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Abstract

The determination of the ascendant (udayalagna) or the rising point of the ecliptic is an important
problem in Indian astronomy, both for its astronomical as well as socio-religious applications. Thus, as-
tronomical works such as the Siryasiddhanta, the Brahmasphutasiddhanta, the S'i_syadhivrddhidatantra,
etc., describe a standard procedure for determining this quantity, which involves a certain approximation.
However, Madhava (c. 14™ century) in his Lagnaprakarana employs innovative analytic-geometric
approaches to outline several procedures to precisely determine the ascendant. This paper discusses the
first method described by Madhava in the Lagnaprakarana.
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1 Introduction

As the name implies, the Lagnaprakarana (Treatise for
the Computation of the Ascendant) is a text exclusively
written to outline procedures for the determination of the
ascendant (udayalagna) or the rising point of the ecliptic.
To our knowledge, it is the first text to give multiple pre-
cise relations for finding this quantity. We have defined
the udayalagna and discussed its significance in an earlier
paper.! In the same paper, we have briefly noted the state
of udayalagna computations in Indian astronomy prior
to Madhava, and also remarked upon the approximations
involved therein.?
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!See the introduction to [7].
“The standard procedure adopted by Indian astronomers prior to Ma-
dhava to determine the udayalagna is perhaps best described in the

In the first chapter of the Lagnaprakarana, Madhava
discusses several procedures (many of them novel) to
determine astronomical quantities such as the prana-
kalantara (difference between the longitude and right as-
cension of a body), cara (ascensional difference of a body),
and kalalagna (the time interval between the rise of the
vernal equinox and a desired later instant). The physi-
cal significance of these quantities, the crucial role they
play in the computation of the ascendant, as well as the
import of Madhava’s procedures in their determination
have been discussed in earlier papers.® It may be briefly
noted here that the kalalagna is an ingenious and novel
concept, apparently first introduced by Madhava in the
Lagnaprakarana, which greatly facilitates precise deter-
mination of a number of astronomical quantities, includ-
ing the udayalagna.

Triprasnadhikara of Sisyadhivrddhidatantra. For a detailed discus-
sion of this technique, see [10, pp. 61-69].
3See [8], [9], and [7] respectively.
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From the second chapter onwards, the Lagna-
prakarana describes several techniques of precisely
determining the udayalagna. These techniques are
fairly involved, spread over many verses, and require
the calculation of numerous intermediary quantities.
The current paper focuses only on the first technique
of determining the udayalagna described in the second
chapter of the Lagnaprakarana.

Besides this introduction, this paper consists of two
more sections. In Section 2, which consists of several
subsections, we provide the relevant verses of the Lagna-
prakarana which describe the first method of the compu-
tation of the udayalagna, along with their translation and
detailed mathematical notes. In the third and last section,
we make a few concluding remarks.

2 Precise determination of the
ascendant

The second chapter of the Lagnaprakarana commences
with the definition of two quantities known as the rasi-
kiitalagna and madhyalagna (meridian ecliptic point).
Through eight verses (31 to 38), Madhava successively
and systematically defines several quantities such as
the madhyakala, madhyajya, drkksepajya, parasarku,
drkksepalagna, and finally the udayalagna. As we go
through the verses, one cannot but help conclude that Ma-
dhava’s approach is quite meticulous and methodical.

As a prelude to our discussion, it may be mentioned
that in the following discussion we employ the symbols
A, a, 8, 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 «,, ¢,
and ¢ respectively. It may also be mentioned that all the
figures in this section depict the celestial sphere for an ob-
server having a northerly latitude ¢.

2.1 Obtaining the rasikiitalagna and the
madhyalagna

FAT] FIAHASAF |
Fovepefirerst 7

e TR 13911

nijapranakalabhedam

kuryat kalavilagnake |
rasikiitavilagnam tat
tribhonam madhyalagnakam 11311

One should apply the nija-pranakalabheda (nija-
pranakalantara) to the kalavilagna (kalalagna).
That is the rasikiitavilagna. That decreased by
three signs is the meridian ecliptic point (mad-
hyalagnaka).*

This verse (in the anustubh metre) shows the method
to determine the madhyalagna, or the meridian eclip-
tic point, in degrees. Towards this end, the verse first
gives the following relation to determine the rasikita-
lagna, which is a point on the ecliptic ninety degrees from
the meridian ecliptic point:

rasikitalagna = kalalagna + nija-pranakalantara
(€]

where a, and A, represent the kalalagna and the longi-
tude of the rasikiitalagna respectively. Then, the verse
notes that the madhyalagna can be simply determined as
follows:

o, Ay = £ |4, — e,

madhyalagna = rasikiitalagna — tribha

Ay = A, — 90. )

or,

Note on nija-pranakalantara and koti-pranakalantara

The verse states that the rasikiitalagna can be determined
by applying the nija-pranakalantara (lit. own prana-
kalantara) to the kalalagna. The nija-pranakalantara
refers to the magnitude of the difference of the longitude
and right ascension of any body,” not necessarily lying
on the ecliptic. The term nija-pranakalantara is used in
contrast to the term koti-pranakalantara, which appears
in later verses, to differentiate between the two possible
pranakalantaras for a point B on the equator shown in
Figure 1. Here, we have

nija-pranakalantara = |15 — |,

“The term madhyalagnaka employed in the verse refers to the
madhyalagna only. In other words, the suffix ka is not meant to mod-
ify the meaning of the noun here (==,

SThough the definition is generic, and is quite inclusive to be appli-
cable to celestial bodies that are off the ecliptic, it may be noted that
the term pranakalantara discussed in the first chapter of the Lagna-
prakarana assumed the body (typically the Sun) to lie on the ecliptic.
See [8].
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Figure 1 The significance of nija-pranakalantara and koti-pranakalantara.

which gives the difference in terms of point B’s ‘own’ lon-
gitude and right ascension, while the

koti-pranakalantara = |1, — a|,

gives the difference in the longitude and right ascension
of point C on the ecliptic whose right ascension («},) corre-
sponds to that of point B.® Thus, only one kind of prana-
kalantara is applicable for a point on the ecliptic, while
the two kinds discussed above are possible for a point on
the equator.

Perhaps assuming the procedure to be straightforward
(though it doesn’t seem to be so), the text does not describe
how to determine the nija-pranakalantara. Hence, for
the convenience of the readers, here we outline how to ob-
tain this quantity using modern spherical trigonometrical
results. Applying the cosine rule of spherical trigonome-
try in the spherical triangle FT'B, where

BFT =90, BIF=¢, TB=ap, IF=A1,
yields

cosay = cos Ay cos BF.

Applying the sine rule in the same triangle, we get

sin BF = sin ap sine.

The term koti-pranakalantara may have been employed as it refers
to the pranakalantara corresponding to the koti or the upright CB of
the triangle CI'B, which is right angled at B.

From the above two relations, we have

As=cos™! ( cos dp )
= . 1, . .
cos[sin” “(sin o, sine)]

or, 90— /lf =sin! (
cos[

cos ay,

sin”(sin ap sine)] ) .

The above relations can be used to determine the nija-
pranakalantara in the form of

/1f — Up,

where oy, is already known. The same relations can also
be arrived at using planar geometry, and would surely
have been known to the author of the text.

Deriving the expressions for rasikatalagna and
madhyalagna

The verse states that the nija-pranakalantara is to be ap-
plied to the kalalagna to obtain the rasikiitalagna. This
can be understood from Figure 2, where the great circle
arc KRE is the secondary’ from the pole of the ecliptic
(K) to the ecliptic, and also passes through the east car-
dinal point (E). Let the right ascension of E be «,. This
secondary meets the ecliptic at the rasikitalagna (R). Let
the longitude of R be 4,. The points E and R are analo-
gous to points B and F in Figure 1. Therefore, applying
the nija-pranakalantara to a, gives 4,, or

Ay = Q. % nija-pranakalantara = a, = |1, — o],

"The secondary would of course be perpendicular to the ecliptic.
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horizon

Figure 2 Determining the madhyalagna from the kalalagna and the rasikiitalagna.

which is the relation given by (1).

Now, the madhyalagna is the longitude of the point M
at the intersection of the ecliptic and prime meridian in
Figure 2. As the arcs ME = MK = 90,2 one can conclude
that M is the pole of the great circle arc KRE 9 Therefore,
we have MR = 90, which is the relation stated in (2).

It may be noted that since the kalalagna is the same
for all observers on a given longitude,'* the rasikita-
lagna and the madhyalagna are the same too for these
observers.

2.2 Computation of the madhyakala
HISY I FATT

EEEIMETIR R
ARG TIATST
e FoousT 13RI
PR .
T RI): TehiTda: |
madhyalagne punah kuryat
nijapranakalantaram |
madhyakalo bhavet so’yam
tribhadhyam kalalagnakam 1132l
kalalagnam trirasyiinam
madhyakalah prakirtitah |

One should again apply the nija-prana-kalantara

8ME = 90 as E is the pole for any point on the prime meridian.
MK = 90 as K is the pole of any point on the ecliptic.

9Except when the points are separated by 180 degrees, two points are
sufficient to define a unique great circle on a sphere.

10See verse 30 in [7].

to the meridian ecliptic point (madhyalagna).
That would be the madhyakala. That increased
by three signs would be the kalalagna. The kala-
lagna diminished by three signs is stated to be the
madhyakala.

The above verses (in the anustubh metre) essentially in-
troduce the concept of madhyakala, which is the right as-
cension of the point at the intersection of the equator and
the prime meridian, represented by point T in Figure 3.
They also present expressions detailing the relationship
between the madhyakala and the kalalagna.

In Figure 3, let the point M represent the madhyalagna,
which has been discussed in the previous verse. Taking «;,
as the right ascension of T, and 1, as the longitude of M,
the relation given in the verse for the madhyakala can be
expressed as:

madhyakala = madhyalagna + nija-pranakalantara
(3)

Having defined the madhyakala thus, starting with the
latter half of verse 32, the author describes the connection
between the kalalagna and the madhyakala through the
following relations:

or, ay =y £ A, — -

kalalagna = madhyakala + tribha

or, a, = o + 90, 4)
and
madhyakala = kalalagna — trirasi
ofr, a; = a, — 90. (5)
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Figure 3 Determining the madhyalagna and the madhyakala.

The relation between the madhyakala and the madhya-
lagna given in (3) can be easily understood with the help
of Figure 3. Here, both the points T and M lie on the prime
meridian, which immediately indicates that «; is the right
ascension of a body at M. Thus, if the madhyalagna (4,,,)
is already known, then the madhyakala («;) can be read-
ily found by applying the pranakalantara to it.!! That is,

ay = Am * Mm - OC[|,

which is the first relation given in the verse.

As the east cardinal point (E) is the pole for any point
on the prime meridian, it is also evident from the figure
that the kalalagna (a,) is given by

ae, = a; + 90,

which explains the relations (4) and (5) stated in the verse.

2.3 An alternate way of obtaining the
madhyalagna

THHISS TARANRIT
HifeuTITRA=RA 1133
S FAT dar I

Note that for a point on the ecliptic, there is only one kind of prana-
kalantara.

THSTHATA |

madhyakale punastasmin
kotipranakalantaram |133l|
vyastam kurydt tada vatra
madhyalagnamavapyate |

Again, one should apply the koti-prana-kalantara
to that madhyakala reversely. Then also the merid-
ian ecliptic point (madhyalagna) is obtained here.

The latter half of verse 33 and the first half of verse
34 (both in the anustubh metre) together present the fol-
lowing expression to determine the madhyalagna or the
meridian ecliptic point from the madhyakala:

madhyalagna = madhyakala F koti-pranakalantara

or, Am = F [Ay — . (6)

It is easily seen that the above relation is a corollary of
(3). The koti-pranakalantara is applied here as we want
to convert the meridian ecliptic point’s right ascension
into its longitude.!? Furthermore, it must be noted that

the pranakalantara is applied reversely here for the same

12Refer to our discussion on nija-pranakalantara and koti-
pranakalantara in verse 31. The points T and M here are analogous
to points B and C in Figure 1.
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reason, as we want to convert right ascension into longi-
tude.'?

2.4 Determining the madhyajya
HHAUATT LTI

i SHITraad 113811
ﬁ:ﬁ%ﬁw

IS GRSl o Hged™ 3 : |
aarTHer gl eT

ErsaTed Tyt e 1134l

madhyalagnat punastasmat

dohkotyoh krantimanayet 1134/l
dohkrantikotyaksamamusya

kotya dohkrantijivam ca nihatya bhiiyah |
tadyogabhedat samabhinnadiktve
trijyahrtam madhyagunam vadanti |135l

Again, from that meridian ecliptic point (madhya-
lagna), one should derive the Rsine and Rcosine
of its declination. Having multiplied (i) the [Rsine
of the] latitude (aksa) with the Rcosine of the dec-
lination corresponding to the longitude (dohkran-
tikoti) [of the madhyalagnal, and also (ii) the Rsine
of the declination corresponding to the longitude
(dohkrantijiva) [of the madhyalagna] with the
Rcosine of this [latitude], their sum or difference—
depending upon [whether the equator and the
zenith are in the] same or opposite direction [with
respect to the ecliptic]—divided by the radius (tri-
Jjya), is stated to be the madhyaguna.

In one and a half verses (halfin the anustubh and full in
the indravajra metres) Madhava gives the relation for cal-
culating the madhyajya (i.e. madhyaguna) or the Rsine
of the zenith distance (z,,) of the meridian ecliptic point
(madhyalagna). To this end, the verses instruct that first
the Rsine and Rcosine of the declination (6,,) correspond-
ing to the longitude of the madhyalagna should be calcu-
lated.!®> The relation for the madhyajya in terms of these

13The pranakalantara as defined in the first chapter of the Lagna-
prakarana is for converting the longitude of an ecliptic point to the
corresponding right ascension. Thus, it is prescribed to be applied ‘re-
versely’ here.

4The available manuscripts give the reading as @, This however
appears to be a transcribing error as the correct relation requires mul-
tiplication and not division.

SKnowing the longitude A,, of the madhyalagna, the sine of its

two quantities, as well as the Rsine and Rcosine of the lat-
itude (¢), is stated as follows:

madhyaguna = (aksajya x dohkrantikoti +
aksakotijya x dohkrantijiva) + trijya

or,
_ (Rsin¢ x Rcos§,, £ Rcos¢ X Rsin §,,)

R
(7
The verses further state that the sign in the above re-
lation has to be taken as positive or negative depend-
ing upon whether the latitude and declination are in the
‘same’ or ‘opposite’ directions. This remark, as well as the
validity of the above expression, can be understood from
Figure 4. The figure depicts the madhyalagna (M) when
it has northern as well as southern declination. The figure
also depicts its declination (&,,), as well as zenith distance
(z,,), in these two cases. As can be seen from the figure,
the zenith distance of M is equal to ¢ + 6,,, when the eclip-
tic is in the same direction with respect to both the zenith
and the equator, and ¢ — &,, when the equator and the
zenith are on either side of the ecliptic.!® We therefore
have

Rsinz,,

sin z,,, = sin(¢ + §,,,) = sin ¢ cos J,,, + cos¢psin g,

or,

_ (Rsin¢ X Rcos§,, £ Rcos¢ X Rsin )
- R

Rsin z,

which is the same as (7).

Now, a brief note on the advantage of the choice of form
of the rule prescribed by (7). Naively, it may appear that
expanding sin(¢ + J,,) and determining the sum or dif-
ference of products of the sine and cosine functions could
be more cumbersome than directly determining the sine
of the total quantity. However, this need not be the case
if the constituent terms of the expansion were already
known to the practitioners, who could then easily deter-
mine the result by the simple summation of two products.
For instance, the sine of the declination of the madhya-
lagna (sin 6,,) can be derived directly using the relation

declination can be determined easily using the well known relation
sin § = sin A sin €. This would be the dohkrantijiva. Its cosine would
be the dohkrantikoti.

®Here, &, represents only the magnitude of the declination of the
madhyalagna.
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(a) Same direction.

L E

(b) Opposite directions.

Figure 4 The direction of the equator and the zenith with respect to the ecliptic for determining the madhyaguna.

sin § = sinAsine. Its cosine too can be easily determined
using basic arithmetic, while the sine and cosine of the
latitude would be readily available for a given location.
On the other hand, to directly determine sin(¢ + &,,,), one
would have to first calculate the inverse sine of the quan-
tity sin §,,, to obtain §,,, add or subtract this to the latitude,
and then determine the sine of the composite quantity.
The complex and time consuming task of determining the
inverse sine can be avoided by following the prescribed
procedure.

The quantity madhyajya thus determined is now used
to determine the drkksepajya in the next verse.

2.5 Determining the drkksepajya

HIfChT S TaTedTar

@l ATl g 18 |
HSSATAT ST ATgaT

AT F2TE AT g 1138l

kotikrantermadhyajivahataya

labdham bahukrantikotya tu bahuh |
madhyajyaya vargato bahuvargam

tyaktva Sistam syacca drkksepavargah 1136l

The result obtained from the kotikranti, which is
multiplied by the madhyajiva (madhyajya), and di-
vided by the bahukrantikoti is bahu. The residue
obtained after the subtraction of the square of the
bahu from the square of the Rsine of the madhya-
Jjya, would be the square of [the Rsine of] the
drkksepa.

The drkksepajya, or simply the drkksepa, is the Rsine
of the zenith distance of the drkksepalagna or the nona-
gesimal.'” This verse (in the $alini metre) gives an expres-
sion for determining the drkksepa in terms of the madhya-
Jjya and another intermediary quantity called the bahu,
which is defined as follows:!3

_ madhyajya X kotikranti

bahu = bahukrantikoti
_ Rsinz,, X Rcos A, sin¢ ®)
- Rcos§,, '
Now, the drkksepajya is defined as:
(drkksepajya)? = (madhyajya)? — (bahu)?
or, (Rsinzy)? = (Rsin z,,)? — (bahu)?, 9

where z; corresponds to the zenith distance of the
drkksepalagna.

Rationale behind the expression for drkksepajya

The expression for the drkksepajya given in (9) can be
arrived at as follows. In Figure 5, D represents the
drkksepalagna or the nonagesimal, which corresponds
to the highest point of the ecliptic lying above the hori-
zon. In other words, its zenith distance ZD (which is the

7The nonagesimal is a point on the ecliptic above the horizon which
is ninety degrees from the rising ecliptic point, and is also the highest
point of the ecliptic.

18The standard relation for kranti or declination is sin 1sine. The
term kotikranti is to be instead understood to be cos A sin €. The term
bahukrantikoti here is to be understood to mean the cosine of the dec-
lination of the madhyalagna, i.e., cos &,y,.
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Figure 5 Visualising the drkksepa.

drkksepa), is the least compared to any other point on the
ecliptic. This is only possible when ZD is perpendicular to
the tangent to the ecliptic at D.* This in turn implies that
the secondary KD from the pole of the ecliptic (K), which
is perpendicular to the ecliptic at D, passes through the
zenith (Z).%°

Also, in the figure, the ecliptic points M and R corre-
spond to the madhyalagna and the rasikitalagna respec-
tively, while the equatorial point T corresponds to the
madhyakala. As E is the pole for any point on the prime
meridian, we have EJ = 90. Now, let ER = u. Then, obvi-
ously RJ = 90 — u. As M is the pole of the great circle arc
KJRE, the arc RJ also corresponds to the angle between
the prime meridian and the ecliptic.

From the form of (9), it is evident that the author vi-
sualised a right-angled triangle, with the madhyajya as
the hypotenuse, and the drkksepajya and bahu as sides.
To help visualise this triangle, the celestial sphere is de-
picted from the point of view of the ecliptic plane in Fig-
ure 6a. Here, ZD' and ZM' correspond to the Rsines of

¥The arcs corresponding to the zenith distances of other points on
the ecliptic will not be perpendicular to it, implying that they will be
longer than ZD.

The great circle containing the arc KZD is sometimes referred to as
the drkksepavrtta, or the great circle corresponding to the drkksepa.
2IShown in our discussion of verse 31.

the drkksepa and the zenith distance of the madhyalagna
respectively. Taking ZD = z; and ZM = z,,, we have

ZD' =Rsinzy, and ZM' = Rsinz,,.
We also have

OD' = Rcoszy, and OM' = Rcosz,,.

Now, as KZD is perpendicular to the ecliptic, the planar
triangle ZM'D’ is right-angled at D', and lies in a plane
perpendicular to the ecliptic. Therefore, we have

(Rsinzy)? = (Rsinz,,)? — (M'D’)?,
which is the relation given in (9), where the side M’ D’ has
been called bahu.
Rationale behind the expression for bahu

The relation for the bahu given by (8) can be understood
from the same right-angled triangle ZM'D’. In this trian-
gle, the angle

ZM'D' =90 —u

corresponds to the angle between the prime meridian and
the ecliptic. Using simple trigonometry, we have

M'D' = Rsin ZM cos(90 — u),
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(a) Visualising the drkksepa from the point of view of the ecliptic plane.

Z
v
D
O 3§ =
N =
ocd(b = k=
RC £ 7
A g a4
90 — u
M’ bahu D’ (0] Rcosz,, M F
-« RcosMD -

(b) Planar triangles used to determine the drkksepajya and the drkksepalagna.

Figure 6 Determining the drkksepajya and the drkksepalagna.
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or

bahu = Rsin z,, sin u. (10)

The expression for sinu can be determined from the
spherical triangle T'ER in Figure 5, where we have ER = p,
RTE = ¢,and TER = 90 — §,,,.2 Applying the sine rule in
this triangle, we have

sinI'R X sin¢

™ 08, o

However, as the rasikiitalagna is ninety degrees from the
madhyalagna, we have

'R =90 — MT =90 - (360 — 4,,) = 14, — 270.
Using the above expression for I'R in (11), we have

Rcos A, sine
Rcos 6y,

Cos,, sine

sinu =
K coS 6,y

Substituting the above expression in (10), we have

_ Rsinz,, X RcosA,, sine
bahu = mn m ,
Rcosé,,

which is the same as (8).

2.6 Determining parasanku, drkksepalagna, and
udayalagna

FHITT BR[O T,
a@ssw%wgq@ |

Prsamest stgeRT weh
AdThd TATIHIH SR 11301l
m@qﬂ’rm

REUSCERLIECPERS )

TR qEIAHIAE: 113l
drkksepavarge trigunasya vargat
tyakte’sya miillam parasankumahuh |
trijyahatam bahumanena bhaktam
capikrtam madhyavilagnake’smin 1137||
kramaddhanarnam mrgakarkatadyoh
vyastam ca tanmadhyagune tu saumye |
tada tu drkksepavilagnakam syat
tatsatribham tiudayalagnamahuh 1138l

22 As P is the pole of the equator, and M is the pole of the great cir-
cle arc KJRE, we have PT = JM = 90,and PJ = TM = §,,.
Therefore, TER = TEP — JEP = 90 — §,,.

When the square of the drkksepa[jya] is subtracted
from the square of the radius (trijya), [people] state
its (the difference’s) square-root to be the para-
Sanku. The bahu [stated in the previous verse]
multiplied by the radius (trijya) divided by this
(parasanku) is converted to arc and applied posi-
tively and negatively in order to the meridian eclip-
tic point (madhyalagna) depending on [whether
the madhyalagna is in the six signs] Capricorn
(mrgadi) etc., or Cancer (karkatadi) etc. It (the
positive or negative application of the arc to the
madhyalagna) is reversed when the madhyajya
is northward. Then, the nonagesimal (drkksepa-
vilagna) would be [obtained]. That added by three
signs is stated to be the rising ecliptic point (udaya-
lagna).

The two verses above (in the indravajra and upajati
metres respectively) are essentially meant for providing
an expression for the ascendant or the udayalagna. The
expression for the udayalagna is given in terms of the
drkksepalagna, which in turn is defined in terms of the
parasarniku. Hence, the set of verses above first give a re-
lation for the parasariku or the gnomon corresponding to
the nonagesimal, then for the drkksepalagna or the longi-
tude of the nonagesimal, and finally for the udayalagna
or the rising ecliptic point. The relation for the parasanku
is given as:

parasanku = \/ (triguna)? — (drkksepajya)>

or, Rcoszy =+/R%— (Rsinzy)?. (12)
The expression for drkksepalagna is given to be:
_ _ bahu x trijya
drkksepalagna = madhyalagna + capa (W)
or,
_ -1 (b3hUX R
Aqg = Ay £ Rsin (Rcoszd >, (13)

where bahu is given by (8), and parasarnku by (12).
Now, the expression for the udayalagna stated in terms
of the drkksepalagna in the last quarter of verse 38 is:

udayalagna = drkksepalagna + tribha

or, /11 = /ld + 90. (14)

We now provide the rationale behind the above expres-
sions.
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Expression for the parasanku

The parasanku is the gnomon dropped from the drkksepa-
lagna (point D in Figure 5) to the horizon. In later verses,
this quantity is also referred to as the drkksepakotika or
the rasikiitaprabha. The length of this gnomon would be
equal to the Rsine of the arc CD. As CD = 90 — z4, we
have

parasanku = Rsin(90 — z4) = Rcos z4,

which is equivalent to (12).

Expression for the drkksepalagna

For observers in the northern hemisphere, the drkksepa-
lagna is generally south of the zenith, and can be either
in the eastern hemisphere or the western hemisphere, de-
pending upon the longitude of the madhyalagna. When
the longitude of the madhyalagna is in the range of 270
degrees to 90 degrees (myrgadi), the drkksepalagna is in
the eastern hemisphere, and when the longitude of the
madhyalagna is in the range of 90 degrees to 270 degrees
(karkatadi), the drkksepalagna is in the western hemi-
sphere. In Figure 5, where the longitude of the madhya-
lagna is mrgadi, it can be seen that the drkksepalagna is
in the eastern hemisphere, and that its longitude is equal
to the sum of the longitude of the madhyalagna (M) and
the arc MD. Alternatively, when the drkksepalagna is in
the western hemisphere, this arc would have to be sub-
tracted from the longitude of the madhyalagna to obtain
the drkksepalagna. Thus, we have
Aq = Am £ MD. 15)
In some cases, for observers at lower latitudes (¢ < ¢€),
the drkksepalagna and the drkksepajya can be north of
the zenith (for instance, see Figure 7b). In these cases, the
drkksepalagna is in the eastern hemisphere when the lon-
gitude of the madhyalagna is in the range of 90 degrees to
270 degrees (karkatadi), and in the western hemisphere
when the longitude of the madhyalagna is in the range
of 270 degrees to 90 degrees (mrgadi). Therefore, for ob-
taining the drkksepalagna in this case, the arc MD has
to be subtracted from the longitude of the madhyalagna
when it is mrgadi, and added to it when the madhyalagna
is karkatadi. Therefore, when compared to the situation

where the drkksepa is to the south of the zenith, the pro-
cedure of applying the arc MD to the madhyalagna is re-
verse in the case when the drkksepajyd is northwards.

The length of the arc MD can be determined by consid-
ering the triangles DFO and D'M’'O shown in Figure 6b.
The triangle DFO lies on the plane of the ecliptic, in which
OD = R, and DF is the perpendicular dropped on the ra-
dius OM from D. Thus,

DF = RsinMD, and OF = RcosMD.

The triangle D’M'O also lies on the plane of the ecliptic,
where we have already shown in our discussion of the
previous verse that M'D’ = bahu, OM' = R cos z,,, and
OD' = Rcos z4. Using (8), it can be shown that

(OD')? = (OM')? + (M'D')?,

which implies that triangle D'M’O is right-angled at M".

Thus, the triangles DFO and D' M'O are similar, as they
are both right-angled, and also share the common angle
at O. Applying the rule of proportionality of the sides of
similar triangles, we have

bahu x R

RsinMD = .
Rcoszy

(16)

Substituting this result in (15), we have

bahu x R>

.. —1
= +
Aq = 1, £ Rsin ( Rcoszg

which is the same as (13).

Expression for the udayalagna

In Figure 5, one observes that the udayalagna (L) is 90 de-
grees from the pole of the ecliptic (K), as well as the zenith
(Z). Therefore, L is the pole of the great circle KZDC,
which means LD = 90. Therefore,

A =g + 90,

which is the same as (14).

From the fact that L is at 90 degrees from both C and D,
the angle CLD between the ecliptic and the horizon will
be equal to the measure of the arc CD, and therefore

CLD =z}, = 90 — z,. @17)

Though the above result is not stated in the above verses,
we make a note of it here as it is essential for later discus-
sions which will be brought out as a sequel to this article.
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(a) Southern hemisphere.

L

(b) Northern hemisphere.

Figure 7 Direction of the drkksepa at lower latitudes.

3 Conclusion

The Lagnaprakarana is a unique text focusing on a sin-
gle problem in astronomy, namely the determination of
the ascendant. This is indeed a non-trivial problem that
seems to have attracted the attention of astronomers in
India and around the world. While the problem has been
attempted to be solved using a variety of approximations
by various civilisations at different points of time, in our
understanding, precise formulations appear in this work
of Madhava for the first time in the annals of Indian and
world astronomy. Indeed, Madhava seems to have ap-
proached this problem from the viewpoint of a pure math-
ematician and employs a variety of techniques to present
multiple precise relations for the computation of the as-
cendant.

In this paper, we have discussed the first technique de-
scribed by Madhava in the Lagnaprakarana. From our
discussion it is evident that Madhava seems to have been
exceptionally good at visualising the motion of celestial
objects in the celestial sphere and the projection of various
points on it in several planes. This mastery enabled him to
precisely derive the udayalagna through a series of fairly
complex mathematical steps involving the determina-
tion of several quantities such as rasikitalagna, madhya-
lagna, madhyakala, madhyajya, drkksepajya, parasarku,
drkksepalagna, etc. This complexity perhaps explains
why previous astronomers did not give precise relations
for the ascendant, and attests to Madhava’s reputation as
the Golavid, or the knower of the celestial sphere, in the

Kerala astronomical tradition.

In subsequent papers, we plan to present other tech-
niques of determining the ascendant described by Ma-
dhava in the Lagnaprakarana.
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