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Abstract
Authored by the celebrated mathematician-astronomer Mādhava, the Lagnaprakaraṇa 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 some more methods for precisely determining the udayalagna as described in
the second chapter of the Lagnaprakaraṇa.
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1 Introduction

In our previous paper1 we discussed the first method
described by Mādhava for precisely determining the as-
cendant in the Lagnaprakaraṇa. There, the procedure in-
volved first determining the dṛkkṣepalagna or the nona-
gesimal, and then determining the udayalagna there-
from. In this paper, we discuss three other methods de-
scribed by Mādhava for precisely determining this quan-
tity. These methods, described in the second chapter of
the Lagnaprakaraṇa, involve determining the ascendant
from (i) the rāśikūṭalagna, (ii) the unmaṇḍalalagna, and
(iii) the kālalagna. It may be noted that this paper is to
be read in conjunction with our earlier paper as various
physical and mathematical quantities described therein
are employed here as well. Thus, readers are directed to
our previous paper for all references to verses 31–38 in the
current paper.

DOI: 10.16943/ijhs/2020/v55i1/152339
*Corresponding author: aditya.kolachana@gmail.com
1See [9]. Also see [8], [10], and [7] for our discussion on some of the

foundational astronomical parameters described by Mādhava in the
first chapter of the Lagnaprakaraṇa.

In the following discussion, it may be reiterated that we
employ the symbols 𝜆, 𝛼, 𝛿, and 𝑧 to respectively refer to
the longitude, right ascension, declination, and zenith dis-
tance of a celestial body. The kālalagna, the latitude of the
observer, and the obliquity of the ecliptic are denoted by
the symbols 𝛼𝑒, 𝜙, and 𝜖 respectively. It may also be men-
tioned that all the figures in this paper depict the celestial
sphere for an observer having a northerly latitude 𝜙. In
these figures, 𝑁, 𝑆, 𝐸, and 𝑊 denote the cardinal direc-
tions north, south, east, and west, while 𝑃 and 𝐾 denote
the poles of the celestial equator and the ecliptic respec-
tively.

2 Determining the ascendant from the
rāśikūṭalagna

In this section, we discuss the first of the three methods
to be discussed in this paper for determining the udaya-
lagna, as outlined in five verses (39–43) of the second
chapter of the Lagnaprakaraṇa. The procedure involves
determining the udayalagna from the rāśikūṭalagna, the
dṛkkṣepajyā and other quantities. To this end, verses
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39–41 describe an alternate2 method of determining the
dṛkkṣepajyā, while verses 42 and 43 prescribe two rela-
tions for calculating the udayalagna from the rāśikūṭa-
lagna, using the dṛkkṣepajyā and other quantities. Read-
ers may refer to our previous paper for further details on
the rāśikūṭalagna.

2.1 Alternate expression for the dṛkkṣepajyā

य٥ा कालࣆवलҔतः पुनिरतः दोःकोࣅटजातौ गुणौ
नीؘा बाहुगुणादपक्रमगुणं त׽ोࣅटमܙानयेत् ।
तࡅा׽ोࣅटगुणाؑरापमहतात् दोःक्रा࣎ڢको֌ा हृता
क्रा࣎ڢमर्ࣆڌवलҔबाहुजࣄनता तࡆा߱ कोࣅटं नयेत् ॥३९॥
पलगुणमڌक्राۅोः अڬोڬकोࣅटकाࣉभहतयोः3 ।
तदलसंहृतयोः4ࣆृ࠼वࣆ कࣅकॳ मृगा٦ोः

क्रमेण तयुतीࣆवयुࣆ ॥४०॥
कालभुजापमको֌ा हؘा त्रԷाहृतोऽत्रࣆ दृёेपः ।
याݿः स च वज्ञेयोࣆ भेदे तु क्रा࣎ڢजेऽࣉधके सौݿः5 ॥४१॥
yadvā kālavilagnataḥ punaritaḥ

doḥkoṭijātau guṇau
nītvā bāhuguṇādapakramaguṇaṃ

tatkoṭimapyānayet |
tasmātkoṭiguṇātparāpamahatāt

doḥkrāntikoṭyā hṛtā
krāntirmadhyavilagnabāhujanitā

tasyāśca koṭiṃ nayet ||39||
palaguṇamadhyakrāntyoḥ

anyonyakoṭikābhihatayoḥ |
vistṛtidalasaṃhṛtayoḥ karkimṛgādyoḥ

krameṇa viyutiyutī ||40||
kālabhujāpamakoṭyā

hatvā trijyāhṛto’tra dṛkkṣepaḥ |
yāmyaḥ sa ca vijñeyo

bhede tu krāntije’dhike saumyaḥ ||41||

Or, again having computed the Rsine and Rco-
sine from this kālalagna, one should compute the
Rsine of the declination from the Rsine of the

2See our previous paper for the first relation given in the Lagna-
prakaraṇa for this quantity.
3Manuscripts read कोࣅटकाहतयोः. However, this does not fit any

known metre. We have emended the text to satisfy the metrical con-
straints of the udgīti metre, without any change in meaning.
4Manuscripts read .तदलसंहतयोःࣆृ࠼वࣆ We have emended this likely

scribal error as themathematical procedure requires division by𝑅 and
not multiplication.
5Manuscripts read सौݿम्. The scribal error is evident as saumya is

used as an adjective to the masculine noun dṛkkṣepa in the verse.

bāhu [of the kālalagna] and also the Rcosine of
that [declination] (i.e. doḥkrāntikoṭi or kālabhujā-
pamakoṭi). That [former] Rcosine multiplied by
[the Rsine of] the maximum declination (parā-
pama) is divided by the doḥkrāntikoṭi. That [re-
sulting quantity] is [the Rsine of] the declination
(krānti) obtained from the longitude of the merid-
ian ecliptic point (madhyavilagna). One should
also compute the Rcosine of that [declination].
The [Rsine of this] declination and the Rsine of
the latitude multiplied by the Rcosines of each
other and divided by the semi-diameter (vistṛti-
dala) would be subtracted or added [depending on
kālalagna’s position] in the six signs from Cancer
(karki) or Capricorn (mṛga) respectively.
Having multiplied [that sum or difference] by the
kālabhujāpamakoṭi, and divided by the radius (tri-
jyā), [one obtains the] dṛkkṣepa[jyā] here. That is
to be known to be southern [generally]. It is north-
ern if the Rsine of the declination [of the meridian
ecliptic point] is greater [than the Rsine of the lati-
tude] when they differ [in their directions].

The verses above give another relation to determine the
dṛkkṣepajyā. To this end, the verse instructs to first com-
pute the Rsine and Rcosine of the kālalagna, and then to
also compute the Rsine and Rcosine of the so called decli-
nation from the kālalagna, which corresponds to the arc
𝐸𝑅 = 𝜇 in Figure 1.6
Having computed these quantities, as a precursor to de-

termining the dṛkkṣepajyā, the verse gives the following
relation to obtain theRsine of the declination of themerid-
ian ecliptic point, known as the madhyakrāntijyā:

madhyakrāntijyā = kālalagna-koṭiguṇa × parāpamajyā
doḥkrāntikoṭi

or,
𝑅 sin 𝛿𝑚 = 𝑅 cos𝛼𝑒 × 𝑅 sin 𝜖

𝑅 cos𝜇 . (1)

From this we are asked to determine 𝑅 cos 𝛿𝑚, and to use
these quantities to determine the dṛkkṣepajyā as follows:

dṛkkṣepa =

(kālabhujāpamakoṭi × [palaguṇa × madhyakrāntikoṭi

± palakoṭi × madhyakrāntiguṇa] ÷ vistṛtidala) ÷ trijyā

6We have shown one method of determining sin𝜇 in our discussion
of verse 36. Another method is shown below.
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Figure 1 Visualising the dṛkkṣepa.

or,

𝑅 sin 𝑧𝑑 =
𝑅 cos𝜇 × 𝑅 sin𝜙×𝑅 cos𝛿𝑚 ± 𝑅 cos𝜙×𝑅 sin𝛿𝑚

𝑅
𝑅 (2)

= 𝑅 cos𝜇 × 𝑅 sin 𝑧𝑚
𝑅 , (3)

where 𝑧𝑚 is the zenith distance of the madhyalagna, dis-
cussed in our previous paper.

Obtaining the madhyakrāntijyā

The expression for the madhyakrāntijyā given in (1) can
be easily verified from the spherical triangle Γ𝐸𝑅 in Fig-
ure 1. Noting that the point 𝑅 in this triangle is the rāśi-
kūṭalagna, we have

Γ𝑅̂𝐸 = 90, and Γ𝑅 = 𝜆𝑚 + 90.

Also, by definition

Γ𝐸 = 𝛼𝑒, 𝐸Γ̂𝑅 = 𝜖, and 𝐸𝑅 = 𝜇.

Applying the sine rule in this triangle, we obtain

sin𝜇 = sin𝛼𝑒 sin 𝜖, (4)

or, 𝑅 sin𝜇 = 𝑅 sin𝛼𝑒 × 𝑅 sin 𝜖
𝑅 , (5)

where 𝛼𝑒 and 𝜖 are both known. Comparing (4) with
the expression for the sine of the declination of the Sun
given by sin 𝛿 = sin 𝜆 sin 𝜖, one can view the above result
as the sine of the ‘declination’ derived from the sine of
the kālalagna instead of the sine of the longitude of the
Sun. Therefore, the expression sin𝛼𝑒 sin 𝜖 is referred to
as the ‘sine of the declination derived from the bāhu (of
the kālalagna)’7 in verse 39. Having determined 𝑅 sin𝜇,
the verse prescribes to also determine the cosine 𝑅 cos𝜇,
which is easily done using basic trigonometry. This cosine
is referred to as the doḥkrāntikoṭi in verse 40 and as the
kālabhujāpamakoṭi in verse 41, which can be translated
as ‘the cosine of the declination derived from the doḥ or
bhujā of the kālalagna’.
Now, applying the cosine rule in the spherical triangle

Γ𝐸𝑅, we have

cos𝛼𝑒 = cos(𝜆𝑚 + 90) cos𝜇,

7It may be noted that a similar usage has been encountered in verse
36 (see our previous paper), where the term koṭikrānti refers to the
‘declination’ derived from the cosine of the longitude of the madhya-
lagna.

3
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or,
sin 𝜆𝑚 = − cos𝛼𝑒

cos𝜇 .

Now, since sin 𝛿𝑚 = sin 𝜆𝑚 sin 𝜖, we have

sin 𝛿𝑚 = − cos𝛼𝑒 × sin 𝜖
cos𝜇 ,

which differs from (1) only with regards to the sign. As
the author discusses the application of the sign later in
the second half of verse 40, while giving the relation for
the dṛkkṣepajyā, we too discuss this towards the end of
the next section.

Determining the dṛkkṣepajyā

The given relation for the dṛkkṣepajyā can be readily un-
derstood from the right-angled triangle 𝑍𝑀′𝐷′ in Fig-
ure 2b,8 where it can be seen that

𝑅 sin 𝑧𝑑 = 𝑅 sin 𝑧𝑚 × cos𝜇,

which is the same as (3). The expression for𝑅 sin 𝑧𝑚 given
in the verse as

𝑅 sin 𝑧𝑚 = 𝑅 sin𝜙 × 𝑅 cos 𝛿𝑚 ± 𝑅 cos𝜙 × 𝑅 sin 𝛿𝑚
𝑅 ,

is the same as the one given in verse 35, discussed in
our earlier paper. As explained in our discussion of the
madhyajyā there, the terms in the above expression are
added or subtracted depending upon whether the equa-
tor and the zenith are on the same or opposite sides of the
ecliptic. Here, an equivalent rule is given, which states
that the terms of the above expression have to be sub-
tracted or added depending upon whether the kālalagna
is in the six signs starting from Cancer or Capricorn re-
spectively. That is, the second term is to be subtracted
from the first when the kālalagna is in the range of 90 de-
grees to 270 degrees, and added when it is in the range of
270 degrees to 90 degrees. This rule can be understood
purely from physical considerations, or through mathe-
matical analysis.
Physically, the madhyalagna has southern declination

when the kālalagna is in the range of 270 degrees to 90 de-
grees, and northern declination otherwise. An instance of
8The planar triangles in this figure are the same as those shown in

Figure 2a, which depicts the celestial sphere from the point of view of
the ecliptic plane. For further details on this figure, see our discussion
on verse 36 in our previous paper.

the former case is depicted in Figure 3a, where the kāla-
lagna (Γ𝐸) is in the first quadrant, and the madhyalagna
(𝑀) has southern declination. An instance of the latter
case is depicted in Figure 3b, where the kālalagna is in
the third quadrant, and the madhyalagna has northern
declination. In the former case, it is clearly evident that

sin 𝑧𝑚 = sin(𝜙 + 𝛿𝑚) = sin𝜙 cos 𝛿𝑚 + cos𝜙 sin 𝛿𝑚,

while in the latter case, clearly

sin 𝑧𝑚 = sin(𝜙 − 𝛿𝑚) = sin𝜙 cos 𝛿𝑚 − cos𝜙 sin 𝛿𝑚.

Approaching the problem purely from a mathematical
viewpoint, we observe that the first term (sin𝜙 cos 𝛿𝑚) in
the above expressions is always positive,9 while the sec-
ond term (cos𝜙 sin 𝛿𝑚) can be positive or negative de-
pending upon the sign of the declination.10 From (1), we
see that sin 𝛿𝑚 takes the sign of the term cos𝛼𝑒,11 which
being a cosine function is negative in the range 90 de-
grees to 270 degrees (Cancer etc.), and positive otherwise
(Capricorn etc.). Therefore, the absolutemagnitude of the
term cos𝜙 sin 𝛿𝑚 is to be subtracted from or added to the
term sin𝜙 cos 𝛿𝑚 depending upon whether the kālalagna
lies in those quadrants where the cosine function is nega-
tive or positive. This is exactly the rule stated in the verse.
For an observer in the northern hemisphere, the

dṛkkṣepajyā will generally be seen in the southern hemi-
sphere as shown in Figure 4a. However, for observers at
lower latitudes (𝜙 < 𝜖), occasionally the dṛkkṣepajyā may
appear in the northern hemisphere when the declination
of the madhyalagna is northwards, and also greater than
the latitude of the observer, as shown in Figure 4b. These
indeed are the observations that are made in the second
half of verse 41.

2.2 Determining the udayalagna

The following two verses give two relations for obtaining
the udayalagna from the rāśikūṭalagna, employing the
dṛkkṣepajyā and some other quantities derived earlier.

9As 0 < 𝜙 < 90, the term sin𝜙 is always positive. Also, as −𝜖 <
𝛿𝑚 < 𝜖, the term cos𝛿𝑚 is also always positive.
10Here again, since 0 < 𝜙 < 90, the term cos𝜙 is always positive.
11In (1), the term sin 𝜖 is always positive. Also, from (4), we can de-
duce that−𝜖 < 𝜇 < 𝜖. Therefore, the term cos𝜇 too is always positive.

5
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Figure 3 The direction of the equator and the zenith with respect to the ecliptic for determining the madhyajyā.
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2.2.1 Method 1

दृёेपाहतकालबाࡴपमतो दृёेपको֌ा हृतं
ाधर्समाहतंݽࠇवࣆ भुजभव٦Էुाहृतं चाࣅपतम् ।
णϴࡈ कालࣆवलҔके कृतकलाप्राणाڢरे च क्रमात्
दृёेपापमࣅद࣑Җदцैवशतः प्राҙҔसं࣊स٠ये ॥४२॥
dṛkkṣepāhatakālabāhvapamato

dṛkkṣepakoṭyā hṛtaṃ
viṣkambhārdhasamāhataṃ bhujabhava-

dyujyāhṛtaṃ cāpitam |
svarṇaṃ kālavilagnake kṛtakalā-

prāṇāntare ca kramāt
dṛkkṣepāpamadigbhidaikyavaśataḥ

prāglagnasaṃsiddhaye ||42||

[The result] from the division of [the Rsine of]
the declination calculated from the kālalagna
(kālabāhu-apama)—which is multiplied by the
dṛkkṣepa[jyā]—by the Rcosine of the dṛkkṣepa
(dṛkkṣepakoṭi), is multiplied by the semi-diameter
(viṣkambhārdha) and divided by the bhujab-
havadyujyā. The arc of this [result] is applied
positively or negatively to the kālalagna which
is corrected by the difference in [own] longitude
and right ascension (kalāprāṇāntara), depending
on the difference or sameness in direction of the
dṛkkṣepa and the declination [from the kālalagna]
(i.e. kālabāhu-apama), for obtaining the orient
ecliptic point (prāglagna).

This verse gives the following relation for determining
the orient ecliptic point or the udayalagna, in terms of
the dṛkkṣepajyā and the ‘declination’ (𝜇) derived from the
kālalagna:

udayalagna = kālalagna ± nija-prāṇakalāntara

± cāpa (kālabāhu-apamajyā × dṛkkṣepajyā
dṛkkṣepakoṭi ×

viṣkambhārdha
bhujabhava-dyujyā)

or,

𝜆𝑙 = 𝛼𝑒 ± |𝜆𝑟 − 𝛼𝑒| ±

𝑅 sin−1 (𝑅 sin𝜇 × 𝑅 sin 𝑧𝑑𝑅 cos 𝑧𝑑
× 𝑅
𝑅 cos𝜇) . (6)

As the procedure described in the verse involves con-
verting the kālalagna into the longitude of the rāśikūṭa-
lagna, the term kalāprāṇāntara in the verse is to be un-
derstood as thenija-prāṇakalāntara discussed in verse 31.

The term kālabāhu-apamajyā12 is to be interpreted as the
sine of the ‘declination’ (𝜇) derived using the kālalagna,
and is equivalent to (5). The term bhujabhava-dyujyā in
the verse is to be understood as the day-radius correspond-
ing to the declination (𝜇) derived from the bhuja of the
kālalagna, and is therefore equal to 𝑅 cos𝜇.13 Finally, the
dṛkkṣepakoṭi is nothing but the cosine of the zenith dis-
tance of the dṛkkṣepalagna, or 𝑅 cos 𝑧𝑑.
With the terms understood in this manner, the above

relation can be easily derived as follows. Figures 5a and
5b depict two instances when 𝜇 and 𝑧𝑑 are on the oppo-
site sides, and the same side of the ecliptic respectively.
From Figure 5a it is evident that the longitude (𝜆𝑙) of the
udayalagna (𝐿) is given by

𝜆𝑙 = 𝜆𝑟 + 𝑅𝐿,

where 𝜆𝑟 is the longitude of the rāśikūṭalagna (𝑅). How-
ever, from verse 31, we already know that

𝜆𝑟 = 𝛼𝑒 ± |𝜆𝑟 − 𝛼𝑒|.

The length of the arc 𝑅𝐿 can be determined as follows.
In the spherical triangle 𝑅𝐸𝐿, by definition 𝐸𝑅 = 𝜇. Also,
𝑅 ̂𝐿𝐸 = 90 − 𝑧𝑑, is the angle between the ecliptic and the
horizon.14 As the eastern cardinal point is the pole for the
primemeridian, the angle 𝑅 ̂𝐸𝐿 is equivalent to the length
of the arc𝑁𝐽 = 𝑁𝑃+𝑃𝐽. By definition,𝑁𝑃 = 𝜙, while we
have already shown 𝑃𝐽 = 𝛿𝑚.15 Therefore,

𝑅 ̂𝐸𝐿 = 𝜙 + 𝛿𝑚 = 𝑧𝑚,

which is the zenith distance of the madhyalagna. Apply-
ing the sine rule in the spherical triangle 𝑅𝐸𝐿, we have

sin𝑅𝐿 = sin𝜇 sin 𝑧𝑚
cos 𝑧𝑑

. (7)

However, from the triangle 𝑍𝑀′𝐷′ in Figure 2b, we have

sin 𝑧𝑚 = sin 𝑧𝑑
cos𝜇 . (8)

12It can be derived asकालबाहुना ग࣊णता अपमԷा।
13Recalling that the radius of the diurnal circle of the Sun is equal to
𝑅 cos𝛿, when its declination is 𝛿, it is worth noting the similarity of
conceptions as well as terminologies coined to describe these parame-
ters.
14See (17) in our previous paper.
15See our discussion of verse 36.
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Figure 5 Directions of dṛkkṣepajyā and kālabāhu-apamajyā in determining the udayalagna.

9



ARTICLES IJHS | VOL 55.1 | MARCH 2020

Upon solving for the arc 𝑅𝐿 using the above relation,
we obtain the longitude of the udayalagna as

𝜆𝑙 = 𝛼𝑒 ± |𝜆𝑟 − 𝛼𝑒| +

𝑅 sin−1 (𝑅 sin𝜇 × 𝑅 sin 𝑧𝑑𝑅 cos 𝑧𝑑
× 𝑅
𝑅 cos𝜇) .

When 𝜇 and 𝑧𝑑 are on the same side of the ecliptic as
shown in Figure 5b, then it is evident that the arc 𝑅𝐿 has
to be subtracted from the longitude (𝜆𝑟) of 𝑅 to obtain the
longitude of 𝐿. Thus the verse states that the arc 𝑅𝐿 is to
be added to 𝜆𝑟 when 𝜇 and 𝑧𝑑 are on opposite sides of the
ecliptic, and subtracted when they are on the same side of
it. Thus, in general, we have

𝜆𝑙 = 𝛼𝑒 ± |𝜆𝑟 − 𝛼𝑒| ±

𝑅 sin−1 (𝑅 sin𝜇 × 𝑅 sin 𝑧𝑑𝑅 cos 𝑧𝑑
× 𝑅
𝑅 cos𝜇) ,

which is the same as (6).
The above expression can also be derived alternatively

as follows. Upon combining the relations (13), (14), and
(2) from our previous paper, we obtain

𝜆𝑙 = 𝜆𝑟 ± 𝑅 sin−1 (bāhu × 𝑅
𝑅 cos 𝑧𝑑

) .

Further substituting for bāhu using (10) of our previous
paper and for sin 𝑧𝑚 therein using (8) of this paper, it can
be easily seen that we again obtain (6). Comparing the
above expression to (13) of the previous paper reveals that
the arcs 𝑅𝐿 and 𝑀𝐷 in Figures 5a and 5b are of equal
measure. That is, the separation of the udayalagna from
the rāśikūṭalagna is the same as the separation of the
dṛkkṣepalagna from the madhyalagna. This is also di-
rectly evident from the fact that both the arcs𝑀𝑅 and 𝐷𝐿
in this figure are of comparable measure, equal to ninety
degrees.16

2.2.2 Method 2

दृёेपाहतकालबाहुजगुणात् दृक्षेपको֌ा हृतात्
अۅक्रा࣎ڢसमाहतात्17 भुजभव٦Էुाहृतं चाࣅपतम् ।
णϴࡈ कालࣆवलҔके कृतकलाप्राणाڢरे च क्रमात्
ु،दҖेदцैवशाࣅ गुרगुणयोः प्राҙҔसं࣊स٠ये ॥४३॥
dṛkkṣepāhatakālabāhujaguṇāt

16From (2) and (14) of the previous paper respectively.
17Manuscripts read अۅक्रा࣎ڢसमाहृतात्. Emended as the relation re-
quires multiplication by 𝑅 sin 𝜖 and not division.

dṛkkṣepakoṭyā hṛtāt
antyakrāntisamāhatāt bhujabhava-

dyujyāhṛtaṃ cāpitam |
svarṇaṃ kālavilagnake kṛtakalā-

prāṇāntare ca kramāt
digbhedaikyavaśāttu guṇyaguṇayoḥ

prāglagnasaṃsiddhaye ||43||

[The result] from the division of Rsine arising
from the kālalagna—which is multiplied by the
dṛkkṣepa[jyā]—by the Rcosine of the dṛkkṣepa
(dṛkkṣepakoṭi), is multiplied by [the Rsine of] the
last declination (antyakrānti) and divided by the
bhujabhavadyujyā. The arc of this [result] is
applied positively or negatively to the kālalagna
which is corrected by the difference in [own] lon-
gitude and right ascension (kalāprāṇāntara), de-
pending on the difference or sameness of direc-
tions of the multiplicand (guṇya) and the multi-
plier (guṇa), for obtaining the orient ecliptic point
(prāglagna).

In continuation of the rule discussed in the previous
verse, this verse gives the following slightly modified al-
ternate expression for obtaining the orient ecliptic point
or the udayalagna:

udayalagna = kālalagna ± nija-prāṇakalāntara

± cāpa (kālabāhujaguṇa × dṛkkṣepajyā
dṛkkṣepakoṭi ×

antyakrāntijyā
bhujabhava-dyujyā)

or,

𝜆𝑙 = 𝛼𝑒 ± |𝜆𝑟 − 𝛼𝑒| ±

𝑅 sin−1 (𝑅 sin𝛼𝑒 × 𝑅 sin 𝑧𝑑𝑅 cos 𝑧𝑑
× 𝑅 sin 𝜖
𝑅 cos𝜇) . (9)

As in the previous verse, the term kalāprāṇāntara here
too is to be understood as the nija-prāṇakalāntara of the
kālalagna. Kālabāhujaguṇa is to be understood as the
Rsine of the kālalagna or𝑅 sin𝛼𝑒. The terms bhujabhava-
dyujyā and dṛkkṣepakoṭi, explained in the previous verse,
and are equal to 𝑅 cos𝜇 and 𝑅 cos 𝑧𝑑 respectively. The
term antyakrāntijyā refers to the expression 𝑅 sin 𝜖. Hav-
ing understood the terms, it can be seen that (9) can be
obtained by simply substituting (5) for sin𝜇 in (6).
The sine inverse term in the above expression, as in the

case of the expression found in the previous verse, gives

10
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the length of the arc 𝑅𝐿, which is to be added to or sub-
tracted from the longitude (𝜆𝑟) of the rāśikūṭalagna, to ob-
tain the longitude (𝜆𝑙) of the orient ecliptic point. The last
quarter of this verse states the conditions for the positive
and negative application of the arc𝑅𝐿 to 𝜆𝑟, which though
appearing to be different, are equivalent to the conditions
stated in the previous verse. This verse states that the arc
𝑅𝐿 has to be added or subtracted to 𝜆𝑟 depending upon
the difference or sameness in the directions of the guṇya
(multiplicand) and the guṇa (multiplier). From the first
line of the verse, it is evident that the guṇa refers to the
dṛkkṣepajyā (𝑅 sin 𝑧𝑑), which is themultiplier of the quan-
tities𝑅 sin𝛼𝑒 and𝑅 sin 𝜖. The product of these two quanti-
ties, which from (5) we know to be 𝑅 sin𝜇, is to be consid-
ered the guṇya here. Therefore, the addition or subtrac-
tion of the arc 𝑅𝐿 to 𝜆𝑟 depends upon the difference or
sameness in the directions of 𝑅 sin𝜇 and 𝑅 sin 𝑧𝑑. This is
equivalent to the rule stated in the previous verse, where
we have also discussed its validity.

3 Determining the ascendant from the
unmaṇḍalalagna

In this section we discuss the second of the threemethods
discussed in this paper for the determination of theudaya-
lagna, as outlined in verses 44–49 of the second chapter
of the Lagnaprakaraṇa. This method involves first de-
termining a quantity known as the dṛkkṣepakoṭikā or the
rāśikūṭaprabhā, the procedure for which is described in
verses 44-47. Next, using this result, verse 48 gives the
relation for the computation of the longitude of the un-
maṇḍalalagna, or the point of intersection of the eclip-
tic and the six o’ clock circle. Finally, verse 49 gives
the method of calculating the udayalagna using the un-
maṇḍalalagna.

3.1 Determining the dṛkkṣepakoṭikā or the
rāśikūṭaprabhā

काललҔࡆको֌ु؍ां क्रा࣎ڢमक्षगुणाहताम् ।18
लݼा٦ۅԷुयोघЂते णϴࡈ कࣅकॳ मृगाࣅदतः ॥४४॥
कृؘा त्रजीवयाࣆ हृؘा तत्र लݎा भुजा भवेत् ।
काललҔࡆ बाहू؍ा क्रा࣎ڢरेवात्र कोࣅटका ॥४५॥
अनयोरथ दोःको֌ोः वगर्संयोगतः पदम् ।

18Manuscripts read हृताम्. Emended as the relation requires multipli-
cation by 𝑅 sin𝜙 and not division.

रा࣊शकूटप्रभा ज्ञेया सैव दृёेपकोࣅटका ॥४६॥
kālalagnasya koṭyutthāṃ

krāntimakṣaguṇāhatām |
lambāntyadyujyayorghāte

svarṇaṃ karkimṛgāditaḥ ||44||
kṛtvā trijīvayā hṛtvā

tatra labdhā bhujā bhavet |
kālalagnasya bāhūtthā

krāntirevātra koṭikā ||45||
anayoratha doḥkoṭyoḥ

vargasaṃyogataḥ padam |
rāśikūṭaprabhā jñeyā

saiva dṛkkṣepakoṭikā ||46||

Having applied the declination computed from the
Rcosine of the kālalagna—which is multiplied by
the Rsine of the latitude (akṣaguṇa)—to the prod-
uct of the Rcosine of the latitude (lamba) and the
last day-radius (antyadyujyā) positively or nega-
tively depending on [whether the kālalagna is in]
Cancer (karki) etc. or Capricorn (mṛga) etc., [the
result] is divided by the radius (trijīvā). The re-
sult there would be the bhujā. The declination
found from the kālalagna itself is the koṭikā here.
Now, the square-root [taken] from the sum of the
squares of these doḥ (i.e. bhujā) and koṭi should
be known as the shadow of the pole of the ecliptic
(rāśikūṭaprabhā). That itself is the Rcosine of the
dṛkkṣepa (dṛkkṣepakoṭikā).

The above verses give a relation to determine the
dṛkkṣepakoṭikā or the rāśikūṭaprabhā (𝑅 cos 𝑧𝑑), which
has also been referred to previously as paraśaṅku in
verses 37–38, and as dṛkkṣepakoṭi in verses 42–43. The
given relation is

𝑅 cos 𝑧𝑑 = √bhujā2 + koṭi2 (10)

where,

bhujā = (lambajyā × antyadyujyā ± akṣaguṇa ×
kālalagnasya koṭyutthā krāntijyā) ÷ trijīvā

= 𝑅 cos𝜙 ⋅ 𝑅 cos 𝜖 ± 𝑅 cos𝛼𝑒 sin 𝜖 ⋅ 𝑅 sin𝜙
𝑅 , (11)

and

koṭi = kālalagnasya bāhūtthā krāntijyā
= 𝑅 sin𝛼𝑒 sin 𝜖. (12)

11
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Figure 6 Determining the dṛkkṣepakoṭikā or the rāśikūṭaprabhā.
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Figure 7 The hour angle of the pole of the ecliptic, and its angular separation from the celestial pole.

From (10), it is clear that the author has visualised a
planar right-angled triangle inside the celestial sphere,
whose hypotenuse is the desired quantity, i.e. dṛkkṣepa-
koṭikā, and whose sides are equivalent to the expressions
for bhujā and koṭi. We will show that this is the trian-
gle 𝑉 ′𝑁′𝑂 in Figure 6a. This figure is the same as Fig-
ure 1, but depicts the northern hemisphere of the celes-
tial sphere. Therefore, in this figure, the great circle arcs
𝑁𝑃𝐽𝑍 and𝑉𝐾𝑍𝐷𝐶 correspond to the primemeridian and
the dṛkkṣepavṛtta19 respectively. It may be noted that the
portion of the prime meridian between the points 𝑁 and
𝑃 in this figure is not shown so that the desired planar tri-
angles inside the celestial sphere can be seen clearly.
In this figure, the right-angled triangle 𝐾𝑉 ′𝑁′, whose

side 𝐾𝑉 ′ is the gnomon corresponding to the pole of the
ecliptic (𝐾), is perpendicular to the horizon. As the arc
𝐾𝑉 = 𝑧𝑑,20 we have

𝐾𝑉 ′ = 𝑅 sin 𝑧𝑑, and 𝑂𝑉 ′ = 𝑅 cos 𝑧𝑑.
19The great circle passing through the pole of the ecliptic and the

dṛkkṣepalagna.
20The zenith distance of the dṛkkṣepalagna is given by 𝑍𝐷 = 𝑧𝑑 . As
𝐾𝐷 = 𝑍𝑉 = 90, we have𝐾𝑍 = 90 − 𝑧𝑑 , and𝐾𝑉 = 𝑧𝑑 .

Also, as 𝐾𝑁′ is the semi-chord corresponding to the arc
𝐾𝑁, we have

𝐾𝑁′ = 𝑅 sin𝑁𝐾, and 𝑂𝑁′ = 𝑅 cos𝑁𝐾.

In the right-angled triangle 𝐾𝑉 ′𝑁′, we now have

𝑁′𝑉 ′2 = (𝑅 sin𝑁𝐾)2 − (𝑅 sin 𝑧𝑑)2,

which can be rewritten as

𝑁′𝑉 ′2 = (𝑅 cos 𝑧𝑑)2 − (𝑅 cos𝑁𝐾)2

= 𝑂𝑉 ′2 − 𝑂𝑁′2,

which proves that the triangle 𝑉 ′𝑂𝑁′ is right-angled at
𝑁′. This triangle has the dṛkkṣepakoṭikā (𝑅 cos 𝑧𝑑) as its
hypotenuse.21 Now, we will show that the sides 𝑂𝑁′ and
𝑁′𝑉 ′ correspond to the bhujā and koṭi given in the verse.

Determining the koṭi

To determine the koṭi, consider the great circle arc 𝐾𝐽𝑅𝐸
in Figure 6a, which is the secondary to the ecliptic from
21In the figure, it is possible to conceive of the side 𝑂𝑉 ′ to be the
‘shadow’ of the gnomon (𝐾𝑉 ′) dropped from the pole of the ecliptic.
This appears to be reason for calling it the rāśikūṭaprabhā.
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its pole𝐾, andwhich also passes through the east cardinal
point (𝐸). As 𝐸 is the pole for the prime meridian, the arc
𝐾𝐽𝑅𝐸 is perpendicular to the prime meridian at 𝐽. There-
fore, the semi-chord corresponding to the arc 𝐾𝐽, whose
measure is 𝜇,22 would be the perpendicular distance be-
tween 𝐾 and the plane of the prime meridian. That is,

𝑅 sin𝐾𝐽 = 𝑅 sin𝜇.

As the point𝑉 ′ is the image of𝐾 on the horizon, and the
line 𝑂𝑁 is the image of the plane of the prime meridian
on the horizon, we also have

𝑁′𝑉 ′ = 𝑅 sin𝜇
= 𝑅 sin𝛼𝑒 sin 𝜖, [using (5)]

which is the same as (12).
The expression for the koṭi can also be alternatively val-

idated as follows. In Figure 6a, as the arcs𝑁𝐸 = 𝑉𝐿 = 90,
we have the arc 𝑁𝑉 = 𝐴′, which is the amplitude of the
rising point of the ecliptic. Now, consider the similar tri-
angles𝑉 ′𝑂𝑁′ and𝑉𝑂𝑋 in Figure 6b, where𝑉𝑋 = 𝑅 sin𝐴′
corresponds to the Rsine of the arc𝑁𝑉 . Applying the rule
of proportionality of the sides of similar triangles, we have

𝑁′𝑉 ′ = 𝑅 sin𝐴′ × 𝑅 cos 𝑧𝑑
𝑅 . (13)

Now, in the spherical triangle 𝑅𝐸𝐿 in Figure 1, where
𝑅 is the rāśikūṭalagna, and 𝐿 is the udayalagna, we have

𝐸𝑅̂𝐿 = 90, 𝐸𝑅 = 𝜇, and 𝐸𝐿 = 𝐴′.

Also, from (17) in our previous paper, the angle between
the ecliptic and the horizon 𝑅 ̂𝐿𝐸 = 90− 𝑧𝑑. Applying the
sine rule in this spherical triangle, we have

𝑅 sin𝜇 = 𝑅 sin𝐴′ × 𝑅 cos 𝑧𝑑
𝑅 . (14)

Therefore, from (13) and (14), we have 𝑁′𝑉 ′ = 𝑅 sin𝜇,
which is the same as (5) and (12). By comparing (14) and
(5), we can appreciate how apparently different pairs of
physical quantities can give rise to the same result.
22The quantity 𝜇 has appeared in a number of relations, starting with
verse 36, and corresponds to the ‘declination’ calculated from the kāla-
lagna, given by the measure of the arc 𝐸𝑅 in Figure 1, as well as the
expression (5). As 𝐾 is the pole for the ecliptic on which the rāśi-
kūṭalagna (𝑅) lies, and as 𝐸 is the pole for the prime meridian on
which 𝐽 lies, we have 𝐾𝑅 = 𝐽𝐸 = 90. Therefore, it can be seen
that𝐾𝐽 = 𝐸𝑅 = 𝜇.

To determine the bhuja, we require the hour angle of
the pole of the ecliptic, as well as its angular separation
from the celestial pole. The method to determine these
quantities is discussed next.

Determining the hour angle of the pole of the ecliptic,
and also its angular separation from the celestial pole

Figure 7 depicts the celestial sphere from the point of view
of the equatorial plane. In this figure, the great circle
arcs 𝑃𝑍𝑇𝑀𝑄 and 𝑃𝑈𝐸𝑄 correspond to the prime merid-
ian and the six o’clock circle respectively. Now, consider
the great circle arc 𝑃𝐾𝑆′2𝑆2𝑄, which is a meridian passing
through the pole of the ecliptic (𝐾), and meets the eclip-
tic at 𝑆2. Naturally, this arc would also be a secondary to
the ecliptic, which implies that it is perpendicular to the
equator as well as the ecliptic. This is only possible when
it intersects the ecliptic at the solstitial point (𝑆2). As the
solstitial point is the point of themaximum declination of
the ecliptic, we have 𝑆2𝑆′2 = 𝜖. Also, as 𝐾𝑆2 = 𝑃𝑆′2 = 90,
we have 𝐾𝑃 = 𝑆2𝑆′2. Therefore, the angular separation
between the celestial pole and the pole of the ecliptic is
given by

𝐾𝑃 = 𝜖. (15)
Now, the hour angle (𝐻𝑘) of the pole of the ecliptic is

given by the spherical angle 𝑆′2𝑃𝑇, or the measure of the
arc 𝑆′2𝑇, where 𝑇 is the intersection of the prime merid-
ian and the equator. As 𝑆2 is the solstitial point, we have
𝑆′2Γ = 𝑆2Γ = 90. As the east cardinal point is the pole
of the prime meridian, we also have 𝐸𝑇 = 90. Therefore,
we obtain 𝑆′2𝑇 = Γ𝐸. However, as Γ𝐸 is nothing but the
kālalagna (𝛼𝑒),23 we have the hour angle of the pole of the
ecliptic

𝐻𝑘 = 𝑆′2𝑇 = 𝛼𝑒. (16)

Determining the bhujā

To determine the bhujā, consider the spherical triangle
𝑁𝑃𝐾 in Figure 8a. In this triangle, we have

𝑃𝑁 = 𝜙, 𝐾𝑃 = 𝜖, and 𝐾 ̂𝑃𝑁 = 180 − 𝐻𝑘,
where 𝐻𝑘 is the hour angle of the pole of the ecliptic. As
𝐻𝑘 = 𝛼𝑒 from (16), we have24

𝐾 ̂𝑃𝑁 = 180 − 𝛼𝑒.
23See our discussion of verse 30 in [7].
24In Figure 8a, the pole of the ecliptic is in the western hemisphere.
Instead, when the pole of the ecliptic is in the eastern hemisphere, we
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(a) Determining the bhujā in verses 44–46.
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(b) Determining the equivalent doḥprabhā in verse 47.

Figure 8 Determining the bhujā or the doḥprabhā of the rāśikūṭa.
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Applying the cosine rule of spherical trigonometry in this
triangle, we have

cos𝑁𝐾 = cos𝜙 cos 𝜖 + sin𝜙 sin 𝜖 cos(180 − 𝛼𝑒)
= cos𝜙 cos 𝜖 − sin𝜙 sin 𝜖 cos𝛼𝑒.

The function − cos𝛼𝑒 is positive in the range 90 to 270
degrees, and negative in the range 270 to 90 degrees. Thus,
the above relation can be written as

cos𝑁𝐾 = cos𝜙 cos 𝜖 ± | sin𝜙 sin 𝜖 cos𝛼𝑒|

where the second term is to be applied positively when 𝛼𝑒
is in the range of 90 to 270 degrees (i.e., Cancer etc.), and
negativelywhen𝛼𝑒 is in the range of 270 to 90 degrees (i.e.,
Capricorn etc.).25 Multiplying both sides by 𝑅, the LHS of
the above equation denotes the side 𝑂𝑁′ in the triangle
𝑉 ′𝑁′𝑂 in Figure 6a, and the RHS satisfies the magnitude
and conditions for (11) stated in the verse.
In thefirst half of verse 46, the author refers to the bhujā

as the doḥ. This same quantity is also referred to as the
doḥprabhā in the next verse, which gives an alternative
method for calculating the same.

काललҔभुजा٦Էुा मڌԷाकोࣅटकाहता ।
ाܒत्रԷाࣆ वा भवेदत्र रा࣊शकूटࡆ दोःप्रभा ॥४७॥
kālalagnabhujādyujyā

madhyajyākoṭikāhatā |
trijyāptā vā bhavedatra

rāśikūṭasya doḥprabhā ||47||

Or, the day-radius (dyujyā) corresponding to the
kālalagnabhujā is multiplied by the Rcosine of
the madhyajyā (madhyajyākoṭikā) and divided by
the radius (trijyā). The remainder would be the
doḥprabhā of the pole of the ecliptic (rāśikūṭa).

This verse gives the following relation to determine the
doḥprabhā, which is another term for the bhujā described

have𝐾𝑃̂𝑁 = 𝐻𝑘 − 180 = 𝛼𝑒 − 180. As cos(180 − 𝛼𝑒) = cos(𝛼𝑒 −
180), the result does not change in the following calculations.
25It may also be noted that sin 𝜖 and sin𝜙 are always positive.

in verses 44-46. The given expression is:26

doḥprabhā = (kālalagnabhujādyujyā ×
madhyajyākoṭikā) ÷ trijyā

= 𝑅 cos𝜇 × 𝑅 cos 𝑧𝑚
𝑅 . (17)

The term doḥprabhā can be understood as the doḥ or
the bhujā (i.e. the lateral) in a right-angled triangle, where
the hypotenuse is the rāśikūṭaprabhā. Therefore, the
doḥprabhā is the same as the bhujā given by (11), and
corresponds to the side 𝑂𝑁′ in the right-angled triangle
𝑉 ′𝑂𝑁′ in Figure 6a. In our discussion of verses 44–46,
we have shown that 𝑂𝑁′ = 𝑅 cos𝑁𝐾, where 𝑁𝐾 is the
great circle arc passing through the north cardinal point
and the pole of the ecliptic. There, this quantity was de-
termined using the spherical triangle 𝑁𝑃𝐾 in Figure 8a.
The expression given in (17) for this quantity can be de-
rived by considering the spherical triangle 𝑁𝐽𝐾 in Fig-
ure 8b. In this triangle, we have 𝑁𝐽 = 𝑧𝑚,27 𝐽𝐾 = 𝜇, and
𝑁 ̂𝐽𝐾 = 90.28 Applying the cosine rule in this spherical
triangle, we have

cos𝑁𝐾 = cos𝜇 cos 𝑧𝑚

or, 𝑅 cos𝑁𝐾 = 𝑅 cos𝜇 × 𝑅 cos 𝑧𝑚
𝑅 .

which is the same as (17).

3.2 Determining the unmaṇḍalalagna

काललҔेࡈको֌ुं؍ ं࠼ߢ प्राणकलाڢरम् ।
कुयЂ،दा भवेदतेत् उןګलࣆवलҔकम् ॥४८॥
kālalagne svakoṭyutthaṃ

vyastaṃ prāṇakalāntaram |
kuryāttadā bhavedetat

unmaṇḍalavilagnakam ||48||

To the kālalagna, one should apply its own
26It may be noted that the expression kālalagnabhujādyujyā in the
verse is to be interpreted as काललҔभुजासंब࣎٦-ڥԷुा. When the Sun’s
declination is 𝛿, the corresponding day-radius or dyujyā is equal to
𝑅 cos𝛿. Similarly, when the ‘declination’ corresponding to the kāla-
lagna is 𝜇, its corresponding day-radius is to be taken as 𝑅 cos𝜇.
27Wehave 𝐽𝑀 = 90, as themadhyalagna is the pole of the great circle
arc𝐾𝐽𝑅𝐸 (see our discussion of verse 31). We also have 𝑃𝑇 = 90, as
𝑃 is the pole for any point on the equator. Therefore, we have 𝑃𝐽 =
𝑇𝑀 = 𝛿𝑚. Now,𝑁𝐽 = 𝑁𝑃 + 𝑃𝐽 = 𝜙+ 𝛿𝑚 = 𝑍𝑇 + 𝑇𝑀 = 𝑧𝑚.
28For the values of 𝐽𝐾 and 𝑁 ̂𝐽𝐾, see our discussion in the previous
section titled ‘Determining the koṭi’.
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koṭi-prāṇakalāntara reversely. Then, this would
be lagna on the six-o-clock circle (unmaṇḍala-
vilagna).

This verse gives the method to determine the longitude
of the point of intersection of the ecliptic and the six o’
clock circle. Called the unmaṇḍalalagna, this point is de-
termined by applying the koṭi-prāṇakalāntara to the kāla-
lagna reversely:

unmaṇḍalalagna = kālalagna ∓
koṭi-prāṇakalāntara

or, 𝜆𝑢 = 𝛼𝑒 ∓ |𝜆𝑢 − 𝛼𝑒| , (18)

where 𝜆𝑢 is the longitude of the unmaṇḍalalagna, which
is depicted by the point 𝑈 in Figures 9a and 9b.
The six o’ clock circle is the meridian which passes

through the east cardinal point (𝐸). As the unmaṇḍala-
lagna also lies on the thismeridian, at the point of its inter-
section with the ecliptic, the right ascension correspond-
ing to the longitude of the unmaṇḍalalagna is the arc Γ𝐸,
which is nothing but the kālalagna. Thus, applying the
prāṇakalāntara to the longitude of the unmaṇḍalalagna
would give the kālalagna. That is,

𝛼𝑒 = 𝜆𝑢 ± prāṇakalāntara = 𝜆𝑢 ± |𝜆𝑢 − 𝛼𝑒|,

where, the prāṇakalāntara can be obtained by any of the
techniques described in an earlier paper.29 However, to
determine the unmaṇḍalalagna from the kālalagna, the
prāṇakalāntara has to be applied reversely. That is,

𝜆𝑢 = 𝛼𝑒 ∓ |𝜆𝑢 − 𝛼𝑒|,

which is the same as the relation given in the verse. It
may be noted that, when considered with respected to the
equatorial point𝐸, the above prāṇakalāntara is called the
koṭi-prāṇakalāntara, as 𝐸 and 𝑈 lie of the same merid-
ian.30 Applying the nija-prāṇakalāntara to the kālalagna
would give the rāśikūṭalagna,31 and not the unmaṇḍala-
lagna. Thus, to avoid confusion, the author clearly states
in the verse that one has to apply the koṭi-prāṇakalāntara
reversely to the kālalagna to obtain the unmaṇḍalalagna.

29See [8].
30See our discussion on verse 31.
31Again, see our discussion on verse 31.

3.3 Determining the udayalagna

भूय࠼दुןګललҔकेࡈ-
दोःक्रा࣎ڢमौߢЂः पलताࣅडतायाः ।
भकूटभाࡆܒ धनु߱ कुयЂत्
ं࠼ߢ तदा वोदयलҔकंࡆात् ॥४९॥
bhūyastadunmaṇḍalalagnake sva-

doḥkrāntimaurvyāḥ palatāḍitāyāḥ |
bhakūṭabhāptasya dhanuśca kuryāt

vyastaṃ tadā vodayalagnakaṃ syāt ||49||

Again, to that unmaṇḍalalagna, one should ap-
ply positively32 or reversely (vyastam) the arc cor-
responding to the quotient obtained from the di-
vision of the product of the Rsine of the declina-
tion corresponding to own longitude [i.e., of theun-
maṇḍalalagna] and the latitude [of the observer],
by the bhakūṭabhā. Then [the result] would be the
udayalagna.

This verse gives the following relation to determine the
udayalagna from the unmaṇḍalalagna:

udayalagna = unmaṇḍalalagna ±

dhanuṣ ( svadoḥkrāntimaurvī × palajyā
bhakūṭabhā )

or, 𝜆𝑙 = 𝜆𝑢 ± 𝑅 sin−1 (𝑅 sin 𝛿𝑢 × 𝑅 sin𝜙𝑅 cos 𝑧𝑑
) , (19)

where 𝛿𝑢 is the declination of the unmaṇḍalalagna, rep-
resented by the great circle arc 𝑈𝐸 in Figures 9a and 9b.
The term bhakūṭabhā in the above expression is nothing
but the rāśikūṭaprabhā, or the dṛkkṣepakoṭikā discussed
in verse 46.
The validity of the above relation can be verified from

the spherical triangle𝑈𝐸𝐿 in Figures 9a and 9b, wherewe
have 𝑈𝐸 = 𝛿𝑢, and 𝑈 ̂𝐸𝐿 = 𝜙. Also, from (17) in our pre-
vious paper, we have the angle between the ecliptic and
the horizon 𝑈 ̂𝐿𝐸 = 90 − 𝑧𝑑. Applying the sine rule of
spherical trigonometry, we have

sin𝑈𝐿 = sin 𝛿𝑢 × sin𝜙
cos 𝑧𝑑

.

In Figure 9a, where the unmaṇḍalalagna is above the
horizon, we can see that adding the arc 𝑈𝐿 to the longi-
tude of the unmaṇḍalalagna (Γ𝑈) gives the udayalagna
(Γ𝐿). In Figure 9b, where the unmaṇḍalalagna is below
32Theword kuryāt in the verse is interpreted here as ‘apply positively’.
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(a) Unmaṇḍalalagna above the horizon.
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(b) Unmaṇḍalalagna below the horizon.

Figure 9 Determining the udayalagna from the unmaṇḍalalagna.
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the horizon, the arc 𝑈𝐿 needs to be subtracted from the
longitude of the unmaṇḍalalagna to obtain the udaya-
lagna. Thus, the prescription given in the verse to add
or subtract the arc 𝑈𝐿 to the unmaṇḍalalagna to obtain
the udayalagna is found to be valid.

4 Determining the ascendant from the
kālalagna

In this section we discuss the third method for determin-
ing of the udayalagna as outlined in verses 50–52 of the
second chapter of the Lagnaprakaraṇa. Whereas verses
50 and 51 describe yet another technique for calculating
the dṛkkṣepajyā, verse 52 makes use of this quantity as
well as the kālalagna to present a very interestingmethod
for the determination of the udayalagna. Indeed, the
method described in verse 52 attests to the spatial under-
standing and mathematical genius of Mādhava.

4.1 Another method of obtaining the
dṛkkṣepajyā

य٥ा कालࣆवलҔतो भुजगुणं क्रा࣎ंڢ च को֌ु٣वां
नीؘा को֌पमा वलݼकवधात् ासाधर्भнंߢ फलम् ।
अۅापक्रमकोࣅटकाक्षवधतो ासाधर्भнेߢ फले
कцϸणाࣅदवशात् क्रमादृणधनं33 दृёेपजीवाܒये ॥५०॥
࣊क्षࣆतजाद्रा࣊शकूटࡆसोࣆڦतः पिरकࣆࢩतर्ता ।
तࡅादनें वदۅत्र रा࣊शकूटनरं बुधाः ॥५१॥
yadvā kālavilagnato bhujaguṇaṃ

krāntiṃ ca koṭyudbhavāṃ
nītvā koṭyapamā valambakavadhāt

vyāsārdhabhaktaṃ phalam |
antyāpakramakoṭikākṣavadhato

vyāsārdhabhakte phale
karkyeṇādivaśāt kramādṛṇadhanaṃ

dṛkkṣepajīvāptaye ||50||
kṣitijādrāśikūṭasya sonnatiḥ parikīrtitā |
tasmādenaṃ vadantyatra

rāśikūṭanaraṃ budhāḥ ||51||

Or, having computed the Rsine from the kāla-
vilagna, and [therefrom] the declination from its
Rcosine (koṭyapama), the product of the koṭya-
pama and the Rcosine of the latitude (avalam-

33Manuscripts read क्रमा٠नमृण.ं Emended as the reverse order is re-
quired.

baka) divided by the semi-diameter (vyāsārdha) is
the result. This has to be applied negatively or pos-
itively to the result of the division of the product
of the Rcosine of the last declination (antyāpakra-
makoṭikā) and [the Rsine of] the latitude (akṣa)
by the semi-diameter (vyāsārdha), depending on
[whether the kālalagna lies in the six signs] Can-
cer (karki) etc., or Capricorn (eṇa) etc., in order to
obtain the Rsine of the dṛkkṣepa (dṛkkṣepajīvā).
That is stated to be the altitude of the pole of the
ecliptic from the horizon. Therefore, scholars state
it to be the gnomon of the pole of the ecliptic
(rāśikūṭanara).

These verses describe yet another method to determine
the dṛkkṣepajyā, and note that this quantity is equivalent
to the gnomon (nara) corresponding to the pole of the
ecliptic (rāśikūṭa). The relation prescribed in the verses
is as follows:

dṛkkṣepajīvā = antyāpakramakoṭikā × akṣajyā
vyāsārdha ±

avalambakajyā × koṭyapama
vyāsārdha

or,

𝑅 sin 𝑧𝑑 =
𝑅 cos 𝜖 × 𝑅 sin𝜙

𝑅 ± 𝑅 cos𝜙 × 𝑅 cos𝛼𝑒 sin 𝜖
𝑅 ,

(20)
where the term koṭyapama (i.e. koṭi-apama) is to be un-
derstood as the ‘declination’ calculated using the Rco-
sine of the kālalagna. Thus, this expression is equal to
𝑅 cos𝛼𝑒 sin 𝜖.
In our discussion of verses 44–46, we have already

shown that the measure of the gnomon dropped from the
pole of the ecliptic is equal to the dṛkkṣepajyā (𝑅 sin 𝑧𝑑).
This is evident in Figure 6a, where the gnomon 𝐾𝑉 ′ is
equal to 𝑅 sin 𝑧𝑑. This same gnomon is also shown in Fig-
ure 10, where, by considering the spherical triangle 𝑃𝐾𝑍,
we can show the validity of (20).34 In this triangle, we
have 𝑃𝑍 = 90 − 𝜙, 𝐾𝑃 = 𝜖, and 𝐾 ̂𝑃𝑍 = 𝛼𝑒.35 Noting that
𝐾𝑍 = 90−𝑧𝑑, and applying the cosine rule in this triangle,
we have

sin 𝑧𝑑 = cos 𝜖 sin𝜙 + sin 𝜖 cos𝜙 cos𝛼𝑒.
34Nīlakaṇṭha in his Tantrasaṅgraha describes a similar relation to de-
termine the dṛkkṣepajyā. For a detailed discussion, see [15], pp. 242–
245. The following proof borrows partly from this discussion.
35The latter two relations from (15) and (16) respectively.
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Figure 10 Another method of determining the drkksepa.

The function cos𝛼𝑒 is positive in the range 270 to 90 de-
grees, and negative in the range 90 to 270 degrees. Thus,
the above relation can be written as

sin 𝑧𝑑 = cos 𝜖 sin𝜙 ± | sin 𝜖 cos𝜙 cos𝛼𝑒|,

where the second term is to be applied positively when
𝛼𝑒 is in the range of 270 to 90 degrees (i.e. Capricorn etc.),
and negatively when 𝛼𝑒 is in the range of 90 to 270 degrees
(i.e. Cancer etc.) respectively.36 Multiplying by𝑅, we have
the expression

𝑅 sin 𝑧𝑑 = 𝑅 cos 𝜖 sin𝜙 ± 𝑅 sin 𝜖 cos𝜙 cos𝛼𝑒,

which is equivalent to (20).

4.2 Determining the udayalagna

कृؘा दृёेपमक्षे धनमृणममुना
काललҔࡆ दोԷЃ

हؘा दृёेपको֌ा हृतमथ चरम-
क्रा࣎ڢबाणेन हؘा ।

हृؘाۅक्रा࣎ڢमौߢЂ फलࣆमह तु पुनः
चाࣅपतं काललҔे

णϴࡈ ेݿदҖेदसाࣅ भुजगुणगुणयोः
प्रा࣎ҚलҔࡆ ࣊सैٵ ॥५२॥

36It may also be noted that sin 𝜖 and cos𝜙 are always positive.

kṛtvā dṛkkṣepamakṣe dhanamṛṇamamunā
kālalagnasya dorjyāṃ

hatvā dṛkkṣepakoṭyā hṛtamatha carama-
krāntibāṇena hatvā |

hṛtvāntyakrāntimaurvyā phalamiha tu punaḥ
cāpitaṃ kālalagne

svarṇaṃ digbhedasāmye bhujaguṇaguṇayoḥ
prāgvilagnasya siddhyai ||52||

Having applied the positive or negative [Rsine
of the] dṛkkṣepa to the [Rsine of the] latitude
(akṣa), and havingmultiplied the Rsine of the kāla-
lagna by this, [the result] is divided by the Rco-
sine of the dṛkkṣepa (dṛkkṣepakoṭi). Now, having
multiplied [the previous result] by the Rversine
of the maximum declination (caramakrāntibāṇa)
and divided by the Rsine of the last declination
(antyakrāntimaurvī), the result is converted to arc
again. [That arc] becomes additive or subtractive
to the kālalagna, depending on the difference and
similarity of the directions of the bhujaguṇa (i.e.
Rsine of the kālalagna) and the semi-chord (guṇa)
[whose arc is determined above], in order to obtain
the orient ecliptic point (prāglagna).

The above verse gives the following relation to deter-
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mine the udayalagna:

udayalagna = kālalagna ± cāpa

((akṣajyā ± dṛkkṣepa) × kālalagnasya dorjyā
dṛkkṣepakoṭi ×

caramakrāntibāṇa
antyakrāntimaurvī)

or,

𝜆𝑙 = 𝛼𝑒 ± 𝑅 sin−1

((𝑅 sin𝜙 ± 𝑅 sin 𝑧𝑑) × 𝑅 sin𝛼𝑒
𝑅 cos 𝑧𝑑

× 𝑅 versin 𝜖
𝑅 sin 𝜖 ) . (21)

The above expression reveals an impressive technique
for determining the udayalagna, and really attests to the
genius of the author of the text. This expression can be de-
rived with the help of Figures 11 and 12. The former fig-
ure is representative of the situation when the kālalagna
is in the first two quadrants (0 ≤ 𝛼𝑒 ≤ 180), and the lat-
ter figure is representative of the situation when the kāla-
lagna is in the third and fourth quadrants (180 ≤ 𝛼𝑒 ≤
360). Each of these cases is dealt separately below.

Kālalagna in the first two quadrants

Figure 11, which depicts the kālalagna in the first quad-
rant, is representative of the case when the kālalagna is
in the first two quadrants. In this figure, we have drawn
the great circle arc 𝐸𝑌 such that Γ𝑌 = Γ𝐸. As Γ𝐸 = 𝛼𝑒,
the longitude of the udayalagna is clearly

𝜆𝑙 = Γ𝑌 + 𝑌𝐿 = 𝛼𝑒 + 𝑌𝐿.

In what follows, we show how to determine 𝑌𝐿.
In the spherical triangle Γ𝐸𝑌 , as Γ𝑌 = Γ𝐸, we also have

Γ ̂𝑌𝐸 = Γ ̂𝐸𝑌 . Let these two angles be denoted by 𝑦. Also,
𝑌Γ̂𝐸 = 𝜖. Using the sine rule, we have

sin𝑌𝐸 = sin𝛼𝑒 sin 𝜖
sin 𝑦 . (22)

Applying the cosine rule for the side 𝑌𝐸, we have

cos𝑌𝐸 = cos2 𝛼𝑒 + sin2 𝛼𝑒 cos 𝜖. (23)

Now, applying the cosine rule for the side Γ𝐸, we have

cos𝛼𝑒 = cos𝛼𝑒 cos𝑌𝐸 + sin𝛼𝑒 sin𝑌𝐸 cos 𝑦.

Using (22) and (23) in the above equation, and simplify-
ing, we obtain37

cos 𝑦
sin 𝑦 = cos𝛼𝑒 × (1 − cos 𝜖)

sin 𝜖 . (24)

As Γ ̂𝐸𝐿 = 90 + 𝜙, we have 𝑌 ̂𝐸𝐿 = 90 + 𝜙 − 𝑦. From
(17) in our previous paper, we also have 𝑌 ̂𝐿𝐸 = 90 − 𝑧𝑑.
Now, applying the sine rule in the spherical triangle 𝑌𝐸𝐿,
we have

sin𝑌𝐿 = sin𝑌𝐸 × cos(𝜙 − 𝑦)
cos 𝑧𝑑

.

Substituting for sin𝑌𝐸 using (22), and simplifying by ex-
panding cos(𝜙 − 𝑦), we get

sin𝑌𝐿 = sin𝛼𝑒 sin 𝜖
cos 𝑧𝑑

× (sin𝜙 + cos𝜙 × cos 𝑦
sin 𝑦 ) .

Using (24) and further simplifying, we obtain

sin𝑌𝐿 = sin𝛼𝑒 × (1 − cos 𝜖)
cos 𝑧𝑑 × sin 𝜖

×

(sin𝜙 + sin𝜙 cos 𝜖 + cos𝜙 cos𝛼𝑒 sin 𝜖).

Employing (20) in the second term of the RHS of the
above equation, we get

𝑌𝐿 = sin−1 ( sin𝛼𝑒 × (1 − cos 𝜖)
cos 𝑧𝑑 × sin 𝜖

× [sin𝜙 + sin 𝑧𝑑]).

Therefore, we have

𝜆𝑙 = 𝛼𝑒 + 𝑅 sin−1

((𝑅 sin𝜙 + 𝑅 sin 𝑧𝑑) × 𝑅 sin𝛼𝑒
𝑅 cos 𝑧𝑑

× 𝑅 − 𝑅 cos 𝜖
𝑅 sin 𝜖 ) . (25)

It may be noted that the above result only holds when
the kālalagna is in the first two quadrants. In this sce-
nario, the amplitude of the udayalagna will always be
northwards and the arc 𝑌𝐿 has to be added to the kāla-
lagna to obtain the udayalagna. The semi-chords corre-
sponding to the kālalagna (Γ𝑌 ) and the arc 𝑌𝐿 lie in the
plane of the ecliptic and will be perpendicular on either
side to the radius of the ecliptic drawn from the point 𝑌 .
Thus, the verse notes that the arc obtained above has to
be added to the kālalagnawhen the semi-chords lie in op-
posite directions.

37This relation can also be directly obtained by applying the four part
formula in the spherical triangle Γ𝐸𝑌 .
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Figure 11 Determining the udayalagna when the kālalagna and the dṛkkṣepa are in the same direction.
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Figure 12 Determining the udayalagna when the kālalagna and the dṛkkṣepa are in different directions.
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Kālalagna in the third and the fourth quadrants

When the kālalagna is in the third and fourth quadrants,
the amplitude of the udayalagna is southwards. Figure 12
depicts one scenario when the kālalagna is in the fourth
quadrant. In this figure, we have drawn the great circle
arc 𝐸𝑌 such that 𝑌Γ = 𝐸Γ = 360 − 𝛼𝑒. Thus, we have
Γ𝑌 = Γ𝐸 = 𝛼𝑒, and the longitude of the udayalagna is
clearly

𝜆𝑙 = Γ𝑌 − 𝑌𝐿 = 𝛼𝑒 − 𝑌𝐿.

In this case, it can be shown through a similar procedure
as followed earlier that the arc

𝑌𝐿 = sin−1 ( sin𝛼𝑒 × (1 − cos 𝜖)
cos 𝑧𝑑 × sin 𝜖

× [sin𝜙 + sin 𝑧𝑑]).

and therefore,

𝜆𝑙 = 𝛼𝑒 − 𝑅 sin−1

((𝑅 sin𝜙 + 𝑅 sin 𝑧𝑑) × 𝑅 sin𝛼𝑒
𝑅 cos 𝑧𝑑

× 𝑅 − 𝑅 cos 𝜖
𝑅 sin 𝜖 ) . (26)

In this scenario, the semi-chords corresponding to the
kālalagna (Γ𝑌 ) and the arc 𝑌𝐿 lie in the plane of the eclip-
tic, and will be perpendicular on the same side to the ra-
dius of the ecliptic drawn from the point 𝑌 . Thus, the
verse notes that the obtained arc has to be subtracted from
the kālalagna in this situation.
Thus, it can be seen that the two relations (25) and (26)

taken together yield (21). It may however be noted that
while we have the expression 𝑅 sin𝜙±𝑅 sin 𝑧𝑑 in (21), the
corresponding expressions in (25) and (26) contain only
the positive sign. We are unable to ascertain the scenario
in which the negative sign may be required.

5 Conclusion

The current paper discusses three broadly different ap-
proaches for the determination of the ascendant. These
amply demonstrate Mādhava’s remarkable mastery in vi-
sualising various intricate projections inside the celestial
sphere and his ability to expertly intuit the relationships
between them. The diversity of the approaches attest to
the scientific curiosity of the author, and have great ped-
agogical significance for attaining mastery in any science.
The remarkable results discussed in the paper highlight
the pressing need to preserve and study these important
category of texts, and to popularise their contributions

among scholars and lay people alike. To this end, in fur-
ther papers we will bring out many more interesting re-
sults presented in the Lagnaprakaraṇa.
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