JHS | VOL 55.2 | JUNE 2020

ARTICLES

Precise Determination of the Ascendant in the Lagnaprakarana - Il

Aditya Kolachana®*, K. Mahesh®, K. Ramasubramanian®

2 Indian Institute of Technology Madras

b Indian Institute of Technology Bombay

(Received 22 March 2020)

Abstract

Authored by the celebrated mathematician-astronomer Madhava, the Lagnaprakarana is an important
astronomical text dedicated to the determination of the udayalagna or the ascendant, and is notable for its
technical brilliancy and multiple approaches to a given problem. In continuation of our previous papers
on this text, here we discuss additional methods for precisely determining the udayalagna as described
in the third chapter of the Lagnaprakarana. The procedure prescribed here makes use of two quantities

knows as the sariku and the drggati.
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1 Introduction

In our previous two papers,! we have discussed a vari-
ety of methods of determining the ascendant described
in verses 31-52 of the Lagnaprakarana, constituting its
second chapter. In this paper, we discuss further meth-
ods for determining the ascendant described in verses 53—
61 of the Lagnaprakarana, constituting its third chap-
ter. These verses describe the method to determine the
gnomons (Sartku and drggati) corresponding to the Sun
and an ecliptic point whose longitude is ninety degrees
less than that of the Sun’s, and then show how to deter-
mine the ascendant therefrom.

It may be noted that this paper is to be read in conjunc-
tion with our earlier paper as various physical and mathe-
matical quantities described therein are employed here as
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See [12] and [13]. Also see [11], [14], and [10] for our discussion on
some of the foundational astronomical parameters described by Mad-
hava in the first chapter of the Lagnaprakarana.

well. In this regards, it may be reiterated that we employ
the symbols 4, a, &, and z to respectively refer to the longi-
tude, right ascension, declination, and zenith distance of a
celestial body. The kalalagna, the latitude of the observer,
and the obliquity of the ecliptic are denoted by the sym-
bols a,, ¢, and € respectively. It may also be mentioned
that all the figures in this paper depict the celestial sphere
for an observer having a northerly latitude ¢. In these fig-
ures, N, S, E, and W denote the cardinal directions north,
south, east, and west, while P and K denote the poles of
the celestial equator and the ecliptic respectively.

2 Obtaining the sanku
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krtayanarkasya bhujam dyujivam
caram kalapranabhidam ca nitva |
kalasubhedam punaratra bhanau
samskrtya tadvarjitakalalagnat 115311
nitam bhujajyam samabhinnadiktve
caranvitonam dyugunena hatva |
hrtva trijivakrtilambakamsena
avaptamarkasya vadanti sSankum 11541|

Having computed the Rsine of the precession cor-
rected longitude of the Sun, the day-radius (dyu-
jiva), the ascensional difference (cara), and the
pranakalantara, and having applied the prana-
kalantara to [the longitude of] the Sun, the kala-
lagna is decreased by that [quantity]. The Rsine
computed from that [modified kalalagnal, in-
creased or decreased by the [Rsine of] ascensional
difference (cara) depending on the sameness or dif-
ference in the directions [of the declination and the
latitude], is multiplied by the day-radius (dyuguna)
and divided by one-lambath part of the square of
the radius (trijiva). [Scholars] state the quotient
[thus obtained] to be the gnomon (Sarku) of the
Sun.

These two verses, in the upajati metre, gives the follow-
ing relation for the measure of the gnomon corresponding
to the height of the Sun at any instant:

Sanku :[bhujdjyd (kalalagna — [krtayanarka +
kalasubheda]) + carajyd] X dyuguna +
trijivakrtilambakamsa

or,
[Rsin(a, — a) = Rsin Aag] X Rcos &
R2 ’
Rcos¢

RcosZS = (1)

where «, is the kalalagna, a and § are the Sun’s right as-
cension’ and declination, and Aa; refers to the ‘instan-

SERIAHT IO in [17] and IRIGHTEEIO in [18]. Both ap-
pear to be transcribing errors.

ST A HIHTaTHHERT in the manuscripts. This appears to
be a transcribing error.

SThe expression krtdyandarka + kalasubheda is equal to 1 = |4 —
ol = a.

taneous’ ascensional difference of the Sun, calculated us-
ing &.

The validity of the above relation can be understood
with the help of Figure 1a, which depicts the Sun (S) hav-
ing declination § at a given instant. The altitude of the
Sun is given by the arc SF = 90 — ZS. Therefore, the mea-
sure of a gnomon corresponding to the height of the Sun
is given by

sanku = SX = RsinSF = RcosZS.

Now, considering the spherical triangle PZS in the figure,
we have PS = 90 + &, and PZ = 90 — ¢. We note that
the angle H = BT = 90 — BE.® However, BE = a, —a.’
Therefore, H = 90 — (a, — a). Now, applying the cosine
rule in the spherical triangle PZS, we have

cos ZS = cos(90 — ¢) cos(90 + 8) +
sin(90 — ¢) sin(90 + &) cos H

= [sin(a, — &) — tan ¢ tan §] cos $ cos &,
which can be written as

(2

cosZS = [sin(a, — a) — sin Aag] cos ¢ cos &,

where sin Aa is the cara calculated using (16) from [14],
however using the declination of the Sun at the given
instant, rather than at sunrise. In the given figure, the
declination of the Sun is negative. That is, the Sun and
the latitude—represented by the arc ZT—are on opposite
sides of the equator. Therefore, the ascensional difference
is negative in the above relation.

When the Sun’s declination is positive, it will lie on the
same side of the equator as the arc representing the lati-
tude. Then, in the spherical triangle PZS, we will have
PS = 90 — &, while the other parameters stay the same.
Upon applying the cosine rule in this spherical triangle
again, we get

cos ZS = cos(90 — ¢) cos(90 — 6) +
sin(90 — ¢) sin(90 — §) cos H
= sin ¢ sin § + cos ¢ cos § sin(a, — o)
3)
®From (5) in [12] we know that the difference between the madhya-
kala and the kalalagna, that is the arc TE, is 90 degrees.

This is the difference in the right ascensions of the east cardinal
point (&) and the Sun ().

= [sin(a, — o) + sin Aag] cos ¢ cos 8.
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Converting to the Indian cosine, and taken together, (2)
and (3) yield

RcosZS = [Rsin(a, — a) = Rsin Aag] cos ¢ cos &,

which is the same as (1).

3 Obtaining the drggati
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apamam tasya kotikam |
caram pranakalabhedam
api pragvadihanayet 1155l
krtva bhasvati vitribhe nijakala-
-pranantaram tatpunah
tyaktva kalavilagnato bhujagunas-
-tachesajatah kramat |
digbhedaikyavasdaccaronasahitah
kotyapamasyahatah
trijyakrtyavalambakamsavihrto
bhanorbhaveddrggatih 1156

Now, one should compute [the Rsine of] the dec-
lination (apama) and its Rcosine, the ascensional
difference (cara), and also the pranakalantara
from the longitude of Sun minus three signs (trib-
honitadbhanu) as earlier.

Having applied the pranakalantara to the Sun’s
longitude minus three signs (vitribha bhasvat),
and again subtracting that [result] from the kala-
lagna, [compute] the Rsine of the residue obtained.
That increased or decreased by the ascensional dif-
ference (cara) depending on the directions [of the
declination and the latitude] being same or differ-
ent, multiplied by the Rcosine of the declination
(kotyapama) and divided by one-lambath part of
square of radius (trijya) would become the drggati
of the Sun.

These two verses, in the anustubh and sardiila-
vikriditam metres respectively, give the following relation

for the drggati of the Sun, which is defined as the height of
a point on the ecliptic whose longitude is ninety degrees
less than that of the Sun:

drggati = [bhujaguna (kdlalagna — [vitribha bhasvat +
nija-kaldprdndntara]) + carajyd] X

kotyapama -+ trijyakrtyavalambakamsa

or,
i — ! + . ’ ,
Reoszs — Rsin(@e —a’) + Rstm Aag] X Rcosd @
Rcos¢

where a, is the kalalagna, a’ and &' are the right ascen-
sion® and declination of an ecliptic point (S’) ninety de-
grees behind the Sun, and Aaj is the ‘instantaneous’ cara
of this point, computed using &'

The validity of the above relation can be understood
with the help of Figure 1b, which depicts the point S’ on
the ecliptic, having declination &', and which is ninety
degrees behind the position of the Sun depicted in Fig-
ure la. The altitude of the point S’ is given by the arc
S'F" = 90 — ZS'. Therefore, the measure of a gnomon
corresponding to the height of S’ is given by

drggati=S'Y = RsinS’F’' = Rcos ZS'.

Now, considering the triangle PZS’ in the figure, we have
PS’ =90+ &', and PZ = 90 — ¢. We note that the angle
H' = TB' = 90—B'W.° However, B'W = o’ —(«,—180).1°
Thus, H' = (a, — a') — 90. Now, applying the cosine rule
in the spherical triangle PZS’, we have

cos ZS' = cos(90 — ¢) cos(90 + &') +
sin(90 — ¢) sin(90 + 8") cos H’

= [sin(a, — a’) —tan¢tan §’'| cos ¢ cos &',
which can be written as

cosZS' = (5)

8Taking A as the longitude of the Sun, the expression
vitribha bhasvat + nija-kalapranantara is nothing but A’ + |1’ — /|,
where A’ = 1 — 90. The nija-kalapranantara (see verse 31), which
is the same as the nija-pranakalantara discussed in verse 31, has no
special meaning here as it is being applied to the longitude.

°From (5) in [12] we know that the difference between the madhya-
kala and the kalalagna, that is the arc TE, is 90 degrees. As EW =
180, we have TW = 90.

19This is the difference in the right ascensions of S’ (') and the west
cardinal point (180 — ).

[sin(a, — a') — sin Aag] cos ¢ cos &',
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(b) Drggati

Figure 1 Determining the Sariku and the drggati.
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where sin Aag is the cara calculated using (16) in [14],
however using the declination (8") of the point S’. In the
given figure, the declination of S’ is negative. That is, S’
and the latitude—represented by the arc ZT—are on op-
posite sides of the equator. Therefore, the ascensional dif-
ference is negative in the above relation.

When the declination of S’ is positive, it will lie on the
same side of the equator as the arc representing the lati-
tude. Then, in the spherical triangle PZS’, we will have
PS’ = 90 — &', while the other parameters will stay the
same. Upon applying the cosine rule again in this spheri-
cal triangle, we get

cosZS' = cos(90 — ¢) cos(90 — &') +
sin(90 — ¢) sin(90 — &") cos H'
= sin¢sind’ + cos P cos &’ sin(a, — ')

(6)

= [sin(at, — a’) + sin Aag] cos pcos §’.

Converting to the Indian cosine, and taken together, (5)
and (6) yield

RcosZS' = [Rsin(a, — a') £ Rsin Aag] cos ¢ cos &',

which is the same as (4).

4 Relationship between the sanku, the
drggati, and the drkksepakotika
GG Fh GeHATRITCH |
JATIHATA fRfasTTe=mEta: Iyl

Sankudrggativargaikyamiilam drkksepakotika |
saivapakramavrttasya ksitijatparamonnatih |157I|

The square root of the sum of squares of sarku
and drggati is the Rcosine of drkksepa (drkksepa-
kotika). That itself is the maximum height of the
ecliptic from horizon.

This verse, in the anustubh metre, gives the following re-
lation between drkksepakotika, sanku, and drggati:

drkksepakotika = \/ Sanku® + d_rggati2
Rcoszy =\ (RcosZS)2 + (Rcos ZS')?,

(7)

or,

where, z; is the zenith distance of the drkksepalagna or
the nonagesimal.

Deriving the relation between drkksepakotika, sanku,
and drggati

The validity of this relation can be understood with the
help of Figure 2a, which depicts the celestial sphere from
the point of view of the ecliptic. Here, S and S’ refer to
the positions of the Sun, and a point ninety degrees be-
hind it, while D represents the drkksepalagna, and Z the
zenith of the observer. Figure 2b depicts the perpendic-
ulars ZX, ZD', and ZY dropped from Z on to the radii
0S’, 0D, and OS of the celestial sphere respectively.!! We
therefore have

ZX = RsinZS’,
OX = RcosZS',

ZD' = Rsin zy,
OD' = Rcos z,,

ZY = RsinZS,
OY = RcosZS,

where z; is the zenith distance of the drkksepalagna. We
have previously referred to the terms R sin z; and R cos zg
to be the drkksepajya and the parasarnku or drkksepa-
kotika respectively.!?

Now, in right-angled triangle ZD'X, we have

XD'? = (RsinZS')? — (Rsin z4)?,
which can be rewritten as
XD'? = (Rcoszy)?> — (Rcos ZS')? = OD'? — 0X?,

which proves that the triangle D' OX is right-angled at X.
Similarly, we can show that the triangle D'OY is right-
angled at Y. Therefore, D'XOY is a rectangle, whose diag-
onal OD’ is equal to R cos z; (shown above). Now, from
either of the triangles D'OX or D' OY, it can be easily seen
that

Rcoszg =/ (RcosZS)2 + (Rcos ZS')2,

which is the relation given in the verse. It may be noted
that the above relation will be valid for any two points
separated by ninety degrees on the ecliptic.!* It may also
be noted that when the Sun is at the drkksepalagna, the
drggati will have to be measured from the setting ecliptic
point, which is the point ninety degrees behind the Sun.
As this point lies on the horizon, the drggati is zero. In
this case, the Sun’s Sariku is equal to the drkksepakotika.

11Tt may be noted that the base D’ X OY of this figure is a rectangle as
we shall show below. It only appears to be a parallelogram as we are
trying to depict a three dimensional figure here.

12For the drkksepajya see (9) in [12], or (2) and (3) in [13]. For para-
Sariku or drkksepakotika see (12) in [12] and (10) in [13].

3Indeed, this property is later made use of in Chapter 5 of the Lagna-
prakarana, with respect to the equinoctial and solstitial points of the
ecliptic.
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(a) Visualising the Sanku, drggati, and the drkksepakotika on the plane of the ecliptic.

(b) The relation between the Sanku, drggati, and the drkksepakotika.

Figure 2 Determining the drkksepakotika.
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Showing that the drkksepakotika is the maximum
altitude of the ecliptic

From the discussion for (12) in [12] we know that the
parasarnku or the drkksepakotika is the altitude of the
drkksepalagna. It can be shown that this is the maximum
altitude of the ecliptic by considering Figure 3. In this fig-
ure, the points D, L, and Z indicate the drkksepalagna, the
udayalagna, and the zenith respectively. The point B is a
general point on the ecliptic. Now, in the spherical trian-
gle ZBL, we have ZL = 90. Applying the cosine rule in
this triangle, we have

cos ZB = sin BL cos(BLZ).

The point B will correspond to the highest point of the
ecliptic when ZB is the least, or equivalently, when cos ZB
is maximum. Inspecting the above relation, we can see
that at any given instant, cos ZB is maximum when sin BL
or BL = 90. However, from (14) in [12],
we know this is only possible when B coincides with the
drkksepalagna at D. Therefore, one can conclude that the
altitude of the ecliptic is maximum at the drkksepalagna.
Thus, the gnomon corresponding to this point, which is
the parasanku or the drkksepakotika, is the maximum
height of the ecliptic. Indeed, the name parasarnku itself
indicates that this is the tallest Sarku.

is maximum,!*

A note on the drggati

From (7), it is clear that

drggati = \/ (Rcoszg)? — (RcosZS)?

= \/(R sinZS)2 — (Rsin zy)2.

The Mahabhaskariya,'> the Sisyadhivrddhidatantra,'
and the Siddhantasiromani'’ also define the drggati as
above. However, the Siryasiddhanta,'® and the Tantra-
sangraha'® define it as

drggati = 1/ R2 — (Rsinz4)? = Rcos zg,

14 At any given instant, the angle BLZ is fixed irrespective of the posi-
tion of B on the ecliptic.

15[3], p. 275.

16[15], p. 135.

17[4], p. 381.

18[7], p. 166

9120], pp. 309-312

which however is called the drkksepakotika in this text.
From (7) we can see that Rcosz, can be equal to the
drggati only when the Sun is on the horizon and the
Sanku is zero. In this case, the drggati would be the
the gnomon corresponding to the drkksepalagna, which
would be the point ninety degrees away from the Sun.
This is obviously the drkksepakotika itself. As we have al-
ready shown, this is the maximum height of the ecliptic,
and therefore, the maximum possible value of the drggati.
Nilakantha seems to have recognised this and clarifies in
his Aryabhatiya-bhasya that the value given in the Siirya-
siddhanta is the maximum drggati.?® Perhaps, this is how
the Tantrasarnigraha definition is to be understood as well.

5 Determining the udayalagna using the
sanku and the drggati

[EERIFS]
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trijyahate drggatisankujive
drkksepakotya vihrte yathoktam |
capikrte vitribhabhanubhanvoh
kuryatkramenodayalagnasiddhyai 1158l
svarnam drggatijam Sarnku-
-drggatyordigbhidaikyatah |
tatra $ankorajaditve
cakrardhamapi yojayet 11591
sankujam Sankudrggatyor-
-diksamye’ntaratah kramat |
svarnam ksepyam ca cakrardham
tuladitve tu drggateh 1160l|

The Rsines corresponding to the drggati and the
Sanku, which are multiplied by the radius (tri-
Jjya) and divided by the Rcosine of the drkksepa
(drkksepakotika), are converted to arc. One should

2[1], p. 81.

213‘@" E{“‘Iﬁlﬁﬁﬁé‘ﬂlﬁz in [17]. Appears to be a transcribing error.
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Figure 3 Proving that the drkksepakotika is the maximum altitude of the ecliptic.

apply those (arcs) to [the longitudes of ] the Sun mi-
nus three signs and the Sun respectively, as stated
[now], in order to obtain the rising ecliptic point
(udayalagna).

That [arc] obtained from drggati becomes additive
or subtractive [to the longitude of the Sun minus
three signs] depending on the difference or simi-
larity in the directions of the Sariku and the drggati
[with respect to the horizon]. There, if the §anku is
in [the six signs] Aries etc. (ajadi) [from the setting
ecliptic point], then one should add a semi-circle
(cakrardha) also.

That [arc] computed from the Sanku is additive or
subtractive [to the longitude of the Sun] depend-
ing on if the directions of the sanku and the drg-
gati are the same or different [with respect to the
horizon] respectively. And, indeed a semi-circle
(cakrardha) needs to be added if the drggati is in
[the six signs] Libra etc. (tuladi) [from the setting
ecliptic point].

These three verses, the first in the indravajra metre

and the latter two in the anustubh metre respectively, pre-
scribe a method to determine the udayalagna using the
drggatior the sariku. The relation to determine the udaya-
lagna from the drggati is stated to be as follows:

o - _ drggati X trijya
udayalagna = vitribhabhanu + capa (W>
...[Sanku in tuladi)

o _ _ drggati X trijya
udayalagna = vitribhabhanu + capa (W)

+ cakrardha. ... [Sariku in ajadi]
Taking 4, as the longitude of the udayalagna, A as the lon-
gitude of the Sun (S), ' = 1—90 as the longitude of a point
S’ ninety degrees behind the Sun, and accounting for the
sameness or difference in the directions of the Sarnku and
the drggati, the above relations can be written in mathe-
matical notation as follows:

drggati X R

A =X —Rsi ‘1<
! St Rcoszy

) +180 (8)

..[S and S’ above horizon]
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Figure 4 Determining the arc SL using a planar triangle.

A =2 +Rsin”! (—d_r ggati X R) (9) Accounting for the sameness or difference in the direc-
Rcoszg tions of the sariku and the drggati, the above relations can
.| S below, S” above horizon]  pe expressed in mathematical notation as
, . —1/(drggatiX R sarik
— ¥ _ X R
A =4~ Rsin ( Rcoszg 10 =A-Rsin™ (M> +180 (12)
Rcoszy

- [S and §" below horizon] ...|S above, S’ below horizon]

A =X +Rsin™" (%) + 180. (11) A=A+ Rsin"! (S'arlku X R) (13)
Rcoszy
...|S above, S’ below horizon] .[S and S’ above horizon]
It may be noted that the mathematical relations for the A =A—R sin”! (s’ar'zku X R) (14)
drggati and the drkksepakotika are given by (4) and (7) Rcoszy

respectively. ...[S below, S’ above horizon]

The verse also gives the following relations to deter- _ _y (Sanku xR
mine the udayalagna from the Sanku: A =+ Rsin <—R cos 24 ) + 180. (15)
o _ Sanku X trijya ...|S and S’ below horizon]
udayalagna = bhanu + capa <W)

Here, the mathematical relation for the Saniku is given by
().

In what follows, we show the validity of the above ex-
pressions. For convenience, we first show the derivation
+ cakrardha. . [drggati in tuladi] of the udayalagna from the Sariku below. However, first,

... [drggati in ajadi]
Sanku X trijya )

udayalagna = bhanu + capa <m
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a brief note on how the quadrants of the ecliptic are to be
understood for the purpose of this verse.

The quadrants of the ecliptic

In standard practice, the four quadrants of the ecliptic are
considered to be the four ninety degree arcs confined be-
tween adjacent equinoctial and solstitial points, with the
arc between the vernal equinox and the summer solstitial
point being considered the first quadrant. In contrast to
this standard practice, for the purpose of this verse, the au-
thor appears to have conceived of the ecliptic as consisting
of four quadrants, where the first quadrant corresponds to
the ninety degree arc from the setting ecliptic point (L) to
the nonagesimal (D). The second quadrant in this case
would be the arc between the nonagesimal and the rising
ecliptic point (L). The third and fourth quadrants are to be
understood accordingly. The Sun is depicted in the first
to the fourth quadrants thus defined in Figures 5a-5d re-
spectively.

With respect to this convention, the terms ajadi (0 to
180 degrees) and tuladi (180 to 360 degrees) in the verse
clearly correspond to the halves of the ecliptic which lie
above and below the horizon respectively. The purpose of
this definition will become clear in our discussion below.

Deriving the udayalagna from the sanku

The derivation of the udayalagna from the Saniku can be
understood by considering Figure 1a. Here, the udaya-
lagna (L) can be obtained by adding the arc SL to the
Sun’s (S) longitude. In spherical triangle SFL, we have
SF = 90—Z2S, SFL = 90,22 and from (17) in [12] we know
SLF = 90 — z4. Then, applying the sine rule in this spher-
ical triangle, we have

Cc0sZS X sin 90
COoS zg4

sin SL =

which gives the measure of the arc from the Sun to the
udayalagna:

... —-1{RcosZS X R

SL = Rsin ( Rcos zg ) (16)
. -1 Sarku X trijya )
= Rsin (d,rkksepako,tikd ' an

22The great circle arc ZF S, which is the vertical passing through S, is
perpendicular to the horizon.

It may be noted that we have considered the Sun to be in
the eastern hemisphere here. If the Sun were in the west-
ern hemisphere instead, the above relation would give the
measure of the arc L'S from the setting ecliptic point (L)
to the Sun.

Alternatively, the same relation can be derived using
the planar triangle SXY shown in Figure 4. In this figure,
S once again gives the position of the Sun, and ZSF is the
vertical passing through S. The point L is the udayalagna,
and O is the centre of the celestial sphere. The line seg-
ment SX is the perpendicular dropped from S on to the
horizon, which we know as the Sanku. The line segment
SY is the perpendicular dropped from S on to the radius
OL in the plane of the ecliptic, and is therefore equivalent
to Rsin SL. XY is a line segment on the horizon. The an-
gle between SY and XY represents the angle between the
horizon and the ecliptic. Thus, from (17) in [12], we have
SYX = 90 — z4. Now, in the planar right-angled triangle
SXY, which is perpendicular to the horizon, we have

. Sanku
sin(90 — zy) = RsinSL:
Upon rearranging, we obtain the length of the arc

SI = Rsin~! <s’aﬂku X R)

Rcoszy

which is equivalent to the second expression in the RHS of
the relations (12)-(15). In Figure 4, adding this arc to the
longitude of Sun gives the udayalagna . It may be noted
that, with respect to the special convention adopted for
counting the quadrants of the ecliptic in this verse, the
Sun can be considered to be in the second quadrant in this
case. This is clearly seen in Figure 5b, where the Sun lies
between the nonagesimal (D) and the rising ecliptic point
(L). It may also be noted that both S and S’ are above the
horizon in this case, and that S’ is ajadi (first quadrant).
Thus, we obtain (13).

When the Sun is in the third quadrant, as shown in Fig-
ure 5c¢, it can be seen that the arc LS needs to be subtracted
from the Sun’s longitude to obtain the udayalagna. This
gives (14). In this case, S and S’ are on opposite sides of
the horizon, and S’ is ajadi (second quadrant).

When the Sun is in the fourth quadrant, as shown in
Figure 5d, the arc determined by the above relation will
actually be the arc SL'. Therefore, to obtain the udaya-
lagna, we need to add this arc to the Sun’s longitude to
obtain L', and then add a further 180 degrees to obtain
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ecliptic ecliptic

equator equator

(a) S above and S’ below horizon (b) S and S’ above horizon

ecliptic ecliptic

equator equator

(c) S below and S’ above horizon (d) S and S’ below horizon

Figure 5 Determining the udayalagna from the saniku and the drggati.
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the longitude of point L. This is the procedure laid out in
(15). In this case, S and S’ both lie below the horizon, and
S’ is tuladi (third quadrant).

Finally, when the Sun is in the first quadrant of the
ecliptic, as shown in Figure 5a, we need to subtract the
arc L'S (whose magnitude is the same as SL above) from
the Sun’s longitude (to obtain L'), and then add 180 de-
grees to obtain the longitude of point L. We thus obtain
(12). Here, S and S’ are on opposite sides of the horizon,
and S’ is tuladi (fourth quadrant).

It may be noted that a similar procedure for obtain-
ing the udayalagna is also discussed by Nilakantha in his
Tantrasangraha.?

Deriving the udayalagna from the drggati

The derivation of the udayalagna from the drggati can be
understood by considering Figure 1b. Here, the udaya-
lagna can be obtained from the longitude of S’ by first sub-
tracting the arc L' S’ to obtain the setting ecliptic point (L),
and then adding 180 degrees to obtain the rising ecliptic
point. The measure of the arc L'S’ can be obtained from
the spherical triangle S’F'L'. In this triangle, we have
S'F' = 90 — ZS', S'F'L! = 90,* and from (17) in [12]
we know S'I'F’ = 90 — z;. Applying the sine rule in this
spherical triangle, we have®

cos ZS' x sin 90
cos zy

sinL'S" =
which gives the measure of the arc

I'S' = Rein~! (R cosZS' X R)
B Rcoszy
drggati X trijyd)

= Rsin™' (— -
drkksepakotika

which is the same as the second expression in the RHS
of the relations (8)-(11).2® Subtracting this arc from S’
yields the point L', whereupon, adding 180 degrees gives
the udayalagna. Thus, we obtain the expression (8). With

ZSee [20], pp. 245-248.

%4This is the angle made by the vertical passing through S’ with the
horizon.

ZThis relation can also be determined using planar triangles as
shown in the case of the Sarku.

%61t may be noted that we have considered S’ to be in the western
hemisphere here. If S” were in the eastern hemisphere instead, the
above relation would give the measure of the arc S’L from S’ to the
rising ecliptic point (L).

respect to the special convention adopted for measuring
the quadrants of the ecliptic in this verse, S’ can be consid-
ered to be in the first quadrant in this case. This is clearly
seen in Figure 5b, where S’ lies between the setting eclip-
tic point (L') and the nonagesimal. Here, both S and S’
are above the horizon, and S is ajadi (second quadrant).

When S’ lies in the second quadrant, as shown in Fig-
ure 5c, the udayalagna can be obtained by simply adding
the arc S’L (whose magnitude is the same as L'S’ above)
to it. This yields (9). In this case, S and S’ are on opposite
sides of the horizon, and S is tuladi.

When S’ lies in the third quadrant, as shown in Fig-
ure 5d, the udayalagna can be obtained by subtracting the
arc LS’ (whose magnitude is the same as L' S’ above) from
it. This gives (10). Here, S and S’ lie below the horizon,
and S is tuladi.

Finally, when S’ lies in the fourth quadrant, as shown
in Figure 5a, the udayalagna can be obtained by adding
the arc S’L’ to obtain L', and then adding a further 180
degrees to obtain L. Thus, we get (11). In this case, S and
S’ again lie on opposite sides of the horizon, and S is ajadi.

6 Determining the udayalagna from any
two ecliptic points which are ninety
degrees apart

TIHAESUTT dal [Aarsta = |
MRIUTIEHT Yiha=aragreii: 189l

evamevestalagnacca
tato vitribhato’pi ca |
pragvilagnamihaneyam
bhuktijiiairnyayadarsibhih 11611

Similarly, from any desired point on the ecliptic
(istalagna) and from the ecliptic point three signs
less from it (vitribha) also, the orient ecliptic point
should be computed by the scholars of planetary
motions who understand the principles [of astron-
omy].

A careful inspection of the relations given in this chap-
ter reveals that the only necessary condition for determin-
ing the udayalagna as prescribed here is that we consider
two points on the ecliptic which are ninety degrees apart.
Therefore, this verse, in the anustubh metre, states that
the udayalagna can be determined from any two desired
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ecliptic points (say o and ¢’) which are ninety degrees
apart, using the procedure described in verses 58-60. For
this, the sanku of o, and the drggati from ¢’, should be
first determined using (1) and (4), however substituting
the right ascension, ascensional difference, and declina-
tion of the S and S” with the corresponding quantities of
o and ¢’. Then, as in the case of the S and S’, the udaya-
lagna can be determined from o and ¢’ using (12)—(15)
and (8)-(11) respectively.

7 Conclusion

In this paper, we have discussed two techniques for de-
termining the ascendant by respectively employing the
two gnomons (Sanku and drggati) corresponding to the
Sun and a point on the ecliptic ninety degrees behind the
Sun. The methods discussed in our previous papers first
determine positions on the ecliptic such as drkksepalagna,
rasikiitalagna, unmandalalagna, etc., and determine the
ascendant therefrom. However, the third chapter of the
Lagnaprakarana—discussed in this paper—describes the
procedure of determining the exact lagna directly from
the position of the Sun at any given instance, by determin-
ing its corresponding gnomon at that instance.

The procedures for determining the Sariku and drggati
makes use of the innovative concept of kalalagna,?’ as
well as the ‘instantaneous’ ascensional difference. The
author gives different relations for determining the ascen-
dant depending upon the directions and positions of the
Sarnku and the drggati. He states this complex relationship
in two short verses. This once again highlights the ability
of the author to not only superbly visualise the motions
of the celestial bodies in the celestial sphere, but also to
effectively communicate the resulting relationships in a
precise and succinct manner.

Verses 57 and 61 in this chapter are also quite interest-
ing. The former verse states the relationship between the
Sanku, the drggati, and the drkksepakotika, which is of
the form of the sides of a right-angled triangle. Thus, it is
evident that the author was able to visualise the relevant
right-angled triangle clearly in his mind. The latter verse
generalises the procedure given in this chapter by noting
that the ascendant can be determined from any two eclip-
tic points which are ninety degrees apart, using the stated

Y"For a detailed discussion on kalalagna, see [10].

procedure. This implies that the author was well aware of
the rationale behind the procedure, and understood that
one did not always have to start with the position of the
Sun and determination of its gnomon. Indeed, the au-
thor employs a similar procedure for determining the as-
cendant by considering the gnomons dropped from the
equinoctial and solstitial ecliptic points (which are ninety
degrees apart) in the fifth chapter of the Lagnaprakarana.
These and other procedures of determining the ascendant,
as given in the Lagnaprakarana, will be discussed in fu-
ture papers.
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