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, 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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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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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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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,
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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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L] .

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.

v
St L S ARARARRARARA AR AR AN
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Ago, birth, &o. of the Author, pago 261.
Armillary Sphere 151, 210.
Astronomical Instruments, 209,
Atmosphere, 127,

Celestial latitude, 200,
Clepsydra, 211.
Chukra, 212.

Canon of Sines, 263.

Day of Brahma, 163.

Day of the Pitris, 163, .
Days and niﬁghts, 161.

Delugos, 126. .

Drikkarma, 110.

Driyantra, or genius instrument, 321.

Earth, 112,

Earth'’s diameter, 122.
Xclipses, 176.

Epicycles, 144.

Equation of the centro, 141, 144,
Errors of Lalla, &c. 169, 165, 205.

Gnomon, 21'2.
TMotoscope, 166, 211.

Kalps, 108.
Kendra, 109,

Lagns, 166, 211.
Lngitudes, 213,

Mandaphalé, 109.
Mandochcha, 109,
Month, 129, .
Moon, Eclipses of, 176.

Phalaka-Yantra, 213,
Phases of the Moon, 206.
Planets, 128, 135.

Questions, 231.

Rising and setting of tho heavonly bo-
dies, 196.
e —— gigns, 164,

Scasons, 228,

Soven Winds, 127,

Sighrochcha,109,

Sigus, rising of the, 164.

Sphere, 107.

Sun, Kclipses of, 176,

Swayauvaha Yanira, or sclf-revolving
instrument, 227.

Syphon, 227.

Time, 160.
Winds, 127.

Year, 129,
Yugas, 110.
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Additive months, . o
Airs, Different kinds of, ... -
Amplitude, The sine of, and the udayasta-sutra, ...
Apogee, ... . - . .
Apology, The Author's, oo e
Apsis, The reason for the invention of the higher,
Aro of sines, How to find the, ... ...
Armillary sphere, On the construetion of the, 87,88, 106, 151, 209
—_— ——— Uses of the, ... o .
Ascensional difference and its place;
of the sun, ooe
, The sine of the,, ...
Asterisms, The Bhoga.s of the, e . .
Asterism, Rohini, g the cart of a plnnet
Asteriems or principal sta.rs of the Yoga-Térds,... o
AstyonomicAl Instruments, On the constuction of the,
Astronomy, Origin of, e o . .
— The science of, e s
- Originally, taught by the sun, ... e
Atraosphere, Extension of, . e
Aurigae, The longitude and latitude of the star Projépati,
Author’s birth-place, &c., oo
Autumn, The sératkéla or season of early, -
Avaha or atmosphere, The,
Avimuth or vertical circle, .., .
Bhéskgra, ...
Brahmé, Length of a day and mght of,
, Period of his life, vee e

. Bnhml.gupta, Praise of, ... v

210
160
161
89
62

ib.
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" Brahménda, Dimensions of the, .., - (. .
Canon of sines, The construction of the, o e
LCirele, w 209,
~——— To find the‘Jongitude of planets by the, " . A,
—— Centre of, - ... P
Circles, diurnal, ... - e e e ey
~—— of the 12 signs, . - .
Clepsydra, Kapila Yantra or, - we e 91,
Compass, the puints of, .
Day, Determination of the place whero the, becomes of 60 Ghati-
kés,
— Terrostrial, e e e w (26,
——— Bubtractive, e e e o e
— of the week begins, To find the instant when, ... -
~—— To find the lunar, at a given time, o o e
—=— Period of, ' .. e o e e
~— of the gods, ... " e [P
~— To find the Ruler of the prosent .. e e
— Subtractive, called Avama,.the reason of, e e an
—— of the pitris, Length of the, e vo e
~—— of Brahma, The cxplanation of the, ORI
—— and night, Definition of the artilicial, and the day and
night of the pitris, .

~— and night, Detormination of place and time of perpetual, ...
Days and nights, Cause of increase and decrease in the length of,
= from the time the planetary motions commenced to the
*  present midnight, ... - . R

o Sidereal and terrestrial, their lengths, -
—— Lunar, sos " s e
Degree, measure of, o

Degrees of lntmxde are produced from the dmtance in Yojanas
and vico vers, ... e . .
Deluges or dissolutions, ... s e .
. Fourfold, ... - s -
Deinons, The day of the, ... v .
~———~The night of the, -
= The year of the, .., . o e
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212
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159
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104
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121
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Earth Description’ of the, fuee
*+—— Refutation of the supposition that the earth has suc-

cessive dupporters, ... - .
——- Refutation of the objection as to how the.'earth has 1ts
own inherént .power, e e .
——--Attmctlon of the, e e
Bauddhas, opinion of the,... . wo
~——— Jainas, opinion of the; -

o=~ Refutation of the opinion of the Bauddhas, regnrdmg the,
~—— Refutation of the opinion of the Jainas, regarding the,..,

——— Refutation of the supposition that it is level,...
——- Reason of the false appearance of plane form of the, ...
Proof of the correctness of alleged circumference of the,
=——- Confirmation of the alleged circumference of the,

——— Questions regarding the, ... 76,
——~ Superficial area of ¢he, .., .
——~ Middle line of the, ..., ses s
——— circumference of the, ... ! o e s
o—— its diameter and clrcumference, e e vue
———, diameter of the'shadow of, at the moon, ... e
Eclipse, Given the quantity of the eclipsed part to find its cor-
responding time, e PR

~——— To find the Valanas used in the pmJectwn ofan, ..
~—— To find the Angulas or digits contained in the moon’s

Pn_qc
nz

13

107
122
11
122
n
41

ib.

latitude,diameter,cclipsed part, &c., ab a given time during an, 46

= of the sun, e s 48, 111,
s of the moon, ... vos 41,
=~ — the science of, very secret, ... e e e
——— 'T'¢ find the magnitude of an,

~——— To ascertain the occurrence of a total, partial or no, ...
~——— To find the half duration of the, and that of the total

darkness, e .,

ww— To find the time of the phases of an, .. e
~——— To find the quantity of the eclipsed part at agiven time

. during the first half of an, ., e
———— To find the quantity of the eclipsed part at a given ttme

. dm:ing the l:\twt' halfof an, .., o v e

176
ib.
66
42
ih.

43
- ib.
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" Eeclipse, To mark‘the latitudes found at the beginning and end

of an, ... o . ver o
— To find the magnitude of an, eee

= The limit df the magnitude of the tclipsed portlon wlndl

is invisible in the solar or lunar, " onn

To find the path of the coverer in an, .., o

——— T4 find the direction of the beginning of total darkness

by the projection of an, ... e

== To find the direction of the end of the total darkness,...
= The cause of the directions of the beginning and end of

a solar, s - s
The cause of the directions of the beginning and end oi
the lunar,’ . res s
= The determination of the coverer in the, of the sun and
moon, v .
Eclipses, What covers tho sun and the moon in them, .
e Projection of solar, . “ et ene
———- The dircctions of the begmnmg and end of the lunar
¢ and solar, on e

To find the probable times of the occurrences of, ...

Ecliptic, the, .. s .. 88,89,
= Variation of the, ... . -
————~ To find the sine of the zenith distance of the culmmat-

ing point of the, ... -
———- Four common points of the, .. ..
~———-~ To find the Horoscope or the point of the, just rising

ab a given time from sunrise, .

* em——— The Madhya Lagna or the culminating point of the,...

Epicycle, Construction of diagram to illustrate the theory of,...
e Construction of the mixed diagrams of the excentrie

and, e e o - R
Epicycles of the sun and moon, ...
Equation, {The reason for assuming the fanda-spashta planet as

s mean in finding the 2 ends, ... [P
=i of centre, The principle on, which the rule for finding

the emount of —— is based, v . e

Equator, The four cities placed at the, s e o

176 *
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178
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184
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144
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.
Equator, There is nb equipoctial shadow at the,  =.
24— To find the rising periods of the signs of the ecliptic
at the, * e -
Equinozes, the preeessxon of the, s & e 29,
]g.qumoctld the, .. . . . o 162,
how to make an, ... v

shadow, from the latitude to ﬁnd the, N R

—s shadow to find tho co-latitude and latitude, ° ...

«(Fanges, Source of the, v e aee
Geographical, Anomaly, as curious fuct rehearsed, ...
* Golédhydya, - ses e o
Globe, equatorial, circumference of the, ... -
Gnomon, the, ... e oo e *91, 209,
~ vertical, . e o e
Gnomonic shadow, o e e
Gods, the Ména of the, - v °.. .
——— the day of the, - e e
—— the night of the, . .
~—— the year of the, - e o
Grammar, in praise of,... o - .
Heavenly bodics, Rules for finding tho times of the rising and
setting of the, ... o vor oo
Himalaya mountain, The, ... e e
Horigon, the,... e - e
Horoscope, the, ... .. e o
Hypothenuse, Given the shadow to find its, e e

e t0 find the, and the equation of the centre, ...
— ———— explanation of the reason of omission of, in the

manda process, ... e
Instrument, the sclf-revolving Sphenc, - [P
for measuring time,... e e o

a self-revolving or Swayanvahs yantra, oo

—————— the praise of Dhiyantra or genius, .. o we
Instrurgents, astronomical, ...
Jambudvipa, position of Mountaips in the, e o
Juga, The number of days in a, - e B
+ Jupiter, years of,. oo - .- s
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c
" Jupiter, The node of, wt . e
mne— revolutions of| .. e e
, Jupiter's apogee, .. e e Teee e

Kalpa, The length of ... oo ‘e L.
Krita yuga, solar years elapsed from the time whep tlie plmeta-

ry motions commenced to the end of the last, e sag
Lagna, ctymology of the word, ... - .
Lalla, the error of, e e
——- The wrongness of the Rule given by, e e
——- an error of, exposed, ... e s e
———- another gross error of, ... e o “e
~—- cause of error in, and others stated, ... e e
Latitude of a place, to tind from the gnomon’s shadow,
e = rectified, - e e
s celostial, e 201,
Latitudes, determihation of, in which differznt signs are always
above and below the horizon, ... e et e
Liokas, arrangement of the seven, v
Zongitude of the sun, how to find, ... e e
- of a place, how to, find, e .
Lunar Mdna, the, - o
e~ Ména, use of the, v
Mathematics, in praise of, ... - e e

Mathematical caleulations, two kinds of, ..
Matters, Cosmographical, .., - o e

Mars, 2nd equation of)... s .

e cpicycles of, - -
* - nodes of) s . . o

. revolution of, e . e e

Mars’ apogee, e e e .

Manu, the length of, o o ea
Mercury, node of, ...
revolution of, .., e e e e
Mercury's apogee, ... e -
Méridian, The, how to determine, .... e aee
line, ous s
Meru, why due north of all places, ... o e

Page,
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’
"Meru, placc of, .+ ... R 79,
24— in Ilavrita, position of the mountain, ...
Minute, measare of, .., . e . e
Month, Sévana, " ... . F
— golar, * - s
-—4' lunar, ... ’ e e 2, 6,
&——period of, " ..° e '
—— intercalary, w'
w— to tind the ruler of the present tcmtual o e
— length of lunar or lunation, ... e
¥ ——— the reason of additive called Adlumus.u, o
Months, seasons and year, ... e - o
Moon, node of the, ... e e e
~——- cclipse of the, e e
on the phases of the, and the position of thc moon’s cusps,
diamcter of the, . ... - e o oo
~——- the,colour of the cclipsed portmn of the, ... s
——- rules for finding the time at whn.h the declination of the
sun become equal to that of the,..
~——— to find the true places of the, | ...
~——— to find the time of daily setting of the, e
»———-=to find the time of daily rising of the, . e
——— to find the phases of the, o v o
— cause bf the phases of the,.., 11,
~——— to find the true diurnal motions of the, ...
——- revolution of the, s . [ s
——— epicycles of the, ... . e e
Moon’s parallax, o e o oo .
Moon’s apogee, ... - . . e on
Motion of planets, ... e e - .
heliocentric, - e e e
——— different kinds of| s e e
> decreasing retrograde, e e we? see
~——— increasing retrograde, ... e e o
—— direct, ... e o e e [T
~—— mean, "o ..
, == gtationary, . . e
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.

" Night, determination of the place where the, becomes of 60
Ghatikds, v

Node, ...
Nonagesimal, to ind the sine and cosine of the zemth dig-

tance of the, ... . e o vas

Ocean, situation of the great, ... - e

Orbits of l’lanets, . - e P

Parallax in longitude and that in lahtudo, o 48,

-- not being necessary in lunar eclipses, o

.. what is the causo of, and why it is calculated from the

radius of the earth, ..,
Parallel sphere, - e o .
=——— and Right spheres,... e o e
Pargvaha, ... v e e e
Parivaha, - . e - e en
Persons, praiso of, ingenious, ... . Lo -
Pitris, day and night of, ... o o e o
Planet, to find the conjunction ot a, with & star, ...
$——— rectified mean place of 3, 0 - e o
——— to find the motion of a minor, ... see oo
——— 1st equation of, ... e e
——— and star, to know whether the timo of conjunction is

past or future, ...

——— to find the mean placo of a, at a given time, .. ..

Page
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177
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121
82
127
.
232
162
64
20
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18

12

——— to find the dimensions of the rectified periphery of the '

epicyeles, . v
—— to find the time at which a, rises or scts hellncall_y,
e Reason of correction which is required to find the true,
from the mean place of 3, ... - P
Planets, to find the mean places of, ... w10,
= to find apogees and nodes of, ...
== an easy method for finding the mean places of, ... ...
= delermination of the dimensiohs of the orbita of the,
and their daily motion in Yojanas, ... o -
e of their daily motions in minutes or angular motlom,
. = t0 find the radius of the diurnal circle of, ... o
ammn t0 find the ascensional difference of, ... e aee

v .
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*Planets, eausc of the motions of, .. ¥
' — apsis of, ... .
—_— obseryation of, .. . . ®
— the fight- and associgtion of, ... ey e e
— whuh i§ conquered in the fight, ... e
—— which is the cenquerpr, e
w——=z rules for finding the true places of, Ve
s———— deflection of, . T
——— attfaction of, ...
" on the conjuuction of the, with the stars,
« = order of the orbits of the stars and, .
= and stars, on the heliacal rising and setting of the, ...
——— to find the length of a day of the, " i
————— number of risings of, -
et rules for finding the wmean places of,
motion eastward of, - ey
—— to find the'longitude of;... -
———— an illustration of the motions of, PR
w——— the minor 5, Why they require both the 1st and 2nd
cquations to their true places, * ...
s———— how the 1st and 2nd equations are to be wpllul
s to find the true placo of, - e e
e——— which set heliacally in the western homon and rise
heliacally in the eastern horizon, - s
———i— why their mean and true motions coincide,
e manner of observing the retrogression, &e. of, .
———on the principles of the Rules for fiuding the mean
placen of,
—=— on the principles on which the Rulel for ﬁndmg the
true places of the, are grounded, ...
e~ the cause of variation of apparent size of, the discs of,...
e their conjunction with the sun, . e e
o= on the conjunction of, ... e [
= kinds of conjunction of, v o

——to find whether the time of conjunction is past or future,
wbemae £0 find the time of conjunction from a given time, ...
~———— conjunction the correction called the aksha-drik-karma,
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[ ]

. leotl to find the distance of two, in the same clrcle of posi-
~—— the apparent diameters of the, in mmutcs, o
Poetry, sweets of, e o .
Points of the compass, ... w .
Pole, North, of the Earth, ... T

Poles, the inhabitants of tho two, ...
Projection’of Eclipses, e .
Quadrant,” w208,
Questions, Pras'nddhydya contammg useful,

Miscellancous, .., .

Radius of the diurnal circle, ... s
Rainy scason, ..
Retrogression of planets, . e
Samvéha, . “ JUR
Sandhi, height of, e o w e
Saturn, revolutions of, . e w B,
Saturn’s apogee, ... - ot

node, ... e .

Scas and Dvipas, positions of the, ..
Seasons, months and ycar,

ew——a description of the, ... oo .
Seconds, measure of, ... .
Semi-circles, ... e . w209,
Shadow, dotermination at noon, of the direction of the gnomonic,
Sphero, oblique, ... e . “ i e
Sidereal month, o .
t——— Jay and night, ... - i o e
w——— revolution, ... - .
Ména, the, o ee
Signs, positions where same are always invisible, ... e
Sine of amplitude,
Rules for finding the, of every dcgree from 1° to 90‘ 15,
——— way of refutation, of using the tersed, w190,
Sines, versed, ... o o

—s-, Rules for finding the 24, viz. § 4, 7° 4, 11° 1, 16°, &....

, = Rules for finding the, of sum and difference of any two arcs,

' v
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230
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231~
260
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229
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116
03
228
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»
. Sines, on the canon of, ... e w s
.Solar Ména, use of the, . '
Sphere, oblique,
o= parallel,.... ... .
Sphertt, in prauo of, the advantages of, W
Spring, * . .. *
Star the longitudes and latltudcs ol' the Agast) 8, Mrm-w; ﬁdlna,
Agni and Brahm'\hnda)a,

Stars, the?position of the polar, o A o
+ —— to find longitudes of the principal o(‘ the Asterisms or, ...
Summer season, the Grishma or, ...
* Sun, revolutions of the, ...
— rules for finding the timo at which thc deehnntwn of the
sun and moon become equal, v e

. to find the true places of the,

— to find the true diurnal motion of the, ...

—- cpicycles of the, + ..

—- duration of the eclipse of thc,

— Eclipso of, vide Eclipse.

—— Rules for finding the time at swhich the declination of the
moon become equbl, with that of $he, ..

—— and Moon, to find the time of their true declination,

—— question about the revolution of the,

—— diameters of the Moon and the, ... o

— Apogte of the, o . .

— Revolutions of the—in & ycar are less than the n.volu-
tions of stars by one, ... . . o .

—— the reason for finding the exact place of the, in order to
find Lagna, o -

—- declination and longitude of how to ﬁud v

— the prime vertical of the, . .

—- mean place of the, to find, ... e

— zenith distance of the, at noon, ...
—- shadow of the, and its hypothenuse, ... w oy
— amplitude and the sine of l.mplitude of the, reduced,

[ we o aee

— altltude, ’

— altitude, zenith distance, &c lb given time from noon,

229
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. DPage

Sundial, amew, .. - w 213,
how to use a, o —1}i
Supreme Being,the excellence of tho, . oo, e uz
Stivaha, s s e el 127
Syplon, d(-scrlptlon o a, : 7Y

Syzygy, to reduce the places of the sun, the mobu and Rer |
ascending nodo as given at midnight to the instant of the, « 42

‘l'errestrial Mina, its use, e . 93 *
"Perrestrial and Lunar days in a yuga, w'la 6
shadow equinoctial, ... . 304
"T'ime, rules for resolving the questions on, w20
=, kinds of, 2
—, measurable (Murta), ... [T |
——, immeasurable (Amarta), ... w1
——, number of kinds of| P {1
Triangles arixing from latitude, ... W 173
Tropic, Terrestrial, tee e o 84
Udvaha, ... e g T - Mo 127
Universe, the, ... e e e e 126
Unmandala or six o’clock ling;i.. * . 162
Venus, resolution of, -t w b, 8
e, node of, ... e . . 7
=———, Apogee of, e . o 1h
Virginis, of the stars Apamvatra and Apn ory .. T 65
Water, Observations in, w X4
Winter, hemanta or early, ... s o e 230
W‘inter 8'isira or close of, w16
Year, to find the ruler of the present ten'entnul we e 9
—, solar, ... o w '8
=, the season and months ol' tlm, e w938
~—, two halves of a tropical, ... v b,
~——; Length of the solar, ... o e 129
Yuga, length of the great, - w 8
Yugas, lengtk of the four small, ... w b,

Kuga, number of months and days in a subtractive and addlhve, , « 37
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" Page

lt, ... G1, 88, 3,
Kch‘l

, Adlnmén, 6, 130 8, 131

Adhlmdu-soahu, 131, 132,
240, 241, ...

Aditya, s .
Adhyitmn, .
astya, ... 63, (l

Agni, 63,68, 119,

Agra, 172, 111, 174:, 251,
) 2 ene

Agrrﬁl-Khanda, 174,

Agr Khanda, 174,

Abargana, 8,131, 237, 2&9
232, 109 286 8, 2')4
2‘35 236, 29, 20 130,
13') 240, 108

Ahorétrn, 2,

Ahorétra-Vtittas,

Airfira,

Aksha, 188, 201, 106, 58,
67, 191, 46,

Aksha-Drikkarma, | 110,

201, 69, ...
Ahhsia, . o
Akshajyé, e
Ahh»Knmn, 252, 258,

254, 265, 256, 243, 244,
217, 249, 256, 215, 220,
178,
Aksha-Kshetras,
Aksha-Valana, 199,
194 46, 193, 195,
#1902, 188, 197, 47,
189, 187, 194, 185,
Aksha-Vritta,
Alakanandd, .., 0 »-

198,
200,
190,
189,

g
69
63
88
153
232
242
77
7

88
118

28
175

175
176

107
3
159
120
198
(i}

104

170
172

190
119

Awfvasyé, ... * 130,
Angulas, ... S e
Amurta, e
Aniruddha, .., 77,
Afikusa, . 227,
Ansuvi-Marda, .-
Antara-bhavana,
Antyajas, ...
Antya, «. 251,36, 37,
Anuradhd, .., 08, 94,
Auvala, e 123,
Anya, o 257,
e 65,
Apnim-vatsa, “ 65,
» Apasavya, ...
Apashtassras,
sApsiras,
Ardra, . 216,08,
Arupa, . .
Aryabhatta, ... 122,
Ashdd 8, 94,
Aslesha, e 15, 65,94,
Aspashta, ... 202,
Aspashta-sira,
Asta, 198,197, 20]

Astalagna, 201, 198, 197
89
A:tal‘ninn, "

Asu,
Asuddha, ... 167,39,
As’uras, 84, 82, 79, 85, 81,

116, 81, 95, 80, 83, ...
Asus, 197, 198, 104, 168,

215, 161, 173, 138, 129,
Kw;nl, 129, 8, 04, 0.8, 04 .
5

Atmghm, e

Ativakra, ... 15,
Atyantika, ... o ves
Afisa, e
Avama, « 130,131,
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xyma, 190, 191, 29, 196,
203,

.Kylnn-anhmu,llo,m?,
Ayana-Valana, 198,
20.:, 107, 199, 183, 187,

47, 195, 46, 191, 189
188, 192, 193
Bihu, 257, m, 104, 71,72,
Baisékha, - -
Balva, s
Bépudeva, ... e
Bauddha, ... 118,
Bhichh 2, 5,
6-Bhogs, ...
Bhédra, ..
Bhldmpadu, e 8,04, 94,
Bhadréswa,

Bhadrawa. Varsha, 80, m,
Bhigola, 153, 166, 159,

Blu\gnw ¢ 6
Bhngqm-scslm, 289,
Bhajya, e 24],
Bhanji, e
Eharapi, ... 66, 94,
Bharata, ... s
Bhérata-varsha, 120, 80,

117, 120, ... .

Bhdsmdln
Bhg‘g"‘““' 263, 223, 114,
1, 2

Bhukartohdr s, 138, ]86
126, 1 1y49 143, 125,
148 119, 122 108, 37,
"182 179, 240 169, 158,
241, 258, 242, 247, 268,
233, 2567, 209, 215, 205,

5,208 201, 188,

avans, ... e

Bh . 24,25, 63,

Bhogys, 167, 89, 168,

Bhogyu-khmds, e
Bhogyiisas

Bhuja, 135, 16 80, 18, 31
27, 44, 28 29 27 85 l'l
22, 176, 178 ]04, 172,
243, 206, 267, 265, 258,

923, 225, 317, 174, 324,

Page

104
242

61

195
167

258, 269, 219, 209, 215,
220, 208, 185, 194, 207,
175 225, 219, 224, 228

219,

Bhujlnphlll, 148 146, ]a
"150, 20
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