-REKEA.

19. Let him divide this perpendicular into 90 equal parts
which will be also digits, and through them draw lines parallel
to the top and bottom to the edges : these are called sines.

20. At that point of the perpendicular intersected by the
30th sine at the 30th digit, a small hole is to be bored, and
in it is to be placed a pin of any length which is to be con-
sidered as the axis. '

21. From this hole as centre draw a circle (with a radius
of 30 digits : the circle will then cut the 60th sine), 60 digits
forming the diameter. Now mark the circumference.of this
circle with 60 eEATIS and 360 degrees, each degree bemg
subdivided into 10 PALAS.

22. Let a thin pATTIEL or index arm with a hole at one
end be made of the length of 60 digits and let it be so marked.
{The breadth of the end where the hole is bored should be of
one digit whilst the breadth of the whole pATTIREA be of half
digit. Let the rATTIRKA be so suspended by the pin above
mentioned, that one side may coincide with
the raMBA-REKHA. The accompanying figure -
will represent the form of the pATTIRA.

The rough ascensional difference in PALAs determined by the
KHANDAKAS or parts, being divided by 19, will here become the
sine of the ascensional difference (adapted to this instru-
ment.¥) :

best authors occasionally indulge. All the epithets given to the instrument
apply in the original also to the Sun. This kind of double meaning of course
does not admit of translation.—L. W. -

® The sines of ascensional difference for each sign of the ecliptic were found
by the following proportlom

~
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. 23, The numbers 4, 11, 17, 18, 13, 5 multiplied severally
by the AKsHA-KARNA and divided by 12, will be the KEANDAKAS
or portions at the given place ; each of these being for each
15 degrees (of BHUJA of the Sun’s longitude) respectively..

24. Now find the Sun’s true longitude by applying the
precession of the equinoxes to the Sun’s place, and adding
together as many portions as correspond to the BEUIA of the
Sun’s longitude above found, divide by 60 and add the quo-
tient to AksHA-kARNA. Now multiply the result by 10 and
divide by 4 (or multiply by 24). The quotient is here called
the vasHTI in digits and the number of digits thus found is to
be marked off on the arm of the PATTIKA counting from its
hole penetrated by the axis.

25. Now hold the instrument so that the rays of the Sun
shall illuminate both of its sides (to secure its being in a
vertical circle) : the place in the circumference marked out by
the shadow of the axis is assumed to be the Sun’s place.

26. Now place the index arm on the axis and putting it
over the Sun’s place, from the point at the end of the yasmTI
set off carefully above or below (parallel to the LAMBA-REKHA)
on the instrument, the sine of the ascensional difference above
found, setting it off above if the Sun be in the northern

i ‘ sign or 2 or 3 signs, give.
or as 12 : Pazanma : XKUJYA’ of 1, 2 or 3’signs.

2. If cosine of declination : this result : : what will radius : sine of ascen-

sional difference in KALAS.

The arc of this will give ascensional difference. This is the plain rule: but
BrA’SEARA’CHA’RYA had recourse to another short rule by which the ascénsional
difterences for 1, 2 and 3 signs, for the place in which the PALABHA’ was 1 digit,
were 10, 8, 83 paras. These three multiplied by ParaBEA’ Would give the
ascensional differences with tolerable acouracy for a place of any latitude not
having a greater PALABHA’ than 8 digits. Now take these three PALATMAKAS
10, 8, 3% and multiplied by six, then the PALA8 of time will be reduced to asus.
These are found with a radius of 3438 : to reduce them to the value of a radius of

30 digits say, 60 X 30

1. If cosine of latitude : sine of ht.}’ : what will sine of declination of 1

As 3438 : 10 % 6 = 60’ : : 30 digits : = quantity of cmAra for 1
sign in this instrument, but instead of multiplying the 10 by 6 X 30 or 180 and
dividing by 8438, the author taking 180 = 7% part of 3438, divides at once
by 19.—L. W.
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hemisphere, and below if it be in the southern hemisphere.
The distance from the point where the sine which meeting the
end of the sine of the ascensional difference thus set off, cuts
the circle, to the lowest part of the circle will represent the
GHATIS to or after midday.*

2°

~—

* In the accompanying diagram of the PHALAKA YANTRA, o is the centre of
the circle @ b ¢ and the line o m» passing through o is called MADHEYAJYA' or
middle sine. If the shadow of the pin touches the circumference in 8 when the
instrument is held in the vertical circle passing through the Sun, 8 & will then
be the zenith distance of the S8un, From this the time to or after midday can be
found in the following manner.

Let a — altitude of the Sun,

d = declination,
A = ascensional difference,
I = north latitude of the place,
p = degrees in time to or after midday.
Then, we have the equation which is common in the astronomical works,
Risine F R.sinl.sind

cos p = 3
cos l.cosd
R sina tan l.tan d
= ¥ H
cosl.cosd R

here, when the latitude is north, the second term becomes minus or plus as the
declination is north or south respectively.
tan ! .tan d
But =——————— == sin A or sine of ascensional difference.

R!.sina
o COB P o= e

cosl.cosd

F sin, A,
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27. Bet off the time from midday on the instrument
To find the place of the counting from the LaMBA-REKHK ; from
shadow of axis from time.  the end of the sine of this time, set
off the sine of ascensional difference in a line parallel to the

. Now, cos ! R R =12: Ai. e. ARSHAKARNA (See Chapter VII. v. 45.)
h

or = —
cos ! 12
A R.sina
oo COS P = —, FeinA
12 cos d
sin a A R
=y. Fsin A, wheny = —. , which is called
12 cosd
YAsHTI and can be found as follows.
Rt R 3 12R
12 cosd 12 12  cosd
R h 12 versed d
= (12 + 20
12 12 cos d

‘When the BHUJA of the Bun’s longitude is 15, 80, 45, 60, 75, 90, the value of

12 versed d
cos d

these values are 4, 11, 17, 18, 13, 5 which are written in the text. Multiply
these differences by % or the ARsHAKARNA, divide the products by 12 and the
quotients thus found are called the kKEANDAS for the given place. By assuming
the BHUJA of the Sun’s longitude as an argument, find the result through the
KHANDAS and take » for this result,

is 4,15, 32, 60, 63, 68 sixtieths respectively. The differences of

R r ’
and hence, y = —— { A —)
12 60 /.

But in this instrument R = 30

10 r
S y=—\{_5%i 4 -—)whioh exactly coincide,with the rule given in the
4 60
text for determining the YasHTI.
The value of the YasHTI will certainly be more than 30, becanse the value of
the AKSHAKARNA or % is more than 12,
. Now, (see the diagram) suppose m is the end of the YASHTI in the PATTIEA or
index o0 m which touches the circle in 8, then, in the trianglo o m n
R:om=sinmon : mn;

or R: y=sina i mn;
y Ksina
oM B = —
R

and hence, cos p = m n 4 sin A,
Q
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LAMBA-REKHS, but below and above according as it was to be
set off above or below in finding the time from the shadow,
(this operation being the reverse of the former). The sine
met by the sine of ascensional difference, thus set off, is the
new sine across which the PATTIKA or index is now to be
placed till the YASHTI-CHINHA or point of yasaTI falls on it.
This position will assuredly exhibit the place of the shadow
of the axis.

28, 29 and 80. Having drawn a circle (as the horizon) with
a radius equal to radius of a great
circle, mark east and west points (and
the line joining these points is called the PRACHYAPARL or east
and west line) and mark off (from them) the amplitude at the
east and west. Draw a circle from the same centre with a
radius equal to cosine of declination i. e. with a radius of
diurnal circle, and mark this circle with 60 araTis. Now take
the YAsHTI, equal to the radius (of the great circle) and hold it
with its point to the Sun, so that no shadow be reflected from
it ; the other point should rest in the centre. Now measure
the distance from the end of the amplitude to the point of the
YASHTI when thus held opposite to the Sun. This distance
applied as a chord within the interior circle will cut off, if it be
before midday, an arc of the number of GHATIEAs from sun-
rise, and if after midday an arc of the time to sun-set.*

The YasuTI or Staff,

that is, the sine of the ascensional difference is subtracted from or added to m n
the distance between the epd of the YasATI and the middle sine, as the Sun be
in the north or the south to the equinoctial.

Again, by taking m r equal to sin A we have,

cosp=mnFsinA=mnFmr,
=mnrortt,
== C08 ¢ t,
< p=ct—B.D.]

# [Tt is plain from this, that the distance from the point of the staff to the
end of the amplitude is the chord of the arc of the diurnal circle passing through
the Sun, intercepted between the horizon and the Sun. For this reason, the
arc subtended by the distance in question in this interior circle described with
a radius of the diurnal circle which is equal to the cosine of the declination,
will denote the time after sun-rise or to sun-set.—B. D.]
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31. The perpendicular let fall from the point of the YAsHTI

To find the paranma with 18 the 8'ANKU or sine of altitude: the
the yasmyL. place between the s’ANkU and centre is
equivalent to DRIGYA or sine of zenith distance. The sine of
amplitude is the line between the point of horizon at which
the Sun rises or sets, on which the point of the vasmyr will
rest at sun-rise and sun-set, and the east and west line the
PRACHYAPARA,

32 and 83. The distance between the s’aNku and the
UDAYASTA-SUTRA, multiplied by 12 and divided by the s’ANku,
will be the paLABHA.

Take two altitudes of the Sun with the vAsHTI: observe
the s'aNkus of the two times and the BHUJAS.

Add the two BHUJAS, if one be north and the other south,
or subtract if they be both of the same denomination : multi-
ply the above quantity (whether sum or difference) by 12 and
divide by the difference of the two s/ankus, the result will be
the paLaBHA.* The difference between the east and west line
and the root of 8'ANkU is called BHUJA.

® [Let O be the east or west point of the horizon O a, Z the zenith, a s S the

[

diurnal circle on which 8 and s are the Sun’s two places at different times and
8 m and s the 8'ANKUS or the sines of altitudes of the Sun, then O m, o # will be
the BHUJAS, # m or s p the difference between the BHUJAS and 8 p the difference
between the 8’ANKUS.

Q2
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If the s’aNku be observed three different times by the
To find PaLaBHA’, declin-  YASHTI, then the time, declination &c.
ation, time, &o. from three may be found (by simply observing

observations by the YasgTI,
of three 8’ANKUS, the Sun).

84. First of all find three s'aANkKUS: draw a line from the
top of the first to the top of the last ; from the top of the second
8'ANKU, draw a line to the eastern point and a line to the western
point of the horizon, so as to touch the first line drawn.

35. A line drawn so as to connect these two points in the
horizontal circumference will be the upavasrta séTrRA. The
distance between it and the centre will give the sine of ampli-
tude. The line drawn through the centre parallel to the upy-
XSTA-SGTRA at the distance of the sine of amplitude is the east
and west line.*

36. Find the paraBHL as before (and also the AksHA-
KARNA). Now the sine of amplitude multiplied by 12 and
divided by AksHA-KARNA will be the sine of declination. This
again multiplied by the radius and divided by the sine of 24¢
or the sine of the Sun’s greatest declination, will give the sine
of the BEUJA of the Sun’s longitude.

87 and 38. Which converted into degrees is Sun’s longi-
tude, if the observation shall have been made in the 1st
quarter of the year. If in the secoud quarter, the longitude
will be found by subtracting the degrees found from 6 signs: if

Now as the triangles # a » and 8 ¢ m are the latitudinal triangles, the
triangle 8 s-p is also the latitudinal
o Sp:ep=12 : PALABHA’
12s5p
o PATABHA' =

.

8

It is when 8, & two ;ﬁaces of the 8un are both north or both south to the
prime vertical, but when one place is north and other is south, the sumn of the
BHUJAS is taken.—B, D.]

* [As it is plain that the tops of the three s’ANKUS are in the plane of the
diurnal circle, the line therefore drawn from the top of the first 8’ANKU to that
of the last, will also be in the same plane and hence the two lines touching this
line, drawn from the top of the middle 8’ANEU one to eastern and the other to
western point of the horizon, lie in this plane. Therefore, the line ‘joining these
two points of the horizon is the intersecting line of the plane of the diurnal
:cBircll)e :imd that of the horizon, and consequently it is the UDAYA’STA BGTRA.—

y D.
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in the 3rd quarter, 6 signs must be added: if in the fourth
quarter of the year, then the degrees found must be subtracted
from 12 signs for the longitude.

The quarters of the year will be known from the seasons,
the peculiarities of each of which I shall subsequently de-
scribe.

It is declared (by some former astronomers) that the shadow
of the gnomon revolves on the circle passing through the
ends of the three shadows made by the same gnomon (placed
in the centre of the horizon), but this is wrong, and conse-
quently the east and west and north and south lines, the
latitudes &c. found by the aid of the circle just mentioned are
also wrong.*

39. Whether the place of the Sun be found from the
gshadow or from the sine of the amplitude, it will be found
corrected for precession. If the amount of precession be
subtracted, the Sun’s true place will be found. If the true
place of the Sun be subtracted, the amount of precession will
be ascertained.

40. But what does a man of genius want with instruments

The praise of i about which numerous works have

o praise of instrument
called pHfYANTRA OF genius treated ? Let him only take a staff in
instrument. his hand, and look at any object along
it, casting his eye from its end to the top, there is nothing
of which he will not then tell its altitude, dimensions, &c.
if it be visible, whether in the heavens, on the ground or
in the water on the earth.

Now I proceed to explain it.

41. He who can know merely with the staff in his hand,
the height and distance of a bamboo, of which he has observed
the root and top, knows the use of that instrument of instru-
ments—genius—(the DEfyANTRA) and tell me what is there that

* The existence of such gross error in the principles of a calculation as are
here referred to as existing in the works of BHa’SKARA’S predecessors would
seem to indicate that the science of astronomy was not of more recent cultiva-
tion than Mr. Bentley and others have maintained,.—L. W. .
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he cannot find out. [Here the ground is supposed to be
perfectly level.]

42. Direct the staff lengthways to the north polar star;
let drop-lines fall from both ends of
staff, when thus directed to the star.
Now the space between the two drops is the Bausa or base of
a right angled triangle, when the difference between the lines
thus dropped is the KoTI or perpendicular.

43. The xor1 multiplied by 12 and divided by the BHUIA
gives the PALABHA.*

Having in the same way observed the root of the bamboo ;
[and in so doing found the BHUJA and koTI], multiply the BEUIA
by the height of the man’s eye.

44 and 45. And divide the product by the xor1, the result.

To find the distance and 18, you know the distance to the root
height of a bamboo. of the bamboo.

Having thus observed the top of the bamboo (with the
staff, and ascertained the BEHUJA and £oTI), multiply the dis-
tance to the root of the bamboo by the kori, and divide the
product by the BHUJA, the result is the height of the bamboo
above the observer’s eye: this height added with the eye’s
height will give the height of the whole bamboo.t

For instance, suppose the staff 145 digits long, the height
of observer’s eye 68 digits; that in
making the lower observation the
BHUJA — 144 digits = 6 cubits, and xoT1 = 17 digits ; that in
making the observation of the top of the bamboo, the BEUIA =

To find PALABHA.

Example.

* i.e. If this BHUJA : gives the KOTT
: : 12 digits of gnomon : gives the PALABHA’,

+ The observer first directs a & his staff’ to d, the root of the tree: The staff
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116 digits and xor1 = 87 digits. Then tell me the height of
bamboo and the distance of it. As,

68 x 144
——— = 576 digits or 24 cubits distance to bamboo ;-
17
576 x 87
and = 432 height of tree above observer’s eye,
116

68 add the eye’s height,

500 height of tree.

Let a man, standing up, first of all observe the top of an
object : then (with a staff, whether it be equal to the former
or not in length), let him observe again the top of the same
object whilst sitting.

46. Then divide the two xoTis by their respective BHUJAS:
take the difference of these quotients, and by it divide the
difference of the heights of observer’s eye—this will give the
distance to the bamboo : from this distance the height of the
bamboo may be found as before.*

,. AN

4

d
h t e
is furnished at either end with drop lines ah, 6% : b k—a h=1>5c =sin of
£ baec. Then say
ﬁsbc:ac::be:de:fb.
e then observes the top of object and finds which is easy, as f b has
been found. —L. W. P ’ 94 v S
* BuAsk axA founds this rule on the following algebraic process.
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47. There is a high famous bamboo, the lower part of
which being concealed by houses &c.
was invisible : the ground, however,
was perfectly level : If you, my friend, remaining on this same
spot by observing the top (first standing and then sitting), will
tell me the distance and its height, I acknowledge you shall
have the title of being the most skilful of observers and
expert in the use of the best of instruments DEfYANTRA.

The observer, first standing, observes the top of the bamboo
and finds the BHUJA, with the first staff,
to be 4 cubits or 96 digits : he then sits
down and finds with another staff the BEUIA to be 90 digits.
In both cases the koT1 was one digit. Tell me, O you expert
in observation, the distance of observer from the bamboo and
the bamboo’s height.

48. So also the altitnde may be observed in the surface
of smooth water : but in this case the
height of observer’s eye is to be sub-

tracted to find the true height of the object:—Or the staff
may be altogether dispensed with: In which last case two
heights of the observer’s eye (viz. wheu he stands and sits) will
be two xoT1s: and the two distances from the observer to the

Question.

Example.

Observation in water.

Let = base, distance to bamboo. Then say

z z
if96:1:: 2 : ——: then —— 4 72 = height of bamboo.
96 96

x z
By second observation 90:1:: 2 : —— , then —— 4 24 = height of bam-
90 90
boo.

‘x x z 6z
Then 72+——_24+—°——-—-—=4-8 or — =
96 90 90 96 8640

. & = 69,120 digits
= 2880 cubits,

z z
That i8 —— — —— =172 — 24
90 96

72 — 24
orx=

that is difference of observer’s height—difference of two Kot18
vo—os  divided by their respective Buusa's.—L, W,
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places in the water where the top of the object is reflected,
the BHUJAS. -

49. Having seen only the top of a bamboo reflected in
water, whether the bamboo be near or
at a distance, visible or invisible, if you,
remaining on this same spot, will tell me the distance and
height of bamboo, I will hold you, though appearing on Earth
as a plain mortal, to have attributes of superhuman knowledge.

An observer standing up first observes (with his staff) the
reflected top of a bamboo in water.
The kor1 =38 digits and BHUIA = 4
digits. Then sitting down he makes a second observation and
finds the BHUIA = 11 digits and ko1 = 8 digits. His eye’s
height standing = 3 cubits or 72 digits, and sitting == 1 cubit
or 24 digits. Tell me height of bamboo and its distance.*

Question.

Example,

* Let & f = f ¢ = height of bamboo = % %

then & a or y = height of bamboo and man’s height together.
Let b ¢ = breadth of water =

then by first observation

R
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A man standing up sees the shadow of a bamboo in the
water—the point of the water at which
the shadow appears is 96 digits off:
then sitting down on the same spot he again observes the
shadow and finds the distance in the water at which it appears
to be 33 digits : tell me the height of the bamboo and his
distance from the bamboo.*

Example.

4y
4:3::x:yor3z=4yorxr—=—
3

by 2nd observation11: 8 : : z : y — 48 digits

11 y — 528
or8z=11y — 628 or 2 = — ——
8
4y 11y — 528
thus 2 = —— and r = —
3 8
4y 11y — 528 33 y — 1684
Ve E e—————ordy = —_—

3

or32y =233y — 1584, or y = 1584
.~ 1684 — 72 == 1512 digits = 63 cubits = height of bamboo.
2nd part. To find width of water or z

4y 1584 X 4
z= -;—: = 212 digits = 88 cubits.—L. W.
® Let ce =96 digits
ced=233
ac="172
be=24
le¢ o = distance from .observer to
- bamboo.
owce:ac=jh:ja
2z 38z v
or96: =z : y—m— = —
96 4 c

8z

Then —— — 3 = height of bamboo
4

Agsincd:be::jh:50

24 2
or88:24::z2:y— 48 = —
33
=2 J
11

then T — 1 == height of bamboo
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50 and 51. Make a wheel of light wood and in its circum-

A self-revolving instru- ference put hollow spokes all having
ment or SWAYANVAHA YAN- bores of the same diameter, and let
i them be placed at equal distances
from each other; and let them also be all placed at an angle
somewhat verging from the perpendicular : then half fill these
hollow spokes with mercury : the wheel thus filled will, when
placed on an axis supported by two posts, revolve of itself.

Or scoop out a canal in the tire of the wheel and then
plastering leaves of the T4LA tree over this canal with wax,
fill one half of this canal with water and other half with mer-
cury, till the water begins to come out, and then cork up the
orifice left open for filling the wheel. The wheel will then
revolve of itself, drawn round by the water.

Make up a tube of copper or other metal, and bend it into
the form of an ANKUS'A or elephant
hook, fill it with water and stop up

Description of a syphon.

both ends.

54. And then putting one end into a reservoir of water,
let the other end remain suspended outside. Now uncork
both ends. The water of the reservoir will be wholly sucked
up and fall outside.

55. Now attach to the rim of the before described self-
revolving wheel a number of water-pots, and place the wheel
end these pots like the water-wheel so that the water from
the lower end of the tube flowing into them on one side shall
set the wheel in motion, impelled by the additional weight of
the pots thus filled. The water discharged from the pots as
they reach the bottom of the revolving wheel, should be drawn

8z 3z 3z 8z z
—_—]l=m=—— 82— ——— = —
11 4 4 11 44
=44 X 2=88
3z 83X 88
Then y = —— = —— =3 X 22 = 66, height of bamboo.
4 4

B 2



228 Translation of the [XI. 36.

off into the reservoir before alluded to by means of a water-
course or pipe.

56. The self-revolving machine (mentioned by Larra &c.)
which has a tube with its lower end open is a vulgar machine
on account of its being dependant, because that which mani-
fests an ingenious and not a rustic contrivance is said to be a
machine.

57. And moreover many self-revolving machines are to be
met with, but their motion is procured by a trick. They are
not connected with the subject under discussion. I have been
induced to mention the construction of these, merely because
they have been mentioned by former astronomers.

End of Chapter XI. called YANTRADHY{YA.

CHAPTER XII.

Description of the seasaons.

1. (This is the season in which) the xokiLas (Indian black
birds) amidst young climbing plants,
thickly covered with gently swaying
and brilliantly verdant sprouts of the mango (branches) rais-
ing their sweet but shrill voices say, “Oh travellers! how
are you heart-whole (without your sweethearts, whilst all
nature appears revelling) in the jubilee of spring cHAITRA, and
the black bees wander intoxicated by the delicious fragrance
of the blooming flowers of the sweet jasmine !”’
2. The spring-born MALLIKA (Jasminum Zambac, swollen
. by the pride she feels in her own full blown beautiful flowers)
derides (with disdain her poor) unadorned (sister) MAraty
(Jasminum grandiflorum) which appears all black soiled and
without leaf or flower (at this season), and appears to beckon
her forlorn sister to leave the grove and garden with her

8pring.
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tender budding arms, agitated by the sweet breezes from the
fragrant groves of the hill of Marava.

3. In the summer (which follows), the lovers of pleasure

The erfsEMA or mid-sum- 8nd their sweethearts quitting their
Imer season. stone built houses, betake themselves
to the solitude of well wetted cottages of the Kus’Ak{s’a grass,
salute each other with showers of rose-water and amuse them-
selves.

4. Now fatigued by their dalliance with the fair, they
proceed to the grove, where Kama-pEva has erected the
(flowering) mango as his standard, to rest (themselves) from
the glare of the fierce heat, and to disport themselves in the
(well shaded) waters of its Bowris (or large wells with steps).

5. (The rainy season has arrived, when the deserted fair
one thus calls upon her absent lover :)
Why, my cruel dear one, why do you
not shed the light of your beaming eye upon your love-sick
admirer ? The fragrance of the blooming MArarf and the
turbid state of every passing torrent proclaims the season of
the rains and of all-powerful love to have arrived. Why,
therefore, do you not have compassion on my miserable lot 7%

6. (Alas, cries the deserted wife, alas!) the peacocks
(delighted by the thundering clouds) scream aloud, and the
breeze laden with the honied fragrance of the KApAMBA comes
softly, still my sweet one comes not. Has he lost all delight
for the sweet scented grove, has he lost his ears, has he no
pity—has he no heart ? '

7. Such are the plaintive accusations of the wife in the
season of the rains, when the jet black clouds overspread the
sky :—angered by the prolonged absence of him who reigns
over her heart, she charges him, but still smilingly and
sweetly, with being cruelly heedless of her devoted love.

Rainy season.

# This is one of those verses in which a double or triple meaning is attempted
to be supported ; to effect this, several letters however are to be read differeutly.
w.
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8. The mountain burning with remorse at the guilt of

The sARATEA’LA or season D&ving received the forbidden em-
of early autumn. braces of his own pusupPAvATf daughter,
forest appears in early autumn through its bubbling springs
and streams sparkling at night with the rays of the Moon, to
be shedding a flood of mournful tears of penitence.

9. In the HEMANTA season, cultivators seeing the earth
smiling with the wide spread harvest,
and the grassy fields all bedecked with
the pearl-like dew, and teeming with joyous herds of plump
kine, rejoice (at the grateful sight).

10. When the s'1s'tlrRa season sets in what unspeakable

8'181ka or close of win- Peauty and what sweet and endless
tor. variety of red and purple does not
the © kAcENAR’ grove unceasingly present, when its leaf is in
full bloom, and its bright glories are all expanded.

11. The rays of the Sun fall midday on the earth, hence

in this 8'18'1RA season, they avail not utterly to driveaway the
cold :

HEMANTA orearly winter,

* * * *

12. Here, under the pretence of writing a descriptive
account of the six seasons, I have
taken the opportunity of indulging
my vein for poetry, endeavouring to write something calculated
to please the fancy of men of literary taste.

138. Where is the man, whose heart is not captivated by
the ever sweet notes of accomplished poets, whilst they dis-
course on every subject with refinement and taste? or whose
heart is not enchanted by the blooming budding beauties of
the handsome willing fair one, whilst she prattles sweetly on
every passing topic :—or whose substance will she not secure
by her deceptive discourse ?

14. What man has not lost his heart by listening to the
pure, correct, nightingale-like notes of the genuine poets? or
who, whilst he listens to the soft notes of the water-swans on

Sweets of poetry.
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the shores of large and overflowing lakes well filled with_lotus
flowers, is not thereby excited ?

15. As holy pilgrims delight themselves, in the midst of
the streams of the sacred Ganges, in applying the mud and the
sparkling sands of its banks, and thus experience more than
heaven’s joys : so true poets lost in the flow of a fine poetic
frenzy, sport themselves in well rounded periods abounding in
displays of a playful taste.

End of Chapter XII.

CHAPTER XIII.

Containing useful questions called PRAS’NADHYAYA.

1. Inasmuch as a mathematician generally fails to acquire

Object of the Chapter and distinction in an assemblage of learned
its praise. men, unless well practised in answer-
ing questions,'I shall therefore propose a few for the enter-
tainment of men of ingenuity, who delight in solving all
descriptions of problems. At the bare proposition of the
questions, he, who fancies in his idle conceit, that he has
attained the pinnacle of perfection, is often utterly discon-
certed and appalled, and finds his smiling cheeks deserted of
their colour. :

2. These questions have been already put and have been
duly answered and explained either by arithmetical or algebraic
processes, by the pulverizer and the affected square, i. e.
methods for the solutions of indeterminate problems of the
first and of the second degree, or by means of the armillary
sphere, or other astronomical instruments. To impress and
make them still more familiar and easy I shall have to repeat a
few.
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3. All arithmetic is nothing but the rule of proportion :

Praiso of ingenious per- 80nd Algebra is but another name for
sons. ingenuity of invention. To the clever
and ingenious then what is not known! I, however, write for
men and youths of slow comprehension.

4. With the exception of the involution and evolution of
the square and cube roots, all branches of calculation may be
wholly resolved into the rule of proportion. It indeed assumes
many shapes, but it is universally prevalent. All this arith-
metical calculation denominated PATf caniTa, which has been
composed in many ways by the wisest of former mathema-
ticians, is only for the enlightenment of simple men like
myself.

5. Algebra does not consist in the letters (assumed to
represent the unknown quantities) : neither are the different
processes any part of its essential properties. But Algebra is
wholly and simply a talent and facility of invention, because
the faculties of inventive genius are infinite.

6. Why, O astronomer, in finding the AHARGANA, do you

add sAURA months to the lunar months

CHAITRA &c. (which may have elapsed

from the commencement of the current year): and tell me

also why the (fractional) remainders of ADEIMASAS and AvAMAs

are rejected : for you know that to give a true result in using

the rule of proportion, the remainders should be taken into
.account.

Question 1st.

7. If you have a perfect acquaintance with the Mrs'za or
allegation calculations, then answer
this question. Let the place of the
Moon be multiplied by one, that of the Sun by 12 and that of
Mars by 6, let the sum of these three products be subtracted
from three times the Jupiter’s place, then I ask what are the
revolutions of the planet whose place when added to or
subtracted from the remainder will give the place of Saturn ?

Question 2nd.
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8and 9. In order to work this proposition in the first
place proceed with the whole numbers
of revolutions of the several planets
in the KALPA, adding, subtracting and multiplying them in the
manner mentioned in the question: then subtract the result
from the revolutions of the planet given: or subtract the
revolutions of the given planet from the result, according as the
place of the unknown planet happen to be directed to be added
or subtracted in the question. This remainder will represent
the number of revolutions of the unknown planet in the xaLpa.
If the remainder is larger than the number from which it is
to be subtracted, then add the number of terrestrial days in a
KALPA, or if the remainder exceed the number of terrestrial
days in the KALPA, then reduce it into the remainder by dnndmg
it by the number of days in the KALPA.*

Ruik.

® BrA'SEARA’CHA'RYA himself has given the following example in his com-
mentary VA’SANA-BHA'SHYA

Suppose Moon to have 4 revolutions in a EALPA of 60 days

Bun,..ciaiee B iiiiiiiiitariiicnn et ienisnans

Mars, «cee0. B
Jupiter, .... 7
Saturn, ....

Then4><1+s><12+5x6_70md7 % 8=21.
As 70 cannot be subtracted from 21 add 60 to it = 81,
Subtract 70,

remainder 11:

let p = revolutions of the unknown pianet then by the question 11 — p =9
orll —9=2=p,
but1l 4 p=9%o0rp =9—11 =60 + 9—11=58
It thus appears that the unknown planet has 2 or 58 revolutions in the
EALPA.
Now let us see if this holds true on the 23rd day of this xaLPA s
2

revolutions signs
for Moon, if60 : 4 :: 23: 6 .. 120thisx 1=6 .. 129,
Sun, 60:8 :: 23: 1 .. 24 this)X12=9.. 18,
Mars, 60:56 :: 23:11 .. O thisx 6=6. O
signs 10 .. O subtracted
Saturn, 60 : 9 23: 6 .. 12
Jupiter, 60 : 7 23: 8 .. 6 thisX 8= 0.. 18 from
forp, 60 : 2 23 : 9 .. 6 thissub. from 2 .. 18 remainder

9.. 6

corresponding with Satarn, 5 .. 12
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10. The algebraicul learned, who knowing the sum of the
additive months, subtractive days
elapsed and their remainders, shall
tell the number of days elapsed from the commencement of
the kALPA, deserves to triumph over the student who is puffed
up with a conceit of his knowledge of the exact pulverizer
called sAM’SLISHTA united, as the lion triumphs over the poor
trembling deer he tears to pieces in play.

11.  For the solution of this question, you must multiply
the given number of additive months,
subtractive days and their remainders,
by 863374491684 and divide by one less than the number of
lunar days in a EALPA i. e. by 1602998999999, the remainder
will be the number of lunar days elapsed from the beginning
of the kALPA. From these lunar days the terrestrial days may
be readily found.*

Question 3rd.

RuLE.

s
‘orif, 60:58 :: 23 :2:24 Then2.. 24 added
to2.. 18

still gives Saturn’s place 5 .. 12

When p == 9 — 11, then as 11 cannot be subtracted from 9 the sum of 60
is added to the 9. The reason for adding 60 is that this number is always be
denominator of the fractional remainder in finding the place of the planets ;
for the proposition.

If days of KALPA : revolutions :: given days give : here the days of RALPA
are assumed to be 60 hence 60 is added.—L. W.

® [When the additive months and subtractive days and their remainders are
given to find the AHARGANA, ’
Let = 1602999000000 the number of lunar days in a KALPA.
e = 1569300000 the number of additive months in a KALPA.
d = 26082550000 the number of subtractive days in a KALPA.
A = additive months elapsed.
A’ = their remainder.
B == subtractive days elapsed.
B’ = their remainder.
a == the given sum of the elapsed additive months, subtractive days and
their remainders.
and & == lunar days elapsed ;

X
then say Asl:e::x:A+-l—;

B’
Asl:d::a':B-l-—-l—-;
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12. Given the sum of the elapsed additive months, sub-
tractive days and their remainders,
equal (according to BRAHMAGUPTA’S
‘system) to 648426000171 ; to find the amarcana. He who
shall answer my question shall be dubbed a  BRAHMA-sID-
DHANTA-VIT” 1. e. shall be held to have a thorough knowledge
of the BRAHMA-SIDDHANTA. *

Example,

A4 B A’ 4 B
oo Asl:et+d::z:A4 B4 ory 4

1/
o e dr=1ly+ A+ B, or(a+d)a:—ly.._A'+B’

=A+B
.*. by addition, (e-l- d)z—(l—l)y_A +B -|-A’+ B,
=a;
"by substitution, 26675850000 x — 1602998999999 y — a :
now let, 26675850000 2’ — 1602998999999 y' =

then we shall have by the process of indeterminate problems
z' = 863374491684.
Again, letm_e+ dandn=1—1,

then mT—ny =a; 1)
and ma:—-ng/...l
am.’c—any'_a,
and mnt—mnt=0:

o m@a’'—nt) —n(ay’ —mit)=a:
which is similar to (1) ;
S x=ax —nt
= 863374491684 a — (I — 1) ¢.
.Hence the rule in the text.—B. D.]

% Solution. The given sum — 648426000171 and t he lunar days in a KALPA
= 1602999600000 :

648426000171 K 863374491684
= 349241932336
1602998999999 and 10300 remainder :
10300 these are lunar days elapsed.

To reduce them to their equivalent in terrestrial days says
161 subtractive

Iflunar daysin| Number of sub-) ,  Lunar days a- [ = days and remain-
8 KALPA * tractive days * ' bove found * der  amounting
267426000000,

From 10300 Lunar days
subtract 161 Subtractive days
remainder 10139 Terrestrial days or AHARGANA.
Now to find additive months elapsed.
If lunar days} . additive months } . lunar days | _ 10 additive months and
in a KALPA * of KALPA * 710300 * remn, 381000000000.
10 additive months = 300 lunar days.
10300 — 300 = 100,00 sauRA days elapsed.
Hence 27 years 9 months and 10 days elapsed from the commencement of
xaLpA,—L. W.

s 2
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18 and 14. Given the sum of the remainders of the revo-
lutions, of the signs, degrees, minutes
and seconds of the Moon, Sun, Mars,
Jupiter, the s’faErRocHCHAS of Mercury and Venus and of
Saturn according to the pEfVRIDDHIDA, including the remainder
of subtractive days in finding the AHARGANA, abraded (reduced
into remainder by division) by the number of terrestrial days
(in a Yuga). He who, well-skilled in the management of
SPHUTA KUTTAKA (exact pulverizer), shall tell me the places of
the planets and the AHARGANA from the abraded sum just
mentioned, shall be held to be like the lion which longs to
make its seat on the heads of those elephant astronomers, who
are filled with pride by their own superior skill in breaking
down and unravelling the thick mazes and wildernesses which
occur in mathematical calculations.

15. If the given sum abraded by the number of terrestrial
days in a YUGA, on being divided by 4,
leaves a remainder, then the question
is not to be solved. It is then called a kHILA or an “‘impos-
sible’” question. If, on dividing by 4, no remainder remain,
then multiply the quotient by 293627208, and divide the
product by 394479375. The number remaining will give the
AHARGANA. If the day of the week does not correspond with
that of the question, then add this AHARGANA to the divisor
(394479375) until the desired day of the week be found.*

Question 4th.

Ruse.

# [According to the DHfVRIDDHIDA TANTRA of LALLA the terrestrial days in
a YUGA = 1577917600 and the sum of all the 86 remainders for one day =
118407188600968 : this abraded by the terrestrial days in a Yuaa = 259400968.

Let 2 = AHARGANA then say :

As 1 : 259400968 : : x : 259400968 X =

This abraded by 1577917500 the terrestrial days in 8 Yuea will be equal to
1491227500 the given abraded sum of the 36 remainders, now

let y == the quotient got in abrading 2569400968 & by 1577917500, then
259400968 2 — 1577917500 y == 1491227500,

It is evident from this that as the coefficients of # and y are divisible by 4, the
given remainder 1491227500 also must be divisible by 4, otherwise the question
will be impossible as stated in the text.

Honce, dividing the both sides of the above question by 4,

64850242 2 — 894479375 y = 872806876  «0 <o v aeoe (A)
aad let 64850242 o' — 394?479375 y’ = 1,;0 LT TR YR Y RV TIYY (B)
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16. Tell me, my friend, what is the AHARGANA when on a
Thursday, Monday or Tuesday, the
35 remainders of ‘the revolutions,
signs, degrees, minutes and seconds of the places of the
planets, (the Sun, the Moon, Mars, Jupiter and Saturn and
the s'faarocHCHAS of Mercury and Venus) together with the
remainder of the subtractive days according to the pmfvVRID-
DHIDA, give, when abraded by the number of terrestrial days
in a YUGA, a remainder of 1491227500.%

17. The place of the Moon is of such an amount,
Question 5th. that

Example.

The _mé_inutes + 10 = the seconds
the minutes — seconds 4+ 3 = degrees
the degrees .
— = signs.

. o’ = 293627203 by the processes of indeterminate problems.
Now let @ = 64850242, b = 8394479375, and ¢ = 372806875 ;
.. we have the equations (A) and (B) in the forms
ar—by=c:
and ez’ —by =1,
z=cxz — bt (see the preceding note)
= 293627203 ¢ — 894479375 ¢ :
as stated in the text.—B. D.]

# Solution. The given sum of the 36 remainders in a YU@a = 1491227500
according to the DH{VRIDDHIDA TANTRA.
. 1491227500 =~ 4 = 372806875 :
372808875 x 293627203 :
and .. = 247495471 and remainder 10000 i. e,
894479375

AHARGANA,

= 1428 — 4 remainder, i. e. 10000 == AHARGANA on a Tuesday, for

the Yuaa commenced on Friday,
This would be the AHARGANA on a Tuesday.
To find the AHARGANA on Monday, it would be necessary to add the reduced
terrestrial days in & Yu@aA to this 10000, till the remainder when divided by
7 was 3.
10000 - 894479375 X 2 788968750

7
Monday :
10000 + 394479375 KX 3 1183448126

= 112909821 — 3 remainder =

and = 169064017 — 6 remainder or =

7
Thursday.—L. W.
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And the signs, degrees, minutes and seconds together
equal to 130. On the supposition that the sum of these four
quantities is of this amount on a Monday then tell me, if you
are expert in rules of Arithmetic and Algebra, when it will be
of the same amount on a Friday.*

18. Reduce the signs, degrees and minutes to seconds,
adding the seconds, then reducing the
terrestrial days and the planet’s re-
volutions in a KALPA to their lowest terms, multiply the seconds
of the planet (such as the Moon) by the terrestrial days
(reduced) and divide by the number of seconds in 12 signs:
then omitting the remainder, take the quotient and add 1 to it,
the sum will be the remainder of the BHAGANAS revolutions.t

RuLz.

* Let £ = minutes
x 4 20

2

then

= seconds

x

4 3 = degrees.

&Z ——

z 420

+3

-—— = signs

2

r —

z 420 z 420
mdz+-2—-+z— > + 3 + =130

. # = 58 minutes.
58 + 22

2
58 — 39 4 8 = 22 degrees.

22
— =11 signs.
2

= 39 seconds.

Hence the Moon’s place =11s. .. 220 ,, 58’ .. 39"

+ The mean place of the Moon = 11s, .. 220 .. 58’ .. 39" = 1270719”
The number of seconds in 12 signs = 1296000.

Terrestrial days in 8 KALPA = 1577916450000} These divided by { 956313

1650000 become DRI-
Revolutions of Moon = 57753300000 DHA or reduced. 35002,
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19. The remainder before omitted subtracted from the
divisor will give the remainder of seconds: if that remainder
of the seconds is greater than the terrestrial days in a KALPA,
then the question is an “impossible one” (incapable of
solution and the planet’s place cannot be found at any sun-
rise) : but if less it may be solved. Then from the remainder
of the seconds the ABARGANA may be found (by the KUTTAKA
pulverizer as given in the LfL&AVAT{ and Bfsa-cANITA) O,

20. That number is the number of AHARGANA by which the
reduced number of revolutions multiplied, diminished by the
remainder of the revolutions and divided by the reduced
number of terrestrial days in the KaLPA, will bear no remainder.
The reduced number of terrestrial days in a ®aLPA should be
added to the AHARGANA such a number of times as may make
the day of the week correspond with the day required by
the question.

Now when the mean place of the Moon was sought, the rule was

As the Terrestrial 1  Revolutions in a Given days or .
days in a EaLPA, [ ° KALPA. }” AHABGA{M. } : Revolutions.

If any remainder existed, it, when multiplied by the number of seconds in
12 signs and divided by KALPA, terrestrial days gave the Moon’s mean place in
seconds. We now wish to find the BHAGANA-8'ESHA or the remainder of revo-
lutions, from the Moon’s given place in seconds : we must therefore reverse the
operation

Moon’s place in seconds X KALPA terrestrial days
or == BHAGANA-8'ESHA.
seconds in 12 signs

The terrestrial days, however,to be used, must to be reduced to the lowesy
terms to which it, in conjunction with the KALPA-BEAGANAS or revolutions in a
KALPA can be reduced : the lowest terms as above stated were of the terrestrial
days = 956313, of the Moon’s KALPA-BHAGANAS == 35002,

1270719 X 656313 1215205099047

= = 937658 quotient — remainder
12 1296000
331047.
937658 quotient
1 adding one

gives 937659 for the BHAGANA-8'ESHA.

The reason for adding one is, that we have got a remainder of 831047, which
we never could have had, if the original remainder had been exactly 937658, it
must have been 1 more. This is therefore added : but the remainder of seconds
may now be found—for it will be 12963000 — 331047 = 964953.

This remainder 964953 being greater than the terrestrial days reduced to
lowest terms, viz. 956313, the question does not admit of being solved.—L. W,
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21. If the Moon’s BHAGANA-S'ESHA or the remainder after
finding the complete revolutions admits of being divided by
1650000, without leaving any remainder, the question may then
be solved : the reduced BHAGANA-8 ESHA on being multiplied by
886834 and divided by 951363, then the remainder will give the
ABARGANA. The divisor should be added to this remainder
till the day of the week found corresponds with that of the
question.*

22. The mean place of the Moon will never be at any
sun-rise, equal to O signs, 5 degrees,
36 minutes and 19 seconds.

23. When will the square of the ApHIMA8A-8/ESHA remainder
of the additive months, multiplied by
10 and the product increased by one,
be a square : or when will the square of the ADHIMASA-8'ESHA
decreased by one and the remainder divided by 10 be a square ?
The man who shall tell me at what period of the xaLPA this

Impossible question.

Question 6th.

* [To find the AmARGANA from the Moon’s BHAGANA-8'ESHA.
t B == BHAGANA-8’ESHA,
= 1577916450000 terrestrial days in a XALPA,
= 57753300000 the Moon’s revolutions in a KALPA,
& == AHARGANA.

R R
Then,as T : M : : z: revolutions 4 —ory + —:
T T
A Mz—Ty=R

In this equation as M and T are divisible by 1650000, R must be divisible by
the same number, otherwise the question will be KHILA or *“impossible,”
stated in the text,

.. Dividing both sides of the equation by the number 1650000, we have
35002::—9563133/_3' orM'z—T y=DR':

Now let M'a’ — T’y =1 : or 35002 2’ — 956313y =1 : hence we have
x’ = 886834 ;
andz=R'« —T¢ (see the note on the verse 11th)

— 886834 B' — 956313 ¢&. Hence the rule in the text.

And as the reduced BEAGANAS'ES8HA == 937659 (see the preceding note) hence
937659 K 886834 — 831547881606 :

This divided by 956313 will give as quotient 869855 (i. e. f) leaving a re-
mainder of 257151 which shou!d be the AHARGANA, but as the BHAGANAS’ESHA
i. e, 937659 does not admit of being divided by 1650000 (the numbers by which
the terrestrial days were reduced) it ought to have been KHILA or insoluble
question: but BEASKARACHARYA here still stated this number to be the true
AHARGANA,—B. D.]
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will take place—will be humbly saluted even by the wise, who
generally speaking, gaze about in utter amazement and confu-
sion at such questions, like the bee that wanders in the bound-
less expanse of heaven without place of rest.

24. (In working questions of KUTTAKA pulverizer, the aug-

Remark on the preceding ment must be reduced by the same
question. number by which the Buisva dividend
and HARA divisor are reduced to their lowest terms, and when
the augment is not reducible by the same number as the
BHAIYA and HARA, the question is always insoluble.) But here,
in working questions of KUTTAKA, those acquainted with the
subject should know that the given augment is not to be
reduced, i. e. it belongs to the reduced BHATYA and mHARa,
otherwise in some places the desired answer will not be
obtained, or in others the question will be impossible.* -

* [The questions in the 23rd verse are the questions of the vARGA-PRAKRITI or
the affected square, i. e. questions of indeterminate problems of the second degree.

1st question. Let @ = the ADHIMABSA-8'ESHA :
then by question 10 22 4 1 =y, .

In such questions the coefficient of = is called PRAKRITI, the value of 2 Ka-
NISHTHA, that of the augment KsE%EPA and that of y J¥EsSHTHA,

Now assume y = m z + 1,

then 10 2% 4+ 1 = (m z 4 1)%,
=mia?*$2ma4l,
2m
10 — m?

Hence the rule given by BEAsKARACHARYA in his Algebra Ch. VI., verse VI,
for finding the KANISHTHA where the KSHEPA is 1, is “ Multiply any assumed
number by 2 and divide by the difference between the square of the number
and the PRAKRITI, the quotient will be the KANISHTE;A where the KsHEPA is 1.”

2m 2 x
Now assume m = 3, then ¥ = ———— = =
10 — m? 10—9

and .. y=~/10,a+1=~/ﬁ=19:
ADHIMAIA-8'ESHA = 6.

From two sets, whether identical or otherwise, of KaNISHTHA, JYESHTHA and
KsHEPA belonging to the same PRAKRITI, all others can be derived such as
follows.

Let @ = PRAKRITI, and

Ty ; & If. } the two sets of KANISHTHA, JYESHTHA and KSHEPA, then
Ta5Y2> 3

we have azt+ b, =yi;

axh + by =y%:

bl =y ? —a ‘r? ’

b, =y2 —axi:

T

.
o
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25. Tell me, O you competent in the spheric, considering
it frequently in your mind for awhile,
what is the latitude of the city (A)
which is situated at a distance of 90° from visavinf, and bears

Question.

ad.s. B, Xxb,=(yi—a2?) (y3—axi),
=y2yt —azdyl —azxiyl +az}z};
s aatyldaziyd 4 b by=ylyl 4 otatai:
adding +2azx, r, ¥, ¥, to both sides
azlyit?az,r,y,y;+aziyit b, by =ylyit? az, 1.9,9,+ a2z
or “(-‘f.yzi-"zyx)2+b.bs=(.'/.yni“-".-"a)2=
thus we get a new set of KANIFTHA, JYESHTHA and KSHEPA :
i. €. Dew KANISHTHA =T, yo £ 2, ¥, ;
new JYESHTHA = Y, Yo 4 G T, T3 3
and new KSHEPA = b, b, :
Hence the Rule called BHAVANA given by BHASKARACHARYA in his Algebra
Ch VL verses III. & IV.
Now in the preseut question
z,=6,y, =19and b, =1,
aund also 2,=6,y,=19and b, =1 :
.. new KANISHTHA = 6 X 721 4 228 x 19 = 4326 4- 4332 — 8658 ;
new JYESHTHA = 721 X 19 + 10 X 6 x 228 = 13699 + 13680 =17379 ;
and new KSHEPA =1 X 1=1.
Thus & = 8658 &c., according to the Bhavana assumed.
The second question is .
a*—1

=y,
10
or =10y 41,
Here then we have an equation similar to the former one, but z? is now be
in the place of y? and y? in the place of a2,
z willbe =19,
or =721 &e.
Now given ADHIMASA-SESHA as found by the first case = 6. The proportion
by which this remainder was got, was
if KALPA S8AURA days : KEALPA-ADHIMASAS : :  or elapsed 8AURA days
6

Yy + .
KALPA 8AURA days
.*, KALPA-ADHIMASAS % & == KALPA SAURA days X y + 6
KALPA-ADHIMABAS X & — 6
or y= .
KALPA SBAURA days

From this we get a new question: “ What are the integer values of z and
y in this equation ?” which question is one of the questions of XUTTAKA and in
which the coefficient of the unknown quantity in the numerator is called BHAIYA
or dividend, the denominator HARA or divisor and the augment KSHEPA.

It is clear that in this equation, if the augment be not divisible by the same
number as the dividend and divisor, the values of # and y will not be integers,
and hence the question will be insoluble. But here in order that no question
should be insoluble, the author has stated that the dividend and divisor
should always be taken, reduced to their lowest terms, otherwise the question
will be insoluble.

As in the present question, if the dividend kxALPA-ADHIMASAS and the divisor
KALPA 8AURA days be taken not rcduced to their lowest terms, i. e, not divided by




XIII. 25.] Siddhdnta-s'iromant. 243

due east from that city (visavfnf) ? What is the latitude of
the place (B) distant also 90° from the city (A) and bearing
due west from it? What also is the latitude of a place (C)
also 90° from (B) and bearing N. E. from (B): and of the
place (D) which is situated at a distance of 90° from (C) and
bears S. W. from (C) ?*

the number 300000, the question will be an impossible one, because the augment
6 is not divisible by the same number. For this reason the dividend and
divisor must be taken here reduced to their lowest terms.
1593300000
Hence, dividend — reduced KALPA-ADBIMASAS = ————— = 5311 ; and
300000

1555200000000
divisor = reduced KALPA 8AURA days = —————— = 5184000 .
300000
6311z — 6 R
»» By substitution, y = — ,
5184000

which gives x = 826746 the elapsed saURA days
or 2276 years 6 months and 6 days.—B. D.]

* Let @ = the azimuth degrees,
d = the distance in degrees between the two cities,
p = PALABHA’ at the given city,
k = AKSHA-KARNA,
and x = the latitude of the other city.

sin d X cos @ cosdxp) 12

Then sin 2 = =+ —
Rad 12 k

Now in the 1st question, a = 90°, d = 90°, p = § digits, the PALABHA’ at
UJJAmi, and k= /122 + 52 —13:

3438X 0 O0X5 12
sma:_( _—-)x——-;
12 13
=(0+4+0)%X }§=0:
s=0= latntude of (A) or of YAMAKOTI.

(2) In the second question, & = 90° d = 90°, p = 0 digits at YAMAKoTI,
and .. k =12:

438)(0 0)(0 12
R uuz—-C ) X —
38438 12

=(0+0) =
o 2=0 ) Latitude of city (B) or LANEA.

(3). In the 3rd question, s = 45° d =90° p =0 at LANEL and £ = 12:

3438 ¥ 2431 0 X0 12
o ginz —( ) X —
8438 12 12

= (2431 4 0) X 1=2431:
T 2
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26 and 27. Convert the distance of Yosanas (between the
two cities, one is given and the other
is that of which the latitude is fo be
found,) into degrees (of a large circle), and then multiply the
sine and cosine of these degrees by the cosine of the azimuth
of the other city and PALABHA at the given city, and divide the
products by radius and 12 respectively. Take then the differ-
ence between these two quotients, if the other city be south
of east of the given city ; and if it be north of that, the sum of
the quotients is to be taken. But the reverse of this takes
place, if the distance between the cities be more than a quarter
of the earth’s circumference. The difference or sum of the
quotients multiplied by 12 and divided by AxksHAKARNA will
give the sine of the latitude sought.*

RULE.

. = 46° Latitude of city (0).

(4). In the 4th question, a=45° d=190° p=12 at C and .. k =

12,/73;

3438 X 24P°® \/—2 0X12 12

o, sinx = ( ~ ) XT—7=3
3438 12 124/ 2
3438 \/_ ) 1 3438 .
=f — QN0 T o =—;
2 ATy
o = 30° Latitude of D.—L. W.

* (Let Z be the Zenith of the =
given city bearing a north latitude, K
Z HN G the Meridian, G A H
the Horizon, P the north pole, 8
the Zenith of the other city, the
lIatitude of which is to be found »
and Z 8 N the azimuth circle pass- ;
ing through 8. Then the arc Z 8
(which is equal to the distance in |
degrees between the two cities) willq HH
be the Zenith distance of S; the A 4
arc H @, the arc containing the
given azimuth degrees, and 8 4
which is equal to the declination of g
the point 8, the latitude of the
other city which can be found as
follows.

Let a = H g the given azimuth oo
degrees,

d = Z 8 the distance in degrees between the two cities,
== PALABHA,
k — AKSHA-KARNA
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28. Tell me quickly, O Astronomer, what is the latitude
of a place (A) which is distant § of the
earth’s circumference from the city of
DpHARL and bears 90° due east from it ? What also is the latitude
of a place distant 60° from puARL, but bearing 45° N. E. from
it? What also is the latitude of a place distant 60° from pu{r
and bears S. E. from it? What also are the latitudes of
three places 120° from DpHARL and bearing respectively due
east, N. E., and S. E. from it 7*

Question.

and  z =85 the declination of the point 8 i. e. the latitude of the other city.
Then say, As sine Zg: sine A g:: sine Z S: the BHUJA i. e. the sine of
distance from 8 to the Prime
Vertical.
or R:cosa ::8ind: BHUJA
cos a sin d
.~ BHUJA = ——

R
And by similar latitudinal triangles, 12 : p : : cos d : 8'ANKUTALA,
P KXcosd
+*. ANKUTALA == ——r,

12
Now when the other city is north of east of the given city, it is evident that
the BEUJA will be north and consequently
the sine of amplitude = BHUJA < 8’ANKUTAIA :
but when the other city is south, the BEUJA also will be south and then, the
sine of amplitude = BHUJA " & mxvmm,
cos a ¥ sin dtpcosd

R 12

or the sine of amplitude =

And by latitudinal triangles
k : 12 : : sine of amplitude : sine of declinatien i. e, sin z

cosaXsind p x cosd
12 ( + )
12 X sine of amplitude R 12

sosine = = ,
k k
hence the rule in the text.
If the distance in degrees between the two ocities be more than 90°, the point
8 will then lie below the Horizon, and consequently the direction of ’the BEUIA
will be changed. Therefore the reverse of the signs r will take place in that

case.—B D.]

—_— X —.
R 12 k
1.) In the first questxon, a = 90°, d = 60°, p =5 digits the pPaLABHA of
g
DHARA and .. ¥ =13.

2977 X 0 1719 % 5 12
sm:c._( )X—;

sindX cosa cosdXp 12
* Here also sin = + )

3438 12
1719 x5 2 8595 9
X — = — =662 —:
12 13 13 13
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29. Tell me, my friend, quickly, without being angry with
me, if you have a thorough knowledge
of the spheric, what will be the pPALABHA
of the city where the Sun being in the middle of the ArRDRL
NAKSHATRA (i. e. having the longitude 2 signs 13° 20') rises in
the north-east point.*

o & =11°..15'..1” Latitude of city due east from DHAEBA.

Question.

(2). In the 2nd equation, a = 45°, d =60°% p =5 & .. ¥=13:
) (2977 X 2431 1719 x 5) 12
oo o sinz=

X X —;
3438 12 13
19399109 1913

= —— =2 —_—

7449 7
.~z ==49° .18',, 24" Latitude of city bearing 45° N. E. from DHARA.

(3). In the 8rd question, a = 45° d = 60° p =5 and ¥ = 13.
(2977 K 2431 1719 x 5) 12
n

X =

o 8in 2z =
13

7449 7449
». @ =210.. 54.. 34" Latitude of city bearing the S, E. from DHARA.

(4). To find latitude of place 120° from DHARA and due east. Here, sin
d =sin 120° = sin 6(° = 2977, cos d = cos 1200 = — sin 30° = — 1719
cosa=0,p=>5and ¥13:

29770 1719 X 6 12
o, 8ln 2 = ( =+ X —3
3438 12 13

9
=662 —:

13
.  or latitude = 11°..15".. 17,

The latitudes of the places 120° bearing N. E. & 8. E., will be the same as
the latitudes of those places distant 60° and bearing 8. E & N. E. Hence the
latitudes are 21° . 54’.. 34" and 49° 18’ 24”.—L. W.

* Ansr. Sun’s amplitude = sine of 46° = 2431/,
the sine of longitude of middle of ARDRA = sine of 2 signs 13° 20’ = sin 73°

20" = 3292'..6" 40"
and the sine of the Sun’s greatest declination = sin 24° = 1397’,

Then say: As Rad:sin 24°:: sin (78° 20’) : sine of declination, and as
sine of amplitude : sine of declination : : Rad : cos of latitude,

.. sine of amplitude : sin 24 : : sin (73° 20’) : cos of latitude.

sin 24° x sin (730..20) 1397/ X (3292°..6"..40")
.. cos of latitude = ——— —————-— =
sine of amplitude 2431/
= 1891’ 50’ 48"’ — sine of 33" 23’ 37":

whence latitude will be 56° 36’ 23/ .-, sine of latitude = 2870’ 18",

Then say : As cos of latitude: sine of latitude : : Gnomon : equinoctial shadow

1891’..51” : 2870° 13”7 :: 12

12 x (2870'..13") 13
—_— = 18 — digits.—L. W.

1891/ 61/ 60

.*. equinoctial shadow =
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80. Tell me the several latitudes in which the Sun remains
above the horizon for one, two, three,

tion. )
Question, four, five and six months before he

sets again.* :

31. If you, O intelligent, are acquainted with the resolu-
tion of affected quadratic equations,
then find the Sun’s longitude, observ-
ing that the sum of the cosine of declination, the sine of decli-
nation, and the sine of the Sun’s longitude: equal to 5000 is
(the radius is assumed equal to 3438.)

82. Multiply the sum of the cosine of declination, the sine
of declination, and the sine of Sun’s
longitude by 4, and divide the product
by 15, the quotient found will be what has been denominated
the £pva. Next square the sum and double the square and
divide by 837, the quotient is to be substracted from 910678.
Take the square-root of the remainder. That root must then
be subtracted from the aApyA above found : the remainder will
be the declination, when the radius is equal to 3438. From
the declination the Sun’s longitude may be found.t

Queetion.

RuiE.

® Ansr. When the Sun has northern declination he remains above the
horizon for one month in 67° N. L.
two months in 69°
three months 73¢
four months 78°
five months  84°
six months 90°
These are roughly wrought for BraskaRACHARYA'S rule for finding these
Latitudes see the TRIPRAR'NADHYAYAS of the GOLADHYAYA and also the GaNITA-
DBYAYA —L. W.
+ [Let a = the given sum,
p = the sine of the Sun’s extreme declination
x = the sine of the Sun’s declination.

Then the cosine of declination ‘will be .\/ R?—2% and the sine of the Sun’s
Rz
longitude = ——:

p
b Rz
. by question . /pz_ 3 f+ 24+ — =a:
p
or P A//R—a'+ R +p)ez=ap,

and P yfR—zP=ap— R +p)a;

REp:—pilat=a?p?*—2ap (B + + (R24 2R 2) a2 ;
RIS St et § itk Gl sl il 3 ARl
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33. Given the sum of the sines of the declination and of the
altitude of the Sun when in the prime
vertical ; the TADDHRITI, the KUJY{ and
sine of amplitude equal to 9500, at a place where the PALABHA

Question,

2ap (R +p) (¢ —R?) p*
or z? — r=— s
R*+2Rp+2p° R'+2Rp+2p°
. 2ap (R +p) a*p’ R+p)?
completing the square, z* —
R’+2RP+2P (R’+2Rp+2p=)t
a’p’ (R +p)? (@®*—RY)p

T (R4 2Rpf2pYt R’+23f+2p
__ By’ +2R’p +2Ript —atpt

(R4 2Rp + 2 )
R2p2

a? ps

_B'+2Rp+2p (RP+2Rp+2p00

ap (B +p) J a? pb
o & - —— e .
B 42Rpt2p R*+2Bp+2p (R 42Rpt2p0)*

ap (R +p) i e
orzr= +J Rp? — ar .
R*+2Rp+2p° R'+2Rp+2p° (R'+2Rp+2pY)°?

Now here R = 3438 and p = 1397,
ap @R+ p) ap (B +p) ax 1397 X 4836 67344954

. — —_—

R t2Rpt2p (B4p) 7 +pt (48354 (1397) ¢ 25928834
4

— a nearly = ADYA ;
15

a? p* 3808777688881 a® 2a*
= —— nearly;
®B? + 2 R p +2p%?  641540831799556 837
23067713928996
and =910729, in place of this the Au.
R*42Rp+ 25 25328834

thor has tnken the number 910678

but of these, the positive value is excluded by the nature of the case, because
the sine of declination is always less than 1397.
Hence the Rule in the text.

Solution. The given sum = 5000,
65000 x 4

15
.. sine of declination = 1333 20" — o /910678 — 148367’ 57' 9’
= 1333’ 20" — 873/ 6/ 13/
== 460’ 13"’ 477’ : {rom which we have the longitude of
he Sun = 0s,.19°..14’ 367 or 5. 10°..45/ 24’ or 6 19° 14'..36/ or
11..10°.. 45/,, 24".—B. D.]

= 1333’ 20” and g% a® = 148367’ 57/ 9."”
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or equinoctial shadow is 5 digits, tell me then, my clever
friend, if quick in working questions of latitudinal triangles
and capable of abstracting your attention, what are the separate
amounts of each quantity ?

34. First assume the sine of declination to be equal to
12 times the shadow pALABHA: and
then find the amounts of the remain-

ing quantities upon this supposition. Then these on the sup-
position made, multiplied severally by the given sum and divided
by their sum on the supposition made, will respectively make
manifest the actual amounts of those quantities the sum of
which is given.*

85. If you have a knowledge of mathematical questions
involving the doctrine of the sphere,
tell me what will be the several amounts
of sines of amplitude, declination and the kKusY{ (where the
PALABHS is 5 digits) when their sum is 2000.+

RuLE.

Question,

® Solution. Here PALABEA = 5 digits

.*. Suppose the sine of declination =56 X 12 = 60:
and then say. If PALABHA : AKSHAEKARNA : : sine of decln. : sAMA 8'ANKT
13X 60
. or 5 : 13 :: 60 : BAMA 8'ANRU =- =156,
5
156 X 13
Gpomon : AKSHEAKARNA : : SAMA 8’ANKU : TADDHRITI == — =169,
12
60 X 5
o 12 : PALABHA' : : sine of decln. : XUIYA = =25,
12
60 %13
and 12 : AKSHAEARNA : : sine of decln. : sine of amplitude =- =65.

.~ If the sum : sine of decln. supposed : : given sum : sine of decln. required.

or 475 : 60 :: 9500 : 1200.
If 475 : 156 :: 9500 : 3120 saMA 8'ANKU required.
and so on 3380 TADDHRITI
500 KUIYA
1300 sine of amplitude.
Ansr,
L W.

+ Solution. Here also PALABHA = 5,
then suppose sine of declination as before = 60,
and .-, sine of amplitude = 65,
and KUJYA = 25,
the sum = 150,
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36. But dropping for a moment those questions of the
SIDDHANTAS involving a knowledge of
the doctrine of the sphere, tell me, my
learned friend, why in finding the point of the ecliptic rising
above the horizon at any given time, (that is the raeNA or
horoscope of that time,) you first calculate the Sun’s apparent
or true place for that time, i. e. the Sun’s instantaneous place :
and further tell me, when the Sun’s sAvaNA day, i. e. terrestrial
day, consists of 60 sidereal GHATIKAs and 10 PALAs, the LAGNA
calculated for a whole terrestrial day should be in advance of
the Sun’s instantaneous place, and the LaeNA calculated for the
time equal to the terrestrial day minus 10 paLAs should be
equal to the Sun’s instantaneous place.

87. Are the GHATIKAS used in finding the LAGNA, GHATIKAS
of sidereal or common s{vANA time? If they are s{vana
GHATIEAS, then tell me why are the hours taken by the several
signs of the ecliptic in rising, i. e. the RAs'yuDAYA which are
sidereal, subtracted from them, being of a different denomina-
tion? If on the other hand you say they are sidereal, then
I ask why, in calculating the raaNa for a period equal to a
whole s{vana day i. e. 60 sidereal cHATIEKAS and 10 PALAs, the
LAGNA does not correspond with, but is somewhat in advance
of, the Sun’s instantaneous place; and then why the Sun’s
instantaneous place is used in finding the LAGNA or horoscope.*

38. Given the length of the shadow of gnomon at 10 earfs
after sun-rise equal to 9 digits at a
place where the paLABEA in 5 digits:
tell me what is the longitude of the Sun, if you are au fait in
solving questions involving a knowledge of the sphere.t

Questions,

Question.

Then say as before
as 1560 : 60 :: 2000 : 800 sine of declination,
a8 150 : 656 :: 2000 : 8663 sine of amplitude,
as 1560 : 25 :: 2000 : 833% xusya—L. W.

Ch. [ll;or a]nswers to these questions see the note on the 27th verse of the 7th
.—~B. D.

+ [For solving this question, it is necessary to define some lines drawn in the
Armillary sphere and shew some of their relations.
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89. Tell me, O Astronomer, what is the paLABHL at that
place where the gnomon’s shadow fall-

Question, . .
. ing due west is equal to the gnomon’s
-
»
e — £
(L ANC .
e
[

Let BOD E be meridian of the given place, C A E the diameter of tha
Horizon, B the Zenith, P and Q tne north and south poles, B A D the diameter
of the Prime Vertical, F A G that of the Equinoctial, P A Q that of the six
o’clock line, H f L that of one of the diurnal circles, s the Sun’s projected place
in it and f'4, & m, H » perpendiculars to C E. Then

B F or E P = the latitude of the place,

A f = the sine of the Sun’s declination,

A g = aGRa or the sine of amplitude,

fg= xusya’. (Itis called cHARAIYA’ or sine of the ascensional difference
when reduced to the radius of a great circle.)

Js=xaAra’. (It is called s6TRA when reduced to the radius of a great circle.)

& g = 1sHTA HRITL. (It is called TADDHRITI when s is at e, HRITI when s is
at H and KuJYA when s is at f))

The 18HTA HRITI reduced to the radius of a great circle 18 called 18HTA ANTYA',
but & coincides with H, it is called aNTYA’ only.

It is evident from the figure above described that

(1) 18ATA HRITI = KALA’ &+ XUJIYA,

(2) 18HTA ANTYA' == 8(TRA + CHARAJYA',

(3) BRITI = DYUJIYA’ or cosine of declination & KUJYA’,

(4) ANTYA’ = radius = CHARAJYA'.

Here the positive or negative sign is to be taken according as the Sun is in
the northern or southern hemisphere.

U 2
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height when the Sun is in the middle of the sign Leo, i. e.
when his longitude is 4 signs and 15 degrees.*

Now at a given hour of the day, the IsETA HRITI and others can be found
as follows,

Half the length of the day diminished by the time from noon (or the NaTA
XA'LA properly 8o culled) is the UNNATA KALA (or elevated time). Subtract from
or add to the UNNATA KA’LA the ascensional difference according as the Sun is
in the northern or southern hemisphere: reduce the remainder to degrees: the
sine of the degrees is 8GTRA. The s(TRA multiplied by the cosine of declination
and divided by the radius gives the Kara’. Then from the above formule we
can easily find the I1sHTA HRITI and others.

Now to find the answer to the present question. .

8quare the length of the Gnomonic shadow and add it to the square of the
Gnomon or 144 : and square-root of the sum is called the hypothenuse of the
shadow. From this hypothenuse find the MAHA'S'ANKU or the sine of the Sun’s
altitude by the following proportion.

As the hypothenuse of the shadow

: Gnomon or 12

:: Radius

: The MaHAS'ANEU or the sine of the Sun’s altitude.

Then by similar latitudinal triangles,

as the Gnomon of 12 digits K

: AKSHA KARNA found from given PALABHA’

:: MAHAS'ANKU

: ISHTA HRITI (see verses from 45 to 49 of the 7th Chapter).

Reduce the given UNNATA EA’LA to degrees and assume the sine of the de
a8 ISHTANTYA (for this will always be very near to the 18ETA'NTYA). Then

cosine of declination = ISHTA HRITI
" Radius ISHTA’NTYA

From this the cosine of declination will nearly be found, and thence the
declination and ascensional difference can also be found. From the ascensional
difference, just found, find the 18ETA’NTYA’ of two kinds, one when the Sun is
supposed to be in the northern hemisphere and the other when the Sun is
supposed to be in the southern hemisphere. Of these two ISHTANTYA’S that is
nearly true which is nearer to the rough 18HTA'NTYA’ first assumed (i. e. the sine
of the UNNATA XA’LA). From this new IsHTA'NTYA’ find again the declination
and repeat the process until the roughness of declination vanishes. From the
declination, last found, the longitude of the Sun can be found.—B. D.]

* The hypothenuse of the shudow is first to be found. Then say
As hypothenuse of the shadow

: Gnomon

:+ Rad

: the MAHA' 8'ANKU or the sine of the Sun’s altitude.

Here we shall find sine of 45°. This is the saMa 8'ANKU.

It is 2431’ signs

8ine of declination of the Sun when in 4 .. 150 = 987" 48"

.~ 2431 * — 987 .. 48" *= (TADDHRITI — KUJYA’)?

or 5909761 — 975749 .. 9 = 4934011  51.

.*. TADDHRITI — KUJYA' = _,\/4934011 . 51 =2221".. 15"

Here we have 3 sides of the latitudinal triangle consisting 8AMA 8°ANKU,
declination and TADDHEITI — KUJYA’. Hence we may find the latitude.

Then by similar latitudinal triangles
As TADDHRITI — EUJYA’ 2221’ . 15’

: sine of declination 987’ .. 48"

:: Gnomon 12

: PALABHA' 5} digits.—L. W,
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40. When the Sun enters the prime vertical of a person
at UIIAYINf either at 5 eHATIS after
sun-rise or 5 GHATIS before or after

midday, what are his declinations ? If you will answer me this
I will hold you to be the sharp ANEUS'A (goad) for the guidance
of the intoxicated elephants, the proud astronomers.*

Question,

* Tirst of all assume H N the Tap-
DHRITI = sine of the given eclevated
time that is = sin 30°. From this
find the 8’ANKU or the sine of altitude
by similar triangles, ,

If ARSHA EaBNA or hypothenuse of
equinoctial shadow.

: Gnomon 12

¢ : TADDHRITI

12 Y TADDHRITI

13

: BAMA 8'ANKU =

D ON
From O N, to find O B the sine of declination say
PALABHA’ X O N .
88 AKSHA KARNA : PALABHA’: : ON: O B= ————-——— =—=sine of de-
13

clination.

From O B we may now find the longitude of the San and O D the ascen-
sional difference: Now deduct this nascensional difference from the sine of
elevated time converted into degrees. Hence

CD—OD=CO.

Now reduce C O to terms of a small circle on the supposition that the Sun
has the declination now found.

As Rad : C O :: cosine of declination : N B.

Now find also B A by the same proportion.

Then N B 4+ B A = N H’a new value of TADDHRITI.

IFH N :gave O B:: H N’: O B’ corrected value of O B.

Hence a corrected longitude of the Sun,

The operation to be repeated till rightneas is found.

2nd.—To find the declination from the NATA EA’zA or time from noon =
sin 30°,

Let a == the sine of NATA KA'zA : R? — a® == s(TRA?%

and z = the sine of declination : R? — 22 = cos? of declination,

The stTrA reduced to value of diurnal circle will give KALA’

The proportion is. As R : 80TRA : : cos of declination : KATA’,
but I do not know what cos of declination is but only its square,

I must therefore make this proportion in squares
(B* — a?) (R? — &%)

As R?: 86rRa? : : cos? of declination : KaLa| = ——

R2
Now hy similar latitudinal triangles
As 127 * : PatapEa’) ¥ :: Xala) ? : sine? of declination

PALABHA) | ___ . 25 (R*—a?) (R?—27)
.. sinc? of declination = —1—_2,—1—1‘— xxama) '= ™ --——'B;

=a
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41. In a place of which the latitude is unknown and on
a day which is unknown, the Sun was
observed, on entering the prime ver-
tical, to give a shadow of 16 digits from a gnomon (12 digits
long) at 8 emATIKAS after sun-rise. If you will tell me the
declination of the Sun, and the paLaABEA I will hold you to be
expert without an equal in the great expanse of the questions
on directions space and time.*

42. O Astronomer, tell me, if you have a thorough know-
ledge of the latitudinal figures, the
paLABHA and the longitude of the Sun

Question,

Question.

Now R? —a* — 8864883
25 (R? — a?) = 25 x 8864883 — 221622076
and 144 R? = 144 (3438)* = 1702057536

221622075 (R? — %)

1702057536
1702057536
B! — o' = ——— —— 2* = 7§ 2? nearly
221622075

3 R?
o 262 =8 R?: 2? — —— = 1363828
26

and z = 4 /1363828 = 1167’ = sine of 19° .. 61’
Hence the Sun’s place may be found.—L. W.

# To find the sine of altitude or MAHA’ 8’ANKT

(16)* 4 (12)% = (20)* ... hypothenuse of the shadow = 20.
Then sa
As 20: 12 :: 8438’ : 2062/ .. 48” — the MAHA' 8’ANKU.

Now suppose the sine of UNNATA EA’LA or 8 GHATIEA'S to be the TADDHRITI
= 2665.

Then by similar triangles

2655’ X 12

2062’ .. 48” : 2656’ : : 12 : AKSHA EABNA == =

20623

From this find the PALABHA',

To find declination says

As AKSHA EARNA : PALABHA' : : 2062’ .. 48" :sine of declination.

From this find the cosine of declination, the XKUJIYA, the ascensional difference,
&c. The UNNATA KALA diminished by the ascensional difference gives the time
from 6 o’clock : the sine of this time will be the s(GTRA and hence the KALaA :
thence (RUIYA’ being added) the TADDHRITI : and thence the ARSHA XARNA and
declination. The operation to be repeated till the error of the original assump-
tion vanishes,—L. W,
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at that place, where (at a certain time) the Kus¥& is equal to
245 and the TADDHRITI is equal to 8125.%

43. Given the sum of the 38 following quantities, viz. of the
sines of declination, and of the alti-
tude of the Sun (when in the prime
vertical) and of the TapDHRITI decreased by the amount of the
KuJY& equal to 6720, and given also the sum of the xusvx, the
sines of amplitude and declination (at the same time) equal
to 1960. I will hold him, who can tell me the longitude of
the Sun and also PALABEL from the given sums, to be abright
instructor of astronomers, enlightening them as the Sun makes
the buds of the lotus to expand by his genial heat.t

Question,

® Ansr, Let 2 = the PALABHA

2940
then say. As a:12:: 245 : sine of declination = — .
&

Now find the TADDHRITI mints KUIYA .

2940 85280
Asz: 12: : —— : TADDHRITI — KUJYA == ——— ,

x x?

But TADDHRITI — KUJYA == 3125 — 245 — 2880.

5280 35280 49
v 2880 = ——and 2 = —— = —

x? 2880 4

. & == ] == 8} PALABHA,

To find declination say
As 3% : 12 :: 245 : 840 sine of declination,
Hence the longitude of the Sun may be discovered as before.—L. W.
+ This question admits of a ready solution in consequence of its peculiarities,
The sine of declination
BAMA s’uxug = 6720
and TADDHRITI — EKUJYA
are all three respectively perpendiculars in the three latitudinal triangles,
And the KUJYA
the sine of amplitude ; = 1960
and the TADDHRITI — KUJYA
are bases in the same 3 triangles.
Hence we may take the sum of the 3 perpendiculars and also the sum of the
three bases and use them to find the PALABHA.
As the sum of the } sum of the 3 bases Gnomon PALABHA
8 perpendiculars § in the same triangles
1960 x 12

- = 8%,
6720

Now the KUJTYA, sine of amplitude and sine of declination are the three sides
of a latitudinal triangle. These three I may compare with the threo Gnomon,
PALABHA and AKSHA KARNA to find the value of any one.

6720 s 1960 i 12
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44. Given the sum of the sine of declination, sine of the
Sun’s altitude in prime vertical and
the TADDHRITI minus KUIYA equal to
1440°, and given also the sum of the sine of amplitude, the
sine of the Sun’s altitude in prime vertical and the TADDHRITI
equal to 1800°.- I will hold him, who having observed the
given sums.*

45. Given the equinoctial shadow equal to 9. 'What longi-
tude must the Sun have in that lati-
tude to give an ascensional difference
of three gaaTIs? I will hold you to be the best of astrono-
mers if you will answer me this question.t

46. Hitherto it has been usual to find the length of the
Sun’s midday shadow, of the shadow
of the Sun when in the prime verti-

Question,

Question,

Question,

But the AXsHA XARNA must be first found to complete thg sum of those three.
AESHA KAR A—~/(12”+(§)"— 415=%2
NA = 4/ (12) = 3 2
Gnomon = 12
PALABIOA = 34 } = 28 sum of the 8 sides of a latitudinal triangle.
AKSHA KARNA = 12}

Now if 28 : 12 :: 1960 : 840 the sine of declination.

Hence the place of the Sun as before.—L. W.

® This question is similar to the preceding.

In the first sum we have the sum of three perpendiculars in three different
latitudinal Triangles. In the second we have the sum of the three Lypothe-
nuses of those same three Triangles. Hence we may say.

sum 3 per. sum of 3 corresponding hy. Gnomon AKSHAKARNA
As 1440 1800 : 12 15

Now from AXKSHA EKARNA to find mmnm(

PALABHA = \/(15)"—(11)" = ~/81 =9.

Now sgine of amplitude, sine of the Sun’s altitude in the Prime Vertical, and
the TADDHRITI are the three sides of a latitudinal.—L.

+ Let x — sine of the Sun’s declination.
then12: 9:: z: RUIYA =14} =,

Again o /R*—2* = cosine of declination.

Then as R s cos of declination : : sine of ascensional differce. : XxUJYA

Sine of ascensl. diffce. or cuwum = sine of 3 GHATIS = sin 18° = 1062",

cosin of decln. KX CHARAJYA

= RUJYA

R

/B2 x 1062

or =3z

R
Hence may be found the sine of the Sun's decln. and thence his longi-
tude.~L. W,
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cal, and when in an intermediate circle (1. e. when he has ‘an
azimuth of 45°) by three different modes of calculation: now
he who will by a single calculation tell me the length of these
-three shadows and of the shadows at any intermediate points
at the wish of the querist, shall be held to be a very Sun on the
Earth to expand the lotus-intellects of learned astronomers.*

#® [Here the problem is this :—Given the Sun’s declination or amplitude,
tEequuinootial shadow of the place and the Sun’s azimuth, to find the Sun’s
shadow.

For solving this problem BuAskarAcHARYA has stated two different Rules
in the GANITADHYAYA. Of them, we now shew here the second.

¢ Multiply the square of the Radius by the square of the equinoctial shadow,
and the square of the cosine of the azimuth by 144. The sum of the products
divided by the difference between the squares of the cosine of the azimuth and
the sine of the amplitude, is called the PRATHAMA (first) and the continued
product of the Radius, equinoctial shadow and the sine of the amplitude
divided by the (same) difference is called the ANYA (second). Take the square-
root of the square of the ANYs added to the PRATHAMA : this root decreased
or increased by the ANYA according as the Sun is in the northern or southern
hemisphere gives the hypothenuse of the shadow (of the Sun) when the Sun
is in any given direction of the compass,”

“But when the cosine of the azimuth is less than the sine of the amplitude,
take the square-root of the square of the anya diminished by the PraTHAMA:
the ANYA decreased and increased (separatcly) by the square-root (just found)
gives the two values of the hypothenuse (of the Sun’s shudow) when the Sun
i8 in the northern hemisphere.”

This rule is proved algebraically thus.

Let a = the sine of amplitude,

A = the sine of azimuth,
e == the Equinoctial shadow,
and & == the hypothenuse of the shadow when the Sun is in any given direc-
tion of the compass,

Then say
12 R
asx: 12 :: R: the MauA 8’ANKU or the sine of the Sun’s altitude == —-—
z
—ZiRy R
and .°. the sine of the Sun’s zenith distance = / R’—-(l—é—) =— ~/ 27 —144.
x

12 R eR
Now, a8 12 : e = ~—— : 8'ANKUTALA = —— .

z z
. BAHU or the sine of an arc of a cirele of position contained between the

eR
Sun and the Prime Vertical == a 3 —-: (see Ch. VIL V. 41) here the sign—

z
or 4 is used according as the Sun is in the northern or southern hemisphere,
Then say

R ¢R
as—~/a:*—144:a$—-::R:
x x

A
RA eR
oo —_— \/32—144= (a$—-—) R;
@

X
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47. He who, knowing both the azimuth and the longitude
of the Sun, observes one shadow of the
gnomon at any time, or he who know-
ing the azimuth observes two shadows and can find the Para-
BHA, I shall conceive him to be a very Garupa in destroying
conceited snakes of astronomers.

[On this BafskarcuArYA has given an example in the Gam1-
TADHYAYA as follows. :

“ Given the hypothenuse of the shadow (at any hour of the
day) equal to 30 digits and the south
BHUJA¥* equal to 8 digits: given also

Question.

Example,

orA\/:c"—1471-=am¢eR;
A2’ —144 A =a’2? F 2 Reazx 4 ¢* R?;
(A*—a?)a* = 2Reaz=e'R? 4 144 A?;

Rea 6! R? 4 144 A%
4 2 r= 3
A% —qg? A3—q?
or z° % 2 ANYA & = PRATHAMA 1)

» 2% 4 2 ANYA 2 4 ANYA? = PRATHAMA - ANYA?
and T = ~/ PRATHAMA -4 ANYA®? J- ANYA.

But when A <~ a and the Sun is in the northern hemisphere, the equation
(1) will be 2*—2 ANYA 2 = — PRATHAMA ,

and then # = ANYA + ~/ ANYA*—first :

i. e. the value of the hypothenuse of the shadow will be of two kinds here.

Hence the Rule.

BHAsEARACHARYA was the first Hindu who has given a general rule for
finding the Sun’s shadow whatever be the azimuth; and he was the first who
Las shewn that in certain cases the solution gives two different results,—B. D.]

® [On a levelled plane draw east and west and south and north lines and on
their intersecting point, place Gnomon of 12 digits : the distance between the
end of the shadow of that Gnomon and the east and west line is called the
BHUJA.

It is to be known here that the value of the great BHUJA (as stated in 41st
verse of the 7th Ch.) being reduced to the hypothenuse of the shadow becomes
equal to the BEUJA (above found).

Or as the Radius

: the great BHUJA
1 : the hypothenuse of the shadow
: the reduced BHUJA or the distance of the end of the shadow from the
east and west line.

This reduced BEUJA is called north or south according as the end of the
shadow falls north or south of the east and west line.

It ia very clear from this that the reduced BHUJA will be the cosine of the
azimuth in & small circle described by the radius equal to the shadow.

Or as the shadow

: the reduced BHUJIA
¢ : radius of a great circle
: the cosine of the azimuth.

This is the method by which all Hindus roughly determine the azimuth of

the Sun from the BRUJA of his gnomonic shadow.—B. D.]
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the hypothenuse equal to 15 digits, and the north BHUJA equal
to 1 digit, to find the paLaBai. Or, given the declination
equal to 846 and only one hypothenuse and its corresponding
BHUJA at the time, to tind the paraBHA.’]

48. First of all multiply one BHUJA of the shadow by the
hypothenuse of the other, and the se-
cond BHUJA by the hypothenuse of the
first : then take the difference of these two BHUJAS thus multi-
plied, if they are both north or if both south, and their sum
if of different denominations, and divide the difference or the
sum by the difference of the two hypothenuses ; it will be the
PALABHK

49. How should he who, like a man just drawn up from the
bottom of a well, is utterly ignorant of
the paLaBHA, the place of the Sun, the
points of the compnss, the number of the years elapsed from

RULE.

Question.

* The rule mentioned here for finding the PALABHA/ when the two shadows
and their respective BHUJAS are given, is proved thus,
Let &, = the first hypothenuee of the shadow,
b, == its corresponding BRUJA,
hg = the second hypothenuse,
and b, == its corresponding BHUJA,

Then
2R
Ashy: 12:: R: —— ==the first MAHA 8'ANKU ;
A
12R

and in the same manner == the second MAHA 8’ANKU ;

"l
w R

and also as 4, : b, : : R : —— == the first great BHUJA ,
by

5 R
and ... —— == the second great BHUJA ,

\ hy
+——— (see Ch. XI. V. 32)
12R 12R
kg b,
byhe F g by

hy—h
Hence the Rule.—L. W.

x 2

Then the PALABEA’ =

—
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the commencement of the yuca, the month, the TiTHI or lunar
day and the day of week, being asked by others to tell quickly
the points of the compass, the place of the Sun, &c., give a
correct answer ? He, however, who can do so, has my humble
reverence, and what astronomers will not acknowledge him
worthy of admiration ?*

50. He, who can know merely with the staff in his hand,
the height and distance of a bamboo
of which he has observed the root and
top, knows the use of that instrument of instruments—Genius
(the pEfyaNTRA) : and tell me what is there that he cannot
find out !

51. There is a high famous bamboo, the lower part of
which, being concealed by houses, &c.
was invisible: the ground, however, was
pérfectly level. If you, my friend, remaining on this same spot,
by observing the top, will tell me the distance and its height,
T acknowledge you shall have the title of being the most skil-
ful of observers, and expert in the use of the best of instru-
ments, DHYANTRA.

52. Having seen only the top of a bamboo reflected in
water, whether the bamboo be near or
at a distance, visible or invisible, if
you, remaining on this same spot, will tell me the distance and
height of the bamboo, I will hold you, though appearing on the
Earth as a plain mortal, to have attributes of superhuman
knowledge.t

53. Given the places of the Sun and the Moon increased
by the amount of the precession of the equinox, i.e. their
longitudes, equal to four and two signs (respectively) and the
place of the Moon decreased by the place of the ascending
node equal to 8 signs, tell me whether the Sun and the Moon
have the same declination (either both south or one north

Question,

Question,

Question.

* This refers to the 34th verse of the Ch. XI.—T. W,
+ [Answers to these questions will be fourd in the 11th Oh —B. D.]
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and one south), if you have a perfect acquaintance with the
DafvrippaIpA TANTRA.

54. 1If the place of the Moon with the amount of the pre-
cession of the equinox be equal to 100 degrees, and the place
of the Sun increased by the same amount to 80 degrees, and
the place of the Moon diminished by that of the ascending
node equal to 200 degrees, tell me whether the Sun and the
Moon have the same declination, if you have a perfect acquain-
tance with the DBfvripDDHIDA TANTRA. :

55. If you understand the subject of the pira i. e. the
equality of the declinations (of the Sun and the Moon), tell
me the reason why there is in reality an impossibility of the
PATA when there is its possibility (in the opinion of LaLra), and
why there is a possibility when there is an impossibility of it
(according to the same author).

56. If the places of the Sun and the Moon with the amount
of the precession of the equinox be equal to 3 signs plus and
minus 1 degree (i. e. 2s. 29° and 3s. 1° respectively) and
the place of the Moon decreased by that of the ascending
node equal to 11s. 287, tell me whether the Sun and the Moon
have the same declination, if you perfectly know the subject.

57. (In the DafvrippHIDA TANTRA), it is stated that the pAra
s to come in some places when it has already taken place (in
reality), and also it has happened where it is to come. It is
a strange thing in this work when the possibility and impos-
ibility of the PATA are also reversely mentioned. Tell me,
O you best of astronomers, all this after considering it well.*

58. I (BmAskARA), born in the year of 1036 of the S’AL1-

Date of the Author’s birth VAHANA era, have composed this Sip-
and his work. DHANTA-8'IROMANI, when I was 86
years old. A ’

59. He who has a penetrating genius like the sharp point
X of alarge DARBHA straw, is qualified
Author's apology. to comgose a good work inqmathe-

* [Answers to these questions will be found in the last Chapter of the GANITA-
DAYAYA—B, D.]
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matics : excuse, therefore, my impudence, O learned astrono-
mers, (in composing this work for which I am not qualified).

60. I, having lifted my folded hands to my forehead, beg
the old and young astronomers (who live at this time) to
excuse me for having refuted the (errouneous) rules prescribed
by my predecessors; because, those who fix their belief in the
rules of the predecessors will not know what is the truth,
unless I refate the rules when I am going to state astronomical
truths.

61. The learned MarEs'wARA, the head of all astronomers,
the most good humoured man, the
store of all sciences, skilful in the
discussion of acts connected with law and religion, and a BR{H-
MANA descended from S’AnpiLvA (a MOUNI), flourished in a city,
thickly inhabited by learned and dull persons, virtuous men
of all sorts, and men competent in the three VEDAs, and situated
near the mountain SAEYA.

62. His son, the poet and intelligent Ba{sxara, made this
clear composition of the SippEANTA by the favour of the lotus-
like feet of his father; this SippmANTA is the guidance for
igmorant persons, propagator of delight to the learned astro-
nomers, full of easy and elegant style and good proofs, easily
comprehensible by the learned, and remover of mistaken ideas.

63. I have repeated here some questions, which I have
stated before, for persons who wish to study only this Pras'N4-
DHYAYA.

64, The genius of the person who studies these questions
becomes unentangled, and flourishes like a creeping plant
watered at its root by the consideration of the questions and
answers, by getting hundreds of leaves of clear proofs, shoot-
ing from the Spheric as from a bulbous root.

Author's birth-place, &o.

End of the 13th and last Chapter of the GorLApHYAYA Of the
SIDDHANTA-8'IROMANI.



APPENDIX.

ON THE CONSTRUCTION OF THE CANON OF
SINES.

1. As the Astronomer can acquire the rank of an AcHARYA
in the science only by a thorough knowledge of the mode of
" constructing the canon of sines, Baiskara therefore now pro-
ceeds to treat upon this (interesfing and manifold) subject in
the hope of giving pleasure to accomplished astronomers.

2 and 8. Draw a circle with a radius equal to any number
of digits : mark on it the four points of the compass and 360°.
Now by dividing 90° by the number of sines (you wish to draw
in a quadrant), you will get the arc of the first sine. This
arc, when multiplied by 2, 8 &c., will successively be the arcs
of other sines. Now set off the first arc on the circumference
on both sides of one of the points of the compass and join the
extremities of these arcs by a transverse straight line, the half
of which should be known the sine of the first arc: All the
other sines are thus to be known.

4. Or,now, I proceed to state those very sines by inathe-
matical precision with exactness. The square-root of the dif-
ference between the squares of the radius and the sine is cosine.

5. Deduct the sine of an arc from the radius the remainder
will be the versed sine of the complement of that arc, and the
cosine of an arc deducted from the radius will give the versed
sine of that arc. The versed sine has been compared to the
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arrow between the bow and the bow-string : but here it has
received the name of versed-sine.

6. The half of the radius is the sine of 80°: the cosine of
30° will then be the sine of 60°. The square-root of half
square of radius will be the sine of 45o.

7. Deduct the square-root of five times the fourth power
of radius from five times the square of radius and divide
the remainder by 8: the square-root of the quotient will be
the sine of 36,.

0r~/r&d2 aki —;\/r_ad %5 — sine 360.%

8. Or the radius multiplied by 5878 and divided by 10000
will give the sine of 36°, (where the radius = 3438.) The
cosine of this is the sine of 54°.F

9. Deduct the radius from the square-root of the product of *

® [This is proved thus.
Let a = sine 18°; and .*. R — & = covers 18° or vers 72°,

Then v _BQ‘L;E.'LZ: = sine 3#°: (see the 10th verse.)

or ‘\/.R_(%'_'li)- = sine 36°;

/6 R* —
-Ll-‘ (see the 9th verse)

4
o~ line36°=\/R{R—*(;(m—R)} = /5_8'——.8‘/5T.B.D.] :

R X 5878
+ The Rule in 8th verse viz., ————— seems to be the same as above and
10000

but ¢ =

to be deduced from it ;

for 5R*— ¥5R* | ls — /5 .
8 — N T 8

V5 = 2.287411 &c.

and ' b — , /5 = 2.762589 which divided by 8 = .345323
R x 5878 L
.~ sine 36° =R /345323 = R XK .6878 = —-—.—L.
' v 10000
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the square of radius and five and divide the remainder by 4:
the quotient thus found will give the exact sine of 18°.%

10. Half the root of the sum of the squares of the sine
and versed sine of any arc, is the sine of half that arc. Or,
the sine of half that arc is the square-root of half the product
of the radius and the versed sine.

11. From the sine of any arc thus found, the sine of half
the arc may be found (and so on with the half of this last).
In like manner from the complement of any arc may be ascer-
tained the sine of half the complement (and from that again
the sine of half of the last arc).

Thus the former Astronomers prescribed a mode for deter-
mining the other sines (from a given one), but I proceed now
to give a mode different from that stated by them.

12. Deduct and add the product of radius and sine of
pHUJA from and to the square of radius and extract the square-
roots of the halves of the results (thus found), these roots will
respectively give the sines of the half of 90° decreased and
increased by the BHUJA.

In like manner, the sines of half of 90° decreased and in-
creased by the KoTI can be found from assuming the cosine
for the sine of BHUJA.

138. Take the sines of BEUJAS of two arcs and find their
difference, then find also the difference of their cosines, square

# [This is proved thus.

Let C be centre of the circle ABE
and .~ C=236°, then AB=2 sin
18°, and = & (CAB CBA) each of
them =20C.

Draw AD bisecting the =2 CAB,
then AB, AD, CD will be equal to
each other. -

Now let £ = sin 18°, then by gimi-
lar triangles CB: A3 = AB: BD or
R:2xr=22:R—22;

422 =R?— 2 R z which gives

~/5 R? B _B.D]
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these differences, add these squares, extract their square-root
and halve it. This half will be the sine of half the difference
of the sines.* Thus sines can be determined by several ways.

14. The square-root of half the square of the difference of
the sine and the cosine of the BEUJA of an arc is equal to the
sine of half the difference of the BrUJA and its complement.+

I will now give some rules for constructing sines without
having recourse to the extraction of roots.

15. Divide the square of the sine of the BEUIA by the half
radius. The difference between the quotient thus found. and
the radius is equal to the sine of the difference between the

# This rule is obvious,
for ac = diffce. of sines bd & af g c\t
and cb = diffce. of cosines bg & ah
and ac )"+ bc ) =ab )’
ab = chord of difference of arcs

ab F
— = sine of half that difference.
2

L. W.

. % Let bc==sine of any arc and 3¢ = its 7, @
cosine, N wd )
Draw the sine ad == cosine 39, then ah i
sine will be equal to bc and af =,9, b : ok its

-~ af? -L-b{b’ =$°: bl;gau af? = fot

.'.a_f":-;-Md-;-'—T-—": 4 f t

3 ab
o /% —_ ;.—Ih W.]
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degrees of BHUJA and its complement.* 1In this way several
sines may be found here.

[As these several rules suffice for finding only the sines
of arcs differing by 3 degrees from each other and not the
sines of the intermediate arcs, the author therefore now pro-
ceeds to detail the mode of finding the intermediate sines,
that is the sine of every degree of the quadrant. This mode,
therefore, is called PRATIBHAGAIYAKA-VIDHI.]

16. Deduct from the sine of BHUJA its 45y part and divide

Rules for finding the sine the ten-fold sine of xor1 by 573.
of every degree from 1° to 17. The sum of these two results
90 will give the following sine (i. e., the
sine of BHUJA one degree more than original BHUJA and the
difference between the same results will give the preceding
sine, i. e., the sine of BHUJA one degree less than original
puwsA). Here the first sine, i. e., the sine of 1°, will be 60 and
the sines of the remaining arcs may be successively found.

18. The rule, however, supposes that the radius = 3438.
Thus the sines of 90° of the quadrant may be found.

Multiply the cosine by 100 and divide the product by 1529.

Rules for finding the 24 19. And subtract the ;3, part of
sines viz., of 3°%, 7°%, 11°4, the sine from it. The sum of these will
1% &e. be the following sine (i. e., the sine
of arc of 3§ degrees more than original arc): and the differ-

* Let ab be any arc, and ac = ab, a
then ad = its complement,
cd = their difference,

and bc =2 ab. s
e e

Now Rxversbe _ gin — orsin ab,

2 2 )

R  vers be @
OF ~=me —— = 8in? ab,
2 sin? ab
or vers bec = ,
R 2

sin? ab

iR

then R — vers dc or gincd = R —

—L. W,
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ence of them will be preceding sine (i. e., the sine of arc 3°%
degrees less than original arc).

20. But the first sine (or the sine of 3,3) is here equal to
2244 (and not to 225 as it is usually stated to be). By this
rule 24 sines may be successively found.*

21 and 22. If the sines of any two arcs of a quadrant be

Rules for finding the sines multiplied by their cosines reciprocally
::303c:nd difference of any  (that is the sine of the first arc by

) the cosine of the 2d and the sine of
the 2d by the cosine of the first arc) and the two products
divided by radius, then the quotients will, when added to-
gether, be the sine of the sum of the two arcs, and the differ-
ence of these quotients will be the sine of their difference.+
This excellent rule called sya-r{van{ has been prescribed for
ascertaining the other sines.

23. This rule is of two sorts, the first of which is. called
saMAsA-BHAVANL (i. e., the rule for finding the sine of sum
of two arcs) and the second ANTARA-BHAVANL (i. e., the rule
to find the sine of difference of arcs).

[If it be desired to reduce the sines to the value of any
other radius than that above given of 8438.] TFind the first
sine by the aid of the above-mentioned rule PRATIBHAGAIYAKA-
VIDHI. )

24 and 25. And then reduce it to the value of any new
radius by applying the proportion. After that apply the sv4-
BHAVANS rule through the aid of the first sine and the cosine
thus found, for as many sines as are required. The sines will
thus be successively eliminated to the value of any new radius.,

The rule given in my Parf or Lfr{vari is not sufficiently
accurate (for nice calculations) I have not therefore repeated
here that rough rule.

* [These rules given in the verses from 16 to 20 are easily deduced from the
rules given in the verses 21 and 22.—B. D.] .

+ BHAsksRACHARYA has given these rules in his work without any demon-
stration.—B. D.]
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Day of the Pitris, 163,

Days and nights, 161.
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Questions, 231.
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Seasons, 228.
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