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Abstract

Madhava’s Lagnaprakarana is an important astronomical text which discusses numerous innovative techniques of precisely
determining the udayalagna or the ascendant. In previous papers, we have explained the significance of various astronomical
parameters discussed in the first chapter of this text, and detailed the different methods of precisely determining the ascend-
ant described in its second, third and fifth chapters. In this paper, we present the translation and mathematical analysis of the
fourth chapter of the Lagnaprakarana, which prescribes a procedure for precisely determining the ascendant, employing

concepts such as samalagna, samasanku and samadyggati.
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1 Introduction

In a series of earlier papers, we have discussed various con-
tributions of Madhava to astronomy, particularly in devel-
oping ingenious computational techniques for the precise
determination of the udayalagna, or the ascendant, in his
Lagnaprakarana. The first three papers presented tech-
niques for determining astronomical quantities known as
pranakalantara, cara and kalalagna,' that are employed to
determine the ascendant. These techniques are described in
the first thirty verses of the Lagnaprakarana, which corre-
spond to its first chapter. Three subsequent papers discussed
the various techniques for precisely determining the uday-
alagna, described in verses 31-61 of the Lagnaprakarana,
corresponding to its second and third chapters.? Yet another
paper discussed the method of the computation of the uday-
alagna prescribed in verses 80-87 of the Lagnaprakarana,
corresponding to its fifth chapter.’

In this paper, we discuss other methods to determine the
ascendant described in verses 62—79 of Lagnaprakarana.

P4 Aditya Kolachana
aditya.kolachana@gmail.com

' IIT Madras, Chennai, India
IIT Kharagpur, Kharagpur, India
3T Bombay, Mumbai, India

These verses, corresponding to the fourth chapter of the
text, describe the procedure of determining the ascend-
ant from the samalagna, or the intersection of the ecliptic
and the prime vertical, and two associated quantities—
samasanku and samadyrggati. This paper should be read in
conjunction with our earlier papers, as various physical and
mathematical quantities described therein are employed
here as well. In this regard, it may be reiterated that we
employ the symbols 4, a, §, and z to respectively refer
to the longitude, 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 symbols a,, ¢, and €, respectively. It may also be
mentioned that all the figures in this paper depict the celes-
tial sphere for an observer having a northerly latitude ¢. In
these figures, N, E, I, and So denote the cardinal directions
north, east, west, and south, while P and K denote the poles
of the celestial equator and the ecliptic, respectively. The
symbol S represents the Sun, while I" and Q represent the
vernal and autumnal equinoctial points, respectively.

! See Kolachana et al. (2018, 2019a), Kolachana (2018), respec-
tively.

2 See Kolachana et al. (2019b, 2020a, 2020b).

3 See Kolachana et al. (2021).
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2 Outline of the procedure for determining
the udayalagna
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athava purvamaniya
samalagnam punastatah |

tacchankudrggatijyabhyam
pragvilagnam samanayet ||62||

Or, having first computed the samalagna, from that one
should again compute the ascendant (pragvilagna),
using the sanku and drggati of that [samalagnal.

The above verse, in the anustubh metre, outlines the
procedure employed in the subsequent verses to determine
the ascendant. This procedure involves determining the
samalagna or the intersection of the ecliptic and the prime
vertical, and then utilising its sanku and drggati, i.e., the
samasanku and samadrggati, to compute the ascendant.
It may be noted that the general procedure for precisely
computing the ascendant from the sarniku and drggati cor-
responding to any point on the ecliptic has already been
dealt with in the third chapter of the Lagnaprakarana, and
is not discussed again in this chapter.* We explain the pro-
cedure of computing the samalagna, the samasanku and the
samadrggati in our discussion of the following verses.

3 First method of determining samalagna,
samasanku and samadrggati

The procedure for determining the samalagna requires com-
puting the bhujaprabha, valana, parama bhuja, etc. The
computation of these quantities is first discussed in the next
few verses. The samalagna, samasanku and samadrggati
are computed thereafter.

3.1 Determining the bhujaprabha
q%awmgﬂwﬁw |

|>|c<4|ad|qumq)d|ad
EREESIEEIRSIGHIEE

4 For more details on Sasiku and drggati, and the contents of the third
chapter, see Kolachana et al. (2020b).
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inasya sankum viparitadikkam

prakalpya tasmat punaraksanighnat |
trijyahatapakramasamskrtadyat
lamboddhrtam tatsvabhujaprabhda syat||63)||

Having considered the gnomon (sSanku) of the Sun
(ina) in different directions (viparita-dik) [of decli-
nation], that [sanku] multiplied by [the Rsine of] the
latitude (aksa) and corrected by the radius (#7ijya) mul-
tiplied [Rsine of] declination (apakrama) and divided
by [the Rsine of] the co-latitude (lamba) would be its
own bhujaprabha.

The above verse, in the upajati metre, gives the follow-
ing relation:

Sanku X aksajya + trijya X apakramajya

bhujaprabha =

bl

lambajya
or, with reference to Figs. 1a, b,

RcosZS X Rsin¢g + |R X Rsin 6|

RsinSC' =
Rcos ¢

(M

The above relation can be understood with the help of
Figs. 1a, b, which depict the celestial sphere from the west,
at an instant when the Sun’s declination is positive and nega-
tive, respectively.’ In these figures, PS and ZS are respec-
tively the arcs of the meridian and the vertical circle passing
through the Sun (S). The perpendicular dropped from S onto
the horizon would be the Sariku.® SC’ is an arc of the great
circle passing through the Sun and the north and south cardi-
nal points, and is perpendicular to the prime vertical ZW—
great circle passing through the zenith and the east and west
cardinal points.”

In Fig. 1a, in the spherical triangle PZS, PS =90 -4,
PZ =90 — ¢ and PZS = 90 + x. Applying the cosine rule,®
we have

c08(90 — 6) = cos ZS sin ¢ + sin ZS cos ¢ cos(90 + x),

or,

3 Viparita-dik (different directions, i.e., in the current context, both

positive and negative declination) in the verse. See the discussion on
verses 53—54 in Kolachana et al. (2020b) for more details.

6 See the discussion on verses 53-54 in Kolachana et al. (2020b) for
more details on the sariku.

7 Since the north and south cardinal points are the poles of the prime
vertical, all great circles passing through them are perpendicular to it.
8 In previous papers, we have demonstrated how the Indian astrono-
mers would have arrived at various results of spherical trigonometry
using planar triangles. Here, for convenience, we directly derive the
results using the rules of spherical trigonometry.
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. cos ZS sin ¢ — sin & / . o
sinx = : . 2 . RcosZS' X Rsing + |[R X Rsin ¢’|
sin ZS cos ¢ @) RsinS'C = . (5)

In spherical triangle ZSC’, we have ZC’S =90 and
C'ZS = x. Applying the sine rule, we have

sin SC” = sin ZS sin x.
Substituting for sinx from (2), we have

cos ZS sin¢ — sin
cos ¢ '

sinSC’ =

3)
Similarly, in Fig. 1b, from the spherical triangles PZS
(here, PS =90 + §) and ZSC’, we obtain

cos ZS sin¢ + sin 6
cos ¢ ’

sinSC” =

“)
Thus, from (3) and (4), we obtain (1).°

3.2 Determining the valana

FThT I aaxad: 1§% ||

satribhadyumanibahvapakrame-
nardhavistrtihatena samskrtat |
aksadrggativadhadavapyate
lambakena valanam vivasvatah ||64||

The valana of the Sun (vivasvat) is obtained from the
division of the product of [the Rsine of] the latitude
(aksa) and the drggati— which is corrected by the
product of [the Rsine of] the declination (apakrama)
of the longitude of the Sun (dyumani) plus three signs
(satribha) and the semi-diameter (vistrti)—by [the
Rsine of] the co-latitude (lamba).

The above verse, in the rathoddhata metre, gives the fol-
lowing relation:

valana = [drggati X aksajya + ardhavistrti
X satribhadyumanibahvapakramajyal

+ lambajya,

or, with reference to Figs. 2a, b,

° The measure of the Sanku or RcosZS is obtained from (1) in Kol-
achana et al. (2020b).

Rcos ¢

The above relation can be understood with the help of
Figs. 2a, b, which depict the celestial sphere from the east,
at the same instant as Figs. 1a, b, when the Sun’s declina-
tion is positive and negative, respectively. In Figs. 2a, b, S’
represents a point whose longitude is 90° greater than the
Sun (S) shown in Figs. la, b. That is

Ay = A+ 90, (6)

where 4 and 4 are the longitudes of S and §’, respectively.
Let &' be the declination of S”. Further, PS’ and ZS’ are arcs
of the meridian and the vertical circle passing through §”.!°
S’C is an arc of the great circle passing through S” and the
north and south cardinal points, and is perpendicular to the
prime vertical ZE.!!

Now, in Fig. 2a, in the spherical triangle PZS’,
PS' =90+ &', PZ =90 — ¢p and PZS’ = 90 +y. Applying
the cosine rule, we have

c0s(90 + &) = cos ZS’ sin ¢ + sin ZS’ cos ¢ cos(90 + y),
or,

cos ZS' sing + sin &’
sin ZS’ cos ¢

siny =

(7

In spherical triangle ZS'C, we have ZCS’ =90 and
CZS' = y. Applying the sine rule, we have

sinS’C = sinZS’ siny.

Substituting for sin y from (7), we have

cos ZS' sing + sin &’

inS'C =
sin cos b

®)
Similarly, in Fig. 2b, from the spherical triangles PZS’
(here, PS" =90 — §’) and ZS’C, we obtain

cos ZS' sing — sin &’

inS'C’' =
sin cos &

)
Thus, from (8) and (9), we obtain (5).!?

19 Here, the drggati is to be understood as the perpendicular dropped
from S’ onto the horizon, where, 4, = A+ 90. However, in the
third chapter of the Lagnaprakarana, the drggati is defined as the
perpendicular dropped onto the horizon from a point S’ such that
Ay = 4 —90. As any two points 180° apart on the ecliptic would be
symmetric with respect to the horizon, the measures of the perpen-
diculars dropped from these points onto the horizon would remain the
same. See the discussion on verses 55-56 in Kolachana et al. (2020b)
for more details on drggati.

11" See footnote 7.

12 The measure of the drggati or RcosZS’ is obtained from (4) in
Kolachana et al. (2020b).
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(b) Sun with southern declination.

Fig. 1 Schematic representation of the celestial sphere from the west

3.3 Determining the parama bhuja, bhuja and koti

EICECIFERIEERIP-2IE
ORHAT T |
BTt ssTTaTEd)
qRSIITIgar STahiteah |1§4 |l
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(a) S’, a point 90° ahead of the Sun, having southern declination.

(b) S’, a point 90° ahead of the Sun, having northern declination.

Fig. 2 Schematic representation of the celestial sphere from the east
at the same instant as Fig. 1

valanabahubhayoranayordvayoh
krtisamasapadam parama bhuja |

tribhagunau bhujabhavalanahatau
parabhujavihrtau bhujakotike ||65||

The square root of the sum of the squares of these two,
valana and bhujaprabha (bahubha), is the parama
bhuja. The bhujaprabhd (bhujabha) and the valana
multiplied by the radius (tribhaguna) and divided by
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the parama bhuja (parabhuja) would be the bhuja and (RsinSB')? + (R sin §'B)?
the koti, [respectively]. 2 2
_ [ RsinSC' XR RsinS'C xR
The above verse, in the drutavilambita metre, gives the - RsinB + RsinB ‘ (15)

following relations:

paramabhuja = \/(bhujaprabha)? + (valana)?,

or,

RsinB =RsinB' = \/(R sinSC’)? + (RsinS"C)3?, (10)

and,
bhui bhujaprabha X tribhaguna
uja =
J paramabhuja
foti valana X tribhaguna
oti =
’ paramabhuja
or,
Rsinsg' = XsinSC' xR (11)
RsinB
. RsinS'C xR
RsinS'B= —————, 12
- RsinB (12)

In Figs. 1a, b, let B’ be the point of intersection of the
ecliptic and the prime vertical. Applying the sine rule in the
spherical triangle SC’B’, where SC’B’ = 90,'* and B’ = B,'*
we obtain

sinSC’ _ sin SC’
sinB’  sinB’

sinSB’ = (13)
which is equivalent to (11). Similarly, (12) can be obtained
from the spherical triangle S’CB in Figs. 2a, b.

Now, noting that the arc §’B = 90 — SB’,'> we have:

(RsinSB')? + (Rsin S’B)* = (RsinSB')* + (Rcos SB')?,
(14)

and, from (11) and (12), we have:

13 As noted earlier, all great circles passing through the Sun and the
north and south cardinal points are perpendicular to the prime verti-
cal.

4 The angle between the prime vertical and the ecliptic at B, in
Figs. la, b, will be equal to the angle between them at their other
intersection at B, in Figs. 2a, b, respectively.

15 B'B = 180 and, by definition, SS’" = 90. Thus, SB’ + S'B = 90.

Thus, from (14) and (15), we obtain
(RsinB)?> = (RsinSC’)? + (Rsin S’ C)>,

which is equivalent to (10).

3.4 Determining the samalagna from the bhuja
and the koti

wﬁgﬂaﬁ@ T |
hifewg T AfE 77 Jred
T Vg AT 115

Ut STl TeRTHaTa

-~

HITIET AT FAHGHS WTd

T st g g lIgoll

digbhedasamyadiha bahukotyoh

svarnam bhujacapamine prakuryat |
kotistu yamya yadi tatra yojyam

bhanarnca satkam samalagnasiddhyai ||66||
svarnam bhujakotidigaikyabhedat
tribhanvite bhasvati koticapam |
kurydattada va samalagnakam syat

saumye bhuje tattu bhasatkayuktam ||67||

Here, one should apply the sine inverse (capa) of
the bhuja (bhuja) to [the longitude of] the Sun (ina),
positively or negatively, depending on the difference
and sameness in the directions of bhuja (bahu) and
koti [with respect to the prime vertical]. If the kofi is
southern, six signs should be added there to obtain the
samalagna.

Or, one should apply the sine inverse (capa) of the
koti to [the longitude of] the Sun (bhdsvar) along with
three signs, positively or negatively, depending on the
sameness and difference in the directions of the bhuja
(bhuja) and the koti [with respect to the prime verti-
cal]. If the bhuja is northern, that has to be increased
by six signs. Then [the result] would be the samalagna.

The above two verses give the procedure for determining
the samalagna, or the eastern intersection of the ecliptic and
prime vertical, from the quantities bhuja and koti computed
in the previous verse. Verse 66, in the indravajra metre,
gives the following relations to determine the longitude (4;)
of the samalagna from the longitude (1) of the Sun and the
bhuja:

@ Springer
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samalagna = ina + capa(bhuja)

[bhuja southern, kotinorthern]
samalagna = ina — capa(bhuja)

[bhuja and koti northern]
samalagna = ina + capa(bhuja) + bhanam satka

[bhuja northern, koti southern]
samalagna = ina — capa(bhuja) + bhanam satka

[bhuja and koti southern]
or, with reference to Fig. 3,

A, = A+ Rsin™ ! (bhuja)

, (16)
[S southern, S northern]
A, = A—Rsin™! (biiuja) 1
[S and S’ northern]
Ay = A+ Rsin™' (bhuja) + 180 %)
[S northern, S’ southern]
A, = A — Rsin™ (bhuja) + 180. 19

[S and S’ southern]

Verse 67, in the upajati metre, gives the following rela-
tions to determine the longitude of the samalagna using the
koti:
samalagna = bhasvat + tribha + capa(koti)

[bhuja and koti southern]
samalagna = bhasvat + tribha — capa(koti)

[bhuja southern, koti northern]
samalagna = bhasvat + tribha + capa(koti) + bhasatka
[bhuja and koti northern]
samalagna = bhasvat + tribha — capa(koti) + bhasatka

[bhuja northern, koti southern]

or, with reference to Fig. 3,

A, = A+ 90 + Rsin™! (koti)

(20)
[S and S’ southern]
A, = A+ 90 — Rsin™! (koti) @
[S southern, S’ northern]
Ay = A+ 90 + Rsin™' (koti) + 180 @)
[S and S’ northern]
A, = A+ 90 — Rsin™! (koti) + 180. @3

[S northern, S’ southern]

The above expressions are conditional with respect to
the orientation of the bhuja and the koti, or equivalently,

@ Springer

S and §’,'® with respect to the prime vertical. The bhuja
and the koti, as is evident from (11) and (12), are nothing
but the Rsines of the smallest ecliptic arcs from S and §’,
respectively, to the prime vertical. Recalling, from (6), that
Ay = A+ 90, the rationale of the above expressions can be
understood with the help of Fig. 3, which depicts the four
possible mutual orientations of S and S’ with respect to the
prime vertical.

In Fig. 3a, S and S’ are on opposite sides of the prime
vertical, with S to the south and S’ to the north. In this case,
the longitude (4,) of the samalagna (B) is evidently

J, =TB=TS +SB

24
= A+ Rsin” ! (bhuja), @4)

or,
J, =TB=TS"—BS

25
= 1+ 90 — Rsin™! (koti). (25)

Thus, we obtain (16) and (21), respectively.

In Fig. 3b, S and S’ are both to the north of the prime
vertical. In this case, the longitude of the samalagna can be
obtained as

4, =TB =TS —BS

26
= A — Rsin" ! (bhuja), (26)

or,
Ay =TB=TS"+SB +B'B

27
= A1+ 90 + Rsin~' (koti) + 180. @7)

Thus, we obtain (17) and (22), respectively.

In Fig. 3¢, S and S’ are to the north and south of the
prime vertical, respectively. In this case, the longitude of
the samalagna is given by

Ay =TB=TS+SB"+B'B

28
= A+ Rsin"!(bhuja) + 180, (28)

or,
Ay =TB=TS"-B'S"+ BB

29
= 14 90 — Rsin~' (koti) + 180. 29)

Thus, we obtain (18) and (23), respectively.

16 From (11) and (12), it is evident that the bhuja and the koti are
the Rsines of the ecliptic arcs SB’ and S’B, respectively. As B and B’
represent the intersections of the prime vertical and the ecliptic, the
northern and southern orientation of the aforementioned arcs, and
their Rsines, with respect to the prime vertical, is equivalent to the
orientation of S and S’ with respect to the prime vertical. See Fig. 3
and our discussion below.
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ecliptic

equator

(a) S and S’ in different direction (bhuja south-
ern, koti northern)

ecliptic

equator

7'

(c) S and S’ in different directions ( bhuja north-
ern, koti southern)

Fig. 3 Determining the samalagna from the bhuja and the koti

Finally, in Fig. 3d, S and S’ are both to the south of the
prime vertical. In this case, the longitude of the samalagna
is evidently
Ay =TB=TS-B'S+B'B

. 1 . (30)
= A — Rsin™ " (bhuja) + 180,

or,

Ay =TB=TS"+S5B

. 1 . 31

= A+ 90 + Rsin™ " (koti).

Thus, we obtain (19) and (20), respectively.

ecliptic

equator

(b) S and S’ in same direction ( bhuja northern,
koti northern)

ecliptic

equator

7!

(d) S and S’ in same direction ( bhuja southern,
koti southern)

3.5 Determining the samasanku and samaprabha

URHAIadTedr |
SHHATHT HH2I ’ZMI(‘I_\
dehifeer AL

samalagnabhujajiva
paramakrantitadita |

aksapta samasankuh syat
tatkotisca samaprabha ||68||
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The Rsine of the longitude of the samalagna mul-
tiplied by [the Rsine of] the maximum declination
(paramakranti) and divided by [the Rsine of] the
latitude would be the samasarnku. The Rcosine of that
would be the samaprabha.

The above verse, in the anustubh metre, gives the fol-
lowing relations:

samalagnabhujajiva X paramakrantijya

samaSanku = aksaiya

or,

RsinBE = Rsin ;lzl:(f sin e ’ (32)
and

samaprabha = R cos BE. (33)

The samasanku is the perpendicular dropped from the
samalagna onto the plane of the horizon. Thus, it corre-
sponds to the Rsine of the arc BE in Figs. 2a, b, or the semi-
chord BX depicted in Fig. 4, which gives a perspective of
Fig. 2b from the south (So).

The measure of this perpendicular can be derived from
the spherical triangle I'BE, where I'B = samalagna (derived
in the previous verse), TEB = ¢,!” and BI'E = e. Applying
the sine rule in this triangle, we obtain

sin'B X sine
sin ¢

which is equivalent to (32). The corresponding cosine,
OX = Rcos BE in Fig. 4, is stated to be the samaprabha.

sinBE =

3.6 Determining the samadrggati

PreareTg: FlaHets |
LIRS CAS RS R LIS RS I

[EEIERISIE RIS EI G
TET AT 1ER 1|

trijyantyabahvoh krtibhedamiilam
kotistadabhyastasamaprabhayah |

trijivayapta samadrggatissyat
esatra drkksepaviparyayasa (/69|

17 This is the angle between the celestial equator and the prime verti-
cal. This can be visualised with the help of Fig. 2b, where the angle
between the prime vertical and the celestial equator is equal to the arc
ZT = PN = ¢, as the arcs NZ = PT = 90.

@ Springer

Fig. 4 Visualising the samasanku

The squareroot of the difference of the squares of the
radius (¢rijya) and the parama bhuja (antyabahu) is
the koti. The quotient obtained from the division of the
product of that [koti] and the samaprabha by the radius
(trijiva) would be the samadrggati. This here will be
opposite in direction (@sa) to the drkksepa.

The above verse, in the upajati metre, gives the follow-
ing relations:

koti = \/(trijya)? — (parama bhuja)?,

or,
RcosB = \/R? — (RsinB)?, (34)
and,

. koti X samaprabha
samadrggati = —— ,

trijiva

or,
RCOSZGZRCOSBXRRCOSBE' (35)

The term antyabahu in the verse is a synonym for parama
bhuja (R sin B), defined in verse 65 as (10). The koti described
in this verse refers to the corresponding cosine (R cos B), and
(34) simply states the well known identity involving the sine and
cosine of an arc. It may be noted that the kofi of (34) is distinct
from that of (12).

The samadrggati in (35) refers to the measure of the per-
pendicular dropped onto the horizon from a point on the
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ecliptic which is 90° behind the samalagna (B). Let this point
be G in Fig. 4. Thus, the samadrggati will be the measure of
the Rsine of the arc GG'. However, since GG' = 90 — ZG,
we have the

samadrggati = Rsin GG’ = R cos ZG.

Now, in the spherical triangle ZGB, we have GB = 90
(by definition), ZB = 90 — BE and, from (34), cos B = koti.
Employing the cosine rule, we have

cos ZG = sin ZB cos B = cos BE cos B,

which is equivalent to (35).

The last quarter of the verse states that the samadrggati is
opposite in direction to the drkksepa. This statement can be
understood with the help of Fig. 5, which depicts the posi-
tions of the ecliptic points corresponding to the samalagna
(B), samadrggati (G) and the drkksepa (D) as the kalalagna
cycles through the four quadrants over the course of the day.

Figures 5a, b depict the situation when the kalalagna is
in the first and the second quadrants, respectively. In these
two cases, the rising ecliptic point (L), i.e., the udayalagna,
lies to the north of the east cardinal point, and the setting
ecliptic point (L"), i.e., the astalagna, lies to the south of the
west cardinal point. Thus, the drkksepalagna (D), which is
equidistant between the rising the setting ecliptic points, '8
lies in the eastern hemisphere. On the other hand, the eastern
intersection (B) of the ecliptic and the prime vertical, i.e.,
the samalagna, lies above the horizon, and the western inter-
section (B’) lies below the horizon. Thus, the ecliptic point
corresponding to the samadrggati (G), which is equidistant
between B and B, lies in the western hemisphere.'’

Figures 5c, d depict the situation when the kalalagna is in
the third and the fourth quadrants, respectively. In these two
cases, the rising ecliptic point (L) lies to the south of the east
cardinal point, and the setting ecliptic point (L’) lies to the
north of the west cardinal point. Thus, the drkksepalagna (D)
lies in the western hemisphere. On the other hand, the eastern
intersection (B) of the ecliptic and the prime vertical lies below
the horizon, and the western intersection (B’) lies above the
horizon. Thus, the samadrggati lies in the eastern hemisphere.

Hence, it is observed that the ecliptic points correspond-
ing to the samadrggati and the drkksepalagna always lie in
opposite hemispheres. This is the purport of the last quarter
of the verse.

18 It may be recalled from (14) in Kolachana et al. (2019b) that the
udayalagna and the drkksepalagna are 90° apart on the ecliptic. It
may also be recalled that the perpendicular dropped onto the hori-
zon from the drkksepalagna is known as the drkksepakotika or the
parasanku. The zenith distance of the drkksepalagna is known as the
drkksepajya.

19 It may be recalled from our discussion above that the samalagna
and the ecliptic point corresponding to the samadrggati are 90° apart
on the ecliptic.

4 Alternative method of determining
the samalagna, samasanku and samadrggati

4.1 Outline of the procedure for determining
the samalagna

MATAAT ST HTH,
AT T
ST FHAAT ol

golayanantyabahubhyam
athava purvamanayet |

visuvaccalanam tena
samalagnam samanayet ||70]]

Or, one should first compute the visuvaccalana using
the golantyabahu and ayanantyabahu. [ Thereafter],
one should compute the samalagna by that.

The above verse, in the anustubh metre, outlines the pro-
cedure of computing the samalagna, discussed over the next
six verses. This verse states that the samalagna can be deter-
mined from the visuvaccalana, which is the measure of the
shorter arc (< 180°) of the ecliptic between the vernal equi-
nox and the prime vertical. The visuvaccalana in turn is to
be computed from the golantyabahu and the ayanantyabahu,
also referred to in the following verses as visuvadbhuja and
the ayanantabahu, respectively. Once the samalagna has
been computed in this manner, the remaining verses state the
procedure for computing the samasanku, samadrggati, etc.

4.2 Determining the visuvadbhuja
and ayanantabahu

R RO E PRI

IS fereeg st &1 |
EIIECREIGIGH

HIERTT

TTEdTeT T A coch:i 1991l

_ Wﬂm |
Iﬂwlécrlb'r*—llhl"lc")*qwd
ERINEIRSIESRINIEIFE eIl

aksahata kalavilagnadorjya
trijyavibhakta visuvadbhuja syat |
kotigunat kalavilagnanitat
aksahatadvydasadalena labdham ||71||
antyadyujivagunita trimaurvyd
bhakta dhanarnam mrgakarkatadyoh |
trijyahrte 'ntyapamalambaghate
kuryattada syadayanantabahuh ||72||
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ecliptic

equator

(a) Kalalagna in the first quadrant (drkksepa
east, samadyggati west)

equator

ecliptic

(¢) Kalalagna in the third quadrant (drkksepa
west, samadrdggati east)

equator

ecliptic

(b) Kalalagna in the second quadrant (drkksepa
east, samadrggati west)

ecliptic

equator

(d) Kalalagna in the fourth quadrant (drkksepa
west, samadrggati east)

Fig. 5 The drkksepa (D) and the samadrggati (G) lie in opposite hemispheres

The Rsine of the kalalagna (kalavilagna) multiplied
by [the Rsine of] the latitude (aksa) and divided by the
radius (¢rijya) would be the visuvadbhuja. One should
apply the quotient obtained from the division of the
product of the Rcosine computed from the kalalagna
(kalavilagna) and [the Rsine of] the latitude (aksa) by
the semi-diameter (vyasadala), which is multiplied
by the last day-radius (antyadyujiva) and divided by
the radius (trimaurvi), positively [when the kalalagna
is] in [the six signs] Capricorn (myga) etc., and nega-
tively [when the kalalagna is] in [the six signs] Can-
cer (karkata) etc., to the product of [the Rsine of] the
maximum declination (antyapama) and [the Rsine of]

@ Springer

the co-latitude (lamba) divided by the radius (trijya).
Then [the result] would be the ayanantabahu.

The above verses, in the indravajra metre, give the fol-
lowing relations:

kalavilagnadorjya X aksajya

visuvadbhuja =

E

trijya
or, with reference to Figs. 1a, b,

RsinTF = RsinQF' = ‘w‘,

R

(36)

and,
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antyapamajya X lambajya

ayanantabahu = —

trijya

kalavilagnakotigunaxaksajya
vyasadala

X antyadyujiva

H

trimaurvi

or, again with reference to Figs. 1a, b,

Rsine X Rcos ¢

RsinHJ =RsinH'J' = z +

Rcosa,xRsin¢

- (37

X Rcose

R

The verse further states that the second term in (37) is to be
applied positively when the kalalagna is in the fourth and
the first quadrants (myrgadi), and negatively when it is in the
second and the third quadrants (karkatadi).

In Fig. 2b, the ecliptic points I" and H correspond to the
vernal equinox and the summer solstice, respectively. I'F is
an arc of the great circle passing through the equinoxes and
the north and south cardinal points, which is perpendicular
to the prime vertical ZE at F.?° Similarly, HJ is an arc of the
great circle passing through the solstices and the north and
south cardinal points, perpendicular to the prime vertical
atJ.

Now, in spherical triangle FTE, T'E = ae,21 F =90,
and E = ¢.?2 Applying the sine rule, we obtain the mag-
nitude of

sin['F = |sina, X sin @], (38)

which is equivalent to (36).
In spherical triangle PHN, PN = ¢, PH = 90 — e, and
P = a,** Applying the cosine rule, we have

cos HN = sine cos ¢ + cos € sin ¢ cos a,.

As HJ =90 — HN, we have

sinHJ = sinecos ¢ + | cosesingcosa,|, (39)

which is equivalent to (37). It may be noted that both € and
¢ lie in the range 0° to 90°. Therefore, the sine and cosine of
these two quantities will always be positive. However, @, can
vary from 0° to 360°. Thus, in the above expression, cos a,
will be positive in first and fourth quadrants, and negative

20" See footnote 7.

2! This is the kalalagna. See Kolachana et al. (2019a).

22 See footnote 17.

2 As H is the solstitial point, we have I'H =T7 =90. Thus,
HI = HI'I = eand PH =90 — .

2 We have EPI = EI =TI —TE =90 — a,. Also, EPN =90 as E is
the pole of the observer’s meridian. Thus, HPN = EPN — EPI = a,.

in the second and third quadrants. Hence, the verse states
that the second term in (39) should be applied positively
and negatively in the six signs from myrga (270° to 90°) and
karkata (90° to 270°), respectively.

The given expressions can also be derived with the help
of Fig. la. In this figure, the ecliptic points Q and H' cor-
respond to the autumnal equinox and the winter solstice,
respectively. QF" is an arc of the great circle passing through
the equinoxes and the north and south cardinal points, which
is perpendicular to the prime vertical ZW at F’. Similarly,
H'J'is an arc of the great circle passing through the sol-
stices and the north and south cardinal points, perpendicu-
lar to the prime vertical at J'. In spherical triangle F'QW,
QW =360 — a, F' =90, and W = ¢.2° Applying the sine
rule, we obtain the magnitude of
sinQF’ = | sina, X sin ¢|, (40)

which is equivalent to (36).
In spherical triangle PH'N, PN = ¢, PH' =90 —¢,”’
and P = 360 — a,*® Applying the cosine rule, we have

cos H'N = sine cos ¢ + cos e sin ¢ cos a,.
As H'J' =90 — H'N, we have
sin H'J' = sinecos¢ + | cosesin¢cos a,|,

(41)

which is equivalent to (37).

4.3 Determining the parama bhuja

NEERIEECICTIRIE
T I a7 IHT SSITHT 12
TRATATI TR
RI-ARTG g a RIS T 1163l

tadvargayuktadvisuvadbhujayah
vargat padam va paramd bhujapta |
samakhyavrttapamavrttayossa

.....

B QW =180 - QF = 180 — (TE — 180) = 360 — a,.
26 See footnote 17.
2T As H' is the solstitial point, we have QH' = QI' =90. Thus,
H'I' =H'QI' =ecand PH' =90 —¢.
28 We have WPI' = WI' = QI' — QW =90 — (360 — a,) = a, — 270.
Also, WPN =90 as W is the pole of the observer’s meridian. Thus,
H'PN = WPN — WPI' =360 — a,
29

3T URAT ST 2id &R U2 WMl | =TT Beaiiafai: S|
REIEESILI forvrsamaT 2fr a1l wmTIaY s[RI aTeEre
AT 2l 37 U g |
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Or, the parama bhuja is the square root obtained from
the square of the visuvadbhuja which has been added
by the square of that [ayanantabahu]. That would be
the Rsine arising from the maximum separation of the
prime vertical (samakhyavrtta) and the ecliptic (apama-
vita).

The above verse, in the upajati metre, gives another rela-
tion for the parama bhuja, earlier discussed in verse 65:

paramabhuja = \/ (visuvadbhuja)? + (ayanantabahu)?,

or, with reference to Figs. 1a, b,

RsinB = RsinB' = V/(RsinT[F)? + (R sin HJ)?

(42)
= V(RsinQF')2 + (Rsin H'J")?.

In Fig. 2b, in spherical triangles BI'F and BHJ, where

A

F =7 =90, it is evident that

sinTB = sin['F
S

, and, sinBH = 51r'1HJ.
inB’ sin B

Noting that the arc ’'H = I'B + BH = 90, as H is the sol-
stitial point, we have

sinl“F)2 + <sinHJ)2

sin[B)? + (sin BH)? = ( -
( ) ( ) sin B sin B

or,

sin B = \/(sin['F)? + (sin HJ)2,

which is equivalent to (42). The two terms on the right in the
above expression, corresponding to the visuvadbhuja and the
ayanantabahu, are obtained from (36) and (37), respectively,

where from we also obtain the second expression in (42):*°

sinB = sinB’ = \/(sinQF’)2 + (sin H'J')2,

corresponding to Fig. la.

The second half of the verse states that the parama bhuja
is the Rsine which corresponds to the maximum separa-
tion between the prime vertical and the ecliptic. This can
be understood with the help of Fig. 6, which is the same as
Fig. 4, but is rotated about its axis, and depicts the celes-
tial sphere from the perspective of the plane of the prime
vertical, for ease of visualisation. The maximum separa-
tion between any two great circles on a celestial sphere
occurs 90° from their point of intersection. In Fig. 6, the
prime vertical and the ecliptic intersect at B, and given

30 Note that the angle between the ecliptic and prime vertical will be
equal at their two points of intersection at B and B'.
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BG = BG"” =90, their maximum separation is denoted by
the line segment G4 = R sin GG” = Rsin B. In this text, this
quantity has been appropriately termed as the parama bhuja,
or the maximum bhuja, with its measure given by (10), (42)
and (60).

4.4 Determining the visuvaccalana

i ol

AT Hld HihTE 119% |l
YT PTheha G 2ITd

Wﬁﬁ?ml

tR?:IT
T o4l

visuvadbhujatastrigunabhihatat
amuyaptadhanurvisuvaccalanam |
bhaganardhavisuddhiramusya bhavet
ayanantabhuje sati karkimukhe ||74||
athava mrgakarkatakadivasat
ayanantabhuja trigunena hatat |
parayd bhujayaptadhanuh kramasah
tribhahinayutam visuvaccalanam ||75||

The arc (dhanuh) of the quotient obtained from
the division of the product of the visuvadbhuja
(visuvadbhuja) and the radius (triguna) by this
[parama bhuja] is the visuvaccalana. One should sub-
tract this [arc] from half a revolution (bhaganardha)
if the ayanantabahu (ayanantabhuja) is [within six
signs] beginning with Cancer (karki).

Or, depending on [whether the ayandantabahu is
within six signs] beginning with Capricorn (mrga) or
Cancer (karkataka), the arc of the quotient obtained
from the division of the product of the ayanantabahu
(ayanantabhuja) and the radius (triguna) by the
paramd bhuja (para bhujd), subtracted from or
added to three signs, respectively, would be the
visuvaccalana.

The above two verses, in the fotaka metre, give two dif-
ferent procedures for determining the visuvaccalana, which
is the shortest arc (I'B,,;,) along the ecliptic between the
vernal equinox (") and the samalagna (B).>! Verse 74 gives
the following relations:

31 Note that the samalagna is the eastern intersection of the ecliptic
and the prime vertical.
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visuvaccalana

visuvadbhuja X trigunna
= dhanus| — =

paramabhuja
[ayanantabahu in mrgadi]

visuvaccalana

isuvadbhuja X tri
= bhaganardha — dhanu5< visuvaabhiya rlgupg)

paramabhuja

[ayanantabahu in karkatadi]

or,
B, =R sin~! (R sin ITF X R )
RsinB (43)
[270 < a, < 90]
IB,;, =180 — Rsin™! (M).
RsinB (44)

[90 < a, < 270]

Verse 75 presents the following alternative procedure for
determining the visuvaccalana:

visuvaccalana

. ayanantabahu X triguna
= tribha — dhanus ————
’ paramabhuja

[ayanantabahu in mrgadi)

visuvaccalana

ayanantabahu X triguna
= tribha +dhanu§< & - ke >

paramabhuja

[ayanantabahu in karkatadi]

or,

[B,;, = 90 — Rsin™! (R—sml,ﬂ xR )
RsinB (45)

[270 < a, < 90]

[Byy = 90 + Rsin™! (RIRIIXR))
e RsinB /' (46)

[90 < @, < 270]

All the above relations for the computation of the
visuvaccalana are conditional upon the presence of
ayanantabahu in mrgadi (270° to 90°) or karkatadi (90° to
270°). As we have noted in our discussion of verse 72, the
second term in the expression for the ayanantabahu in (37)
is applied positively or negatively depending upon whether
the kalalagna is in the first and fourth quadrants, or the
second and third quadrants, respectively. Thus, the given
relations are to be understood to be conditional upon the
quadrant in which the kalalagna is present.

Fig. 6 Visualising the parama bhuja

In Fig. 2b, in the spherical triangle I'FB, we have
F =90.%2 Now, applying the sine rule, we obtain

B, =TB=sin"! <ﬂ>

sin B (47)

which is equivalent to (43). In may be noted that in this
figure, the kalalagna (TE = a,) is in the first quadrant, i.e.,
0<a, <90.

The measure of the visuvaccalana when the kalalagna
is in other quadrants can be understood with the help
of Fig. 7. This figure depicts four instances when the
kalalagna is in four different quadrants. Fig. 7a depicts
the kalalagna in the first quadrant, like Fig. 2b.

In Fig. 7b, the kalalagna is in the second quadrant and
the magnitude of the arc B'T (in the west) is equal to (47).
Here, the shortest arc between I' and B is above the horizon
and is given by

IB,,, =TB=BB—-BT
(48)

= 180 —sin”! (221F0)

sin B
which is equivalent to (44).

In Fig. 7c, the kalalagna is in the third quadrant and the
magnitude of the arc T'B’ (in the west) is equal to (47). Here,

32 Recall that the arc T'F is part of the great circle passing through
the equinoxes and the north and south cardinal points, which is per-
pendicular to the prime vertical.
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the shortest arc between I' and B is below the horizon and
is given by

B, =Bl = BB —TB

sinl'F ) (49)

= 180 — sin~! ( ,
sin B

which is equivalent to (44).

Finally, in Fig. 7d, the kalalagna is in the fourth quadrant
and the magnitude of the arc BT (in the east) is equal to (47).
This is the shortest arc between I" and B, and thus
l—‘Bmin (50)

= Bl = sin”! (_sin FF)

sin B

which is equivalent to (43).

The second set of relations given by (45) and (46) can be
derived in a similar way. Here, again, the conditions regard-
ing the presence of ayanantabahu in mrgadi and karkatadi
are to be understood to pertain to the kalalagna.

In Fig. 2b, in the spherical triangle BH.J, we have J = 90
33 Applying the sine rule, we obtain
(51)

BH = sin”! <M>

sin B
Now, noting that H is the solstitial point, and thus ’'H = 90,
we have

B, =TB=TH -BH

— 90 — sin"! (sinHJ) (52)

sin B

which is equivalent to (45). In may be noted that in this
figure, the kalalagna (TE = a,) is in the first quadrant, i.e.,
0<a, <90.

The measure of the visuvaccalana when the kalalagna is
in other quadrants can be understood with the help of Fig. 7.
As already noted, Fig. 7a depicts the kalalagna in the first
quadrant, like Fig. 2b.

In Fig. 7b, the kalalagna is in the second quadrant and
the magnitude of the arc HB (in the east) is equal to (51).
Here, the shortest arc between I' and B is above the horizon
and is given by

B, =B =TH + HB

— 90 + sin~! (sinHJ) (53)

sin B

which is equivalent to (46).

33 Recall that the arc HJ is part of the great circle passing through
the solstices and the north and south cardinal points, which is perpen-
dicular to the prime vertical.
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In Fig. 7c, the kalalagna is in the third quadrant and the
magnitude of the arc BH” (in the east) is equal to (51). Here,
the shortest arc between I' and B is below the horizon and
is given by

B, =B =BH' +H'T

= 90 + sin”' (“‘?HJ ). %)
sin B
which is equivalent to (46).
Finally, in Fig. 7d, the kalalagna is in the fourth quadrant
and the magnitude of the arc H'B (in the east) is equal to
(51). Here, the shortest arc between I' and B is given

IB,. =Bl=HT-H'B
Gin! ( sin HJ ) (55)

=90 — -
sinB

which is equivalent to (45).

4.5 Determining the samalagna

aed THGH JTq

YIS HISHUS |
qoTa! dlezle

T THSIAT |15 |l

tadeva samalagnam syat
mesadau kalalagnake |

tulddau tadvisuddhasya
cakrasya samalagnata ||76||

That [visuvaccalana] itself would be samalagna when
the kalalagna is in [the six signs] Aries (mesa) etc.
That [visuvaccalana] subtracted from a circle (cakra)
would be the samalagna when the kalalagna is in [the
six signs] Libra (tula) etc.

The above verse, in the anustubh metre, gives the fol-
lowing rules for determining the samalagna from the
visuvaccalana:
samalagna = visuvaccalana

[kalalagna in mesadi]

samalagna = cakra — visuvaccalana

[kalalagna in tuladi]
or,
Ay =TBy, [0 <a, < 180] (56)
A, =360 —TB, ;.. [180 < a, < 360] (57)

The above relations for the samalagna are conditional
upon the kalalagna being mesadi (0° to 180°) or tuladi (180°
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equator

ecliptic

(c¢) Kalalagna in the third quadrant

ecliptic

equator

(d) Kalalagna in the fourth quadrant

Fig. 7 Visualising the visuvaccalana when kalalagna is in different quadrants

to 360°). The validity of these relations can be readily seen
from Fig. 7, which depicts the kalalagna in four different
quadrants. In Figs. 7a, b, the kalalagna is in the first and
second quadrants, and it can be seen that the longitude of
the samalagna, is given by

Ay =TB =TB, (58)

where I'B,;,, is determined using the appropriate expressions
from (43)—(46). When the kalalagna is in the first quadrant,
I'B,.;, 1s to be computed using (43) or (45), and when the
kalalagna is in the second quadrant, I'B,;,, is to be computed
using (44) or (46).

When the kalalagna is in the third and fourth quadrants,
as depicted in Figs. 7c, d, it can be seen that the longitude
of the samalagna is given by

Ay =TB =360 — Bl =360 -8, (59)

where I'B,;,, is determined using the appropriate expressions
from (43)—(46). When the kalalagna is in the third quadrant,
I'B;, 1s to be computed using (44) or (46), and when the
kalalagna is in the fourth quadrant, I'B, . is to be computed
using (43) or (45).

min

4.6 Determining the parama bhuja

OIOIC’)C’)H“:LGIIN’H-
. o
9!')||"('| E%QO‘IIOMII |
a1
SHIAT I=AT =TT 119 ||
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kalalagnabhujotpanna-
krantidrkksepajivayoh |

vargasamyogamiilam va
kathita parama bhuja ||77||

Or, the square root of the sum of squares of the Rsines
of the kalalagnabhujotpannakranti and the drkksepa,
is stated to be the parama bhuja.

The above verse, in the anustubh metre, gives the fol-
lowing relation:

parama bhuja

= \/ (kalalagnabhujotpannakrantijiva)? + (drkksepajiva)?,

or,

RsinB = \/(R sina, sin€)? + (R sinz,)?. (60)

The term kalalagnabhujotpannakrantijiva in the verse is an
interesting and fairly long compound which involves a few
familiar terms such as kalalagna, kranti and jiva. The phrase
krantijiva refers to the Rsine of the kranti or declination, the
standard relation for which is R sin Asine. The expression
kalalagnabhujotpannakrantijiva is to be understood as the
Rsine of the ‘declination’ obtained from the kalalagna, or
Rsina, sine.?*

The relation given in the above verse can be understood
with the help of Fig. 8. This figure depicts the celestial
sphere from the perspective of the eastern horizon, and
shows the drkksepalagna (D) or the nonagesimal and the
samalagna (B). In the spherical triangle I'BE, we have
I'E = a, BI'E = eandTBE = 180 — 'BZ = 180 — B. Using
the sine rule, we obtain:

sina, sine

sinBE = e1)

sin B

In the spherical triangle ZDB, the zenith distance of

the drkksepalagna is ZD = z,, ZDB =90,%° and the arc
ZB =90 — BE. Applying the sine rule, we obtain:

. sinz,
CosBE =sinZB =

. 62
sin B (62)

Squaring and summing (61) and (62), we obtain

3* Similar usage has been observed earlier in verses 39 and 45. See
Kolachana et al. (2020a). Also see the next verse, i.e., verse 78.

35 The vertical circle passing through the drkksepalagna also passes
through the pole of the ecliptic, and is thus perpendicular to the eclip-
tic. See our discussion on verse 36 in (Kolachana et al. 2019b, pp.
310-311).
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sinB = \/(sin a, sin€)? + (sinz,)?,
which is the same as (60).

4.7 Determining the samasarku
and the samaprabha

[N
hlrdH slishll~d-

P
AT

kalalagnabhujakranti-
drkksepau trijyaya hatau |
paraya bhujaya bhaktau
samasankuprabhe kramat ||78||

[The Rsines of] the kalalagnabhujakranti and the
drkksepa [separately] multiplied by the radius (¢7ijya)
and divided by the parama bhuja (para bhuja) would
be the samasanku and samaprabha, respectively.

The above verse, in the anustubh metre, gives the fol-
lowing relations:

kalalagnabhujakrantijya X trijya

samaSanku = — —
paramabhuja
_ drkksepajya X trijya
samaprabha = —— ———
paramabhuja
or, 36

Rsina,sine X R

RsinBE = - (63)
RsinB
Rsinz; X R
RcosBE = ————— (64)
RsinB

The above two relations are identical to (61) and (62),
which we have derived in our discussion of the previous
verse. It may be recalled®” that the samasariku is the perpen-
dicular dropped from the samalagna onto the plane of the
horizon, corresponding to the line segment BX = Rsin BE
in Fig. 4, while the samaprabhd is the corresponding cosine
OX = RcosBE.

3% The expression kalalagnabhujakranti is to be understood to mean
Rsina, sine. This is similar to the expression kalalagnabhujotpanna
krantijiva employed in the previous verse. See our discussion there.

37 See our discussion of verse 68.
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4

Fig. 8 Schematic representation of spherical triangles necessary for
computing parama bhuja, samasanku, samaprabha and samadrggati

4.8 Determining the samadrggati

THITHAATEI-
frgeg 9g waq |
HHEITTARAST
e IE LRI ECAII

drkksepasamabhavarga-
vislesasya padam bhavet |

samadrggatiratraisa
drkksepaviparitadik ||79||

The square root of the difference of the squares of [the
Rsine of] the drkksepa and the samaprabha (samabha)
would be the samadrggati. This here will be opposite
in direction to the drkksepa.

The above verse, in the anustubh metre, gives the fol-
lowing relation:

samadrggati = \/(drkksepajya)? — (samaprabha)?

or, with reference to Figs. 4 and 8§,

RcosZG = \/|(R sinz,;)> — (R cos BE)?|. (65)

Substituting for Rsinz, from (64), the RHS of (65)
reduces to
Rcos B X Rcos BE

R ZG = ]
COS R

which is the same expression for the samadrggati given in
verse 609, stated in (35). The derivation of this expression has
been addressed in our discussion there.

The verse further states that the samadrggati is opposite
in direction to the drkksepa. A similar assertion has been
made earlier in verse 69, and its significance and validity
have been addressed in our discussion there.

5 Discussion

In a previous paper,’® we have detailed the contents of the
third chapter of the Lagnaprakarana, which discusses the
procedure for computing the ascendant using the saznku and
drggati corresponding to any ecliptic point. In this paper,
we have elaborated upon the contents of verses 62—79 of the
Lagnaprakarana, corresponding to its fourth chapter, which
describes the procedure for computing the samasanku and
samadyggati, which are the sanku and drggati corresponding
to the samalagna or the intersection of the ecliptic and the
prime vertical. The fourth chapter provides two methods for
determining the samalagna, samasanku and samadrggati,
but does not explicitly discuss the method for determining
the ascendant from the same. However, by substituting the
longitude of the Sun for the longitude of the samalagna, the
procedures given in the third chapter for determining the
ascendant are applicable here as well.

The fourth chapter of the Lagnaprakarana is once again a
testament to Madhava’s genius. Adopting a fresh approach,
he expertly conceptualizes several parameters such as
the bhujaprabhd, valana, parama bhuja, visuvadbhuja,
ayanantabahu, visuvaccalana, etc., which assist in the ele-
gant and precise determination of the samalagna, samasanku
and samadrggati. The remarkable visualisation of these
complex concepts, and their presentation in the form of
charming verses, reveals an extraordinary intuition and
intellect in both the scientific and artistic domains. We have
attempted to showcase some of brilliance involved here
through detailed diagrams, derivations and discussion. On
the basis of this study, in our opinion, the fourth chapter of
the Lagnaprakarana further justifies the moniker golavid
bestowed upon Madhava by the scholars of the Kerala
school.
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@ Springer



120

Indian Journal of History of Science (2025) 60:103—120

copying the crumbling manuscripts of the text. We are also extremely
grateful to the Prof. K. V. Sarma Research Foundation, Chennai, for
preserving and sharing the copies of these manuscripts, which has ena-
bled us to study this interesting and important work. Finally, we would
also like to thank the Indian Council of Historical Research (ICHR) for
supporting our study of the Lagnaprakarana.

References

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2018).
Madhava’s multi-pronged approach for obtaining the
pranakalantara. Indian Journal of History of Science, 53(1),
1-15.

Kolachana, A., et al. (2018). Determination of ascensional difference
in the Lagnaprakarana. Indian Journal of History of Science,
53(3), 302-316.

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2019). Deter-
mination of kalalagna in the Lagnaprakarana. Indian Journal of
History of Science, 54(1), 1-12.

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2019). Precise
determination of the ascendant in the Lagnaprakarana-1. Indian
Journal of History of Science, 54(3), 304-316.

@ Springer

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2020). Precise
determination of the ascendant in the Lagnaprakarana-11. Indian
Journal of History of Science, 55(1), 1-25.

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2020). Precise
determination of the ascendant in the Lagnaprakarana-111. Indian
Journal of History of Science, 55(2), 99—112.

Kolachana, A., Mahesh, K., & Ramasubramanian, K. (2021). Precise
determination of the ascendant in the Lagnaprakarana-1V. Indian
Journal of History of Science, 56(1), 1-13.

Madhava. “Lagnaprakarana”. Manuscript 414B, ff. 53-84. Kerala
University Oriental Research Institute and Manuscripts Library,
Thiruvananthapuram.

Madhava. “Lagnaprakarana”. KVS Manuscript No. 37a. Prof. K. V.
Sarma Research Foundation, Chennai.

Madhava. “Lagnaprakarana”. KVS Manuscript No. 37b. Prof. K. V.
Sarma Research Foundation, Chennai.

Yelluru, N., & Kolachana, A. (2023). Geometry of pranakalantara
in the Lagnaprakarana. Indian Journal of History of Science,
58(3), 171-180.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.




	Precise determination of the ascendant in the Lagnaprakaraṇa - V
	Abstract
	1 Introduction
	2 Outline of the procedure for determining the udayalagna
	3 First method of determining samalagna, samaśaṅku and samadṛggati
	3.1 Determining the bhujāprabhā
	3.2 Determining the valana
	3.3 Determining the paramā bhujā, bhuja and koṭi
	3.4 Determining the samalagna from the bhuja and the koṭi
	3.5 Determining the samaśanku and samaprabhā
	3.6 Determining the samadṛggati

	4 Alternative method of determining the samalagna, samaśaṅku and samadṛggati
	4.1 Outline of the procedure for determining the samalagna
	4.2 Determining the viṣuvadbhujā and ayanāntabāhu
	4.3 Determining the paramā bhujā
	4.4 Determining the viṣuvaccalana
	4.5 Determining the samalagna
	4.6 Determining the paramā bhujā
	4.7 Determining the samaśaṅku and the samaprabhā
	4.8 Determining the samadṛggati

	5 Discussion
	Acknowledgements 
	References




