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*TRANSLATION OF SU'RYA-SIDDHANTA.’

CHAPTER L.

Called MavuyA-catt which treats of the Rules for finding the
meun places of the planets,

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

2 &3. Some time beforo the end
of the Krrta vues, 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 Vpa, practised
the most difficult penance, the worship of the Sun.

4. The self-delightfal San, being gratified at such (dlﬁicult)
penance of Mava, bestowed on him the knowledge of the
science of Astronomy which he was inquiring after.

The illustridus Sun said. ¢

5. (0 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 treatsof time. '

6. (But sinoe) nobody can bear my light and Ilmve no time
to teach you (the science,) this man who-partakes of my natme
will impart t.o.yon the whole of the science,

B

Invocation.

Introductory.



Translation of the

7.+ The God bun, having $hus spoken, to, and ordered the «
mgn born ffom himnself (to teach Mava), disappeared. That man
upoﬁe te Mava, who stood bonding and folding his hands close,
to his forghead, in the following manner.

8. ,(O:Mava), hear attentively the excellent knowledger (of
the scidnce of Astronomy) which the Sun himself formerly taught
to the great saints in each of the Yuaas.

9. Iteach you the same ancicnt scionce, which the Sun -
hitself formerly taught. (But) the difference (between the
present and the ancient works) is caused only by time, on
account of the revolution of the Yuaas.

10. Time is of two kinds ; the first
(is continuous and endless which) de-
stroys all animate and inanimate things (which is also the canse *
of creation and erservahon), the second is that which can be
known, This (latter kind of time) is also of two kinds; the
one is called M?rTA (measurable) and the other is AmGrTa
(immeasurable, by reason of bulkiness and smallness respec-

tively),

: 11, The time called MGura, begins

MMGW «with PrANaA (a portion of time wls::uh
oontams four seconds,) and the time called AM6rTA begins with
Tguf1 (a very small portion of time which is the mth part
o’{ gsecond.) The time which contains six Priyas is called
s Pawa, aad that which conteins sixty Paras is called a
(aamied,

and Month.

Kinds of time.

12, | The'time, which contaiz sixty
GeAIEXS is called & NAxSHATRS AHoO-
RirEA (a sidereal day and night) and a Nixsmatsa Misa (a
sidereal month) consists of thirty NAxsmaTeA AMORLTEAS.
Thirty S{vas (terrestrisl) days (a torrestrial dsy being
reckoned from sun-rise to sun.fise) make a S{vana month.
18. Thirty lunar days make a lunar
lh?“““'“ ”“"‘”"‘h month, and a solar month is the time
which the Sun requires to move from
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one sign¥ of the Zodiac to the next. A solar iyear congipte: of
twelve sqlar wonths ; and this is called a day of the Gods.

14, An Amordrza (day and night)
"y The Longth of the year of of the Gods aud 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
Asoritras, multiplied by six, make a year of the Gods and

“Demons. ,
15 & 16. The time containing twelve
“Ta]‘: lngth of » great ¢} 5ugand years of the Gods is called a
CraturYueA (the aggregate of the four
* Yueas, Keyra, Trep4, DwApara and Kan).
» These four Yueas including their Sanpmyit and Sax-
DHYAN®'A contath 4,320,000 solar years.

The numbers of yoars included in these fout small Yugas are
proportional to the numbers of the legs of DEArma} (virtue
pensonified). )

17. The tenth part of 4,320,000

coa g of the four  ¢ho number of years in a great Yuas,
multiplied by, 4, 3, 2, 1 respectively

make up the years of each of the four Yuaas, Kryra and others,

tho years of each Yuea include their own sixth part, which is

collectively the number of years of SaNpEYA and SANDEYANE',

(the periods at the commencement and expiration of each Yo@Ay:

The langth of s period 18: (According to the technicality of
gdmu: :.uru and that of its  the time called M6era,) 71 great YUGAS

) (containing 806,720,000 solar yecrs)
constitnte & MANWANTARA (a period from the beginning of'a

. o
b it L Fon) Bt o s o+

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

3 It isstated that Dharma stands with four in the KajTa, with
hthhn&wizhmhphemnwhmmﬁehomg%'thm
the number of the years of the Kuyra, TrrrA, DWiPARA, and Kanr’
are proportional to 4, 8, 2 aud 1 respeotively. B. 1.
9 B2 '
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Mmuto its end) and at the end of if, l 728, 000 the whole
nuinber of the (solar) years of the Keyza, i m cafled itg Sawom ;
wnddt ig the time when a universal deluge happens.
19. Fourteen such Mawus with’
their Sanpmis (as mentioned before),
consmﬁuté a Karra, at the beginning of which is the fifteenth
Sanprr which contains a8 many years as a , Kafra does.
20. Thus a thousand of the great
n;ig: lengthe of 8 diy &1d  yyaas mske & Karra, & period whick”
destroys the whole world. It is a day

of the God Bramu{, and his night is equal to his day.

21. And the age of Bramm{ con-
sists of a hundred years—according
to the enumeration of day and night

(mentioned in the preceding sToxa). One half of his age has
elapsed, and this°present Karra is the first in the remaining
half of his age.

t,  22. Outof this present Karra six Manvs with their Sanpm1s,
and twenty-seven YUgAs of the seventh Manu called Vaivas-
WATA have passed away.

« 28, Of the twenty-eighth great yvaa, the Krja Yuca has
passed away. Let (a caloulator,) reckoning the time from the
end of the Krjra compute the number of years passed.

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

25. Now the planets (such as the
mﬂ" Plansts move  Son) 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,)

"l'hemndnhtmwnm-uppoutluuuﬂuphmu move in their orbits
with the same veloeity.

- The lcn‘tb of s Katel

'.l'huﬁ:md‘ of his life and
of his passed age.
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26. Therefore, the motions of the plancts eppear towards
the east, agd thelr daily motigns determined by their*revolutions
(by applying the rule of proportion to them) are unequal®
to each other, ‘in consequence of the circumferences of their
orhits ; and by this unequal motion, they pass the signs (of the
Zodiao.) * .

27. The planet which moves rapid-
mm{:" orssidereal % 1o yoquires a short time, to pass the
. signs (of the Zodiac,) and the plarfet
that moves slowly, passes the signs (of the Zodiac) in along
time, BmAaAyA 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 Rev4rr ({ Piscium, from
*which end they set ont.)

The ciroular measures, ~

98, Bixty VixaLxs (seconds) make
a Kalé (s minute) and sixty minutes
constitute an ANs's (& degree.) A’ Rdsi (a sign) consists of
thirty degrees and just twelve B£s'is (signs) make a Bhagapa
(revolution.)

20. In a great Yusa each of tho

The number of revolutions  plgnets, the Sun, Mercury, Venus and
ety gmn\lr:n:,’ fhe B'femrocHcEs (i. e. the farthest
et woad JuBier  1oint from the centre of the Barth in

- the orbit of each of the planets) of
Mars, Saturn and Jupiter moving towards the east make
4,820,000 revolutions (about the Earth).

80. There are 57,753,386 revola-
tions of the Moon and 2,206,832 revd-
lutions of the planet Mars,

Of Moon end Mars,

81. There are 17,987,060 revolu-
.,,“,’f,,‘;{,,‘;::f"' Slghoubols  4img of the §'fammoomonA of the planet
. Mercury* and 364,220 revolutions of
the planet Jupiter.

 ® The revolutions of the Sighrochobas of Mercury and Venus correspond £o
their revolutions about thc!slfnf B.D.

\J
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82, There arg 7,.022,876 revolu-
ons of the 8'ferrocuCHA of-the planet
Venus* and 146,568 revolutions of

e
" the plangt Saturn.
. 33. In a great yuaa, there.are
Nﬁ:_ Yiodk's Apogee and 488,203 revolutions of the Moon’s
MaxpocacEA (apoges,) and the number
of the rotrograde revolutions of the Moon’s ascending node _
18°232,238. Te -
Number of sidercel rovo 84, Thereare 1,582,287,828 sidere-
Iutious and the mods of 8lTevolutionsina great yuea (a sidereal
:;’&lpﬂ‘:;‘:"i’::’;g:‘i"ﬂ' revolution is tho time from one rising
of a star to the next at the equator and
itis  sidereal day as mentioned ip the twelfth S'zoxa.) These
sidereal revolutions diminished by each planet’s own revolutions
(before mentioned) are its own risings in a great Yuaa.
85. The number of Lunar months
' NP :fmlfud;.:f ;3::::.! :,},'3 i8 equal to the difference between the
* $hatof the additive months  reyolutions of the Moon and those of
the Sun; and the remainder of the
" Lunar Months lessened by the Solar months is the number of
Avmmufsas (additive months.)
. ) 36. If the Sxvana (terrestrial) days
%,ﬂm,ﬂ"&"fi:h: be subtracted from the Lunar days,
T &‘;}M‘;ﬁ’“‘ m of the remsinder constitute the days
called the TrrHi-KsHAYA (subtractive
"days.) There the Sxvawa days are those in which a Svaxa
dhy or terrestrial} day s eqal to the time from sun-rise to
. sun-rise (at the equator).
87. Thereare 1,577,917,828 terres-
g, o toresisl nd 25 gl dayy and 1,608,000,080 hunar days
in a greatvuea,

® The revolutions of the Sig 08 of Meroury and Venus correspond to
their revolutions about the Sun. B. D.

t A terrestrisl day is that which the English call a solar dsy, B, D,
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N 38. (In a great Yoda) thero are

. addit d

thz"of:z‘%mﬁﬂ"ﬁq:_‘“ 1,598,336 &ddmv.e months aud,
95,082,252 subtractive days.

N ol Sl monti i Thoro are 51,840,000 Solar
yuas. and the wey to know mouths in a great yvoa, and+th® ter-
the No. of tervestrial diyt.s  yooiria] days are tho sidoreal days
diminished by the Sun’s revolutions.

«40. The revolations of tho planets, the additive months,
the subtractive days, tho sidereal days, the lnnar days and the
terrostrial days (mentioned above) separately multiplied by
1000 makeo the revolutions, the additive months &o., in a Karea,
(because & Kavea consists of 1000 great Yueas.)

. 41 & 42. In a Kauea, there are
Am&m:‘:m”“h’ 387 revolutions of the Sun’s Apogee

(about the Karth),204 of Mars’ apogee,
368 of Mercury’s apogee, 900 of Jupitor’s apogee, 535 of
Venus’ apogee and 39 of Saturn’s apogee.

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

43 & 44, Thero are 214, 488, 174, 908, 662 revolutions of
the Nodes of tho planets Mars, Morcury, Jupiter, Venus and
Suturn respectively. We have already mentioned the revolu-
tions of the apogee and node of the Moon.

45, 46 & 47. Collect together the
yﬂ’eﬂ;‘:d"“b:; the solar - years of the six MaNvs, with their six
When the planetary motions SaNDmIs, and the Sanpa1 which lies i in
the Tast. cfnd“":wz ond of the beginning of the Katea, those of

twenty-seven great Yvaas of the pre-

" sent Manu named Varvaswara and those of the KriTa yuaa;

and subtract from the sum, the said number of years of the

Gods, reduced to solar years, required (by the God Brahmf) in

the creation of the universe, (before the commencement ‘of

the planetary montions,) aud the remainder 1,958,720,000 is
; the number of s.olar yoars hefore the end of the KrjTa Yuea,
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* o find the .Aun'a waor 48 To 1,958,720,000 the number
. :\1: ﬂl{z; :il;n rm‘ ;zz; of elapsed years, add the hmmber of
. motions commenced to the years elapsed (from the end of the last
prowent midnight.  ©  Kyfry yyaa to the present year;) reduce
the sum.to months (by multiplying it by 12 ;) to the resultadd
the number of lunar months from the begitming of the light half
of tho CHarrRa* (of the current year to the present lunar month.)
,49. Write down the result separately; multiply it by the .
number of additive months (in & Yuea) and divide the pfoduct by
the number of solar months (in & Yuaa) ; 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 (ina yuaa) ;
divide the product by the number of lunar days (in a Yuaa) ‘and
the quotient (without the remainder) will be the number of
olapsed subtractive days. Take the number of these days from
the amount (which is written in the other place) and the
remainder will be the fiumber of elapsed terrestrial days (from
the time, when the planetary motions commenced) to the pre-
gent midnight at LaNkL.t
) ® That lunar month which ends, when the Sun is in Mzsua (stellar Aries)

the first sign of the Zodisc, is called CHAITEA, snd that which terminates when
, the Bun is in VRIsHAREA g‘:\lxm) the second sign of the Zodias, is called

i d . Thi ths correspondi the twelve s
ot T it fw Doty Gt S (e
~ X OHIKA BANT
(s.gi‘ (L”') : ( "‘;,;Zm.,) Kmn) (Aquarius) “(geo a’l:i (Pisces,)

are 'AXEA, JYRSHTHA, VAsgipHa, “8'ufvays, BriDRAPA
V &x'wia, Ktt’wmﬂtwu'muh Pavsma, MicHa and UNA. >
If two lunar months terminate when the Sun is only in one sign of the Zodiao,
the second of these is called ApEififsa (an additive or intercalary month.)
The 30th part of a lunar month is called Tithi (a lunar dsy.) B. D,
+ The proof of the process for finding tid ARARGANA stated.in the 8'Toxas
from 48th to 51st will be clearly understood from the following statement.
In order to find the ARARGANA, let the number of the Solar years elapsed be
: mnlﬁpﬂad? 12; and the product is the number of elapsed solar months to the
last mesn Mrsma SawxxiN11 (j. e, the time when the mean Sun enters the first
stellar sign of the Zodisc nulhrAriu;)tothialetm'e numbor of passed
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From the numbenof these elspsed days, the Ralers.of the
present dsy ‘month and year pan be known (by teokoniug.qm .
order of them) from the Sun, oo
Divide the .number of elapsed ter-
prosdat fay. " BUler OF 8 regtrial days by 7, and ‘reckoning the
. '« remainder from the sun-day, the Ruler
of the present day will bfyﬁnd.
62, Divide the number of elapsed
ﬁﬁhﬁ"&ﬁ‘.‘uﬁ“’&?ﬁ .‘r’.‘; terrestrial days by the number of dafs

ear in a month and by that in a year (i. e.
by 30 and 860) multiply the quotients (rejecting the remainders)
by 2 end 8 respectively, and increase the products by 1.
Divide the results by 7, and reckoning (the order of the Rulers)

“from the Sun, the remainders will give the Rulers of the
present (terrestrial) month and year respectively.
lunar months CrAITRA, &0., considering them s solar, be addod : the sum is the
elapsed solar monshs ap to the time when the San enters the stellar sign of the
iso corresponding to the present lunar month, To make these solar months
lumer, lot the elapsed additive months be dstermined by proportion in the
following manner.
As the number of solar months in s Yvga
1 the number of additive months in that
+ 1 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
elspaed, the sum will be the number of lunsr months to the end of the solsr
month ; but we iro it to the end of the last lunar month, And as the
remainder of the additive months lios between tho end of the lunsr month snd:
that of its corresponding solar month, lek the whole number of addities |

months, without the remainder, be added to the sola? months elapsed ; and the*
sum i}:‘tho number of the lunar months elspsed to the end of the last lomar

mont . .

This number of lunar months ela ultiplied by 80 and incressed by the

nmbar‘:?th m;&-%mm%h:{rmmﬁ,h b‘no!
unay

e hum|
lunar days To make these I the glapsed subtrac-
.ay.a.d;.’., be determined by proportion ds T
h.ihqnunhroﬂum\'dn{linl!ﬂu, : R
} 1 the.number of subtractlve days in that period  °
+1 the number of Junar days just found Lo
+ the ny mbtnu{v'oduuh
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To ini the mean Clacesat O3 Multiplye the number of

. ::g‘[:l:ris‘ :ﬁ 2 given mid-  elapsed terrestrial days by the number

. of a planet’s revolutions' (in & Karra) ;

divide the product by.the number of terrestrial days (in &

Kurzp) ; and the quotient will be the elapsed revolutions, signs,

degrebs &o. 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 W&y, the mean
Bfighroohchas, “apogees and  places of the S'farRocEHCHA und Max-
nodes of the planets. .

DOCHCHA (apogeo) whose direct revo-
lutions (in a Kavea) 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

u"',‘,"ﬁ‘f the presbut 84x-  yovcintions of Jupiter by 12; o 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 Vijava,* yon
will find the present SAMvATsARA.

An casy method for find.” D0+ 'These processes are mentioned
ing the meen plces of the  (from 45th §'s0%a to 54th) indetail, but,

) for convenience’ sake, let (an astrono-
mer) computing the elapsed terrestrial days from the beginning
of the TaerA Yuaa, find easily the mean places of the planets.

57, At the end of this Kafra Yuaa the mean,places of all

" the planets, except their nodes and apogees, coincide with
8ach other in the firat peint offstellar Aries. ,

8. (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

_womg signs and also degrees).
-

@ As reckon 60 SauvaTSARAs, VIJAYA &0., which answer snocessl
. tolhomnlndbymhpimwwoﬁa‘ one s’gn to the next. B. D,
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The lon ‘“" ofthéBartrs 09 The diameter of. the Earth i s
dismeter enchits ciroumfer- 1600, Yosanas. Multiply the sqnaro
e of the diameter by 10, the square-root *
of the produet will be the circumference of the Earth. ;

. 60. The Earth’s circumferencg mal-
once” o the Boryaod  tiplied by the sine of co-latitule (of
xl';"f‘:"“" correction in  the given place) and divided by the

radius is the Seaupa or rectified cir-
cumferertoe (i. e. the parallel of latitude) at that place. °

Multiply the daily motion (in minutes) by the distande of the
given place from the Middle Line of the Karth, and divide the
product by the rectified circumference of the Karth.

61, Subtract the quotient in minutes from the place of the
planet (which is found at the pid-night of LawxA, as mentioned
in §'1oxa 53,) if the given place be east of the Middle Line, but
if it be west, add the quotient to it, snd (you will get) the
planet’s place at (the mid-night of) the given place.

62. (The cities named) Romufraxa, .
Usnavinf, KueuksreTrA &o. are ab the

line between LaNk( and the north pole of the Earth, (this line
is called the Middle Lino of the Earth.).
) 63, 64 and 65. At the given place
b,?;,ug:‘},r m.w‘f’m‘"‘l if the Moon’s total darkness (in her
eclipse) begius 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 GrATIKAs between the times (of the
| beginninga or ends of the Moon’s total darkness at the given
, Place and the mid-night, which difference is called the Drs'4x-

" TARA GrHATIRS.) .

Middle Line of the Earth.

’Dll’l"milthummtumn to be s toﬂu ce of a

in consequénce of the longitude of s ma. Middle
r.uu or the Meridian of Laxx£. B, D, '
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Mulhply the rectified circumference of the Earbh by this
d:ﬁ'erence dnd divide the product by 60. The. quotient will be
the ‘east or west distance (in Yosaxas) of the given place from
the Middle Line. *

‘Apply, the minutes, found by this distance, to the places of
the pldnets (as directed before in S'zoxas«60 and 61),

66. A dny of the week begins at
. z‘; ﬂo}‘fh:hﬂ,:f'f:; hen  $ho Des'Axrasa Gragixds after or be-
fore the mid-night at the given place

according as it is east or west of tho 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 GEATIKLS,
divide the product by 60, and add or subtract ‘the quotient, in
minutes, to or from the place of the planet found ab the glven
(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 TArxdLrea 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 cansed by her node. ,The measure of her greatest deflection
is equal to the ¢sth parl'. of the minutes in a circle.

“69. The measares of the greatest deflections of anxter 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 deflaction.+

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

To find the mean place
of a planet at a given timo.

End of the 18t chapter of SﬁnA-smnnmA called Mapmy{.
« alfer (which treats of the Rules for finding the mean pm of the

P‘“e“)
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CHAPTER IIL
L]

Culled Seuura-axm which treats of the Rules for finding
the true places of the planets.,

Cemseof theplanetarymo- 1. The Deities, invisible (to hu-
tions. man sight), named §'fommocHcEA,
Mawnvocucra (Apogecs) and Pxra (Nodes,) consisting of
(continuous and endless) time, being situated ab the ecliptic,
produce the motions of the planets,

2, The Deities, (SforrocucuA and MaNDoCcHCHA) attract the
planets (from their "uniform*course) fastened by the reins of
winds borne by the Doities towards themselves to the east or
the west, with their right or left hands according as they are to
their right or left.*

8. (Besides this) a (great) wind called PravamA carries the '
planets (wostward) 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 Ucncra (apogee) draws the planet to
the east or west (from its uniform progress) according as the
Doity is cast or west of the planct at a distance less than -eix
signs,

5. As many degrees &c., as the planets, being attracted by,
their apogees, move to the east or the west, so many ave called
. edditive or subtractive (to or fom th¥ir mean places).

6. Inthe same way, the Deity node named R{mu 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 & planet rectiﬂe'd by the 1st or 2nd cquation is nearor to it
higher apsis (ManpocrCEA or 8'IGHROCHCHA) in its orbit,than the planet's
unrootified place. The osuse 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 8’z0xa. B. D.

k)
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poin ‘at the ecliptic). This deflection .is called Vrxsmera
(ee]eshal ldtitude). * "

A Deity node draws the planet to the north or to the
south (ffom the ecliptic) according as the node is wust or cust
of the planet at a distance loss than six signs.

8. (But in respect of Mercury and Venus) when their
P£ras (or nodes) aro in the same direction at the same distance
(as mentioned in the preceding Sroxa) fromtheir S'faurocacHAS,
thoy deflect in the same manner (as mentioned before) by the
attractions of their S'faErROCHCHAS. )

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. Asthe bodles of the (ﬁvo) minor planets, Mars, &c. are
very small, thoy aro attracted by the Deities S'faurocHCHA and
ManpocHCHA 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 Ucncras) is very great. Thus,
the minor planets, being attracted by their S'fenrocueHA and
Manpocacma and carried by the wind Pravams, move in the
heavens.

12, (And thercfore) the motion of
the planets is of eight kinds, i. e.
~J.  Vaxe (decreasing retrogrado motion).
*YII.  Amvaxed (incressing retrograde motion).
~MII,  VIRALK (stationawy), ¢
IV, Mann{ (increasing direct motion less than the mean

Kinds of motion,

motion).
V. Maxparard (decrea.smg direct motion less than the
mean motion). .

VI. Saxx (mean motion).
¢ VILI. Sfouratark or Amis'foney (increasing direct motion
greater than the mean motion).
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() .
/ VIII S'fesre (dgereasing direct motion greater than the
mean ingtion). , .

13. Of theso kinds, the five motions Ais'fawrx,, S'ftiars,
MaxpA, MaxpaTARX and SaMK are direct gud the two motions’
VAERK and ATIVAKRX are retrograde. ' ‘

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

_The Rule for fnding the  15. The eighth part of the number
“"”nf:{ of thy 0351:':20': of minutes contained in a sign (i. e.
dius=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 manher, 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 mext sine.* Thus you will get twenty- .

# This method is proved thus.
Let sin. A—sin. O =d,;
gin. 2 A—sin. A =d;
sin, 3 A—sin. A =d,; ,
&o.

sin,» A —sin, (8—1) A = dn;

gin (nefpl) A—pin.n A == dn 4 L

Then sineo  d,—dg =2 vers A.sin A-=R;
dg~dy =23 vers A.sin 2A4R;
d,—&'d‘=BVErIA.IiIA3A+R;

o, = &
dy—dp 4, =2vers A sinu A +-R;
wo have by addition

d—dut, =20 (rin A in 3 A o+ sinm A) o
P
-tn.A+-in..A—.in.(.+1)A=’—'-'i"—‘(.ina+.in.u ...... iin. % 4)

Svoin, (8 1) A= sin. A 4-sin. A
% (sin. A - sin. 2 A.... sin. 8 4)
Hor, A =04, ?.";_"a =”-%3,whinhilmnghly given

intkouxt-’-:'—b.
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four sines (in § quadrant of a circle whgne rndms is 8438).

These are asfollows.

' The'lma. 17 to 22, 225, 449, 671, 890, 1105,
" . 1815, 1520, 1719, 1910, 2093, 2267,

‘2431, 2.»85 2728, 2859, 2978, 3084, 3177, 8256, 3321, 8372,
8409, 8431, 8488,

Bubtract these sines separately from the Radlus 8438 in the
inverse order, the remainders will be the versed gines (for
every 33°).

. 28 to 27. There are 7, 29, 66, 117,

Tho vorsed ot 182, 261, 354, 460, 579, 710, 853,
1007, 1171, 1815, 1528, 1719, 1918, 2123, 2383, 2548, 2767,
2089, 8213, 3488, versed sines (in a quadrant).

28. The sine of the (mean) greatest declination, (of each of
the plunebs)_1807 (the sine of 24°).

The Bale for finding the  DI0Ltiply tho sino (of the longitude of
lunet's (mean) doclivation & planct) by the said sine 1307 ; divide
roms it longitade. the product by the radins 3438 ; find
the arc whose sine is oqual to the quoticnt. This arc is the
(mean*) declination (of the planct required).

29. Bubtract the placo of the planet from those of the Max-
pocHcHAT and S'fcHROCHCHA: and the remaindersi aro tho
Kexpras. From the Knpea determino the quadrant (in
which the Kendra ends,) and the sines of the Bruia and Koy}
(of the Kepra),

80. The sine of the Brusa (of the arc which terminates) in
on odd quadrant ( i. . 1st and 8rd,) is 'the sine of that part of

‘lemmdeellmtionoflsphnotutha" tion of its di
mn“;m the gﬂllgtw: but the Bun’s mean declination is the -mulfm true
at

+ MawnocecHs is equivalent to the higher spsis. The Sun's and Moon’s
Mawpooucas (higher apsides) are the same s their ) while the other
plenets’ MAxDOCHOHAS sre equivalent t8 their aplielions, B. D.

3 The first remainder is called the first Kunpaa which wrmpvndl with the
anomaly, and the second, the second Kxzxpra which is equivalent to the com-
muumdddtootnbmmdﬁomlso'um:mnd RA is greater or
loss than 180°, B. D,

+ § The Bauaa ohn"iwnmb that ave, less than 90°, the sine of which is

to the sine of that given aro; and the Koyt of any aro is the complement

the Buusa of thet are. B. D,
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the gnven arc which Julls in the quadrant whero it ternhipates,
but tho sine of the Kot (of that arc) is the sine. of that ‘aro
which it wants to complete the quadrant where the gmm &ro
ends; and the sine of the Bausa (of the aup which eads :in an
even quadrant (i. e. 2nd and 4th) is the sine of that arc which
it ‘wants to complete the quadrant whero the given &rg'ends ;

but the sine of the Kop1 (of that arc) is the sine of that part of
the given arc which falls in that quadrant where it terminates.

To find the sime of the  SLl. (Reduce the given degrees &.,
given degroes &o. to minutes,) Divido the minutes by
225 : and the sine (in 8'Loxas 17—22) corresponding to the
quotient is called the gatA (the past) sine, (and the next sine
in called the GaxyA to be past sine): multiply. (the remainder
in the said division) by the difference between the aara and
dauya sino and divids the product by 225.

82. Add tho quoticnt to tho sine past : (the sum will be the
sino required). This is the Rule for finding the right sinos
(of the given degrees &c.) In the samo way, the versed sinos
(of the given degroes &c.) can be found.

Given the sineto ind its 3. Subtract tho (next less) sine
are. (from the givon sine) ; multiply the re-
mainder by 225 and divide the product by the differenco
(between the next less and greater sines) : add the quotiont to
tho product of 225, and thut number (which corresponds to the
next loss sine) ; the sum will be (the number of minutes con-
tained in) the arc (required).

Dimensions of the 1t = 84. There are fourtcen degroes (of
$pioyoles d::n'e'f Sun and  the concontric) in the periphery of the
ferent or conoentric, MANDA' or first epicycle of the Sun, and
thirty-two degrees (in the periphery of the lst 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 describod ab the end of an odd quadrant
(of the concentrie, or on the diameter of the concentric per-
pendicular to the Line of tho Apsides) the degrees in both are

16 to 2
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diminished by twenty minutes; (thon the de agrees in thc pe-

riphery of the Sun’s eplcyolo=13° 40" an that of tho
Moon’s==31° 40".)
Dimensions of the Int epi- 35. There are 75, 80, 33, 12 and

m"ﬁf?ﬁ m :w.. in 49, (degrees of the concontrio in the

periphories of the first epicycles of

Mercury, Jupiter, Venus and Saturn respectively) at the

end of an even quadrant (of the concentric, but) ab the end of

an.odd quadrant, there aro 72, 28, 32, 11, 48 (degreey of tho
concentric.)

Dimensions of the 2nd 86, There are 235, 133, 70, 262
Wd““m'"’”'. and 39 (degrees of tho concentric) in
the peripheries of the S'{enea or second cpicycles 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-
pherios of the second epicycles of Mars &ec.

Given the Kxyora of & 38. Take tho differenco between
planck, to fud the p‘:n"';,‘l'l‘,‘ the peripheries of epicycles of & planet
ry of the epicycle. at the ends of an even and an odd
quadrant ; multiply it by the sino of the Buusa (of the given
Kexora of the plavet,) and divide the product by the radius.
Add or subtract the quotient to or from the periphery which
is ab the end of an even quadrant according as it is loss or
greate: than that which is at the end of an odd quadrant: the
result will be the SpHUTA or rectified penphery (of the opicycle
of the planet.)

Given the Tsb op nd 50 Multiply the sines of the Bru-
m::n:l - a:o:;:n 'i:d 2 snd Kopt (of the given 1st and 2nd
24 and Komt-piaza and the KENDRA of & planet) by the rectified
1at oquation of the planet, periphery (of the st and 2nd epicycle
of the planet), and divide the products by the degrees in &
circle or-360° (the quotients are called the 1st or 2nd Bauia-
prALA and Koyi-pHALA respectively). Find the aro whose sine

*is equal to the 1st Bausa-PEALA: the number of the minates
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contained m this arcgis tho MANDA PHALA* (or,the 1st squation
of tho plgnot.) g . "

To find the 2nd equstion 40, "Find the 2nd Kot1-raArA {from
of the minor plasets Mars & planet’s 2nd Kgnpea as mentioned
ot before ) it is to be added to the radius °
when the Kendra is less than 8 signs or greater than & signs,
but when' the KeNpga is greater than 3 signs and less than 9,
(then the 2nd}Korr-rHALA) is to be subtracted (from the radius).

41. ,Add the square of the rosult (just found) to thab of
the sine of the 2nd BruJa-PHALA : the square root of the sum
is the 8'fanra-KARNA or 2nd hypothenuse.t

Find the (2nd) Brusa-PEALA of the planet (as mentioned in
8'toxa 89th;) multiply it by the radius and divide the product
by the 2nd hypothenuse (abovo found).

42, Find the arc whose &ine is equal to the quotiont (just
found) ; the number of the minutes contaiffed in the arc is
called the 8/fanra-prarat (or 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 ind tho truo places of 43. (Inorderto find tho true places
m::, the Moon and other of the Sun and Moon,) a single ope-

ration called MANDA (or operation of
finding tho first equation,) is to be employed (that is to say,
when yon want to find the true places of the Sun aund Moon,
find their first equation and apply it, as will be mentioned in
45th S'Loxs, to their mean places: thus you have the true
places of the Sun and Moon). .

But in respect of Mars &o. 1st §'faHRa operation (or operation
of finding the 2nd equation,) Ind MaNDA operation, 3rd Maxpa
operation, and 4th 8’faEra operation, areto be employed
succeasively.

. . .

R et o cnt i, B,
miimgz) of the planet from the i's oentre, B.O}).

HRA-PHALA or Sud equation is equivalent to the snnual llax of thee
wmm,udmﬁmoﬁum.pm 3.5'."

D2
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44.. Find the second oquation (from the mean plwe of a
planet :) apply the half of it to the mean place, and (to the
‘ reanlt) apply the half of the'first equation (found from that

resnlb from the ampunt) find the 1st equation again, and apply

’ the w]:ole of it to the mesn place of the planet and (to that

rectified mean place)* apply the whole of the 2nd equation

{found from the rectificd mean place: thus you will find the
true place of the planet).

How the 1at and gng 45+ In the S'femra and , Mawoa
oqu;:n:;; h:{lfh‘ plancts are operations, the (second or first) equa-

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

The Bavsfrnumtpeorres 46, Multiply the diurnal motion
tion in minutcs, ¢ of o planet by the number of minutes
contained in the first equation of the Sun, and divide the pro-

¢, duct by tho 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 tho planet (which is found from the AmARGAYA ab the mean
mid-night ab Ln, the result will be the place of the planet
at the trne mid-night at Lank{.)

47. Subiract the diurnal motion of the Apoges 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 eq‘mhon is to be subtractive or
additive to her mean motion (for finding the true motion of the
moon).

o Bl e e 1t 2 e
%%QJMAanuhhspM 1o the place of s planet found
Mmumuuorﬂnding {hh.m Inplnohnho true mid-night at

Luwxk, arising tlutpomon m of time which is due to the
ol ot f o Bk te B.D,
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Find the .trus il 48, In the MANDA opemti.c;n, !ind
Dotions. d°{h*';°‘,§;;"sp;';‘§ tho (first) equation of a plenet’s dinfnal
ta motions of the others. motion from the motion itself, i the
same way in which the planet’s first cquatign is found.

{Take the difference between the cata and aaxYA sines '
which have boen:foynd in finding the sine of tho firsf Kexpra
of the planet) ; by the difference between tho sines (sara and
aanyA) multiply the (planet’s mean) motion (from its apogee)
and divido the product by 225,

49, The quotient multiplied by the (rectified) panphery of
the first epicycle of the planet and divided by 860° (bocomes
the first equation of the planet’s motion) in minates. Add this
equation (to the mean diurnal motion of the planet) when the
first Kunora is greater than 8 signs and less than 9; but
when the firsb Kexpra is groater than 9 signs or less than 3,
subtract tho equation of the motion from it? (thus you have
the true diurnal motions of the Sun and Moon, and tho MaNDA-
spHUTA motions of the others which are equivalont to their
heliocentric motions.)

To find the trus diurnal 50. Subtract the MANDA-srHUTA di-
motion of & minor plauet.  yrngl motion of a (minor) planet from -
its 8'feAROCHCHA’S dinrnal motion, and multiply the remainder by
the difference betwoen the radius* and the 2nd hypothenuse
found in the 4th operation for finding tho 2nd equation.

51. Divide the product by the (said) 20d hypothenuse, add
the quotient (to the MaNDA-sPHUTA motion of the planet) when
the 2nd hypothenuse is greater than the radius;* but whem
it is less than the radius snbhmct‘ the quotient (from the
MANDA-SPHUTA motion, the result will be the true motion of tho
planet). (But in the latter case), if the quotiont 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 planef,

® Notes on 50 snd 51, Bomcomrnonhtouofthe sduumnlru under-
Mdbimmmthﬂodm 2ud equation found in the 4th opera-®
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mamoftmmm‘m 52. When & planet is at a great
sion’af the planpts, distanco (more than 8 signs), from its
§'faftrocrcuA and (therefore) ils body is attracted by tho looso

* roins (borhe by the 8'famrocacma,) to ite loft or right, then the
planet’s motmn becomes retrograde.

When the planets began 53 and 54. The planets Mars, and
;:‘ ::tm ::: r;m ey others (i. e. Mars, Mercury, Jupiter,

Venus and Saturn) get the retrograde
motion about the same time when the degrees of (thgir 2nd)
Kzennras, found in the 4th oporation, are equal to 164, 144, 130,
168 and 115 (respectively) : and when tho degrees of (their 2nd)
Krnprasare equal to the remainders (196, 216, 280, 197 and
245,) found by subtracting the (said) numbers (164, 144, 180,
168 and 115,) from 360° (separatcly,) the plancts leave their
rotrogression,

55. Venus add Mars (loave their rotrogression about the
some time) when (their 2nd KEennea) is oqual to 7 signs, on
account of the greatnoss (of the rectified dimension) of their
2nd epicycle : so Jupiter and Mercury (leave their retrogression)
when (their 2nd KeNpra)=8 signs, and Saturn loaves its retro-
gression when (its 2nd KENDRA)=9 signs.

To find the latitudo of 8 6. Add or subtract the 2nd equa-

tions of Mars, Saturn and Jupiter
(found in the 4th operation) to or from their nodes uccording
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 8rd operation, to or
from their nodes) according as their 1sb equahons are subtractive
or additive respectively (the results are the rectified nodes).

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

:!‘ohlonumdl? Itumdmuhnthengummtof Iatitude of esch of
'ﬂnow quunls heliocentrio placedf the planet diminished by

.
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tho argument of lojitude of & planct); mult;ply it by tho
(greatest), latitado of the planet (mentioned in S'soxa 70tk of
1st Chaptor) and divide the préduct by tho 2nd hypotheniso
found in the 4th oporation ; but in respect pf the Moon divido
it by the radius: the quotient will be the lntxtude (of the

planet).
To find the true deolm 58, '.l‘he (mean) declinntion (of &
tion of a planct. planet or the declination found by

computgtion from its corresponding point in the ecliptic) in-
creased or diminished by its latitude, ‘according as they are
both of the same or differont denominations, becomos the truo
(declination of the planet). But the Sun’s (truo declination) is
(the same as) his mean declination.

To find the length of & 59, Multiply the diurnal motion
planot’s day. " .(in ininutes) of a planet by the number
of Prdwas which the sign, in which the planct*is, takes in its
rising (at & given placo;) divide the product by 1800° (the
number of minutes which each sign of the ecliptic contains in
itsclf,) add the quotient, in Priyas, to the number of tho
Prfyas contained in a (sidereal) day: the sum will be the
number of PrwAs contained in the day and night of that
planet (at the given place).

Given the declivation, to 60. Find tho right and vorsed
flud the radius of the dinr- gines of the declination (of & planet):
Tal irele. take the versed sine (just found) from
the radius, the remainder will be the radius of the diurnal
circlo south or north of the equinoctial. (This radius is called
Dyusvs). .

To find the ssoensional  61." Multiply the sine of declination
diference. (above found) by the length (in digits)
of the equinoctial shadow,* divide the product by 12, the
quotient is the KusvA : 1- The Kusv4 multiplied by the radius

® The equinoctial shad the“ ofuvertmlgmmonofudmh
whmﬂu&unuintha:;umoctuhtﬂmnﬂddaynngvmplme. B.D

+ Kuav4 is the sine Mmofldhmdeitdnwhwhumkn&pudbotm
tho Horizon and the six o’clock lino, B, D,
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and djvided by, the Dyusv£ (above found) ,beoomes tho sino of
the'ascensional difforence, The aro of that sine (in minates)
is tht ascensional diffcrence in ‘PraNas.

To find thp lmgthaof ¢he 02 Add and subtract tho ascen.
day and night of o plavct sional difference to and from the fourth
tud "M war. part of tho length of the day and night
of the p]anot {as found in s'zoxa 59) separatoly, the results
will bo lengths of the holf day and half night respectively of
the planet when its declination is north,

63. But when the planct’s declination is sonth, f.he 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 resulis are the lengths of
the day and night (rospectively).

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

The Broaa of a Naxsma- 64,  The BrA-puoaa (or the space of
THA and TTEL, s NaxsuATeA or an Astorism) containg
800" minutes, and tho Broca of a mTur (or the space which the
Moon describes from the Sun in {ithi or lunar day) contains
720" minutes,

To find the Naxsmarsa  ThO Place of a planet, reduced to
in which o planet is at & minutes, divided by the BEasmogA or
ghven time. 800’, gives the number of those Nax-
#SHATEA or Asterisms (countod from As‘wiN{ which are passed by
the planet: and the remainder is that portion of the present
Nagspatea which is pused by the planet.) (This remainder
divided) by the diurnal motion (of the planet) gives the quotient
in the days, aATIKAS, &c. which the planot has taken to pass
that portion of tho present NaksmaTzA.

To find the Yoaa® st s  05. Tho 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 placcs of the Sun and

inoreasos by 18° 20’ or 800°. B. D, .
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reduced to minutes, ,is to be divided by the Bua-pEOM (or
800°) The quotient is tho number of the elapsed Yooas
(counted from VISHKARUBHA): *(The remainder is called® the
oara of the present Yoos, and the Bma-Bioaa (or 800°) dimi-
nighed by the aaTa is called the.aauya of that vocu) The
aata and caxya of, the prosent vooa multiplied by 60 and
divided by thé sum of the diurnal motions (of the Sun and
Moon) become the numbets of tho past and to bo past GrATIKAS
{respectively of the present Yoaa af tho given timo.) .

o find the lunar dayat s 66 Tuke tho place of the San from
given time. that of the Moon (found at a given
time) ; divide the remainder, reduced to minutes, by the
Broaa (of a Trenz or 720°; tho quotient is the number of the
clapsed tithis or lungr days.), (The remaiuder is the aaTa of the
prosent rrray, and tho Broea of a Timint diminighed by the aAra
is tho aanyA of the present Trrer) The eata ‘and aAMYA of the
present TrTai, maltiplied by 60 and divided by the diffcrenco
betweon the diurnal motions (of the Sun and Moon) become
the numbers of the past and to bo past amaikas (rospectively
of the present TiTmt ab the given timo).

67, The four invariablo Karayas
called S'akuni, Naca, CHatusrPADA
and KinstvamNa (always appropriate to themselves succes-
sively tho halves of the mrrmis,) from the latter half of the
fourteenth Trrmr of the dark half (of & lunar month to the first
half of the first Trzin of tho light half of the next lunar month,
inclusive),

Tuvariable KaRaNAS,

68. * And the seven variable/Kara-
uAs,/BAVA* &o. afterwards succeed
ench other regulurly, through eight repetitions in a (lunar)
month,

Variable KarayAS.

® 1. Bava. 9 Bitva, 8, Kavrava. 4, Tarmua. 6, Gamasa. 6. Vayr-
JA, 7. BBapri. B. D,
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69, - Tt ia to he known that all the Kapayas answer succes-
sively to heif of a TiTm. )
i (O Mava,) thus I Lave oxplained to you the Rules for finding
o the truo places of the heavenly bodies, the Sun &c.

End of theend Chapter of tho SURYA-SIDDEANTA,

CHAPTER IIL.

Called the Tmnhu'm, which treats of the Rules for resolving the
questions on Time, the position of places, and directions,

1. -On the surfaco of a stone levelled

‘o determine tho meridi
nn’{:m nndl?m“li':‘»g- -::il with water or on the levelled floor of
the points of the Horizon. oo work, describo a circle with

& radius of & certain number of digits.

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

* (respectively). )
Then, draw a line through, the Tuur* formed between the

& To draw a line perpendioulsr to and bisecling- the line joining two given
points, it is usual to deseribe two aror from tho two given poiuts as centres with
& common radius, intemoting:noh other in two fointl 1 the line passing through
the intersecting points is the line required: In this coustruction, the space
contained by the intersecting arcs is called’ rrux “s fish,” on account of its form.
It is evident that the line drawn h the Tuux formed between “two- given,
' pdm,m;tnbeporpmdhﬂn 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 & line thiough the T1ur formed between
tho north and south points of the Meridian Line; this line will
be.the east and west lino.

In the samo manuer, dotermine the intermediate digdetions
through the Tnuis formed between the points of the determined
directions (east, south &ec.).

Given the Guomonic she. O+ (Imorder to find the direction
dow and its Buuas, to fiud  of a given shadow of the Gnomon at a
the direction of the shadow, . . . . .

given time, describe a circlo in the
plane of the Horizon with a radius whose length is cqual
to that of tho given shadow and at its circumference
determine tho points of the Horizon, the Meridian and
cast and west linos ‘as mentioned before:) Then describe a
square about the said circle through the lincs ®lrawn from the
centro (of the circle to the points of the Horizon, in such a
manner that the square shall touch the circlo at the cardinal
points) and in this circle (towards the western or castern part
of it according as the given time is before or after noon), draw
a line (a8 a sino,) equal to Buuia* (of tho given shadow aud
perpendicular to the east and west line towards the morth or
sonth according as tho Bruaa 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. Tho line ropresenting the Primo Verticul, the six o’clocks
line or the equinoctial, passes throngh the enst 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 Buusa (of the lhn?bw north 8r 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
the Meridian Line is called the Koyt (of the shadow) east or west acoording

a8 the end of the shadow is east or west of the Meridian B. D,

E2’
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mg‘: i’z‘uﬁh‘ lti;lelf«nl\:lgl: 7. (In the sajd circlo)* from the

thenuso of the given shadow. cast and west line (to its north) at a
disteface equal to the equinocfiul shadow, draw another line

i parallel to the forgaer; the distance botween tho end of the

'Not}on the 7th 8’z0x4. ¢
Let %, N IT be the
plane of the Meridian of the
given place of north lati-
tude; and in that pline
letG A Hbe the diame-
tere of the Horizon, Z the
zenith, P and Q tho north
and south poles, E A F the
diameter of the Iquinoc-
tial, P A Q that of the six
o’clock line, Z A N that of € z
the Primo vertical, Ca D
that of ono of tho dinrnal
circle in which the Sun is
suppored to revolve at the
given day and s the projec-
tion of tho Bun’s placg : and
let 2 ¢, 2 b bo the perpendi-
culars to Z N, G H respec-
tively.
en, A a==AaRi or
the sino of the Sun's am- N
plitude ;
b = BANXU or tho sino of the Sun's altitude;
osor A b= BaUss or the sino of the distanco of the Sun from the Prime
Vertical measured on a great circle passing through $he Sun and at right angles
to the Prime Vertical, ‘
a b = 8'sNKUTALA or the distance of the perpendicular drawn from the Sun's
sl::e to the horizontul plane, from the line mled tho UpavAsTa-sfTRA in
skrit) in which the planc of the Horizon intersects that of the diurnal circles
and it is evident from tho figure that
. Aa=ab+ Ab:
o or Aonri = 8'anxurata & Bruaas
in this the uppor or lower sign must evidently bo used according as the Sun is
north or south of the Prime Vertical,
« Now if these Aan£, 8’axxuTara and Brusa which are in terms of the radius
of & great circle, be reduced to the hypoth of the g ic shadow at the
given time, it is clear that the refuced Bruaa will be e&u:l to the distance of
the end of the shindow from the east and West line, but reduced SANKUTALA
will equal the Equinoctisl shadow, It is showed thus:
let B = the radius of a great circle: )
& = the hypothenuse of the shadow;

2B
thcn,lo:B=12ub,.‘.lb=—;-,

Now, in the triangle 2 d ** £ a4 b = the latitude of the given place;
ad  thesine of latitnde the Equinootial shadow

e  the cou, of latitude 1%

}
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given shadow and thp lattor line is equal to the sino of smpli-
tude (reduced to ‘the hypothenuse of the given shadow).

Given the ehadow to ind 8. The square-root of the sut of .
its hypothenuse, the squares (of the longths) of the
Gnomon and the given shadow is dalled the hypothenuse of the *
shadow: from tho square of tho hypothenuse sublrget the
square of the Gnomon ; tho square-root of the remainder will
be equal to the shadow; and the length of the Gnomon is to
bo knovn (from the shadow) by the inverse calculation,  «

Tho precession of the 9. The circle of Asterisms librates
equinoses, 600 times in a great Yuaa (that is to
say, all the Asterisms, at first, move wostward 27°. Then
returning from that limit they reach their former places. Then
from those places they move castward the ssme number of
degrees ; and roturning thence como again to their own places.
Thus they complete one libration or revolutiofl, as it is called.

In this way the number of revolutions in & Yuea is 600 which
answers to 600,000 in & Kavra). .

Multiplying tho A1marGana (or the number of elapsed days)
by the said revolutions and dividing by the number of terres.
trial days in a KaLra; the quotient is the elapsed rovolutions,
sngns, degrees, &c.

. (Rejecting the revolutions), find the Bauia of the rest
(1 e. signs, degrees &c. as montioned in §'LoxA 30th of the 2nd
Chapter). The Bausa (just found) multiplied by 3 and dividod
by 10* gives the degrees &c. called the Ayana (this is the same
with the amountt of the precession of the cquinoxes). :

A the Equinootial slppdow
OF G )X —— == e e e

iﬂ R 12
b X l-; or the reduced 8’AxxuTALA = the Equinoctial shadow i

+* The reduced sine of amplitu
= the Equinootial w £ the reduced BruJa ; this explains the
7th®zoxa. B.D.
T ®87°, 90° B.D
+ Thi s tho distanos of ths suun Aries from the vernalequinoz. B, D,
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Add or subtract the amomnt of the preceasjon of the equi-
noxes (according as the asterisms are moving eastward or
westtard at the given time) to’or from the place of a planet:

, from the result (which is equivalent to tho longitude of the
planet) find the declination,” the shadow of the Gnomon, the
tho ascensional difference &o.

This motion of the asterisms (or the precessnon 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 ns 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 circlo of asterisms is to the east or west (from its original
place) as many degrees as these aro in the difference (between
the Sun’s true plnco and tho longitude).

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

Giren tho equinoetial hae * 13. Tho Radius multiplied by the
dow, to find tho co-latitude Gnomon (or 12) and the equinoctial
and latitude, shadow (separately) and divided by
the cquinoctial hypothenuse* gives tho cosine and sino of the
Iatitude (respectively). Tho 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). ‘
Giren the Gromon's shae 14 and 15, Tho Bruia of the sha- |
gﬁ:nli‘:n?::nm:;?hsanl:;'i‘fa dow of the Gnomon at moon is the
of the place. same as the shadow itsclf. Multiply

® The eqninoctial hy is the hypotk of th 1 shadow
found by taking the lqnmroot oftho sum of the |qum ofthooqumootul

shadow apd the Gnomon (or 18).
ot The south Jatitudes of Buuknl oorrupond to the north latitudes of the
Europesns,

The equinoctial llmlow.
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the Radms by that Bavsa and divide the product by the hypo-
thenuse of the said shadow ; tho quohont will, bos the sine of
the zenith distance: the zenith*distance, found from that® sine
in minates, is north or south according as the Buuss is south
or,north respectively (at & given place). Find the sum of the '
zenith distanco and the Sun’s declination in minutes when
they are both of the ‘ssmo name, but when they are of contrary
names, find the difference between them. This sum or differ-
enco isdhe latitade in minutes (at the given place). .

To find the equinootisl  16. Find the sine of the latitude,
shadow from the latitude.  (ingt 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 Jcosine of the latitude gives tho
Parasng or tho equinoctial shadow.

[ ]

Given the latitude of the 17, Find the difference betwceen the
5‘,:::";":1, :‘;::"{:,'h:f,"{f: degrees of the latitude (ab s given place)
declination and longitude.  and those of the Sun’s zenith distance
at noon when they are both of the samo name, but when they
are of contrary names find the sum of them; the result will be ,
tho Sun’s declination : multiply its sin6 by the Radius,

18, Divide tho product by the sine of tho Sun’s greatest
declination (or 1397) : find tho arc (in signs &o. Whose sine is
equal to the quotient, just found) ; this arc will be the lofigi-
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 arq) from or to 6 signs; (the
remainder or the sum will be #he longitude of the Sun).

19. And when the Sun is in the fourth quarter of tho
Ecliptic subtract the signs &e. (which compose the arc) from
12 signs; the remainder mll be the true longitude of the Sun
ab noon,

(To the longitude, just found, apply the amount of the pre-
cession of the equinoxes inversely for the Sun’s trme place.)
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To 8 the Bu's mean (L0 order o find the mean place of
Placp from b 3'“'?‘“" the Sun from his true place above
fourtl,) find the 1st equation from the true place of the Sun and
apply it inversely to tho place ropeatedly, tho resnltis the mean
place of the Sun (that is, assume the true place as his mean plage,
find tlip Sun’s first equation from it and add this equation to the
trup place if the equation be subtractive, but if it be additive,
subtract it from the true place; the resalt will be somewhat
nearcr to the exact mean place of the Sun at the givan noon
assuming this resalt as the Sun’s mean place apply the said
mode of calculntion, and repeat the process until you get the
exact mean place of the Sun).

Given the Intitude of the  20. Find tho sum of the latitude of
m’;“;;{"‘] ""',"‘ﬂ:g"l;x‘ﬂ;iﬁf a given place and the Sun’s declination
distance at noon, when they are of tho same name, but
when they are of contrary names find the difference between
them ; the result will be. the zenith distance of the Sun (ab
noou). Find the sino and cosine of the (found) zenith dis-
tance.

Given the Sur's zemigh 21+ The sino (just found) and the
distance at noon, to fiud the  Radins multiplied by the length of the
shadow and it hypothentse. "¢ rmon in digits (or by 12) and di-
vided by the cosino (above found) give the shadow of the
Guomon and its hypothenuse (respectively) at noon,

_diven the Sun's declin. 22, The sine of the Sun’s declina-
:’:,'l‘,,'i‘:':d:"':‘:&",m find bi% *tion maltiplied by the equinoctial hy-
«mplitude reduced. pothenuse and divided by 12 gives the
sine of the Sun’s amplifnde. This sine multiplicd by the
hypothenns of the Gnomonic shadow at noon, and divided by
the Radius, becomes the sine of amplitude reduced to the
- shadow’s hypothenuse. :

Given the equinoctislshe. 23, To this reduced sine of the
;‘;;,;;;,i,ghmm;‘g;;f Sun’s amplitude add the equinoctial
. shadow ; the sum will be the north

" Bauia (of the shadow ab the given time) when tho Sun is
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in the southern hemjsphere, but when lo is in tho northern
hemisphere, take' the reduced sine of smplitudes from the
equinoctial shadow, and tho Yomainder will be the worth
Bausa, . .

%4 In the lattor case, when tho reduced sine of amplitude
is greator than the equinoctial shadow, subtract this ghadow
from tho reduced sine; the remainder will b the sonth Bapaa
botween east and west line and the end of the shadow ab the
given time. Every day the Biusa at noon equals tho Guo-
mon’s shadow at that time. .

. 25. Multiply tho cosine of the lati-
g diren, ém:ﬁ:?:o 204 tudo by the Equinoctial shadow or the
the hypothemi of tho sher sine.of tl.le latitudo by !2; the product
Sun reachcs tho Prime Verti- (which i8 the samo in both cases)
el dividod by the sine of the Sun’s de-
clination gives tho 71ypothcnuse of the gnomontc shadow at the
timo when the Sun reaches the prime vertical.

26, When tho (Sun’s) north declin-
ation is less than the latitude, the
bhypothenuse of tho shadow at noon multiplied by the oquinoc-
tial shadow and divided by the reduced sino of amplitude ab
noon, gives the (same) hypothenuset (which is found in the
preceding S'LOEA).

Otherwise,

* This is shown thus,
Let { == Intitude of tho place ;
== the equinoctial shadow ;
@ == the sine of the Sun's declination ;
P=ieiiiiiseiiiene o nllitudo;}
& == the hypothenuse of the shadow ;
hen, sin 1:d=R: p;
and R:p= 2;13; ’
12sinl ecos i
&= —— (because cos J:sin f==13: ! and ., o.cos ! =
d 4 12uind),
t+ This is proved thus.
Let A = the hypothenuse of thp shadow st noon ;
@ = tho sine of amplituds reduced to that hyp.

(31
-‘-=thuineafunp1i¢udaintermnoflhcndim.

when the Sun reaches the primo o
vertical,
\

S P =
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27.. "The sine of the declination (of the Sun) multiplied by
the-radius and divided by the cosine of the fatitude becomes
the 8ine of amplitude. Multiply this sine by the hypothenuse
of the shadow at,a given timo and divide the product by the
radius : the quantity obtained is the sine of amplitude in
digits'(réduced to the hypothenuse of the shadow at the given
ti]ne), LY .

. - 28 and 20. Subtract the square of
dogl ';'S.f".'n:“é‘.’,';,‘-’f‘“..fn',',‘ﬁ’. tho sine of amplitude from thg half of
vihen stastod in fho vty the 8quaro of the radius ; multiply
girelo of which the astmuth  the romainder by 144 ; divide the

product by the half of the square of
the guomon (i. e. 72) increased by the square of the equinoc-
tial shadow. Let; tho namo of the result be tho Karanf, Let
the caleulator write down this number (for fature reference).'

30, Multiply twelve times the equinoctial shadow by the
sino of amplitude and divide the product by the former divisor
(i. e. 72 added to the square of the cquinoctinl shadow). Let
the result be called tho PraLA, Add the square of tho Karayf
to the Priara and take the square-root of the sum.

31 and 32, The square-root, (just found), diminished or
increased by the PrA1A according as tho Sun is south or north
of the equinoctial, bocomes the Kona-s'anku* or the sino of

. aR
Thea — : p (the sine of the Sun's altitudo when he is at the prime vertical)
== 008 } ; sin = ¢ (equinoctial shadow) : 12;

124R

S PR e——
Ae

and .'.p|$=lﬂw(thc hfpothmmoftheun’uhdnwwhm Lo reaches
the prime ) :

ue B e 2 pposing the Sun's declination to
Se=—=12 St 2= e | JUPPOSE un’s doclinati

» ,‘unk ] ::dagomohmgednﬂngtho
® This is demonstrated thus, v
Let e = the equinoctial shadow, ‘

-=:|;;|iuof|mp1imdo,

k= Kamayf,

= the PrALA,
snd '-f= the Koya-8’axxv.
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oltitude of the Syn when situated at an intermediate vrtical
(intersecting the Horizon at the N. E.and 8. W. or N. W,
and 8. B. points). If the sunbo south of the prime vertical,
then the Koya-8'anku will be south-east or, sonth-wept, but if
habe north of it, then it will be north-east or north-west.
The square-root of the differenco between the square.of the
Kowas'anxu and that of the radius, is called the Drrasx{ or
the sine of the zenith distance.

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

e
Then,18:e =2 -ﬁ 2 =8'AUKUTALA (as shown in the note on 7th §'zoxa) 3

and sinoo it is manifest from the same note that the 8’AvxUTALA applied with
the sine of amplitude by addition or subtraction aocording as the Sun is south
or north of the equinoctial, becomes Buusa (i. e. the sine of tho Sun’s distauce
from the primo vertical),

e

o e 9 o+ @ = BRUJA}

12
but when the Bun is N. E, N. W,, 8. E, or 8. r., it is equidistant from the
prime vertical and the meridian. Thorefora the ypothenuso of a right-angled
triangle, of which one sido is tho Busa and the othor cqual to it, is the sino of
the zenith distance,
Lyp)® ( e ) e ot ae P
- =2 (~—ata)=——att —2 a’,
7 12 x 72 3 .
Now, sinoe the aquare of the sine of tho zenith distance added to the sq
of tho sine of the altitude is equal to the square of the radius,
o2 ae -
Sath—att—2+24'=R";
72 8 \

or(e*+72) 2"+ 2Uae2=T2R—1444a"; .
24ae 73R*—144a' 144 (} R? —a")

Stk = = .
o 72 et 72 ot 472

Now, in the foregoing equation it will be observed that tire valuo of the side
containing the known quantitios i what has been already spoken of under the
name of KaRAf, and that tho half of the co.efflcient of = is what Las been already
spoken of under the name of PHALA,

otk dfr=4k, .

which gives e=¢/f'+h xf B.D

r2
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Tl:e'hﬁtude of tho place Sk Add or gubtract the sine of

'mi the Bunle doclimation the nsccnsional difference o or from

Jz’::.féi“’é?.:l’:i“:; the radius according as the Sun is in

e given time fomnoon, ¢4 northorn or southern hemisphere.

The reuulb is oallod the ANrv4, From the Awry£ subtract the

versedisine 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 crmEDA ; the cHEEDA multiplied by
the cosine of latitude and divided by the radins becomes the
S'ANKU* or the sine of the Suv’s altitude (at the given time).
Bubtract the square of the S'avku from that of the radius;
the square root of the remainder is DRJG-J¥X or the gine of the
zenith distance (af the given time). (From the s'axku and the
peja-yu&) find the shadow and its hypothenuse as mentioned
before (in S'z0xA 82).

Given the _gomonioal Multiply the radins by th.e given
shadow and its hypothenuse, shadow (of the gnomon) and divide the
to find tho time from noon. product by the shadow’s hypothenuse.

® This will be manifest thus,

Let ! = latitude of the place north of the equator;
@ = the Sun's declination ;
@ = the ascensional diffurence,
¢ = the time fromrnoon in

and x = the Bun's altitude,

Then we have the equation whioh is very common:

oos . cos I, cos d =t R. sin L sind.

Bl & = —————— e ;

Re

( H:hn“m‘) Lond
008 —T—ODI.&I
L]

R
(cos # & #in a) cos 2cos d
= B. m——
(R +sing—vers?)cosde cosd
or 2 c—— 2 —-—,T.

‘, !t is to be observed hero, that when the latitude of the place is. north, tho sin
becowmes plas or minus aocording a8 tho declination is nortlor south, B. D.



o Sirya-Siddhdnta. 37

87. The quotient js the Deje-7¥4 ; the square.root of the
square of the radius diminished by that of the DRG-¥A (just
found), is the ANkv: multiply it by the radius and divide ¢ho
product by the cosine of latitude (of tho placg). .

88 and 89, The result (thus found) is the crEEDA ; multiply
the curEDA by the: radius ; divide the product by thé gosine
of the declination. Subtract the quotient from the Axry/ and
tako 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 tho time before or after noon.*

Given the latitude of the  Multiply the cosine of Intitudo by

lace and the reduced sino i i i
by mgmude' prgrw el the given reduced sine of amplitude

Sun's declination and longi-  8nd divido the product by the given
tuds. shadow’s hypothenuse (st 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 sino of the greatest dcclination ; find the arc in signs,
degrecs, &o.; from this arc and that quarter of the ccliptic in

which the Sun is situated at the given time the Sun’s longitude - -

can be determined (s mentioned before in S'zokas 18 and 19
of this Chapter). .

To draw n line in which 41. On eny day placo o vertic.sal
the Gnomonio 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 possing through
these points, Then the end of the ehadow of that gnomon
will revolve'in the cireumfererfeo of this circle through that

doyt

# This Rule is the converse of thé proceding one. B, D,
.} This Rule is refuted by BuAsxankcuArya in his Gorapuyiva, and he is
right, beosuse the end of the gnomonical shadow revolves in an hyperbola iu $he
Placcs between the atotio and antarctio cireles, B. D,



8 Translation of the o

To find the right asoen-  ,42- (In order to find the right
:‘g‘iﬁaﬂéz}:;&:t three signs nsconsions of the ends of the three
first kigns of tho ccliptic i. e. Aries,
Taurus and Gemii, find the declinations of the ‘'said ends) then
mulhply the sincs of one, two, and three sines by the cosiye of
the gcatest declination of the Sun scparately, and divide the
products by the cosines of the declinations (above found),
respectivoly: The quotients will bo the sines of thearcs; find
tho arcs in minutes. (These arcs will bo the right sscensions
of the ends of the threo first signs of the ecliptic).

To find tho rising poriods ~ 43. The number of minutes con-
ofthote igoa i o B, tained in the first right ascension,
(abovo found), is the number of Priyas which Aries takes ir
its rising at Lankx (or the equator) ; thon take the first righ
ascension from the second and the second from the third; the
remainders in finutes will denote tho numbers of PrAyas ir
which Taurus and Gemini rise at the equator.

(The numbers of the Prayas, thus found, contained in the
rising periods of Aries, Taurns and Gewini at the equator are)
1670, 1795 and 1935 (rospectively).

1o fnd tho rising periode (In order to find tho rising poriods
of thoso signs at a given of tho first three signs of the ccliptic

’ . ot o given place of N. L, find af
first tho ascensional differences of the ends of the said sign:
ot that place and subtract the first ascensional difference fron
the second and tho second from the third. The first ascen
gional difference and these romainders are severally called the
CuaraxmANDAS of the sqid signs for the given place). Sub
tract the CHARAKHANDAS (of the first three signs) for the given
place from their rising penods ot the equator : tho remainder
will be the rising periods in Prixas of the said signs at th
given place. .

To find the rising poriods 44+ The rising periods of the firs
of the rest. three signs of the ecliptic at th
Equator successivoly increased by their CHARAKHANDAS give il
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a contrary ordor the rising periods of the following “three
signs (i. e. Cancer), Leo and Vergo). Tho risihg perjods of tho
first 6 signs, thus found, answor <n an inverse order to thosq of
the latter six Libra, &o. for the givon place.

. 45. From the Sun’s longitude as-
m?;o?,':fo%,?fl;;mu‘:‘é certained at tho given time, find the
rising a6 & giren time frouf - Buxra and Brrooya times in Pranas,

(in the following maunor. Find the
sign in which the Sun is and find the Brukra dogrees or the
degrees which the Sun has passed and the Buoava degrees or
those which ho has to pass). Multiply the numbers of the
Brukra and Broava degrees (scparately) by the rising period of
tho said sign (at the given placo) and divide the products by 30.
(Tho first quotient is the Baukra time in I'R&Nas in which the
Sun has passed the Baukra degrees, and the latter is the Briogxa
time in Préyas in which he has to pass the Bieava dogreos.)

40 and 47. From the given time in PrAyas (at the end of
which ‘the Horoscopo is to be found) subtract tho Broaya time
in PrayaAs and tho 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
remaindor you will not be ablo to subtract, and which is con-
sequently called the as’'uppBA sign or the sign incapable’of
being snbtracted, and its rising period “tho As'UDDRA rising).
Multiply the remsinder 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’uppua 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 rosult, (thus found),
will be the placo of the Horoscope* at the eastern horizon.
If the time at the end of which the Horoscope is to be found,
Him i s o e o a1 b it i i o

consequently calledd KraMa or direct and VYULERAMA or indircet proccssos .
respectively. B. D.
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be given before sun-rise, then take the BauxTa time (above
found) and, the’ fising periods of the preceding signs, to that
which is occupied by the Sunf in a contrary order from the
given time; multiply the remainder by 80 and divide the
product by the A8'toDEA rising period ; subtract the quoti,ent
in degrees, from the signs (reckoned from Aries to tho as'vp-
DEA sign inclusive) ; the remainder (inversely applied with the
amount of the precession of the equinoxes) will be the placo of
the Horoscope at the eastern horizon.

To find the culminating 48. From the time, in GHAT"“”
point of the Ecliptio at the from noon, before or after, the Sun’s
given time from noon. place found at the given timo, and
the rising periods of the signs ascertained for tho equator, find
the arc, in signs, degrecs, &c. (intercepted between the Sun
and the meridian at the givon pldce) subtract or add tho signs
&c. (just found} from or to the Sun’s placo (according as the
given time is before or after noon); the result will be the
place of the culminating point of the ecliptic (ab the given
time).

Given the place of the  49. (Of the given place of the
n““%";ﬁ.‘m:ﬁ-,ﬂ: Horoscopo and that of tho Sun), find

¢ Bun, to

sun-rise, the Brogya time in Pedyas, of tho
leds and the BEUXTA time, in Prayas of the greater, add toge-
ther theso times and tho rising periods of the intcrmediate
_ signs (betweon those which are occupied hy the Sun and tho
Horoscupe) ; aud you will find the time (from sun-rise at tho
. end of which the given place of the Horoscope is just rising in
the eastorn horizon).

50. When the given place of tho Horoscopo is less than
that of the Sun, the time (sbove 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 incrcased by 6 signt, the time found (ss 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 Tripmas'Na.
.
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CHAPTER IV.
O the Eelipses of the Moon.

: 1. Tho diamoter of tho Sun’s orb

The diameters of the Sun
and Moon in ywansg and is 6,500 vosanas and that of the
their rectification. * Moon’s is 480 YOIANAS. *

2and 3. The diametors of the Sun and Moon multipl;ed
by theig truo diurnal motions and divided by (their) moan
diurnal motions become tho sPRUTA or rectificd diameters,

To fud the Sun's diameter The rectified dismeter of the Sun
st the Moon and their dis- multiplied by his rovolutions (in a
welers i winuos Kavra) and divided by the Moon’s
revolutions (in that eycle), or multiplied by the periphory 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 numbers of minutes
contained in the diamecters (of the discs of the Sun and the
Moon respuctively).

To fud the diametee of 4804 5. Multiply the truo diurnal .
;li«;m llcmlu shadow ut the motion of tho Moon by tho Earth's

dismeter (or 1,600) and divide tho
product by her mean diurnal motion ; tho quantity obtained is
called the Stcuf.  Multiply the difforence betwoen tho Farth’s
diamoter and the rectified diameter of the Sun by tho moan
diametor of tho Moon (or 480) sud divido the product by that .
of the Sun (or 6,500) ; subtract tho guotient from the Séeuf
the remainder will be the diawmeter (in Yosanas) of the Karth’s
shadow (at the moon); roduce it to minutes as mentioned
before (i. e, by dividing it by 15).

To find the probablotimes 0 The Earth’s shadow (uJways)
of theocourrences of eclipses.  porhaing ab the distance of 6 signs from
tho Sun, When the place of the Moon’s ascendiug node equnls
the place of the shadow or that of the San, there will hoan *

G
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eclipsé (lunar or solar). Or whon that node is boyond or within
the.place of the shadow or that of the Sun, By some degrees,

. thessame thing will take place:

7. The places of tho Sun and the Moon found at the time
of the new moon are equal (to each other) in signs, (degrges)
&c. ayd at the instant of the full moon they are at the distance
of § signs from each other. '

To reduce he places of O (Find the changes of the places of
m s:]lin;gﬂ:‘c‘x? ;‘:n h:' the Sun, the Moon and her agconding
midenight to the instant of Dode in the instant from midnight to
the aysygy. the instant of the syzygy as mon-
tioned in 8'toxa 67th of 1st Chapter). To the places of the
Sun and the Moon (as found at tho 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*RALA 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 thoSunand . 9. The Moon being like & clond in
« theMoon in their eclipses. g Jower gphere covers the Sun (in a

solar eclipse) ; but in & lunar ono the Moon moving eastward

enters the Earth’s shadow and (thereforc) the shadow obscures

her dise.
To find the magnitude of - 10, Take the Moon's latitude (at
an eclipse. the time of syzygy) from half the sum

* of the diameter of that which is to be covered and that of the
coverer (in a lunar or iolar eclipse) ; the remaiuder is the
greatest quantity of the eclipsel part of the diso,

Do ascerfain the ocoursence 11. If this quantity should be
of a tota, pactial or no greater than tho diameter of the dise
eclipse. which is to be eclipsed, the eclipse
will be & total one, otherwise it Wwill be partial. But if the
Mocn’s latitude be greater than half the sum (mentioned in :

* the preceding S'7oxa) there cannot bo an edlipse,
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Mo find tho half daration 12+ Find the halves separafoly of
of the calipse and that of the the sum and difference of the diameter
total darkness. of thut*which is to be covered eand |,
that which is the coverer, Subtract the square of the (Moon’s)
Intitude (as found at tho time of the syzygy) severally from
the squares of the half sum and the half difforonce ang take
the square-roots of tho results.

.

13. Theso roots multiplicd by 60 and divided by the
dinrnal Yuotion of the Moon from the Sun give tho StrITYAKDIA
the hulf duration of the Kclipse and MarDARDIfA the Lalf’ dura-
tion of the totul darkness in ematikds (respectively).

To find the exact Starry- L4 and 15, The diurnal motions (of
Awoia wnd 3uk0ARDHA.  ¢he Qun, the Moon and her asconding
node) multiplied by the SrurryarpHA (sbove found) in enayi-
x4s and divided by 60 give their changes in minutes. Then to
find the first exact STRITYARDIA, subtract the changes of the
Sun and the Moon from their places and add the node’s chango
to its place; from these applied places find the Moon’s latitude
ond the Srtmrryaepua. This StmrvarpEa will be somewhat
nearer the exact one, from this find the changes and apply the «
same mode of calculation (as mentioned boture) and repoat the
procoss until you get the samo SruiTyARDHA in overy repeti
tion, This Stuirvarona will be the exact first STRrrvArRDHA.
But to find the latter STrIrvARDHA add the changes of ‘the
Sun and Moon to thoir places and subtract the node’s change
from its placo; from these applied places find tho Moon's
latitude and the STErryARDHA again and ropeat tho same process
until the exact latter SrarrwarpEA be found. In the samo
manner determine the first and second exact MARDARDHAS by
repeated calculations.

To find the times of the 16, At the end of tho trup lunar
Phases of an eclipse, dt;y (i. e. at the time of the full moon)
tho middle of the eclipse takes place ; this time diminished by
the éxact first SrHiTYAEDHA leaves the time of the beginning,’

a2



44 ’ Tra;lslutiun of the *

and jneroased by the latter exact StriTraRDEA gives tho time
of the end..

19. In the samo manner, the time of tho middle of a total
colipse diminished, and increased (separately) by the exact first
oand second MARDARDIAS gives the times of tho beginning and
end of tho total darkmess (respectively).

o find the Koyt or tha 18, Multiply the diurnal motien of

':lh';ﬁ: “:;ifﬂﬂ:m:; p:ﬂ; the Moon from the Sun by tho (first)
eclipso to o given time. SrurrvarpEa  diminished by given
onATIKES and divide the product by 60, tho quotient is the
Kopf in minntes (or the perpendicular of the right angled
triangle of whieh the Moon’s latitude is tho base and the
distance between the centres of that which is the coveror and
that which is to bo covered is the hypothenusc).

19. In an eclipse of the Sun, the Kot in minutes (abovo
found,) multipliéd by the mecan Srnryarpra and divided by

. the apparent* StrrTvArpmA becomes tho Seiuta or apparent

Kor1 in minutes.

To find tho quantity of the 20, The Moon’s latitade is tho

ﬂmdtifeﬂ::t‘ﬂff"o}":: Bitusa (or base) and the squure-root
ecliysa, . of the sum of the squares of the Koyt
and Brusa is the hypothenuse (of the tMangle as meutioned
before in S'moxa 18th). Subtract the hypothennse from half
the sum of the diameters (as stated in S8'Loka 10th) ; the re-
mainder will be the quantity of tho eclipsed part (of the disc)
ab the time (at which tho Koyt and Buusa aro ascertained).
* Tofind thequantity of the ~ 21. If it be required to know tho
:,ﬂ'::, e ot e Kot &ec. ata given time after the
eclipse. middle*of the eclipse, subtract the
GuaTikas (between the given time and the end of the eclipsc)
from the second StHITYAEDHA; from the remainder find the
Kogt &o. as mentioned before. Tho obscured part found from
the sécond SrHiTYARDHA i8 the portion of the disc yet in
obscurity.

', © The mean and spparent STUITYARDHAS will be explained in the next

chapter. B. D.

L}
.
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oel(i;im‘ g‘l:” 1“‘?:“%’{ til:: 22 .a.nd 2J Subi';rnqt th.e minates
corresponding time, contained in tho given eclipsed part
from half the sum of tho diameter of that which is covoted
and that which is.the coveror; from the squaye of the remain-
dor seubtract the square of thoe Moon's lutitude at that time.
Tho squarc-root of the remainder is the Koyt in minutes (in
the lnnar oclipse). But in the solar one the remainder (thas
found) multiplied by the apparont Stmtyarnna and divided by
tho mea® SturTYARDHA gives the Kot in minutes. From the
Kort find tho timo in GuaTikAs in the samne way that you found
the SrmrryarpEA (from the squarc-root as mentioned in S'TokA
13). At this time (before or after the middle of tho eclipsc,)
the quantity of the eclipsed part is equal to the given one.

To find the Varams usedt 24, Find the zenith distanco* (in
in tho projection of eclipscs. 41,5 g vortical of tho body which
is to be eclipsed), multiply its sine by the sind of the latitude
of tho placo, and divido the product by the radius. Find the
arc whose sine is cqual to tho quotient ; the degrecs contained
in this aro called the degrees of the (Axsma or the Intitudi.
nal) VALANA : thoy are north or south according as tho body
is in tho eastern or western hemisphere of the placo.

25, From tho place of the (said) body increased by 3 signs
find the declination, (which is ealled Avana or solstitinl vaLANA).
Find the sum or difference of the degrees of this declination
and those of the latitudinal vataN4, when thoso valanas are of
tho same name or of contrary names: (tho result is called
sphuta or true vaLaN{). The sinc of tho true vALANA divided *
by 70 gives the vaLANA in digite.-r
et .5 S of e, it g D,
b::;'m 3;‘::0 rough amount of this can be easily found by the following sitplo
! Al half tho length of the day of the body

:: the time from noon of the body at a given time

: tho zenith distance in the prime vertics! at tho given time, B. D.

t In the projection of eclipses, after drawing tho disc of tho body tobe o
eclipsed, the uorth aud south and tho cast and west lincs, which lines will of
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Td find the ANQULAS ov
digits contained in the
MOR!I'I latitude, diameter,
eclipsed part, &c. ot a given
time during an ccliple.'

Translation of the *

26. TFind the length of the day (of
the body which is to be cclipsed as
montioned in s'okas 62 and 63 of the
second Chapter): to this length add

its lfa.lf and the UNNATA time (or the half length dimninished by

«
course ropresent the circle of p passing through the body (supposed on the
ecliptic) and the secondary to that circle at the given place, Lo find the direction
of the lino representing the ccliptio in the diso o% the body on which the know.
ledgo of the exact directions of the phases of tho eclipses depends, it is necessary
to know the anglo furmed by the said secondary and the ccl i‘xﬁc. Tiis angle or
that are of a great circle, 90° from the place of the body which is interceptod be-
tween the smd svcondary or the prime vortical and tho ecliptic is called the vara¥a
or variation (of the ecliptic). And as it is very difficult to find thisarcat once,it
is divided into two parts of which the one is that portion of the great circle (90°
from tho place of the body) which is intercopted between the Prime vertical and
the Equinoctial and the othor is that portion of the irclo which is i pted
betwoon the Equinoctial and the ecliptio; these two portions are called the AxsHa
varana and the AYANA-VALANA respectively, The Axsma vatanais called the
north or south according as the Equinoctisl circlo 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 evijlent from this that on the northern latitudes when the body
is in the eastern or western hemisphore the Axsina YATANA will be the north or
south respectively. And the AYANA-VALANAis called the north or south accord-
ing as tho ecliptic moots the said great circle on the north or south of the
Equinoctinl to the east of the body, and hence it is evident that when the decli-
nation of the body’s placo increased by 3 asigns is north or south the Kvama-
vaza¥A will be the north or south respootively. From tho suin of these VaLaNas
when they aro of the same namo or from the difforence botween them when of
contrary names the arc which is intorcepted between the prime vertical and the
ecliptio is found and hence it will be north or south according as the ecliptio
meets the said groat circle on the worth or south of the primo vertical eastward
of the body and it is sometimes callod the grasnTa or reclified VALANA,

htAbeththoeoflhebod ;BGO o &
o /\/
A

L the groat circlo %° fromit; BACthe -
ecliptic; D E F tho Equinoctial; E the
Equinoetial point; @ II L the primo
verticai; H the intersecting point of the
rﬂmo vertical and the Kqunoetial, and
henco the east or west point of the ori-
zon aml thereforoe @ IT equivalent to the
senith distanoe in the prime vertical.
Then the aro G D == the Axs
VALANA, '
D B =the AvaNa.viraxa,
and G B = the srasura or rectificd
VALANA.
These arcs can be found as follows,
Let L = latitude of the place,
# == the zenith distance in the prime

vertical,
3 = the longitude of the body,
¢ = the obliquity of the ccliptic,
@ = the declination of the body,
# == the AXSHA VALANA,




o Siiryu-Siddhinta, W

[ ]
tho given time from the midday of tho body) ; and by the
quotient divido the Moon’s latituds, diamoter &e. in minutos ;
the results are the digits contained in the latitude &c.

(¥nd of the fourth Chapter.

g == the Kvava-varaka,
and z = tho rectified varaxa,
Then in the spherical trisngle D H G
sinGDIi[: sinDITG=winGH:sinGD;
hore, 1 G D H == sin B D K = cos d,
sin D H G =sin L;
and sin G H = gin n,
o coad: #inL = sinn: sin z,
¢in L, sin »
Jutinz or the sino of the AREHA VATANA = ————— in which tho Radius
is used for cos 4 in the text cos d

This vazana is called north or south acoording as the point 1 be north or
south of tho point @. .
And in the trisngle D EB '
sinBDE; inBED=sinBE; sinD B,

o coad:sine=cosl:siny .
sine X cos!
Sosin gor the sine of the XTaNA VALANA = memme — in which the
cos d
Radius is used for cos 4 in the toxt,

This vazaxa is called north or south ; socording as tho point B bo north or
south of the point D,

And the restified vatawa @ B =G D 4 D B, when the point D Lics between
the points G and B, but if tho point D be beyond thewm, the rectified vaLaNa
will be equal to tho difference botween the Aksha and Ayana vauanas, This
leo s oalled north or south as tho point B bo north or south of the point G,

"To mark the sino of tho sPASTA VAT ANA in tho projection of the echipsy it s
roduced to the circle whose radius is 49 digits in the toxt,

ive, Bisins=49: reducod sine of the varaNa:

49vinz  49sinz  sing o
o Teducod sine of the vaLANs = = =
R 3438 70

This roduced sine in digits is donominatod the Vazas iu the text, B, D,
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CHAPTER V.
On the Eclipses of the Sun.

Wharo tho parallsx in 1. Thore is no parallax in longi-
longitudeand thut inlatitude tudo of the Sun when his place cquals

nothing: the place of tho nomagesimal. And
wlu.n the (north) Intitudo (of the placc) and the north declina-
tion of tho nonagesima] aro cqual to each other (i. o when the
nonagesimal coincides with the zenith) there will be zo paral-
lax in lntitude,

2. Now I will explain the rules for finding tho parallax
in Iatitude which takes place when tho connection of the placo
and timo is different from that which is mentioned (in tho
proceding 8'Loka,) and tho parallax in longitudo which ariscs
when the Sun is east or west (of tho nonagosimal).

To find the sine 6f ampli. S+ Ab tho end of tho time of con-
tude of tho Loroscope. junction (from sunrise) in GHATIKAs
find the place of the horoscope throngh the rising periods at a
given place (and apply it with the amount of tho precession of
the equinoxes.) Its sine multiplied by tho sine of groatest
+ declination (or sin 21*) and divided by the cosine of latitude

gives & quantity called the upav& (or the sino of amplitude of

the horoscope).

To find the sino of the 4. Then find the place of tho cul-
m‘l‘:‘;’i‘; ;'f' u:]‘:"wﬂ:: minating point of the ecliptic through
tio. the rising periods at the equator ns

. mentioned beforo, and find the sum of the declination of the
culminating point and the latitude of the place when they aro
of the same namo, otherwiso find tho difference between them.

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

Multiply the Mapmyarvk by the

.m"f°o¥"§mm.e$?ﬂ$m upAYX (above found,) divide the pro-

of the nonsgosial. duct by tho radius and square the

quotiont, }
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6. Subtract tho squaro from the Mapuyasvs: the S(iw\rc-
roob of the romainder is (* nearly equal to) the pRixsmirA or
the sine of the zonith-distance of the nonagesimal (or tho
gino of the latitnde of the wenith). The square-root of the
difference between the squares of tho prigsnera and the radius
is the §'ANKU or the sino of the altitude of the nonsgesimal,

"I'his sine is callod tho DrRieGATI .
Oborwi 7. (Or) tho sine and cosino of the
e zenith-distance (of the culminating

point of the Ecliptic,) aro the rough pejksmera and prjGaam
(respectively.)

To find tho Moon's paral- Dividing the square of the sinc of

g-:“ :;d J::&ltzd:uf;r:‘;lm one sign (or 30°) by the prjaaam
* (abovp found,) the quantity obtained
is called the ¢cnmepa or the divisor,

8. The sine of tho difforence betweon tho place of tho Sun
aud the nonagesimal divided by the cuiepa gives the Moon’s
parallax in longitude from the Sun reduced to (sévana) Gira-
1ik&s, whether the Sun be east or wost (of tho nonagesimal.t)

® For, the s are.roob of tho romaindor mulhplmd by the radius and divided
by tho cosine o?“ part i the nonagesimal and the
cubminating pomt beoomon the euct muuulm or tho sino of the latitude of
the Zenith.

t Al .l:[mdu ulrouomm suppose that every planct daily traverses 12000
YOJANAS nurly in its orlnt and as l.ho part of s planet's orbit intercoptod botweon
tho sensibl s equal to the cartl’s semi-dinmoter (or 800
YOJANAB wlnch = v th of 12000) tlwmfom, the extreme or horizontal parallux
of o plavet is thought to be equal to i part of its diurnal motion : thus the
Moon's horizontal purallex is 52’ 42" nearly and the Sun's 8’ .. 56" and honce the
homontal ax of the Moon from the Sun is = (52'.. 42") — (3..56")
=48'.. And four Guayncds in which tho Moon describos 48° .. 46” from
the SNun is ltnho horizontal parallax in tume.

ow,
‘Zi—mmdlgudoof;e{hnet (thoﬂuuorl[‘ﬁonplm Tt

== tho differenco vmntlxepluel Y t and the nonagesimal,
6 == tho altitude of the nonagosimal, S
p =the horuoutll ax,
& = the parallsx in longituds,
¥ = tho parallax in latitude. |

Then we Lave the equation,
sin 4. sin (3 + 2)

B. cos. (/
which is common in astronomy. (xs)
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1T0'nd the acourdto paral 9. Subtract the parallax in time
lax, and the ‘apparent time (jus_t found) from the end of the true
of aamjuation. time of conjunction if the place of the
Sun be beyond that of the nonagesimal; bué if it be within,
add tho parallax. At this applied time of conjunction find
agair tho parallax in time and with, it "apply the end of
the true time of conjunction and repeat the same process of
calculation until you have the same parallax and the applied
time of conjunction in every repetition. (The parallix lastly
found is the exact parallax in time and the time of the conjunc.
tion is the middle of the solar cclipse.)

To find the Moon's parals 10, Multiply the prirsmera (or the
lexin latitudo from theSun.  ging of tho syenith.distance of tho
nonagesimal) by tho mean diurnal motion of the Moon from
the Sun, and divide the product by fiftecn times the radius:
the quotient is' the parallax in latitude of the Moon from the
Sun,

11. Dividing the prismgra by 70,
tho quotient is the same amount of

poerallax (found in the preceding SLoxa) or multiplying tho

DriksEEPA by 77 and dividing by the radius (i. e, 3488), the

quotient is the same,

o find the apparent lati. 12, The amount of the parallax in
tude of the Moon, lntitude (just found) is south or north
according as tho nonagesimal is south or north (of the zenith).

_ Add this amount to the Moon’s ltitude if they are of the same

Otherwise.

TIn this, if we take for convenience's sake sin & for sin (@ 4 z) and R. for

00 (! = 3) on account of the smallness,of z, y aud Z in ay eclipse, then we have
sin a. gin 4
e=p —B_'

Now, it is evident that if p be assumed, the horizontal parallex of the Moon
from the Sun in time (or p =4 GBATIKAS) & will be the Moon's parallax in
longitude from the Su, and thon .

4sin g sin d sin d sind

B (R chhods. B.D.
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.
name, but if of contrary names, subtract it. (The result is
the apparent Intitnde of the M oon).

13. (In the solar cclipsc) tlirough the nppnrent Intitudo of
the Moon (just,found) find the sTHITYARDHA* MARDAEDUA
magnitude of the cclipse &c. as mentioned before : the valanA,
the eclipsed portion of the disc at any assigned timfo &e,
are found by the rulo moutioned in the Chaptor on the lhyar
odipses

To fnd the apparent svar- 14, 15, 16 and 17. Find the pa-
rrakpnas and Mazvizowss rallaxes in longitude (converted into
fn solar eclpect, time) by ropeated calculution at the
beginning of the eclipse found by subtracting tho first srmiry-
ArpA (just fouud) from the time of conjunction, and at the
end found by adding the second sruiryARDHA, Ifthe Sun ho
cast of the nonagesimal and tho parallax at the beginning be
greater and that at the end be less than thd parallax at the
middle, or if the Sun bo wost, and the parallax at the beginning
be less and that at the end be greator than the parallax at the
middlo, 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 sTuiTYARDHA (abovo found) : otherwisc subtract the *
difference. It is then when the Sun is east or wost of the
nonagosimal ab tho times both of the beginning and the middle
or of the middlo and tho 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 sccond sTHITYARDHA
(Thus you have tho apparcnt sTaITYAuDIAS and from these the*
times of the boginning and the end of the eclipses of tho Sun.)

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

End of *the fifth Chapter.

® This sTEITYARDEA is called the mean STAITYARDHA in the solar eclipse. B. D..
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CHAPTER VI
On the Projection of Solar and Lunardclipses,

. 1. Sinco tho phases of the lunar
OI;M ' ‘and solar Eclipses cannot be oxactly
understood without their projection, I therefore cxplain the
excellent knowledgo of the projection.
To doscribe the cirdle fn 2+ Having marked at first point
which the valané is to be on the floor levellod with water, de-
markod. scribe, on tho point as centre with 49

digits as radius, & circle in which the vazan{ (as found in tho
fourth Chapter) is to be marked.

Other two circles concen- 3. (On the same centro,) describo
trio with the first, | a second circlo named tho sam&sa with
the radius equal to half the sum of the diameters of that which
is to be covercd and that which is the coveror, and a third circle
with the radius equal to the semi-diameter of that which is to
bo covered. .

The diroctions of the be- . 4. (In these circles detormine tho
mmfn dulfh ;-‘::111 of the north and south, and tho cast and west

lines* as mentioned before (in tho 3rd
Chapter).

In a lunar eclipso, the obscuration first begins to the enst

and it ends to the west, (but) in a solar one the reverse of this

.takes placo. (Therefore in the projection of the lunar cclipse, the
VALANK i8 to bo marked as sino to the castern or western side
of the outer circle above described according as it is found at
the beginning or end of the eclipse, but in tho projection of
the solar eclipse, the Varana found at tho beginning or the end
of the eclipse is to be marked 4o the western or eastorn side of
the circle respectively.)

® It is evident that theso lines will reﬁmunt the eircle of pontum, and the
« seoondary to it passes through thie body which is to bo eclipsed. B. D),
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°

To mark tho varagd jn O+ In & lmar eclipse mark tho
tho first cirole, VAUANA (a8 directed in thq preceding
S'10Ka) to the eastern side of the onter circlo from the enst and
west line to its narth or south according as the vALANA is north
or sonth, whon it is fonnd ab the boginning of the eclipse; but
when it is found at the end of the eclipse, mark it to the jvest.
crn side of the outer circle from the cast and wost lino toVne
south or north according as the vALANK is north or south. And
in a solat eclipse mark the VALANK inverscly (i. . mark it at tho
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 ond of tho vALANKA (ns
fol’ll:lod .?'J;: &:;nﬂﬂ‘.;' “.dn: drawn before) draw a lino to tho centre,
ﬁ;ﬁnﬂfcﬂﬁ' colipso in tha  From this line draw another lino (per-

pendicular to the forther and) as the
sine in the circle called the sanasa, equal to the Moon’s latitudoe
found at tho beginning or end of the cclipso, (to the north or
south of the former line according as tho latitudo is north or
south),

) 7. Aguin, draw a lino from thoend *
n.?"m.ﬂ'.'.ﬂaﬁ';‘?m‘i'ﬁﬂ‘ﬂ?u‘.’f of the latitude (as drawn Defore) to
Eoﬂi;’; ﬂin'}.“mdi','f c:'fa:‘:l‘: the centre. Then the point, where the

body which is to be coverod begins to be
obscured or quits the obscuration, is the same whero the line
drawn bofore cuts tho civcle representing the disc of the body
which is to be covered. '
To detormine the diree O and 9: In the }?mjoction of
tlifm oii;l the latitndes of the the sofar eclipse, the latitudes of the
oot n tho projoctions. Moon are always designated by their
normal name, but in the projection of tho lunar one they are
designated roversely. . ’
To mark the varaniat  And in the lunar projection to the
the middle of the eclipse.  northern or southern side of the outer
circle above described, according s the latitude of tho Moon
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found'at tho middle of the eclipse is considered north or south,
mark the YATANA detormined at the middle of the oclipse from
theenorth and south line to ifs cast, when the varaNA and the
latitude are of thg samo name; but when they are of different
names, mark the vaLANX to the wost of the north and seuth
line. ; And in the solar projection the reverse of this takes
plg(,e

To find the magnitudeof  10. From the end of the vArANK
the eclpec. (just marked) draw a line to tho centre.
On this lino mark the latitude (found at the middle of the
cclipse) from the centre towards (the end of) the VALANA.

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

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

Thoe limit of the megni-, 13, To tho 12th part of the Moon’s
tudo of the ectipred portion - gisc the obscured portion is invisible
lar or lunar eclipse. on account of the brightness of tho
Moon’s disc; and owing to the dazzling flash of tho Sun’s
disc ite eclipsod part when not excecding 3 minutes, is not
visible, .

To find the path of the 14, 15 and 16. Call tho points
coveror, at the ends of the latitude (found at
the beginning, middle and the end) (as marked before,) the
first, the middlo, and the last points respoctively, describe the
rouis between the first and middle points and the middle and
tho last and draw two lines through these two riuts; with the
intersccting point of these two lines s a centre, describe such
an arc as will pass through the throe points. 'This arc will be

' the path of the coveror through which it will move.

l
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To project s given edipsed 17, 18 and 19, [thn you want
portion, to project the cchpsed pertion, the
magnitude of which is given af tho time before or after®the
middle of the eclipse] subtract the given gortion (in digits)
as found before from half the sum of the coveror and that
which is to be covercd. From the centre (of the three qjreles
as described beforc) draw a line equal to the remainder tuw‘m\!
the direction of the boginning or end of the cclipso according ns
the givén time is before or after the middle, in such & manncr
that the end of that line may be on the path of the coveror:
then with the end of that linc as a centre, at the distanco equal
to the semi-diameter of the coveror, deseribe a circlo: then that
portion of the third circle which falls within the circle (abovo
described) willbe obscured. -

To find the direction of 20 and 21, From the centre of the
tho beginning of total dark- three circles, towards the direction of
ross by tho projoction. the beginning of the eclipse, draw a
lino equal to half tho ditforenco between the diameters (of the .
coveror and that which is to be covered) in such a manner that
ite end fall on the coveror’s path. About the end of that lino
describo a circle with an extent equal to the semi-diametor of °
the coveror. Then you will find the direction of the beginning
of total darkness where the third circle touches internally tho
circle above doscribed. .

To find the dircction of 22+ In the samo way draw thesaid
the end of the total dark- line towards the end of the eclipse and
nowe. describe a circle as above. Then you'
will find the direction of the end of total darkncss just as
mentioned before.

The colour of the ecliped ~ 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 jths of the whole it appears of a dusky,
copper hue, and in a total eclipse it appecars of a tawny hue,
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24, (O Mayn) this science, secret
cven to the Gods, is not to be given
., to any body, but to the well-cxamined pupil who has attended

one whole ycar, , .

End of tho sixth Chapter. )

This scionce is very scorc.
.

CHAPTER VIL
On the eonjunction of the plancis,

1. The conjunction of the five mi-
nor planets i considered their fight

or association with each othor (nccording to their light and

position as will bo explained afterwards) : but their conjunction

with the Moon, is considered their association with her and
. with the Sun is their AsTAMANA disappearance.

Mo find whethor the time 2+ Lho conjunction of two planets,

;‘fn::juncuon is past or both moving castward, is past whon

) ’ . the place of tho quick moving planet
is beyond that of the slow-moving one, othorwise (i. e. when
the place of the quick-moving planet is within thab of the
slow-moving) their conjunction is future. But when both
the plancts have retrograde motions, the reverso of this takes
place.

8. When, of the two plancts, (only) one is moving cast-
ward and its placo is beyond that of the othor (which move
to tho west) their conjunction 'is past: but when the place
of the rotrogrado is beyond that of the other (i. e. tho cast-
moving) the conjunction is future.

To find the timo of con- (Whon you want to know tho cxact
junction from s given time.  ¢ing of conjunction of iwo planets,

, find thoir true placos at any given timo near the time of con-
junction:) (thon) multiply the dificrenco in minutes between

Kinds of conjunction,
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the places (above found) by the diurnal motions of the plancts '

in minutes (separately),

4. And divide the two proddcts by the dlﬂ'erence between

the diurnal motions, when the motions of the, planets are both

direct or both retrogrado; but when of the plancts one is
retrograde, divide the, two products (above found) by the sum
of the “diurnal motions: (the results are the ehangeu of Nie
plancts.)

5. From tho places of these two planets (found at the given
timo) subtract their changes when the conjunction is past, but
when it is faturo add the changes to the places. (This rule
applies when the planets move castward,) bnt when they retro-
grade, tho reverse of this takos place. When one of the two
plancts is retrogrado, add or subtract its change to or from its
place (according as the conjunction is past or fature).

6. Thus the places of tho planets on the beliptic applied
with their changes becomo equal (to cach other): divido the
difference betiween the places of the planets (found at the given
time) by the divisor which is taken beforo in finding their
changos, the quotient will be the interval in days, GmaTixas &c
(between tho given timo and the timo of conjunction).

7. Iaving found the lengths of the day and night of the
places of tle plancts (found at the time of conjunction) and
their latitudes in minates, (detormine for that time), the tuue*
from noon (i. e. from the time when the planct’s placo comes
to the meridian) and that from rising or sctting of tho place

f cach of tho two plancts with the horoscopo (at that time
according as the planet’s place is cast or west of the meridian

of tho place). . )
The correction called the 8. Multiply the latitude of the
Axsm proctams. planet by the equinoctial shadow and

divide the product by 12 ; the quantity obtained being ‘multi-
plied by the time in GHaTIRAs from noon of the planet’s place

# Tho time can bo found by the Bule mentioned in §'zoxa 49th of the3rd |

Chapter. B. D.
:
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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 AxsHA DEJK-
KafuA, ‘

9. Subtract the correction from the planet’s placo when it
is cast of the meridian, and add when it is west : this holds
whep the latitade of the planet is north, but when it is sonth
nd&he correction to the planet’s place when it is east of the
moridian and subtract when it is west. :

The correetion called the 10. Add 3 signs to the planet’s
Kvama prigrania® place and find tho declination from the
sum. Then the nomber of minutes contained in the planet’s
latitode multiplied by the number of degrecs contained in the
declination (above found) gives the correction in seconds (called
the Avana pRixkARMA). Add or subtract this correction (to or
from the place of tho planet) according as the declination
{above found) &nd the planct’s latitude are of the same nume
or of different names.

Tho use of the DRIXEAR- 1. In finding the times of con-
ua in finding the conjunc- junctions of the stars and planets and
tions &e. . . .

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

To find the distance of 12+ (Thus apply the two portions
:l:?o}ﬂ;g:itt.i:: the sumo cir- of the DRIKEARMA correction above

’ found, to the equal places of the two
planets as found in 6th s'Loxa of this Chapter, and from theso

* places applied, find the apparent time of conjunction by the

Rule as montioned in the 8'Loxas 2ud to Gth: and repeat tho
operation until you get the time at which the places of the two

® DrIxxaRMA is the correction requisite to be applicd to the place of a pla-
net, for finding the point of the ecliptic on the circle of position wlich passes
throogh the planet. This correction is to bo applied to the place of the planet

means of its two portions, one called the £¥aNA DrIKxaRMA and the other
the AxeBA DRiExaRMA. The place of a planet with the A¥axa DRIKKARMA
applied, gives the point of the ecliptio on the liour circle which passes throngh
the pleriet: and this corrected placeof the planet again, with the Axsra paIK-
xamMA Opplied, gives the gnnt of the echiptic on the circle of position which
pastes through the planet. B, D,
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planets with the two portions of the prykEaRMA applied become
cqual 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 appargnt time) and their
latitudes from them : then find the difference between the lati-
tudes when thoy are of the same name and the sum when they
are of diffcrent names; the result will bo the north and south
distance (betwoen those two planets at that time). *

Tho apparent diamotersof 13, The dinmeters of Mars, Sa-
the planots fn minutos. turn, Mercury, Jupiter and Venus ro-
duced to the Moon’s orbit are 30, 37}, 45, 52} & 60 (yojanas
respectively).

14. These diameters multiplied by 2 and t.ho radius and
divided by -the sum of the radius and the Lypothenuse found
in tho fourth operation (as mentioned in the 2nd Chapter)
become their rectificd diametors. Divide these*rectified diame-
ters by 15, the quotients are the minutes contained in tho ap-
parent diametors of the planets. .

15. On the levelled floor (placo 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 planot in the
mirror placed at the end of tho shadow (just marked): the
planet will be seen in the dircction passing throngh the end. of
the shadow and the reflocted end of the gnomon.

16. (When, at the time of conjunction of two planots, they
will be above the horizon) erect two styles, fivo 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'LoxA of this Chapter, (reduced to digits by the Rule
as mentioned in s'zoxa 26th of the 4th Chapter).

17. Mark the shadows from the bottoms of the styles (as
mentioned in 8'Loxa 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). ’

B2

Observation of tho planets.
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.

(Thus) the planets will be seen in the heaven at the
ends of the styles.

the fight and amsociation  In the conjunetion of any two minor
of the planets, . planets, there is their fight called the
ULLzkma (paring) when their discs only touch cach other: but
whep the discs cross each other, the fight is called the Bmrpa
(ifbaking).

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

When in the conjunction of the two planets, their distance
(found in s'zoxa 12th) is less than one degree, it is thoir
fight called the ArasavyA (tho contrary) if ono of tho two
planets bo smaller; (otherwise the fight is not distinct).

20. (In the conjunction) when the distance of the plancts
is greater thoh ome degree, it iy their association, if the
discs of the planets are both largo and bright ; (othormse the
association is indistinet).

Which planct is conquer- 10 the fight called Apasavya that
od in the fght. planet is conquered which is obscure,
small and gloomy.

21. And that planet is overcome wlnch is rouvh 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).

Kinds of Sght. 22. If (in the oonJunchon) the

planets both be very near to each

other and bright, then their fight is called the saMfaama : If

both the planets be small or overpowered, thon the fight is
called the K74 or vieramA (respoctively).

23. (Iu the fight of Venas with any other minor planet,)

Venus is usually the conqueror whether she bo north or south

{of the other),

‘Which is the conqueror,
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Find tho time of conjunction of the moon with any of the
minor planets in the same way as mentioned before,,

24. This (i. e. the associatioh and fight of the planets) is
(ouly) imaginary, intended to forctel the good and evil fortune
peoplo, sinco the planets boing distant from cach other move
in their own (separate) orbits. .

End of the Seventh Chapter called the Gramayum or‘nt!m
planetary conjunotions, '

CIIAPTER VIIL

On the conjunction of the plancts with the Sturs,

o fud the longitudos of .1. I declm:o tlu.a number of the
the principal -stars of tho - minutes contained in tho Brogas* of
Asternsus. {oll) the Asterisms (As'winf, Biarayf,
&c. except the Urrarfsmapmx, Apmurr, §'ravaya and Dma.

® Dividing the number of minutes contained in the longitudo of the principal
star of an Asterisra by 800 and dividing the remainder by 10, the quotiout
obtainod is here called the Broga of the Aster1sy. B. D,

Notoon V 2 to 9. For ience’ sake the longitudes of tho principal stars
of the four Asterisms Urrarfswmipmf, Awvuuir, §'BavayA and DEaANISETHA .
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'L0x4, are given,

The iongitudu and latitudes of thesstars mentioned here are the spparent
ones. The apparent longitude of & star is the distance from the origin of the
Ecliptio to the intersecting J)oint of this circle and the circle of declination
passing through the star: and the apparent latitude of s star is the sum or
difference of its true declination and the declination of the intersectidg point of
the Ecliptio and the cirols of latitude passing through the star, according as the
suid declinations are of differeut ndmes or of the same name,

The following table will oxhibit the names of the Asterisms and of their
principal stars as supposed to be meant, their apparent longitudos ss will be
found from their BRogas, and their apparent latitudos,
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Nisatid).  Multiply the Brooa of each Asterism by 10 and to
the product add the spaces of tho antecedent As¥erisms (each
of which contuins 800 minutes*as mentioned in S'toxa G4th of
the second Chapter), the sum is the dongitudq (of the principal
star of the asterism).

The Broaas of the Aste- 2. (The number of minutes in the
rismyl Brioea of the Astorism called A'swinf
isf 48, (of Braranf) 40, (of Krirrikd) 65, (of Romiyf) 67, (of
Mejoa) 58, (of Arned) 4, (of Punanvasv) 78, (of Pusuya) 76,
and (of Ks'Lesiuk) 14,

3. (The Buooa, in minutes, ,of Macu{ is) 54, (of PGrv4-
pEALGUNS) G, (of Urrarf-virdrounf) 50, (of Hasta) 60, (of
Crirek) 40, (of Swhrf) 74, (of Vig'aknd) 78, (and of ANued-
DHA) G4

Antrioma, “TOOMTANS o prine dpparent gl e tattuden
t ]

cipal stars.
8 o ’ °
As’winf, a Arietis, 0 8 0 10 N,
Bharayd, Muscs, 020 0 12 N
Krittikd, x Tauri, Pleiades, 1 7 3 5 N.
Rohiyf, @ Tauri, Aldcharasn, 1 19 30 L .
Mriga, A Orionis, 2 3 10 8.
Ardré, a Orionis, 2 72 9 8
Punarvasu, B Geminorum, 8 3 6 N.
Pushys, 3 Cancri, 316 0 N
As'lu}:‘, .i:ond 2 g:“ﬁ’., 819 7 gf
! « Leonis, 4 9 0 N.
a"l:rgvi-ph&l uf 3 Leonis, e 4 24 13 N.
Umd-phﬂgmt, B Leonis, 5 6 13 N,
Hast: o or 3 Corvi, 5 2 1 8.
Ohitrz a Virginis, Epica, 6 0 2 8
Bwiti, a Bootis; Arcturus, 6 19 87 N. °
« Vi'sikhé, aor x Libra, 7 8 1 80'8.
Anurédhi, 3 Scorpionis, 714 8 8
Jyeshthé, a Scorpions, Antares, 7 19 4 8.
Llﬁl v Scorpionis, . 81 9 8
mﬂmh‘dhi. 3 Sagittarii, 8 14 b 80’S8.
Uttarkshidhé, 7 Bagittarii, 8 20 5 8.
Abhijit, a Lyri, 8 2640 60 N.
S'ravaps, a %mlu,. 9 10 30 N.
Biied  dgwdh 1030 " s,
8 A Aquarij, 0
PirvibhAdrapadd, & Pegasi, 10 26 24 N.
Uttarkbhédrapeds, a Andromedo, 1 3 2 N.
Revatf, { Piscium, 11 20 6 00N .
B.D.
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4. (The Broca, in minutes, of Jyesmwpud ix) 11, (of Mu1a)
6, and (of Pérvisnipus) 4. The principal star of U'l'm.(-
sitfpEA i8 in the middle of the space of PérvAsuipna (i. c. *the
longitude of tho principal star of Urrarasmipnx is 8 signs and
20 degrees). The principal star of ABumir is at the end of
the space of PGrvksaxpux (i. e, the longitude of the principal
star of Amiurr is 8 signs, 26 degreos and 40 minutes) and (the
principal star of) S'RAvANA is situated at the end (of the space)
of Urrarfsuipu£ (i. e. the longitude of the principal star of
S'rAvANA is 9 signs and 10 degrees),

5. The principal star of DuaNisutng is at the junction of
tho third and fourth quarters of the space of S'ravaya (i. e, tho
longitude of the principal star of Dranisepui is 9 signs and
20 degrees).  (The.Bitoaa, in*minutes, of S'ATATarAKN is) 80
(of Pérvapainrarang) 30, (and of Urrar{nsARRAPADL) 22,

6t09. (The BHoas of Revarf ix) 79.

"I'he latitudos of the principal stars of tho Asterisms As‘winf,
&e. from the ends of their mean declinations are 10° N, 12°
N, 6 N, 58, 10°8,9°8,6° N, 0°, 7* 8, ¢°, 12° N,
13°N, 11°8,2°8, 87 N,, 1°} 8,,3° 8, 4° 5, 9° 8, 5% §,,
8 8., 60° N,, 30°N,, 86° N., §" 8., 24° N,, 26° N., and 0° rc-
rpectively.

The longitudes and Inti- 10, 11 and 12. The star Aaastva
?H:::::;}i];u.:mA'::‘::":;n“i (or Canopus) is at the end of the sign
BrauxaukipaYa, Gemini at o distance of 80° south
{from its corresponding point in the ecliptic, i. 0. the longitudo "
of Auastya is 90° and its latitude is 80° S.) and the star Mgfua-
VvyapHA or the Hunter (whiche is evidently Sirius) is situated
in the 20th degreo of the sign Gemini (i. e. its longitude is
£ signs and 20 degrees) and its Intitude -from the end of its
mean declivation (from its corresponding point in the ecliptic,)
to the south is 40°,

The stars called Aant (or 8 Tauri) and BrauMAurmava (or
Capella) are in the 22ud degree of the sign Taurus (i. o. the
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longitude of both of them is.1 sign and 22°.  The latitudes of
theso two stars aro 8° and 30° N. respectively.

anmg framed a spherical mstrumenh cxamine each of the
(seid) apparent latitudes and longitudes.

Orouing the cart of Ro-  13. That planct.will cross the cart
Bl (of the Astensm) Romnyf (i. e. the
pluco of Rolini which is figared as a cart) which is placed at the
17th degreo of the sign Taurns and of which the south latitudo
is greater than 2°.

To find tho conjunction of 1. (When you want to know tho
o planct with a stur. time of conjunction of u planet with a
star) find the lengths of the day and night of the star as you
found those of & planct (in the proceding chapter) : and apply
the Axsua-prikkarMA (only) to the longitudo of the star as men-
tioned before ; Then proceed just in tho same way as in finding
them in planetary conjunctions : and find the days (past or futuro
from the given time to that of conjunction of the planet with
tho star) from the diurnal motion of the planct (only).

T know whether the time 15. (At a given time), when the
of conjunction is past or longitudé of the planet (with tho two
future, . e

portions of the Drykxarma applied) is
less than that of the star (with the AxsHa-DrjKKARMA applicd)
the conjunction is future : and when the longitude of the pla-
net is greater thar that of .the star, the conjunction is past :

, (this holds when the planet is dircet) (but) when it is retrograde

the conjunction is contrariwise (i. c. when the longitude of the
planet is loss or greater than that of the star the conjunction
is past or future).

Yoos-tAads or principst 16, The north star of (each of the
Asterisms), PGrvAPEALGUNI, UTTARK-
PHALGUNI, PORVA BHADRAPADA, UTTARK BHADRAPADA PURVA-
sBApHKX, UrrarasnADHY, Visixnd, As’'wini and Mgfaa is called

* its vooa-T4eA or the principal star,
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17.  Thestar which is near to and west of the north-western
star of tho Asterism ITasta is its Yoaa-74r«; and tho wostomn
star of the Asterisn DEANISRTNA' i3 its YogA-TARA. . .

18, The middle star of (cach of tho Astgrisms) Jyesnynx,
S'zAVANA, ANURADHX, and PusaYa is its Yoca-TARS: and tho
southern star of each of tho Asterisms Buaraxf, I\n.mm{,
MaonS, and Revarf is its Yooa-tarx.

19, The eastern star of cach of tho Asterisms Romyf, Pu-
NARVASU, MU1a, and As'uksnf is its YogA-T{r{ and ‘of tho
remaining Asterisms that is tho Yooa-r£e£ which is tho brightest
(in cach Asterism),

The longitude and lati. 20, Tho star Prazgramt (Aurige)
tude of tho star PRAI(RATL. 50 b Joemoos to tho cast of tho star
BuramMA-piDAYA.  Its longifudo is 1sign and 27° aud the
latitndo is 38° N.

Of the stars Apémvatss  21. Tho star Ar{yvaTsa ble2

nd Kps. 8) is situated in the Asterism Currad
five degreos north (of its principal star) (i. e. the longitude of ,
Arfuvarsa is equal to that of tho principal star of Cinre{ or
180°: and itslatitudeis 8° N.). (And in the same Asterism) tho
stac Aea (Virginis), somewhat larger than AvAM-vaTsa, is
north of it at a distance of 6° (i. o. tho longitudo of Ara is 180°
and the latitudo 9° N.) :

End of the eighth Chaptor on tho conjunction of tho p]xmetn
with the stars. .

NALNAAA A NN

CHAPTER IX.
On the heliacal rising and sctting of the planets and stars.

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

1
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Tho planets which set 2. Jupiter, Mary and Saturn sct
;:‘;E-:?:l’.“&?ﬂ:mh;{:::ﬁ; heliacally in the western horizon whon
in #ho eastern horizon. their ‘places aro beyond that of the
san: and they rise heliacally in the castern horizon when
their places are within that of the sun: and tho same thing
takes placo with respect to Venus and Mercury when they have
retrograde motion.

Thio planets which rise in 3. Tho moon, whosec motion is
tho castern horizon and st (micker than that of the sun, and
in the westorn horizon.

Merenry and Venus when they have
quicker motion, et helincally in the castern horizon when their
places are within the place of the sun : and rise heliacally in the
western horizou when their places arc beyond it.

To find the timo at which 4. * (When you want to determine
a planet riscs or sgts helin-  tho time of the heliacal vising or sct-
r ting of a plunct), find (at uny given
day near to that timo) the truo places of the sun and the planct
at tho sun’s sctting, when tho planct’s helincal rising or sctting
is in the westorn horizon; (but) whon it is in the castern
horizon, determine tho places at the rising of the sun : then apply
the DRIKEARMA correction to tho planct’s place (as mentioned
in tho seventh Chapter).

5. (When the planct’s heliacal rising or setting is in the
eastern Lorizon) find tho time in rréyay, from the places (just
found) of tho sun and tho planet (by tho rule mentioned in

* 8'Loka 49th Chaptor ITL): (Tt will be the time from tho
planet’s rising to the rising of the sun). But when the heliacal
rising or setting of the planct is in the western horizon, find
the time, in rrANAS, from the places of the sun and the planct
with 6 signs added: (It will be the time from the sctting of
the planet to that of the sun). The time, in peAyas, (thus
found) divided by 60 gives the K Lans'as, the degrecs of time
(i. e. the time turned into degreos at the given rising or setting

* of the sun,)
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.

6, (Tho degrees of time at which beforo the sun’s rising or
after the sun’s set%ing a heavenly body rises or bets Leliacally,
aro culled tho K£L{Ng'As of that body). Thins the KA’LKNS'A& of
Jupiter are 11, of Suturn 15 and of Mars 17. (i. o. when the
dogrecs of time found by the rule mentioned ‘in §'zoxa 5th are
11, 15 or 17 of Jupiter, Saturn ov Mars respectively, the planct
will rise or set heliacally).

7. Venus scts heliacally in the wostern horizon tnd risos
in the castern horizon by its 8 dogrees (of timc) on account of
the greatness of its disc (when it has retrograde motion, bus
when it has direct motion) and hence its disc becomey small, it
sets holiacally in tho enstorn horizon and rises in tho western
horizon by 10 degrees (of time).

8. Thus Mcreury riscs or sets heliacally ut tho distance of
12 degrees of timo from the Hl.lll, wheon it becomes retrogrado ;
but whon it is moving quick it rises or scts lelincally ab tho
distance of 14 degrees.

9. When (at a given time) the K{rxs'as (found from tho
places of the plancts by tho rulo mentioned in 5th STokA) aro )
groater than the planet’s own KavnfNs'As (just mentioned), the
plancts become visible ; (but) when loss, tho pluncts having their <
dises involved in the rays of tho sun, hecome invisiblo on the
carth,

10. Tind the differenco, in minutes, between tho KATANS'As
(i, . Kargns'as found from the place of the planet at the gi;'cn
time, and those which arc the planet’s own as mentioned before) :
and divido it by the differenco between the diurnal motions* of+
the sun and the planct ; the quantity obtained is the interval in
days, (ghutikds) &c., between tho given timo and that of the
planct’s heliacal rising or seting. (This holds when the planct is
direct ; but) when it is retrograde, take the sum of the diurnal
motions of tho sun and the planct for tho differencd of the
diarnal motions, '

* ere motions should first bo turnod into time (as directed in §7oxa 1 1th,
to make the dividend and divisor similar, B. D,
12
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11, Tllo diurnal motions of the sun nnd the planct multi. |
plied by tho numbers of Priyas contained i in tho rising periods
of the signs occupied by the sun and the planct, and divided
by 1,800, become tho motions in time, Frpm these motions
(turned into time) find the time past or futuro in days, emagi-
k{8 &c., from the given time to tho time of heliacal rising or
sct.tm g of tho planct. '

12, Tho stars Swif (Arcturus), Acastya (Canopus) Mytoa-
vy4pna (Sivins), Carrea (Spica), Jyesayuf (Antarcs), PuNag-
vasu (B Geminorum), Abhijit (a Lyrrm) and BrAnMAHR{DAYA
(Capella)-riso or sct helincally by 13 degrees of time.

13. The stars Iasrs (§ Corvi), S'ravAyA (2 Aquilro) Pérva-
pfuaoNf (3 Leonis), Urrarg-rusraunf (8 Ticonis), Duanisnrig
(a Delphini), Rommy{ (a Touri), Maguf (Regulus), Vis'axug (a
Librze) and As WINf (a Arietis) riso (or sct) heliacally by 1%
degroes of timo.

14. Tho stars Kpirrika (v Tauri, Dleindes), Axvrannf (3
Scorpionis), M61a (v Scorpionis), As'LestA (« 1 and 2 Caneri),
KXeoR{ (a Orionis) PGrvasrADEA (5 Sugittarii) and Urrargsna-
puX (r Sagellarii) riso (or set) by 15 degrees of time,

15. The stars Bmarayf (Musca), Pusmya @ Caneri) and
Mpiaa (A Orionis), on account of their smalluess, rise or sct
helincally by 21 degroes of time : and tho cthers [i, e. S'aTa-
oxBAk (A Aquarii), PérvA-BusprarADA (a Pegasi), Urraga.
BHADRAPADA (a Andromede), Revarr (¢ Piscium), Aent (8

. Tauri), Prasdrart (5 Aurige), Avduvarsa (b 1. 2, 8,) and Ara

(8 Virginis)] rise and set by 17 degrecs of timo.

- 16, The K4rins'as (of & planct 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
occnpxed by the planet, give the degrees of the ecliptio. (Then
in S'roxa 10th) take the degrees of the ecliptic for their
corresponding degrees of time and from them find the time of

* helincal rising or setting of tho planet,
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17.  Tho said stars riso heliacally in the eastorn horizon and
set heliacally in the western. Apply the AxsiA-brikEARMA to
their longitudes and (through®them) find tho days pust or ,
fubure from the given time to tho time of heliacal rising, or
setting of the stars from the diurnal motion of tho sun on]y
(by the rule mentmned in 10th 8'roka).

18. The stars Apamir (a Lyre), Brauma-mpivava (Capelly),
Swirf (Arcturus), SmAvana (« Aquilw), Dnanisupii (a Del-
phini) and Urrar{-sr&prara (a Andromed:v) never disappeur
owing to the sun’s light on acconnt of tho greatness of their
north labitudes (i. o. theso stars having great north latitudes
nover seb heliacally) in the northern hemisphere.

Eind of the ninth Chapter on tho heliacal rising and sctting
of the planets aud stars,

TLe N v A AN e o

CHAPTER X.

On the phascs of the Moon and the position
of the Moow’s cusps.

1. Find the time also at which the Moon will rise or sot
heliacally in the samo way as mentioned before. She becomes
visible in"tho western horizon and invisiblo in tho castern
horizon by 12 degrees of time.

To find the time of dally 2. Find the truo places of the Sun*
setting of tho Moon. and the Moon (at Sun-set of that day of
the light half of a lunar month at which you want to know
the time of daily setting of the Moon) and apply the two por-
tions of the DRIKEARMA to the moon’s place) ; from those places,
with 6 signs added, find the time in peayaAs (just in the samo
way) as mentionod beforo (in 5th S'Loxa of the preceding
Chapter). At theso rrANAS after the sun-set, tho Moon will
set (on that day). ‘
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To find tho time of daily 3. (But when you want to know
rising of the Moon! the time of tho Moon’s daily rising on
o duy of tho dark half of a lunar month) find the truo places
of the Sun and the Moon (at sun-set) and add 0 signs to The
Sun’s placo (aid "apply the two portions of the DRIKKARMA to
tho Moon’s place) ; from theso places, (i.-e. from the Sun’s
placo with 6 signs added and from tho Moou’s place with tho
DRIKEARMA applicd) find the timo in rRayAs (in the same way
as mentioned before in Bth $’zoka of tho preceding Chapter).
At this time in rrayas after sun-set the Moon will rise (on that
day).

To find tho phoses of the 4 (When you want to know tho
Moon, phase of the moon on a day of the first
quarter of o lunar month, find the true declinations of the Sun
and the Moon at sun-set or sun-riso of that day) fiud tho
difference of the sincs of the declinations (just found), when
thoy aro of the same name, otherwise find the sum: to this

. result (tho difference or tho sum) give tho namo of tho samo
direction south or north at which the Moon is from tho Sun.

5. Multiply tho result by the hypothenuso of the gnomonic

* shadow of the Moon (at the same time as can be found by the
ralo montioned in the third Chapter): find tho difference
botween the product and twelve times the equinoctial shadow
if the rosult be morth (but) if it be south find the sumn of
them, °

6. The amount (thus found) divided by tho sino of co-lati-

* tudo of tho place, gives the B uu or base (of a right angled
trianglo) : this is of the same name of which the amount is:
and tho sine of the altitude of the Moon is the Koyt (or perpen-
dicular of the triangle). Tho squarc-root of tho sum of the
squares of the Bxauv and Kopr is tho hypothenuse (of the
triangle). ' .

7. Subtract the Sun’s placo from that of the Moon. The
minutes contained in the remainder divided by 900 give the

* illuminated port of the Moon: This part multiplied by the

.
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e
Moon’s disc (in minntes) and divided by 12 bocomcs the Srnw-
1A or rectified illuminated part.

8. (Ona board or levelled flodr) having marked a pmnt repre-

senting tho Sun, draw from that point a line equal to tho By
(above found) in the sumo direction in which the Banv is, and
from the end of the B«1wv a lino (perpendicular to it) equal to tho
Kor1 (as abovo found) to tho west, and draw tho hypothenuso
between the ond of tho Korr and tho point (defioting tho
Sun).

9. About the point where the Korr and the hypothenuse
meet, describe the disc of tho Moon (found at the given time).
In this disc supposo the directions (cast, west &c.,) throngh
the lino of tho hypothenuse (i. o. in tho dise supposo the cast
where the lino of the hypothepuse cuts the dise, tho west whero
the same line produced interseets it, and the north and sonth
where a line passing through tho contro of tho’dise and being
perpendicular to the line of the hypothenuse cuts the disc).

10. 'Tuke & part of the hypothenuse within the disc from the
(Iatter) intersection of the disc and tho hypothenuse equal to
the (vectificd) illmninated part: and between the end of that
part and tho north and south points of the disc deseribo two *
TINTS,

1. From the intersecting point of the two lincs, drawn
through the Tumts, describo the arc which will pass through the
threo points (tho ond of tho illuminated part and the north
and south points of the disc). The disc thus cut by tho are
will reprosent the form of the Moon as it will be scen on the*
evening of the given day.

12. Marking the dircctions in the dise through the Koyt
(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 placo, and
from the remainder find the dark part of the Moon (in the
samo way as you found the illuminated part in the 7th 8'zoka): *
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(and in the dmg,n-nm) ohango the dircetion of the Bmu and
show the dark portion of tho Moon in the wost.

Knd of tho tenth Chapter callod 8'ringonnat{ which treats of
tho phases of the jnoon. .

CIIAPTER XI.

Oulled TATAvIIKARA which treats of the Rules for finding the
timo b which the declinations of the Sun and
Moo become equal,

1. Ttis called Vampuefra when the

Sun and, Moon are in the samo Avana

(| o, whon they aro both in tho asconding or doscending

| signs), tho sum ‘of their longitudes cqual to 12 signs (nearly)
ond their declinations equal,

2. Ttis called Vyatirara when the

Moon and the Sun aro in differont

Aums, tho sum of thoir longitudes cqual to 6 signs (ncarly)
* and thoir doclinations equal.

3. Tho Firo (named P’ata) which arises from tho mixture
of the rays of the sun and the moon in equal quantities, boing
bugnt by the air called PravarA produces evil to mankind.

4. Biuco the (said) Para frequently destroys people ab the
time (when the declinations of the Sun and Moon become equal)

‘it is callod Vyarfeara. It is also called Vainmgfra,

5. This PArais of black colour and hard body, red oyed
and gorbollied, destroyer of all peoplo and horrible: it happens
frequently.

6. When the sum of the places of
am.°aﬂ&?mﬁeo?heﬁ' Stt}xl: tho Sun and Moon, applied fnth the
sud Moon bevome equal. 3oty of the precession of tho cqui-
noxos a8 found by obsorvation, is 12 or 6 signs find their
* declinations.

Varonefra.

' Vxirfefra,
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7. Now, if the Moon’s mean declination (i. e. the declina-
tion of her oon-espondmg pﬁm the ccliptic) with her latitude
applied (i. e. her true declination) be greater than that of the |
Sun, whon the Moon is in an odd (lst or 3pd) quarter of the
ecliptic, the P£ra (or the instant when the declinations of the
Sun and Moon become equal) is past.

8. And (if the Moon’s declination be) loss, (the Para is
future. But when tho place of the Moon is in an even i. . 2nd
or 4th) quarter (of the ecliptic) the reverse of this takes place
(i. e. if the Moon’s truo declination be greater than that of tho
Sun the PATA is future, and if less the P&ra is past).

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

9. Maltiply the sines of the declinations (s fonnd in the
6th 8’Loxa) by tho radius and divide the produtis by the sine
of tho greatest declination (i e. 24°): take tho arcs whosoe
sines are equal to the quotients, and add the difference or half
tho difforenco of the arcs to the Moon’s place when tho Para
is future. (This result which is just applied to tho Moon’s
place is called the moon’s change).

10. But when the PATa is past, subiract the Moon’s chauge
from her place. The Moon’s change multnphed by the true daily
motion of the Sun and divided by that of tho Moon gives | ‘the
Sun’s ‘change : apply it to the Sun’s placeas in the case of the
Moon.

11. Find the change of the Moon’s ascending node in the-
samo 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 applicd) and apply fhe same
process (mentioned in the preceding S'Lokas) repeatedly until
you get their declilzntions equal,

X
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To find when & Thra s 12 Tho Para ig that instant at
past.or to be past.” which the declinations (of the Sun and
the Moon) become equal. Ndw, according as the Moon’s true
placo found at the Pata by applying the Moon’s change (as
mentioned before) ié less or greater than that found ab mid-
night (of that day), the Para is before o, after (the mid-night.)

To find the truo time of 13, Tho difference, in minutes,
the Pira. « between the Moon’s true places fonnd
at the P4ra and the mid-night, multiplied by 60 and divided
by tho true daily motion of tho Moon gives tho citATIKAS
between the Para ‘and tho mid-night. (Then you will get the
timo of the PAma by adding or subtracting the amaixas, just
found, to or from the mid-night according as the PaTA is past
or future), . )

To find half the duration 14, (Find the somi.diametors, in
of the Péraxia, ¢ minutes, of tho 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 trme duily motion from tho Sun gives
hulf the duration of the Pira-rAuA¥,

© o find the beginning, 15, The tirno time of the Para

widdlo and endof the Pira.  (fonng in the 13th SToxa) is called
the middle of the PAra: This time diminished Ly half the
duration of the Pdra, just found, gives the beginning of the
Pra and increased by half the duration gives the end of the
Pira,

"+ 16. The interval between the begiuning and end of a PAra

i8 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 dise (from the equi-
noctial) is equal to that of any poigt of the Moon’s disc, the

Form of the PAira-xira.

# Tho PA'TA-RA'LA, or duration of the Pa'ra, is the time during which the
declivation of any point of the Sun's diso'snd that of any point in the Moon's
. 4re cqud.-—B. D- .
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PAra-k£1A lasts apd destroys the (happy results of) all rites
(performed during that time). o

18, DPcople get very great religious meorits from stch

(virtuous) acts a8 bathing, alms-giving, prayers, funeral cere-
monics, religious obligations, burnt offeriugs, &c. (performed
in the PArA-k{1a), a8 well as from the knowledge of that
time, .
19. When the (mean) declinations of the Sun and the Moon
become equal, near the equinoctial points, the P4ra of the two
kinds (i. e. Vyarfedra and Vaipurfra) happens twice : contrari-
wise (i. e. when the mean declinations become equal near the
solstitinl points, and the true declination of the Moon is less
than that of the Sun) no P’ArA happens.

Thied Piza. 20, There becomes a third Pira

called (also) Vvarfedra* when the
minutes, contaiued in the sum of the places of the Moon and
the Sun, divided by the Buasmoas (or 800) give a quotient
which terminates in 17 (i. e. which is more than 16 and less
than 17).

21, The last quarters of the Nak-
sHatuast As'Lesnx, Jvesnting and”
Revarf are called the Brasaxoui (or junctions of NAKsHATRAS)
and the first quarter of each of their following ones (i e.
Macux, M6rs and As'wixf) is called the GANDANTA, .

22, During tho three frightful Vyarfras, GANpaANTas and
Buaasanpafs (just mentioned), all (joyful) acts are prohibited.

23. (O Maya,) thus far have I told you the excellent, virtn-
ous, useful sccret and great knowledge of Astronomy, what
more do you want to hear?- *

End of the 11th Chapter called P{r&pirkxeaA.

End of the First Part of the S¢rya-s1DDHANTA. _

* 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 Yoaa is the 17th reckoned from
Viemzausma, Sce 65th 8'.0xa of the second Cmarree.—B. D.

+ These are the periods 9th, 18th and 27th from As'winf: they are found |

from the Moon's placo by the Rule nientioned in the 64th 8%0Ka of the 2nd
CiarrER.—B. D,

K 2 .

GAYpa'NTA and BOASANDRIL
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CHAPTER XII.
On Cosmograplical Maters.

1. Notv, MavA-A8URA 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 :—
Question sbont the Barth, 2+ (Lell me, O my) omnipotent
(master,) What is the magnitudo of the
Earth? what is its form ? what supports it ? how is it divided ?
and how are tho seven P['rlm-nnums or lowor regions situated
init ?
Question sbout the sun'’s 8. How does the Sun causo day
revolution, and night ? How does he, enlighten-
« ing (all) tho worlds, circumvolve the Earth ?
' 4. Why are the day and night of
of tho (Gods) and Asuras mutully
* the reverse of each other (i, e. why is it day to the Gods when
it is night to tho Asuras and vice versd) : and how is it that
the (said) day and night is equal to the hme in whxch the Sun
completes one revolution ?

By what reason docs the day and night of the Prryis con-
sists of a lunar month and that of man consists of 60 arapAs ?
~why are not the day and night of the same length every-
where ?

6. Why aro not the rulers of the days, years, months and
bours in the ssme 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 comsecutive) orbits? what are their

* dimensions ? and in what order are they sitnated P

Other questions.
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8. (Why is it {hat) the Sun’s rays are vehement in snmmer
and not 8o in winter : How far do the Sun’s rays reach ? How
many M£nas (i. e. kinds of time as solar, lunar &c.) are tlle\'o,
and what their use?

9. O you omnipotent, who are acqumnted with the past
(present and future events) remove my doubts (by answering my
questions) : (as) ng one except you is omniscient and rewiover
(of doubts).

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

11. O Maya, hear attentively the sccret knowledge called
AvonyaTMaN (or means of apprehension) which shall tell you:
I have nothing which is not,to e given to those who aro
exceedingly attached fo me.

The secret knowledgoeall. 12, The Snpreme hemg is called
ol Avykraay. Visupeva. The cxccllent soul (Puru-
sia) partaking of the nature of VAsupEva is imporceptiblo,
void of all properties, calm, the spirit or lifo of the universe
and imperishable. .

13. (This) all-pervading Purusma called God SANKARSHANA
cntering nature made the water and put his influcnce in it.

14, This (water with that influence) became a golden ogg
involved in darkness: In this cgg the eternal ANikuppua fivsb
became manifest.

15, This omnipotent ANIRUDDHA is called IIIRANYA-GARBHA
in the VEpas (by reason of his situation in tho golden egg):
He is called Aprrya from his first appearance and (also) SUrya
on account of the production (of the universe from him),

16. This AnieuppEA named S6rvA and (also) Savirf is
excellent light for the destruction of darkness. This maker of
the three states (Ureartr birth or production, Stam life or
existence, and Sanmfra death or destruction) of animate (and
inanimate) things, illuminating the world (in the golden egg),—

17. This self light AnieoopEa destroyer of darkness is
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denominatod Man£x (intelligence) : The Rya-vepa is his disc,
S4{ma-vepa his rays, and Yasur-vepa his body.

§8. This omnipotent ANiRupDNA consisting of the threo
Vepas is time itgelf, cause of time, all-pewading, universal
spirit, omnivagous and supreme soul and the wholo universe
dopends on him. .

19. Riding on the car of the universe to which are attached
tho wheel of the year and tho lorses 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 Bramud consciousness (AraNkA®A) for the creation
of the universe.

21, Now having bestowed the excellent VEpas on Brauu{
the grandfather of all people and placed him in the middle of
the golden egg, ANroppa himsolf revolves and illuminates
the universe.

22, Then Bramuf bearing the form of consciousners thonght
of creation. 'The Moon sprung from (his) mind, and the Sun,
a treasure of lights, from (his) eycs,

23. From Beauma’s mind sprung cther, from cther air,
(from air) fire, (from fire) water, (and from water) carth succes-
sively. Thus the five primary elements were produced by the
snperposition of quality.*

24, Tha Sun and Moon are respectively of the naturc of fire
and water, and the five (minor plancts) Mars and others (i. e.

" Mars, Mercury, Jupiter, Venus, and Saturn) sprung severally

from firo, earth, ether, water, and air,

25. Again Brauxy, of subdued passions, divided a circle,
invented by himself, into 12 parts, naming it the RAs'1-vRITTA,
and the same circle into 27 pprts naming it the NaEsHATRA-
VRITTA, ! .
Lty b it e

y adding to firo the quality of taste, and earth by adding to water the
quality of smell.—B, D. ’

.
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26. Now having created things of dxﬂ'erent natures by
compounding in varions proportions the best, middling, and
worst qualities (i. ¢, principles of truth, passion, and darkness)
Brauud made the,universo containing Gods pnd animate and
inanimate things.

27 and 28. Having created (Gods and animate and inani-
mate things) successively saccording to their qualities and
actions, the able Branuf arranged the planets, asterisms, stars,
the earth, worlds, Gods, Demons, men, ‘and bmmns, regulurly
at propor places and times in the way mentioned in the Venas,

29, This BeanmaNpa (tho golden egg sacred to Brammf)
is hollow : in this (the worlds) Buér, Brvvae &c., are sitnated.
1t is like a sanruta (a casket) formed by two katamss (frying -
vessels joincd mouth to moutl) and of a spherical shape.

Order of the orbits of the 30 and 31. The cigcumference of
stars and planets situated the middle of the Branmanya is called
one below tho other. Vyomaxaxsud (the orbit of heaven).
Init (i. e. BeanudNpa) all the stars revolve. Bencath thom
Satarn, Jupiter, Mars, the Sun, Venus, Mercury and the Moon
revolve oue below the other, beneath them the Sipvma, the
Vinviviara and clonds are situated.

Answers to the questims 82, Tho terrestrial globo, posses-
stated in Zud §'z0x.1. sing Bramx&’s most oxcellent power of
steadiness, remains in space at the centre of the BramuAnpa
(which is) all around.

33. The seven P£rira Butu1s or infernal ragions formed *
by the concave strata of the earth are very beautiful, being
inhabited by N£aas (serpents) and Asuras (demons) and Laving
the liquors of the divine plants (which shine by their own
light).

he position of Mz, 34. The golden mountain Mexry,

containing heaps of various precious
stones, pasees through the middle of the terrestrial globe (as
&1 axis projecting on both sides at the poles).
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The inhabitants of fhe 85. The Gods mth Ixpra and the

:::!’- l::of kt:m Mszui o, of the  groat holy sages inhabit the top of the

Mgt (i. o, the north pole) while the

Asuras are at the bottom (i. e. the soufh pole). They (i. e.
tho Gods and Asuras) hate each other. .

Situstion of the great  36. The great. Ocean (the Ocean
Occan. of salt water) encircles tho Mexv ; 5 it
is like & girdle (or Zone) to tho carth and'scparates the ro-
gions of the Gods and the Asuras (i. e. it is at the Equator
and divides the terrestrial globe into two hemispheres: tho
north is sacred to the Gods and the south to the Asuras).

The four cities placed ¢ 7. Around the middle of the

. the Equator, Meru in the dircctions of the east &e.
and at equal distances in the ocean arc tho four citics made
by the Gods in the different Dwiras.

38. 'To the ‘cast of tho Meru (i. e. north pole) at a fourth
port of the Earth’s circamference in tho BuaprAs'wa vARSHA
(s division of a continent) is the city called Yama-xoy1 having
golden ramparts and arched gateways.

39. So to tho south in the BriraTa-vausua there is tho
great city called LNk : to tho west in the KerumMAra-vARsHA
there is the city called Romaka.

40. To the north in the Kuru-varsHA there is tho city
called Sfooma-rusf (or SippHA-PURA). Liberal and devout
men being froe from pain inhabit that (city).

41, These (four citics) 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 equatar, noctial, he passes throngh the zenith
of these (cities) and thercfore, 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 Mesv
stars, (i« e. the north and south poles of the
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Farth) the two pglur stars arc situated in the h'cavcn at their
zenith. Theso two stars are in the horizon of.the citics
situated on tho equinoctial regiohs. .

* 41, Bince thg polar stars aro in the horjzon of the (said)
citics, thero is no elevation of tho terrestrial axis (but) tho
co-ltitude is 90°; .80 the latitade at tho Meru is 90,

Tho beginning of theday ~ #9. When the Sun is abovo tho
totho Gods and Asumas. ~  regiong of the Gods* (i. . tho northern
Lomisphere) ho first appears to tho (ods at tho first point of
Aries : but to the Asueas (he first appears) at the first point
of Libra, when the sun is going above tho regions of the Asusas
(i. o, the southern hemisphere).

Answor to tho quostion in 46, Owing to this (tho Sun’s go-
8th ¥loka. ing northward snd southward) tho
Sun’s rays aro vehoment in summer in the Gods’ rogions and
in winter in the Asuras’. Conversely they aro Weak (in summer
in tho Asuras’ regions and in wintor in the Gody’).

47. The Gods and Asuras behold the Sun in the horizon
of tho oquinoxes. The two periods in which the Sun is in the
northern and southern hemisphores are mutually the day and
night to the Gods and Asueas (i. o. when the Sun is in the *
northern hemisphere it is day to tho Gods and night to the
Asuras, and vico versd),

48. Tho Sun at the first point of Avies, risen to tho inhabi-
tant of the MERU (i. c. to the Gods) and passing the throe follow-
ing sigus (i. e. Aries, Taurns and Gemini), completes tho first
bulf of the day (of the Gods). ’

49. So he (the Sun) passing (the three signs) Cancer and
others complotes the sccond half of the day. In the samo
wanner (the Sun passing) the three signs Libra, &c. and other
threo Capricorn, &c. (completes the first and second halvea of
the day of the Asuras).

Answer to lhu quostions 00. Thereforo their q:;y and night
in the 4th 8’z0xa aro mutually reverse, and the length of

* Soo tho 36th 8'L0KA of this Chapter. B. D,
L
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their Nycthemeron arises from the completjon of the Sun’s

(one) revolution.

81. Their mid-day and mid-night (happen) at the timo of
tho solstices revensely (i. . it is mid-day to the Gods when it is
the mid-night to the Asuras, and vice verst) : The Gods and
the Asuras consider themselves each abqve the otker.

52. The others likewise who are situated dinmetrically op-
posed (ab the earth’s surface) a8 the inhabitants of the Brap-
r&swa and Kerumara (i. e. of Yamaxoyrand Rovaka) and those
of LaNka and Sippmaruna consider (themselves) one below tho
other.

53. Thus everywhere on (the surfaco of) tho terrestrinl
globe, people suppose their own place higher (than that of
others) : becauso this globe is jn spaco whero there is no
abovo and below.

bt. All people aronnd their own place behold tho Earth,
though globular, of the form of a circular plain, on account of

*. thoe smallnoss of their bodies.
55. This starry sphero rovolves
borizontally (from right) bo loft to tho
‘Cods and (from loft) to right to the Asuras: But st the
equator (it) always (revolves) vertically (from east) to wost.

56, At the cquator, thercfore, (the length of) the day is
always of 30 aaaTixas and the length of tho night is also the
samo: and at the regions of the Gods and those of tho Asuris
(i. 0. at the northern and the southern hemispherc) tho day and

* night (oxcept at the equinoxes) always increaso and decrease
roversely (i. o. at tho northorn regions tho day increases and the
night decreases, whilo ab the southern ones the day decreases
and the night increases, and vico vorsd).

57. When the Sun is in the (northern) signs Aries &c. the
increase of the length of the day and the dcerense of the
longth of the night Lecome more and more (until tho Sun
arrives at the tropic of Cancer and then they become less and

) less) at tho regions of the Gods: but at those of the Asuras

the reverso of this takes place. .

.

Parallol and Right spheros.
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58. (But) when tho Sun is in the (sont.hern) signs Libra
&e. the decrease and increaso both of tho day ‘and, night are
the roverso. The knowledge of this (incrense or decreasch at
cvery day from (fho equinoctial shadow of] the given placo
and the Sun’s declination is described before (in tho G1st
S'1oxa of the 2nd Chapter).

59, Multiply the Eurtl’s circumference by tho number of
degrees of the Sun’s declination (of a given day) ahd divido
tho product by 360° (and tako the quotient). The Sun (at
that day) passes through the zenith (of the place, north or
sonth of the Fqnator according as the declination is north or
routh) at a distance in Yosanas equal to the quotient (above
found) from the equator.

Detorminationof theplues 00 mul 61. In tho same manner
where tho day or night bo find the number of YoJANAS from the
comes of 60 GUATIRAS,

Sun’s groatest declinAtion and sub-
tract tho number from tho fourth part of the Karth’s cir-
camference (aud take tho remainder). Then (when the Sun
is) ab u solstice, tho day or night becomes of 60 unATIRAS once
(in a year) ab the distanco in YoJANAS cqual o tho remainder
(above found) from tho equator (i. 0. at the polar circles) in the
regions of the Gods and the Asuras reversely (i. o. when the
Sun is at his greatest distance from the equinoctial, the duy
becomes of 60 ¢rATIEAS ab the polar circle in the northern he-
misphere, while the night becomes of the same length at the
polar circle in the southern ono, and vice versd),

62. (At places) betwoon them (i. e. the equator and « polar
circlo on cither sido of the equator) the day and night increase
and decrease within the 60 caapikas. Beyond that (i. e. in the
polar regions) the starry sphoro revolves in an opposite manner
(us rogards the north pole and the south).

The positions where some ~ 63. Find the YosaNas (as above)
sigus aro always invisible.  fom tho declination which arises from
the sine of two signs* and subtract the Yosaxas from the fourth

® The sine of two signs (i. ¢. 60°) maultiplied by tho sino of the greatest declin-
ation and divided by tg: lhdun gives'the sine of dochnation. B. D,
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part of the Ewmth’s circumforonce. At the distance equal to
tho remaiping vosanas from the equator in the rogions of tho
Ueds, tho Sun, situated at ‘Sagittarius and Capricormm, is
never seen. .

64, Bat in the regions of the Asuaas (at the same distance
from the equator), (ho is never visible) when situated in Ge-
mini and Cancer. At that quarter of the Earth’s circumfer-
ence in which the Eartl’s shadow is destroyed (i. e. never falls)
tho Sun will be seon.

65 and 66, Trom the fourth part of tho Karth’s cirenmfer-
once subtract the vosanas found from the declination of onc
sign (30°), At tho distance of the remaining Yoranas from
the equator, tho Sun never appears in tMb regions of the Glods
when he is in Sagittarius, Capricornus, Scorpio and Aquarius:
but in tho regions of tho Asuras (at the samo distance from
the equator, he'is never seen whon sitnated in the four signs
Tanrus, &c. (i. o. Taurns, Gemini, Cancer, and Leo.).

67. Tho Gods at the Mxru behold the Sun constantly as
long as he is in (northern) six signs Aries, &c. so the Asuras
a8 long as ho is in (the sonthern ones) Libra, &e.

08. At the distance of tho fifteenth
part of the Eurth’s circumferenco
(from tho oquator) in tho regions of tho Gods or the Asuras
(i. o. at tho north orsouth torrestrial tropic) the Sun passes
through tho zenith when ho arrives at the north or south sols-
titinl point (vespectively).

Torrestrial tropie,

Determimation of e U9+ (At places) between them (i.e.
dircction of tho gnomouio between tho equator and the tropics)
shadow at noon, .

tho gnemonic shadow may bo north or
south at noon. Boyond this limit it falls towards the ends of
tho Meuvu (i. e. the north and south poles) in tho morthorn
and southern hemisphero (respectiyely).

Amawer to the questionin 70, The Sun when arrived at the
the 3rd §'zoxa, zenith of* Buaprds'wa (or Yamakoti)
makes his rising in Budrars (or LaNka), mid-night in Kero-
Jata (or Rauaka) and setting in Kuru (or Souapura).
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71. In the same manncr, (the Sun) rovolving from cast to
west, (when he reaches tho zenith of Brgrars or'LANES) mokes
tho mid-day, rising, mid-night artl sctting in tho varsias, Bux-
ratA and others, §. e. Buirara, Kerunfrs, Koev and Bua-
pr&s'wa respectively).

, 72, To ono who is going to tho
end of the Meru (i. 0. to tho north
or south pole from the equator) the clevation of the polar star
(north or south) and the inclination of the starry sphere in-
crease (more and more as he approaches tho Migu:) and to
one going towards tho equator the roverse is the case with ihey
inclination and elevation, &

Oblique sphere,

Answer to thie question in 73. Tho starry sphere, bonnd at its

tho 2ud half of the Gth 820+  fwo poles (north and south), being
KA.

struck with the Pavana winds ro-
volves constantly : (so) do tho orbiM phnets confined
within it in regular order.. '™

Answor to the questionin 74 (As) on tho Farth tho Gods
Gth 820k, and the Asueas behold the Sun con-
stantly above tho horizon throughout half the year, and men
throughout their day, (so) do the 1’irais situated on the upper
part of the Moon (behold the Sun) thronghout a fortnight.

75, The orbit of the upper (of any two plancts) is greater
than that of the lower: and the dogrees of tho groater orbit
(in length) are greater than those of the smaller. '

76. A planet revolving in a smaller orbit passes tho 12
signs in a shorter time and one going in & greater orbit (pass-
es the 12 signs) in & longer time.

77. Therefore the Moon moving in a smaller orbit makes
many revolutions whilo the SaNascwara (slow-moving i. e.
Saturn) going in a greater orbit makes a few.

Answer to the question in .7_8. Every fOlll‘f:!l. of. the plfmcts
tsl,l:o ‘I:nt Lalf of the 6th (in the order of their orbits mentioned

' in S'voxa 31) reckoning from Saturn is
tho Ruler of a day (of the weck) in succession (thus, the
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Sun, who is fourth from Saturn, is the ruler of the 1st day;
the Mooy, who is fourth from the Sun, ia the ruler of the
soeond &ny, Mars, the fourth from tho Moon, is the ruler of
tho third day, and so on).

In tho same manner overy third of tho 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 tho Moon, the planets above her (i. c.
Mercury, Vonus, the Sun, &c.) are called tho rulers of the
months (of 30 days) successively. And from Saturn (tho
plancts situated) one below tho other (i. o. Jupiter, Mars, the
Sun, &o.) are succossively the rulers of the hours.*

Answer to the questionin ~~ 80.  The Sun’s orbit (in YosaNas to -
Tih §'soxd. bostatod in §'zoxA 86th) multiplid by
G0 gives (tho length of ) the widdle cirele of the star vy sphere.
This circlo of tho stars of so many vosaNas revolves abovo all
(the planets).

81 Multiply the number of the said revolutions of the
Moon in & xarea by the Moon’s orbit (to be declared in S'Loxa
85th) : the product is equal to the orbit of heaven (or the
circumferenco of tho middlo of tho BramyaNDa) : to this orbit
tho rays of the Sun reach,

82. Tho very same (the orbit of

,..35.'5;'."'2?".“..“0"2,'1’,‘.?. of hecaven) being divided by the number

mﬁ;’::f';;’gm"“ dily  of rovolutions of a planct in a xaLPA

gives tho orbit of that planet; (and

dividing this orbit) by the number of torrestrial days in a KALPA,

tho quoticnt is called the daily motion (in Yosanas) of all tho
planets to the east. .

Of their daily motionsin 8.  Multiply this number of vosa-
minutes or angular motions. 5 of the daily motion (of all the

@y, 78 and 70, Tt is to bo known hore‘tl:nt the Ruler of a day (from mid-
night to mid-night at Lanxa) is the same as that of tho first hour of the day:
and tho Ruler of a month or a year is tie samo as that of tho first day of the
month or year. B. D.



« Sitrya-Siddhditta.

\ N 87
planets) by tho Moon’s orbit and divide the product by the
orbit of the planct (of which the d:uly motion in minutes is to
be known) : the quotiont being flivided by 15 gives tho num.
ber of minutes of the motion (of that planet),

84. The orbits (of tho plancts) multiplied by tho Earth’s
diameter and divided by the circamferenco of the Earth give
the dismeters of tho orbits. These (dinmeters) diminished by
the Eartl’s diameter and divided by 2 givo the distances of
the planets (from tho Earth’s contre).

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

86, That of the Starocunia of Venus is 2,66 +,637 beyond
that, that of the Sun, Mercnry and Venus is 4,331,500,

87. 'That of Mars is 8,146,909 and that of tho Moon’s apogeo
is 38,328,484, :

83, That of Jupiter is 51,375,76¢ and that'f tho Moon’s
ascending node is 80,072,864,

89, That of Suturn is 127,668,255 und that of tho fixed
stars 1y 259,800,012,

90, The circumferenco of the sphero of tho Branvinver
in which the Sun’s rays spread, is 1871208086-4000000 yosanas,

End of the twelth Crarrer.

CHAPTER XIIL

Ou the construction of the armillary Sphere and other astronou-
cal Tnstruments.

1and 2. Now the teacher (of Mava) being in a sceret and
holy place bathed, pure and adorned, and having worshipped
faithfully the Sun, the plancts, the asterisms aud the Gunyakas
(a kind of Demigods) explninéd clearly the knowledge which be
had from his preceptor (the Sun) through traditional instruc-
tion, for the satisfaction of his pupil (Maya).
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Tho construction of the Jand 4. Tet an astronomer make
armillary Sphorel: the wonderful construction of the ar.

millury Sphero with that of tho Barth (at its contre).

. Having coused a wooden terrostrial globe to bo made of any
dosired sizo with a staff ropresenting tho MERv passing through
the (globe’s) centro and projecting on both sides. (Let bim
ix) two circles (on the staft) callod the Xpmara Eaxsnf or the
supportihg circle (snswering to the colures) as also the equi-
noctial.

Tho diurnal cireles of tho 9. Let threo circles marked with
12 signs. the namber of degrees in the 12 signs
{or 360°) bo propared (to represout tho diurnal circles at tho
ends of the 3 signs Avios, Tunrus and Gemini) with radii on-
swering to the respectivo diurnal circles in proportion to the
Equinoctial. '

6,7,8oand$, Lot him fix tho three circles for Arics and
other signs respectively (on the two supporting circles) marked
with the degreos of declinations north and south, at tho end
of respectivo declination (northof tho Equinoctial) (of the cnds
of the said signs). The same (circles) answer contrariwise
to the (threo signs) Cuncer and others (at tho ends of the
rospectivo declinations of tho beginnings of the sigus). In
the same mauner, lot him fix (other) three circles in the south-
orn homisphere, for Libra and others (ond) contrariwiso
for Capricorn and tho rest. Let him also fix circlos on
both the supporting circles for the principal stars of the
asterisms in both hemispheros as also for Asmuir (aud
Lyrw) and for the soven great saints (i. e. the seven stars com-
posing tho constellation of Ursa major), Acastya (Canopus).
Beamu( (Aurigw) and other stars, Inthe very middle of all
(theso circlos) is fixed the Equinoctial cirole.

Determinstion of the 10 8nd 31, et tho-two solstices
placos of tho 12 signs in the b marked abovo the intersection of
as the Equinoctial and ono of thoe two
supporting circles (i. e. ab tho distauce of the Sun’s groatest
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declination from the interscetion to the north and south on the
supporting cu'cle) and tho two equinoxes (at the intersection
of the equinoctial and tho other supporting circle). .

Then from tho, equinox at the exact dogrges of every sign
(i. 0. ab every 30°) the places of Aries and other signs should
be detormined by the transvorse strings (of the circlc).

Thero is another circlo passing from
solstico to solstice. *

12 and 13. (This circle) is called the Ecliptic: in this, tho
Sun, enlightening the worlds, always revolves.

(But) the Moon and other (plancts) being attracted from tho
ccliptic by their nodes situated in the ecliptic are scen at the
ends of (their respectwe) Intitudes.

(The point of the ecliptic) in the
castern horizon is callod the Laana
(the horoscope) and (the point) just sctting is %called the Asta
1.AGNA (or the setting LAGNA) on necount of its setting.

The Mapura Lioxa o 14, Tho point of the ecliptic in .
tho culninating point of tho the middle of the visible heaven (or
ccliptie in the meridian i, e, tho culminating
point of tho ecliptic) as determined through the rising periods*
of the signs ascertained for Lianka (in 48th 8'zoxa of the 3rd
Chapter) is called the Mapayama (Lagna).

(Supposo a line betweon the two
intersections of the moridian of a
givon place and a given dinrnal circlo), 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
Axtyd,

‘The sineof theascensionsl 15, And a portion (of the same
Gilfrence. line) intercepted between (the plane
of) the six o’clock line and that of the horizon (in terms of the
radins of a great circle) is, it is to be known, equal to the
sine of the asoensional difference.

N

The Ecliptio.

The Horoseope.

The ANTYA,



0, Teanslation of the +

(On the terrestrigl globe) consider-

ing the given place as the highest,

snfronnd tho sphere with thé horizon in its middle (i. e. 90°
distant from the given place). .

The eelf-revolving Spherie 16. 'Thus having surrounded the
instrument, sphere (the axis of which should be
elovated to the height of the pole) by tho horizon (mado as
level a.sw'ator) and covered (in its lower half) by wax cloth,
make it rotate by tho force of the current of water for tho
knowledge of the passage of time,

17. (Or lot an astronomer) mako the sphore (a self-revolv-
ing instrument) by means of mercury.

The method (of constructing the revolving instrument) is
to be kopt a sccrot, as by its diffasion hero it will be known
to all (and then there will be no surprise in it).

Therecfore, from tho instruction of the teachor construct the
oxcellont spheric instrument (so that it may be self-revolving).

(The knowlodgo of) this, the Snun’s mothod is lost at tho
ond of every Yuaa.

19. It arises again by the favour of somo onc (great

" astronomer) whon ho pleascs.

So let other solf-revolving instruments be farnished for
measuring timo.

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

Other instruments formea~  Jsct smart (astronomors) from tho
suring time, instruction of their teacher know tho
hour (of the day) by the dial instruments gnomon, staff, semi-
circle and circle in various ways,

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

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. c. tho instrumepts). These applications are very difficult of
attainment. . s

Karaza Yantra or Olep-  23. The copper vessel (in $he
sydr. . shape of the Jower half of a water jur)
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 Karfta Yanrea.

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

The Gnowmon,

25. Having known oxuctly the
science of the plancts and stars and
the spheric, mun attains (his residenco at) the spheres of the
planets (Moon &c.) and becomos acquainted with tho spiritual
knowledge by his regeneration, attains to spuittml knowledge
in a subsequent birth.

Conclusion,

End of the thirtcenth Chapter called JYAUTISHOPANISUAT,

CHAPTER XIV. .
On Fkinds of time.

1. There aro nine M4Nas (kinds .
time), the Befmma (that of Bramxi),
the Divea (that of the Gods), the Piteya, the Priifearys, as
algo that of Jupiter, tho Solar, tho Terrostrial, the Lunar and
the Siderial, .

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

N 2

Number of kinds of time.
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hero) for knowing the G0 SauvatsagAs,* and, the other Mdnas
aro not always (used).
3, “The lengths of the day and
i . night, the Smapasiti-MukmEas,t the
solstitial and equinoctial times, and the holy time of San.
xeAn1t (i. e. the time of the entrance of the Sun into & sign at
which & good action brings good desert to tho performer)
are determined by the solar MANA,
4. Every eighty-sixth (solar}) day
reockoned from the time of Turdns
(i. e. from tho timo at which the Sun enters the dign Libra)
is called SmApAS/fT1-MUKHA in succession. Theso four days li
(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 SmApas‘irr 5. (The first SEADAS fr1-MORHA hap-
Moxmas in  yoar.s pens when the Sun is) at the 26th de-
gree of Sagittarius, (the second) ab the 22nd degroe of Pisces,
(the third) at the 18th degree of Gemini and (tho fourth) at
14th degree of Virgo.
6. Then (aftor the fourth Smapas'fri-uvxmy) the remaining
*16 solar days of the solar month at which the Sun is in Virgo,
aro equal to a sacrifice (i. e. good actions performed in theso
days givo groat merit oqual to that of a sacrificc) and in theso
dn.):s a gift given in hibnour of deccased ancestors is imperish-
able (i. e. the gift gives infinite merit),
Four common points of 7. In tho middle of the starry
+ the ecliptio. sphore, the two equinoxes are diame-
trically opposed, so are the two solstices (in the ecliptic);
these four points (of the ecliptic) are very common.
Tts other points. 8. Again, between every two con-
secutive points (of them) two SaNERAN-

I}u of the solar MANA,

The Smapas'irt MUKHA.

B5th 8'zoxa of the rst Chapter. B, D,
»$%iis word will be explained in the following 8'zcoxa. B. D.

By a solar day is hero meant, the time in which |
of%hoiolipﬁn. ]{ o) t the time in w! he Sun moves one degroe
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118 or tho beginnings of the signs are situated in tho ecliptic :
(And of tho twelvo points of the ecliptic, just mentioned), tho
points which sre next to the (four common) points (i. e. tho
beginnings of the four signs Tanras, Leo, Scarpio and Aqua-
rius) aro called the Visuyu-rapf.

Two halves of o troploal, 9. From (the timo of) tho Sun’s
sear. ontrance into Capricorn tho six solar
months are the Urrae{vaya (the northing of the Sun.) : in the
same manner from the time of the ontrance of tho Sun into
Cancer, the six solar months are tho Daxsmiyirana (tho
southing of the Sun).

Tho scasons, months and  10. From that time (i e. tho
year. winter solstice) the periods, in each of
which tho Sun remains in the two signs are tho seasons S'1s1ra
{the very cold season) &c.* and the twelvo periods in which
the Sun remains in the 12 signs Aries, &c.," aro the solar
months and o year is equal to the aggrogato of these months.

Tho holy time of Sax- 11, The number of minutes con- '
wai tained in the Sun’s disc multiplied by
60 and divided by (his) daily motion (gives & certain numbor of |
anatik(s.) Half theso amatikds, before as well as after tho
Sankeinti (or tho time of the Sun’s passage from one sign
into another) is holy. —!

12. The time in which the Moon,
being separate from the Sun (after a
conjanction), moves daily to the east is tho lunar wAzxa. Tho
time in which the Moon describes 12 degrees (from tho Sun)
18 a lunar day.

oo of te lonar . 13. The Timr (lanar day), tho

Karava (half of a miTHI), the time of
marriage, shaving and all other acts, as also (tho times of)

The lunar MANA.

* A solar vyur is dividod into six scasons, vis. The 8'18'Ra Slho very cold
season), the Vasanta (the Spring), the Grfsuya (tho hot season) tho Varsua
(the r’unyh n;on), the #'arar (the Autumn) and the Hzmanta (tho cold
tcason). B. D.

.
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religious acta of obligations, fasts and pilgrirgages are regulated
by the lumar MANA.
" \Tho sdna of Preas, 14. A lunar month which consists
' of 80 lunar days,.is, as mentioned
before, a day and night of the Pirgis, The end of a (lunar)
month and that of the light half of that month take place in
tho middle of them (the day and night of the Prrgis) respec-
tively.
Tho sidereal sexa. 15. A daify revolution of the starry
sphere is called a sidereal day.

Naming of the lunar  The lunar months are named from
months. tho NaksHaTrAS* (Or asterisms) which
take place (or in which tho Moon is) on tho 15th day of theso
months.t .

16. On the 15th day of (cach of the lunar months) Kierixa
and others, (cither of every) couplo of the NaksiaTras reckoned
from Kpirri{ takes place successively. (But on the 15th day
of ench of) the three months such as tho last (i. c. As'wina)
and that coming beforo the last (i. e. Bufprarapa) und the
fifth (i. e. Pufuauya) one of three NaRsuATRAS takes place.f

17. (As the lunar months are named
Kerika &o. from the union of their
15th day with the Naksnareas Kgirrik{, &e. so) the years of
Jypitor aro called K£rrira, &c. from tho union of the 15th day
of tho dark half of the months Vaws'Akua, &c. (with the Nax-

* The NaxsiaTeas aro found in the 65th 8’zoxa of the 2nd Chapter. B. D.

+ The flrst lunar month is nsmed CHAITEA from the NaxsHATRA CHITRA,
the 2nd VAs'a’Eux’, from Vis’a’xna’ the 8rd JYEs:uTHA, from JYRSHTHA, the 4th
Astapita from Pinva’s’'na’pua’, the 5th 8'2a’vaya, from §'8avana, the 6th Bua’
DRAPADA from PGRYa’BiA’'DRAPADY, the 7th As'wixa from As'winf, the 8th
Ka’mrixa from Kpirriza, the 9th Ma’soas’fusua from Mpfeas'frsma, the 10th
Pavsus from Pusuya, the 11th Ma’ema from MaoHua’ and the 12th PHA’LGUNA
from PGrva-pHaTGUNE. B, D.

3 On the 16th day of the lunar month Ka’eTIXa, the NaxsmaTeA KRITTIXA
or Romry( takes place; of Marcas'fnsna, Mgfaa or ABDEA), of PAUSHA, PUNAB-
vasv or Pusuva ; of Magia, As’zrsma or MaGHA’ 3 of PHALGUNA, PGRVAPHAL-
aunf or UrramarHALGUN{ or Hasra; of CHArTRA’, CHITBA or Swa’rr; of
Vas'skia, VIs'A’RmA’ or ANUsA'DHA’ ; of Jymsuyira, JYzseTHA’ or M(LA; of
Ksuavua, PiRvasmApiA’ or UrraRA’siapHA ; of BRAVANA, SRAVANA Or Dua-
NISHTHA ; of BHA'DRAPADA, §'ATATA'RA, PURVA'BEA’DRAPADA’ or UTTARA'BHA"-
DRAPADA ; and of Xs'wina, Rkvarf As'wini or Baananf., B. D.

Yoars of Jupiter.
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suATRAS KRiTTIRS, S0, when at the said 15th day.) Jupiter rises
or sets heliacally. .
18, The time from one rising'of
’ the Sun to tho next ig called a S{vana
or a terrestrial day, from this the number of terrestrial days in
a Karea is determined; By these days the timo of sacrifice
is calcnlated.

Terrestrial MANA.

19. Determination of tho Straxa
(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 aro reckoned
by S4vaNA (or the terrestrial MANa).

30. It is said before that tho day
and night of tho Gods and the Asur{s
are mutually reverse: This day and night which is found
from the completion of tho Sun’s rovolution i’ Divya (or the
usNA of the Gods).

PRATA'PATYA MANA,

It's use.

The 44 of the Gods.

21, The duration of » MANU (which, ,
as mentioned before, is equal to 71
Yuaas) is called Prfrarva (or the M{Na of Praiirart who
was the father of Manus)., There is no division of the dny
and night in this u{xa,

Tho Karra is called the Br{uma (or
the MANA of Bramus),

22. O superior Mava, I declsrod
this secret and surprisingly excellont
(knowledge) to you. This (oquivalent to) the boly knowledgo
i8 exceedingly meritorious and the destroyer of all sins.

23. Having known this excellent divine knowledge of the
stars and tho planets which is (just) imported to you, man ac-
quires a perpetual place on the spheres of the Sun &o.

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 ontered the disc of the Sun.

The BRA'IMA MANA,

Conelusion,
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. Translution of the

25, Then having learncd the divine knowledge from the
Sun himsplf, Mava considered himsolf as one who had done his |
duty, and frec from sins,  *

.26, Then haying known that Mava had ¢btained a blessing
of the Sun (some) saints approached and asked him respect-
fully the knowledge.

27. Ho (Mava) being delighted gsve the great knowlodgo
of the plancts to them (tho saints) which is very surprising in
this world, sccret and oquivalent to the holy knowledgo.

End of the 14th Chapter, of the Sccond Part, and of the
work,

Posrscrier by TiE TRANSIATOR.

Tt is stated in tho SGrva-sippuANTA that a disloguo took
placo between a man partaking of the nature of the Sun and
a Demon callodl Mava 2,164,960 years before the present time.
But nobody knows who has put this dialogue into verse or
the dato of this versification. Tcople belicve that it is tho
production of some Mun1 (saint), and many are of opinion that
it is the oldest of eighteen ancient astronomical works, lts
style is easy, and tho reading of it, a3 of the Purfyas, is
considered to be meritorious, Every subject is treated moro
fully in this than in any other of the ancient Sropuintas, and
the rovolutions of the planets are so correctly stated in it that
their places can be determined with great accuracy.

The names of the eighteen anciont SipprANTAS are :—

1. Sdrya-siddbdnta. 10. Marichi-s.
2. Brahma-s, 11. Manu-s.
;3. Vyfsa-s, 12. Angiras-s.
4. Vasishtha-s. ® 18. Lomas'a-s.
b. Atri-s, 14. Pulis’a-s.

0. Parfis'ara-s. 15. Chyavana-s.
7. Kas'yapa-s. 16. Yavana-s.
8. Nirada-s. ‘1. Bhyigu-s.

9. Garga-s. 18, S’aunaka or Soma-s.

€«
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Although it is generally snpposed that tho SGrYA-s1DDITANTA
is the oldost, yet somo consider tho Branma-stppudnts to bo
so: and it is stated in the S/AMBHU-HORAPRAKAS'A ) (an astro-
logical work), that tho Soma-siopidNTa is the first, the Brau- )
A-810DHANTA the sccond, and the SUrvA-sDBuANTA the third in
the order of timno. But this opinion is not generally reccived. Of
the cighteen ancient Siddhéntas only four (viz. Sirya-s., Brah-
ma-s,, Soma-s., and Vasishtha-s.) aro now procureble; the
others are very rare.

In tho translation wherever words are supplicd by way of
explanation they are included in brackets. In some placos tho
original Sanskrit is so bricf and terse, that it is not only obscurc,
but unintelligible, without the inscrtion of words to cowploto
the senso: e. g. p. 24, S'1oxa G4,

. BAPU DEVA.
Sunskrit Colleye, Benarcs, 1860,



ERRORS.

DLage. Line from top. Error. Correetion.
1 7 Properties (of all  Properties,
created things).
1 9 Siva. Siva.
3 13 Revdrt. Revari.
8 4 Krfra yruw Kpity yeus,

” 32 Mapnyfavri. Munmyacati.
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TRANSLA’I‘IOI} OF THE GOLADHYAXYA OF TIHE
SIDDIIANTA-STROMANI

CHAPTER L

Tu praise of the advantages of the study of the Spherie.
Sulutation to GAyEsK !

1. Having saluted that God, who
when called upon brings all under-
takings to a successful issue, and also that Goddess, through
whose henign favour the tongues of poets, gifted with a flow of
words over new and with elegance, sweetness and playfulness,
sport in their mouths as in a place of rccreation, as dancing-
girls adorned with beauty disport themselves in tho dance with
clegance und with every variety of step, I proceed to indite
this work on the Sphere. It has been freed from all orror,
and rendcred 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 to remove the doubts which may arise in his
own mind, I thercfore proceed to treat of the sphere, in such
a manner as to make the reasons of all my calculations
manifest. On inspecting tl:e Globe they become clear and
manifest as if submitted to the eye, and are as completely
at command, as the wild apple (pwld) held in the palm of
the hand,

Invocation.

Object of the work.
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106 Translation of thee L3 -

» . 3. As u foust ewith abundance of

of il of 1 00000 g1| hings but without clarified butter,

. and ‘as a kingdom without a king, and

an assemblage without cloquent speakers bave little to recom-

mend thom ; 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 9. The Armillary sphere is said, by
sphere. the wise, to be u representation of the
celestinl spherc, for tho purpose of ascertaining the proofs of
the positions of the Earth, the stars, and the plancts : 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 scienco
is judicial astrology, and this indeed depends upon the influence
of the horoscopo, and this on the true places of the planets :
these (truc places) can 1o found only by & perfect knowledgo
of the spheric. A knowledge of the spheric is not to be
attained without mathematical calculation. How then can &
* man, 1gnorant of mathcmatics, comprehend the doctrine of

the sphore &ec. ?
Who is likely to under. - Mathomatical calculations are

take the study with effoct.  of two kinds, Arithmetical and Alge-
braical : he who has mastered both forms, is qualified if hie 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 tho 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 boen
termed VEDAVADANA i, . the modth of the VEpas and doni-
cile of SARASWATS, may acquire a kunowledge of every other
gcience—nay of the VEDAS themselves, For this reason it is
that none, but he who has acquired a thorough knowledge of
Grammar, is qualified to undertako the study of other sciences.

The opinion of otherson 9. O learned man; if ybu intend
'v]::v &O:ien‘}l‘ﬁﬁh:z:ad; to study the spheric, study the Troatise
of it. of Bufskara, it is neither too conciso
nor idly diffuse: it contains every essential principle of the
science, and is of casy comprehension ; it is morcover written
in an eloquent style, is mado interesting with questions ; it im-
purts to all who study it that manner of corvect expression in
Jearned asscmblages, approved of by accomplished scholars.

End of Chapter 1. '

In praise of Gmmmu:.

CHAPTER IL
Questions on the General view of the Sphere.

Questions ‘regarding the 1. 'This Earth being encircled by
Barth. tho revolving planets, remains sta-
tionary in the heavens, within the orbits of oll the revolving :
fixed stars ; tell mo by whom or by what is it supported, that it
fulls 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 iglands mountains and seas are situated in it ?

. 3." Tell me, O my father, why' the
,.I%:'t?::: ':ﬂ;d;:‘ ::';“,L plitce of s planet found out from well
:‘:;i:'fdm‘:_ truo plsces  cqleplated AHARGAYA (or enumeration
of mean terrestrial days, clapsed from ,
B 2
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the commencement of the KaLra)* by applyipg the rule of pro-

o &A Kazga is that portion of time, which intervenes between one conjunction
of gll the planets at the Horizon of LANRL (that place at the terrestrial equator,
where the longitude is 76® K., reckoned from gmnwioh) at the first point of
Aries, and s sub ¢ similar conjuncti A Kixea gonsists of 14 Manvs
and their 16 saNDUuIs"; each MaNU lying between 2 saxpmis, Each manv
containe 71 YU@as; each yvoa is divi into 4 yugAN@HRIS vis., KRITA,
Tarra’, DwAraRra and Kavg, the lenﬁth of each of these is as the numbers
4,8,3and 1. The beginning and end of each yvay'NGiTeIs being each one 12th
port of it are respectively called its 8a¥DEYA and Sanpmya’ssa. The numnber
of sidercal ypars contained in each YUGA'NG1TRY, &o. are shewn below ;

KaLy, e [, 432,000,
Dwa'para, 864,000,
TRETA, ... 1,296,000,
Knita, .. 1,728,000,
YUos, civciirinnnns 4,320,000,
71 % Yuaa = MaNv, . 4,204,080,000,
14 Maxo, ... .. 306,720,000,

18 ManNv saNpuIs each equal to a KritaYvaAnemzr, 25,920,000,
KALPA wocotviiincinrierienins imnrerses e csnvesses s snennenne 4520,000,000,

Of the present Karea 6 Maxus with their 7 saxpuis, 27 vress and thei
three YUGA’NGHRI . e. KRITA, TRETA, lm} Dwa’paga, and 3179 sidereal years o
tho fonrth Yoga’Neunt of the 28th YUaa of the 7th MaN, that is to eay
1,972,047,179 sidorcal years have elapsed from the beginning of tho presen!
Katra to the commencement of the SA"Liwa'TANA era. Now wo can casily find ou
the number of years that have elapsed {rom tho beginning of the present Kare:
to any time we like,

By astronomical observations the number of terrestrial and synodio lunar day
in any given number of years can be ascertnined and then, with the result found
their number in a Katra or Yuaa can be calculated by the rule of proportion,

By this mothod ancient Ast found out the number of lunar and ter
restrial duys il&; g;;.'rl a8 givzn b:l:;ws . i

. 1,602,990,000,000 (synodic) lnnar
and 1577.916,450,000 terrentrial days } in & Kazes.

With the foregoing results and a knowledgo of the number of sidereal year

contained in & Karra as well of those that have passed, we caa find out th

of mean trial days from the beginning of a Kazra to any giver
day. This number is called Aareaxa and the inethod of ndiug it is given
GayrripryAya by Bira'sxara’cHA'RYA,

By the daily mean motions of the planets, ascertained by adtronomical observa
tions, the numbers of their revolutions in a Karpa are known and are given it
works on Astronomy.

To fiud the place of a planet by the ber of its revolutions, the ber ¢

* dayn contained in 8 EAtPa and the ARARGAYA 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 Karra

+ the AHARGANA :

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

By leaving out the ber of revolutions, contained in the result found, th
Nmniningh:ignl &, indicate the place of the planet.

Now, the inteution of the querist is this, ,why should not this be the tru
place of aplanet? In the GayrriomyAva! BuisxarAcHa'RYA has stated th
revolutions in a Kazra, but he has here mentioned the revolutions in a Yva
on aceount of his constant study of the S’igHya-DRivRIDDRIDA-TANTRA, & Tres

. i;-o l‘)m] Astronomy by Latza who has stated in it the revolutions in & Yvoa.-
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portion to tho revglations in the Yuaa* &e. is not a true ono ?
(i. e. why is it only & mean and not _the_true p_l_'ncg), and why
the rules for finding the true plades of the different planets uro
not of the same kind ? What are the Desknryka, Upavantaua,
Buusdntara, andCrara corrections?t Whatis the Manvocuicuat
(slow or 1st Apogee)and S'farroctcnay (quick or 2ud Apogee)?
What is the node ? .

4. Whatis tho Kzxpra|| and that which arises frdm it (i. o,
the sine, cosine, &c. of it)? What is tho Manparrara|| (the
first equation) and S'fanrapHATAY (the 2nd cquation) which
depend on the sine of the Kenora?  Why does the placo of
a planet become true, when the MANvarHALA or S'fonRAPHALA

* [Tt may be proper to give notes explaining concisely tho technical terms

occurring in these questions, which Lave no corresponding torms in Knglish, in
order that tho English Astronomer mey at once appreliend these quostions with-
out waiting for the explanation of them which tho Author gives in thoe sequol.—
B.D. .
+ [To find the place of a planct at the time of sun-rise at a given place, the
scveral important corrections, i. e, tho Upaxa’sTaka, Biusa’sraga, Deg'ANtara,
and CHARA are to bo applied to the mean place of To planet found out from the
Anargaya by the fuct of the mean place being found from the Amaraaya for the
timo when a flctitious body, which is supposed to move unifurmly in the Equis
noctial, and to perform a complete revolution in the same time as the Sun, reaches
the horizon of LaNxa'. We now proceed to cxplain the corroctions.

Tho Upava’Ntana and BEUJA'NTARA correctiona are to be applicd to the mean
place of a plunet found from the AHaR@AN4 for fluding the place of the planet at
the true time whon the Sun comes to the horizon of LANKA’ arising from thoso
two portions of tho equation of time rospectively, one_due to the inclination
of the echptio to the cquinoctial aud the other to the uncqual motion of the
Sun in the ecliptio. - o T meEm e

Mho DEs’a’NTanA and CraRA corrections are to be applied to the mean place of
a planet applied with tho Upava’STaRA and BuvJsa’srana corrections, for finding
tho place of the planet at the time of sun rise at a given }lace. .

Tho Des’A’NTARA correction due to the longitude of the place reckoged from
the mc;'d]i;n of Tanxa’ and the Cuara ion to the jonal differ-
ence. B, D,

ANDOCICTTA is equivalont to the higher Apsis, The Sun's and Moon's
ManpocecHas (higher Apsides) are the same as their A) , while the other
planets’ MAXDOCHCUAS 8To equivalent to their Aplelions. B. D.]

§ [8'ronrocncmA is that point of the orbit of each of the primary planets (i. e.
'.l\’im, Mercury, Jupiter, Venus and Saturn) which is furthest from the Earth,

. D,

|| (KexpRa is of two kinds, one called MaNDA-KENDRA corresponds with the
anomaly and the other called 8'I'GHRA-KENDRA is equivalent to the b
;dd:d to f]" subtracted from 180% as the S1gBA-KENDRA is greater or less than
80° B. D,
o [MaxDa-PEALA is the same o8 the ‘Tu“im of the centre of & planet and
B'’GHEA-PHALA is equivalent to the ahnual parallax of the superior planet ; and
the elongation of the inferior plancts. B. D.]p.
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are (at one tim'e) added to and (at another) sybtracted from it ?
What is_the twofold corroction called DRpikgARMA* which
lestened astronomers havo applied (to the true place of a pla-
net) at the rising and setting of the planet Answer me all
theso questions plainly, if you have a thorough knowledge of
the sphere. )

Questions regarding the 5. Tell me, O yon acute astrono-
lorgth of th day and night. vy why when the Snnis on the
northern homisphero, 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 ?

. i 6, How is it that the day and
Questions regarding the . . .
length of the duy and night night of the Gods and their enemies
of the Gods DITTASPITRIE ) \17vag correspond in length  with

the solar years? How is it that the
night and day ‘of the Prrgis is cqual in length to a (synodic)
Innar month, and how is it that the day and night of Bramui
is 2000 yuaast in length ?

Questions regarding the 7. Why, O Astronomer, is it that
periods of risings of the the 12 signs of the Zodinc 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 tho same in all countries ?

Questions as to the placos of 8. Shew me, O learncd one, tho
the Druszh, the Kusxa', 8. ylases of the Dyusrd (the radius of
the diurnal circle), the Kusv4 (tho 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 asccnsional differenco in terms

* D is the_correcti isite to be applied o the pl f @ pla-
ety T T sk on tie ot Shen the et s
it. This correction is to be applied to the place of a planot by means of its
{wo portions, one called the AvaNA-DrrxxArMA and the other the AxsHa-DRIX-
KanMA, The place of a planet with the AxaNA-DRIKKARMA applied, gives the
point of the ecliptic on the six o'clock ling when the planet arrives at it: and
this correctod place of the planet, again with the AxsHA-DRIKXARMA applied
gives the point of the ecliptic on the horizon when the planst comes to it. B. D.j

t The Kprra, Toeta’, Dwa’rara and Katx are usually called Yuoas: but

the four together form onli one Yuaa, according to the SippDEA’NTA system,
ench of theso four being held to be individually but a Yvea’verzr. L. W.
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of a small circle), and show me also the places of the declination,
SaMA-sANKU* Acka (the sine of amplitude), lntitude and
co-latitude &c. in this Armillary sphere a3 these places arc in
the heavens. ’ R .

Qustions rogarding con If the middle of a lunar Eclipse
tain dilferences in the times takes place at the ond of tho Trrmi
i‘:’l‘“"’:‘e‘:’” of solar andlunar (o4, the full moon), why doeg mot 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 7+

Questions regarding the 9. Whllt, O most illtellig(.‘llt one,
parallages. ' is the LawpaNai and what is the
Nars? why is the Lamsaxa applied to the Tirus and tho
Nant applied to the Intitnde (of the Moon)? and why are
these corrections sottled by means (of the radius) of the
Earth ?

Questions regarding the  10. Al ! why, after being full, docs
Phasos of tho Moon. the Moon, having lost her purc bright-_
ness, lose her cireularity, as it were, by her too close associa-
tion, caused by her diurnal revolution with the night : and why
agnin after having arrived in the samo sign as tho Sun, does
she thenccforth, by successive augmentation of hor puro

'm[\nn-n’nu is the sine of the Sun’s altitude when it comes to the prime
vertiesl. 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 tho Moon must
happen st the same time ; and an Eclipse of the Sun ia cansed by the interposi-
tion of the Moon between the Earth aud the Sun, and the conjunction of the
Sun and Moon in like manner must happen at the new moon, s then
the place of the Sun and Moon is the same. As this is the case with the eclipses
of both of them (i. o, both the Sun and Moon) the querist usks, * If the middle
of a Juner eclipse & It is soarcely nocessary to add that the assumption
that the middmf a lunar eclipsa®tukes place exactly at the full moon, is only
spproximately correct. B. D ]

1 [The Lamsaxa js equivalent tothe Moon's parallax in longitude from the
Sun reduced into time biimmu of the Moou’s motion from the Sun: snd the
Nar is the same us the Moon's parallax in latitude from tho Bun, B, D.]
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brightness, as from association with the Sur, attain her circn-
lar form ?%
.

End of the second Chapter.

CHAPTER 11L.
Culled Bhuvrana-kos'a or Cosmoyraphy.

The excellence of the 1+ TheSupreme Being Para Bran-
Supreme Being. A tho first principlo, excels eternally.
From tho soul (Purusna) and nature (Pragriry,) when excited
by the first principle, arose the first Great Intolligence called
the MamaTTATIWA or BUDDHITATIWA : from it sprung self-con-
sciousness (AuamYRARA :) from it were produced tho Ether, Air,
Firo, Watcr, and Earth ; and by the combination of these was
mado tho universe BRAUMANDA, in the centre of which is the
Earth : and from Branm{ CuaTurNANA, residing on the sur-
faco of the Earth, sprung all animate and inanimato things.

. Dessiption of tho Earth. 2. This Globe of the Eart.h i.'orm-
od 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. 1t
has no (material) supporter; but stands firmly in the expanse
. of heavon by its own inherent force. On its surface through-
out subsist (in security) all animate and inanimate objects,
Danvsas and human beings, Gods and Darrvas,

@ This verse has & double meaning, ll the native writers, Liowever grave the
subject, 3 much addicted to conceits. The second interpretation of this
verse is s : }

Ah! why does the most learncd of Brahmans, though distinguished by his
immaculate conduct, lose his pure honour a influence as it were from bis mis-
conduct cansed by dorangement? It is no wonder that the said Brahman after
having met with s Brahman ekilled in thg Va8, and by having recourse to
« him, thenoeforth b distinguished for his eminent good conduct by gradual

augmontation of his illustriousness, L. W,
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3. Tt is coversd on all sides with multitudes of mountains,
groves, towns and sacred edifices, as is the bulb of the Naucles’s
globular fower with its multitudd of anthers, o
Refutation of the subposi- 4+ 1f the Harth were supported by
tion that the Karth has sue- any material substanco or living crea-
cessive supporters.

, ture, then that would require a second
sapporter, and for that sccond a third would bo required.
Here we have the absurdity of an interminable serics. 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 cight-fold divinity i. e. of v,

Refutation of tho objec. O A heabis an inherent property
tion, us to how the Eurth  of thg Sun and of Fire, a8 cold of the
hins its own inherent power. e R

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

6. Tho* property of attractions is inherent in the Earth,
By this property the Harth attacts any unsupported heavy
thing towardsit: Tho thing appears to be fulling [but it is in’
a stato of being drawn to the Earth], Tho etherial expanse
bring equully outspread all around, where can tho Earth fall ?

Opinion of the Bavn- 7. Observing the revolution of the
DEAS. constellations, tho Baubpuas thought
that the Earth had no support, and asno heavy body is secn
stationary in the air, they asserted that the eartht goos eternal- *
ly downwards in spacc.

8. The JarNas and others main-

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

% [Tt is manifest from this that neither can tho Karth by any meaus fall
downwards, nor the men situsted si* the distances of a fourth part of the cirdume
ference from us or in the opposite hemisphere. . i

+ [Ho who resides on_the Earth, s not conscious of the motion of it down-
;;lrll;t in apace, a8 & mau eitting on & moving ship does uot perceivo its motion,

. D.]

c
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Moons, and also two sets of constellations,ewhich rise in con-
stant altemation. To them I give this appropriate answer.

* Tefutation of tho opinion - * Observing as yon do, O Batp-
of the Bavovmss, | DHA, that every heary hody projected
into the air, comes back again to, and overtakes the Karth,
how then can you idly maintain that the Eavth iy falling down
in spuco?  [If true, the Harth being the heavier ody, would,
he imagines*¥—porpetually gain on the higher projectile and
never allow its overtaking it.]

Refutation of tho opinion 10, Bub what shall T say to thy
of tho Jamas, folly, O Jarva, who without object or
use supposest a doublo set of constellations, two Suns and two
Moons? Dost thou not sce that the visible circumpolar con-
stellations take a wholo day to eqmplete their revolutions ?

Refutation of th supposi- 11 1f this blessed Earth were lovel,
tion that tho Barth B lovel.  §i4 , plano mirrar, then why is not tho

sun, revolving above ab a distance from the Earth, visible to

men as well as to the Gods? (on the Pauriytka hypothesis,
that it is always revolving about Misv, above and horizontally
to tho Kurth.

" 12, If the Golden mountain (Miru) is the cause of night,

then why is it nob visible when ib intervenes between us and

tho Sun? And Meru being adinitted (by the PAvrayixas) to
lie to tho North, how comes it to pass that the Sun rises (for
half the year) to the South ?

Resson of the falso ap- 13.. As .tho oue-‘lum.dred.th part of

* pearance of tho plane form the circumference of o circlo is (xearce-

of the Karth. ly different from) o plane, md as
the Earth is an excossively large body, and & man exceedingly
small (in comparison,) the whole visible portion of the Earth
consequently appears to & man on its surface to be perfectly
plane. ot

® [This was Boasxara’s own notion :—hit even on the more correct principle,
« that all bodios fall with equal rapidity, the argument holds good. B. D.]
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Proof of tho corrcathess of 1+. That the corrcet dimensions of
alleged circamferenco of the  the cireumferenco of the Earth havo
Eorth. heen stated may be proved by the
simplo Rule of gropertion in this mode : (ascertain the differ-
ence i YUsaNAs between two towus in an exact north and
gouth ling, and aseertain alzo the difference of the latitudes of
those towns: then suy) if the ditference of latitude gives this
distance in Yuvianas, what will the whole circumferenee of 860
degrees give ?

To confirm {he eamo cir. 15.  As it is ascertained by caleuln-
oumferenco of the Kurth. gy that tho city of Uwaving is
situated at o distance from the equator equal to the one-sixteenth
part of the whole civemmference: this distauce, therefore,
multiplied by 16 will be the measure of the Hartl’s cir:
cumforence.  What reagon then is there in attributing (as the
Paurdyikas do) such an immense magnitude b the earth ?

18. For the position of the moou’s cusps, the conjunction
of tho planets, celipses, the time of tho risings and settings
of tho planots, the lengths of the shadows of the gnomon, ’
&e., aro all consistent with this (estimato of the extent of tho)
cirenmference, aud not. with any other ; thevefore it is declared
that the corrcetness of the aforesaid mensurement of the carth
is proved both directly and iudirectly,—(dircetly, by its
agrecing with the phenomena ;—indirectly, by no other estimate
agrecing with the phenomenn).

17. Lank{ is situated in the middle of the Earth: Yama-
KoT1 is situntod to the Kust of LANKX, and RoMAKAPATTANA to
the west. The city of SipHAPURA lies underncath Lank4.
Sumeru is situated to the North (wnder the North Pole,) and
VADAVANALA to the South of LaNkL (under the south Pole) :

18. 'These six places are situated at a distance of one-fourth
part of the Barth’s circumference cach from its adjoining one.
So those who have aknowledge of Geography maintain. At
MEgu reside the Gods and the SipHAs, whilst at VADAVANALA
are situated all the hells and the Daiyas,

c2
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19. A man on whatever part of the (ilobe he may be,

thinks the Farth to be under his fovt, and that he is standing

. up cight upon it: bub two individuals placed at 90° from each

othgr, funcy cach that the other is standing in & horizontal
line, as it were ab right angles to himself.

20. Those who are placed at the distance of half tho
Earth’s circumferenco from cach other are mutually antipodes,
us & mun oh tho bank of & river and his shadow reflected in
tho water: But as well thuse who aro situated at the distance
of 90° ay those who are situated at that of 180* from you, main-
tain their positions without difficulty. They stand with the
same ease os we do here in our position.

Positions of the Dwiras 21+ Most learncd astronomors have
wid Seas, stated that JANBGWIrA cmbraces the
whole northorn hemisphere lying to the north of the salt sca ;
and that the other six Dwiras and the (soven) Scus viz.
those of salt, milk, &c. aro all situsted in tho southern homis-
phero.

22. To tho sonth of the equator lies the salk sea, and to
the south of it tho sea of milk, whence sprung tho nectar,
the Moon and tho Goddess Laksmunf, and whoro the Omni-
present VAsunkva, to whoso lotus-feet Brausd and all the
Gods bow in reverence, holds his favorite residenco.

23. Beyond the sea of milk lic in succession the seas
of curds, cluificd butter, sugur-cane-jnice, and wino: and,
lnst of all, thut of swoot Water, which surrounds Vavavinara.
The Pirita Lokas or iufornal regions, form tho concave
struta of the Karth.

24, In those lower regions dwell the race of serpents (who
live) in the light shed by the rays isswing from the multitude
of the brillinnt jewels of their crests, together with the multi-
tude of Asuras; and there the Sigpuas enjoy themsclves
with the pleasing pcr;ous of beautiful femalos rescmbling the
finest gold in purity. .

¢ 25, Tho S'4ka, 8'4ruara, Kavs'a, Krfuncua, GoMEDAKA, and

’
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’
PrsnkArA Dwipas gre situated [in the intervals of the above
mentioned scas] in regular alternation: each Dwipa lymg,
it is said, between two of these scas.

Positions of the Mpun-  20. To the North of Lawnki hps
:“’;“'"l‘l‘";";‘l’"i“‘;'::“p::“‘: the Hntfuava mountain, and beyond
caused by the mountains.,  that the IIeMAKGTA mountwin  and
beyond that again the Nismanua monntain, These threo
Momntains stretch from sea to sea. In like mammer to
tho north of Siopiarura lic in succession the S'giNcav{N
Sukia and Nfra wmonntains, To tho valleys lying between
these monntains the wiso have given the name of Varswas.

27, This valley which we inhabit is called the Buxrara-
varsira; to the North of it lies the KinNArAvArsus, and
beyond it again tho Harivarsma, and know that tho north
of SwoHAPURA in liko manper aro situated tho Kuku, Hiray.
uAYA and RAMYAKA VARsiias, :

28. To the north of Yaxakoyr lies the MALYAvAN mountain,
and to the mnorth of RosaxaraTraNA thte GANDHAMADANA
mountain. Thesd two monntains are terminated by the Nita
and Nisuapiia monntains, and the space between theso two
is called the IL{vRITA VARSHA.

29. 'Tho country lying between the Marvaviy mountain
and tho sea, is called tho Buavgss'wa-vaisia by the learned ;
and geographers have denominated the country between the
Ganpiay£pana and tho sea, the Kervsfua-varsia.

30. Tho Iusvmira-varsua, which iy hounded by the
Nisuapua, Nfwa, Ganpuamsnana and MALyAvay mountuing, is
distinguished by a peculiar splendour. It is 2 land rendered
brillisut 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{vrrra
Mrzv in Inivesca, Vaksua stands the mountain MeRu,
which is composed of gold and of precious stoues, the abodo
of the immortal Gods. Expounders of the Puripas have
further describod this MERU to be tho pericarp of the earth-
lotus whence BrarMA had his birth.
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82. The four mountains MANDARA, SUGANDHA, VipuLA and
Surkrs'wp serve a3 buttresses to support this Merv, and upon
these four hills grow sevemslly the Kapawsa, Jamsé, Vapy
and Prerara trees which are as hanners on those four hills,

33, From the clear juice which flows from the fruit of the
JaMBG springs the savpG-Napf; from contact with this juico
carth becomes gold: and it is from this fact that gold is
called sxlisdnana : [this juice is of so exquisite a fAlavour that]
the multitudo of the immortal Gods and Sivpwas, turning
with distasto from nectar, delight to quaff this delicious
beverage.

3k And it is well known that upon those four hills [the
buttresses of MEru] are four gardens, (1sf) CuArrRARATHA
of varied brillisncy [sacrod to Kuskra], (2wf) Navpana
which is tho delight of tho Arsakas, (3rd) the Drgrrt which
gives rofreshmtnt to tho Gods, and (44) the rosplendent
VAIBHRXJA,

35, And in these gardens are beautified four reservoirs,
viz. the Aruya, the Minasy, the Maudiurava” and the $/wera-
JaLA, in due order: und these aro the lakes in the waters

‘of which tho cclestinl spirits, when fatigued with their
dullisnce with the fair Goddesses, love to disport themselves.

36. Merv divided itself into three peaks, upon which are
situated the three cities sacred to Visiine, Branyg and S'va
[denominated  Vatkunrua, Bransacura, and Karnxsa], and
beneath them are the eight cities sucred to INpra, Aant, Yaua,

« Nateprra, Varuya, VAyu, §'asf, and Ys'a, [i. e. the regents
of tho eight Diks or directions* viz, the east sacred to

® [As the point where tho equator ents tho horizon is the esst, the sun
therelore rises duo esst at time of tho cquinoxes but on this ground, we
oanuot determine the direction at MERU [tho north pole] because there the
equator coincides with the horizon and consequently the sun moves at Mrrv
under the horizon tho whole day of the equinox, Yet the ancient astronomers
maintaiued that the direction in which the yaMaxort lies from MErU is the
oast, because, according to their opinion, the iuhabitants of MXRU saw the
sun rising townrds the YauMaRoTI at the beginning of the xatra. In the ssme
manner, the direction in which LawxA lies from mount Mxrv is south, that

¢ in which ROMAKAPATTANA lies, is wost, and the direction in whish Sippma-
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1]

IxDRa, the south-east sacred to Aani, the south sacred to
Yaua, the south-west sacred to Narrqira, tho west.sacred to
VARUYA, the north-west snered to Vayu, the north sacred to
$'av'f and the north-cast sacred to Ys'a]

37. The sacred (anges, springing
from the Foot.of Visuxv, falls npon
momnt Meru, and thenee separating itself into four streams
descends through the heavens down upon the four Visukas-
ruAs or buttress hilly, and thus fulls into the four reservoirs
[ahovo described].

38. [Of the four streams above mentioned], tho first
called Sirs, went to Buangss'wa-varsiny, the sccond, called
ArsgaNannS, to Bufrara-varsua, the third, called Ciaksiv,
to Kerus£ra-varsua, and the fpurth, called Buavex to Urrara
Kore [or North Kurv]. .

39. Aud this sacred viver 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 namo
be uttered, or bronght to mind, and her virtues be celebrated,
she purifies in many ways thowsands of sinful men [frum.

Some peculiarity.

their sins],

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

TURA lioa from MERU is north. The butlresses of MERU, MaNDARA, SuaaNDUA,

&e. are situnted in the east, south &e. from MeRU respectively. B. D. .

. Note onveraes from 21 to 43 : —Buaskara’cua’eya has exercised his ingenuity

in gving a loc«litf on tho earth to the poctial magmntions of Vya'sa, at the
ll

samo tune that he has preserved his own principles 1 regard to the forn and
dimensions of the Karth. But he-himself attuched no crodit to what he<hns

described in these verses for he concludos his recital in his commentary with

the words, .
wfceat ¢ w3 orafaas |
“What is stated hore rests all on the authority of the Pusiyas.”
As much as to say « oredat Judmus.” L. W.
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The 0 wuaspss and 7 41- Here in this Brarata-varsm
xoLlomaraq of Bua'mats-  are cmbraced the following nine kmax-
VARSIAL . . .

s [portions] viz, Awvora, Kas'ery,
Tawraranya, Gapnasrinar, KuMarikx, Nxoa, Savava, Viruya,
and lastly GANpHARVA.

42. In the Kuw(uk« alone is found tho subdivision of
men into castes ; in the remaining Kuaxpas ave found all the
tribes of ANTYAIAS or outeasto tribes of men, In this region
[Burata-varsia] are also seven ket (cnatas, viz, the namey.
pra, Sokrr, Matava, Riksuska, Phwiviees, the Sanva, and
Vivouya hills,

Arrangement of thoseren 43, The country to tho south of
Loxag worlds. the cqualor is called the Brdrioka,
that to the north tho Buuviipka and Meru [the third] s
called the Swartoka, next is the Mamarioka in the Heavens
beyond this is“the Javatoxa, then the Taroroka and last of
all tho Sarvaroxa, These roxas are gradually attained by
increasing religions merits,

41, When it is suurise at Lank{, ib is then midday at
,Yamaxorr (90° cast of Lankd), sunsot ot Siwpuaruxa and
midnight at RoMAKAPATTANA,

Points of the compass 10+ Assume the point of tho
why MEnv is due north of horizon at which the sun rises as
1 placos. the cast point, and that at which ho
sets as the west point, and then determino the other two
points, i, e., the north and south through the Marsya* effected
by tho east and west poiuts.  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 uorth point:
hence Mekv lics due north of all places.

A curious fact isrelicarsed. 4. Only Yamakoyt lies due cust
Googeaphical Anomaly., from Usnayirt, at the distance of 90°

@ [From the cast and west points, as contres, with & common radius describe

« two arcs, intersccting each other in two points, tho place contnined the

arcs is callod Matsya “a fsh” aud the inlersocting points are the north and
south poiute. B, D,
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1fﬁ-om it: but LANk& and not Uswavixf lies due west from
1 YAMAKOTI. .

¢ 47. The same is tho case everywhere ; no place can llo west of
" that which is to its east excopt on the equator, so that enst
‘and west are strangoly reluted.* '

48. A man situatcd on the equo-
tor sees both the north and south
polos touching [the north and south points of] tho thorizon,
and the colestinl sphere resting (ns it were) npon the two
poles as contres of motion and revolving vertically over his
head in the heavens, as the Persinn water-wheel,

4). As o man proceeds north
from the equator, ho obscrves the
constellations [that revolve vertically over his head when
seen from the equator] to revolvo obliquely, being deflected
from his vertical point: and tho north polo clovated above
his horizon. Tho dogroos between the polo and the horizon
wo the degrees of latitude [at tho placo]. Theso doegrees
aro caused by tho Yosanas [between the equator and the
place].

Tow tho dogrees of lati- 00, The number of Youanas [in
:l‘i'.‘tn:‘;" ‘l’n"’d;“:;d‘::".'" ::; the arc of any terrestrial or colestiul
vico vorad, circle] multiplied by 360 and divided
Ly [tho number in Yosanas in] the circumferenco of the
circlo is tho numbor of degrees [of that arc] in tho carth
or in the planetary orbit in the heavens, Tho Yosanas arc found
from the degrees by reversing the calculation.

\.Right sphere.

Oblique sphero,

51, Tho Gods who livo in tho

Parallel sphere. mount Meru observe at their zenith

[® As the sun or sny heavenly body when it reachos the Primo Vertical
of any place is called due east or weat, so according to the Hindu Astronomiral
language all tho places on the Earth which are situsted on the oircle
corresponding to the Prime Verticul aro duo cast or west from the place and not
those which aro situated on the parallel of ltitude of the place, that is, the
places which havo the anglo of position 90° from any placo aro due east or
west from that placo, And thus all, directions on the Earth are shown by
means of the anglo of position in the Hindu Astronomical works. B. D.]

D
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' '
the north pole, while the Darrvas in VA({)AVKNAM the south
pole. Baut whilo tho Gods bohold the constellations revolving
from left ‘to right, to tho Darryas they appear to revolve from
right to left. But to both Gods and Darrvas the equatorial
constellations appear to revolve on and 'con'cspoud with the
horizon. .

 Dimensions of the Bartl's  52. Tho citcumference of the earth

ciroumforeyce. has been promounced to be 4967
Yosanas and the diameter of the samo has been declared to
be 156814 Yosanas inlength : tho superficial arca of the Karth,
like the met enclosing tho hand ball, is 78,53,034 square
Yosanas, and is foand by multiplying tho circumference by
the dimmnctor.* )

Tho error of Lalla is ox= OO ) The superficil arca of the
ml 1;' mﬁld hi‘ tl;tn]mper- Earth, like the net enclosing the

oren of Hho S hand ball, is most erroncously stated
by Lauia: the true aren not amounting to one hundredth
put of that so idly nssumed by him, His dimensions are
contrary to what is fonnd by actual inspection : my chargo of
crror thereforo cannot bo pronounced to be rude and unealled
for. But if any doubt Do cntertained, I beg you, O learncd
mathematicians, to examino well and with tho utmost impar-
tiality whether the amount stated by me or that stated by
him is tho correct ono. [The amount stated by LaLua in Lis

® [The diameter and the circumference of the Earth hero mentioned are to
cach other as 1260: 3927 and the demonstration of this ratio is shown by
BriisxaRACUARYA in the following manner.

Take s radius equal to sny large number, such as more than 10000, and
through this determino tho sine of a smallor arc than even the 100th part of
the circumference of the circle by the aid of the canon of sines (JyorraT™1,)
and tho sine thus dotermined when multiplied by that number which represents
the part which the arc just taken is of tho circumnference, becomes the length of
ciroumference because an are smaller than the 100tk part of the cireumfercnco
of acircle is [scarcely different from] a straight line, For this reason, tho cir
oumference equal to tho numbor 62832 ia granted by ARYABHATTA and the othors,
in tho diameterequal tothe number 20,000, Tlhpugh the length of the ciroum-
forence determined by extracting the rquare root of the teufold sjuare of the
dinmeter is rough, yet it is granted for convenicnce by SkipuarAcia’sya, Bran-

Macurra and the others, and it is not to, be supposcd that they wero ignorant
of this roughness.—B. 1).]
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work entitled DmfFRIDDIIDA-TANTRA i3 285,08, 38,oot square
« Youanas, which he appears to have found Ly multiplying tho

squaro contents of the circlo by the circumference.]

Shows the wrongness of 54 If a picco of cluth be cut in
tho Rule given by Lalla. © g circular form with a' dinmeter cqual
to half the circumferenco of the sphero, then half of the sphero
will be (entirely) covered by that circular cloth and thero will
still bo some cloth to sparo, !

55. As the area of this pieco of cloth is to be found ncarly
2} times the arca of o great circle of tho sphere: and the
aren of the picco of cloth covering tho other half of the sphere
i8 also tho same ; * e Tz

56, Thereforo the arca of the whole sphere eannot be more
than 5 times the aren of the great cirelo of the sphere. How
then has he multiplied [the arca of the great circle of the
sphere] by the circumferenco [to get tho superficial contonts
of tho sphere] ?

57. As the arca of a great cu'clo [of the sphere] multiplied
hy tho circumnference is without roason, the rule (thereforo of
luia for the superficial contents of the sphore) is wrong,
and the supcrficial area of the Earth (given by him) is conse-
quently wrong.

58, 59. Suppose the length of tho
[equatorial] circumference of the globe
cqual to 4 times the number of sines [viz. 96, thero being 24
sincs calculated for every 3°4, which number multiplied by

Otherwise,

4 = 96] and such oblong sections equal to the number of the °

length of the said circumferenco and marked with the vertical

lines [running from pole to polo], as thero are secn formed by

, mature on tho ANwL( fruit marked off by tho linos 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 & uirolo whoco diametor is 7 will be about 88 ; that of a ciralo

whose diamet (i :-mmmm-muaa;umwu
than 2§ tlm«lﬂl

n2 iRz
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'

60. Tf we detormine the superficial apea of ono of theso
sectiuns by rieans of its parts, wo have it in this form. Sam of »
gll the sines diminished by Lalf of the radius and divided-by
the same.* ,

 The correctness of this form is thus briefly Mustrated by BaA'sxARA’cRA'RYs
in his commentary. )
Letg aha, g bothosection in which ab, B¢, ¢ d o, q
and a8, B,y ¢,y &e. aro each equal to 1 cubit and
also aa, oy equal to 1 cubit : then by, cv,, ddy, &e, ¢
aro prnpoxional to tho aines m 3, # ¢, 0 d, &c.and are
thus found. . *
If kaorrad: give,aal (=1)::mb: bby=— m
Rad.
ne
IfRad:1::nc:en,=— ¥
Rad

od
again Rad : 1: =d:dd'=;

&

Now aa,, bb,, ee,, &o. being found, the contents of
each of ag, b,d, B4 ey, cc, dyd, &o. the part of the
section is found by taking Lalf the sum of aa, & 25,
Bb, & ce,y o0, & ddy &e. and multiplying it by ab 2
(which is equal to each of be, ed, &e.)hore ab is assumed as 1 and tho wholo
surface cach of aa,b,3, bb,e,cas 8 plane, foran arc of 303 is scarcely different
from a plane, '

Now to find the sum of aa,b,b, bb,e,0 &e. we have

aa, + b, b, 4 e, ce, + dd,
. 2 x1+ 2 X1 X 14 &

adding these and leaving out -:-"b“élm lier, wo have
aa ee, 4 dd, 4 &e.
Substituting the values of aa,, by, &. i

H-;-l- -;:-I-;-}-&e.loonforthuunmedlinu

i2 R iR
hut } = —— == e —
R B
* Dy substitution we get
e
RS A T
Repmbgnetod&e.. —i 2

2 .
It is evident from this that the sum of al} the sines diminishod by the half
of the Radius and divided by the Radius is equal to the contents of the up
half of the section, thereforo by dividing by § Rad we get the whole section
instead of only the upper half of it.
sim of all the sines — § 2.

i. &, contents of the wholo section = e 3

1

e = A,
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61, As the superficial arca of one scction thus determined
is cqual to tho diametor of tho globe, the product found by
mmltiplying the diamoter by the circumferenco has thereforo
been psserted to by the superficial contents of a sphere.

Tho grand deluges ordis.  62. Tho carth is said to swellto
wlatioss, _ tho extent of one Yosana equally all
around [from the centrc] in a day of Bramik by renson of
the decay of the natural productions which grow upon it: in
the Bréama delugo that increase is again lost. In tho grand
deluge [in which Buamux himself as woll as all nataro fudes
away then] the Earth itsclf is reduced to a stato of nonentity.

63. That extinction which is duily
taking place amongst created heings is
called the Darvanniva or daily oxtinetion. Tho Brlunma ex-
tinetion or doluge takes place at the end of Branxf’s day:
for all created beings arc then absorbed in Brahmé’s body.

6L As on the extinction of \Brairy& himsclf all things are
dissolved into nature, wise men thercfore call thut dissolution
the Prxxpitika or rosolution into nature. Things thusin o
state of oxtinction having their destinics severally fixed aro
again produced in soparato forms when naturo is excited (by.
the Creator).

65. The dovout men, who have destroyed all their virtues
nnd sins by o knowledgo of tho soul, having abstracted their
minds from worldly acts, coucentrate their thoughts on the

Aro four-fold,

Tlere, by substituting the values of the 24 sines stated in the Gayrra'DEA'TA’

we have

A = 301§ viz. the diameter of the globe where the circwnferenco =86, I W.

[fere, the demonstration of the rule (multiply the superficial area of the
sphiero by the dismeter and divide the product by 8) for finding out the solid
content of the sphere is shown by Bua'skana’cua’rYa in the following manner,

Suppose in the sphere the numbor of pyramids, tho height of which is equal
to the radins snd whose bases are squares having sides equal Lo 1, equal to the
number of the superfloial area of the spliere, then

The solid contents of every pyrsmid = § R.

== § diameter

and the number of ids in the sphere is equal to the numbor of the
superficial contents of the :ﬂ.hen. .

«. The solid content of the sphere = § diameter 3 superfloial srea.—B.D.]
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Supreme Being, and after their death, as thoy attain tho state
from which there is no rcturn, the wiso men therefore denomi-
nate thi state the ArvanTikadissolution. Thus the dissolw-
tious are four-fold. ]

66. Tho earth and its mountains,
the Gods and Danavas, men and
others and also the orbits of the constellations and planets
and tho Fokas which, it is said, aro arranged one above the
other, .are all included in what has been denominated the
Brammdnpa (nmiverse).

The universo.

Dimensions of the Bmar. 07+ Some astronomers havo assert-
HA'NRA, ed the civeumference of the circle of
Hoavon to Lo 18,712,009,200,000,000 Yosanas in length.
Somo say that this is the length of tho zone which binds the
two homispheres of the Branwinpa. Some Paurdyrxas say
that this is tho*longth of the circumference of the LoxxLoka
Papvara *

r

* Vide versos 67,68,69, Bma’skARA’0mA 'RYA docs not answer tho objection which
these versos supply to his theory of the Eurth being tho centre of the systom.
The Bun is hero made the principal objoct of the system—the centre of the
+Branma’Npa—the centro of light whose boundary is supposed fived : but if the
Bun moves then tho Hindoo BRimara’Npa must be supposed to bo constantly
changing its Boundarics. Subbuji Bapid had not failed to uso this argument in
favour of the Newtonian system in his S1RoMANI PRAXA'S's, vido pages 55, 56,
Bna‘uxara’cina’rya liowever denics that he can father the opinion that this is
the length of the circumferonce limiting the BRAuMA'NDA and thus saves him-
solf from a dafliculty. L. W.

[Mr. Wilkinson has thus shown the ohjection which Subbdje Bipé made to
tho nssumption of the Sun’s mation, but I think that the objection is not n
judicious one. Becausc had the length of the circuniference of the Branya'spa

n changed on t of the al of the boundary of the Sun's light
* with him, or had any sort of motion of the stars becn assumed, as would lave
been granted if tho earth is supposed to bo fixed, then, the iuconvenience would
have occurred ; but this is ot tho case, In fuct, as we cannot fix any boundary
of the light which issued from the sun, tho stated length of the circumferenco
of tho BranMANDA is an imaginary one. For this reason, BirsxaRACHARYA
doos not admit this stated length of the circumference of the BramMa'™pa.
He stated in his GayiTa’DuYaYa' in the commentary on the verso G8th of this
Chapter that  those only, who have a perfoct know of the BraHMA'NDA
as they liave of an A’NVALA fruit held in their palm, can say that this length of
the ciroumference of the BrauMa’Npa is the true one;” that is, as it is not in
man’s power to fix any limit of the BRARMA'NDA, the said limit is unreasonable.
Therefore 1o ob e

joction can be p ly madn to the system that the Sun moves,
by sasuming such au imaginary limit of the Bmamxiwpa which is little less
* impossible than the exi of the ) ly lotus.—B. D.}
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68. Those, hogrever, who havo had & most perfect mastery
of the clear doctrine of tho sphere, have declared that this is
the length of that circumference'bounding the limits, to which
the dm'kness dxspcllmg rays of tho Sun extengd.

69, Butlet this be tho length of the clrcumforcnco of tho
BrarMAxDA or not :, [of that I have no suro knowledge] but it
is my opinion that cach planct traverses a distanco correspond-
ing to this numbor of Yosawas in tho course of ¥ Kavea or
a day of Brannx and that it has been called tho Kirakaksud by
the ancients.

End of third Chapter called the BruvanA-kos'A or cosmo-

graphy.

CHATTER IV.
CarLep MADRYA-ATI-VASANK, o

On the principles of the Rules fpr finding the mean pluces of
the Plunets.

Placos of the sercral 1. Tho seven [grand] winds have
winds. thus been numed : viz—
.1st. Thoe Avaha or atmosphere,
2nd. The Pravaha beyond it.
Srd. 'Tho Udvaha.
4th. The Semvaha.
5th, The Suvaha.
6th. The Parivaha.
7th. Tho Parfivaha.

9. The atmosphere cxtends to tho height of 12 Yosanas
from the Earth : within this limit are the clouds, lightning, &c.
The Pravaha wind which is abovo the atmosphere moves con-

stantly to the westward with uniform motion.

3. As this sphere of tho universo includes the fixed stars
and planets, it thercfore bemg impelled by the Pravaha wind,
is carricd round with the Stars and planets in u constant

revolution,
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An illostration of the 4 The Plancts moving castward
Tiotion of tlo planets. in tho Icavens with' a slow motion,
appear as if fixed on account of the rapid motion of the sphese
of tho Heavensto the wost, as insocts moving reversely.on a
whirling pottor’s wheel appear to be stuti'onury [by reason
of their comparatively slow motion]. .

Sidoreal and terrostrinl 0. Ifa star aid tho Sun riso simulta-
daya and thir lengta. ncously [on any day], the star will
riso aguin (on the following morning) in 60 sidereal uaTIKLs ;
tho Sun, however, will rise later by the number of Asus (sixths
of a sidereal minuto), found by dividing tho product of the
San’s daily motion [in minutes] and the Asus which tho sign,
in which the Sun is, takos in rising, by 1800 [the number of
minutes which cach sign of the ccliptic contains in itself].

6. Tho timo thus found added to tho 60 sidereal emaTIxAs
forms a truo térrestrial day or natural day. Tho longth of
this day i variable, as it depends on the Sun’s duily motion
and on the timo [which different signs of the ecliptic take]
in rising, [in differont latitudes: both of which are variable
‘olcmcuts] X

® [Mad the Sun moving with uniform motion on the cquinoctial, the
oach minute of which riscs in oach asv, the number of Asus equal to
the number of tho minutes of the SBun’s daily motion, being added to
$he 60 siderenl @rarikas, would havo invariably mnde the exact length of the
true torrustrinl day as Larna and others say. But this is not the casc, bocause
the Sun moves with unequal motion on the ecliptic, the equal portions of whiclh
do not risv in equal times on account of its boing obhgue to the equinoctional.
Therefore, to find the exact length of the truo terrestrial day, it is neccesary to

, determine the time which the miuutes of the Sun’s duily métion take in rising
and then add this time to 60 sidereal amatixa’s. For this reason, the terres-
trial day dotormined by Lasza and others is not a truo but it is a mean,

The differenco between the oblique ascension at the beginning of any given
day, and that at the ond of it or at the beginning of the noxt day, is the time
which the minutea of tho Sun's motion at tho day above alluded to take in
rising, but as this cannot bo easily determined, the anciont Astronomers having
determined tho periods which tho signs of the ccliptio take in rising at o given
placs, find the time which any portion of a given sigu of tho ecliptic takos in
rising, by the following proportion, .

If 30° or 1800" of a sign: take number of tho asus (which any given sign
of tho ecliptiv tukos) in rising at s given place : : what time will suy portion of
the sign abovo alluded to take in rinin* ?

The caleulation which is shown in the 5th verso depends on this proportion.—
B.D.]
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Revolutions of the Sug n 1+ A sidereal day consists jnvari-

yoar are Jow thaw the ably of 60 sideroal cHATIRXS: & mean
erolutions of stars by ome.  vana day of the Sun or terrestrial
lay donsists of that time with an addition of the number of
wos eYual to the number of the Sun’s daily mean motion
‘in minutes]. Thuy the number of terrestrial days in a ycar
s loss by ono than tht number of revolutions mado by the
fixed stars. H

8. 'Tho length ofthe (solar) year is
365 days, 15 GHATIELS, 30 rAras, 22}
rieALAS reckoned in BaGur skvANA or terrestrial days: The
fyth of this is called a saura (golar) month, viz. 30 days, 26
GUATIRAS, 17 PA1As, 31 virALas, 52} eraviearas. Thirty
s&vaNA or terrestrial days mako a s{vANA month.*

Length of lunar month 9. The time in which the Moon
or lunation. [nfter being in conjunetion with tho
Sun] completing a revolution with tho difference between tho
dnily motion and that of the Sun, again overtakes the Sum,
(which moves at a slower rate) is called a Lunar month, It is
29 days, 31 GuaTikAs, 50 PALAS in length.t

The reason of additive  10. An ApHIMAsA or additivo month
months called ADEIMA'SAS.  (o}iich s lunar, occars in the duration
of 32} sauRa (solar) months found by dividing the lunar month

Length of solar year.

by tho differenco botwoen this and the sauRA month. From .

® [Mere a solar year consists of 365 days, 16 iaTrxds, 30 PaLas, 22§

VIPALAS, i. . 865 d. 6 &, 12m. 9 . and in BGRYA-SIDDHANTA the length of the
year is 366 4. 15 g. 81 p. 81. 4 v. i. e, 365 d. 6 4. 12 m. 36. 56 &.—B. 1.]

fif That lunar month which ends, when the Sun is in Mzswua stellar Aries is
enlled omaiTRA and that which terminates when the Bun is in veismaBua stellar
"laurus, is called Va1s'axna and 80 on. Thus, the lunar months corresponding
to the 12 stellar signs MzsHa (Aries) Vyismanita (Taurus) Mirnuna (Gemini)
Karxa (Oancer), SiwEA (Leo), Kanya’ %Virno). Tura’ (Libra), VeICHIEA
(Scoﬂsio). Dumawvu (Sagittarius), Maxara

and Mixa,(Pisoes), are CHAITRA, VAIS’A’RKA, JYESRTHA, A’SHA'DITA N'RA’YANS,
Baa'praraDA, A's'wiNa, Ka'RTIRs, Ma’RGas‘’fusia, Pavsma, Ma‘ena, and
PaarauNa. If two lunar months terminate when the Sun is onls in one stellar
sign, the second of these is callod Apurwa’sa an additive month. The $0th
part of o lunar month is called Tithi (a lunar day).—8. D.]

Capricornus), Kumpra (Aquarius) _
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¢
this, tho number of the additive months in n XALPA may also
be found by proportion.*

11, As a mean lunar month is shorfer in length thau a
mean SAURA month, the lunar months are therefore mose in
numbor than the'sAurA in a RaLea. The differonco between the
number of lunar and SAURA months in .a KALPA is called by
astronomers the number of Apur¥&sas‘in that period.

Tho readon of subtractive  12. An AVAMA or subtractive day
day called Avana, which is s&VANA occurs in 64% Trrmis
(lmar days) found by dividing 30 by tho difference between
the lunar and 8{vANA month. ¥'rom this, the number of Avaxis
in & Y0GA may be fonnd by proportion.+

13.} Ifthe Apmix£sas are found from saura days or months,
then the resalt found is in tho lunar months, [as for instance
in finding the Awaryana. If in tho saura duys of a KALPA : aro

L3

& [Aftor the commencement of 8 YUga, 8 lunar month terminates at tho
end of AMAYA'SYA’ (new moon) andes 8AURA month at the mean vRIsmaBma.
SANRRA'NTE (i. e, when the inean Sun enters the second stellar sign) which takes
place with B4 g. 27 p. 31 v, 52} p. after the new moon. Afterwards a second lunar
month ends at the 2nd now moon after which tho MITRUNA-BANKRA'NTT takes
placo with twico tho Gthatis. &c. aboro mentioned. Thus the following Sax-
KBA'NTIS XARKA &c. take place with thrice four times &e. those Guayis, &e. In

* this manner, when the SaxxrA’NTI thus going forward, aguin takes placs at new

moon, the number of tho passed Junar months excoeds that of the 8AUEA by one,
This one month is called an additive month : awl the savra mouths which an
;(lﬁlitivu month requires for its lappening can be found by the proportion as
ollows,
As 51 ghatis, 27 p, &o. tho differenco between a Junar and a ssura

+ One saura mouth

+ 1 20, 31, 50 the numbor terrestriul dny &o. in a lunar month

183, 16, 31, &o. t'10 number of saura months, days, &c.—~B. D.]

+ [At the beginning of 8 xarra or a yvaa, the terrestrial and lunar
days begun simnultaneonsly, but the lunar day being less than the terrestrial duy,
terminated before the end of the terrestrial day, i. e. before the next sun-rise.
The interval between the end of the lungr day and the next sunrise, is called
Avama-s'esira the inder of the subtractive day, This inder i
every day, therefore, when it is 60 GEATIEAs (24 hours), this constitutes 8
Avana day or subtractive day. The lunar days in which a subtractive dsy
occurs, are found by the following proportion,

1£0d.28 9. 10 p. the differcnce between the lengths of terrestrial and of a
Tuuar month. .

: 1 lunar monthor 80 tithis  °

1 : o whole terrestrial day : 64-y\tithis nearly.—B. D.]

1 The objects of these two verses scoms not to be more than to assert that
the fourth term of a proportion is of the same denomination as the 2ud,.—L. W.
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so many ADNIMARAS : : then in given number of solar duys;
how many AvHiMfsas ?] If the Avumfsas dre found from
1 days or months, then the result is in sAuRA months, and
the indor is of.thc like denomination. .

14 [In like manncr] tho avauas or subtractive duys if
fonnd from lunar days, are in s{vaNa time: if found from
3{vANA timo thoy are lunar and the remainder is so likewise.

15. Why, O Astronomes, in find-
ing the Anagaaxa do you ndd savna
months to the lunar months Cwarrks &e. [which may have
clapsed from tho commencement of the cwrrent year] : and
tell mo also why the [fractional] remainders of Avnivasas and
Avava days arc rejected : for you know that to give a true
result in using the rule of proportion, remainders should ho
taken into account ?

A guestion.

Reason of omitting to in- 16.% As the lanar*month ends nt

clude the Apuinisa susia  the chnpgo of the Moon and the
in finding the Aumanaaya. . ‘
SUARA month terminates when the Sun

enters o stellar sign, the accumulating portion of an Apnmasy
always lies after cach new Moon and before the Sun enters the

sign,

. gTho meaning of theso 4 veraes will be well understood by a knowledge of the
rule for finding the Auar@aNa, we thercfore show the rule here,

In order to lind the AwaraaNa (elapsed tervestrinl days from the commence-
ment of the Karea to the required time) astronomers mulliply the number of
8aURA years expired from the beginning of the KaLea by 12, aud thus they get
the number of savRA months till the last Mesua SANKRANTI (that is, the tine
whicn the Sun cuters the 1st sign of the Zodiac called Aries.) To these months
they add then the passed lunar months Citartea &., considering them as savRa, *
These BAUSA months become, up to the time when the Sun enters the sign of the
Zodisc ponding to the required lunae mouth. They multiply then the num-
ber of these months hy 30 and add to this product the number of the passed
Trrma (lunar doys) of the required month considering them as sawna days. The
number of BAURA days thus found becomes greater than that of thoso till the
end of the required TiTir by the ADmIMasa 8’sTira.  To make these 8AUBA dnr
lumar, they determine the elapsed additive mouths by tho proportion in the
following wanner _——

As the number of saURA days in 8 Karra .
+ the number of additive months in that period

z 1 the number of RAURA days just found
: the number of additive months vlapsed

E2
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’
17. Now the number of Triis (lunardays) elapsed since

the chango of tho Moon and supposed as if sAURA, is added to +
tho number of saura days ffound in finding the AHARGAN®] :
but as this number exceeds the proper amopnt by the ql)lntity
of tho Aprimasa-s'EsHA theroforo tho ApEINAs-sESHA is omit.
ted [to bo added]. .

18. [In tho same manner] thero is always a portion of &
Avaua-s‘Esia between the timo of sun-rise and the end of the
[preceding] mrHr. By omitting to subtract it, the Amaraaya
is found at tho time of sun.riso: if it were not omitted, the
Anaroaya would represent tho timo of the end of .the TiTmt
[which is not required but that of the sun-rise].

Reason of tho correction 192 20» 21 and 22 As tho true,
eallod the Upaviwmaza terrestrinl day is of variable length, the
xama. Anareana has been found in mean
terrestrinl days: tho places of the plancts fonnd by this
Auaroaya when rectified by tho amount of the correction
called the Upavinrara whother additive or subtractive will bo
found to Le at tho time of sun-rise at LaNk{* The ancient

If these additive months with their remainder be added to the savza 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 Trrir. And as the remaindor
of the additive months lies between the end of the Trrux and that of its corre
sponding 8AURA days, they thercfore add the whole number of Apur-yisas just
found to that of the 8AURA days omittiug the remainder to find the lunar days
to the end of tho required T1THI. Moreover, to make theso lunar days terrostrial,
they determine AvaMa subtractivo days by the proportion such as follows.

As the number of lunar days in a Karea
+ the number of subtractive days in that period
+ 1 the number of lunar days just found
. + the number of AvaMa clapsed with their remainder.

If theso AvAMAS be subtracted with their romainder from the lunar days, the
difforence will be tho number of the AvaMA days clapsed to the ond of the requir-
ed TITRI; but it is required ab the time of sun-rise. And as the remainder of the
subtractivo days lies between the end of the TrTEI and thesun-rise, they therefore
subtract the Avaxas above found from the number of lunar days omitting their
vemainder i. e, AvaMA-a’88HA, Thus the AHARGAYA itself becomes at the sun-
rise~B. D.]

“w*[If the Son boen moving on the equindvtial with an equal motion, the
terrestrial day would have been of an invariable length and consequently the
Bun would have reached the horizon at Laxxf at the end of the ABaRGayA
which is an euumeration of the days of invariablo length that is of the mesn
terreatrial days. But the Sun moves on the ecliptio whose equal parts do not
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Astronomers have got thus rectified the places of the plancts
by this correction, ag it is of a variable and small'amount.

difference between the number of Asus of the right
ascen¥jon of the mean Sun [found at the end of the Ausraaya]
and the number of Asvs equal to the number of minntes of
tho mean longitude .of tho Sun [found at tho same timo] is
tho differenco betweon ¢he true and mean Amarcayas* Mul-
tiply this differenco by the daily motion of the planet and
divido the product by the number of Asus in & nycthemeron.t
The result [thus found] in minutes is to be subtracted from
tho places of the planets, if the asus [of tho right ascension
of the mean Sun] fall short of the xAl{s or minutes [of tho
mean longitude of the Sun], otherwiso the result is to be
added to tho places of the planets. Instead of tho right as-
cension, if obliquo ascension bo taken [in this calculation]
this UpAyanrarA corrcction which is to be eapplied to the
places of the plancts, includes also the carA correction or
the correction for the ascensional difference.

Resson of the correction 23, The places of the plancts
ollel the DsA'¥T4BA  y1ich gre found being rectified by
this UpavANTARA correction ab the timo of sun-rise at Lanka®
may be found, being applied with tho Desantara corrcction,
at the timo of suu-rise at a given place. This DesaNTARA
correction is two-fold, one is east and west and the other

riso in equal periods, For this reason, the Sun does not come to the horizon at
Laxga’ st the eond of the Amangaya, Therefore the places of the planets
determined by the mean ARARGANA, will not be at the sun-rise at Laxxa’. Henoe +
» correction is necessary to be applied to the places of the plunets. This
correction called UnaxANTara has been first invented by Bukswaracniuya who
consequently abuses them who say that the places of the planets determived b
the mean AHARGANA become at the time of the sun-rise at Lanki.—B, D.

® The difference between the mean and true AARGANAS is that part of
the equation of time which is due to the obliquity by the eliptic.—L. W.

+ [This calculation is nothing clse than the followipg simple Proportionuemm:

. If the number of Asus in a nyotlummnph P .
: daily motion of the plauet
+1 tho difforence between the true and moan AUARGANAS
give—B.D.] °*
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is north m:d south, This north and south correction is called
cmame, '

24, The line which passes from Lank£, Uwmavinf, Kui.
xsurruaund other places to Meru (or tho North Pole 4f tho
Earth) has been denominated the Maonvaeexed mid-lino of
the Earth, by tho Astronomers. Thesun rises ab any placo
cast of this line before it rises to that Iine : and after it has risen
on the fine 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,
ay tho given pluco be cast or west of the mid-line [in order
to find the places of the plancts at the time of sun-rise at the
given place]. ,

25. As the [vmall] circle which is described around Mexy
or North Pole uf the Earth, at the distance in Yosanas reckon-
od from Meru to given plage aud produced from co-latitnde
of the place [as mentioned in tho verse 50th, Chapter 11T.]
i8 called roctified circumference of the Farth (parallel of latitude)
[at that place] thercforc [to find this rectified circumference],
tho circumference of the Karth iy multiplied by the sine of co-
latitudo [of the given place] and divided by the radius.

End of 4th Chapter culled Mapuya-Gatr Vasana.

& This amount of correction is determined in the following manner.
The ¥osaxas between the midline and the given place, in the parallel of

* Iatitude nt that place, which is denominated SpasmrTa-PABMIDUI ara called,

Dxs’a’NTABA YOTANAS of that place. Then by the proportion.

As the number of YoJaNA8 in the SBPAsnTA-PARIDII : 60 GHATIKAS: : DESA'N-
TARA YOJANAS : the dilference between the time of sun-rise at midline and that
at a given place, This difference called DEs’a’NTARA GHATIKA'S is the longitude
in time east or west from Laxxa’. in .

) As (0 ouaTika’s: daily motion of the planet : : DRSANTA’BA GUATIEA'S:
the t ot tho oti ired

Or this amount ean be found by using the proportion only once such ss follows ‘

- %3 tho number of YoJanas in the Spasuza-PaRIDEI: daily motion of the
mm : Des’AnTag) Yosaxag: tho same amount of the correction above
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CHAPTER V.

Aﬂw principleg on which the Rules for finding the true
places of the Planets are grounded.

* 1. The plancs of a Sphere are
intersected by sines of mudia and
KoT1,* as & picco of cloth by npright and transverse threads.
Before describing the spheric, I shall first explain the canon
of siney,

2. Tako any radius, and suppose it the hypothenuso (of

o right-angled triangle). The sine of Biwa is the base, and
the sino of xoyr is the squaro root of the differcnco of the
siuares of the radins and the bnse. The sines of degrees of
misa and Koyt subtracted separately from she radius will
he the versed sines of kot and BHUIA (respectively).

On the canon of sines.

[® The Bnusa of any given arc is that are, less than 009 the sine of which
is eqqual to tho sine of that given are, (the consideration of the positiveness and
negntion of the sino is hero neglected), For this reason, the nuvsa of that
ure which terminates in the odd quadrants i. ¢. tho Ist and 3rd 18 that part |
of the given nre which fulls in the quadrant where it terminates, and the
Biteaa of the are which ends in the even quadrants,i. 0. in the 2nd aud 4th,
is (}l‘l:llﬁ arc which is wauted to complete the quadrant where the given aro is
ended,

‘The ko7t of any are is the complement of the BuIa of that are..

P 2 P,y

Tet the 4 quadrants of a circle
ABCD be nuccessively A B, B
¢, CDeand D A, then the nuvdas
of theares AP,, ABP,, ACP,,
ADP, willbeAP,CP,CP,,
A P, and tho complements of
llilv;‘o li;ul"unnar; the arcs lll P,

’ « respectively, —
B, D.j a p Y s N
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3. The versed sine is like the arrow mtersoctmg‘the bow
and the stnng, or the arc and the sine,*

The square root of half the square of the radins is the
of an are of 4% The co-sino of an arc of 4o' is of tht%::o
length as the sine of that arc.

* These methods are grounded upon the follomng principles, written by
Baa'l |nn'ouun, in the commentary Vasaya'-BRA’SHYA,

(1) Letthoars AB=90° and AC= A

AD(—= $ A B) =yin, 46°; and let
0Aor01l=tha radius (R) then A B?
=0A'40B'==20A'=23R?

W AB=AF
mdAD=}AB=s/R
2

0 = R_" . .
orain, 45 J’.

(2) Tt is ovident and stated also it the Lira’ vaTy, that the sidoof a regular
hexagon is equal to the radius of its cireumseribuig circlo (i e. ch.60° =R),
Hencs, sin, 80° = }

(8) Let A Bbothe half of a given aro A P, whose sino P AL and versed sine
A M are given. Then

AP=a/PMs AN >
amd }AP=AN=sin.AB

St AB=1} s/PM'+\u|
(4) The proof of the last mothod by Algebra
cos = R — versed sine
Seo'=R'—2R.o ¢
. lnbtmtmg both sides fmmn’
=2R.v—2*
* orlin.’ =IR.n—-v‘
adding o‘ to both lldcl
sin' 4 o'=3R.
mdk(-m.'-l-v‘)-=in v
extracting the square root,

t it o = /iBoo

~viut by the preceding method .
¥ fain® 4 o = the sine of half the giren are;

o pH ')

o tin, § are = J;ﬁ-mn.] '
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4: Half the xpdius is the sine of an are ;f 80°: The

co-sine of an arc of 30° is the sine of an arc of 60°, .
the root of the sum of sthe squares of the sine and

vel sine of an arc, is the sine of half thaf arc.

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

The sines and co-sides 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 extont. ¥

Or, in a circle described with o given radius and divided
into 360°, the required sines may be found by measuring their
lengths in digits.
. Reason of correetion which 7.1 As the centre of the cirdle of
}:o';q':::d;:.ﬂ"ghﬂ;' ot's tho constellation of the Zodiac coin-

planet. cidos with the ccntre of the Karth:

® [When, 24 siues are to be dotermined in quadrant of a circle, the 8 sines,
i. e. 12th, 8th and 16th, can be easily found by the method here given for finding
the sines of 469, 309, and tha complement of 809, i. e. 6u°. en by means
of these throe sines, the rest can be found by the method for finding the sine
of half an arc, as follows. Fiom 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 luth
14th, Bth, 19th, 7th, 17th, 11th, and 13th, can also be found from the 8th mmne,
From the 12th again, the Gth, 18th, 8rd, 21at, 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.]

[+ Bna’sxara’CHA'RYA maintains that the Karth isin 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 centrs with that of the Earth, is called
KAKSHA'VRITTA or concentrio circle. In the circle, the planet appears to revolve
with unequal motion, though it revolves in the excentric with equal motion.
The place where the planet revolving in the ic appesrs in the trie
is its true plnce and to find this, astronomers spply a correction called MawDa-
PHALA (Jot equation of the contre) to the mean place of the planet. A mesn
planet thus corrected is called MaNDA-8PASHTA, the circlo in which it revolves
MANDA-PRATEVRITTA (st excentrio) and its farthest point from the centre gf the
concentric, MANDOOROR (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 sre not true at the centre of
the Earth but at snother place. For this reason, astronomers having assumed ,
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[

! and the centre of the circle in which the planet revolves does
not coincido with the centre of the Barth: the spectator,
therefure, on the Earth does rot find the planet in its m
placo in the Zodige. Hence Astronomers apply the corrgftion
called BHUJA PHALA to the mean place of the planet [to gt
tho true place]. : .

Modo of, illutration of 8. On the northern side of & wall
the abore fagt. running duo east and west, let the
teacher draw a diagram illustrative of the fact for the satis-
faction of his pupils.

Aversoto encoursgethose 9. Dut this science is of divine

who may bo disposed to de- .. . .
spond inyoonu-qluencu ofthe OTIEIN, reveulmg facts not eogmz“b]e

illoultics of the sciouce, by the semses. Springing from the

the concentrio circle as second excentrio of these fivo plancts, take another
circle of the same size and of the samo centre with tho Karth as concentric, and
in order to find the placo where tho planet revolving in the 2nd exceutrio
appears, in this concentric, they apply a correction called 8°fGHRA-PHALA, or 2nd
equation of tho centre, to the mean place corrccted by the 1st equation. Tho
MANDA-SPASHTA planet, when correctéd by tho 2nd equation is cailed 8’pasnTa,
or true planet, the 2ndexcentrie, E'f{GURA-PRATIVRITTA, and its farthest point from
' the centrv of tho Earth,s’reurocuc the 2nd higher Apsis.
If & man wishes to draw a diagram of the arrangement of tho planets accord-
ing to what we have briefly statod here, ho should first describe the excentrio
(circle, and throngh this excontric the concentric, and then he may deterinuo
the placo of the MaNDA-sPASHTA planet in the concentio thus described. Again,
having assumed the concentric us 2nd excentric and described tho concentrio
through this 2nd excentric, he may find tio place of the true planet. This is
the proper way of drawing the diagram, but ¢ ly, having
first described the concentric, and, through it, the excentric, flnd the corrected
mean place of the planct in the concentric, After this, having described tho
2nd trio through tho same trio, they find the true placo in the
ic, through the ted mean place in the same. These two modes
of constructing the Giagram diffor from each other ouly in tho respect, that in
“the former, the concenitric is drawn through the excentric circle, and in the latter,
. the excentrio is drawn through the concentrio, but this can easily be undors
that both of these modes aro equivalent and produce the samo result.

In order to find the 1st and 2nd equations through a different theory, astro-
nomers assume that tho centre of a small circle called NiCHOOHOHA-VRITTA or
epicyole, revolves in the concentric circle with the mean motiori of the planet
and the planet revolves in the epicycls with a reverse motion equal to the mean
motion. Bra'sxARA’CHA’RYA, himself will show in the sequel that the motion of
the planet is tho same in both these theorivs of ics and opicycles,

= bl £0 b observed here that, in the case of the planets Afars, Jupiter and
Saturn, the motion in the excentri¢ is in fact their proper revolution, in their
orbite, and the revolution of their 8’ 4, or quick a] corresponds to
a revolution of the Sun. But in the case of the ots Mercury and Venus,
the revolution in the trio is performed in the same time with the Sun, and

. the revolutions of their 8'7¢HROCHCEAS are in fact their proper revolutions in
their orbits.—B. D.]
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. snpreme BRAHNA pimself it was brought down ;o the Earth
by VasisEpna and other holy Bages in regular succession;
though it was deemed of too secret a charactor to be divniged
to ien or to tho vulgar. Hence, this is not to bo communi-
cated™o those who revile its revclations, nor to ungrateful,
evil-disposed and bad men: mor tomen who take up their
residence with its professors for but o short time. Those
professors of this science who transgress theso Umitations
imposed by holy Sages, will incur a loss of religions merit, and
shorten their days on Earth.

Construction of a dia- 10. In the first place them, de-
gram to illustrate the ex- scribe a circlo with tho compass opened
contrie theary. fo tho length of tho radius (3138).
This is called the KAKSHAVRITTA, or concentric circlo; at the
centro of tho circle draw & small sphero of the Earth with a
radius equal to sth¥* of the mean daily motiom of the planet.

11. Tn this concentmo clrcle, having marked it with 360°,
find the place of the higher upsts and that of the planet,
connting from tho Ist point of stellar Aries; then draw a
(perpendicular) diameter passing through the centre of tho
Farth and the higher apsis (which is called vCHCHA-BERAK}
the line of the apsides) and draw another transverso diamoter
[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 adistanco from the Earth’s
centro cqual to tho excentricity or the sine of the greatest
cquation 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 UCTICHA-REKHA answers
the like purpose also in this circle, but make the transverse
diameter different in it.

-

® All the Hindu Ast seem to eoincide in thinking that the hérizontal
parallax PARsMA-ZAMBANA of all the planets amounts to s quuntity equnl to
+vith of their daily motion.—L, W.*

r2 [
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¢
13 and 14* Where the vcsoma-REKEA-perpendicular dis-
meter (wl}en produced) cats the excentrio circle, that is the .

s Fig. 1. /

[ In fig. 1st let E be the centrs of the concentrio circle A B C D, T the place
of the stellar Aries, A that of the higher apeis, and M that of the mean planet
init: then E A will be the vcRcnA-REXWA (the line of the spsides). Again
lt 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 respectivcly in it. Henoe H P will be In x2NDRA; P K the
sine of the xxxDRa; P I the co-sine of the xsuDRA.

“w~~~*THE"KENDBA Which is more than © signs and'less than 3 is called MBIeADI

L ¢, that which terminates in the siz signs beginning with Capricornus) and
that which is above 8 and less thmsh:ﬁrl XARKYADZ (i o that which ends
in the six signs beginning with Cancer),  «

Thus (Fig. 1) that which terminates in @ H Fis aMr1eav: XxEwpRa, and

that which ends in F L G is Kazxya'nr—B, D.]

.
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place of the higher wpsis in it also. From this mark the first
« stellar Aries, at the distance in degree of the higher apsis
in th;cedentia: the place of the®planet must be thon fixed
comtidg the degree from the mark of the 1gt Aries in the

usual order.

The distance betwern the higher apsis and tho planet s call
od tho EENDEA*  The right line let fall from the planet on the
{CTICHA-REKHX i8 the sine of sEUIA of the xexpra. Tho right
lino falling from the planet on the transverse diameter is the
cosine of the KENDRA, it is upright and the sine of BuuJA is a
transverse line.

The prinoiple on which 15, As tho distance between the
the mt ofg‘;ﬁ%’;d;}'%,ﬂ: diameters of the two circles is equal
is based. to_the excentricity and tho co-sino
of the XENDEA is above and below the excentrieity when the
KENDEA is MBIGADI and KARKYADI (x;espectively) 1

® The word KENDRA or centro is ovidently dorived from the Greek word
xevrpov and means the true contre of tho planet.—L. W.

+ [In (Fig. 1) P K is the spiua X071 and P E the xaryA (tho hypothefiuse)
which cuts the concentrio at T. Hence the point T will be the apparent place
of the planct and T M tho equation of the centre.

This equation can b determined as follows.

Draw M # perpendicular to E T, it will b the sine of the cquation aud the
triangle P M # will be similar to the triangle P E K.

HWPE:EK=PM:Mn;
PM.EK
hence M n ==.——E-£—=|ino of the equation ;

EO0.EK
=——— frPM=IK=EO
PE .

Now, let % = X¥DRA, 6 = the distance between the cenires of the two
circles excontrio sud concentric, z = siue of the equation, and & = hypothenuse ¢
thon the SPHUTA XOFI <= cos. ¥ == a, according as the KBNDRA is MRIGADI OF

xazxyady, and A = ¢/ B4 (oon & £ o) -
hence by substitution

a.0in. B a.0in. k
PN

=S TV F e iZ e
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16 and 17. Therefore the sum or. diffevence of the co.sin
and excentricity (respectively) is here the srEUTA ROTI (e
the upright side of a right-ahgled triangle from the plage
the planct in the excentric to the transverse diameter fn the
“concentric,) the sine of the BEUsA [of the mnmf is the
BRUJA (the baso) and the square-root of tho sum of the Squares
of the gentuTA Koyt and prUIA is called EARNA, hypothenuse,
This hypothenuso is the distanco betweon the Enrth’s contre
and the planet’s place in the excentric circle.

Tho planct will bo observed in that point of the concentric
cut by tho hypothenuse.

The equation of the centre is tho distance between the
moan and apparent places of tho. planet: when the mean
placo is moro advanced than the apparent placo then the
equation thus found is subtractive ; when it is bohind tho true
place, the cquation is additive.* :

The reason for assuming 18, The moan planet moves in its
:“;,‘:;";"’;;&‘i‘:; Dlenctat  yanpa-reATIVRITTA (first excentric) ;
equation, the MANDA-sPASETA planet (i. e. whoso
mean place is rectified by tho first equation) moves in its
8'10HBA-FRATIVRITTA (sccond oxcentric). The MANDA-spasmpA

Tt also follows from this that, when cos. kis oqual to a in the EarxyaDI
KENDRA, then & will be equal to sin, &, otherwise 4 will always be greater than
sin, & und consequently z will be less than . Hence, when 4 is equal to sin &,
& will then be greawest and equal to a, i, e, the equation of the centre will be

‘g when tho hypotl is equul to the sine of tho XENDRa, or when the
planet renclics the point in the excentric cut by the transverse line in the
concentrie. Therefore, tho centre of the excentric is marked at the distance
equal to tho excentricity from the centre of the coucentric (as stated in the
V 12th.)—B. D.]

® [Thus, the mean planet, corrccted by the 1st equation, becomes
MANDA-8PASHTA and this process is called the MaNDA -process. After this,
the MANDA-8PASHTA when reolified by the s1'GREA PRALA, or 2nd equation, is
. «udlig,8PASHTA planet, and this 2nd process is termed the 8’IGHRA process. Both
of these procosses, MANDA-SPASHTA and SPASHTA are reckoned in the vIMaN-
paLA or the orbit of the planet as hinted at by BHASKARACHARYA in the
comnientary called VasaNa-BHASHYA in the sequel. These places are assumed
for the e:{iptlo also without Ipp]sing any tion to them, b the
oorrection required is very small.~B. D.] -
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’
is therefore here assamed 88 the mean planet in the second
« process (i. e. in finding the second equation).* .

M. reason for the inven- 19. The place in the concentric
tion obthe highor apsis. in which the rovolving plavet in its
own exbentric i8 seen by observers is its true place. To find
tho distance between the true and wcan places of tho planct,
tho higher apsis has bden inserted by former Astmnqmcrs.

20, That point of the excentric which is most distmmt from
tho Earth has been denominated the higher apsis (or
vencHA) @ that point is not fixed but moves; a motion of the
higher apsis hus thercfore been ostablished by thoso con-
versant with tho science.

21, The lower apsiy is at a distance of six signs from the
bigher apsis: when the planct’is in either its higher or
lower apsis, then its true place coincides with ity mean
place, becauso the line of the hypothenuse fullg on the mean
placo of the planet in the concentyie.

22. As the planct when in the higher apsis is at its
greatest distanco from tho Earth, and when in the lower

The cause of variation of APSis ab ity least distance, therefore its
spparent sizeof planct’s disc. iy appears small and large nccord-
ingly. In like manncr, its disc appears small and largo accord-
ingly as the planct is near to and remoto from the Sun.

23. To prevent the student from becoming confused,
I have scparately explained tho proof of finding the equation
by the Prarrveirta Buanar of the diagram of the excentric.
1 shall now- procecd to explain the same proof in a different .
manuer by the diagram of a NfcRocHCHA-VRITTA (epicycle).

® [For this reason, having assumed the MANDA-8PASHTA planct for the
mean, which MANDA-8PASHTA can be determined in the concentric by deseribing
the excentric circlo &e. through the mean planet and MaNDOCHUCHA, make,the
place of the stellar Aries from the MANDA-8PABHTA phce in tho reverse order of
the signe and then determine the place of the 8'1GHROCKORA in the order of
the signs. Through the places of the stellar Aries and s’sunocmcma describe
the 2nd excentric circle &e. in the way mentioned before, and then fiud the
place of the true planet in the concontrie.—B. 1]

.
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‘

Comstruction of Disgram 23 Tolking the mean place of the
o illustrate tho theory of planet in the concentric as the centre,
opieyele. © with & radius equal to the excentrjity
of tho planet draw & circle. This is called wfcmo€hcws
VRITTA OF eplcycle Then draw a line from the centre’ of the
Earth passing through the moan place of the planet [to the
circumference of the epicycle]. )

25. That place in the epicycle most distant from the
centre of the Barth, cut by the line [joining the centro of the
Eorth and mean place of the planot] is supposed to be the
place of the higher apsis: and the point in the epycicle
nearcst to the Karth’s centro, the lower apsis. In the
cpicycle draw & transvorse line passing through the contre of
it [and at right-angles to the above-mentioned line which is
called here vcHCHA-RERHA].

26. As thd mean planet revolves with its KENDRA-GATI
(the motion from its higher apsis) in the 1st and 2nd opicy-
cle marked with the. 12 signs and 360 degrecs towards the
reverse signs, and according to the order of the signs respec-
tively from its higher apsis.

27. Mark off thercforo the places of the first and second
KENDRAS or distances from their respective higher apsides in
the manner directed in the last vorse: the planet must bo
fixed at those points. [Here also] The (perpendicular) line
. from the planet to the UCRCHA-REREX is the sine of the BHUIA
+ of the Kenpra: and from the planet on the transverse line
i3 the cosine [of the KENDRA].* (Ses note nert page.)

To find the hypothenuse 28 and 29. The BHUJA PHALA and
sad the equation of ceutro.  gom prpLs of the xENDRA which are
found [in tho Gantr{prYivA] arc sine and cosine in the epicycle.
As the xoyr_pHALA i8 above the radius (of the concentric) in
ufitaxpr KENDRA and within the radius in KARKYADI-KENDRA, the
sum and difference, therefore, of the Kot pHALA and the radius
is here the spHUTA-KOTI (uptight lino), the BHUJA PHALA is
the BHwsA (the basc) and the karNA hypothenuse (to oo?Plete
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the right-angled tringle) is the line intercapted between the
+ centro of the Earth and the planet. The equation of the
cebize is here the arc [of the concbntric] intercepted betwoen
® Ngte on verses from 24 to 27.

- o

[In fig. 8, let A B C D be the conoentrio, T the place of the stellar Aries, E the
centre of the Earth, M the mean place of the planet in the concentric, & f § 5
the Epicyole, A the place of the higher apsia in it, B & the UCHORA-REXEA
1 the place of the lower apsiv, P that of the planet, & P the xawnxa, P & the
sine of the xxNDRA and P ¢ the cosine of it.

The sine and oo-sine of the xxNDRa in the exoentric, reduced to their
dimensions in the epicycle in parts of the radius of the concentrio, are named
BHUJA-PEALA and BOTI-PHALA respectively in the GayrrApEyiva, That ie®

As the radius or 860° of the concentrio .
+ the sine and oosine of the XaXDRA in the excentrio
* 11 exoentricity or the periphery of the epicycle
3 BHUJA-PHALA and KOTI-PHALA respectively.
Mﬂu BHUJA-PHALA and XOTT-PRALA must be equal to the sine sad
the xx¥DRA in the epicycle.—B. D.]
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the mean place of the planet and the pointe cut i)y the hypo.
thenuse., The equation thus found is to be added or subtracted *
as was befors explained * .’
. 30. The plapet appears to move forward from MANDOCHCHA,

Construction of the mized OF 186 higher apsis, in the eXcentric
disgrams of the excentrio circle with its XENDRA-@ATI (the mo.
and qm’,d" tion from its MANDOCHCHA) and in tho
order of the signs and to the East: From its sr'anrocucHa,
2nd higher apsis, it moves in antecedontia or reversely, as ,
it is thrown backwards,

31. When the epicycle however is nsed, the roverse of this
takes place, the planot moving in antecedentia from its Ist
higher apsis and in the order of the signs from its 2nd higher
apsis. Now as the actual motion in both casos is the same,
while the appearances arc thus diametrically opposed, it must
be admitted thorcfore that theso expedients aro the mero
inventions of wise astronomers to ascertain the amount of
equation.

© In (Fig 2) E & is the spnura-xorr, P E the hypothennse, T the apparent
place of the planet in the concentric and T M the equation of tho centre. This
equation can also be found by the theory of the epicycle in the following
manner.

Draw T s porpendicular to K M, then T » will bo the sine of the equation;
Jet it bo denoted by z, the KkNDRA in the excentrio by &, tho excentricity by o,
sud the hypothenuse by 4 : then

R : sin k=g : Pk the BHUIA-PIAIA
asink
o the BHUJA-PHALA = w=——,

R
Now, the triangles f]E‘TPn and E P ¥ sre similar to each other
:

Pk=ET:T»
oo A :Pk=R 1z
PEXR

So2= H

that is, the BHUJA-PHALA multiplied by the radius and divided by the h,
nuse is equal to the sine of the equation, by ypothe

asin k
ButPk=
«* by subetitution

ssink R asink
X — =w——— , the sine of the equation s»

H

R L] ]
fgundnhll;o?bythothmoﬂhoumwinthomloonuu verses 15, 16 and
17~B. D,
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32, If the diagrams (of tho excentric and c.picycle) be

, drawn unitedly, and the place of the planet be zﬁarkgd off in

tire manner before explained, then the planct will necossarily

be in the point of the intersection of thé oxcentric by the
cpicych. ) )

33. [In illustration of these opposito motions, cxamine an
oil-man’s scrow-ptess.] * 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 tho 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-
dentin in the epicycle.

34, As the centro of the 1st epicycle is in the concentric,

Tsplains why the 6 minor let tho planet therefore move in the
‘]‘1:"‘::;d ";‘},‘“ii":,q“l;‘:til‘m't: concentrie with its mean motion: In
their true places, the concentric [at that point cut by
the first hypothenuse] is tho centye of the si'anra NicHocHCHA,
verrra or of tho 2nd cpicyclo: Tn the socond or wGiRA
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 sfarra NfcHocHCHA VRITTA or of the 2nd
epicycle, and tho 2nd process, or the procoss of the 2nd
equation, to ascertain the actual place of the planct. 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 87. Somo say that tho hypothenuse is not used in

Explains reason of omis- the 1st process, becauso the differenco
sion of hypothenuse in the (in the two modes of computation)

* MADL process. is inconsiderable, but others maintain
that since in this process the periphery of the first opifyclo
being multiplied by the hypothenuse and divided by the radius
becomes true, and that, if the hypothenuso then be used, the
result is the same as it was before, therefore the hypothenuseis

G2



148 Translation of the « [v.38 .

not employ'ed. No objection is to be made why this is not
the caso jn tho 2nd process, because the proofs of finding the .
equation are different here.* * y
38. Asno observeron the surface of the Earth sces the
'M of N m‘;n .  Planet moving in'the excentrlc, de-
flected from his zenith, in that place
of the concentric, where an observer situated’ at the centro of
the Earth observes it in the castern or western hemisphere,
and at noon both observers see it in the same place, thorefor
the correction called Narararya is declared (by astronomers).
The proof of this is tho same as in finding the parallax.t

® [The BHUJA-PRALA, determined by means of the sine of the first XENDRA of
tho Jnlunet (i. . by wultiplying it by the periphery of the lat orioycle and
dividing it by 860e) has been taken for the sine o(P the 1at equation of the centre :
and what we have shown in the note on the V., 28 and 29, that the mmvJa.
PHALA, when multiplied by the radius and divided by the hypothenuse, becomes
the sine of the equation may be understood only for finding the 3nd equation of
the five minor mmeu and not for determining the 1st equation.

Some say that the omission of thé hypothenuse in the 1st process has no
other ground but the very inoconsiderable differenco of the result. But BEAIMA-
GUPTA maintains that the periphery of the 1at epicycle, varios ding to the
hypothenuse ; that is, their ratio is always the same, and the periphery of the
st epicycle, mentioned in the oayiTADHYAYA, 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 liypoth and then d ine the lst
equation, But, he declares that by so doing; slso the sine of the equation
becomes equal to the BuUIA-PiaTA 88 follows,

As B : 1at periphery = the hypoth + the true periphery

PX5 .

o the trus periphery = —R , and consequently the BRUJA-PHALA in

the true opieyels th*linb
L] 2 e W —
R 860“

o of ¢ ob equltion = idging =
X . XK 8

« Posink

whioh is equal to the BrrUsa-PEATA. Hence the hypothenuse is nob

used in the 1st process, .
BRARMAGUPTA'S qpinion is much approved of by BA’sxaA’0BA’2YA.—B, D.]
4+ But this is not the case, because the xaTaxaBM which Bra'sxARA’CHA’RYA has
stated in the GaxizApEYAYa has no connection with the fact stated in this

v'roxa and therefore many ey thet this s'L0xa doos nob belong to the
' teat~B.D.]
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39, The meanemotion of a planet is also its true motion
Explains whero the meen when the planet reaches that_point in
;!n.d n:tr:‘w‘:::l;:-. of all the the exceutric cut by the transverse
dismeter which passes through the
centre'of the concentrio: and it is when the planet is at that
point that the amount of equation is at its maximum, [Latza
has erroneously asserfod that the mean and trne 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 obeerving the picces of bamboo in the manner ex-
retrogression &c. of Flavets.  loingd beforo, and having changed
the marks of the places of the planct and its s'famrocrcna 2nd
higher apsis with their daily motions, an astronomer may
quickly show the retrogressions, &c.t

® The ancient astonomers Larr, 8'R1eaTt &c. say that the true motion of
planet oquals to its mean motion when it seaches the point of interseotion of the
concentrio and excentric, But BEa’sKARA’CHARYA denying this, says, that when
the planet reaches the point when the transverse exis of the concentric cuts
the excentric and when the amount of equation is & maximum, the true motion
of a planet becomes equal to its mean motion. For, suppose, p,, p,, p,, &0,
oro the mean places of a planet found on sucocessive days st sun-riso when the
planet p ed feom its higher or lower apsis and e,, e,,'s,, &o. are the amounts
o{.enquuion, then p %t ¢, g,k og, p, & ¢, &o. will be the true places of the

P
o Pa—p, Tk (6g—e), py—py £ (e,—¢p), 9,—p, & (6,—¢,), &0, will bo the
trus’noﬁiom of the p?lueu on sucoessive days. Now, as the difference betwoen
the true and mean motions is called the GaTIPEALA, by cancelling therefore,
Pa—P, Pgy—Pgr &o. the parts of the true motions which are equal to the mean
motion, tho remaining parts e;—e,, e,—¢, &o. will evidently be the GATiPHATAS
that is the difforences_botween two sucosssive amounts of equation are the
nmm_li_g Thus, it is plain that the aTrPHALA entirely depends upon thes
amount of equation, but as the smount of equation increases, so the GATIPHALA
is decreased and therefore when it is & maximum, the GariPRALA will indifintely
be decressed i. e, will be equal to nothing. Now as the smount of equation
becomes & maximum in that place where the transverse dismeter of the con-
oentrio circle ocuts the excentric, (veo the note on verses 15, 16 and 17) the
GATIPHALA, therefore becomes equal to nothing at the same place, that is, in
that very plsoe, the true motion and mean motions of s planet are equal to each
other. Having thus shown s proof of his own assertion, Brrisxana’cHA’kYA
says that what the ancient sstronomers stated, that the true and mean wptions
of a planet ave equal to each ether when the planet comes in the intersoction
point of the concentrio 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, aiid the planet's place be marked, the motion
of the planet will be in & path like the dotted line as shown in the disgram,

8o¢ Diagram facing this page.
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41, The‘word KENDRA (or xerpov) means the centre of a

The reasgn of the inven- circlo: it is on that account applied

fion of the appellstion of to the distance between tho planct axd

o higher apsis, for the centre of the

" NICHOCHCHA-VRITTA or epicyclo, is always ‘at the distahice of
the planet from the place of the higher apsis. *

42. The circumferenco in Yosanas' of the planet’s orbit

Seavpi-xaxsma or cor- being multiplied by the sfamRa-xARNA
Tocted orbit. (or 2nd hypothenusc), and divided by
the radius (3438) is seuura-xaxsHL (corrected orbit). The
planet is (that moment) being carried [round the earth] by
the vravaua wind, and moves at a distance cqual to half the
diametor of tho spriuta-raken{ from tho carth’s centre.

43, 'When tho sun’s MANDA-PHATA i. o, the equation of the

Resson of Bussmma centre is subtractive, the apparent or
Soreaotion. ‘ real time of sun-rise takes placo beforo
the time of mean sun-rise : when the equation of tho centro
i8 additive, tho real is after the mean sun-riso, on that account
tho amount of that correction arising from the syn’s MANDA-
PHALA converted into Asus* of time has been properly declared
to bo subtractive or additive.

44. Those who have wits a8 sharp as the sharp point of the
inmost blado of the DORBHA or DARBHA grass, find the subject
above explained by diagrams, a matter of no difficulty whatover:
but men of wesk and blunt understanding find this subject

.a8 heavy and immovable as tho 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 aro grounded.

1t is to be observed here that when the planet comes to tho places a, @ &c.
in the dotted line, it is then at its highor apsis, when it comes to the places ¢,
o and o, it is at its lower, and when it comes to 8, b &o. it nggun, stationary :
aud When it is moving in the upper arc 5 a', 1ts motion being direct appears
quicker, aud when in the lower a0 b 0 3, its retrograde motion is seen.~— B, D.],

® [Theso 48Us 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.

+ Mountains are said by Hindu theologians to have originally had wings.
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CHAPTER VI.

Culled GoLABANDHA, on the construetion of un
Armillury Sphere.

1, Lcta mai;hemuticiun, who is as skilful in mechanics as
in his knowledge of tho sphere, construct an armillavy sphere
with circlos made of polished picces of strnight bamboo ; and
marked with the number of degrees in the circle.

2. In the first place, let him mark & straight and cylindri-
cal DHRUVA-YASHTI, or polar axis, of any excellent wood ho
pleases : then let him placo loosoly in the middle of it a smull
sphere to represent tho earth [so that tho axis may movo
freely through it]. Lot him then firmly secure tho spheres
beyond it of the Moom, Mercury, Venus, tho Sun, Mars,
Jupiter, Saturn and the fixed sturs: Buyom'l them let him
place two spheres called xHAGoRA and pRiGaorA unconnected
with cach other, and fastened to the hollow cylinders [in
which tho axis is to be inserted] . *

[Description in detail of tho fact above alluded to.]

3. Fix vertically the four circles and another circle called

Tho prime vertiea, fho horizon transversely in the middlo. of
meridian and the xoyaviir- them, so that one of those vertical
T circles called SawAMANDALA, prime
vertical, may pass through the east and wost points of tho
horizon, the other called ¥{uyoTTARA-VEfTTA, meridian the’

® The sphere of the fixed stars which is mentioned here is called the Brracora
starry sphere.  This BEAGOLA is assumed for all the planets, instoad of fixing
& separate sphere for each planet, This sphere consists of the circles eeliptir,
equinoctial, diurnal circles, &o. which sre moveable. For this reason, this
sphero is to be firmly fied to the polar axis, so that it may move fru-l{ by
moving the axis. Beyond this spliers, the xEaGOLA celestinl sphere which
consists of the prime vertical, meridian, horizon, &c. which remain fixed in &
given latitude is to be attached to the hollow cylinders, Having thus sefffately
fixed these two spheres, astronomers attach, beyond these, a third sphefe in
which the circles forming both the spheres XmaGOLA and BHAGOLA are mized
together. For this reason the lattsr is called pmigguLa the doubls sphere.
And as the lsheriu.l flugers are well seen by mixing together the two spheres
KHAGOLA and BHAGOLA, the u:i‘rdD-Yhm which is the mixture of the two
s separately attached,—B. D.)
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north and south points, and the remaining®two called xoya-
varenas tho N, E. and 8. W. and N. W. and 8. E. points.
4. Then fix a circle passing through the points of t¥o
The vmuanpata or six horizon intersected by the prime verti.
o'clock line, cal, and passing also through the
south and north poles at a distance below and above the -
horizon gqual to the latitude of the place, This is called the
UNMANDALA, or six o’clock lino, and is necessary to illustrate the
incroase and decrease in the length of tho days and nights.*

5. The equinoctial (called NApf-vArAva), marked with
The equinostisl, 60 ghatis, should be placed so as
to pass through the east and wost

points of the horizon, and also to pass over the meridian at a
distance south from the zenith equal to tho latitude, and at a
distance north of the nadir also equal to the latitude of the

place [for which the sphers is construicted].

6. Let the azimuth or vertical circle be mext attached

. . within the other circles, fixed by a
Asimath o verial vl pair of nails at the zenith and nadir,
£0 a8 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 5o as to cover the planet, wherever it

may happen to be.

7. Only one azimuth circle may be used for all the planets;

or olse eight azimuth circles may be made, viz. one for each
- of the 7 plancts and the 8th for the nonagesimal point. The
+ azitnuth circle for the nonagesimal point is called the pRIK-

SHEPA-VRITTA. _

® The circle of declination or the hour circle passing throngh the east and

west points of the horison is called UNMMANDALA in Sanskrit; but I am not
acquainted with any ocorresponding term in English. 'In the treatise on
astroaomy in the Encyclopedia Metropolitans the prime vertical is named the
#ix o'clock line. This term (six o'clock line) lhaﬂd{??hini, be applied to the
UNMA¥DALA, because it is always six o’clock when the sun arrives at this circle,
the UXMANDALL. The prime vertical or the saua-Maxpara of the Sanskrit
cannot, with propriety, be called the six o'clock line: because it is only twico &

[ in;’timitiuixo'ohek when the sun is at this circle, the prime vertioal.—
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8. Lot two hollow cylinders project beyond the two poles
north and south of thé xuAGoLA ce-
lestial sphero, and on these cylinders
let the skilfal astronomer place the ppicaora double sphere
as follews. * * ’

9. When the' system of the kHAGOLA, celestial sphere, is
mixed with the ecliptic; and all the other circles forming the
BiAGOLA (which will be presently shown) it is then called
vgioaot, double sphere. As in this the figures formed by
the circles of the two spheres xmAGoLA and BHAGOLA are seen,
it is therefore called pp1aaoLa double sphere.*

THE BHAGOLA.

10.  Let two circles be firmly fixed on tho axis of the poles
answering to the meridian and horizon (of tho kmadora);
they aro called tho ApH{RA-VRITTAS, or circles of support:
Lot the equinoctial circlo also be fixed on therf marked with
60 ghatis like the prime vertical {of the kmagoLA).

11.  Make the ccliptic (of the same sizc) and mark it with .
12 signs; in this the Sun moves: and
also in it revolves the Earth’s shadow
at n distance of 6 signs from tho Sun. Tho xRANTI-PATA oF
vernal equinox, moves in it contrary to the order of the signs:
The spasnta-pATa8 [of the other planets] havo a liko motion :
the places of these should be marked in it.}

® Bee the note on 2 Verse.

t [The Sun revolvos in tho ecliptic, but the planets, Moon, Mass, &o. do mnot ,
ruvolve in that circle, snd tho planes of their orbite are inclinod to that of the
ecliptio. Of the two points where the planetary orbit cuts the plane of the *
ecliptio, that in which the planet in its revolution rises to the north of the
ecliptio is called its PA’TA or, asconding node (it is usually called the mean
PA'Ta) and that whioh is at the distance of six signs from the former is called
ite sasHADBHA PA'TA OF descending node. The Pa'Ta of the Moon lies in its
concentric, bocause the plane of its orbit passes through the centrs of the
conoentrio, i. e, through the centre of the Earth; but the pa'Tas of the other
planets are in their second oxcentrio, because the planes of their orbits
through the centres of their 2nd exoentrios, which contres lie in the plano “UY the
ecliptic. When the planet is at any other place than its nodes, the distance
between it aud the plane of the m{ipio is called its north or south latitude ss
the planet is north or south of the ecliptic, When the planel is at the distance

of 8 signs forward or backward from its PA’zA, it is then at the eatest distance
north or south from the ecliptic : This distance is its greatest Iatitude. Thus,

The Dgp1aGora.
L]

The Ecliptio.



154 Translation of the « [VL 12,

L}

12. Let the ccliptic be fixed on the equinoctial in the
point of yernal equinox KrNTI-irA and in a point (auturanal
equinox) 6 signs from that : it should be so placed that thko
point of it, distant 3 signs eastward from the vernal equinox,
shall be 24° north of the equinoctial, and the 3 signs webtward
shaH be at the same distance south from the équinoctial.

18. Divide a circle callod xsHEPA-VRITTA representing the
orbit of a planet into 12 signs and
mark in it the places of the spaskTA-
phras, rectified nodes, as has been befere prescribed [for the
ecliptic]. Then this circle shonld be so placed in connection
with the ccliptic as it has been placed in connection with tho
equinoctial,

14, The ecliptic and tho ksHEPA-vRrTTA should bo so
placed that the lattor may interscet the former at the [rectified]
ascending and* descending nodes, and pass through points
distant 8 signs from the ascgnding node east and west at a
distanco from tho ecliptic north and south cqual to the
rectified greatest latitude of the planet [for the time].

15. The greatest (mean) latitudes of the plancts being
multiplied by the radius and divided by the siemrA-KARNA

Plauet's orbit,

the lntitude of the planet begins from its PaTa and becomos extreme at the
distance of 3 signs irom it, therefore, in order to find the latitude, it s necossary
10 know the distance between the planet and its Pa’ra, This distance is equal
to tho sum of the places of the planet and its PA'T4, because all PA’ra8 move
in antecedentia from the stellar aries, T called tho VIKSHEPA-KENDRA
or the argument of latitude of the planet. As the Pa*ra of the Moon lies in her
concentric, and in this circle is her true place, the sum of these two is her
VIKSHEYA-KENDRA, but the PA'Ta of any other planet, um, a lm in its 2||d
excentrio and its MaNDA-#PASHTA place (which is equival tr
phca) is in that circle, therefore its VIKSHRPA-KENDRA is found by addin tln
lace of its Pa'Ta to its MaxDA-sPasuTA place. The srasaTa-PA'TA Of the
phlut is that which being added to the true J:hu of the planet, equals its
VIKSHEPA-KENDRA for thu reason, it is found by reversely applying the 2ud
equation to its mean PA’ra, As
4 SPAGHTA PA'TA <+ true place of the planet,
T e i rnma
the MANDA SPASHTA nesn PA'PA, .
-p,oﬂhom.a ot lndoqul:.wn-b-.r;lndoquﬂon
-tmophu phm-l-mnnn"n:!hdcqmm
+% SPASHTA PA'TA = moan PA'Ts F 3ad eq
The of this sPASRTA PA’TA is t0 hm-uly muhd in the ecliptis from
the stellar aries.~ B, D ]
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»
second hypothenufe becomes spasrya, rectified. . The xsuera-
* VRITTA, or circles reprosenting the orbits of the six planets,
ahould be made separately. The Moon and tho rest rovolve in
their own orbits.¥ | '

# [As the Pa’ra of the Moon snd her true place lie in her concentrie, thesum
of these two, which is called her VIXSHEPA-KENDRA oF the ml:fgummt ofP Iatitude,
must be measured in tho nm%:irola. and ber latitude, therefore found through
her VIKSHEPA-KENDRA, will be as seen from the centre of lier concentric i. e,
from the centre of the Karth. But the Pa’ra of any other planet and its Maxva-
gpasutA place (which is its heliocontric place) lie in its 2nd excentrit, therefore
its lntitude, determined by means of its VIKSHNPA-XENDRA, which is equal to
the sum of its MANDA-8PAsETA placo and PA'TA and moasured in the same circle,
will be such as seen from the contre of its 2nd excentrio and is called ity mean
latitude ghich is uk‘nlmt to the heliocentrio latitude of the planet).

Asin Fig. 1,1et N E be the
quarter of the ecliptic, N O
that of the 2nd excentric, N
tho mode and P the planet.

Suppose O E and P p (parts of P

great circles) to be drawn from '

O aud P perpendiculsrly to .

the plano of the celiptic: then

O E will be the greatest lati-

tudo aud P p the latitude of tho planet at P, by which a spectator at the centre

of the 3ud cxcentric and not at the centre bt tiie Rarth, will see the planet distaut

from the ecliptio. This latitude, thorefore, is called o mean latitude which can

be found as follows, *
sinNO:6inOE::sinNP:sinPp,
or R.sinPp=sinOE,sinNp,

consequently, in order to determine P , it is to know previomly O E,

tho greatost Iatitude and N P, the distance of the place of the planet from tho

node, which distance is evidoutly equal to the ViksiEPA-RENDEA that is, to

the wum of the aNvA-sPAsITA place of the planet and the mean place of the

node. Now the lutitude of the planet us seen from the centre of the Earth is

called its truo Istitude. This true latitude can be found in the following

manner,

{f.-t K Uo the centre of the earth, O that of the
2ud excentrio, P the MaxDa spasnta place of the
planet init : then E P will be the 2nd hiypothenuso
which is supposed to cut the concentric ut A :
then A will be the true place of the planct in the
concontrio. Aguin let P g be a circle with the
centro O, whoso plane is perpendiculsr to the eolip-
tic plane and A & another circle with the centre
E whose place is also perpendicular to the samo
piane, then P g will be the mean latitude of the

lunet and A & will be the true. LetPpand A a
ines be perpendicularly drawn to the plane of the
ecliptic, these lines will also be at right anglus to
theline Ep: then P p will be the sine of the
m:‘n‘n Ah:itm;g Pgand A o of the true lati-
t . Now by the s triasngles E P
andEAa, 4 e ?
EP:Pp::BA:Aq;
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«
16. The declination is an arc of a grelt meridian circle:
cutting the equinoctial at right angles,
and continued till it touch the ecliptic.
R X sine of the mean latitude

Declination and Iatitude.

or.tlu sina of the true latitude =

A
sinOE ,sin NP

B

but, the sine of the mean latitude =

. by substitution
R +sinOE.sinNP
thuimoﬂhotrmhtitude=-‘— x 3

sinOE ,sinNP

A
As the latitude of the planet is of & smaller amount, the are of a latitude it,
ore taken in the BrppEANTAS instead of the sine of the latitude.

OE.sinNP
Hence, the true latitude = -—--;-— s
that is, the sine of the arg t of latitude multiplied b{ the greatest
latitude and divided by the 3nd hypothenuse is equal to the true Iatitude of the

net.
Now in the Brracory, a circle should be so fixed to the ecliptie, that the
former may intersect the Iatter at the srasuta-rATa and the point six signs
« from it, and whose cxtreme 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 truo latitude of the planet, This circle ia called
the VIMANDALA Or VIKSHEPA-VRITTA and its oxtreme north and south distance
from the ecliptic in called the true or rectified extreme latitude of the planct
which can be found as folldws,

Let N be the spasHTA-
PaTA, N P the VIRSHEP4-X2X-
DRA, P p the true Intitude, c
E O the true cxtreme latitude : |/
then

sin No:sin B O::ein

NP:sinPp

. sinNO.sinPp
&SinEO= _—
sinNP

L.sinNP
but iT: be taken for the mean extreme latitudp the P p = —_—

20 R L.én NP R.L

o == —— — R —
TwmNE YT

. This is the mean extreme latitude stated in the Gasrrapuyiva multiplied
by the radius and divided by the 2nd hypothenuse equals the true or rectified
extreme latitude,~ B, D.] < .
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celestial latitade if in like manner an arc of a grest circle
(wluch passes through the ecliptic poles) intertepted between
tho ecliptic and the KsEEpA-vRITTA,

The corrected deglination [of any of tho small planets and
Moon] is the digtance of the planet from the oquinoctial i ina
circlo of declination,

17. The point of interseetion of tho equinoctial and ocliptic
circles is tho kr{NTI-vATA Or inter.
secting point for declination. The
retrograde* revolutions of thut point in o Karra amount
to 80,000 according to the author of tho S¢rva-stpDIANTA,

18.  The motion of tho solstitial points spoken of by Mux-
3514 and others is tho samo with this motion of tho oquinox :
according to theso anbhors its rovolutions arc 199,669 in a
Karea,

19. The placo of tho KRANTI-rLTA, or the’ smount of tho
precession of the equinox dotermined through the revolutions
of tho KRANTI-PATA must bo added to the place of a planct;
and the declination then ascertained. Tho ascensional differ-
ence and periods of rising of the signs depend on tho
declination : henco the precession must be added to ascertain
the ascensional difference and horoscope.

20. Thus the points of intersection of tho ecliptic and the
orbits of the Moon and other planets are tho ksuRPA-raTAS, or
intersecting points for the xsmEPA celestial latitude. The
revolutions of the KsHEPA-ATAS are also contrary to tho order

Trecession of the equinox.

of tho signs, hence to find their latitudes, the places of the °

kSHEPA-PATAS must be added to tho places of the plancts
(before found).

21. As the MANDA-SPASHTA planet (or the mean planet cor-
rected by the lst equation) and its ascending node regplve
in the s'IGERA-PRATIVRITTA or 2nd exeentnc, hence the amotnt
of the latitude is to be aseertained from (the place of) the
MANDA-sPASHTA planet added to the node found by calculation,

® The motion of the EI&ImQu isin lmtm; direction to that of the
order of the signs.—L. W,
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22, Or the amount of the latitude may %e found from the
spasuTA-planet added to the node which the 8'ioaRA-PHALA 2nd *
equation is added to or subtracted from accordingly s it was
subtractive or additive.* R ,

As tho Moon’s node revolves in tho congéntric circlo, the
amomnt of the latitude, thereforo, is_to' bo found from the
true plaeo of the Moon added to the mean node.

23. The exnct revolutions of tho nodos of Mercury and
Venus will be found by adding the revolutions of their s'farmea- o
KENDEAS to the revolutions of their nodes which have been
statod [in tho Gayrr{puv£val: if it bo asked why these smaller
amounts havo becn stated, I answer, it is for greator facility of
calculation. Hence their nodes which aro found from their
stated revolutions are to be added to tho places of their
s'forBA-KENDRAB [to got tho exact places of tho nodes].t

24, To find the xeNDRA [of any of the planets] the place
of the planet is subtracted from the s’famrocmena : 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’ra and s’famrnocH-
oA of Mercury and Venus, is assumed for their VIKSWEPA-KENDERA, and
through this, their latitudo is dotermined, But the latitude thus found would
bo at tho place of their s’famro0HCHA and not nt their own place, because their
places are different from those of their s'famrocHORAS. To remove this
dificulty, Bua'sKrAOHA'BYA writes, “Tho exact revolutions &o." But the
difficalty arisos in the supposition that, the earth is statiouary in the centre of
the universo and all the nlcn:m revolve round her, becauso we are then bound
to snnt 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 8'fGuROOHCHAS.
But no inconvenicnce occurs in the supposition that, the Sun is in tho centre
of the universe and all the planets together with the earth revolve round him.
For, in this caso the places o¥ the s’farBOOHCHAS of Mcrcury and Veuus are
their own heliocentric places, and consequently the sum of Ke places of their
¢'{gHROCHCHAS and Pa'Tas will be equal to the sum of their own pluces snd
those of their PA’Tas, that is to their VIRsHEPAKENDRA. For this reason,
their latitude found through this, will be at their own places. Now, it isa
curious fact that, the revolutions of the, pitss of Mercury and Venus, stated
in the original works, are such as ought to be mentioncd when it is supposed
that the Sun is in the middle of the universe and the planets revolve round
him, “knd not when the Rarth isaupposed & be stationary in the oentre of the
dhiverse. From this fact, we can in}‘er that the al Authors of the As-
tronomical works knew that all the planets with the Earth revoive
round the Sun, and consequently they stated the smaller amouuts of the
revolutiona of the PA’'TAs of the Meroury anfy Venus. When this is the case,
wly is it supposed that all the planets rpvolve round the Earth, because the
%'p%riu oan more easily be understood by this supposition than by the other.—
o, L] . .
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the KENDRA With the rxTa added [to get the oxact amount of
the p&TA or node] and let the placo of the platet be added
tiereto, [we thus got tho VIKSHEPA-KENDRA or the argument
of the latitude of Mercury or Venus]. Therefore from the
gfonsovEcHAs of these two plancts with the paTAs added,
their latitudes ard Jdirccted by the ancient astromomers to be
found ¥ ’ )

25 and 26. The r&TAs or nodes of these two pluncts added
to the s’icHRocHCHRAS from which the true places of tho
planots have been subtracted, becomo spasuta or rectified.
It iy the 8’PAsATA-PATA which is found in tho suagora (above
described).

In tho sphere of a planct, take the ccliptic above described
ns the concentric circle, to this circlo the second cxcentric
circle should be attached, as was explnined before, and a circle
representing the orbit of a planet (and which consequently
would represent the real sgcond 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
respectivo 8'{GHRA-KENDRAS.T

27. Noxt tho AHORATEA-VRITTAS or diurnal circles, must be

Diurnal cireles ecalled Made on both sides of the cquinoctial
AHOR/ATHA-VRITTAS. [end parallel to it] ab every or any
degree of declination that may be required :—and they must .
all bo marked with 60 guaris: The radius of tho diurnal .
circle [on which the Sun may move on any day] is_called
DYUsYL,

® [Let, b = 8'{aHROCHCHA or the place of 2d higher apsis.

k = the ¥fGHRA-KENDRA,

p= thp place of the planet.

® = PA'TA or the ?lwe of the ascending node.
and N, = the exact Pa’Ta.

lbnb A amdd=kt+o=h—p+s °
vm;n_ﬁnu or $mm of lltlludnn ;r Mercury or Vanu =

=8 — A B
t [Suthenoucnv‘;nt 13, 14 1?-—3.3]
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28, Fro'm the vernal oquinox mark theq2 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 sttached in the order of the sigds: these again will
answer for the three following signs. . *

The BEAGOLA has thus been described. This is to be known
also as the KEEoRARA-OLA, the sphere of a planet.

80. Or in the plane of the ccliptic bind the orbits of Saturn
and of the other plancts with cross dismeters to support them,
but these must be bound below (within) the ecliptic in succes-
sive circles ono within thoe other, like the circles woven onoe
within the other by the spider.

81, Having thus secured the BHAGoIA on the axis or
YASHT!, aftor placing it within the hollow cylinders on which
the xmAGoLA is*to be fastcned, make the sHAGOLA revolve:—
it will do so freely without referenice to the xmacoLA ag its mo-
tion is on the solid axis. The EmAGOLA and DRIGGOLA remain
stationary whilst the BHAGOLA revolves.

End of Chapter VI. on the construction of an armillary
sphere.

CHAPTER VIL

" Colled Trreras'a-visask on the Prineiplos of the Rules for
resoling the questions on time, space, and directions.

The ascensional diforence 1. The time called cnAmA-kHUNDA
aud ifs place. or_nsconsignal difference is found by
that arc of a diurnal circlo intercepted between the horizon
sud the six o’clock line. The sine of that arc is called the
KUsYA-in the diurnal circle: but, when reduced to relative
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value in a greatpcircle, it is called cHARAIYL or sine of as-
. censional difference.* .

+2. Tho horizon, 8s seen af the_equator, or in a right

sphiere, is denominated in other places [to the north, or south

of thee equator] tb UNMANDALA six o’clock line: but as the

' Sun appears at*any place to rive on its own horizon, the

{ differenco between thestimes of the Sux’s rising [at a given

glxl:we and the oquatorial region under the same meridian] is
, the ascensional difference,

. 3. When the sun is in the uor-

Determination of  the . 0 e
question when fhe OHARA thern hemisphere, it rises at any
correction s #dditive azd  place (north of the equator) before

it does to that on the equator: but
it sets aftor it scts to that on the equator. Therefore the
correction depending on .the ascensional differenco is to be
subtracted at sunrise of a given place from the place of the
planet [at sunrise at the eqpator] and to be added at sunset
to the place of the planet [as found for the sunset at the
equator].

4. When the Sun is in the southern hemisphere the reverse
of this takes placs, as the part of tho UNMANDALA in that
hemisphero lies bolow the horizon. The halves of the sphere
north and south of tho equinoctial are called tho northern and
southern hemisphores.

Cause ofincreaso and decresse - [And it is in consequence of
in length of days sud nights.  thig ascensional difference that] the
days are longer and the nights shorter (than they are on the .

® [The times found by the arcs intercepted between the horizon and the
six o'clook line, of the thres diurnal circles attached st the end of the first 3

signsi. e, Aries, Taurus and Gemini are called the GHARA-XA’LAS or the sscensional
i f i he difforences ol OHEARA-EALAS aro called the
OHARA-KHANDAS of those three signs,

Aw, where the PaTABHA is b digits or the latitude is nearly 22{° north, the as-
oensional differences of the 3 first signs are 207, 541 and 643 asvs, and The dif-
ferences of those i. e. 297, 244 and 101 are the OHARA-REABDAS of thase signs.

These are again the cHARA-XEANDAS of the following thres signs inversely i. o,
101, 244 and 297 asvs. . .

Thus the cRasA-xEANDAS of the first six sigus unewer for the follqring six
sigus,—B. D.]
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.equator) whon the Sun is in the northerm homisphere : and
that the days ans shorter and the nights longer when the Sun +
is in the southern hemisphere. For, the length of the niglt
is represented by that arc of the dinrnal circle below tho
horizon, and the length of the day by fhat arc abote tho
horizon. )

6. But atthe equator the days and nights are always of the
same le;;gt.h, as thero is no UNMANDALA there except the
horizon [on the distanco between which, the variation in tho
length of days and nights depends].

A circumstance of peculiar curiosity, howover, occurs in
those places having a latitude greater than 66* N. viz. than tho
complement of the Sun’s groatest declination.

Detorminationof place and 7. 'Whenever the northern declina-
2;:1'“"" perpetual dey and  tion of tho Sun oxceeds the comple-
. ment of the latitude, then there will be

porpetual day for such time as, that excess continued ; and when

. the southern declination of the Sun shall exceed the comple-

ment of the latitnde, then thero will be perpetual night during

the continuance of that excess. On MERU, thercfore, day and

night are each of half & yonr’s length.

8. To the Celéstinl Beings [on
wERV at the north pole] the equinoc-

tial is horizon : so also is to the DAITYAs [at the south pole].

For, the northern and southern poles are situated respectively

.in their zeniths.

. 9. The Celestial Beings on uERU behold the Sun whilst he
is in tho northeru hemisphere, always revolving above the
horizon from left to right: but DArryas the inhabitants of the
gouthern polar regions behold him whilst he is in the southern
hemisphere revolving above their horizon from the right to
the 186, '

Place of ¥xRU.

. . 10, Thus it is day whilst the Sun

= Definition of the artificial , .. .e . . . e
iy wnd night and tho day 18 visible, and night whilst he is in-
) nigt of the Frryss. visible. As the determination of

[}
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night and day is pnde in regard to men residing'on the sur- ,
faco of the Earth, so also is that of the riTs or deceased
amcostors who dwell on the upper part of the Mopn..

) 11, Asfor the doctrine of astro-
:h'ﬂ'; "f,‘“i?.i :ftﬂ'f;,:c:f logers, that it was day with the Gods
professors or A'NEITIXAS.  ab MERU whilst the Sun was in the UT-

+ TARYAYA (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 defenco 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 roference
merely to judicial astrology and the fruits it foretells.

12. By tho degrees by which the Sun proceeds in his nor-
thern course to tho end of Gemini, he moves back from that
sign: entering also the same diurnal circles in l#is descent as ho
did in his ascent. Is it notthereforo that tho Sun is visible in
his descent to the Gods in the place where he was first scen by
thein in his ascent ? °

. 18. The rrres reside on tho upper
,,,If,",'j"h of the day of the part of the Moon and fancy the foun-

) tain of noctar to be beneath themselvos.
They behold the Sun on the day of our ANAvAsv£ or new Moon
in their zenith. That therefore is the time of their midday.

14. They (i. e. the rirats) cannot sec tho Sun when he is
opposite tho lower part of the Moon: it is therefore, midnight,
with the prTrIs on the day of the rékyixk or full Moon. The,
Sun rises to them in the middle of the KE1STNA raxsHa 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
tho context.

15. As Bramuf being at & im-

dm.'.“ﬁ"“ of adsy ponge distance from the Earth, always
sces ‘tho Sun till the time of the Fra-

LAYA or general doluge, and sleeps for the same time. thierefore *

12
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the day and night of Bramy« are together of 2000 MAHAYUGAS
in length, <

. ) 16. As the portion of the ecliptic
.I:"i: rimg taken "5“”1.‘2‘, which is more oblique than the other,
rizon, . rises and sets in % shorter time and
that which is more upright takes a longer time in rising and
sotting, 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 respee-
tive declinations whilst they riso 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 cequator, the [six] signs from Cancor 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 cHARAKTANDA of that
sign.

19. Kach quarter of the ecliptic rises in 15 emapIs 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 ¢HATIS in every or any latitude.

20. The three signs from the commencement of Aries to
the end of Gemini, i. o. the first quarter of the ecliptic, pass
the UNMANDALA in 15 oHATIS; but the horizon [of & place in
north Iatitude] is below the vNMaNpAL, they therefore pre-
viousfy pass it in time less than 15 afayis by the cHABAKEANDAS.

- 21, The three signs from the end of Virgo to the end of
Sagittarius, i. e, the 8rd quarter of the ecliptio, pass the uxaax-
‘ paia in 15 amATs; but they pass the horizon of a place
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afterwards which is above the uUNMANDALA [in north latitude]
in 15 GHATIS addetf to tho CHARAKITANDAS. . .

«&2. 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 Bagittarius td the end of Pisces i. . the 4th quarter of the
ecliptic, pass the horizon in the timo equal to the remainder
of 80 aEATIS diminishedsby the tine which the first or third
quarter takes to pass tho horizon respectivoly. For thig reason,
the times which the signs contained in the 1st and 4th quar-
tors of the ecliptic, or ascending signs, and thoso contained
in the 2nd and 8rd quarters, or descending signs tako to pass
the horizon at a given place are found by subtracting the
CHARARHANDAS of the signs from and adding them to the times
which those signs take in rising on the equator respectivoly.*

23, Having placed tho, 1st Aries in tho horizon and sct the
sphere in motion, the tutor should show tho absve facts to the

* The times taken by the several li'gnl of the ecliptic in rising at the equator
and in northern lutitudes will be scen from the following mewo. according to
the BIDDHANTA.

real time.
ences in 22® 30° '
north latitude si- -
1 dereal time.
Times of rising in
north la-
titude  sidereal
time.

22 30’

Times of rising at
equator in side
Ascensional chffer-

3 sigus take less time to
rise in north lutitude
than at the equator.

g These 3 and the last

These 6 signs take s
longer time to rise in
north latitude than at
the equator, o

Ly W.
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pupils, that'thoy may undorstand as well ghat has been cx.
plained as ‘any other fucts which have not been now mentioned,
.24, In whatover time any sign rises above the horizen
[in any latitude] the sign which is the 7th from it, will take
oxactly the samb timo in setting : as one half of the secliptic
is always above the horizon [in cvery latitude].

25. When the complement of latitude is less than 24° (i. e,
than thd extreme amount of tho Sun’s declination taken to bo
24° by Hindu astronomers) then neither the rising periods of
the signs, nor the ascensional differences and other particulars
will correspond with what has boen hero explained. The facts
of those countries (having latitudes greater than 66%) which
are difforent from what has been explained on account of their
totally different circumstances, aro not hero montioned, as
those countrics are not inhabited by men.

26. 'That peint of tho ccliptic which is (at any timo) on

Fiymology of the word the g:\stcrll horizon is called the rAgNA
Tagua. or horoscope. This is exprossed in
signs, degrees, &c. reckoned from the first point of stellar
Arics. That point which is on the western horizon is called
the Asta-raGNA or setting horoscope. Tho point of the
ccliptio on the meridian is called tho MADHYA-LAGNA or middle
horoscope (culminating point of the ecliptic).*

® [Wiien the place of tho horoscope is to bo determined at a given time it is
novessary at first to ascertain the height and longitude of the nonagesimal point
from the rirglxt ascension of mid-heaven, and then by adding 3 signa to the

. longitude of the nonagesimal point, the placo of the horoscopo is found : but as
this wey for fiuding the placo of the horoscope is very tedious, it has been

determined otherwiso in the Szpoma’NTAS.

As, from tho periods of risings of the 12 signs of the ecliptio which are
determined in the Siddhantas, it is very easy to find tho time of rising of any
portion of the ecliptic and vice vorss, we can find & ‘Eorﬁon of the ecliptio
corresponding to the given time from sun-rise through the longitude of the
Sun then determined and the given timo, The portion of the ecliptioc which
can be thus found is evidontli that portion of the ecliptio intercepted between
the place of the Sun and the horizon. Therefore by adding’ this portion fo the

lace & the Sun, the place of the horoscope if found. Upon this principle, the
ollowing common rule which is given in the SipveaxTAS for finding the place
of the horoscope is grounded.

Find first the true place of the 8un, 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 degreos of thak sign

.
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27. If when yoy want to find the LAaNa, the given onams

. ) oro 8iVANA-GHATIS, then they will be-
The reason for finding the . . s oy
esact, place of the Sun at COMOC sidereal by finding the Sun’s
2:9“;'3'; :;::““"“ in °".1" instantaneous place i. ¢. the place of

* . tho Sun for the hour given. Tho times
.
which he has passed, and those which ho has to pass, are kuown. Thus tho
degrees which the Sun hos passbd, aud those which ho has to pass, are galled tho
pavKTANg'A8 and BHOGYANs’a8 respectively. Now the time which the Sun
requires to pass the BHOGYANE'AS is called the BHOGYA time, and is" found by
the follov&iggogropmion.

+ the period of rising of tho sign in which the Sun is
1 : BIOGYANS'AB
: BIOGYA time,

In the same manuer, the BRURTA timo can also bo found through the
BUKTANSAS,

Now from the time at the end of which the horoscope is to be found, and
which is callod the 18uTA or given time, subtract the Bitogva tune just found,
and from the remainder subtract tho periods of risings of tho next successive
signs to that in which the Sun is ag long as you can. Then at lnst you will find
the sign, the rising period of which being greater than tho rgmainder you will
not bo able to subtract, and which 1s consequently called tho 48’uppHA sign,
or the sign incapuble of being subtracted, and its rising period, s'voDHA
rising. From this it is evideut that*the 8'voDUA sign s of courss on the
lorizon at tho given time. Tho degrees of the As'UDDIUA sign which are above
;‘I’nﬁ horizon and therefore called the BHUETA or passod degrees, are found as

lows.

It ‘3‘: rising period of tho As’UDDEA sign
H L]

+ 1 the remainder of the given time
: the passed degrees of tho As’UDDTA sim.

Add to theso pnssed degrees thus found, tho precoding signs reckoned from
the 1st point of Aries, and from the Sum, sub of the i
of the equiniox, The remaiuder thus found will be the plucs of the 'inorulwpo
from the stellar Aries,

If the time at the end of which the horoscopo is to be found, be given beforo
sun-rise, then flnd the BHUKTA, or passed time of the sign in which the Bun
s, in the wiy above shown, and subtract it and the rising periods of the pre-
ceding signs from the given time. After this fud the degrees of the As'UoDHA
sign corresponding to the indor of the given time whiol will evidently be the
BHoGYa degrees of the horosoopo by proportion as shown sbove, and subtract
the sum of the BoaYA degrees of the horoscope, the mgns the riswg iods of
which are subtracted and tho Buuxta degrees of the sign in which the Sun is
from the Sun's place and the remsinder thus found will be the place of the
horoscope.

Thus we get two processes ; one when the given timo at the end of which the
horoscopo is to be found, is sfter sun-rise, and the other when that tine is given
beforo sun.rise, and which aro conscquently oalled XBaMa, or direcf} apd
VYUTKRAMA or undirect p pectively.

1t is plain from this that if tho place of the Sun and that of the horoscope be
known, the given time from sun-rise at the end of which the horoscopo is found
can be known by muking the sum of the BitoGYa time of tle sign in whigh the
8un is and the BHUKTA time of the horoscopo and by adding to this sumn thoe
rising perioda of intermediate signs.—B. D.]
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L]
of rising of the signs which are sidereal sust be subtracted
from these auatis (of the question) reduced to a like deno.
mination. When the Lours of the question are already sideren],
there is no negossity for finding the sun’s real place for that
time. ¥ . ¢ ¢

. ‘I"Il‘ it be asked whether the time at the end of which the horoscope is to be
found is 4errestrial or sidereal time; if it be terrestrial, how it is that you
subtract from that the rising periods which are of different denomination on
aecount of their being sidoreal, and why the sun's instantaneous place i. e. the
place determined for tho hour given is used to ascertain the BHOGYA time, the
given time is reckoned from sun-rise and the BrOGYs degrees of the sign m
which the sun is, rise gradually above the horizon sfter sun-rise. Hence the
BEoaYA degrees of the sign of the Sun’s longitude, dotermined at the time of
sun-rise, should be taken to find the place of the Horoscope, otherwise the place
of the IToroscope will be greater than the real one. As for example, take the
time from suu-rise, at the end of which the Horoscope is to be found, equal to
60 sidereal GHATIS and 44 AsUS when the Sun is in the vernal equinox at s place
where the PaTaBHA is § digits or the latitude is 22°} nearly, and asccrtain the
place of the H pe through the inst: place of the sun, Then, the
g'lnoa of the Horoscope thus found will be greater than tho place of the Bun

und at the time ef 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 determinoed at the time of
next sun-rise, unless you detormine this through the place of the sun ascertained
at sun-rise, and not through the Sub's i place. Hence it appears
wrong to ascertain the pluce of the Horoscope through thio Sun’s instant
place. But the answer to this is as follows,

The GHATIS contained in the are 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 GRATIS, but the auaTIS contained in tho aro 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
Bun's place determined at the time of sun-rise bo given, the time between their
place and the Horizon reckoned in the diurnal circle will ovidently bo the side-
real time and consequently the place of the Horoscopo determine through this
will be right. But if tho instantaneous place of the Sun be given, the time given
must be the savawa time, b let the i lace 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
skvana, will evidently be the sidereal time. Ilence the fact as stated in tho
verse 27th is right. -

Thereforo if the Sun's instantaneous place and the place of the Horoscope be
given, the time found through thess will be the sXvaxa time, but if the place of
the Horoscope and thnt of the S8un determined at the time of sun-rise be given,
the time ascertained through theso will be the sidereal time. And if you wish to
fiud the sAvaxa time through the place of the Horoscope and that of the Sun
determined at the time of the sun-rise assumed tho sidereal time just found asa |
rough sAvaxa time and d d through this the instant place of the
Bun by the following proportion. .

If 40 anatIs
: Sun’s daily motion
+ sthese rough afva¥a emaris,
« 1 the Sun's motion relating to this time; and add then this result to
the place of the Sun found at the time of sun-rise. ~The sum thus found will be
the instantsncous plaog of the Sun nearly. Find the timo again through this
L]

¢
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e
28. In those cdtntries having a north latitude of 69° 207 the

WDetermination of ltitudes signa sa:g}ttunus and bapl:mornus “,m
in which different signe are Tever visible: and tho signs gemini
]'I'n".‘ml:nf?" +ad below the  gnd cancer romain alyays sbove the

. horizon, .

29. In thoso 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 tho 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
appoar above the horizon and the six northern signs are
always above the horizon.
. 31, Laua has doclared that when the Asus of cHARA-
KHANDA [in any latitudo] are oqual to
the time which any sién takes to rike
on the equator, then that sign will always remain visiblo ahove
the horizon : but this assertion is without reason. Wero it so,
then in places having o latitudo of 66°, the wholo twelve signs
of the ecliptic would always be visiblo, and would all appear
at once on all occasions, as tho times of their rising on the
equator are equal to the Asus of their crAzA-RHANDAS: but
this is not the fuct.

32. Lawta has also stated in his work on tho sphere that

where the north latitude is 66° 80°,
Litnother gross. error of gagittarina and capricornus aro 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 mako so gross and palpable an error of three degrees 7*

instantaneous place of the Sun, and through this time ascertain the instantgneous
place of the Sun. Thus you will get at last the exact akvana time fiom sun-rise
to the hour given by the ition of this process. As the Sun is taken here
for an example, you ean find the sAvaxA time of any planet or |:Lphnmry
ﬁncfhm; ; 's rising to the hour given by the repetition of ul:muid
process.—B. D,

® [BRASKARACHARYA meéans here that Lazta mentioning the degress of lati-
tudes, has committed 3 grand misteko in omitting .8 degreee, because he Las

‘K

An error of LALLA exposed.
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33. The altitnde of the polar star and fs zenith distance
as found by observation, give respectively the latitude and
the 1AMBANEX or complement of the latitude. Or the zenith
. distance and altitude of the Sun at mid-day when on the equi.

noctial give the lutitnde and its complement. °
84. The UNNATA the time found in tha arc of the dinrnal

circle which is_jntercepted between fhe eastern_or western
horizon rand_the planet above it, is s{vays, This is used in
finding the shadow of the planet. The sine of the uxmAmA
which is oblique, like the AksHA-KARNA, by reason of the lati-
tude, is called cHEEDARA and not s'ANKU because it is upright.*

85. In order to find the shadow of the Moon, the uniTA
(the time elapsed from the rising of & planet) which has been
found by some astronomers by means of repeated calculation
is erroneous, for the upta, (found by repeated calenlation) is
not savana, The labour of the asttonomer that does not
thoroughly understand mathematics as well the doctrine of the

stated in his work that sagittarins and capricornus are always visible in s s.hm
bearing a latitude 66° 30', and scorpio and aquarius at 75° N., whereas this is
ot the case, those signu are always visible in the plsces bearing the latitudes
68° 30’ and 78° 16’ respectively as shown in the verses 28 and 29.—B. D.]

® [When the Sun is above the Horizon, the shadow caused by s gnomon 13
di%lhi:'i’h, is called the Sun's shadow according to the sTDDEANTA langusges
an

ing ot first determined the sine of the Bun's altitude and that of it

complement through his UDITA time, astronomera ascertained this by the follow-
iug proportion,
As the eine of the Sun's altitude
2 the sire of its complement
t1 gnomon of 12 digirl
1 the shadqw caused by the gnomon.

Thus they determine the shadow of all planets, 3oon, &o., and that of the fixed
atars. Thou‘]h the light of the five small planets, Mars, &c., and the fixed stars
is not s0 brilliant, like that of the Sun and Moon, as to make their shadow
visible, yok it is neoessary to determine the shadow of any hesvenly body in order
to know the direction in which the body may be. Becsuse, if the length snd
direction of the shadow of the body be known, the direction in which it is csn
be ascertained by spreading a thread from the end of its shadow through that of
the gromon, For, if you will fix & pipe in the direction of the thread thus
spresd, &:‘0 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 akvaxa
time, because it is 'y to determine the degrees of altitude of & planet

determined through the time

"t know ifs shadow, and the ‘oan be
contaifled in that aro of the diarnal circle intercepted between the planet and

horison, But the time contained in this aro cannot be other than the skvaxa
time,~B. D.]
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sphere, in writing & book of instraction on the science is utter-
ly futile and useless.* .

* 36, Tho dogrees of altitude are found in the DRNMANpALA
L or vertical circle, being the degrees of
oy erpination of MAIXT  glovation in it aboverthe horiaon ; the
' degrees of zenith distancesre (as their
name imports) the degrees in the same circle by which the
object is distant from the zenith or mid-heaven of the ebserver :
the s/anku is the mine of the dogrees of altitude: and the
ppiayY£ is the sine of the zenith distance.
87. When the Sun in his ascent arrives at the prime verti-
cal, the 8'anxv found at the moment is
¢ O siA¥AXET, OBl tho sAMA-gANKU; the §'ANKUS found at
the moments of his passing the xoya-
vprrA and the meridian- are respectivoly termod tho kowa-
ANKU and MADFYA-8'ANKU. '
38. One-half of the vertical circle in which a planet is
Reason of the comection  OP¥¢rved should be visible, but only ,
of parallax to the sine of alti- One-half less the portion opposite tho
’ radius of the Earth is visible to observ-
ers on the surface of the Harth. Thereforo ¢ part of the daily
motion of the planet observed is to be subtracted from the sine
of sltitude or from the #'aNkv to find the shadow: [inasmuch
as that amount is concealed by, or opposite to, the Earth].
39. The aaef (the sine of amplitude) is the sine of the arc
) of the horizon intercepted between tho
o sineof amplitude snd i vertical and the planet’s diurnat
circle in the east or west i. o. between
® [In order to determine the Moon's shadow at a given time at full moon,

some astronomers flad her UDITA time i, 6. the time elapsed from hey rising to the
hour given by the repeated caleulstion, through her i place and the
place of the horoscope determined at the given hour. But they greatly errin
this, because the time thus found will not be the s’avaxa time and cowsequently
they ocannot use this in finding the Moon's shadow. Their way for finding the
UDITA time by the repeated ion wouald be right, then ouly if the given
lace of the Moon would be such as found st the time of her rising and not ler
instantaneous place. Because her UniTa time found through her instantansous
lsoe becomes w'AvAXA at once without having a recourse to the repefited calou- »
Lh.uﬂhlbwnhﬂnmuummﬂdthhm.—ab.)

K 2
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the east or west point .of the horizon, and the point of the
horizon ab which the planet rises or sets. The line sonnecting
the pomts of the extremities of the east and west Aar{ s
callcd the umusn-smn, the line of rising and setting.

. . The g'aNgv-Taza or base of the s'sNEV stretchts dur-
ing I;he day to the south of the uDYAsTA-sutRA; because the
diurnal cirele have during the day a southern inclination (in nor-
thorn lafitude) above the horizon. But, below the horizon
at night, tho base lies to tho north of the upAvAsTA-sUTRA as
then the diurnal circles incline to the north. Tho s'axku-
TALA’S place has thus boeen rightly defined,

41. The s'ANku-rALA lies to the south of tho extreme point
of AGRX when that AR is north and when the e« is south,
the s'ankuv-TarA lics still to the south of it. Tho differenco
and sum of the sine of amplitude and §'ANKu-TaLA has been
denominated thb BAHU or BHUIA; it is tho sine of the degrees
lying betweon the prime vertigal and the planet on tho plane of
the horizon.

42. [Toking this 3{v as one side of a right-angled
trianglo.] 'The sino of tho zenith distance being the hypothe-
nuse then the third side or the xoyr being the square root of
the difference of their squares will be found : it is an cast and
wost portion of the diameter of the prime vertical.*

Inow propose to explain tho triangles which aro created by
reason of the Sun’s varying declination : and shall then proceed
to explain briefly also the latitudinal triangles or those created

.by diffevent latitudes. [The former are callod KRANTI-KSHETEAS
and the lattor AKSHA-KSHETRAS.]

® Vide eccompanying dis-

:nbvlng place of the Sun : dits

place of ¢ising in the horizon s ’

d A the vmnn-uﬂm af

the agsa’: 6 bthe Fanxv-TAzA: p\é

= tnen ag is the B4'HV and the . 1
triangle ¢ 5 ¢ iuhu ono here
« representéd to.~L. W,

d 3 ¥ 49
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!
43. In the st tfiangle of declination. '
1st. The sine of declination == BHUJA or baso,
*  the radius of diurnal circlo cor-}

=K -
responding with tho declination on or per'

ghove given pengicular,
and radius of largecircle = hypothenuse.
2nd. Or in a right sphere. .
The sine of 1, 2 or 3 signs = hypothonuso :
Tho declination of 1, 2 or 3 signs in six} _
elock line = BHUJAS.

responding with the declination
abovo given
These sines being converted into terms of a large circle :
and their arcs taken, thoy will then express the times in asus
which cach sign of the-ccliptic takoes in rising’at the equator
i. o. the right ascemsions of .thogo 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 tho 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- Or gnomon when the Sun is on the

44, Sines of arcs of diurnal circles cor-
} = KOTIS.

tude. equinoctial *
1st. The s’ANku of 12 digits = the xo7I.
The pALABEL or_the shadow of saNku-
or gnomon _ = the sEUIA
and the AKBHA-EAR¥A = the xaRyA or
hypothenuso
or 2nd. The sine of latitude = BHUJA.
The sine of co-latitude = KOTI .
and radius = hypothenfise.

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
. teen by fastening some diawmetrial threads within the .nrmllhry‘uplun. As
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¢
46. Or the sine of declination reckoned: _
on theuNMANpALA from theeast and westline} = KOpL
Kusv4, the sine of ascensional difference

in the dinrnal circle of tho given day } = puA.

Let Z G N H be the meridian of tho given place, G A H the diametor of the
horigon, Z the Zenith, P and Q the north and south poles, E A F the dismeter
of the equinoctial, P A Q that of the six o’clock line, C f D that of one of the
d‘ill:.rnll circles, aud E B, £ & 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 dinmeter 11 O D,
and . A g = the AGRa or the sine of amplitude,
J g9 =the xoaxy’,
A ¢ = the 84X4-84'NXU or the sine of the planet’s altitudee
when it reaches the priwe vertical.
e g = the TapDHRITY?
e f = the TADDHRITI—XUJYA',
b = the uNMaANpALA S¥ANKU or the sine of the planet's
altitude when it reaches the six o'clock line,
A A = the AaRa’DI-KRANDA oF the 18t portion of the sine

aum|
and Ag=the Agn'u:-nmu or the 2ad portion of thesine
, of amplitude .o
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The sine of amplifude in the horizon = hypothennse

+This is & well known triangle.
47.  Or the sAMA 8'ANKU in the prime ver-
tical being } =
*  The sine of amplitude == BHUIA
The TabprgrT1in the diurnal circle = hypothenuse

Ol.' .
Taking the sine of declination = BHUJA+
and the sAMA-g'ANKU = hypothenuse
TADDHRITI minus KUIYK = KOTIL

48. The UNMANDALA 8'ANKU being = BHUJA

The sine of declination will then be = hypothenuse

. And AGRADI KFANDA o 1st portion of the} = xot
sine of amplitude will be

Therefore, with the exceptionl of the first and last the oflier six triangles
stated in the verses are these in succession. AE B, A gf,Aeg, Aef,ASM
snd gf b aud the ﬁnrut triangle you will gut by dmdm; the three sides of the

B

triangle A E B by - and for the last see the note on the verse 49,
2

Tt is clear from the above doscribed disgram that all of theso triangles are
similar to esoh other and consequontly they can be known by moans of propor-
tion if any of them be known.

The lmnniu'm. }mmg thus produced several triangles similar to theso

reads within the nrmllllry w ere, find answers of
the several questions of the spherical tri me problems of the
spherical trigonometry can be solved with grester I’:edlty by this SrpmaxtTa
way than the trigonometrical way, As
roblem, The senith distances of a star when it has reached the prime
vlerholl and the meridian at s day in any place are known, find the latitude in
the place,

™I I? way for finding the answer of this problem sccording to the srDpmANTA is

ows,

anCo.l. Az,(Suthepmudm. diagram) then O ¢ e will be a lati-
tudinal triangle.

Now, let 6 = C ¢, the sine of senith distance,
= A ¢, the co-sine of Z ¢,
@ == A ¢, the sAMA-8"ANKU,
' and & = the latitude.

Then C e = 4/ a* + (3—0),

and Oe:0c:: AE: AB,

or Ao 4 (3—0)':a;:red:sing;

. a X Bad
WY =
V't (l—c)'a—ﬁ. D]
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Ol' (]
* Mgking the UNMANDALA 8ANKU "= KOTI
the_mntoq-n_mm. or 2nd portion of the}= —
 sine of amplitude is
tho Kusyasthen becomes ‘= hypothenuso
40 Tho s'ankv being . " =zxop
and the SANRU-TALA . = BHUIA
Then, the CHHEDAKA or HRITI == hypothenuse

Thoso who have a clear knowledge of the spherics having |
thus immodiately formed thousands of triangles should explain
the doctrine of the sphere to their pupils.

End of Chapter VII. on the principles of the rulos for
resolving the questions on time, spaco and directions.

Craprer VIIL
Called Gramaya VAsan4.
T cxplanation of the cause of eclipses of the Sun and Moon.

1. The Moon, moving like & cloud in a lower sphero,
The caase of the diree. OVErtakes the Sun [by reason of its
, tions of the beginuing and quicker motion and obscuros its shin-
, oo of the slar eclipet. ing disk by its own dark body :] hence
it arisos that tho wostern side of the Sun’s disk is first obscured,
and that the eastern sido is tho 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 acount of their different orbits.* °

« ® This triangle diffors from the 1at of the 47th verse only in this respect that

the base of the triangle in the 47th verss il equal to the sine of the ampli-

« tude whtle the base found when the Bun is not in the prime vertical, will always

be more or less than the sine of amplitdde and is therefore generslly called
sANXUTALA—L. W. .
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2 Abtheclm@ooftheMoonltoﬁen 50 hnppm that an

Mo cause of the paralex observer placed at th8 centse of the
in longitade snd that in Earth, would find the Sun when far
litude. from the senith, ohscured by the
intervehing body of the Moon, whilst another observer on
the surfaco of the Barth will not at the same time find him
to bo so obscured, as the Moon will appear to him Jfon the
higher elevation] to bo dopressed from the line of vision
extending from his eye to tho Sun. Henco arises the nocessity
for the correction of parallax in colestial longitudo and parallax
in Intitu ln.tltudo in solar cclipsos in consequence of the differenco of
the distances of the Sun and Moon,

3. When tho Sun and Moon are in opposition, the Earth’s

Tho raason of the corree.  S8d0W onvelopos tho Moon in dark-
tion of parallsx not being ness. As the Moon is actually enve-
ecosary in lunar eclpuos loped in darkness, its echpso is cqually
seen by ovory ono on tho Earth’s surface [above whoso horizou
it may be at the time] : and as tho Farth’s shadow and tho
Moon which enters it, aro at the same distance from the Karth,
there is thereforo no call for the corroction of the parallax in a
lnnar eclipse.

4. Astho Moon moving castward enters the dark sha-

Tho eause of the direo. 9OW Of tho Earth : theroforo its castern
tions of the begmnmg sud  gido is first of all involved in gbscurity,
end of tho lunar ecliae. and its wostorn is the last portion of
its dise which omorges from: darknoss as it advances in its *
course. )

5. As the Sun is a body of vast size, and the Earth insigni-
ficantly smmall in comparison: tho shadow mado by the Sun
from the Earth is therofore of a conical form terminating in o
) sharp point. It extends to a distance considerably beyoud
that of the Moon’s orbit.

6. The length of the En.rth’s shadow, and its breadth at the
part traversed by the Moon, may be easily found by propor«
tion.
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Tn tho lunar oclipse tho Barth’s shadow, is northwards or
sonthwazds of the Moon when its latitude is south or north,
Hence the latitnde of the Moon is here to be supposed inverte
(i, e. it is to be marked reversly in the projection to find the
centre of tho Kabth’s shadow from the Moon.) ¢

7. As the horns of the Moon, when it is half obscared form

The detbrmination of the YO ODEUSO a'ingle.s: and the duration
coverer inthe eclipse of the of & lunar eclipse is also very great,
Sun and Moon. henco the coverer of the Moon is
much larger than it

8. The horns of tho Sun on tho contrary when half of its
disc is obscured form very acute angles : and tho duration of a
solar eclipse is short: hence it may be safely inferred that the
dimensions of the body causing the obscuration in & solar
oclipse are smaller than and different from the body causing
an eclipso of the Moon.* '

9. Those learned astronomers, who, being too exclusivoly

. dovoted to the doctrine of the spherc, belicve and maintain
that R{nv cannot be the cause of the obscuration of the Sun
and Moon, founding their assertions on the above mentioned
contrarietios, and differences in the parts of the body first
obscured, in tho place, time, causes of obscuration &e. must
be admitted to assert what is at variancé with the Sanmir{,
the VEpas and Purfyas. .

10. Al discropancy, howover, botween tho assertions above

* referred to and the sacred scriptures may be rcconciled by

* understanding that it is the dark Rawu which entering the
Earth’s shadow obscures the Moon, and which again entering
the Moon (in & solar eclipse) obscures the Sun by the powor
conforred upon it by the favour of Bramux,

® [Hed the Bun's coverer been the same pith that of the Moon, his horns,
when he is half eclipsed, would have formed, like those of the Moon obtuse
sngles, 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 aoufe angles, if its coverer had been tho

same wih that of the Sun, But as this is not the case, tho 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 spgbtator is elevated above the centre of the

What is the anse of paral. earth by half its diamcter, he there-
1éx, and why it is caleulsted fore sees the Moon depregsed from its
from tho radius of the Earth, A

place [as found by a calculation made
for thecentro of thd Earth]. Honco the parallax in longitude
is caloulated from the radius of the Earth, as isalso the parallax
in latitude. .

12. Draw upon a smooth wall, tho sphero of the carth

Construction of disgram rcducod.to any convenient scale, and
to illustrate tho cause of the orbits of tho Moon and Sun at
parallax, . .

proportionate distances: next draw a
transvorse diametor and also a perpendicular dimmneter to both
orbits.*

13, 14 and 15, Thoso points of tho orbits cut by this
disweter are on the (rational) horizon, And the point above

, . Fig. 1.

® InFig. 1, let E bo the ¢
oentre of the earth; A o . N
spectator on her surface; €
D, ¥ Ghﬂm lvler;mll‘ circif‘l
ing through the Moon
Ind the Sur. 83 D, @ the
poiuts of the horizon cut by
tho vertical circles C D, F
@; and O, the zenith in the
Moon’s sphere, and F in that
of the Sun. Now, lot E M 8
bo a line dpawn from tho
centre of the Earth to the Sun
in which the Moon lies always
at the time of conjunction,and |
A B the vision line drawn
from the epectator A to the .
the Moon appeus deprosod '
oon &

from the n}:igmhlimpin the
vertical circle is her wlulx
from the San. B s e

When the Sun reaches the zenith F, it is ovident 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. Honce there is no rnlhx in the eenith.

Thus the paraliax of the Moon from the Sun in the vertical circlg, is here
shown by means of a diageam which becomes equal to the difference between the
rﬂm of the Sun mg'l‘hon upnueel{m i fho vertical circleas stated by

BA'SKARA’CHA'RYA in the ch on eclipses in the commentary VA'SANA’SHA®
BHYA and the theories and methods afe also given by him o the laxes of
the Sun and Moon. This parallax in tho vertical circle which ofrom the
w:dihunwo(thnphmhnlhd the common parallas or the parallax in

L2
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.
As in Fig. 8 lot A bo s spocts- %)

tor on the earth’s surface; the
zenith ; and th }::10 l:irtios!l i‘\:ola
seing theough ¢ net 8: Let o
gi.mlo Z' m.» bo desoribed with centre
A and radius E 8 which cuts the lines
A Z and A 8 produced in the points 2
sudr: Let o line & m be drawn pa-
rallel to B 7, then tho sro 2’ m will ©
be equal to the are Z 8, Now the
planet 8 seen from E has a senith dis-
tauce Z 8 aud from A,a zenith distance
2’ r greater than Z8 or 2’ m by the
aro m v, henco the apparent place r of
the planet is depressed by m pin the
vertical cirele, This aro m ris there-

[VIIL 15,

.
cut by the perpendicular dismetor will roprésent the observer’s
gonith : Then phcing tho Sun and Moon with their rospective
zenith distances [as found by a proportional scale of sincs ard
ares,] lot the legrned astronomer show the manmer in which

L4

Figa.

foro the common parallsx of the planet,
which can be found es follows.
Draw m # porpendicular to A r and
rotoAZandlt P=ESorAr;
A=EAormS8;"'

=m¢ the 3
? - paral
@ =28 orZ'm the

true zenith distance of the planet
aad .\ @ 4 p = Z’ r the apparent zenith dimnol; of th;e planet,
Then » # = sin p and r 0 = sin (4 + p).
Now by similar triangles A r o, 8'm ».
Ar:ro=8m:ma,
orRisin(d@4p)=5:sinp;
& X sin (d 4 p)

it P = —— e,

pnee, it is evident from this that when the sin (¢ 4 p) =

*$0°, ther: thio parallax will be greatest and if it be denoted by P,
sin P X sin (d 4 p)

sinP=Aand . sinp =
Now, the parallax is generally so small that no

makingsiz p=pandsin P="P;

P X sin (d 4 p)

B =

e §

B
sensible error is introduced by

Rorddp=

Aguiny"for the reason just mentioned sin d fa sssumed for am (@ + p) in the

BIDDUANTAS,

o P.sind

that is, the common parallaz of & planet & tound bzh:

iy

che]lino of the zenith distsnce and divi
. . .

ult the
g e

oy
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the parallax arises” [For this purposo] let him draw one lino
passing tho centro of the earth to the Sun’s disc : and anothor
which is called the pgisgTra or line of vision, lop him draw
from the observer on the Earth’s surface to the Sun’s disc. Tho
minute8 contained ih the arc, intercepted betaveen theso two
lines grive tho Moon’s parallax from the Sun.

16. (At tho new Muon) the Sun and Moon wil] always
appear by & lino drawn from the centro of tho carth to bo
in exactly the same place and to have tho same longitude:
but when the Moon is obscrved from the surfaco of tho Earth
in the DRIESGTRA or lino of vision, it appears to bo depressed,
and hence tho name LAMBANA, or depression, for parallax.

17. (Whon the new Moon happens in tho zenith) thon the
lino drawn from the Earth’s centre will coincide with that
drawn from its surface, honce a planct has no parallax when
in tho zenith. . *

Now on a wall running duo north and south draw a diagram
a8 ahove proscribed ; [i. o. draw tho Earth, and also tho orbits
of the Sun and Moon at proportionate distancos from tho Karth,
sud also the diameter transverse and perpendicular, &e.]

18. The orbits now drawn, must be considored as DRIESIE-
PA-VRITTAS or tho azimuth circles for tho nonagesimal. Tho
gine of the genith distanco of the nonagesimal or of the latitude
of the zenith is tho ppiksEEPA of both the Sun and Moon.

19. Mark tho nonagesimal points on tho DRIKSHEPA-VRITTAS
at the distance from the zonith oqual 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-EALLS, i. e, tho minutes of tho
parallax in latitude of the Moon from the Sun.

20. The difference north and south between the two orbits
i. . the measure of their mutual inclination, is tho ssme.in
every part of tho orbit as it is in the nonagesimal point, hence,
this difference called NATI is agcertained through the DRIXSHE-
rA or the sine of tho zenith distance of the nonagesimal.*

[* When the plauét is -depressed in tho verticals circle, its north and south .
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21, The amount hy which the Moon is dppressed below the
Sun deflected ffom the zenith [at tho conjunction] wherever it o
be, is the east and Wost differenco between the Sun and Modn
in a vertical cirple.* ,

.
distance from its orbit caused by this deprossion is callpd aTx or the parallax
in latitude. . Fig. 3.

As, in Fi% , lot Z be the genith ; N the nona-,
gosimal; ZN P its vertical circle; N s r the
ecliptio ; I its polo; Z # ¢ the vertical circle
passing through the true place 8 and the depress-
od or apparent placo ¢ of theSun; P ¢ r a
socondary to the ecliptio passing through the
apparent place ¢ of the Sun ; then # r is the
SPASHTA LAMBANA or the parallax in longitude
and ¢ r the NATI or the parallax in latitude which
ocan be found in the following manner according
to the s1DDUANTAS. D)

Lot Z N be the zonith distance of the nona-
gesimal and Z 8 that of the Sun; then by the
trisngles ZN 8,259

sinZB:sinZN=sinstisinsrt,
o dingt XeinZN
sinrd=

inZ8
Now, ¢ ¢ is taken for sin # £, and r¥ for sin r 2,
on account of their being very small
! et X sinZN

sri=

sinZ8
but according to the stopIANTAS
P.sinZ8
1= —-E—- (see the preceding noto).. (1)

P.ainZN

seceerestnrntetscasensee (2)

that ie, the ¥att is found by multiplying the sine of the latitude of the nons-
gesimal by the groatest parallax and dividing the product by the radue,

. . It is clear from this thut the north and south distance frem the Sun depressed
in the vertical circle to the ecliptic wherever Le may be in it, becomes equal to

« the parallax at the gesimal, and hence the ¥4TI is to be determined

from the senith distance of the nonagesimal.
For this reason, by subtracting the XaTr of the Sun from that of the Moon,
which are separately found in the way nbove mentioned, the parallax in latitud
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 BRASKARAOHARYA through tho disgrams 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 ecliptio ; and hence the
parallax in longitude aud that in latitude of the Moon is hero determined from her

’oormpv;d:;. in the ecliptic, on,account of the difference being very

& [According to the teolmicality of the S8iddhantas, the distance taken in any

cirlo from any point in it, is called tho east and west distance of the point, aud
L] .

EX L]
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22, For this rehson, the differenco is two-fold, being partly
cnst and west, and partly north and south. And the ecliptic
i here east and west, and tho circlo sccondary to. it is north
and sonth. (It follows from this, that the cast and west
differerico lies in the ccliptic, and tho north and sonth diffor-
ence in the secondary to it.)

23. The differenco #ast and west has becn denominated
LAMBANA or_parallax in _longitude, whilst that runniag north
ond south is parallax in latitudo.

21, The parallax in minutes as observed in a vertical circlo,
forms the hypothenuse of a right angle trianglo, of which tho
NATI-KALL or the minutes of the parallax in latitude form one of

the sides adjoining thoright angle then the third sido found by |

taking the square-root of the ditforenco of the squares of tho
two preceding sides will be SPHUTA-LAMBANA-LIPTX or the
riinutes of the parallax in longitude.*. ’

25. Tho amounts in minutes of parallax in a vertical circlo

may bo found by multiplying tho sine of tho Sun’s zenith

distance of the minutes of the cxtreme or horizontal parallax
and dividing the product by the radius. Thus tho Natt will
be found from tho pgiksHEPA or the sine of the nonagesimal
zenith distance.t+

26. The extreme or horizontal parallax of tho Moon from
{he Sun amounts to ¢ part of the differenco of tho Sun’s and
Moon’s daily motion. For g part of the YosaNAs, the distance

of which any planet traverses per diem (according to tho sm-.

puinTas) is equal to the Karth’s radius,
27. The minutes of the parallax in longitudo of the Moon
from the Sun divided by the difference in degrees of tho daily

the distance taken in the sccondary to that circle from the ssme point, is called
the north and south distanve of that point.--B, D.] [}

* [8ee Fig. 8, in which by assuming the triangle r s £ as s plane right-angled
triangle, ¢ = base, # ¢ = hypothenuso and # r = perpendicular, and thereforo
sr=¢/ 30— {.—B,D.] °

+ [This is clear from the equations (1) and (2) shown in the preceding large
note.—~B. D.] « @) and (&
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motions of tho Snn and Moon will be conferted into amayis
[i. e. th timo betwoen tho truo and apparont conjunction] ¥

If tho Maon be to tho cast [of the nonagesimal], itis thrown
forward from the Sun, if to the west it is thrown backward (by
tho parallax). * ! -

28, And if the Moon be advanced from' the Sun, then it
must be, inferred that the conjunction has already taken placo
by reason of the Moon’s quicker motion ; if depressed behind
tho Sun, then it may be inferred that the conjunction is to ,
como by tho samo reason.

Hence the parallax in time, if tho Moon be to the cast [of
the nonagosimal] is to be subtracted from the end of thoe Trrin
or tho hour of ccliptic conjunction, and to be added when the
Moon is to tho wost [of the nonagesimal].

29. The latitudo of tho Moon is north and south distance
botween the Sun and Moon, and the NATr also is north and
south, Henco the sxra or.latitude npplied with the AT or
the parallax in latitudo, becomes tho apparent latitudo (of tho
Moon from the Sun).

VaLana or variation (of the ecliptic).

[The deviation of the ccliptic from tho eastern point (in
reference to the observer’s placc) of a planet’s disc, situated
in tho ecliptic is called tho VALANA or variation (of the ecliptic).
It is evident from this, that the variation is equivalent to the
arc which is tho measuro of tho angle formed by the ccliptic

and the secondary to the circlo of position at the planct’s
* placo in the ccliptic. 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.

: eouim—whn will <to0 of th

3 : given LaMBANA—EA'LAS or minutes of the parallax give ; ’
“. 80 X given minutes of the parallax g

diff. in minutes of Sun's snd Moon's motions
given minutes of the parallax

= ==
diff; in degrees of Sun’s and Moon's motions
junetion arising from parallax.~L. W.

. CPY)

or delay of con-
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measuro of the angle at the place of the planct in the ccliptie
» formed by the circle of pusition and the circle of latitpde. It
is*very difficult to find it at once. For this reason, it is
divided into two parts called the Axsua-vatana (latitudingl
variatiod) and tho ZvaNa-vauana (solstitial variation). The
AKSHA-VALANA is tho arc which is the measure of the angle
formed by the circlo ‘of pbsition, and the cirele of declingtion ut
the placo of the planct in the ecliptic, and tho Lvanasvirasa
is tho arc which is the measure of the angle formed by tho
circlo of declination and the circlo of Intitudo. This angle is
equivalent to the anglo of position. From thesum or differ-
cnce of these two ares, tho are which is the mensure of tho
anglo formed by tho circlo of position and the circlo of latitudo
is ascertained, and hence it is sometimes called the 8 rasuga-
YALANA or rectified variation.

Now, according to the phrascology of the Sthuninmas, the
point at o distance of 90° forward from any placo in any
cirele is the cast point of that place, and tho 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 tho 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 tho socondary to the circle of position at the
planet’s place, is the varaNA.  But tho secondary to the circlo
of position will intersect tho prime vertical at a distanco of
¢° forward from the place of tho planet, and hence the
deviation of the east point in the ecliptic from the cast point
in the prime vertical is the vALANA or varintion, and this results

“equally in all dircctions. When the east point in the ecliptic
is to the north of the east point in the prime vertical, the
variation is nortl, if it be to the south, the variation is south.

The use of the vALANA is this that, in drawing the projec-e
tions of the cclipses, after the disc of the body which is jo be
eclipsed is drawn, and tho north and south and the cast and

" ©
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west lincs are elso marked in it, which !ilfps will, of course,
represent the dirclo of position and its secondary, the direction -
of the line sepresenting the ecliptic in the disc of the body can
epsily be found throngh the varawa. This direction being
known, the exadt directions of the begimﬁng, middle and the
end of the eclipse can be determined: But as the Moon
revolves in it orbit, the direction of its orbit, therefore, is to
be found. But the method for finding this is vory 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 secing the follow.

ing disgram

.

e *

*  Let B P.C be the ecliptic, P the place of the planet in it,
A M B the equinoctisl, V the vernal equinox, D % F the prime
vertical, 4 the point of intersection of the p'rime vertical and
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the equinoctial, hende J the east or west point of the horizon
*and D h equivalent to the waTA which is found’in the V. 36.
Aéain, lebePc,aPbhand dP f be the circles of latitude,
declination and position respoctively passing theough the place
of the planet in the ecliptic. ¢
* Then, :
the are f b which is thie measure of £ h P f = thoxsma-
VALANA ; '

theare b ¢ cveecesrnnennns resrsenennes Z. ¢ P b= the f{vana-
VALANA

and the arc f ¢ .ecvesneeiciiiiiiiennes Z, ¢ P f=the srAsTpA-
VALANA,

Or according to the phrascology of the Smpuintas
E the east point of P in the ccliptic;

A seeeseernss the equinoctial; |
D wicisenseniieeieaien... the prime vortical ;
hence, C e

the distance from 1'to A or arc D A or f b == the AxsHa-
VALANA :

.......... v Ato Borarc A Eor b ¢ = the AYANA-VALANA:
and ......... Dto Eorarc D E or fr = the sPASHTA-VALANA
or rectified variation,

These arcs can be found as follows
Let, I = longitude of the planet,
« = obliquity of the ecliptic,
d = declination of the planet,
L = latitude of the place,
# == NATA,
£ == AYANA-VALANA,
. Y = KESHA-VALANA,
and Z = rectified vALANA.,

Then, in the spherical triangle A V E,
snEAV:sinAVE=sinEV:sin AE,
or cosd:sine=cos! :ging o

.12
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ine,.cos/,
.~ 8inve or sine of the AYANA-VALANA =

(4)
cos d .
. Bee V. 32 33, 34.
" This varans s called north or south ns‘bhe point E e north
or south to the point A.
And, in the triangle A % D, .
.sinDAh:sinAhD:sinDh:sinDA;
hore, sin D A h = sin B A V = cos d,
sin AhD =sinL,
and sin D b = sin »,
<. cosd:sin L =sinn:siny,

sin L. sin n
<+ Bin y or sine of tho AKSHA-VALANA = ———n— (B)
cos d
Sec V. 37.,
The &xsua-vaLANA is called north or south as the point A
be north or south to the poiht D.

And the rectified vatana D E=D A 4 A E, when the
point A lies betweent the points D and E, but if the point A
be beyond them, tho rectificd vazawa will be equal to the

. difference between the AxsHA and AvANA-vAtaNA. This also
is called north or south as the point E be north or south to
the point D. .

The ancient astronomers Laita, 8'rfeart &c. used tho

co-versed sin [ instead of cos [ and the radius for the cos

" in (A) and the versed sin = in the place of sinn and radius
for the cos d in (B) and honce, the vALANAs, found by théu:
are wrong. Duisgarxcu&rvA therefore, in order to convinco
the people of tho said mistuke made by LaLra, S'rfears, &c.
in finding tho vatAWAs refuted them in several ways in the
subsequent parts of this chapter.+B. D.]

30. In either the 1st Libra or the 1st Arics in the oqui-
noctial point of intersection of the
equinoctial and ecliptic, the north and
sonth lines of the two circles i. e. their secondaries are different

An(u-unn.
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and aro at o distafeo® of the cxtreme dcclmahon (of tho Sun
e 24°) from each other. .

31. Hence, the AvaNA-vALAWA will then bo, equal to the
gine of 24° :—The north and south lines of fhese two cireles
ho\\ over aro comcldcnt at the wolstitial points,

2, 33 and 8. *And the north and south lines being there
comcldent it follows 4s a matter of course that the cnst of
those two circles will be the same. Henco at the solstitial
points thero is no (YANA) VALANA,

When the planet is in any point of the ecliptic between the
cquinoctial and solstitiul poiuts, vaNa-varana is then found
by proportion, or by multiplying the co-sine of tho longitude
of the planct by the sino of 21°, and dividing the product by
the pYusv& or the co-sine of the declimnation of the planet.
This £vANA-VALANA is called north or south o tho planct be
in the ascending or déscending signs respectlvely

"Thus in like mannor at the peint of interscction of the prime
vertical and equinoctial, the six o clock
line is the north and south lino of tho
equinoctial, whilst the horizon (of the given place) is tho north
and south line of the prime vertical. The distunco of theso
north and south lines is equal to the latitudo (of the place).

35, Hence at (the cast or west point of) the horizon, the
KKBUA-VALANA is cqqual to the sino of the latitude. At midduy
the north and south line of the equinoctial and prime vertical
is the same, Henco at midday there is no AKSHA-VALANA, °

86. For any intorvening spot, tho AksmA-vAramA 1 to bo
found from the sine of tho NaTAt by proportion.

First, the degrees of NATA are (ncarly) to be found by
multiplying the time from noon by 90 snd dividing tho
product by the half length of day.
botein o gt e "'}‘ it oln of which sy pae 33‘“’1’:‘3'“'

[Here the nuuthem of the prime vortical intercopted between the

1
nnhi\ and the secondary circle to it passing through the place of the planet.—,
B D,

ARRHA-VALANA,
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87. Then the sino of tho Nata dogrees Multiplied by the
wine of latitude, dnd divided by the co-sine of the declination
of the planct will be the AksmA-varana. If the maTa bo to
the, cast, tho Lksya-varANA is called north. If west, then it
is called south (in‘the north terrestrial Iatitude). '

The sum and difference of the AvaANA and KsHA-VARANAs
must bo taken for the SPASHTA-VALANA,
viz. their sum when the £vaNa and
AKsTA-VALANAS arc both of tho samo denomination, and their
difference when of different denominations i. e. one north and
the other south.

38, When tho planct is at cither tho points of the inter-
soction of the ecliptic and primo vertical, tho SPASHTA-VALANA
found by adding or subtracting tho AYANA and AKSIHA-VALANAS
(ns they huppen to be of the same or different denominations)
in for that time ab its maximum.

#9. But at a point of the ecliptic distant from the point of
intorsection throe signs cither forward or backward, thero is
no SPASHTA-VATANA : for, at those points the north and tho south
lines of the two circles aro coincident.

40, However, were you to attempt to shew by the uso of
the versed sine, that there was then no srasupa-vauana ab
those points, you could not succeed. The calculation must be
worked by the right sine. I ropeat this to impress tho ralo
moro strongly on your mind.
¢ 41, As all the circles of declination meet at the poles; it
* Another way of refutation 18 therefore evident that the north.
of uing the versed . g5d gouth line perpendicular to the
cnst and west line in tho plane of the equinoctial, will fall in
the poles.

42, But all the circles of celestial latitude meet in the
pole of tho ecliptic-called the KaDAXEA, 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

EPASITA-VALANA.
.
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line which is perfendicular to the cast and west linc in the
plane of the ecliptic. .

To illustrate this, a circle should be attached to tho sphere,
taking the equinoctial pole for a centre, and 21° for radjus.
This dircle is callel the KapAMBA-BuRAMA-vEITTA O the circlo
in which the xADANBA revolves (round the polc).

The sines in this chrclo correspond with the sines of the
declination. .

All the secondary circles to tho prime vertical meet in the
point of intersection of the meridian and horizon, wnd this
point of intersection is called saa i, ¢. north or south point
of horizon. )

Now from the planct draw circles on the sphere so as to
meet in the saMA, in tho cquinoctial pole and also in tho
ccliptic pole.

The threo different kinds of varANA will now clearly appear
between these circles : viz.4he £xsia vALaNa is the distance
between tho two circles just described passing through the
saMA and cquinoctial pole.

2, The AvANA-vALANA i3 the distanco between the cireles
passing through tho ecliptic and equinoctial poles,

3. Tho srasuTA-VALANA is the distance between tho civeles
passing through the sAMA and KaDANBA,

These threo VALANAS are at tho distanco of o quadrant from
the planet and are the same in all directions.

48 and 49. Or (to illustrate the subject further) making

Second mode of illastrat- the Plamet as the pole of a sphere;
ing the SPASUTA-VALAEA.  draw o circle at 90° from it: then in
that circle you will obscrve the AxsHA vALANA—which, i 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 fomr that
cut by the ecliptic is the Arawa—and the distance between the
points cut by the ccliptic and prime vertical tho prasuya-
VALANA. . '
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50. In this case tho plane of the ecliptic i always east and
west—celastial ldtitude forming its north and south line. Those
thorefore who (like ¥BfraTr or Latua) would add the §ard
celostinl latitude fo find the vALANA, labour under a gmevous
delusion. . *

51, Tho 1st of Capricorn und tho ccliptic’ polo reach the
meridian at the same time (in any latitude) : 8o also with
regard totho 1st Cancer.  Hence at the solstitiul points thero
is MO AVANA-VALANA.

52. As tho 1st Capricorn revolves in the sphere, so the
ecliptic pole revolves in its own small circlo (called tho ka-
DANDA-BHRAMA-VRITTA round tho pole).

53 aud 54.  When the 1st of Aquarius or tho 1st of Pisces
comes to the meridian, the distance in the form of & sine in
thoe KADANBA-DHRAMA-VRITTA, between the ecliptic polo and
tho moridian is the £¥ANA-vALANA. This VALANA corresponds
with the kraNTIIYS or the sine of -declination found fromn tho
(degrees corresponding to the time clapsed from the 1st Capri-
cornus leaving the meridian,

05. As the vorsed sine is like the sagitta and the sino is
tho half chord (therefore the versed sinc of the distance of
the ecliptic pole from the meridian will not express the proper
quantity of vALANA as has been asserted by larza, &e.: but
the right sine of that distance does so precisely). Tho Avawa-
vALANA will be found from the declination of the longitude of
the Sun added with threo signs or 90°.

* §6. Those people who have directed that the versed sinqem
of the declination of that point three signs in advance of tho
Sun should bo used, have thereby vitiatod the whole caleuln-
tion, AKSHA-VALANA may be in like mammer ascertained and
illustrated : but it is found by tho right sine, (and not by the
versed sine).

.57. He who prescribes rules at varianco with former tests
and does not show the error of their authors is much to be

"lamed. enco 1 am acquitted of blame having thus élearly
_cexposed the crrors of my predecessors.
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58. The inappHeability of the versed sine muy be farther

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 mako's moveable secondary cirelo to the echptm
to revolve on the’two ecliptic poles. This circle will pass over
tho equinoctial poles, when it comes to the end of the sign of
Gemini,

60. By whatever number of dogrees this lecondary circlo
is advanced beyond tho end of Gemini, by precisoly the same
number of dogrees, it is advanced beyond tho equinoctial polo,
in this small siNa-vgiTra. Tho sine of those degrees will be
there found to correspond exactly with and increaso as does
the sine of tho declination.

61. And this sino is tho Avana-vatana: This varana is the
VALANA at tho end of the pywsya. For the distance between
the equinoctial pole and planet is, always equal to tho arc of
which the DyNs¥A is the sino i. o. the cosino of the declination.

62. But as the valuo of tho result found is roquired in’
torms of tho radius, it is consequently to be converted into
thoso terms.

As the JiwA-vgrrTA was drawn from the ecliptic pole as
centre, with o radius equal to the greatost declination, so now,
making tho sAXA centre draw a circle round it with a radius
cqual 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 circlo to the
prime vertical. Now, if this moveable circlo be brought over
the planet, then its distanco counted in the ARSHA-VRITTA or

* small circle from the equinoctial pole will bo exactly oqual to
that of the planet from the zenith in the prime vertical. The
sine of the plauet’s zenith distance in tho prime vertical, will,
when reduced to the value of the radius of KRSHA-VRITTA
ropresent, tho {KSHA-VALANA.

® N..
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65. As in tho AYANA-vALANA g0 also in this {KSHA-vALANA,
the result at the'end of the pywsv£is found; this therefore must
be converted into terms of the radius, From this illustratiof
it is ovident that it may be accurately ascertained from the
genith distance int the prime vertical. . .

66. I will show now how tho £xsuA-vaLiNA may be also
ascertained from the time from tho «plancts being on the
meridianein its diurnal circle. [The rule is as follows.] Add
or subtract the s'aNkuTALA [of & given time] to and from the
sino of amplitude according as they
are of the same or of different deno-
minations (for the BARU or BHUIA).

67. The sine of the latitudo of the given place multiplied
by the sine of the Asus of tho timo from the planet’s being on
the meridian, and divided by the squarc-root of the differonco
between the squares of tho BruA (sbove found) and of the
radius, will be exactly the {xgma-vaLana.*

@ This rule and the means by which it has been established by BrisxargnX-
&YA require elucidation,

BrAsxaRA'0RA'RYA first directs that the AU or BrvIA 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 & point on the axis of the prime vertical distant
from the centre of the prime vertical, by the amount of the Ba’mv. From this

a8 oontrs and the Ko7x equal to =, /rad*=Ba’AT* as radius draw s circle paral-

Jel to the prime vertical. This circle called sn vravarrra will cut the diurnal
cirole for the time on 3 points equally distant from the meridian. Connect those
poiuts by a chord, The half of this chord is the ¥aTacmaTI'az£ as well in the
diurnal circle as in the DPAVRITT4, but as these 2 circles diffor in the maguitude,

See verse 41, Chap. VII,

. these sinos will be the sines of a different number of degroes in each circle, Now

-

the XATAGEATCIYA is known, but it is in terms of a large circle. Reduce them to
their value in the diurnal circle, )

1, If TRIF¥A : MaTaT¥A : : DYNIYA' : sine of diurnal cirele, "

This sine in diurnal circle is also sine in TPAVRITTA.

8, If UPA-VRITTA-TRIJYA : this sine : : TRIJYA equal to AXSHAIYA,

8. DYSJ¥A’ : this result : : TRIJYA 1 sine of AKBHA-VALANA

now ganoel
and there will remain the rule above stated

FATAIYA K AKSHAIYA'
¢ s e s e =2 18 Of ARBHA-VALANA,
UPAVRITTA-TRISYA
< Yore our suthor makes use of the diurnal cirele and uravarrTa in term of
the equator and prime vertioal, whoso portions determine tho varama, The
mal.h‘rvbixdm being parallol to the larger, the object sought is equally attained.
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68. Or the {xffA.varLaxa may be thus roughly found.

Multiply the time from the planct’s being 6n the. meridian
and divide the product by the half length of dag, tho resalt
aro the NATA degrees The sine of thesp NaTA degreos
multiplied by thé sine of the latitude and’ divided by the
DYNIYX or tho cosine of the declination, will give the rough
AKSHA-VALANA, ’

69. Placo the disc of tho Sun at the point at wlm.h the
diurnal circlo intersects the ecliptic.
The arc of the disc intercopted be-
tween these two circles ropresents tho A¥ANA-vALAXA in terms
of radius of tho disc.

70. This vaLANA is equal to the difference between the
sine of declination of the centre of the Sun and of the point
of intersection of the dise and ccliptic ; and lt is thus found ;
multiply the radius of disc by the BHOGYA'KHANDA of tho
BiUJA of the Sun’s longituderandsdivide by 225.

71, Then multiply this result by sine of 24° end divide by,
the radius : the quoticnt is the difference of the two sino 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 tho Sun’s dise
and also radius are in one case multipliers (being in third
places), and in the other divisors (being the first torms of the
proportion) therefore cancol both. There will then remain
a ule, multiply the Sun’s BHoGYA KHANDA by sino of 24° and °
divide by 225.

78. And this quantity is equal to the declination of a point
of ecliptic 90° in advance of Sun’s place. Thus you obsorve
that the vALANA is found by the sino of declination as above
alleged, (and not by tho versed sinc). Abandon therefore,
O foolish men, your crroneous rules on this subject. o

74. Tho disc appears declined from the zenith ljke an
umbrella ; but the declination is dircct to the equinoctial pole:

¢ w2

Further illustration,
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the proportion of the p¥Ns4 or complement, of declination is
therefore;requiréd to reduco the vaawa found to its proper *
value in torms of tho radius.
" End of Chapter VIII. In explanatlon of the canso of
eclipses of tho Sin and Moon.

e B
.

‘ CHAPTER IX.

Called Dl;ucnn‘m-u'sml on the principles of the Rules for
Sinding the times of the rising and sctting
of the heavenly bodirs,

- 1. Aplanet is not found on the horizon at the time at

?ﬂm of the correction Which its corresponding point in the
whioh is “"um:‘t'th 7o ecliptic (or that point of tho edliptic .
plied o the place of the having the sme longitude) reachos
‘planet, for lndung the point 3 s o s

of the ecliptio on thehorizon  the borizon, inasmuch as it is clevated
when the planet reaches it.

above or depressed below the horizon,
by the operation of its latitude. A correction called ppix-
KARfMA to find the exact time of rising and sotting of a planet,
is ore nocessary.

2. When the planet’s corrosponding point in the ecliptic
reaches the horizon, the latitude then does not coincide with
the horizon, but with the circle of latitude. Tho clevation of
the latitude abovo and depression of it below the horizon, is of

*two sorts, [ono of which is caused by the obliquity of the
¢ ecliptic and the other by tho latitudo of the place.] Hens®
the DRIKEARfA is two-fold, i. e. the AYANA 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 arp morth and the planet’s
oorresponding point in the ecliptic is
in the eastern horizon, the planet is

therebg depressed below the horizon by south latitude, and
" elevated when the planef’s latitude is north.

Duxmnu.
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4. When the {wo kinds of vAANA are south, then the
* roverso of this takes place ; the reverso of this ‘also takes placo
whon tho planet’s corresponding point is in tho western hori-
zon,

[And the dlﬁ'erenco in the times of rising of the planct nnd
its corrosponding point is called the resultant time of tho
pRIKEARMA and is found'by the following proportions.].

If radius: AYANA-VALANA :: what will cclostial +latitudo
give?

5 And
if cosine of the latitude of the givcn} : KRSHA-VALANA .
placo

: : what will sPASRTA 8'ARA givo ?

Multiply tho two results thus found by theso two propor-
tions, by the radius and divide the products by tho pyusv4 or
cosine of declination. *

6and 7. Take tho arcs- of these two results (which are
sines) and by the Asus-found from the sum of or tho difference
between theso two arcs, the planet is depressed below or
clevated abovo the horizon. The raeNa or horoscope found
by the direct process (ns shown in tho note on the vorse
26, Chapter VII.) when tho planet is deprossed and by the
indirect process (as shown in the same note) when it is
clovated, by means of the asus above found, is its upAva
LAGNA rising horoscope or the point of tho ecliptic which
comes to the eastern horizon at the same time with the

v'4..anet.

When tho planet’s corrosponding pomt is in tho western
horizon, the LAGNA horoscope found then by the rule converse

. of that abovo given, by means of the place of the planet added
with 6 signs, isits AsTA LAGNA setting horoscopo or the point
of the ecliptic which i8 on the eastern horizon when the plahet
comes to the western horizon: - .

8and 9. For the fixed stars whose latitudes arg very
considerable the.resnlted time of the ppixxaRMA is found in &
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difforont way. Find tho ascensional differefice from the mean
declination of tho star, i, e. from the declination of its corre-
sponding point in tho ccliptic, and also from that applied with
the latitude, i. ¢. from the true declination. The asus found
from the sum of or tho differonco between the ascénsional
differoncos just found, as the mean and true declinations are of
tho differont or of the same denominations respectively, are tho
asus ofe depression or clovation depending on tho Axsma
DRIKKARMA, (Find also the time depending on the Avama-
DRIKKARMA) : and from the sum of or the difference botween
them, as they may be of tho same or different denominations,
the UDAYA LAGNA or ASTA LAGNA may be ascortained as above
found (in the Gth and 7th versos).*

* Lot AD B Obe the meridian; CE D the horizon, A the zenith; E the
oast point of the horizon; ¥ B G the equinoctinl ; K the north pole; L the
south ; P the planet ; p its corresponding point' in the ecliptio; IL P p J tho
secondary to the ecliptic passing through the p'anet P, and hence p P tho
Intitude. Lot 7 P g the diurnal circls passing through tho 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 planct is elevated above or
de d below the horizon by its latitude p P and as it is vory difficult to find
the elevation or depression at once, it is theroforo ascertained by means of its
two parts, the ono of which is from the horizon to the circle of declination, i. e.
Q to R. This partial clevation or dopression takes place by the planet’s rectified
latitude p R. And the other part of the elevation or depression is from the
cirole of declination to the circle of latitude; i. e. from R to P and this oceurs
by the planet's mean latitude p P. From the sum or differencoeof theso two
E:rtl, the exact elovation of tho planct above the horizon or the depression

low it, can be d ined, When the ial latitude, of the given place
is north and the planet’s corresponding place in the ochiptic is in the castern
liorizon, the A’ksEA-vALANA is then north and tho circle of declination is

* elevated above the horzon to the north. For this reason, when the A’ksHA-
VALANA i8 north, tho planct will be elevated above the eastern horizon if §
Iatitude be morth, and if it be south, tho planct will be depressed below
horizon, But the reverse of this takes place whon the A’KsHa-VALANA is south
which occurs on aceount of the south latitude of the given place, i. e. when the
A’KSHA-VATANA is south, the circle of declination is depressed below the horizon
to the north and henoe the planet is depressed below it, if its latitude be north,
and if it be south, the planet is elevdted above the horizon.

Again, when tho planet's longitude torminates in the six ascending sigus, it is
evident that the AYANA-VATANA becomes thew north, and the north pole of the
eoliptic is elevated above the circle of declination passing through the planot.
Henoe, when the A’YaNa-varana is north, the planet is elevated above or

below the circle of declination by its mean latitude, as it is north or

south., But the reverse of this takes when the A’YANA-VALANA is south,

i. &, the planet is depressed below or elevated above the cirole of deolination,

o its latitudo is north or south. Bocause when the A'vaNA-vALANA is south
L3
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ll;: north pole of the ecliptic lies below the circle of declination and the south
above it.

Agsin, when the planet is in the western horizon, the circls of declination
passing through the place of the planet in the ecliptic lies to the north above
tho horizon, but the AX8mA-vALANA, becomes south and hence the reverse takes

" f.eu08 of what is said about the elevation or depression when the planet is in the
eastern horizon, But as to the AYaNa-varaxa, 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 deolination, Hence the depression of the
planet takes'place wken its latitude is north and the elevation when the latitude
is south., But when the longitude of the planet terminates in the discending
six signs, the AYANA-VALANA becomes then south and the north pole of the
ecliptic lies sbove the circle of declination, For this reason, the elevatien of the
planet takes place when ite latitude is north, and the depression when it is
south. Thus in the western horison 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 plaket's rising when it is elevated above the
horizon and the time whieh the planet will take to rise when it is dépressed
below the horizon, are found in the following manner.

.
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10. Tlm [Asusxu] S/ara or true latitdde [of the planet)

To findthe value of oo MulEiplied by the "Dyusvk or CORing «
Il Itinden terma o of dclination of the point of tho eclp.
dpr it 6t to be added to or tic, three signs in advance of the

sabtraoted from tion, planet’s comspoﬂding point %nd di-

Buthaﬂgumsbarodnuribod in which the wghqxnor the equinoctial
#, Qenotes the time of elevation of the planct from Q to B, and tho time
of ﬂyﬂ:‘:‘m of tnh; lxllnnot gom B oto 1:_ :l:“::mohd uthe:; p; the angle P K R
or uin aro . Out ol two times aud we show
e g ¢ &
In the triangle P p R, P p = the Iatitude of the planet, ZPp B = the
A’nn-vn.uu and << PR p = =, and
" R:sinPpR=1inPp: nnB!';
or if radius
t 8in Of A’YANA-VALANA
== the sine of latitude
: sinB P,
Again, by the similar triangles KPR and K P’ p
ain K 1’:-mBP=|inK1"-umP’;'

here,nnk1’=‘oo|mo’ldec1mnon
RXxsnRP .
Sein P =
008 of declination

Now, the time p’ Q' is found as follows.
In the trisngle p B Q, p K = the srasaTa-s’aBa which can be found by the
nle ven in the V. 10 of this chapter, £ B p Q = AXsmA-vALANA sad
Q p = co-latitude of nurly
nd..lianE sin Rp.Q: isinpBR:sinBQ
or, if cosine of latitude,
+ sine of AKSHA-VALANA,
= nmm-n’m

sinRQ; .

lgnn. by the tmnglu KQR,EQ ?' '
sin K R=sinK 1

Mml‘qq=gumof“;oohn?h:o=:n€;2mx¢=k

BXsinQR

Sinp' Q=
cos of declination.

If both of these times thus found, be of the elevation or both of
sian, the planet will be elevated above or depressed below the horizon
time equal to their sum, and if one of these be that which t!
its elovation and the other for its depression, the planet will be elevated above
or below the horison in the time equal to their diffdence as the
remi is of the time of elevation or of that of the depression. The sum or
dlhuﬂ@fthﬂﬂﬁmﬂjhlbundu«lhdthmhdﬁmolthnnm-'
nmhlhoﬂ'umuu-m.

§ of the ecliptio whmhuonthomhnrlmwhmﬂuphml
mhut.iudhdlhamnnen haroscope of the planet. As it is

5’
e
il

i

*necessary to kuow this UDAYA mnlorhdmglhhmofﬂu

g

rising, we are now show howe to find the rising horoscope. If
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vided by the radiud becomes [nearly] the smn-m,or rectified
latitude, [i. e. the aro of the circle of declination infercopted
between the planet’s corresponding point in the,ecliptic and
the diurnal circle passing through the planet]. This rectified
latitudd is used wheén it is to be applied to tho'mean declination
and also in the {KsHA DRIKKARMA*

11. The celestial latitude is not reduced by Branmacupra

ecliptio will be elorated above it by the resulted timo. For this reason, having

assumed the corresponding place of the planet for the Bun, find the horoscope

by the direct process through the resulted time and this will be the rising

horoscope.  But if the planet he elevated above the horizon by the resulted time,

its corresponding place will then be depressed below it by the same time when

the planet will come to it. Thercfore, tho horoscope found by the indirect
s through the resulted timo ; will be the rising horosecope of the planet,

That point of the ecliptio which is on the eastern horizon when the planet
comes to the western horizon, is called the A8TA LaGNA or setting horoscope of
the planet. As it is requisito to know the setting horoscope for inding the
time of setting of the rplnwf. we thercfore now show the way for finding the
sotting horoscope. If the planct be depressod below the weatern horizon by the
resulted time, it is plano that when the planct will reaches it, its corresponding
place will be elevated sbove it by, the resulted time and quently the
couupondmﬁ place of tho planet added with six signs will be depressod below
the eastern horizon by the.same time. Therefore, assume the corrosponding
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 bo the asta LaaNA
setting horosoope, But if the planet be depressed below the westorn horizon, its
corresponding place added with six signs will then be elevated above the castorn
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 above through the triangle p R Q, is
not the exact one, because, in that triangle the angle p Q R is snsumed equal to
the co-latitude of the given place, but it eannot be cxactly equal to that, and
consequently the time p’ Q' thus determined cannot be the cxact time. But no
co! 'meuhla error is caused in the time p’ Q thus found, if the latitude be of a
planet, as it is'always small. As to tho star whose latitude is considerable, the
timﬁe’ ’ Q thus found cannot be the exact time. The exact time can be found ,
as follows.

. ¢ Beo the preceding figure 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’ is called the mean declination of the star, R p, the réctified lutitude sud Rp’
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 ascensioual differonces and this
difference will be equal top’ Q’i.e.E Q'—E p’ ==’ Q’. But it occurs then
when p and R are in the same side of the equinoctial F G and when pis in one
mde and R in the other of the equinoctial, it is evident that g’ Q' w this case
will be equal to the sum of the two ascensional differences.—B. D.] .

® This rule is sdmitted by Bméexankomizya to be incorrect; but the
error being small, is neglected. Instead of using the pxusz, the vasumt should ,
lLiave been adopted.

e o
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Omission of the last ,aml otl.ler e,"ly “h.b-nomeu to its value
l‘;le;t_iunedfporrmoel titl)'r; or ro- in declination: and the reason of this «
uction of Celestial latitnde sl
10 its valuo ine declination, OTRISSION, Seems to havo been its

by Bwllﬂo"ﬁ: end  smallness of amount. And also it is

. the uncorrected *latitude which is
used in finding the half duration of the eclipses and in their
projectigns &e. .

12, As the constellations are fixed, their latitudes as given
in the books of these eurly astronomers are the srasmap-
'ARA8, 1. 0. tho reduced values of tho latitndes so as to render
them fit to be added to or subtracted from the declination ;
and tho pERUVAS or longitude of theso constellations are given,
after being corrected\by tho AYANA DRIKKARMA so as to suit
those corrected latitudes that is, the star will appear to rise at
the equator at the samo time with longitude found Ly the
correction. .

Let a d be equinoctial aud P the eduinoctial pole,
d b = Reliptic,
* b ¢= Colestual Intitude, .
% o == Celestiol lntitude reduced to its value in
declination is xo1,
== BHUJA being are of diurnal circle ¢ 2 g
=k b portion of diurnal circle of tho planet's
longitude at .
The triangle # ¢ b or # & b is assumed to be a p1e-
VALANAJA THYASEA, .
The anglo # & 0 =— A¥aXa-varaxa or the angle of
the hwliniuiou of l; b which
1o ecliptio pole with b ¢
ﬁ‘i'ch gues to equinoctial

. le, ,
Hence this trinnglgn: b c is called DIG-VALANSIA ‘
TRYSEA, the ungle s b ¢ ur)ini with the Axasa-varawa. Ifb were at the dut ,
gﬁmo.r, thlen the north line a b o which goes to the pole would go slso to the
io pole,

ence the AEPASTTA 84’ma, and SPASHTA 8'ARA of a star of 90° of latitude
being both represcuted by & o would be the same. 'To the longitude of & star
being 270°, its a8rasya and sPasHTA 84xA would be the same.—L. W.
(The rule statcd m this vorse is founded upon the following princ:fla. .
Assumjng the triongle 2 b ¢ as 8 plane right-angled triungle and the angle
2 b ¢, as the declination of the Eoint of the ec! iﬁilo three signs in advance of the
planet’s ponding place, this declination is nearly equsl to the
§¥a¥a-vaLANA, we hare,
sinsch:cossbez=ba:doy :
or B : ABETI o nearly the cosine of the declinafion of the planet's place 8%0 4+
== Coleatia] lotitude ; vectifed latitude.—B, D.]
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13. Those astrbnomers, who havo mentioned that celostial
oBrveinyomiaTe  cx. latitude is an arc of *a circjo of de-
poses the incorrect theory clination, are stupid. Were tho ce-
Ofcertain of b predecessorsy 1,450 Jatitudo mothing wmoro than an
y quoling their own prac- -] :
tioo whidh is irreconcildble  gre of a circle of declination, then why
with their own theory.

. - should they or others havo evor had
recourse to the AvaNA* ppikKkavMA ab all? (The planets or
stars would appear on tho six o’clock line at tho time, that the
corresponding degree of the celiptic appeared there.)

14.  How morcover havo these samo astronomers in deline-
ating an eclipso marked off the Moon’s latitude in the middlo
of tho eclipso on SPAKNTA-VATANA-5UTRA or on tho line denoting
the secondary circle to the ccliptic? and how also have they
drawn perpendicularly on the vazaNA-sGTRA or tho line repre-
senting tho ecliptic, the latitudes of the Moon at the cum-
mencement and termination of tho eclipse.

15. How moreover, huve they made the latitude ory,i. o.
perpendicular to the ecliptic and thus found tho half duration
of tho eclipse ? If tho lutitude wero of this nature, it would”
never e 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

ners whio erromcously ,,';: sine. This conrso has been followed

KARMA and VATANA. by others who followed him like blind
men following each other in succession: [without scoing
Jeir way]. '

17. Buranmacuria’s rule, however, is wholly unexceptionable,

but it has beon misinterproted by his

followers. My observations canuot be

said to be presumptuous, but if they are alleged to be so,

[ have only to request able mathematicians to weifh them

with candour. . -
18. The ppkxArkA and VAzANA found by the former astro-

02

Praise of BRADMAGUPTA,
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¢
nomers through the versed sine are erroneods : And I shall now
give an ipstancd in proof of their error. .
19 and 20, In any place having latitude less than 24° N,
An instancs in proof of Tultiply the sine of tho latitnde of the
the error. : placo 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 dogrees of the result found. And
find the. point of the ecliptic, the degrees just found in
advance of the 1st Arics. Now, if from this point the planet’s
corresponding point on the ccliptic three signs backwards or
forwards, bo on the western or eastern horizon respectively,
then the ecliptic will coincido with the vertical circle, and the
horizon will consequently be secondary to the ccliptio. 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. Tn this case the resulted times of .the DRIKKARMA being
‘of exactly the same amount But one being plus and the other
minus, neutralize oach other [and henco there is mo 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 tho DRIKKAEMA, .

L l[llt is evident that the longitude of this point is equal to the aro through
which it is found, and as the poin; of the ecliptic 3 signs backwards or forwards
*from this point is assumed on the horison, this point therefore will at that time

« be the nonsgesimal, and as the longitude of that point or nonagesimal is leg. «
than 8Ce the declination of this point will be north, This declination equals to .
the latitude in question. For
The f the latitude of th t Exdnhtitudo(b’m
. sine of the latitude of the point = ~ —ne -
sin 240
sumption) X . i
sin 24° X sin longitude of the point .
<~ oin datitnde = - , but this = sin de-
Radins
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22. Again herq, in like manner, it is from the two vArawAs
having different denominations, but equal values, that they
mutnally destroy each.othor. By using the versed sine, they
would not have equal amounts, hence the vALaNAs must be
found By the right sine. *

[In illustration ‘of the fact that tho vataNa does not corre-
spond with the versed shno, but the right sine Bassxarfcairya
gives as an example.] .

23. When the Sun comes to the zenith [of the place where
the latitude is less than 24°], and conscquently the ecliptic
coincides with the vertical circle, the sPASHTA VALANA then
evidently appears to be equal to the sino of the amplitude of
the ecliptic point 90° in advance of the Sun’s place in the
korizon. If you, my friend, expert in spherics, can make the
SPASHTA VALANA equal to the sine of amplitude by means of tho
vorsed sine, then I will Hold the vaLaNa found in the Dnfvgip-
DHIDA TANTRA by LaLLA and in the other works to be correct.

[To this BuAsKAr&cHARYA adds a forther most important ,
and curious illustration :]

24, In tho place where the latitude is G6° N. when the
Sun at tho timo of his rising is in 1st Aries, 1st Taurus, 1st
Pisces, or in 1st Aquarius, he will then be cclipsed in his
southern limb, because tho ecliptic then coincides with the
horizon. Therefore, tell me how the srasuta varana will be
equal to the radius by means of tho versed sine |

[Tn the same manner the DRKEAEMA 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 Tazza 10 their own quick intelligence, by
and thers, stated. their too hasty zeal and anxisty for
distinction, by their confidence in others and by thelr owm
negligence or inadvertence, when it is thus with the wises
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 distingnished by their disregard of the criticisms and
reflactiorfs of the world, by their breach of the rules of time *
and metres, ‘and their destruction of their substance and of
their sabject, eing begniled by the va.m delight they feel
towards the object of their taste.

_ End of Chapter IX. called Dmxuxm-vxs.w.«

CHAPTER X.

Called 8'vrNGONNATI-VASAN in cxplunation of the cause of the
Dhases of the Moon.

1. This ball of nectar the Moon béing in contact with rays

of the Sun, is always illuminated by her shinings on that sido

« turned towards tho Sun. The side opposite to the Sun dark

as tho raven black locks of a young damscl, is obscurcd 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 pesbod
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 & point in the,
Bun’s prbit (in tho direction where the Moon is) at & dis-
tanco equal to that of the Moon from the carth. When the
*Bun reaches the point just found, he comes in the line per-
pendieular at the Moon to that drawn from the earth to the
Moon. Then the Sun illumines half of the visible side of the’

. S
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Moon. Thatis when the Moon is 85°. . 45’ from the Sun
cast or west, it will appenr half full to ns.*  ° .
* 4, 'The illuminated portion of the Moon gradually increasos
us it rocedes from the Sun: and the dark portjon increasos as
it apprbaches the Stn.  As this sea-born gloBe of water (the
Moon) is a- sphére, its horns assume a pointed or cusped
appearance (varying in acuteness according to its distanco
from the Sun). .

5. (To illustrate the subject, a dingram shonld be drawn

Disgram for illustrating 88 follows). Let the distanco north and
the subject. south between the Sun and Moon re-
present the srUJA, the upright distance between them the
Ko7t and the line joining their centres the hypothennse. The
Sun is in the origin of the mirvaA which stretches in the direc-
tion where the Moon is, the line perpendicular at the end of
the BuUJA i8 Ko7T at the: extromity of which is'the Moon and
the lino stretching (from the.Moqgn) in the direction of the Snn
is the hypothenuse. The Sun gives light (to the Moon) through _
the dircction of the hypothenuse. *

3 ® This is thua illustrated. Let o repre-
’ sent the Karth, & ¢ d the arbit 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 illuninated whon
the Sun is at ¢ and not at d, when the *
Sun is at & it will illmnine more thun
Talf of the Moon's dise; & ¢ is less than n
quadrant by the arce d, the sine of which
aeoregyinterms of the radius of the

S>—a
g
o

Sun's orbit, equals to tha Moon's dis-
tance from the earth. L W,

E‘l‘lu are b e can be found as follows :—

n the trisnglo @ e e right angled at »,

ae == 515666 YosaNas, ar =; 680377

O 7 @ YOJANAS ling to the B1IpvHA'SFAS,
ae 51566 :
Then, cos 6@ ¢ = —— == ——— 5=, 0748 = cos 85° .. 43
ac 689377

o~ arcd e = 83° .. 46’ newrly.~ B, D.]



208 Trgpalation of the X5

[For instauc? .
K A
| 7
P o s

Let S be the Sun and m the Moon, then a S = Brui,
am=xop,m'S = hypothenuse. Then f.g a line drawn at
right angles to extremity of hypotenuso will reprosent lino of

, direction of the enlightened horns and the anglo 4  opposito
to prUIA will be oqual to < g m ¢ = the amount of anglo by
which the northern casp is elevated and southern deprossed,—
wore the Moon at k, there would be no elevation of either cusp
either way. For the hypothenuso will also bisect the white part
of the Moon. If the Sun is north of the Moon, thq north cusp
of the Moon is elevated : if sonth the southern cusp. L. W.]

[Mr. Wilkinson has extracted the following two verses from

* the GANITADHYAYA.

I. When ¢he latitudo is 66* N. and the Sun is rising in §st
Aries, thon the ecliptic will coincide with tho horizon ; now
suppose the Moon to be in 1st Capricorn, then it will appear
to be bisected by the moridian and the eastern half will be
enlightencd. _ '

But according to Braryaaura fhis would not occur, for he
Aas declared that the xoft will be equal to radius in this case
whereps it is obviously “nil,”’ and it is the BauJA which is
equal to radius when there is no north and south difference
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between the Sun q;ld Moon then the kopr would be equal to
* the hypothenuse or radius and the snusa would bo “nil.”

‘IL* And the Moon’s horns are of cqual altitude when thero
is no BHUJA, whilst they become perpendicular when there.is
no goyl. 'Thab tho ko and BHUIA shall at ond and tho same
timo Ve equal to radius is an obvious incompatibility. But
what business have I with dwelling on the exposure of these
errors? BrawMagurta has hero shown wisdom indeed, and
I offer him my reverent submission !]

6. I have thus only briefly treated of the principles of the
subjects mentioned in the Chapters on MApmyAaaTt &e. fearing
to lengthen my work; but the talented astronomer should
understand tho principles of all the subjects in completion,
bocause this is the result to be obtained by s complete know-
ledge of the spheric. .

End of Chapter X. called $'riNaoNNATI-vASANA.

——y

CHAPTER XI.
Called YANTRADUYAYA, on the use of astronomical instruments,

1. As minute portions of time elupsed from sun-riso cannot
be ascortained without instruments, T
shall therefore briefly detail a few.
instruments which are of established use for this purpose.

2. The Armillary sphere, wNivf-vAAva (the equinoctial),
the vasuti or staff, the gnomon, the Guat1 or clepsydrs, the
circle, the semi-circle, the quadrant, and the riaLaka: but of
all instruments, it is * INGENUITY” which i3 the best.

Object of the Chapter.

.
© Bafsxankcairya is here very severe on Beanuaauera who of all hiis pro-
docessors is evidently his favorite, but truth scemed to require this condemn-
ation. He at the same hore does justico to Auya-BuATTA and tho author of e
S¢rra-siopa’sta. They both justly concur in saying there is no xoj1 in this
case—L. W.
’ . P
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3 and 4. (This instrument is to be made s before de.
scribed, placing tho Buacora starry o
sphere, which consists of the ecliptic,
diurnal circles, the Moon’s path, and tho circles of declination
&c. within tho xlagora colestial sphere, which consistd of the
horizon, meridian, prime vortical, six o’dlock line, and: other -
circles which remain fixed in a given latitude). Bring the
placo of tho Sun on the ccliptic to the eastern horizon : and
mark tho point of the equinoctial (in the pirAcorA) intersccted
by the horizon, viz. east point. Having mado the horizon ag
level as water, turn the uHAdoLa westward till the Sun throws
its shadow on the centro of tho Earth, Tho distance between
the mark made oh tho equinoctinl and the now eastern poiut
of the horizon will ropresont the time from sun-rise.

5aud 6. The LAGNA or horoscope will then bo found in
that point of tho ocliptic which is cut by the horizon.

"Pako a wooden circlo and divide its outer rim into 60 ena-
7ik{s: Then place the twelve sigms
of the ccliptic on both sides, but

instead of making each sign of equal extent, they must bo

mado cach with such variable arcs as shall correspond with
their periods of rising in tho placo of observation (the twelve
periods aro to be thus marked on cithor side, which are to bo
agnin cach subdivided into two 1Horas (or hours), threo DRESH-

KANAS, into NAVANE'As or ninths of 3°. . 20" each, twelfths
of2°, . 10’ and into TRINS'ANs'A8 or thirticths. Theso aro
* called tho sHADVARGA or six classes). These signs, howovar,

must bo inseribed in the inverse order of the signs, that is

1st Aries, then Taurus to the west or right of Aries and so on.

Then placo this circlo on tho polar axis of the kHAGoLA at tho

contro of the Earth (the polar axis should be elovated to tho

hoight of the polo). '
", Now find tho Sun’s longitude in signs, degrees, &c. for tho
gun-rigp of the given day (by cdlculation) aud find the same
degreo in the circlo. Mark thoro tho Sun’s place, turn the

Use of Armillary Sphere.

¢ Tho NA'DI-VALAYA.
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circle round the axfs, so that the shadow of the axis will fall on
the mark of the San’s place at sun-rise and then fix the circle.
Now as tho Sun rises, the shadow of the axis will advance from
the mark made for the point of sun-rise to tho nadir and will
indicate tho hour fsom sun-rise, and also tho raona (horos-
cope) ; the number of hours will be scen between the point
of sun-riso and the shadpw: und the r.aaNa will be found on the
shadow itself, [While the Sun goes from east to west the

&n /

shadow trayels from west to cast and henco the signs with
their periods of rising must bo roversed in order—the aro
from W to Laana represonts the hour arc: and thoe lacya is
at tho word LiauNa in the accompanying figure.—L. W.]

7. Or, if this circle marked as above, be placed on any axis
clevated to the altitude of the pole, then the distance from the
shadow of tho axis to the lowest part of the circle will repre-
sent the time to or from midday.

8. A amay1 mado of copper like the lower half of a water-
pot, should have a large hole bored, in
its hottom. See how often it is filled
and falls to the bottom of the pail of water on which it T
placed. Divide 60 auatis of day and night by the duotient

r.2

The aHATI or clepaydra.
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and it will Zivo tho measure of the clepsydre. (If it is filleg
60 timos, then the anatr will be of one GHAYIRA ; if 24 times
it will be'of one hour or 2} GHATTRAS.) .
9. For a'gnomon take a cylindrical piece of ivory, and let
) A it bo turned on a, lathe, taking caro
that the circumference Bo_ equal abovo
and below. From its shadow may be_ascertained the points
of the compass, the place of observer, including latitudo &c.
and times (as has been elsewhore explained).

10. The circle should be marked with 860° on its outer
circumference, and should be sus.
pended by a string or chain moveablo
on the circumference. The horizon or Earth is supposed to
be at tho 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 tlun axis : and placing the
cirele in a vertical plane, so as to cntch the shadow of the Sun:
‘the degroes passed over hy the axis from tho placo 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

Gnomon,

The CHARRA ur circle,

.by the meridian altitude, the quotient will be tho time sought.

13. First let the circle be so held or fixed that any tyo

To find the longitudes of Of the following fixed stars appear to
plancts by the circle, touch the circumferenco, viz. Ma-
onK (e Loonis, Regulus), Pvsaya (3 Cancri), Revarf ({ Piscium)
and S'arat{rar{ (or A Aquarii). [These stars are on the
ecliptio und having no latitude, are to be preferred.] Or, that
any star (out of the Currex or e Virginis Spica &c.) having
very inconsiderable latitude, and:the planet whose longitude is
required and which is at s considerable distanco from the star,
appear to touch the circumference, .
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14 and 15, Then look from the bottom of tho circle nlong

, its plane, so that the planet appear opposite the axis ; and still

helding it on tho planc of the ecliptic, obscrve also any of tho

ahove mentioned stars. The observod distance between tho

plnnet and the star,,if added to the star’s longitude, when the

star is, west, and subtracted when cast of the planetywill give
tho planet’s longxtude. \

The half of a circle is called'a crara
or scmicircle. The half of a scmi-
circle is called TURfYA or a quadrant.

16. As others have not ascertained happily the apparent
time by observations of altitudes in
a vertical circle, I have thercfore
laboured myself in devising an instrument called rrALAKA
YANTRA, the uses of which 1 now procced to explain porspi-
cuously. It contains in itsclf the essence of alleonr calculations
which are founded on tho true prmclples of the Doctrine of
the Sphere.

17. I Budskaea now procced, to describo this excellont”
instrument, which is calenlated to
remove always the darkness of igno-
ranco, which is morcover tho delight of clever astronomers
and is founded on the shadow of its axis : it is also eminently
serviccable in ascertaining tho time, and in illustrating traths
of astronomy, and therefore valued by the professors of that
science. 1t is distinguished by having a circle in its centre.
1 proceed to describe this instrument after invoking t.hat
bnghb God of day, the Sun, which is distinguished by the
cpithets I have above given to the instrument viz. ho is
cternal and removes obscurity and cold : he makes the lotus
to flower and is ever shining : he casily points out the time
of the day and season and year, and makes tho planets and
stars to shine. He is worthy of worship from the virtuous anll
resides in the centre of his orb*

® This verse ia another instance of the double entendre, in whish oven the

Semi-circle and quadrant,

PHALARA-YANTRA,

Addresses to the Sun,
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18. Lef a clover astronomer mako a PHALARA or board of 4
plane rectangular and quadrilateral form, the hoight being 90 ,
digits, and the brondth 180 digits. Let him halve its breadth
and at tho point thus found, attach a moveablo chain by which
to hold it : from that point of suspension lot him draw a per.
pendicular which is called tho raMBA-REKES. *

19. Let him divide this perpendicular into 90 cqunl parts
which will bo also digits, and through them draw lines paralle]
to the top and bottom to the edges : these are called sines.

20. At that point of tho perpendicular intersected by the
30th sino at the 30th digit, a small hole is to be bored, and
in it is to be placed & pin of any leugth which is to Le con-
sidered as the axis.

21, From this holo as centre draw a circle (with a radius
of 30 digits: the circlo will then cut the G0th sinc), 60 digits
forming the diatncter. Now mark the circumferenco of this
circlo with 60 awamis and 360 degrees, each degree heing
subdivided into 10 pALAS,

*,22, Lot a thin pATPIRA or index arm with a hole at one
end bo mado of tho length of 60 digits and let it boe so marked.
['The brendth of the end where tho hole is bored shonld he of
ono digit whilst the breadth of the whole paTiKL be of half
digit. Lot tho arpixd bo so suspended by tho pin above
mentioned, that ono side may coincide with
tho tampa-rrnA. Tho accompanying figure [—o

. will ropresent tho form of the rarpixs.

The rongh ascensional difference in ratas determined by the
KHANDAKAS or parts, being divided by 19, will hero become the
sino of the ascensional difference (adapted to this instru-
ment. *) ‘

best authers occasionally indulge. All the ®pithets given to the instrument
apply in the original also to the Sun, This kind of double meammng of course
- dou not admis of translation.— L. W.

*® The sines of asceusional difference for cach sign of the ecliptic wero found
, by the foflowing proportions,
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23, The numbors 4, 11, 17, 18, 13, 5 multiplicd severally
by the AKSIIA-KAE:{.A and divided by 12, will be'the KuANDAKAS
or portions ab the given place ; each of these beivg for cach
15 degroes (of sHuJA of the Sun’s longitude) respectively.

91, 'Now find the Sunw’s truo longitude By upplying tho
precossion of the’ eqninoxes to tho Sun’s place, and adding
togethor as many portions as correspond to the wuvsg of tho
Sun’s longitude ubove found, divide by 60 and add sho quo-
tiont to AXsHA-KARNA. Now multiply the result by 10 and
divido by 4 (or multiply by 24). Tho uotient is here called
the vasnTt in digits and the number of digits thus found is to
be marked off on the arm of the rAppiké counting from its
holo penctrated by the axis,

235, Now hold the instrument so that tho rays of the Sun
shull illuminate both of its sides (to sccure its being in a
vertical civele) : tho place in the circumferenco *marked out by
the shadow of the axis is asswmed to bo the Sun’s place.

26. Now placo the.index arm on the axis and putting it,
over the Sun’s place, from tho poifit ab the end of the vasuTl
set off carefully above or below (parallel to the LAMDA-REKILS)
on the instrument, the sine of the ascensional difference above
found, setting it off abovo if the Sun bo in tho northern

! . . : : what will sine of declination of 1
1. If cosino of lnhtudloo s;,n‘; :l; ul:f} sign or 2 or 8 wigns, give.
orue = : xvava’ of 1,2 or 3 signs,

8, If cosine of declination : this result : : what will radius : sine of ascen-

sional difference in XALAs.

The aro of this will give ascensional difforenco. This is the plain rule: but
Bia’skaa’cna’sxa had recourss to another short rule by which the ascensional
duforences for 1, 2 and 3 signs, for thd place in whioh the PALADIIA’ was 1 digit,
were 10, 8, 33 Paras. These threo multiplied by rarLaBua’ would give the
sscensional diff with tolerall y for a place of any latitude not
having a greator PaLABiLA’ than 8 digits. Now tuke these three PALATMAKAS
10, 8, 3} and multiplied by six, then the PaLaS of rime will be reduccd to A8US.
These are found with s radius of 3438 : to reduce thew to the value of & rudiu of
80 digits say, .

, 60x30
As 3438 : 10 x 6 =60 : : 30 digits :
sign in this instrument, but instead of thultiplying the 10 by 6 X 30 or 180 and

dividing by 3498, the author taking 180 = fy part of 3438, divided at ouce
, by 0—L'W.

= quantity of CEARA forl
L]
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.
hemisphere, and bolow if it be in the southern hemisphoro,
The distance from the point where the sino which meeting the *
end of tho sino of the asconsional difference thus set off, culs
the circlo, to the lowest part of the .circle will represent tho
HATIS to or aftér midday.* ‘ ‘

rEit 0

g
]

® Tn the accompanying diagram of the PHALAXA YANTRA, 0 is the centre of
the cirole @ b o and lino 0 # passing through o is called ManmYAIYA' OF
middle sine. If the shadow of the pin touches the circumference in 8 whon the
instrument is held in the vertical cirole passing through the Sun, 8 5 will then
be the senith distance of the S8un, Krom this the time to or after midday can be
found in the following mavner, '
Let o == altitudo of the Sun,
d == declination,
A = asoonsional difference,
1 == north latituds of the placs,
p = dogrees in time to or after midday.
Theu, we have the equation which is common in the astronomical works,
Rlsina FR.esinl.sind

oos p = H
' cosl.cosd
Rising tan/.tand
0 ams—" w— ————i
cos }.cosd R .

here, when the Iatitude 18 north, the second term becomes minus or plus as the
declination is north or south respectively. *
tan ¢, tun d
But —_;!_ == sin A or sine of ascensional difforence,

R'.sina
S co8p S e Fin, A,
cosl.cosd
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7. Sot off the time from midday on the 'instrnmont

' To find the place of the counting from the LAMBA-REXH ; from
shodow of axis from time.  ¢hy end of tho sino of thyis time, sct
off tho sino of ascensional differenco in & line parallel to the

Towyeon1: B = 16+ bi.o. sxsmaxamy (S Chupler VIL. v.45)

OF e = e,
cos 12 '
B R.sina .
o 008 P TS e, FsinA
12 cos d
sina 13 R*
=Y. JFsin A, when y = — , ——, which is called
12 cosd *
¥asuTI and can be found as follows.
[ R! R 12R

y=— = — —

12 cosd 12 12 cosd

& 12 versed d
=—, (124 —
12 12 cosd /.

y When ltlm BRI of the Sun’s longitude is 15, 30, 45, 60, 75, 90, tho valuo of

2 versed & .

—_— P, is 4, 15, 82, GO, 63, G8 sixtibths rospectively. The difforences of
cos .

these vnluos are 4, 11, 17, 18, 13, B which aro written in the text. Multiply®

these differences by 4 or the AReIAKARYA, divide the products by 12 and the

quoticnts thus found are called the xraNDas for the given place. By assuming

the Brrusa of the Sun’s longitudo as an argument, find tho result through the

KIANDAS and take 7 for this result.

r 1] r
Then — = — (44—
60 12 6 /,

.‘“ R ( r
and hence, = — I|+——)
T 6 /.

But in this instrument R = 30

10 r ’
S Y TS — (k + —)wbieh exactly coincido with the rule given in the
4 60

text for determining the yasnTrL -
The value of the ¥asHTt will certainly be more than 30, because the valuo of
the AKSHAKARYA or A is more than 12,
Now, (sec the diagram) suppose m is the end of the YASHTT in the PATTIKA or
o m which touches tho circle in 8, then, in the triauglc o 1 »
1om-=osinMmon : maj
or B: y=singa i mag

yXising

and hence, cos p = m » 4 sin A,
' Q
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LAIBA-BEIH‘IK, but below and above according as it was to be
sot off above or below in finding the time'from the shadow, ,
(this operation being the reverse of the former). The sifte
met by the sine of ascensional difference, thus sct off, is the
now sino across which the PATTIKK or index is mow to bo
placed till tho yAsnpI-cHINHA or point of yasngr falls .on it.
This position will assurcdly cxhibit the placo of tho shadow
of tho axis.

28, 29 and 30. Having drawn a circle (as the horizon) with
a radius equal to radius of a great
circle, mark cast and west points (and
the line joining these points iy called the PRACTYAPARS Or cast
and west line) and mark off (from them) the amplitude at the
cast and wost. Draw a circle from tho same centro with a
radius equal to cosine of declination i. o. with a radiug of
diurnal circle, ahd mark this circlo with 60 enatis. Now tako
tho YAsiI, oqual to the radius (of the great circle) and hold it
with its point to tho Sun, so that no shadow be reflected from
it 3 the other point should rest in the centro. Now measure
the distanco from the end of tho amplitude to the point of the
vasHTT when thus held opposite to the Sun. This distance
applied a8 a chord within the interior circlo will ent off, if it ho
before midday, an arc of tho number of amatikés from sun-
rise, and if after midday an arc of the time to sun-set.*

The YasnTI or Staff,

that is, the sine of the asconsional difforgnee is subtracted from or added to m u
tho distance between the end of tho Yasn7s and the middlo sine, as the Sunehe
in the north or thoe south to the equinoctial,

Aguin, by taking m r equal to sin A we have,

coap=maFsinA=mnEmr,
=nrortt,
=cos ¢ i,
& p==ci—B.D)]

"[;h isplain from this, that the distance from the point of tho staff to the
end of the amplitude is the chord of the aro of the diurnal circle passing through
the Sun, intercepted between the horizon and the Sun. For this reason, the .
81 subtended by the distance in question in this interior circle described with
s radius of the diurual circle which is'equal to the cosine of the declination,
will denote the time after sun-rise or to sun-sot.—B. D.]
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3

31. The pcrpm‘:dicular let fall from the point of tho vasumi

To find the PaTABEA with - 18 tho 8'ANKU or sino of altitude: tho
o vasuyr, place betweon the 8°Anku and centro is
equivalent to DRIGYX or sine of zenith distance. The sino of
amplitiddo is the lind between tho poiut of hbrizon at which
the Sun rises or scts, on which the point of the vasuyi will
rest at snn-riso and sumset, and the cast and wost Jine tho
PRACHYAPARK, .

32 and 33. The distanco between the s'anku and the
CDAYASTA-8GTRA, multiplicd by 12 and divided by tho &/anku,
will be the rarABu&.

Take two altitudes of tho Sun with the vasufi: obsorve
the 8'ANKus of tho two times and the Buvias,

Add the two suvias, if ono be north and the other south,
or subtyact if they be botlr of the same denomination : multi-
ply tho above quantity (whether sum or differenee) by 12 and
divido by the dilference of the twp s/Ankus, tho result will ho
tho rarasui* The differenco between the cast and west line,
and the root of w'ANKU is called Brfua,

. ® [Lot O be tho cust or west point of the horizon O a, Z the zenith, a ¢ S the

-

3 0
diurnal circle on which 8 and & are the Sun's two places at different times mrl
8 m and & » the ¥ANKUS or the sinos of sltitudes of the Sun, then O m, 0% will ho
the BHUJAs, » m or & p the difference between the Buvsas aud 8 p the difference
between tho s’ANKUS.

» Q .2
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LS
If the waNku be observed threo different times by the

To find 2aanua’, declin-  VABRTI, then tho time, declination &.
ation, time, t;’;ﬂg“"("‘:'l‘,’;: may be fomnd (by simply observing
of throe 8°ANKUS. , the Sun).

34, First of Bll find threo s’ankus: draw a line frdm tho
top of the first to tho top of thelast ; from-the top f the second
#'ANKU, (lraw a line to the eastorn pointand a line to the western
point of the horizon, so0 as to touch the first line drawn.

85, Aline drawn 80 us to connect these two points in tho
horizontal circumforenco will be the upAvasta strra. The
distance betweon ib and tho centre will give the sine of ampli-
tudo. The line drawn through the centro parallel to the tuy-
AstA-GTRA ot tho distanco of tho sine of amplitude is the cast
and west line.*

#6. Find the ratannf as beforo (and also the Axsia-
xaRys). Now ‘the sine of amplitude multiplied by 12 and
divided by AxsHA-kARNA will be the sino of declination. This

. again multiplied by the radius and divided by tho sine of 21
or tho sino of the Sun’s grentest declination, will givo the sino
of the snusaA of the Sun’s longitude.

37 and 38. Which converted into degrees is Sun’s longi-
tude, if tho observation shall have been made in tho 1st
quarter of tho year. If in the sccond quarter, the longitndo
will bo found by subtracting the degrees found from G signs: if

Now as tho trianglos # 4 » and 8 4 m aro the latitudinal trisngles, the

* hiimgle 8 # p is also tho latitudinal
& 8pep=12 : raLanua’ o

12sp . .«
& Pazanua’ =

It is when 8, s two [ﬁnceu of tho Sun are both north or both south to the
prune vertical, but when one place is north aud other is south, the sum of the
BnvIas is taken.—B, D, .

® [As it is plain that the tops of the three 8axxUs are in the plane of the
diurnal cjrcle, the line thereforo drawn from the top of the first #’ANKT to that
of tho last, will also be jn the same planc and heuce the two lines touching this
line, drawn from the top of the middle 8’AXxvU one to eastern and the other to
westorn 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 ol’ the diurnal
;iimll). ]ml tha of the Lorizon, and consequently it is the UDAYA’STA 8iTRA.—

y D,

«
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v
in the 3rd quarter, 6 signs must bo added : if in the fourth
quarter of the year, then tho degrees found must be subtracted
from 12 signs for the longitude. ,

Tho quarters of the ycar will be known from the scasons,
tho peculisrities of*each of which I shall sabsequently de-
scriber b , .

It is declared (by some former astronomers) that the shadow
of the gnomon revolves on tho circle passing through the
ends of the three shadows made by the same gnomon (placed
in the centro of the horizon), but this is wrong, and conse-
quently the east and west aud north and south lines, tho
latitudes &c. found by the aid of the circlo just mentioned aro
also wrong.* )

39, Whother the place of the Sun be found from tho
shadow or from the sine of the amplitude, it will be found
corrected for procession. If tho amount of® precession ho
subtracted, the Sun’s truo place will bo found. If the true
placo of tho Sun bo subtracted, tho amount of precession will |
be ascertainod. .

40. But what does 2 man of genius want with instruments

L about which numerens works have

Tho praise of instrunent . '
enlled pafvaxzaa o gomus  treated ¥ Let him only tako o staft in
ustrument. , his hand, and look at any object along
it, casting his eyo from its end to the top, there is nothing
of which he will not then tell ity altitude, dimensions, &e.
if it be visible, whether in the heavens, on the ground or
in the water on tho earth. *

Now I proceed to explain it.

41. He who can know merely with tho staff in his hand,
the height and distance of a hamboo, of which he has observed
the root and top, knows the use of that instrument of instru-
ments—genius—(the pnfvantra) and tell me what is thére that

® The existence of such gross ervor in the principles of s caleulation as a%
here veferrad to as existing in the works of Bna’sxana’s predecessors would

seem to indicate that the science of astronony was not of more recent’cultiva-
tion than Mr. Bentloy and othors have maintained,—L. W,
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L}
he cannot find out. [Here tho ground is supposed to be
perfoctly lovel.] ‘

42. Dircet tho staff lengthways to tho morth polar star;
. let drop-lines fall from both ends of
o nd rarami, staff, whon thus directed to the star.
o right gngled triangle, when the differcnce between the lines
thus dropped is the xofr or perpendicular.

43. The xoyr multiplied by 12 and divided by the muuia
gives tho pALABHA*

Having in the ssme way observed the root of the bamboo ;
[and in so doing found the siwaa and xomi], multiply the srvsa
by tho height of the man’s eye.

41 and 45. And divide the product by the xori, the result

Tofind the distance and 18 you know the distanco to the root
Leight of » bamboo. of the bamboo:
Having thus obsorved the top of the bamboo (with the

.staff, and ascertained the sHuia and kerr), multiply tho dis-

tanco to tho root of the batnboo by tho xoti, and divide the
product by the suusa, tho result is tho height of the bamboo
abovo tho obscrver’s eye: this height added with the eyc’s
hoight will give the height of the whole bamboo.t

For instance, snppose tho staff 145 digits long, the height
of obsorver’s eyo 68 digits ; thut in

Example. .
e making tho lowor obsorvation the

* A = 1144 digits = 6 cubits, and kopr = 17 digits ; that in
* making the observation of the top of the bamboo, tho puvsae=

*i o If this BjrUJa : gives the KoTT
+ 12 digits of gnowon : gives the PALABHA"

.

. Now tho spaco between the two drops is the Brusa or buse of

+ Tho observer firat diveots b Lis staff to d, the root of the tree: Tho stafl

[
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116 digites snd xoft = 87 digits. Then toll me the height of

bamboo and tho distanco of it. As, .
* 08 x 144
T = 576 digits or 24 cubits distanco fo bamboo ;
576 x 87 |
and -IT = 433 height of treo above observer’s cyo,
6

68 add tho oyc’s height,

500 height of treo.

Iet a man, standing up, fivst of all observe the top of an
object : then (with a staff, whether it be cqual to the formor
or not in length), let him observe again the top of the samo
object whilst sitting.

46. Then divide the two kor1s by their respective nitas:
tuko the difference of thest quotients, and by it divide tho
difference of tho heights*of observer’s eyo—this will give the
distaneo to tho bamboo : frown this distance the height of the
hamboo may be found as before.®

™

L1

d
A ¢

e .
is furnished st cither end with drop lines a &, b & : b k—a & = b ¢ %= sin.of
£ bae. lhenny

ﬁ:‘f&.“ﬁ “hd f ject aad finds hich fblm
then observes ths top of sad fin A is easy, as
been found. —L. W. P Ub'l 9/, whic y,
® Buisxaga fou: ds this rule on the following algebraic process,
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47. Th:aro is & high famous bamboo, *the lower part of
. which being concealed by houses &c, «
was invisible: the ground, however,
was pcrfect]y level : If you, my friend, remaining on this samo
spot by obsurvmg the top (first standing amd then sittifg), will
tell me the distance and its height, I ackndwledge you shall .
have the titlo of being the most skilful of observers and
oxpert in the use of the best of instruments pHfYANTEA.

The observer, first standing, observes the top of the bamboo
and finds the BuuJA, withthe first staff,
to be 4 cnbits or 96 digits: he then sits
down and finds with another staff tho smusa to be 90 digits.
In both cases tho xoT1 was one digit. Tell me, O you expert
in observation, the distance of observer from the bamboo and
tho bamboo’s height.

48. So also'tho altitude may bo .observed in the surface
of smoouth water : but in this cuse the
helght of obscrver’s eye is to be sub-
" tractod to find tho truo height of tho ohject:—Or the staff
may be altogether dispensed with: In which last caso two
heights of the observer’s eye (viz. when he stands and sits) will
be two Koyis: and the two distances from the observer to the

Question.

Example.

Observation in water.

Lot 2 = base, distance to bamboo. Then say

E] z
if96:1::2:—:then — 4 73 = height of bamboo.
96 96

z z
Byuoondobnﬂntionoo:1::::-;,thm;+24=height of Gm-
boo.

Thea 78 z ] ] z " 6z
$ =2 e =48 or — =48
96 90 96 8640
2~ x = 60,120 digits .
== 2880 cubits,
.2 .t ¢

Thot is e o= e == 73 = 24
90 96

oz

73—
tlul is difference of oburm 's height—difference of two XoT18
wo—vy  divided by their respective Buvsa’s.~L. W,

t

.
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places in the water where the top of the objoct i.s reflected,
« the BHUJAS. ) ’
*49. Having scon only the top of a bamboo reflected in
water, whether tho bmnhoo be near or
. *  ata distance, visible or mvmblo, if you,
remaining on this same spot, will toll mo tho distanco and
height of bamboo, I will hold you, though appearing on Earth
as a plain mortal, to have attributes of superhuman knpwledge.
An obscrver standing up first obscrves (with his statf) tho
reflected top of a bamboo in water.
The xort =4 digits and snwA =4
digits. Then sitting down he makes a second observation and
finds the nnuia == 11 digits and xopt = 8 digits. His eye’s
height standing = 3 cubits or 72 digits, and sitting = 1 cubit
or 24 digits.  Tell mo height of bamboo and its distance.*

Questign.

Example.

® Letd f=f e = height of bamboo = %

then & a or y = height o dsmau's height tog
Let 3 ¢ = breadth of water = ¢

then by first observation

¢ K,
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.

A man standing up sces the shadow of & bamboo in tho
water—the point of the water at which

, the shadow appears is 96 digits off’:
then sitting down on tho same spof ho again observes the
shadow and finds the distance in the watereat which it #ppears
to be 33 digits : tell mo the height of the 'bamboo and his
distance from the bamboo.* .

Enmpl;.

4y
4:3::2:yr3r=4yorr=—m
]

by 2nd obscrvation11:8: : z: y — 48 digits

11y —528
or8r=1ly—§2Borr = —— e
8
4y 11y —528
thusy = —and e = —
8
4y 1Ngyg—p8 33y — 1584

S e—— 0Ty =
3 13
or 32y =133 y — 1684, or y = 1584
*.' 1684 — 72 = 1512 digits = 63 cubits = height of baumboo,
2ud part, To fiud width of wateror z

A= m—= ——s—— = 213 digits = 88 cubits.—L. W.
3

® Let ¢ e =96 digits
ced=33
se="73
bo=24
let  x=distance from observer to
bamboo.
Nowoe:ac=jh:ja
2z 382
or96: =2z : g=—=—
96 4

3z
Thm-;—-—ﬁ:heightol‘bmboo
Agsined:be::jA:5b

z
or38:24::2 19— 48 =
) 38,
8z
T

8z '
then .IT ~ 1= height of bamboo
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50 and 51. Mn.ko a wheel of light wood and in ita circum-

A welf revolving mm_u ferenco put hollow spdkes all having
meut or BWATANVAHA Yax- bores of the same dinmater, and let
Teb them be placed at equal distances
from chch other #nd let them also be all placed at an anglo
somewhat verging from the perpendicular : then half fill these
hollow spokes with mereury : the wheel thus filled will, when
placed on an axis supported by two posts, revolve of itsclf.

Or scoop out a canal in the tire of tho wheel and then
plastering leaves of the TALA tree over this cannl with wax,
ill one half of this canal with water and other half with mer-
cury, till the water begins to como out, and then cork up the
orifico left open for filling the wheel. Tho wheel will then
revolve of itself, drawn round by the water.

Make up a tubo of copper or other metal, and bend it into
*the form of an ANKUNA or clephant

Description of & syplion. .
cicription o7 syphon hook, fill it with water and stop up

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 full outside.

53. Naw attach to the rim of the before deseribed selfe
revolving wheel a number of water-pots, and place the wheol
and these pots like the watcr-wheel so that the water from

the lower end of the tube flowing into thom on one side shall’

s¢* the wheel in motion, impellcd by tho additional weight of
the pots thus filled. The water discharged from the pots as
they reach the bottom of the rovolving wheel, should be drawn

82 3z 8z 8z =
-———1=-———30r2=—-——=—
11 4 4 11 4°
cor=44 K288
3r 3Xs88
leng:—:—T_ax” == 66, licight of bamboo.
4
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]
off into the rosarvou' beforo alluded to by means of a water-
course o pipo.

56. The celf-revolving machine (mentioned by Lavta &)
which has a tube with its lower end apen is a vulgar machine
on account of its' being dependant, because thate which® mani-
fosts an ingenions and not  rustic contrivance is said to be a
machine. :

57.  And morcover many sclf-revolving machines are to bo
met with, but their motion is procured by a trick. They are
not connccted with the subject under discussion. I have been
induced to mention the construction of theso, merely beeanse
they havo been mentioned by former astronomers.

End of Chapter XI. called Yanrr{ouy4iva.

.
——

. CHAPTER XIL
Deseription of the seasons.

(This is the season in which) the kokias (Indian black
birds) amidst young climbing plants,
thickly covered with gently swrying
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 jubilce of spring cuarrra, 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 pnde she feels in her own full blown beautiful flowers) '
derides (with disdain her poor) unadorned (sister) M{ramy
(Jasminum grandiflornm) which appears all black soiled and
without; leaf or flower (at this season), and appears to beckon
hor forlorn sister to leave the grove and garden with her

Spring.
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tender budding arms, agitated by the sweet brcezc;s from tho
+ fragrant groves of the bill of Matava. '

*3. In the summer (which follows), the lovers ,of pleasuro

#he enfsmua ormidsum.  8]d their sweethenrts quitting their
merseascl. e gtone built houses, betake themselves

* to the.solitude of tell wotted cottages of the kus'akks's grass,
salute each other with showers of rose-water and amuso them-
selves.

4. Now fatigued by their dalliance with the ﬁur, they
procced to the grove, where Kama-peva has crected the
(flowering) mango as his standard, to rest (thomsclves) from
tho glarc of the fierce heat, and to disport themselves in tho
(well shaded) waters of its sowrrs (or large wells with steps).

5. (The rainy scason has arrived, when the deserted fair

one thus calls’npon her absent lover :)
Why, my crucl dear cne, why do you
not shed the light of your beamipg oyo upon your love-sick
admirer? The fragranco of the blooming wiiar and tho
turbid state of every passing torrent procluims tlw scason of
the rains and of all-powerful love to have amivéd. W hy,
therefore, do you not huve compassion on my miscrable lot P%

(Alas, cries the deserted wife, alas!) tho peacocks
(delighted by the thundoring clouds) scream aloud, and the
breezo laden with the honied fragrance of the xavamua comes
softly, still my sweet one comes not. Has he lost all delight
for the sweot scented grove, has he lost his eurs, has he no
pit;—has he no heart ?

7. Such are the plaintive accusations of tho wife in the
season of the rains, when the jet black clouds overspread tho
sky :—angered by the prolonged absence of him who reigns
over her heart, sho charges him, but still smilingly and
sweetly, with being cruelly heedless of her devoted love. -

Ryiny seasou.

® This is one of those verses in which a double or triple meaning is ntlcmphd
torl:.e wpporlod to cffect this, several letters Lowever are to be read differeutly.
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8. 'l'ho. mountain burning with remorse at tho gailt of

Tho siraTx v’z 'or scason  having received the forbidden em. o
of early autumn. braces of his own pusiravat( danghtck,
forest appears in early antumn through its bubbling springs
and streams ﬁfmrkling at night with the vays of the Moon, to
Lo shedding u flood of mournful tears of penitence. -

9. In the HEMANTA scason, cultivators sccing the earth
smiling with the wide spread harvest,
and the grassy fields all bedecked with |
the pearl-liko dew, and teoming with joyous herds of plump
kine, rejoico (at tho guateful sight).

10. When the sis'ira season sets in what unspeakablo

§'18'rma or closo of win- beanty and what sweet and endless

" varicty of red and purple does not
the ‘ kacuN{w’ grove uncensingly present, when its leaf is in
full bloom, and‘its bright glorics are all expanded.

11, The rays of tho Sun fall midday on the carth, henco

in this 873'1RA season, they avail not utterly to driveawsy tho
“eold: ~

IIEMANTA Or carly winter,

* * * *

12. Here, under the pretenco of writing a descriptive
acconnt of the six scasons, I have
taken the opportunity of indwlging
my voin for poctry, ondeavouring to write something calculated
to please the fancy of men of literary tasto.

13.  Where is the man, whose heart is not captivated by
. tho ever sweet notes of accomplished poets, whilst they dis-
course on overy subject with refinement and tasto? or whose
heart is not enchanted by tho blooming budding beautics of
tho hundsome willing fair one, whilst she prattles sweetly on
overy passing topic :—or whose substance will she not sceure
by hor ¥eceptive discourso ? '

14.  What man has not lost his heart by listening to the
;ure, correct, nightingale-liko dotes of the genuine poets ? or
who, whilst ho listens to the soft notes of the watcr-swans on .

Bweels of poetry.
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the shores of lm'ge.n.nd 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 (anges, in applying the mnd and the
sparkling saudg of its banks, and thus experiénee more than
heaven’s joys: so’true puets lost in the flow of & fine poctic
frenzy, sport themselves in well rounded periods aboupding in
displays of a playful taste. .

End of Chapter XII,

CIIAPTER XTI

Containing 'nm:ful questions called PrAS'NADIVAYA,
.
L ]

1. Inasmuch as a mathematician generally fails to acquirge

Object of tho Chapter and - distinction in an agsemblage of lewrned
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 idlo conceit, that he hus
attained tho pinmacle of perfection, is often utterly discon.
certed and appalled, and finds his smiling checks deserted of
ther 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 affccted square, i. c.
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 ensy I shall have to repeat a
few.
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L
3. Al arithmetic is nothing but the rilo of proportion ;,
p,.m of ingenious per- nd Algobra is but'another name for
ingenuity of invention. To the clevér
and ingenious then what is not known ! I, however, wnte for
men and youtlm of slow comprchension. *

4. With the exception of tho involution "and ‘evolution of
the squaro and cubo roots, all branches of calculation may bo
wholly resolved into the rule of proportion, It indeed assumes
many shapes, but it iy universally provalent. All this arith- »
metical calculation denominated P47f Gantra, which has been
composed in many ways by tho wisest of former mathoma-
ticians, is only for the enlightenment of simple men like
myself.

5. Algebra does not consist in tho letters (assumed to
represent the unknown quantities) : neither aro the difforent
processes any part of its essential propcrtms But Algebra is
wholly and simply a talent and facility of invention, beeauso

+ the faculties of inventive genius arc infinite.

6. Why, O astronomer, in finding tho AmArcaya, do you
add savka months to tho lunar months
cuatrra &e. (which may have elapsed

from tho commencement of the current year): and tell mo

nlso why tho (fractional) remainders of Apnryasas and Avanas

are rejected : for you know that to give a true result in using
, the rule of proportion, the romainders should bo tuken into
. account,

Question 1st.

L]
7. If you have a porfect acquaintanco with the wis’ka or
allegation calculations, then answer
this question. Let the place of the
Moon bo multiplied by ouc, that of the Sun by 12 and that of*
Mars b G, let tho sum of theso three products be subtracted
from threo times the Jupiter’s place, then I ask what are the
rovolutions of the planct whose place when added to or
* subtracted from the remainder will give the place of Saturn ?

Question 2nd.
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]

, 8and9. In order to work this proposition in the first
place proceed with the'whole numbers
of revolutions of the several plancts
in the xaLPA, adding, subtracting and multiplyjng them in tho
manner*mentiqned it the question : then subtract the result
from the revolutions of the planet given: or subtract the
revolutions of the given planct 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 xavea,
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 tho remainder exceed the number of terrestrial
days in the xaLA, then reduce it into the remainder by dividing
it by the number of days in the xaLPA*

BULs.

.

. Bm’unn’om’nv; himself has given the following cxample in his com.
mentary vA’sANA-BHA'SHYA
Suppose Moon to have 4 revolutions in a xaLrA of GO days
Bun, ceeeene 3uean
Mars, vo0vee B
Juplter, e T
Bnturn,.. D iiieiiiitcittesencecsnnanns
Then4X 143X 12 4 EXG—70nm17 X a—zx
As 70 cannot bo subtracted from 21 add 60 to it =81,

Subtract 70,
1 " S——
remainder 11:
let p = revolutions of the unlmfvm ghnest. then by the question 11 —p =9
11 —9=2=p,

but'll 4+ p=0orp=0—11=604 9— 11 =058:
It thus appears that the unknown planet has 2 or G8 revolutions in the
KAL™\,
Now let us see if this holds true on tho 23rd day of this xazra:
revolutions ngnl ¢
for Moon, if60 : 4 :: : . 129thisx 1=6.. 12¢,
Sun, 60:8 :: 23: 1 .. 24 thisx12=9.. 18,
80 :85 :: 23:11L .. O thisy 6==6. 0

signs 10 .. 0 subtpacted
Satarn, 60:9 : - 12 € e .

: 23: 6
Jupiter, 60:7 :: 23: 8 ., 6 thisX 8= 0., 18 from
:: 23: O .. 6 tbissub, from 2 .. 18 remsinder

‘ 9.. 6

corresponding with Sutarn, § .. 13
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[]

10. The algebraical losrned, who knuwi?ng tho sum of the
) additive months, ' subtractive days

olapsed and their remainders, shill
tell the number, of days elapsed from the commoncement of
tho karra, desefves to triumph over the student, who i§ puffed
up with a conceit of his knowledge of .thé exact pulverizer
colled saM'stasmyA united, as the lion ériumphs over the poor
trombling deer he tears to piecos in play.

11, For the solution of this question, you must mulliply,
tho 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 kaLPA 1. e. by 1602998999999, the remainder
will be tho number of lunar days elspsed from tho beginning
of the xaura.  From theso lunar days the terrestrial duys may
be readily found.* ’

Quelﬁ(;n 8rd.

Ruiz.

) °
orif, 60:88 :: 23:2:24 Then2 . 24added
. to2 .18

still gives Saturn’s place G .. 12

When p =9 — 11, then as 11 cannot be subtracted from 9 the sum of 60
is added to the 9. The roason for ndding 60 is that this number is always bo
denominator of the fractional remainder in finding the place of the pluncts;
for the proposition.

Tt days of KL : rovolutions :: givon days give : here the days o° KALPA
are assuwnod to by 60 hence 60 is added.—L. W.

* [When the additive months and subtractive days and thoir remainders are
given to find the alraBoayA,
Let 7 == 1602999000000 the number of lunar days in a XaLeA. .
o == 159300000 the number of additivo months in a arLeA.
d = 25082550000 the numbor of subtractive days in a xazea. ™
A = additive months elapaed.
A’ = their remainder,
B == subtractive days clapsed.
B’ == their remainder,
a== the given sum of the clapsod additive months, subtractive days and
their remainders. .
and x = lunar days elapsed ;

3
then eny Asl:u:::A+-'_;
L]

B

‘ All:d::l:B-l--‘—;
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L

. 12. Given tho fum of the elapsed additive months, sub-
. tractive days and their romainders,

cqual (according to BRAMMAGUPTA’S
gystem) to 648426000171 ; to find tho ATARGANA. o who
shall atswer my questmn shall bo dubbed & “ BrARMA-sID-
pikNTa-vIT” 1. €, 8hall bo held to havo a thorough knowledge
of tho BRAHMA-SIDDHANTA.*

Eumplo.

A4+ B A4+ B
o Asliedd::z:A4B4 + ory 4 +

s Dr=ly4+ A+ B, or(-+d)z—l_y._:‘+ B,

4B
.~ by addition, ' (e+d)¢—(l—l)y_A+ll+A'+11‘
hy substitution, 2(‘675850000 z — 1602998999999 y =a:
now let, 5850000 =’ — 1602998999999 ¥’ = 1,
then wo uhnll lwve by the process of indeterminato problems
= 863374491084,
Agmn,lctm_r+dandu—l— 1,
then - mer—sy=a;(1)
and m—ny=1;
amzd —ady =a,
and mut—mni=0:

o mae—nt)—n(ay —mt)=a:
‘ w‘:}hh is similar 5,' s )
o =a
= 86337401684 8 — (! — 1) L.
Hence the rule in the text.—B., D.]
® Solution. Tho given sum == 648426000171 and & he lunar days in a KALPA
= 160209900000 :
$48426000171 K 863374491684
R = 8490241032336
1602008909999 and 10300
. 10300 theso aro lunar days elapsed.

Yo reduce them to their cquivalent in terrestrial days says
161 subtractive *

Ifionar daysin ] , Number of I\lb-} . Lunar days »- days and remsin-
8 KALPA - } tractive days bove found P der amounting
267426000000.

. From 10300 Lunar days
lllbtrm 161 BSubtractive days

mnnindef 10189 Terrestrial days or AHARGANA.
Now to find additive months elnpud .
1flunar days] , additive months | lunardays] . 10 sdditive manths and
in & XaLPA of KALPA 10300 * remn, 381 3
10 additive months = 300 lunar
5 10800 — 300 = 100,00 8AUSA y-
Hence 27 gm 9 months and 10 days :-l-pwd from the commencement ot‘
xaLPA—L.
L]
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18 and 14, Given the sum of the remaifiders of the revo.

Qarstion 4th’. and seconds of the Moon, Sun, Ma#,
Jupiter, the s'fomsocacuas of Mercury and Venus and of
Saturn accordinyg to the prfveIDDRIDA, including the remainder
of subtractive days in finding the AHARGANA,'sbraded (reduced
into remainder by division) by the number of terrestrial days
(in » Yooa). He who, wellskilled in the management of
SPHUTA KUTTAKA (exact pulverizer), shall tell me tho places of

the planets and the AEARcAyA from the abraded sum just.

‘mentioned, shall be held to be like the lion which longs to
make itg seat on the heads of thoso elephant astronomers, who
are filled with pride by their own superior skill in breaking
down and unravolling the thick mazes and wildernesses which
occur in mathematical calculations.

15, If the gven sum abraded by the number of terrestrial
days in & Yuea, on being divided by 4,
, leaves o remainder, then the question

is not to bo solved, It is then called & kuiA or an “impos-

sible” question. If, on dividing by 4, no remainder remain,
then multiply the quotient by 293627203, and divide the
product by 394479375. 'The number remsaining will, give the

AuARaANA. If the day. of the week does not corrgspond with

that of the question, then add this ‘AmArcayA to the divisor
. (394479375) until the desired day of the week be found.*

Ruiz,

 [According to the DR{YRIDDEIDA TANTEA of TALLA the terrestrial days in

‘4, YUGA == 1877017500 and the sum of all the 3G remainders for one dey =

118407188600968 1 this abraded by the terrestrial days in a YUGA = 268400968,
Lot = anaRGaYA then soy

3 t1 @ : 260400068 X z
This abraded by 1577817500 the terrestrial dsys in & ¥YvGa will be equal to
1491297500 the given abraded sum of the 36 remainders, now
Jet y = the quotient got in abrading 269400968 = by 1577917600, then
. 259400088 7 — 1677017500 y = 1481227500,
1t is evident from this that as the coefficidhts of = and yare divisible by 4, the
given remainder 1401227500 also must be divisible by 4, otherwise the question
qiléh im mlb:o l;nt;:‘e:indtho t‘c‘:lt. bove queetion by &, .
ance, dividing the sides of the ¢ nesti
.MMM!I!—MMB =3 Bt aeeeeesese (A)
and lob 64850243 2’ — 894479375 5 =1, cenevosnnssenncrns (B)

' lutions, of the signs, degrees, minutes ,
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, 18 Tell me, my friend, what is the AH.ABGAI!A' when on a
. Thursday, Monday or Tuesday, the
JExsmple 85 remainders of the  revolutions,
signs, degrees, minutes and seconds of the places of the
planets} (the Sun, the Moon, Mars, Juplter-and Saturn and
tho 8'faurocrcHAB of Mercury and Venus) together with tho
remainder of the subtrative days according to tho pmfvei-
DILIDA, give, when abraded by the number of t.orrestml days
in & YUGA, & remainder of 1401227500.%
17. The place of the Moon is of |uch an amount,
Question 5th. that

.T..he.';i'.‘.‘.'m - 4 10 = tho seconds

the minutes — seconds 4+ 3 = degrees

the degrees .
—_— = signs.
2 .
o o == 208627203 by the processes of indeterminate problems,
Now let ¢ = 64860242, b = 3941793752 and 0 = 872806576 ;
. we have the equations (4) and (B) in the forms
u z —by=e; 3
and —by=
a =cz'—b t ( (se0 the pmedmg note)
= 208627203 ¢ — 804379375 ¢ :
as stated in the text.—B. D.]

* Soluti The given sum of the 36 remainders in s YUGA = 1491227600
l,ﬂ.lm nntvunnnm’;'urn
1401

) - 4 == 872806876 :
372808875 x 203627203
and o ———— == 277495471 and remainder 10000 i. e.
804479376
AHABGAYA.

0000 .
sy —=1488 — 4 remainder, i. e. 10000== AHARGAYA on & Tucsday, for
[ .
the YUGA commenced on Friday.
This would be the AARGA¥A on 8 'l‘uendn
To find the AHARGANA 0n Monday, it would bo necessary to add the reduced
mltrul days in o YUGA to this 10000, till the remainder when divided by
10000 4 394470375 X 3 788068750

7

. Twas

= 1120096821 — 3 m.nlindcr:

Mond
1(.)’000 +4 804479375 X 3 1183448125 R
and = 7 == 160064017 — 6 remaiuder or =

Tkuﬂdly.-.-.lh W-



238 Translation of thn [XIIL. 18,

And tho' signs, dogrees, minutes and %soconds togethor
equal to 130, ©n tho supposition that the sum of theso four
quantities is of this amount on & Monday then tell me, if you
are expert i in rules of Arithmetio and Algebra, when it will be
of tho samo amotent on a Friday*x ', .

18, - Reduco tho signs, degroes and ‘minutes, to segonds,
adding tho secpnds, then reducing the
terrestrial days and the planct’s ro.’
volntxons in a RALPA to their lowest terins, multiply the seconds
of the planct (wuch as tho Moon) by the terrestrial days
(roduced) and divide by tho number of seconds in 12 signs:
then omitting tho romainder, tako tho quotient and add 1to it,
tho sum will bo the remainder of tho BitAGAyAs rovolutions.t

nmo

® Let £ = minutes
z4 20

then ——— = scconds
2

420

. &— 2 = 8 = degreos,
z+420
2 —— 3
2
—;——ngnl
o420
z— +3 .
+20

z 2
nndt+T-+n— +3+-—’-—-—-=180
«% & = 58 minutes.

58 4 22
e == 80 seCONdS.
2

68 — 89 4 8 = 22 degrees.
223
— =11 sigus.
]

Henco the Moon's placo =11, .. 220 .. 5§ .. 39",

+ The mean place of the Moon = 11s. .. 320 .. 58’ .. 89" = 1270719"
« The uumlm of secouds in 12 signs = 1206000.

'.l\mutrhl days in & xaLPA == 1677016430000] These divided by [ 956313
650000 becon

‘. X 0 DRI+
Revolutions of Moon = 37753300000 DHA or roduced. 36002,
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19, Tho remafiader bofore omitted subtractod from tho
divisor will give the remainder of seconds: if* that remainder.
df tho seconds is greater than the terrestrial dnys in a RALa,
then the question is an *impossible one” (incapable of
solution and tho planet’s place cannot bo foand at any sun-
risc) & but if less it may be solved. Then from the remainder
of the soconds the anagoaya may bo found (by the KurrAKA
pulverizer as given in the LiL&vAri and BfsA-GANTTA) (ir,

20, That number is the number of AnARuAYA by which the
reduced number of revolutions multiplicd, diminished by tho
remainder of tho revolutions and divided by the reduced
number of torrostrial days in the kaLea, will bear no remainder.
The reduced number of terrestrinl days in a xaLra should be
added to tho AARGANA such a number of times ns may mako
the day of the weck carrespond with tho day required by
the question. . . *

Now when the mean place of the Moon,was sought, the rulo was

As the Terrestrinl ] _ Revolutionsina ], Given days or .
duysinaxarra. [°  xauea, } mnoain. } : Revolutions.

If any remninder existed, it, when mulliplied by the namber of scconds in
12 sigus and divided by xaLFA, terrestrial days gave the Moon's mean place in
scconds, We now wish to find tho BiIAGANA-8'S8KA or tho remainder of rovo-
lutions, from the Moon’s given place in seconds : we must therefore reverse the

operation
Moon'eplace in seconds X ZaLPA terrestrial days
or = BHAGAYA-S'RSIA,
4 ' seconds in 12 signs

Tho terrestrinl days, howerer, to bo used, must to be reduced to the lowes)
torms to which it, in conjunction with the KALPA-bRAGANAS or revolutions in a
Xa1ra can bo reduced : the lowest terms ns above stated were of the torrestrial

days == 956313, of the Moon's KALPA-BHAGA¥AY = 33002, .
1270719 X 656318 1215205099047 .
= = 937658 quotient — remainder
1 1296000
331047,
037658 quoticnt
1 addiug one

gives 937659 for the BHAGANA-2'ESHA. .

Tho reason for adding one is, that we have got s remainder of 832047, which
wo never could have bad, if the orifin-l remainder had beon exactly $37658, it
must Luve been 1 more. This is thercfore added : but the remainder of seconds
may now be found—for it will be 12043000 — 331047 = 934953.

is remainder Y64953 being greater than the terrestrial days reduced to
lowest terme, viz. 956313, the question does not admit of being solved~L, W. »
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2L 1 tho Moon’s BiAGAYA-8'EsHA or tHe remeindor after,
finding the comtplote revolutions admits of ‘being divided by .
1650000, without leaving any remainder, the question may theh
be solved : the reduced BHAGANA-8'28HA on being multiplied by
886834 and divided by 951363, then the remainder will give tho
ananoayA, The divisor should be added tb this remainder .
till the day of tho week found corresponds with that of the,
question ¥

22. The mean place of the Moon will never be at any _
sun-rise, equal to 0 signs, 5 degrecs,
36 minutes and 19 seconds.
23, When will the square of the ADEIMAsA-5'ESHA remainder
of tho additive months, multiplied by
10 and the product increased by one,
be a square : or when will the square of the ApHiMAsA-8'EsHA
decreased by oneé and the remainder divided by 10 be a square?
The man who shall tell me, at what period of the xarLpa this

. /

L E: find the AmARGANA from the Moon's BHAGANA-8'ESHA.
’ R == BHAGANA-8'ESHA,
T = 1677916450000 terrestrial days in a KaxPa,
M = §7763300000 the Moon's revolutions in a XAZPA,
2 == AHABGANA,

Tmpoesible question.

Question 6th.

R R
Then,as T: M ::mmoluﬁlm-{-;ory+;:

o Me—=Ty=R:

In this equation 1s 3 snd T are divisiblo by 1650000, R must be divisible by
$ho same mumber, otherwise the question will be xmIza or “impossible,” as
mudl)i" ltih‘ mbttl sides of th by th ber 1650000, we lan

+ Dividing both sides of the equation by the number 1 we lnve
35002 » — 956313 y = R’ orll'.':q—!l" y=R":

Now let M's’ —T'y'=1 : or 35002 # — 956313 y' = 1 : henoo we havo
o == 886834
amdz=FR ) = T ¢ (see the note on the verse 11th)

== 886834 R' — 056313 ¢. Hence the rule in the text,

And, as the reduced BHAGANAS'ESHA ==937659 (seo the preceding note) hence
937659 X 836834 = 831547881606 :

This divked by 956318 will give as quotient 869855 (i. e. f) leaving a re-
mainder of 367161 which should be the ARARGANA, but as the BHAGA¥AS’ESHA
i. e, 987059 does not admit of being divided by 1650000 (the numbers by which
the terrestrial days were reduced) it ought to have been xmILs or insoluble
queetion: but Buisxarfcniuya here still stated this nwmber to be the true
AUARGANA—B. D]
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v

will take place—will be humbly salutod even by the wise, who
'genemlly speaking, gazo about in utter amazement and confu-
#ion at such questions, liko the bee that wanders in the bound-

less expanse of heaven without place of rost. .
24. » (In working ques'tions of KUTTAKA pul‘verizcr, tho ang-
Remark on tho pretodiog Ment must bo reduced by the same
question. , number by which the siuisva dividend
"and maRA divisor aro reduced to their lowest terms, and when
tho augment is not reducible by the same number as the
" sdrya und HARA, the question is always insoluble.) But here,
in working questions of kuprAka, thoso acquainted with the
subjoct should know that the givon augment is not to be
reduced, i. e. it belongs to the reduced suiiva and mans,
otherwise in some places the desired amswer will not he

obtained, or in others the question will be imnpossible ¥
L]

# [The questions in ‘tho 23rd verse are the questions of the VARG \-PRAKRITI or
the m’mﬂ square, i. e. questions of jndeterminate problems of the second degree,

1st question. Lot a = the apniifsa-saua :
then by question 10 x* 4 1=y"

In lll(‘!‘
NISHTHA, that of the augment ksusra and that of y J¥ssuTUA,

Now assumey =m  + 1,

then 10 2 4 1= (m = 4 1)¥,
=m'r'42matd,
2m
7= ———.
. 10 — w?

Herfee tho rule given by Bidsxar4ciaryA in his Algobra Ch. VI, verso VI,
for finding the KaNISRTHA whero the xsuerais 1,is “ Multiply any assumed
nuniber by 2 and divide by the difforence between the square of the number
and the PRAKKITI, tho quotient will bo the EANIBHTIIA whers Lle Rsukea 1s 1"

2m 2x3 o

10—m* 10—9

and o y= JW: ~/3'6-1=19:
. ADRIMATA-8'ESHA = 6.

From two sots, whether identical or otherwise, of KANIBHTHA, JYFRUTRA and
xsugea belonging to the samo PEAXRITI, all others can be derived such ua
followa.

Let a == PRARRITI, snd . .

z, :.;- ’ : :- }tho two scte of KANISH1HA, JYESHTHA and K8HEPS, then
)

wehue'-, s azd +b,=y};

ari$ b= "é :

b=y} —ar;,

bg=ys —azi:

Now assume m = 3, then 2=

o

-

L]
i guestions the coefficient of « is called PRARRITTI, the valuo of = Xa-
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2h. 'l‘ull‘ me, O you competent in the spheric, considering

. it frequently in your mind for uwhile,. .
what is the Iatitude of the city (A

which is situated ot a distance of 90° from vasaviNf, and bears

Question.

[ ° ]
and ., b, xXby=(y] —azl) (v —azl), *
=gty —asiyl —aziyitaszial; .
s eaiyltariyi+ b b, =ylyi o721 a):

\ adding +2 a2, x, y, ¥; to both sides \ .
aziyitian, vy, yotaaiyi b, 8, =yl t" a2, 209, 9, + o'zl rs
or a(r, gat28,) 46,0, =(y, 5,07 1)*%:
thus wo get n now set of KANIETHA, JYESITHA aud KSHUEPA :

i. 0. NOW RANIRHTIA =2, ¥, & 29 ¥, 5
NoW JYESHTHA = ¥, yo £ 62, 793
and new R8HEPA = b, b, : i
Henco the Rule called Bitavani given by BmAsxamAcmARYA in his Algebrs
Ch VI, verses III. & IV,
Now in the present question
2, =6,y, =19and b, =1,
sud aleo 2y =06y, =19andd,=1:
o New KANTSITHA = 6 X 721 - 228 X 19 = 4320 - 4332 = 8638 ;
new JYRSITHA == 721 X 19 4 10 % 6 X 228 = 1399 4 13680 =17379 ;
and new ksugeA =0 X 1=1.
Thus x = 8658 &c., according to the Bhivand sssumed.
"The sccond queation is Y . .
&$° - .

—_—,

1
or P=10y"41, .
Hore then wo have an equation similar to the former one, but z* is now be
in the place of y* and y* in the place of &%,
s cwillbo=19,
or =721 &o.
Now given ADRIIAsA-8ESHA as found by the first case ==6. The proportion
by which this remainder was got, was
if KALPA 8AURA duys : KALPA-ADHIMASAS : : & or elapsed man days o

KALPA SAUEA duys
+'» KALPA-ADILIMASAS X & == KALPA 8aURA days X ¢ + 6
KALPA-ADHIMABAS X & — 6
or = ——

KALPA SAURA days

From this we get & new question: “What are tho integor values of z and
y in this equation ?* which question is one of the questions of KTyTAXA and in
which the coellicient of the unknown quantity in the numerator is called BHAIYA
or dividend, the denominator waRa or divisor and the augment KBHEPA,

1t is clear that in this equation, if tho augment be not divisible by the same *®
numbr as tho dvidend and divisor, the values of z and y will not be integers,
snd hencor the Tlcaliou will be iusoluble. But here in order that no question
should bo inscluble, the author has stated that the dividend and divisor
should always be tuken, reduced to their lowest torms, otherwise the*question
will be insolubde. .

As in the present question, if the dividend xazPa-avEIMASAS and the divisor
KALPA 84URA days be taken not reduced to their lowest terms, i, e, not divided by
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,due east from that city (vsaavinf) ? What is the latitude of

+ the place (B) disthnt also 90° from the city (A) and bearing
due west from it? What also is the Iatitude of a place ()
also 90° from (B) and bearing N. E. from (I3): and of the
place {D) which is situated at o distance of #0° from €) and
bears 8. W. front (C) 7*

tho number 300000, the question will be an imposmble ane, becanse llw augment
6 is not divisible bv the suma number. For this reason the dividend and
, divisor must bo taken here reduced to their lowest teria,
1693300000
Heonco, dividend = reduced KALPA-ADIIMASAS = ————— = 5311 ; and
300000

1355200000000

631l —6
RS By substitution, y = —
5l81000
which gives » = 826716 the elapsed savra days
or 2276 years 6 months and 6 days.—1B. D.] -
* Let a = the azimuth degrees,
d 2= the distanee in degrees betvicen the two citics,
p == PALATUA’ at the given city,
k= AKNIA-KARNA,
and x = the latitudo of the other city®

sind X cosa  coad X p 12
=)

Then sin 7 = ~——— ——— + X —.
Rad 12 k
Now in tho st question, @ =90° & =90°, p = § digits, the PALABIA® nt

w.mm( m«ll_ﬂ: 5 =13:
:msxo 0)(5) 12

o osinzr= —_ —;
3138 13
=(040) X Jf=0:
o+ 2=0= lattude of (4) or of YaAM1KorL.

2). In tho second question, a = =90% d = 90°, p = 0 digits at YAMaRofL,*

do k=12
o 3138x0 OX 12
o sinz= —= X =3
3138 12 12
=(0%0)}§=0:

o oz=0 Iumudu ot city (B) or LANEA,

(3). In the 3rd question, 6 == 45°, d = 90°, p = 0 at raNki andl & —vlz'

. 34382481 OXO 12 .
ooosinz=f ——m——p — X —;
8438 12 12

= (2431 4 0) X 1= 2481 ¢
» g2
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96 and 27. Convert the distance of Yorfvas (between the
. two citics, one is given and the other )
) is that of which tho latitude is to b§
foqnd,) into degrees (of a large eircle)‘, and then multiply the
sine and cosine of these dogrees by the cosine of the a%imuth
of tho other city and rAtABEA at the given city, and divide the
products by radius and 12 respectively., Take then tho differ-
enco between these two quotients, if the other city be south
of cast of tho given city ; and if it be north of that, the sum of
the quotients is to ho taken. But the roverse of this takes )
place, if tho distance between the cities be moro than a quarter
of the carth’s circumferenco. 'The difference or sum of the
quotients multiplied by 12 and divided by Axsuaxarya will
givo the sine of the latitude songht.*

Ruwe. *

. a= 45“I.atitude of city (C).

e

2(4.). _Tn the dth question, a= 45%, =190, p=12 at C and . k=

1 J 2: ’
3438 X *¢* ~/‘§ 0X12 12
. s osinz= -—-—-.-_.n--—)x———-;
U8 12 ] 7124/ 2
3438 ‘\/_ 0 1 3138
= — g N R =—
( 2 Vit
o~ z==30° Latitude of D.—L. W.

* [Lot Z be tho Zenith of the
given vity bearing a north Intitude,
Z HN @ the Meridian, G A H ’ ¢
the Horizon, P the north pole, 8

the Zemth of the other city, the
Intitude of which is to be found »

aud Z 8 N the azimuth circle pass-
iug through 8, Then the arc Z 8
swhich ix equal to the distance in
ogrees between tho two cities) willg i
be the Zenith distanco of 8; the A s
aro H @, tho ave containing the
given azsimuth degrees, and 8 4
which is eqnal to the dcclination of
the point 8, tho latitude of the
other ity which can be found as
follows. ¢

Leta=H g the given asimuth
degrees, C

L]
d =7 8 the distauce in degrees between the two cities,
P =‘PALABIA,
k = AXSHA-KAEN¥A




. XITL. 28.] Siddhdnta-s'iromani. Coagp

, 28. Tell me qhickly, O Astronomer, what is the Iatitado
' of a place (A) which isdistant § of the
earth’s circumference from the city of
pife£ and bears 90° due enst from it ? What also is the latitnde
of & plado distant 608 from bR, but bearing 45° N. K. from
it? What also is the.latitnde of a place distant 60° from prARS
and bears S. K. from,it? What also are the Intitudes of
three places 120° from vpuird and bearing mspecti&ely due
,east, N. K., and 8. E. from it P*

Question.

and 2 ==84 the declination of the pomt 8 i. e. the latitude of tho other city.
hen say, As sine Zg: sine Ag:: sine Z §: the nuvan i, e, the sino of
distance from 8 to the Primo
Yertical.
or R:cosa ::sind: BOOJA
cos @ sin d
o DEUJA == e,

R
And by similar lnh'.udmll tri mnglel, 12:p::cos d: 8'ANKUTALS,
pXeosd

A l ARKVTAM = s
. 0
Now when the other city is north of east of the given city, it is evident that
the nuUIA will bo north and consequently .
the sino of amplitude = BRIUIA 4 §ANKU'rALA :
but when the other city is nuuth, the Brivsa also will be south aud then, the
sine of awplitude = BUVJIA - "ANRUTALA,
conaXsind poosd

12

or the sino of amplitude =

And by latitudinal triangles
4 12 : ¢ sine of amplitude : sine of declination i. o. sin z

cos @ K sin d pxco-d)

12
12 X sino of amplitude ( ):3 12
Sotinz= = ,

k

hence the rule in the text.

1t the distance in degrees between the two cities ba more than 90°, the point
8 will then lie below the Horizon, and consequently the dircction of the BnuIA
will be changed. Therefore the reverse of the sigus £ will take place in that

case,.—B D,
# Hero also sin r = -
R 12 k

(1) Tn tha ﬁne q\umon, @ =90° d = 60° p=0 digits the umllu of
DHARA and

2917)(01719){5 12
o nua—( )X—;
msxs 12
13 18 1 13

lmdxoolntcondxp 12
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L}
29, Tell me, my friund, quickly, without being angry wi,
Queio. ‘ me, if you h-nvo a tllon:ough knowledge
) of the spheric, what will be the parAi
of the city whero the Sun being in !;he middle of the arvg(
NAKSTIATEA (i. 0.+having the longitude 2 signs 13° 20) %ises in
the north-cast point.* C .

& =11°.16"..1” Latitude of city due east from DmaRA,

(2). In'the 2nd equation, 3 =456°% d =60%p =56 & .. k=13:

2077 X 2431 1719 %6 12
o sine = ——-— )x—;
318 12 13
19399109 1913

= — =200 —:
7449 749
¢ ==49° . 18'.. 21 Latitude of city bearing 45° N, E. from pirara.
(3). In tho 3rd question, a == 45°, d = 60°, p =5 and ¥ =13,
2077 X 2181 1719 x & 12
)5
13

stinzg=f ———n

. 3138 13
9349239 7070
= - =1281 —.

7449 749 '
~ #==21e . 54.. 34" Latitudo of city bearing the 8, E. from pmaza.

(4). To find lntitude of placo X200 from DHARA and due cast. Hore, sin
d==sin 120° = sin 61° = 2977, cos d = cos 1200 = — sin 300 = — 171
cosa=0,p=5und ¥13:

2977%0 1719 X 6 12
.'.uin.r:( + )x-—-;
3438 12 13

9
=662 ~—: . N

13
. @ or latitude == 11° . 16°.. 1%,
The latitudes of the placos 120° bearing N, E. & 8. E,, will be the aame ns
the latitudes of those places distant 60° and bearing 8. E & N, E. Henco  the
* Iatitudes are 21°  54'..34” aud 49° 18" 24".—L. W.
. ® darr. 8Bun’s amplitude = sino of 45° = 2431’,
the sine of longitude of middle uf ARDRA == sinv of 2 signs 13° 20" = silf 71i®
20 =3202..6" 40"
and the sine of the Bun’s greatest declination = sin 24% = 1347’
Then say: As Rad:sin 249 :: sin (73° 20’) : sine of declination, and as
siue of amplitude : sino of declipation : : Rad : cos of latitude,
.~ sine of awplitude : sin 240 ; ; sin (78° 20°) : cos of latitudo.
. vin 849 X sin (790..20) 1397/ x (3292 .6” .40")
.+ cos gf latitude = =

sine of amplitude 2431/
=181 50’ 48" = sine of 83° 23’ 37" :

whenco latitude will be 56° 36’ 23/ .~. sine of latitude = 2870 13",

‘Clien say : As cos of tatitude : mne of latitude: : G : equinoctial shadow

e« 1891..51" : 2870 38"]3(;: ,l.'.l 12 13

12 x 1 13’
tial shadow = ¢ ')= 18 — digits.—L. W. .

« 1891’ 81 30
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30. Tell me thé several latitudes in which the Slm romning

Question. . above 'tho ]l()l'iZO.ll for anc, twn,' three,
. four, fivo and six months before he
sets again¥

31, If you, O iptelligent, are acquaintediwith the resoln-
Question, - + . tion of affocted quadratic equations,

,then find the Sun’s longitude, observ-
ing that the sum of tho cosiue of declination, the sine of decli-
nation, and the sine of the Sun’s longitude: cqual to 5000 is

* (tho radius is assumed equal to 3138.)

32, Multiply tho sum of the cosino of declination, the sine
of declination, and the sine of Sun’s
longitude by §, and divide the product
by 15, the quotient found will be what has been denominated
the fvva. Next square the sum and double the square and
divide by 337, the quofient is to he substractdd from 910678,
Tako the gquare-root of the remainder. That root must then
bo snbtracted from the anva above found: the remainder will
be the declination, when the radius is equal to 3138, From®
the declination the Sui’s longitude may bo found.+

Ruix.

® Ansr. When the Sun has northern declination he remains above the
horizon for one month in 67° N, L.
two months m 6y°
three months  73%
s fowr months '75°
five monthe 8%’
six months  U0°
These are roughly wrought : for Bmaskari{cnirva's rule for finding these
Latitudes sce the TRIPRAS’NADIYAYAS of the GoLsDUYAYA aud alsy the GaxITA-
puvava—L. W.
4 [Let a = the given sum,
p = the sme of the Sun's exirema declination
2 = the sine of the Sun’s declination.
Then the cosine of declination will bo 4/R*—z* and the sine of the Sun's
Rz
longitude = —:
4

Rz
+ by question \/B'—"—‘"; 424 —=a:

4
or* p~/l¢'—-:l+(R+p)==a1;,
and fs/ﬂ‘—-r’=°p—'(5+p)n

o R'pr— (amgip? — g R R*42R ] 2,
. .‘.(B'P+2%;1-2ay z’—;:;(;{f)p;:é—ta’—i;}.;gt
.
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.

33, Given tho sum of the sinos of thio deflination and of the
‘ altitude of the Sun‘when in the prime
vertical ; the TADDHRITI, the KUIYL axfd

sine of ampiitudo cqual to 9500, at a placo whore the rarABRg
! ! .

Question,

" .
2ap(R+p) (e —R) p* .
— = -
T T TRyEptrp Wiskprap

Sap(R+p) . a'p* (B4 p)?

R'42Rp+2p '+ 3Rp42p0?
:;p’ tl’;ip)p' ® -(t'— '-)‘.P'ﬂ

= - H
(R"42R 2p)* R'42R 2
R P-"-+ 2 ﬂl.;l ,:2 RY PI _tl Pt P+ 2

(RE.",'." 2Bp+277)"

comploting tho square, 2! —

a? pb

TR42Rp43p (R 42RpH2pt
. ap(B+p) ""'./ B ol ph
==/
Pl

TRyeRpiap toRpt2s (RA2Rptap)t

R :
- ap(R+p) :l:J LR

. RH2Rp42 NV piRoiay (W4sRpiap)t
Now here R = 3438 and p = 139,
ap(R+p) ap(B+p) ax 1397 X 4835  6734Y5a

a® pl

R FERp+2p (R+2) 4 (189574 (1997) 20328834
4

— anearly = £p¥a;
15

a® pt 3808777688881 4 2 a? . .
— 5 = = —7- nearly ;
Ri4+2Rp 42 611549831799556 33
@+ R? pf ? 2306771398096

anl ——— o — = ————— == 010729, in place of this the Au-
R'4-2Rp+2p* 25328834
thor has taken the number 910678,

Yo == Aova & 4 /010678 — gy o*: .
but of these, the pomtivo value is excluded by the nature of the case, becauso
the sine of declination is always less thau 1397,

Henco the Rulo in tho text.

Solution, The given sum = 5000,

)
== 1833’ 20” snd gy a® = 148367 57/ 9.

». kDYac=

2, sine of declinstion = 1333’ 20 — /10678 — 118367’ 57/ 9"
‘ = 1833’ 20 — 873/ ¢/ 1¥¥
. == 460’ 13" 47%*: from which we have the longitude of
* he Sun == 0%,,19°..1% 36*or § 10°..45 247 or & 19 1. 36” or
11%,,10%.. 45/,, 24"~ 1, D.] . .
e
]
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n

Jor cquinoctial shadow is 5 digits, tell mo then, my clever
+ friend, if quick id working questions of Intitidinal trinngles
und capablo of abstracting your attention, what aro, tho sepurato
amounts of each quantity ?
34, *First pssume the sino of declinatior to bo equal to

lhn.;.

12 times the shadow PaLABES: and
+ then find the amounts of tho, remain.

ing quantities upon this supposition. Then these onsthe sup-

, hosition made, multiplied severally by the given sum and divided

by their sum on tho supposition made, will respectively wake

manifest tho actual amounts of those quantities the sum of
which is given*

35. If you have a knowledge of mathematical questions

Question,

involving the doctrino of the sphero,
tell me what will be the several nmounts

of sines of amplitude, declination and the xusvA (whero the
paLABIA i8 § digits) when their sym is 2000.+

® Solution. Hero ratARuL =5 d.gm .

s, Nuppose the sine of deelination =5 X 12 =60:

and then say, 1f PALADBOA ; AKSIAKARYA : ¢ siuc of decln, : BAMA #'ANKY
13

3% 60
. or 6 13 ::60:8AMA B'ANEU=- =166,
b
166 X 13
,Onomog : AKSHARARNA : : 8AMA 8'AKKU : TADDHRITI = =169,
12
GOXB
. 12 : PALABTIA’ ; ¢ sino of decln. : KvaYA = =25,
12
GO R13
and 13 : AKSIAKARNA : : 2ino of decln. : sine of amplitude =--——=63.

o 10 the sum : sine of decln. supposed :
60

: given sum : sine of declu, required,
1500 : 1200

or 475

If 476 : 166 $: 9500 : 3120 aMA E'ANRY required.
and s0 on 3880 TALLILKITE
600 Krdva
1300 wino of amplitude.
Ansr,
* LW

1 Solution. ITore also PAzABMIA == 5,

thén supposo sinc of dechuation us bofore = 60,

and .-, sino of amplitude » = 65,

KUJYA = ¥,
tho sun = 130,

» 4.
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L}
86. But dropping for a moment those' questions of the,
) s1ppukNTA8 involving a knowledge of »
. the doctrine of the sphere, tell me, m'y
learned friend, why in finding the paint of the ecliptic rising
above the horizbn at any given time, (that is,the riawa or
horoscope of that time,) you first calculate: the Sun’s apparent
or true placoe for that time, i. e. the Sun’s instantancous place 5
and furtker tell me, when the Sun’s sxvana day, i. e. terrestrial
dny, consists of G0 sidercal GiaTIRAs and 10 Paras, the Laewa
calculated for & wholo terrestrial day should be in advance of
the Sun’s instantaneous placo, and the LaoNA calculated for the
time oqual to the terrestrial day minus 10 paras should be
equal to tho Sun’s instantaneous place.

37, Aro the orATIKAs used in finding the LAGNA, omaTIXS
of sidoreal or common sAvanA time? If they are sivaNa
GHATIKLS, then toll me why are tho hours taken by the several
signs of tho ccliptic in risipg, i o. tho rAs'vyupava avhich are
siderenl, subtracted from them, being of a different denomiua-
tion? If on tho other hadd you say they aro sidereal, then
I ask why, in calculating the 1aaNA for a period equal to s
whole s{vaxA day i. o. 60 sidercal 6maTiEAS and 10 paLAs, tho
1AGNA does not correspond with, but is somewhat in advanco
of, tho Sun’s instantancous place; and then why the Sun’s
instantancous place is used in finding the r.aaNA or horoscopo.*®

38. Given the length of the shadow of gnomon at 10 uatfs
aftor sun-rise equal to 9 digits at a
. pluce where the raraBif in 5 digits.
tell mo 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 160 : 60 :: 2000 : 800 sine of declination,
e8r160 5 65 :: 2000 : 866) sino of amplitude,

a8 160 : 25 :: 2000 : 833} xusva—L. W,
0[1. [:mi) n]nlm to these questions see the note on the 27th verse i the 7th
'.t [F;)r s.olving this question, it is necessary to define some lines drawn in the
Avmillary sphers aud shew some of their relations.

1 L]
L
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1
39. Toll me, O Astronomor, what is tho PALABRK at that
Question. * Plueo whero tl}e gnomoh’s shadow fall.
ing due west is cqual to the gnomou’s

Tet BOD E be meridian of the given place, C A E tho diameter of the
Horizep, B the*Zenith, 1 and Q tne north and south poles, B A D the diametor
of the Prime Vertical, F A G that of the Equinoctial, P A Q that of the six
o'clock line, H £ L that of one of the diurnal circles, # the Bun’s projected placo
in it and £'4, ¢ m, I 8 perpendiculars to C E. Then

B F or K P = the lutitudo of the place,

A f=the sine of the Sun's declination,

A’ == a0Ra or the sine of amplitude,

9= kuaya’, (It is called caRAIYA’ or sine of the ascensional diffvrence
wiien reduced to the radius of a great circle )
JSe==xara’. (It is called s6TRA when reduced to the radius of a great cirle )

‘lf =1eupa BRITL ([t is called TaDDERITI when 2 is at ¢, NRITI when s is
at H and xuava when ¢ is at £.)

The 1suta Hgtr1 reduced to the radius of a great circlo 18 called 18uTA ANTYA',
but & coincides with H, it is called AxTYA’ only.

1t is evident from the figure above described that

(1) 1snTA BRITI = KALA' + XUIYL,

(2) 18874 AXTYA' = BTRA = CHARAIYA',

(8) Hr1T1 == DYUIYA’ or cosine of declination & XUIYA’,

{:; ANTYA' = radius = cHARAIYA".®

ere the positive or negative sign is to be taken according as the Sun is in
the northern or southern hesnilplwn.
* U .‘
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[}
hoight when tho Sun is in the middle of tho sign Leo, i. o,
when his longitude is 4 signs and 15 degreed.*

L]

Now at a given hour of the day, the 1snyA HRITI and others can be found
a8 follows, .

Tlulf the length of the day diminished by the time from noon (orghe wazry
XA'LA properly 0 cullod) is the UNNATA KALA (or elevdled timg), BSubtract from
oradd to tho UNNATA Xa’La tho ional differenc ling as the Sun is
in the northern or southern hemisphere : reduce the remainder to degrees : the
sine of the dogrees is sGTRA. The 86184 multiplipd by the cosine of declinatio
and divided by the radius gives the xata’, Then from the sbove formulm we
can easily find the 18wra urITE and others,

Now to find the answer to the present question.

Square the length of the Gnomonic shadow and add it to the square of tho e
Ciomon or 144: and squarc-root of the sum is called the hypothenuse of the
shadow, From this hypothenuse find the MAEA'S'ANKU or the siue of the Sun'y
oltitude by the following proportion,

As the hypothenuse of the shadow

¢ Gnomon or 12

:: Radius

: The MATAR'ANKU or the sine of the Sun's altitude.

Then by similar latitudinal trianglos,

a8 the Gnomon of 12 digits

: AxsHA XARNA fpund from given PALABEA®

t: MAMAS'ANKU . .

t+ ISHTA NEBITI (sce verses from 45 to 40 of thoe 7th Chapter).

Reduco the given UNNATA KA’LA to,degreos and assumo the sine of the degrocs
as 18HTANTYA (for this will alwnys bo very near to the 1sura'Nrya). Then

' cosino of declination = 1suTA MRITI
Radies ISHTA'NTYA

From this the cosine of declination will nearly bo found, and thence the
declination and ascensional differenco eun also bo found, From the ascensional
ifference, just found, find the 1uTA’NSTYA’ Of two kinds, one when the Sun is
supposed to be in tho northern hemisphero and the othor when the Sun 19
supposed to be in the southern hemisvlrwm. Of these two ISETANTYA’S that is
nearly true which is noarer to the rough 18uTA’NTYA’ first assumed (i e. the sine
of the UNNATA ka’zA). From this new 1sn7A’NTYA’ find againthe declination
and repeat the process until the roughness of declination vanishes. Frdm the
deelinntion, last found, the longitude of the Sun can be found.—B. D.]

* Tho hypothenuse of tho shadow is fest to be found. Then say
As hiypothenuse of the shadow

: (nomon

1
: the MAHA’ #'ANKU or the sine of the Sun's altitude.
Here we shall find sine of 46°. This is the saMa 8'ANKU.
Tt is 2431° sigus
Sino of deelination of the Sun when in 4 .. 150 =087" 48"
o SR ) Y — 987 .. 48" *= (TADDORITI — KUIYA")?
or 5909761 — 9756749 .. 9 =4u3W11 51,
< TADDHRITI— XUSTA' = o/ 2031011 .. 61 = 2231’ .. 16"
Here wt havo 3 sides of the latitudindl triangl isting SAMA 8°ANKU,
declination and TADDIKITI — KUJ¥a’. Hence wo may fiad the latitude,
Then by similar latitudinal triangles e
A} TADDNRITI — KUYa’ 2281° . 15’
+ sine of declination 987° ., 48"
+ +: Gndmon 13
s paraHA’ b} digits,—L. W,

«
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40. Whon the Sun enters tho primo vertical of person

. at uAYIN oither ate 5 cuams ofter -
] sun-rise or b anima before or after
midday, what are his declinations ? If you will answer mo this

T will Rold you to ho the sharp Axkus'a (gond)'for the guidunce
of tho intoxicated elephants, the proud astronomers.*

o Question,

2z & First of all assume TN the Tap-

DRI == sine of the gigen clevaled
time that is==sin 30°. From ths
find the 8°ANKU or the sine of altitudg
by sinular trangles.

Tt axsna xsuva or hypothenuse, of
¢ equmactinl shadow.
1 Gnomon 12
11 TADDHRITI

12 W TADDURITI

0 : 8AMA 8'ANKU == =
\/H 13
ON

From O N, to find O B the sifie of declination sny
. ’ PALABIA' K ON .
@8 AKSIIA KARNA : PALADHA": : ON: OB = I «mmsenee == gine of do-
. . 3 .
.

clination,

From O B we may now find the longitude of the Sun and O D the ascens
sional difforence: Now deduct this nsequaonal difforence from tho sine df
elevated timo converted into degrevs. Heneo

CD—0D=CO.

Now reduce 0 O to terms of a small circlo on the supposition that the Sun
has tho declination now found,

As Rai: CO:: cosine of declination: N B,

Now find also B A by the suwo proportion.
Then N B 4,8 A = N H’ a new value of TapDRRITI,

If4Y N : gave O B : : 1L N7: O B’ corrocted value of O B,

Hence a corrccted longitudo of the Sun.

The operation to be repeated till rightneas is found.

2ud.~To find the declination from the maTa xa’La or time from noon ==

sin 30°. .
Let a = the sine of NaTA KA’zA 1 R? — a? ==s(TRA},
.nd z = tho siue of declination : R? — 2% = cos* of declination. .

The stiTra reduced to value of diurnal circle will give xaLs’
The dproportion is, As R : 8GTEA :: cos of dechnation : kL’

but I do not know what cos of doelination is but only its square.
I must therefore make this prop 0 squares
— (B! — a') (B? —2)
As R?: sGrea?:: cos? of declination : xata) ‘= —_—
< Now hy similar latitudinal triangles . :
As1z) *:Famaua’) ¢t Waia) ' ¢ sine? of declination
* Falasua) ' ___ 2% (R'—a) (B'—2") °
o, sine? of declination == —-—= x Kaza} '=—X rem—
i 144 B

=2 : ’
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L]
41. Ina place of which the latitnde is Ymknown and on
. . a day which is unknown, the Sun was
Quanion. . observed, on entering the prime ver*
tieal, to givo a shadow of 16 digits from a gnomon (12 digits
long) at 8 omatixds after sun-rise. If yon will tell e the
declination of the Sun, and the parasaf I wil hold you to be
expert without an equal in the great expanso of the questions
on directipns space and time *
42. O Astronomer, tell me, if you have a thorough know-
ledge of the latitudinal figures, tho
ﬁo td

Sattin. paLABEL and the longitude of the Sun

Now R? —a® = 8864883
25 (R* — a¥) — 25 x 8564883 — 231622075
and 144 R* == 144 (3438)* = 1702057536
221622075 (R? — o)

———— O .

1702057536 ¢
. 1702057536
B! =gt = ——— —— 2 == 7§ a™nearly
221622078

3R
& 2027 =3R?: o' = — =—1363828
26

andz= Vﬁeaszg = 1167’ = sine of 19°., 61’
Hence the Sun's place may be found.—L. W.
® To find the sine of altitude or MaRA’ 8'axKT

m‘(lﬁ)' + (12)* = (20)" ... hypothenuse of the shadow = 20,
on 88

Y
As 20:12:: 3438’ : 2062’.. 48" = the Mama’ §'ANE,
Now supposo the sine of UNNATA X’ oF B GHATIRA’E to be the TADDHRITL

" o by siilar teisnglo *
en by si
7 2655’ X 12
2062° .. 48" : 2685’ ::12 ; ARSHA XARYA == v
20623
From this nd the ParaBmA’,
To find declination says

As AXGHA KARNA : PALABHA' : : 206%' .. 48" : sine of declination,

From thisdind the cosine of declination, the kusva, the ascensional difference,
&c. The UNNATA XaLa diminished by the ascensional difference gives the time
from 6 o'clook : the sine of this time will be the (TR and hence the &AL :
thente (xvsra’ being added) the TADDHRIT] : and thence the AxsiA Xarya and
declination. The o&cnﬁun %0 be repeated till the error of the original assumpe

«tion vanishés,—L. W,
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b
b that place, whero (at & certain time) the KUITX is equal to

+ 245 and the Tavpiprm is equal to 3125.% ¢

* 43. Given the som of the 3 following quantitigs, viz. of the
pa— s_ines of declination, 'zmd of the alti-
, ¢+ tude of the Sun (when in the prime
vertioal) and of the TappHRITI decreased by tho amount of the
~KuJYA equal to 6720, and givon also tho sum of the xpivs, 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 PALABHK from the given sums, to bo a bright
instructor of astronomers, enlightening them as the Sun makoes
the buds of the lotus to expand by his genial heat.t

. ¥ Ansr, Let 2= the PATABIA 2010
then say. As2:13:: 245 : sirie of declination = —;
. E]
Now find the TADDHRTTT minss XUIYA"s
' 2940 * o 856280
Asz:12:: — : TADDHRIT — KUITA == -~
z z

But TADDERITI — XUJIYA 5= 3125 — 245 = 2880.
85280 35280

49
o 2880 = ——- and 2? = ——— = —
z* 2880 4
o 2= § =3} PALADEA,
To find deelination say

As 3k : 12:: 245 : 840 sino of declination,
en e the lodgitude of the Sun may be discovered as before,.—L. W.
+ This question admits of a ready solution in q of its p
The sine of declination
SAMA 8°ANKU » = 6720
and TADDHRITI — KUJYA .
wro all three respectively perpendiculars in the three latitadinal triangles,
And the Xxusya .
the sine of amplitude } = 1960
and the TADDHAITI — KUJYA .
are bases in the sume 3 triangles,
Hence wa may take tho sum of the 8 perpendiculars and also the sum of the
three bases and use them to find the PALABEA,
As the sum of the } sum of thy 3 bases  Gnomon PATABHA
8 perpendiculars § in the sawme trianglos

6720 s 1960 13 13
L
Now the xUJYa, sine of smplitude,and sine of declination are the threo fides
of a latitudinal triangle, Theso throe I may compare with the threp Guowon,
PALABHA and AKSKA KABNA to find the value of auy one. J

itios,




256 . Translation of the [XTIIL 44,

L]
44. Given tho sum of the sine of declination, sine of tho,
: Sun’s eltitude in ptime vertical and
the TADDHRITI minus KUSYL equnl td
+ 1440, and glven also tho sum of the sine of amplitude, the
gine of tho Suw’saltitade in prime vertical sand the TASDHRITI
oqual to 1800, I will hold him, who having observed the
given sums. ¥
45, Given the equinoctial shadow equnl to9, What longl.
tude must the Sun have in that lati-
tude to givo an ascensional difference
of threo amaris? I will hold you to be the best of astrono-
mors if yon will answer mo this question.t
46. itherto it has been usual to find the length of the
Sun’s midday shadow, of the shadow
- of tho Sun when in tho primo verti-

Quastion.

Question.

Question,

L]
But tho ARs®A xARNA must be first faund to oo:'n_gl_ete the sum of thoso three.

625 _ 28 .
ARSITA RAGNA = ~/(1 P+ = T‘.’ =3
Gnomon =12
PATADIA = 3§ = 28 sum of* the 3 sides of & latitudinal triangle,

AKNHA KARNA = 12}
Now if 28 : 18:: 1960 : 840 the sino of dcclination,
llence tho place of tho Sun as before.—L. W.
® "Lhis question is similar to tho preceding.
In the first sum we have the sum of three perpendiculars 4in throo different
Intitudinal Triangles. In the second we have tho sum of the threo hypothe.

nuses of those same three Triangles. Houce wo may say. 0
sum 3 per, sum of 3 corrosponding hy. .Gnumon AKSHAKAENA
As 1140 1800 12 . 15

Now from axsia xArNA fo find nunm(
.  PALABHA = \/(my—(u)' ~/sl =9.
Now sine of amplitude, stne of the Sun's altilude in tho Primo Verticul, and
¢ the TADDHRITI aro the three sides of a latitudinal.—L, W.
4 Let 2 =sine of the Sun’s declination.
then12; 9:: r: xsvi =4
Again ﬂ'—z‘ == casine of deelination,
Then as R : cos of duclination : : sine of ascensional differce. : XvIVA
8ino of ascensl, diffee, or cuum\.( = sino of 3 GuayIs = sin 18° = 1062’,
cosin of decln. X cuaRAIYA
oy — 3

E= % 1062 ' .

——— i R

= XWJITA ¢

B
« Menco thay bo found the siue of the Sun's decla, and thence Lis longi-
tudo.~L, W,
B .
«
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,enl, and when in dn jutermodinto circle (1. . whot ho has an
, wimath of 45%) by three differont modes of ealeulation: now
Be who will by a single calenlation toll me tho length of these
threo shadows and of tho shadows ab any intermedinto points,
at the ish of the querist, shall be held to be & very Sun on ihe
Earth to expand tho lotus-intollects of learned gutronomers.*

- ® [Here the problem ib this :—Given the Sun's doclination or, amplitudes,
l:l:d Equinoctial shadow of tho placo and the Sun's azimuth, to flud the Sun's
shadow. *

For solving this problem Brisxanicnirya has stated two diffrent Rulca
in the Ganrripmyiya. Of them, wo now shew Liero tho second.

“ Multiply the x\uure of the Radins by the square of the equinoctial shadow,
and the square of the cosine of the nzimuth by 141 The sum of the products
divided by the difforence between tho squares of the coxine of the azimuth and
the sino of the amplitude, is called the PraTuama (first) and the continued
product of the ius, equinoctial shadow aud the sine of the smplitude
divided bK the (same) difference is called the axya (second). Take tho square-
root of the square of the ANyA added fo the PRATHAMA: this root decrensed
er incroased by the ANYA according as the Sun is in the northern or southorn
lemisphere gives tho hypotlicnuse of the shadow (of the Sun) when the Sun
is in any given dircction of the compass.” N

«But when the cosine of the azimuth is loss than the sine of the amplitude,
(ake tho square-root of tho squarc of tho ANYA diminished by the PuaTiAM: :
the Axya docreased and increased (scpagately) by tho square-root (just found)
gives tho two valuos of the hypothenuss (of tho Sun’s sludlow) when the Sun
is in the northern hemisphere.” ’

This rule is proved algebraically thus, °

Let a == the sine of amplitude,

A = the sine of szimuth,
o == the Equinoctial shodow, . . .
and == the hypothenuse of the shadow when the Bun is in any given diroc-
tion of tho cumpuss,
Then suy

*

» 1ZR
as’r: 131 B : tho Maug 8'ankv or the sino of the Sun's altitude = —-~
=
— Ry _*
and -, thosine of the Sun's zenith distunce = / R'-(-—;) = A\/ ab—14h
12RB .
Tiow,as 121 e = ~—— : FANKUTALA = —— ,

z x
. BAuy or the sine of an aro of a virclo of position coutamed belween the

e
Sun and the Prime Vertical = a  —-: (sco Ch. VIL V. 41) here the sign—
2

or + is used sccording as the Sun is in the or i
Then say .

B SR B
!l}-A\/:'-—le"-F—-::B:An
z

RA _ eR
o — v.l‘—ltM = (a I —-) R;
L

¢ X
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47. Ho who, kuowing both the azimuth hud the longitude,
. of the Sun, observes bue shadow of the
. gnomon at any time, or he who know*
ing the azimuth observes two shadows and can, find the Para-
wud, I shall conteive Lim to be nvc‘ry Garupa in destroying
conceited snnkgg of astronomers. S .

[On thjs Buiskardcnirya has given an example in the-Gayr-,
TAOHYAYA, a8 follows,

“ Given the hypothenuse of the shadow (at any hour of the
day) cqual to 30 digits and the south
pHWIA* oqual to 3 digits: given also

or Ag/z 1k =azrFeR;
A P-4 AV =02 F2Reaz 4 & RY;
(A'—a*)z" £ 2Rear=c' R* 4 114 A?;
Rea ¢! R* 4 144 A
2’42

Al—q¥ = Al—a?

or &7 &= 2 ANYA 2 Z= PRATHAMA .

% @' 4 2 ANYA @ 4 ANYAY == PRATHAMA - ANVA?
and o # = o/ PRATHAMA 4 ANTA® T ANYA. '

But when A <Z a and the Sun is in the northern hemisphere, the equation
€@) vill e #*~8 axva £ = — praTAM

and thon # == aNYA = o /AN¥a"first:

i. e, the value of the hypothenuse of the shadow will be of two kinds Lere,

Uenco the Rule,

Brasxaracuarya was the first Hindu who las given a general rule for
finding the Bun’s shadow shalerer be the uzimuth; und he was the flrst who
Lias shewn that in certain cases tho solution gives two duflerent results,—B. 1.]

* [On a levelled plane drow east and west and south und north, lines and on
their intorsecting point, place Gnomon of 12 digits: the distunce betweet. the
end of the shadow of that Gnomon and the east and west line is culled the
BUUJA,

1t is to be know. here that the valuo of the great BuTJIA (as stated in 41et
yerse of the 7th Cli.) being reduced to the hypothenuss of the shadow becomes
equal to the BRUJa (above found).

«  Or as the Radius .
1 the great BEUJIA
1 ¢ the hypothenuse of the shadow .
+ the reduced BHUJA or the distance of the end of the shadow from the
cast and west line.

This reduced BEUJA is called north or south according as the ¢nd of the
shndow falls north or south of the eart and west line. )

It ia very clear from this that the reduced BrvJa will be the cosino of the
azimuth n ‘s small circle described by the radius equal 1o the shadow.

Or as tho shadow

: the reduced BHUJA .
« 11 radius of a great circle
+ the cosine of the szimuth,
. Thisis tie method by which all Hindus roughly determine the szsimuth of
the Suu from the BarJa of his gnomouic shadow.—B. D.);

t
.

Quostion.

Example,
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{ho hypothenuse edual to 15 digits, and the north :xlu'.u cqual

. to 1 digit, to fil the rarasng. Or, given 'the declination
cljual to 816 and only one hypothenuse and its corresponding
puvIA ab the time, 4o tind the parae£”’]

48. First of all anultiply ono Bitwsa of tho' shadow by tho
- . * . hypothenuso of tho other, and the se-

. . Jcond srwsA by the hypothenuse of the
firsts then take the difference of these two Bivias thys multi-
.p]icd, if they are both north or if both south, and their sum
if of ditforent denominations, and divide the difference or the
sum by the difference of the two hypothenuses ; it will be tho
PALABILS.*

19. How should he who, like a man just deawn up from the
Lottom of n well, is uttorly ignorant of
the ranapif, the place of the Sun, the
points of tho compass, the number of the years elapsed from

*Question.

.
* The rule mentioned here for finding the Parania’ when tho two shadows
and their respectivo BRLUJAg ave given, 18 proved thus,
Let , = tho first hypothenuse of the shadow,
b, = its corresponding BUUIA,
hg == the second hypothenuse,
and b, = ite corresponding BICIA,
Then

12R
Ash112:: R: — = the first MaILs 8'ANAU ;

‘ 12k
and in the same manner —— == the second MANA 8°ANKU 3
1R
andalsoss by : by:: R: _h— == Lhe first great DI,
by R
and . —— == the second great tuTIA,
]
uE BB
—_—F —
Iy kg i
Then the PALABRA’ = —————— (sco Ch. XL V. 32)
12ZR 12R

LD by
,'i "l T' bI ﬁl
T e c—
ha—4
Hence tho Rule~L. W.

v %2
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the commencement of the yuuy, the month, the Tira 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’s

correct answer ?  He, however, who can do 80, has my humblo
reverenco, and what astronomers will no ackpowlcdke him

worthy of admiration ?% .

50. He, who can know merely with tho staff in his hand,

Quostion: the height and distance of a bamhoo

) of which he has observed the root and
top, knows the use of that instrument of instruments—Genius

(the pufyanTRa) : and tell me what is there that he cannot

find out !

51, There is a high famous bamboo, the lower part of
which, beiug concealed hy houses, &
was invisible: the ground, however, was
perfectly level. If you, my friend, remaining on this same spot,
by observing the top, will te]l ma the distanco and its height,
T acknowlodge you shall havo the title of being the most skil-
Tul of obsorvers, and cxport: in the use of the bost of instru-
ments, DE{YANTRA.

52. Iaving seen only the top of & bamboo reflected in
water, whether the bamboo be near or
at a distance, visible or invisib}e, if
you, remaining on this samo spot, will tell me the distance and
height of the bamboo, I will hold you, though appearing on tho
Karth as & plain mortal, to have attributes of superhuman
. knowledge.t

53. Given the places of the Sun and the Moon mcrensed
by the amount of the precession of the equinox, i.e. their
longitudes, equal to four and two signs (respectively) and tho
place of the Moon docreased by the place of the ascending
node equal to 8 signs, tell me whother the Sun and the Moon
ha.ve the same declination (either both south or ome. north

Question,

Question.

® This pefers to the 34th verse of the (‘h. XI—L. W,
* 4 [Answersto these questions will be fourd in the 11th Oh, —B, D]

« .
t
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’
.and ono south), # you have a perfect acquaintance with the
o Dnfveippria TaNTRA, *

* 54. Ifthe place of the Modn with the amount of tho pre-
cession of the equinox bo equal to 100 degrees, and the placo
of the’Sun ipcreased by tho same amount t¢ 80 degrees, and
the place of the' Moon diminished by that of the ascending
node equal to 200 dogroes, tell me whether the Sun and the
Moon have the same declination, if you have a perfect nequain-
tance with the Dafveippnipa TanTRA.

55. If you understand tho subject of the rira i. e tho
cquality of the declinations (of the Sun and the Moon), tell
me tho reason why there is in reality an impossibility of the
réra when thero is its possibility (in the opinion of TaLtA), and
why thore is a possibility whea there is an imponsibility of ib
(necording to tho same anthor).

56. If tho places of the Sun and the Moch with tho mnount
of the precession of the eqyinox bo cqual to 3 signs plus and
minus 1 degree (i. o. 25 29° and 8x. 1° respectively) and
the place of the Moon decreased by that of tho ascending
nodo equal to 11, 26°, tell me whether the Sun and tho Moon
have the same declination, if you perfectly know the suhject.

57. (In the Dnfveropmpa TANtaa), it is stated that the rhTA
i fo come jn somo places when it has already taken place (in
reafity), and also it has happened where it is to come. 1t is
a strange thing in this work when the possibility and impos-
ibility of the P4Ta aro also reverscly mentioned, Tell ma,
0 you best of astronomers, all this after considering it well.*

58, 1 (Badskara), born in tho year of 1036 of the §'4u-

Datoof the Authors bisth  VAHANA era, have composed this Sto-
and his work. puinTa-8'1RoMANI, when I was 30

* years old. .
59. He who has a penetrating gonius like the sharp point

of a largo pamBHA straw, is qualified

to compose a good work in mathe-

# [Answers to these questions will be found in the last Chapter of tho GaNITA- |
Dayaya—B. D.] .

AutHor's apology.
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matics : otcusc, therefore, my impudence, 4 learned astrono.

" mors, (incomposing this work for which I antnot qualificd).

60. I, haying lifted my folded Lands to my forchead, beg
the old and young astronomers (who live af; this time) to
oxcuse mo for htmng rofuted the (ernonoons) rules preferibed
by my predecessors ; Lecanse, thoso who fix their belief in the
rules of the predecessors will not know what is tho truth,,
unless I refute the rules when I am guing to state astronomical
traths.

61. Tho learned Mames'wara, the head of all astronomers, *
the most good humoured man, the
store of all sciences, skilful in tho
discussion of acts connected with lnw and roligion, and & nedu-
MAFA descended from 'Axpirva (a moni), flourished in a city,
thickly inhabited by learned and dull persons, virtuous men
of all sorts, and nftn competent in the three Vepas, and situated
near tho mountain Sauya, ,

62. His son, the poet and mtellwenh Bufskara, mndo this
clear composition of the SImDHANTA by the favour of the lotus-
like feet of his father; this Smwudnrais the guidance for
ignorant persons, propagator of delight to the learned astro-
nomers, full of casy and clegant style and good proofs, casily
comprohensible by the learned, and remover of mistaken ideas.

63. I have repeated here some questions, which I havo
stated before, for persons who wish to study only this Pras’n4-
pHYAYA,

6L. The genius of tho person who studies these questions
becomes unentangled, and flonrishes like a crecping plant
watered ab its roob by the consideration of the questions and
answors, by getting hundreds of leaves of elear proofs, shoot-
ing from the Spheric as from a bulbous root.

" —_—

End of tho 13th and last Chapter of the Gordbuviya of the

SipbH{NTA-S IROMANI ,

.

Author's birth-place, &e.



.APPENDIX.

ON THE CONSTRUCTION OF THE CANON OF
SINES.

=~ 1. Astho Astronomer can acquire the rank of an Acwarya
in the science only by a thorough knowledge of the modo of
constructing the'canon of sines, Bufskara thereforo now pro-
ceods to'treab upon this (interosting and manifold) subject in
the hope of giving pleasure to accomplished astronomers. .

2 and 3. Draw a eircle with a radius equal to any number
of digits: mark on it the four points of tho compass and 360",
Now by dividing 90° by the number of sines (you wish to draw
in & quadvant), you will get tho arc of the first sine./ T'his
arc,when Inultiplied by 2, 3 &e., will successively bo tho ares
of other sines. Now sct off the first are on tho cirenmferenco
on both sides of ono of the puints of the compass and join the
oxtrewmitios of these arcs by a transverso straight lino, the half
of ‘which should be known the sine of the first arc: All tho”
other sines are thus to be known.

4. Or, now, I procced to state those very sines by mathe-
matical precision with exactness. The square-root of the dif-
forence botween the squares of the radius and the sine is cosino.

5. Deduct the sine of an arc from tho radius tho Temainder
will bb the versed sino of the complement of that arc, and the
cosine of un arc deducted from the radius will give the versed

sinc of that arc. The versed sine has been compared to tho '

. L] . .
*
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arrow betweon the bow and tho bow-string : but here it Las .
" received tho nanio of versed-sine. '

6. Tho half of the radius is the sinc of 30°: the cosino of

80°. will then be the sinc of 60°. Tho squae-roob of half
gquaro of radins will bo the sine of 450;

7. Deduct the square-root of five times tho fourth power
of radius, from five times the square,of radius and divido,
the remainder by 8: the square-root of the quotient will be
tho sine of 36,.

Or / rd T x 5—:8 V/rd 4% 5

== sine 36o.*

8. Or tho radins multiplicd by 5878 and divided by 10000
will give tho sino of 36°, (where the radius = 5438.) The
cosine of this is tl‘lo sino of b .+

9. Deduct the radius from the squart-root of tho product of

® [This is proved thus.
Let @ == sine 18°; and .. R — 4 = covers ls" or vers 72°,

Then ‘\/ ]_{.*.li"_'l‘_ ==siuo {P°: (sce tho 10th verse,)
\/R (R ﬂ)—lmo%".
Imht—‘-\/slt (sce tho 9th vorse)

& sino 86° = / — (AR -n) o fiRJER )
‘ 2 8 .
R x 6878
+ The Rulo in 8th verse viz., —;—-— scems to be the same as above and

to be deduced from it ;
ali.' s/alt‘

b b=
for —3

vi= mnu &e.

and., B —  /f = 2762689 which |Imded by R = 316323 .
x 0878
vonosined6 =8 i =LRx ms....._-._._L
\/ 03l = R 1

=R
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the square of radius and five and divide tho remainder by +4:

* the quoticnt thus.found will give the exact sine of 18°%

¢ 10. Half tho root of the sum of the squares of the sino
and versed sine of any arc, is the sine of half that arc. Or,
the sino of half thap arc 1s the square-root of?half the product
of the radius ‘and iho versed sine.

. 11., From tho sine of ‘any nre thus found, tho sine of half
tho arc may bo found (and so on with the half of t:]u's last).
In like monner from tho complement of any arc may be ascer-
tainod the sine of half tho complemont (and from that again
the sino of half of the last arc).

Thus the former Astronomers preseribed a mode for deter-
mining the other sines (from o given onc), hut I proceed now
to give a mode different from that stated by them.

*12. Deduct and add the product of radius and sine of
iwsa from and to the gquare of radius and extracl the square-
roots of the halves of the rc:s-ults (thus found), theso roots will
rospectively give tho sincs of the half of 90° decreasod and
increased by the BHUIA. .

In liko manner, tlhic sincs of half of 90° decreased and in-
crensed by the koTI can be found from assuming the cosino
for the sino of BHUIA.

13. Take the sines of nmvias of two arcs and find their
différence, "then find also the dilference of their cosines, squaro

® [This is proved thus.

Let O be contre of tho circlo ADE
anu = C==36° then AB=2 sin
18°, and £ ¢ (CAB, CBA) cach of
them =2 0.

Draw AD bisecting the =~ CAB,
then AB, AD, CD will be cqual to

h other.

“‘iiow ;2& « == sin 18°, then by simi-
Jar triangles OB: AB = AB: BD or
R:2g=22:R—3xr;
. 428 =PR?*—2 R a which gives
et
5 R B._n. D] .

= — 2

[
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these dxﬁ‘erences, add these squares, extract their squnre-root
and halve it. This half will be the sine of Lalf the differenco .
of the sines.¥ Thus sines can bo determined by several ways®
« 14. The square-root of half tho square of. the difference of
the sino and the «osine of the BEUJA of an.arc is equalsto tho
sine of half the differenco of the BHUIA and its complement.t

T will now give somo rales for constructing sines withont,
liaving recourso to tho oxtraclion of roots.

15. Divide tho square of tho sine of the sruA by the half
radius. Tho differenco between the quotient thus found and *
the radius is equal to the sine of the differonce between tho .

* This rule is obvious,
for ac = duffce. of sinos bd & af
ond eb = diffoe. of cosines by &ah
wnd 20)' + i) =ab )
ab == chord of dilference of arcs

ab
-; == sino of half that difforcnce,
L W.

+ Let Bo=sine of any aro and by = its h
Dm the sine ad = )
raw the sine ad = col t
nno will be equal to beum.imo 4 hen ki

saft +f qu'v but » aft —ﬂ.‘

..V'--und—--—-—;-: e 7 v

.1/ ——LW] . '
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’
, degrees of nHUIA *and its complement* In tlus way several
smes may be fouhd hero. )
[As theso several rules suffico for finding only the sines
of arcs differing- by 3 dogrecs from each other and not the
sines 3f tho mtormedmto ares, tho anthor tXereforo now pro-
ceeds to detail *tho mode of finding tho intermediate mnes,
othat is the sine of every degree of the quadrant. 'This mode,
therefore, is called PRATIBHAGAIYARX-VIDHL] .
16. Deduct from the sino of BRUIA ity g4y part and divido
Rulos for finding the sine tho ton-fold sine of xot by 57
. 88 every degroe from 1° to 17. Thoe sum of these two results
' will givo tho following sine (i. e., the
sine of BAUJA one degrec moro than original Bmusa and the
differenco between tho samo results will give tho preceding
sine, i. ¢., tho sine of BHUIA one degreo less than original
puusa). Hero the first sing, i. e., the sino of'1°, will be 60 and
the sines of the remnining gres may bo successively found.
18. The rule, howover, supposes that tho radins = 3438.
Thus the sines of 90° of the quadrant may be found. ‘
Multiply the cosine by 100 and divide tho product by 1529.
Rules for finding tho 25 1" And subtract tho g4y part of
sines viz,, of 3°%, 7%}, 11°, the sine from it. The sum of these will
" s be tho following sine (i. e., the sino
of hre of 3°§ degreos more than original arc) : and the differ-

® Let ab be any arc, and ac = al,
thea ad = its complement,
ed = thoir difforence,
and Jo==2 ab.

T be
Now ~/_H|_x_v;r_l_§u = sin — or sin ab,
2

R % vers be
or-a-——-—lm'ab,
2 sin® ab
or vers, bo = 7
%in® ab
then R —vers deorsin d =R — —— —T, W, .

iR 4
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L]
ence of them will be preceding sine (i. e., the sine of arc 3% ,
degrecs less than original arc).

20. Bat the first sine (or the sine of 3,3) is hore equal to
2244 (and not to 225 ay it is usually stated to.be). B‘y this
rule 2 k sines muy'be successivoly found.* ¢

21 and 22. If tho sines of any two ares of a quadrant bo

Rules for finding tho sines multiplied by their cosines reciprdcallye
:'f’;u:c::ld difference of sny  (that is the sine of tho first arc by

the cosine of the 2d and the sine of |
the 2d by tho cosine of the first arc) and the two products
divided by radius, then the quotients will, when added to-
gether, be the sino of the sum of the two arcs, and the differ-
enco of these quotients will bo the sine of their differenco.t
"T'his excellent rulo called sva-prAvan£ has becn prescribed fog,
ascertaining tho other sines.

93, This rulo ‘is of two sorts, the first of which is called
samfsa-pukvaNf (i. e., the rale for finding tho sine of sum
of two arcs) and tho second ANTARA-BHAvANL (i. c., the rulo
to find the sine of differenco of arcs).

[If it be desired to reduco tho sincs to the value of any
other radius than that above given of 3138.] Find the first
sine by the aid of the above-mentioned rule PrATIBELAIYAKE-
viDnL. .

24 and 25. And then reduce it to the valuo of any now
radius by applying the proportion. After that apply the sv4-
paAvANA rule throngh the aid of the first sine and tho 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 rulo given in my Patf or Lfufvar{ is not sufficiently
accurate (for nice caloulations) I havo not therefore repeated
here that rough rule.

*
* [These rules given in the verses from 16 to 20 aro easily deduced from the
rules given in the verses 21 and 22.—B. D,
+ Rlluxnlonlan has giren theso rul 8 in his work without any demon«
stration. —B.
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