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Abstract: In classical Indian Astronomy the true positions of the five planets are determined by repeatedly applying

two equations, viz the equation of centre (mandaphala) and the equation of conjunction (Sighraphala).
present paper we concentrate on the equation of conjunction (Sighraphala).

In the
Here, conjunction refers to the

conjunction of a planet with the Sun, considering the ‘anomaly’ of their mean positions. In this process the concepts
involved are the Sighra anomaly (Sighrakendra), Sighraparidhi (periphery) and the Sighrakarna (hypotenuse).
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1 INTRODUCTION

Of the two equations applied to the mean
positions of the planets, the first one is called
the mandaphala which corresponds to the
equation of centre due to the eccentricity. The
second equation is called the S$ighraphala
(equation of conjunction) and corresponds, in
‘Modern Astronomy’ to the transformation of the
true heliocentric position of a planet to the geo-
centric position. Of course, before the advent
of Copernicus medieval Indian astronomers, as
in other civilizations, were not aware of the he-
liocentric motion of the planets. All the same,
using an epicyclic procedure and variable peri-
pheries, Indian astronomers could predict true
positions reasonably close to the actual ones
(Balachandra Rao, 2005). Sustained observa-
tions of planetary phenomena over several cen-
turies, plus intuition born out of experience and
mathematical acumen, must have helped them
to evolve the related equations.

In fact, the variable peripheries of the epi-
cycles introduced by Aryabhata (born CE 476)
resulted in the locus of each heavenly body
approximating in ellipse. The expression for the
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manda equation in Indian astronomical texts is
texts is given by

E= %sin (m)

1)
where ‘@’ is the periphery (in degrees) of the
manda epicycle, R = 360° and m is the manda
anomaly, measured from the apogee of the
body. The corresponding modern formula for
the equation of centre is
£ =3+ e
= (2e—7¢ sin(m) 2 e
sin(2m) + -+, (2)
Here ‘e’ is the eccentricity of the body’s ellip-
tical orbit. Generally, since e is small, ignoring
the higher powers of e, the equation of centre is
approximated as
E = (2e)sin (M) 3)
From Equations (1) and (2)a/R = 2e. The
periphery ‘a’ (in degrees) results in a/R being
close to the known modern eccentricity of the
orbit. However, based on modern computa-
tional astronomy, the manda peripheries need
to be updated for better results. In the present
paper, we study the maximum $ighraphala for
each of the planets, and their critical points.
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2 CLASSICAL EXPRESSION FOR THE
SIGHRAPHALA AND THE SIGHRA
CORRECTION FOR THE TARAGRAHAS

The Sighra correction corresponds to the ‘elon-
gation’ in the case of Budha and Sukra from
the Sun and the annual parallax in the case of
Kuja, Guru and Sani. The manda correction is
applied to the mean longitude of a planet to get
the ‘true-mean’ or manda-corrected (manda-
sphuta graha) position of the planet (Balachan-
dra Rao, 2018). Now, the concept of the
Sighra correction is explained with the help of
Figure 1.

Let the circle CDFG with the Earth (E) at
the centre represent the kaksavrtta (or defer-
ent circle) of a planet. Just like the manda
epicycle, a Sighra epicycle is prescribed with a
specified variable radius for each planet. Let
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Figure 1: Epicyclic theory (diagram: P. Venugopal).

C be the centre of the Sighra epicycle of the
planet. While C moves along the deferent
circle, the planet moves along its epicycle. The
epicycle in this case is called the Sighra-
nicocco-vrtta. Let CEF cut the epicycle at U and
N which are respectively the Sighrocco and
Sighranica (Sighra apogee and perigee) of the
Sighra epicycle. The centre C of the epicycle
moves along the deferent circle with the velocity
of the corrected planet (mandasphuta graha).
Let the planet move from U' to M along the
epicycle so that arc U'M is equal to arc C'C.
Join EM cutting the deferent at M'. Then, C'is
the mandasphutagraha and M’ is the true pla-
net (sphuta graha). Therefore, the correction is
to be made to the longitude of the ‘true mean’
planet (i.e. the manda-corrected planet) the arc
C'M'". The correction, C'M'in angular measure,
is called the $ighraphala. Now in order to obtain
an expression for the arc C'M’, draw C'L, CP
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and MQ perpendiculars respectively to CE, EM
and UE.

The angle C'’EC which is the angle be-
tween the $ighrocco and the manda sphuta-
graha is called the Sighrakendra or the anom-
aly of conjunction.

From Figure 1 we have C'L equals R sin
(8ighra anomaly) and EL equals R cos (Sighra
anomaly). Also, arc UM equals arc C'C and the
angle U'C'M equals the angle C'EC, and hence
the triangles MC'Q and C'EL are similar. There-
fore, MQ/MC' equals C'L/C'E, and MQ equals
C'L multiplied by MC'/C'E. This equates to R
sin (§ighra anomaly) multiplied by the radius of
the epicycle and divided by 360°, which is
known as the dohphala.

Again, from the same similar right-angled
triangles, we have C'Q/C'M equals EL/EC’, and
C'Q equals EL multiplied by MC'/C'E. This
equals R cos (the sighra anomaly) multiplied by
the radius of epicycle and divided by R, or 360°.
This is known as the kotiphala.

Now, from Figure 1, we have the sphuta-
koti EQ equalling EC' plus C'Q, which equates
to R plus the kotiphala. The kotiphala is positive
or negative according to whether the Sighra
anomaly is in the fourth and first quadrants (i.e.
between 270° and 90°) or in the second and
third quadrants (i.e. from 90° to 270°). Then we
have the

$ighrakarna EM = \/EQ? + MQ?

=J(C'E+C'Q?+MQ?, (4
which is the hypotenuse of the right-angled
triangle MEQ.

From the similar triangles EC'P and EMQ,
we have C'P/C'E equals MQ/EM, and therefore
C'P equals MQ multiplied by EC'/EM, which
equals to the dohphala multiplied by R and di-
vided by the $ighrakarna. Then the $ighra-
karna, arc C'M', is the arc corresponding to C'P
as R sin (8ighra anomaly). It is important to
note that in the Sdrya Siddhanta the Sighra an-
omaly equals the Sighrocco minus the mean
planet.

In the case of the superior planets viz, Kuja,
Guru and Sani, their mean $ighrocco is the
same as the mean longitude of the Sun. In the
case of Budha and Sukra, their mean longitude
is taken to be that of the Sun while their $igh-
roccos are special points. In the Siddhantic
texts while the revolutions of the other mean
planets, in a Kalpa or a Mahdyuga are given, in
the case of Budha and Sukra, the revolutions of
their Sighroccos are given.

Thus, according to the Sdrya Siddhanta, for
the superior planets (Kuja, Guru and Sani) the



P. Venugopal, K. Rupa, S.K. Uma and S. Balachandra Rao

Sighra anomaly equals the mean Sun minus the
mean planet, while in the case of the inferior
planets (Budha and Sukra) the $ighra anomaly
equals the planet’'s sighrocco minus the mean
Sun. In both the cases, we have R sin ($ighra-
phala) equals (r’k) (R sin m), where r is the
corrected radius of the $ighra epicycle of the
planet, k is the Sighra hypotenuse ($ighra-
karna) and R sin m is the Indian sine of the
$ighra anomaly m of the planet. It is important
to note that the radius of the Sighra epicycle is
a variable even as in the case of the manda
epicycle. The peripheries of the Sighra epi-
cycles of the five star-planets are listed in Table
1, with their maxima in Table 2.

Traditional canonical texts like the Sdrya
Siddhanta [SS] are based on the expression

sin(SP) = SKLR [R sin(SK)] (5)

where SP is the required Sighraphala, p is the
Sighraparidhi, the periphery of the Sighra epi-
cycle, R is 3438' and SKR is the Sighrakarna.
The $ighra hypotenuse is given by SKR?, which
equals the sphuta koti squared plus the square
of the dohphala. If r equals p divided by 360°,
then the dohphala equals r[R sin(SK)], the
kotiphala equals r[R cos(SK)], and the
sphutakoti equals R + r[ R cos(SK)], or R [1+r
cos(SK)]. The Sighrakarna SKR is given by (6)
below. In this case, SKR2 equals the dohphala
squared plus the square of the sphuta koti,
which equals

R?[{r sin(SK)}? + {1 + r cos(SK)}?]

= R?[r? + 2r cos(SK) + 1], and

~ SKR = R\/r? + 2r cos(SK) + 1 (6)
Substituting (i) in (i), we get
in(SP) = (r sin SK)

SIS = 7 okR

(r sin SK)

\/rz + 2rcos(SK) + 1
so that the Sighraphala,
. (r sinSK)

SP =sin™?! ] 7

Jr2+2r cos(SK)+1 (7)

The Sighraphala is additive or subtractive ac-
cording to whether the Sighrakendra, SK is less
than or greater than 180° (Balachandra Rao,
2000). In the case of $ighra correction, the
Sighraparidhi (periphery) p is a variable given
by pe minus (pe — po) Multiplied by the sine of
SK. The peripheries p, for different planets, at
the ends of even and odd quadrants according
to the Sdrya Siddhanta are given in Table 1.

Finding the Sighraphala, of Kuja etc. is ex-
plained here:
(1) By subtracting (the already obtained) man-

da corrected planet from its Sighrocca we
get the Sighrakendra of the (manda correct-
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Table 1: The peripheries of the $ighra epicycle.

The peripheries of Sighra epicycle

At the end of an | At the end of an

Planet odd quadrant even quadrant

(m =90° or 270°) | (m =0° or 180°)
Kuja 232° 235°
Budha 132° 133°
Guru 72° 70°
Sukra 260° 262°
Sani 40° 39°

ed) planet.

(2) Find the bhuja jya of the Sighrakendra.

(3) Consider the product 2 X kotijya x para-
khya.

(4) The result of (3) is added to or subtract-
ed from the (parakhya)? according to whe-
ther the Sighrakendra is in | and IV quad-
rants or in Il and Ill quadrants.

(5) Add (120)? i.e., 14400 to the result of (4)
and take its square-root. This is called the
Sighrakarna.

(6) Then the parakhya x bhuja jya/Sighrakarna
gives the jya of the Sighraphala.

(7) The dhanu (or capa) i.e., the inverse of jya
of the result of (6) gives the required Sighra-
phala.

The Sighraphala is added to or subtracted from
the manda sphuta of the planet according to
whether the Sighrakendra is in the 1st and 2nd
quadrants or in the 3rd and 4th quadrants.
Thus, the Sighrakarna equals

= /(parakhya)? + 2 parakhya X.kotija + 14400
Jya (sighraphala) = parakhya x bhuja jya /
Sighrakarna. (8)

The Sighraphala is the capa (dhanu) of the
above.

2.1 Sengupta’s Derivation

Following Brahmagupta’s Khandakhadyaka,
Sengupta (1941) has derived the following ex-
pression for the Sighraphala (SP) of a planet:

SP = % —tan™?! [k tan ?] 9)

where m is the Sighra anomaly of the planet and
k is a constant for a planet based on the peri-
phery of its $ighra epicycle. Let us denote (m/2)
by x in (9) so that we have

S =SP =x—tan"1(k tanx)
Differentiating with respect to x, we get

(10)

Table 2: Maximum S$ighraphalas.

Maximum Sighraphalas
Kuja (Mars) 42° 27' 14"
Budha (Mercury) 21° 30’ 36"
Guru (Jupiter) 11° 30" 23"
Sukra (Venus) 46° 28'7.8"
Sani (Saturn) 6°13'9.29"
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S = (1-k)(1 - ktan*x)/(1 + k? tanx)  (11)

For SP to be maximum, Z—i = 0, so that

1—ktan’x =0 ortanx = % (12)
Orx = tan‘l(%) i.e., m = 2tan™! (%) (13)
Substituting (13) in (9), we get
SPpax = tan™! (%) —tan" Wk
= tan™? [%] (14)
and m = 2tan™?! % . (15)

The values of k for the planets and corres-
ponding maximum S$ighraphala (SP) are listed
in Table 3, where the parakhyas of kuja etc., are
81,44,23,87 and 13. These are the Sighra-
paridis (i.e. the peripheries of the Sighra epi-
cycles, with the periphery of the deferent circle
as Ris 120°). Usually in canonical texts like the
Sdrya Siddhanta R is taken as 360°. For ex-
ample, kuja’s $ighra periphery ranges from
232°to 235°. Now taking R as 120°, for kuja,

Table 3: The values of k for the planets and corres-
ponding maximum $ighraphala (SP).

Planet parakhya k SPmax
Kuja 81° 0.21212 | 40° 32'30"
Budha 44° 0.46341 | 21°30'37"
Guru 23° 0.6666 11° 32' 23"
Sukra 87° 0.16129 | 46°14'17"
Sani 13° 0.8 6°22'45.7"

77°.33 to 78°.33, Bhaskara Il in his Khanda
Khadhyaka (KK) takes $ighraparidhi r as 81°.
Now Sighrakendra (sk) equals the $ighrocco
minus the mean planet. For the superior plan-
ets Kuja, Guru and Sani, $§ighrocco is the same
as the mean position of the Sun (S) for the given
time. The values of k for the planets and cor-
responding maximum Sighraphala (SP) are tab-
ulated in Table 3.

In an Indian context, many astronomical
tables belonging to different paksas (schools)
are popular in different regions. These astro-
nomical tables are named differently, belong-
ing to different regions as sarinis, padakas,
kostakas and vakyas. The major genres of
these Indian astronomical tables belonging to
different paksas (schools) are namely the (1)
Saura paksa, (2) Arya paksa, (3) Brahma
paksa and (4) Ganesa paksa, etc.

These compositions of tables are based on
the major treatises by the great authors of the
Sdryasiddhanta (the author of this text is
unknown), the Aryabhatiyam of Aryabhata (CE
499), the Brahmasputasiddhanta of Brahma-
gupta (CE 628) and the Grahalaghavam of
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Ganesa Daivajfia (CE 1520). We find many
tables based on saura paksa, hamely, the Mak-
aranda sarinT (MKS) of Makaranda, the Gan-
akananda (GNK) of Sidrya, the Mahadevi (MH)
of Mahadeva, the Pratibhagi padakas and Tya-
garti graha padakas (these two manuscripts are
from Karnataka). A popular astronomical table
belonging to the arya paksa is the Vakyakarana
by a legendry astronomer named Vararuci. The
Véakyakarana is followed in Kerala and Tamil-
nadu. The Brahmatulya sarini and the Karana-
kuhdla sarint belong to the brahma paksa of
Brahmagupta, but were based on Bhaskara-1I's
Karanpa Kutdhala (e.g. see Sumatiharsa, 1991).

In this paper we discuss the Sighraphala
with examples as explained in the Makaranda
sarini (MKS), the Vakyakarana and the Karana
Kutuhdla Sarinr.

3 THE MAKARANDA SARINI

The major tables in the Makaranda sarinrare for

(1) The ending moment of the tithi, naksatra
and yoga.

(2) The mean longitudes of the Sun, the Moon

and the five planets.

The mandaphala (equation of centre) of

each of the heavenly bodies.

The Sighraphala (equation of conjunction)

of the five planets.

The moments of solar ingress (sarikra-

mana) into zodiacal signs (rasis).

The Sun’s declination (kranti).

The latitude of the Moon (Sara, viksepa).

The angular diameters (bimba) of the Sun,

the Moon and the Earth’s shadow cone for

the computations of eclipses.

3)
4)
(5)

(6)
(7)
C)

According to the Sdrya Siddhanta, to find
the true longitudes of the planets four correc-
tions are applied to the mean planet viz, the half
Sighra, half manda, full manda and full sighra

corrections. If MP is the mean planet

then

PL=MP+3=, Po= Pyt 22, (16), (17)
Ps=MP + ME;, Ps=P3+ SE>, (18), (19)

But the important thing to be noted in the
Makaranda sarinr is that the author has re-
duced the corrections only to three (instead of
four phala samskaras) by combining the half
manda and full manda correction together to
the planet. Hence by discarding the 2" step of
the Sdrya Siddhanta the procedure followed in
the MKS is half $ighra, full manda and full Sighra
corrections:

SE1

P1=MP +== P2=MP +MErand  (20), (21)
Ps=P,+ SE>» (22)

According to Bhaskara-I (CE 629), the pro-
cedure to find the true planets, as explained in
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the Mahabhaskariya, is as follows:
Pi1=PMA (where PMA is the mandocca of the

planet) (23)
P,=P;+ S%, P3= MP"‘MEL Ps=Ps+ SE> (24)
(25), (26)

Makaranda had possibly followed Bhask-
ara-I by dispensing with the first step and re-
taining the remaining steps in his calculations.
Even Ganes$a Daivajia in the sixteenth century
had followed the same method for finding the
true positions of planets in his famous compo-
sition Grahalaghavam.

In the original text the désantara correction
is given only for K&si and Mitila. Later, in 1831,
Narayana Daivajfia in his commentary included
the désantara correction for all other places:

vaktradikam sthdlamidam mayoktam
Sukharthameveti na tad yathartham |
astodayau spastatarau prasadhyau
siddhantaritya kusutadikanam ||

As told by earlier astronomers, Makaranda
(Uma and Balachandra Rao, 2018) also says
that the tables given by him have to be cor-
rected to get the exact positions for future pe-
riods. He had taken a rate of precession of the
equinox per year as 54 vikalas (seconds),
whereas Ganesa Daivajia (Balachandra Rao
and Uma, 2006) and others had taken 60
seconds or 1 minute as the rate of precession.
In modern astronomy the rate of precession is
50 + 2/60sec = 50.033sec. So, the rate con-
sidered by Makaranda was close to the mod-
ern value.

Makaranda, being a poet, has used the
words valli (creeper), vatika (an orchard), kanda
(root) etc. for the tables.

3.1 The Procedure to Find the Kali

Ahargana for 14 November 2013
According to the Makaranda Sarinr

In the calculation of the ahargana (number of
days) for a candraméana date (lunar calendar) of
a year, Makaranda explains the conversion of
the Saka year into the kali year, then to the
sauramasa, later to the candramasa, then the
number of days in cadndraméasa is reduced by
deducting the ksaya dinas. Here 703/11, i.e.
63.9090, is the improved value given by Ma-
karanda over the value 64 in traditional texts.
Calculation of the ahargana is the same as in
the case of the Sirya Siddhanta to midnight of
a day (Uma and Balachandra Rao, 2018).

3.1.1 Example 1: Finding the Kali Ahargana

The date 14 November 2013 corresponds to a
Thursday in Saka year 1935, kartika, Suddha
dwadasi, and

Equation of the Conjunction of the Planets

(1) The kali years = Saka year + 3179 = 1935 +
3179 =5114.

(2) The kali years x 12 = kalimasas = 5114 x
12 = 61368 kali sauramasas.

(3) The number of months elapsed from chaitra
to kartika = 7. Therefore, the total number
of saura masas elapsed is 61368 + 7 =
61375.

(4) 61375+ 70 =876.78 =~ 876 ksaya masas.

(5) Adding ksaya masas to 61375, we get
62251.

6) 62551 + 33 = 1886.39 ~ 1886 (only the
integer part) adhika masas.

(7) Adding this to 61375, we get 63261.

(8) Multiply 63261 by 30 days = 1897830 days.

(9) The Dwadasi tithi of kartika means 11 days
were completed in that month. Hence the
number of days elapsed = 1897830 + 11 =
1897841.

(10) Now the ahargana for the date = 1897841

— (1897841 + 703/11) = 1868145.

Here is an alternate method suggested by
us to find the ahargana:

(1) The kali years = Christian year + 3101
2013 + 3101 = 5114.

(2) Solar months (sauramasas) = 5114 x 12 =
61368.

(3) The Adhika masas =

1886.

(4) Now the number of completed lunar months
(Candra masas) = 61368 + 1886 + 7
(months elapsed from chaitra to kartika) =
63261

(5) Total number of tithis (days) = (63261 +

tithi/30) x 29.590589 = 1868145. To ob-tain

valli for the ahargapna 1868145, divide the
ahargana continuously by 60 then
=222 = Q1= 31135 and Ry = 45
31135
60
=% = Q=8andRs=38
= = Qu=0andR«=8.

Here Qi, Q2, Qs and Q4 are quotients and Ru,

R2, Rs and R4 are the remainders in the re-

spective cases. Now only the remainders are

considered for the computation as valli (i.e, valli
is 45/55/38/8).

1593336

———— X 5114 =
4320000

= Q2=518and R2=55

3.1.2 Example 2: Finding the True Sun from

the Ravi Vatika Tables

In order to find the True Sun from Ravi vatika
tables, the rate of motion for each component
of valli 45/55/38/8 is considered using Figure 2
as follows.

To find the True Sun, the epochal year is
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Figure 2: The Ravi véatika, a folio from a manuscript (the false colour marginally improves legibility).

$aka 1651 + 78, which is CE 1729. The epochal
mandocca is 25 17° 17' 09" and the dhruvanka
is 9. For the given date 14 November 2013, the
difference in years is 2013-1729, or 284.
Divide the difference in years by the dhruvarka
9 which gives 31" 33™. Adding this to the
epochal mandocca, the Ravi mandocca for the
given year is 25 17° 17" 09" plus 31" 33", or 77°
17' 40". The mandakendra (mk) equals the
mandocca minus the mean planet, therefore
77° 17' 40" minus 208° 49’ 27" plus 360°, which
equals 228° 10" 33" for >180°. Therefore, the
bhuja of mk is 48° 10' 33".

From the manda tables, for 48° = 1/37/35
and for 49° = 1/39/6. The difference between
these values is 0/1/31 = 0° 1' 31". Multiply the
difference by the remaining bhuja (10' 33" x 0°
1' 31"), which equals 0° 0' 16". Adding this to
the value of 48, 1/37/35 + 0° 0’ 16", which gives
1° 37' 51". Thus, the mandaphala (equation of
centre) is 1° 37' 51". The True Sun equals the
Mean Sun + mandaphala. If the mandakendra
>180° then the mandaphala is subtracted from
the mean Sun or if the mandakendra <180°
then the mandaphala is added to the mean Sun.
In this case it is >180°, so the True Sun equals
the Mean Sun minus the mandaphala. The
True Sun is 208° 49" 27" minus 1° 37' 51".
Therefore, the True Sun is 207° 11' 36".

3.1.3 Example 3: Finding the Mean Mars

from Kuja Vatika Tables

Now to find mean Mars (Kuja) from the above
Kuja vatika tables, consider the rate of motion
for each component of valli 45/55/38/8 for the
given date 14 November 2013. From the Kuja
vatika tables (Figure 3) we find that mean Mars
is 104° 8' 54",
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3.2 Finding True Longitude of Mars

Although the author of the MKS follows the text
of the SS (Saurapaksa), instead of four correc-
tions, he applies only three phalasam-skara’s
to the mean planets, as shown in the following
steps:

P1=MP + (SE1)/2

P,=MP + ME;

Ps=P,+ SE;

Note that the mean Sun is considered as the
Sighrocca for the superior planets, whereas for
the interior planets it is vice versa (this means
that the mean Sun is considered as the mean
planet for superior planets and the mean plan-
et is considered as the Sighrocca for the inter-
ior planets).

For the first correction (half-Sighra correc-
tion), the Sighrakendra (ski) equals the Mean
Sun (8ighrocca) minus the Mean Planet. So ski
equals 208° 49' 27" minus 104° 08' 54", or 104°
40' 52", for <180°. The S$ighraphala (SE:)
equals 36° 42' 09". Thus, the first corrected

Mars equals the mean planet + ; (SEy), i.e. 104°
08' 54" plus i (36° 42' 09"). So Py is 122° 29’
58".

For the second correction (the full-manda
correction), the mandakendra (mk:) equals the
mandocca minus the first corrected Mars (P1).
The mandaphala (ME:) equals 1° 33" 35".
Thus, the second corrected Mars equals the
mean planet plus ME,, or 104° 08' 54" + 1° 33'
35". So P, is 105° 42' 29".

For the third correction (the full-$ighra cor-
rection), the $ighrakendra (skz) equals the
Sighrocca minus P», or 208° 49’ 27" minus 105°
42'29",0or 103° 06' 58", for >180°. The Sighra-
phala (SE2) equals 36°19'55". Thus, the third
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Figure 3: Afolio of Kuja vatika tables from a manuscriptin the Makarandasarini (the false colour improves legibility).
Table 4: The Mandaphala of the planets in arc minutes according to the MKS and Equation (27).
mk Kuja (Mars) Budha (Mercury) Guru (Jupiter) Sukra (Venus) Sani (Saturn)
(°) MKS | Formula | MKS | Formula | MKS | Formula | MKS | Formula | MKS | Formula
10° 111 123.53 47 49.17 52 54.44 19 19.61 76 80.97
20° 219 241.80 92 95.76 102 106.68 38 38.08 150 158.97
30° 320 351.53 134 138.50 149 155.23 54 54.91 219 231.75
40° 414 449.80 171 176.33 192 198.73 69 69.72 282 297.19
50° 498 533.97 203 208.37 209 235.98 81 82.19 338 353.46
60° 570 601.82 230 233.95 260 266.01 92 92.09 385 398.96
70° 627 651.60 250 252.56 283 288.03 99 99.26 422 432.40
80° 667 677.10 262 263.86 299 301.46 103 103.60 447 452.85
90° 689 687.55 267 267.65 305 305.98 105 105.06 459 459.74

corrected Mars equals P; plus SE,, or 105° 42’
29" plus 36° 19' 55". So Psis 142° 02' 24",
Therefore, the true longitude of Mars is 142° 02'
24",

According to modern astronomy, the true
longitude of Mars (Kuja) is 143° 05'. This dif-
ference is due to the ayanamsa (the accum-
ulated precession of the equinox).

3.2.1 Algorithms Adopted in the

Makarandasarini

In finding the true longitudes of the Sun and the
Moon only one major correction, the manda-
phala (equation of centre)is applied (Rupa et al.,
2013). But for the five planets besides the man-
da correction one more correction, the Sighra-
phala (equation of conjunction), is applied (Rupa
et al, 2014). The mandaphala of a heavenly
body is given by the classical expression sin
(MP) equals (p + r) multiplied by sin (mk), where
MP is the mandaphala, mk is the mandakendra
(anomaly from the apogee), p is the mandapar-
idhi (periphery of the related epicycle) of the
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concerned body and r is 360°, the periphery of
the deferent circle. Since the periphery of pla-
nets is varying according to the Sdrya Siddhan-
ta, itis maximum at the end of an even quadrant
(i.e. for mk equals 0° and 180°) and minimum
at the end of an odd quadrant (i.e. for mk equals
90° and 270°). If the peripheries at the ends of
even and odd quadrants are denoted by pe and
Po, then variable periphery is given by

P = [Pe—(Pe— Po)] |sin(mk)] Thus MP = sin-!
E sin(mk)] (27)

Table 4 shows the values of the manda-
phala of the planets according to MKS and
Equation (27). Among all the heavenly bodies
the periphery of the planet Mars is large, hence
its mandaphala is also comparatively larger
than other planets, it is shown in Figure 4, the
variation of the mandaphala (MP) with the
mandakendra (mk) (as per the formula) is
shown graphically for the five planets. The
behaviour of the graphs is sinusoidal with MP
equals 0 for mk at 0° and 180° and reaching the
maximum at mk equals 90°. But inthe MKS
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Figure 4: Variation of the mandaphala (equation of centre) of planets against the
mandakendra (anomaly from the apogee) (plot: P. Venugopal).

Table 5: The Sighraphalas of the planets according to the MKS and Equation (28).

Sk Kuja (Mars) Budha (Mercury) Guru (Jupiter) Sukra (Venus) Sani (Saturn )

) MKS Formula MKS Formula MKS Formula MKS Formula MKS Formula
15° | 05°54' | 05°54'13" |04°02' | 04°01'30" [02°26' | 02°26'28" |06°18' | 06°18'15" |01°29" | 1°27'45"
30° | 11°44' | 11°43'52" |07°47" | 07°56'39" [04°49" | 04°48'51" [12°33' | 12°33'14" |02°52" | 2°52'05"
45° | 17°26' | 17°25'28" |11°40" | 11°39'14" [07°00" [ 07°00'46" [18°43' | 18°42'13" |04°07' | 4°08'17"
60° | 22°54' | 22°54'40" |15°02' | 15°02'00" |08°55' | 08°55'06" |24°43" | 24°41'46" |05°12' | 5°11'32"
75° | 28°05' | 28°05'20" |17°55' | 17°55'44" |10°24' | 10°23'55" [30°27' | 30°27'01" |05°57' | 5°57'03"
90° | 32°49' | 32°47'58" |20°05' | 20°08'10" [11°18' | 11°18'35" |[35°52' | 35°50'15" |06°20' | 6°20' 24"

the mandaphala (MP) is at a maximum for the
values of mk slightly greater than 90°. As
discussed earlier for finding the true planets,
apart from the manda correction, the $ighra
correction is also applied. The classical pro-
cedure to find the Sighraphala is based on the
expression sin (SP) equals [p + (360 multiplied
by SKR)] and multiplied by R sin(sk), where, SP
is the required Sighraphala, P is the Sighra-
paridhi (the periphery of Sighra epicycle), R is
3438’ and SKR is the Sighrakarana (the Sighra
hypotenuse) given by the equation

of the planets are
and Equation (28).

Among the five planets, Venus has the
maximum Sighraparidhi and hence its Sighra-
phala is large compared to the other planets.
The variation of the S$ighraphala (equation of
conjunction) of the planets against the Sighra
anomaly (sk) is shown graphically for five plan-
ets in Figure 5.

4 VAKYA TABLES

The Vakyakarana is an astronomical text com-

listed according to the MKS

SKR = R,/r2 + 2rcos(sk) + 1, wherer = £ posed by Vararuci in early thirteenth century. It

o 360° is the most popularly used text to construct al-

Therefore SP = sin—l[L(S") (28) manacs in the southern parts of India, with the
Jr2+2rcos(sk) +1

The $ighraparidhis P for Mars, Mercury and
Venus are greater at the end of even quadrants
(sk = 0°, 180°) than at the odd quadrants (sk =
90°, 270°). But it is vice versa for Jupiter and
Saturn. In Table 5 the values of the Sighraphala
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commentary by Sundararaja. The vakya tables
belong to the aryapaksa, based on the para-
meters and procedures in the Aryabhatiyam and
mainly on the works of Bhaskara’s ‘Mahabhas-
kariya’. The vakyas are given in the form of
katapayadi notations, a system of letter numer-
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Figure 5: Variation of the Sighraphala (equation of conjunction) of the planets
against the sighra anomaly (diagram: P. Venugopal).

als. This text consists of five astronomical chap-
ters which are very useful to the paficanga-
makers when they need to find the positions of
the heavenly bodies in order to perform rituals.
The five chapters are

(1) The True Positions of the Sun, the Moon and
the Rahu

(2)
®3)

(4)
(5)

The True Positions of five Planets
Problems Involving Time, Position and Dir-
ection

The Eclipses

Heliacal Rising and Setting and Parallel As-
pects (Mahapatas).

The vakya tables from the commentary in

the Laghuprakasika by Sundararaja are studied
and examined for the true positions of heavenly
bodies given the Christian date, and are ap-
proximately close to those values obtained by
modern methods (see Table 6). The salient fea-
ture of this text is expressing the anomalistic
revolutions in terms of integral numbers (Table
7).

4.1 The Procedure for Computing the True

Positions of the Sun, the Moon and the
Planets

Chapter (1) deals with positions of the Sun and
the Moon having only one correction known as
the manda correction (equation of centre). To
calculate the positions of the Sun and the Moon,
kali days are required which are nothing but the
number of days elapsed from the beginning of
the Kaliyuga (3102 BC). The Kaliyuga is said
to have begun on Friday.
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4.1.1 The Procedure for Finding the

Kali Ahargana According to the
Vakyakarana

Multiply the kali years elapsed by 365 and add
1/4t of the years (with nadikas i.e. 60 nadi = 1
day) then multiply the sum by 5, and later de-
duct 1237 from it. Afterwards dividing it by 576
and adding it to the sum obtained, it gives the
kali days of the true sankramana (the beginning
of true solar year) from the mean sunrise (Kup-
panna Sastri and Sarma, 1962).

Here is an example of how to find the kali
days for the beginning of true solar year in
2013, and determination of the Mesa Sarikra-
mana:

(1) Kaliyears elapsed = 2013 + 3101 =5114
(2) 5114 x 365 = 1866610
(3) 5114 +~ 4=1278.5

4)

()
(6)

(7)

Adding the values of steps (2) and (3) =
1866610 + 1278.5 = 1867888.5

5114 x 5 = 25570

Deducting 1237 from the value of step (5)
which is equal to 24333

24333/ 576 = 42.24479167 = 42 days 14

nadis 41 vinadis

Adding the values of steps (4) and (7) =
1867930.745 = 1867930 days 44 nadis 41
vinadis = 1867930 days 17h 52m 24s

Step (8) gives the true Mesa Sarnkramana from
the mean sunrise. To find the week day of this
true Mesa Sarikramana, add 1 to the Kali days
obtained. i.e. 1867930 + 1 = 1867931 days and
then dividing this by 7 the remainder obtained
is 2, which means that the second day after the

(8)
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Table 6: Sidereal periods in days.

Bodies Aryabhatiyam Vakya Karana Modern
Ravi (Sun) 365.258681 365.258681 365.256360
Chandra (Moon) 27.3216685 27.321679 27.3216604
Chandra’s mandocca 3231.98708 3232.62522 3232.58853
Rahu 6794.74951 6792.3600 6793.45994
Kuja (Mars) 686.99974 686.98699 686.97985
Budha (Mercury) 87.969880 87.968084 87.969254
Guru (Jupiter) 4332.2722 4332.7788 4332.5889
Sukra (Venus) 224.69814 224.70249 224.70080
Sani (Saturn) 10766.065 10764.748 10759.227

beginning of kali week day (i.e. Friday). There-
fore, the True Mesa Sankranthi occurred on
Sunday i.e. the new true solar year commenced
on 14 April 2013 at 44 nadis 41 vinadis (17 h
52m 24s) after mean sunrise. Mean sunrise at
Ujjain was at 6h 27m a.m (IST). Therefore, the
True Mesa Sankramana occurred at 6h 27m +
17h 52m 24s = 24h 19m 24s on 14 April 2013.

4.2 Finding the True Longitude of the Sun
for 27 November 2013

Now from the kali ahargana tables, the kali days
for the date 27 November 2013 is 1868158.
The Approximate Sun equals the kali days of
the given date minus the Mesa Sarikramana,
which equals 1868158 minus 1867930.745, or
227°15' 19". Now, to get the True Sun, apply
the correction to the above Approximate Sun in
the form of mnemonics (vakyas), given in
minutes which are listed below: (1) 14, (2) 32,
(3) 54, (4) 78, (5) 105, (6) 133, (7) 163, (8) 194,
(9) 224, (10) 254, (11) 284, (12) 311, (13) 335,
(14) 358, (15) 376, (16) 391, (17) 403, (18) 411,
(19) 415, (20) 416, (21) 412, (22) 406, (23) 398,
(24) 386, (25) 374, (26) 361, (27) 347, (28) 334,
(29) 322, (30) 311, (31) 303, (32) 297, (33) 295,
295, (34) 296, (35) 301, (36) 309 and (37) 322.

To find the mnemonics for the Approxi-
mate Sun at 227° 15' 19", first consider the de-
gree part and divide it by 10, which gives the
completed mnemonics. For example; 227 + 10
=22.7, which means that 22 full mnemonics are
completed. 230° means the 23 mnemonic =
398'. 220° means the 22"9 mnemonic = 406'".
The difference = —8' for 10° i.e. (230° - 220°).

Table 7: Number of revolutions in a Mahayuga (civil
days = 157,79,17,500).

Bodies Aryabhatiyam | Vakya Karana
Ravi 43,20,000 43,20,000
Chandra 5,77,53,336 5,77,53,315
Chandra’s Mandocca 4,88,219 4,88,122.6
Rahu 2,32,226 2,32,307.7
Kuja 22,96,824 22,96,866
Budha 1,79,37,020 1,79,37,378
Guru 3,64,224 3,64,181
Sukra 70,22,388 70,22,252
Sani 1,46,564 1,46,582
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Then the following correction is applied:
_al 0 ! "
406’ — (<7222, which equals 6° 40 12",

10
So, the True Sun equals the Approximate Sun
minus the correction, i.e. 227° 15’ 19" minus 6°

40" 12", or 220° 35' 07".

4.3 Finding the True Longitude of the Moon

The maximum equation of centre employed
in the table for the Moon is 301’, which is same
as that of the arya paksa, and almost the same
as that of the Hindu Siddhantas. The algorithm
for the computation of the true Moon is as
follows:

(1) Find the kali days for the given day.

(2) Subtract the Sodhya 16, 00, 984 from the
kali days, and the remainder is called the
Sesa. There are three divisors: d1 is 12372,
dz2is 3031 and ds is 248. When the Sesa is
divided by di, the quotient is g1 and the
remainder is r1. After this r1 is divided by d2
and gz is the quotient and r2 the remainder,
and finally r2 is divided by ds to get the
guotient g3 and the remainder rs. This last
remainder rz is always less than or equal to
248. This represents the ‘vdkya number of
the Moon’ (which ranges from 1-248 in the
Candra Vakyas).

Multiply the quotients qi, g2 and gz re-
spectively by 9s 27° 48' 10", 11s 7° 31' 01"
and 0s 27° 44' 06". The sum of these pro-
ducts is added to 7 02° 00" 07", which is
the Moon’s Dhruva. Add to this sum the
value of the mnemonics (vakyas) from the
Candra Vakyas, which is the uncorrected
true position of the Moon.

Multiply g2 by 8 and deduct this from (gs x
32) — (8 x g2). This must be taken as the
vinadis. From the true daily motion of the
Moon in degrees deduct the mean motion
13° 11" and multiply this difference by the
above vinadis. The result will be in sec-
onds of arc (vikalas). This should be ap-
plied to the above obtained uncorrected
true Moon. The final result gives the true
Moon at the mean sunrise at Ujjain.

®3)

(4)

For an example from the Candra Vakyas see
Figure 6.
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3.1 Example: Finding the Longitude of the
True Moon for 27 November 2013

The algorithm for determining the Moon’s long-
itude according to the Vakyakarana (VK) is as
follows:

The kali day for 27 November 2013 is
1868158. Deduct 1600984 (called the sodhya,
i.e. the number to be subtracted) from the kali
days (elapsed for the given date). This value is
called the Sesa (the remainder). There are
three divisors: d1 =12372,d2=3031 and d3 =
248. Dividing 267174 by d1 we get quotient g1
as 21, and the remainder, r1, is 7362. Dividing
rl (7362) by d2 (3031), we get quotient g2 as 2,
and the remainder, r2, is 1300. Dividing r2
(1300) by d3 (248) we get quotient g3 as 5, and
the remainder is r3 (60). This last remainder
(r3) is always less than or equal to 248. This
represents the ‘vakya number of the Moon’ (and
ranges between 1 and 248 in the Candra
Vakya). Multiplying the quotients g1 (21), g2 (2)
and g3 (5) respectively by 95 27° 48’ 10", 11s
07° 31" 01" and 0s 27° 44’ 06" we get the
following:

21 x 98 27° 48" 10" = 4513° 51' 30"
2x11s07°31'01"=10s 15° 02' 22"
5 x 0% 27°44' 06" =4s18°40'30"
The dhruva =7%02° 00" 07"
(Epochal position) total: 265 19° 34’ 29"
Note: 15 = 1 sign = 1 rasi = 30°
The above is mathematically represented as:
kali days for 27 November 2013 = 1868158
1868158
-1600984
12372) 267174 (21 x 95 27° 48’ 10"
—259812
3010) 7362 (2 x 11 07° 31' 01"
—-6062
248) 1300 (5 x 0s 27° 44' 06"
-1240
vakya Number 60 value for this number from
the tables is 25 06° 05’
Note: kali days are the numbers of days elaps-
ed since the epoch of the Kaliyuga. The epoch
is taken as 17/18 February 3102 BCE.
Adding the total dhruva to the vakya (sentence)
number we get:
265 19° 34' 29" + 25 06° 05' = 285 25° 39' 29"
Removing the multiples of 12 rasis:
24s
4s 25° 39' 29"
Note: 12 rasis = 360°
The Uncorrected True Moon is 45 25° 39’ 29".
Now, the correction to get the True Moon is
(32x0g3)— (BxQ2) =(32 x5)—-(8x2)
=144' = 2° 24",

The daily motion for the kali day ending

1868158 is the difference between the values

Equation of the Conjunction of the Planets

of 61t and 60" vakya numbers respectively, i.e.
2518°52'-2506° 05' = 12° 47"

Deducting the mean daily motion of the Moon
(13° 11" from the difference yields —0° 24"
Meanwhile, the correction is

[2° 24" x —0° 24" + 60 = —0° 24' 58".

So, the True Moon equals the Uncorrected True
Moon minus the Correction:

4s25° 39' 29" — 0° 0' 58".

Therefore, the True Moon is

4s 25° 38" 31" = 145° 38" 31"
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Figure 6: Candra vakya folio from the Vakyakarana
(the false colour improves legibility).

4.4 The True Positions of the Five Planets

In the vakya tables true positions of the five
planets are constructed based on the synodic
periods. The synodic periods of these planets
are listed in Table 8.

In the case of these five planets two equa-
tions have to be applied to make them true, the
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Table 8: The synodic periods of the planets.

Equation of the Conjunction of the Planets

ponding to the change in the mean anomaly
caused by the dhruva. The period, for which

Planet Vakyakarana Modern
Kuja 779.93745 779.936102 the values are tabulated, is the mandala. Using
Budha 115.87517 115.877478 larger mandalas, the dhruva can be made smal-
Guru 398.88521 398.884048 ler and smaller. To get the true positions of the
Sukra 583.92687 583.921367 heavenly bodies the peripheries of the manda
Sani 378.08757 378.091902 and Sighra epicycles are required which are list-

Table 9: Mandoccas of the Sun and planets.

ed in Table 10.
According to the Aryabhatiyam, the correc-

Body Vakyakarana and Modern tions to get a true planet are as follows: for the

: Aryabhafiya exterior planets, (1) the half-manda, (2) the half-

e i iy $ighra, (3) the manda, and (4) the $ighra cor-

B’ffgsa ;120 ;iio ﬁ? rections, while for the interior planets they are

Guru 180° 170° 22 (,1_) the haIf-s’/'ghra, (2) and the manda and (3)
Sl 90° 290° 04’ Sighra corrections.

Sani 236° 243° 40’ The algorithm to find the true position of the

equation of centre (mandaphala) and the equa-
tion of conjunction ($ighraphala). Of these the
first corresponds to finding the heliocentric
longitude of the planet in modern astronomy
and depends upon the anomalistic revolution.
The second corresponds to converting the heli-
ocentric into geocentric longitude, and de-
pends on the synodic revolution. The Aryabhat-
an school considered that the apses of the
planets were fixed (the higher apses mandoc-
cas), and even in the Vakyakarana the same
reasoning was followed, as listed in Table 9.

If a time is chosen when a synodic revolu-
tion starts from this higher apsis (mandocca),
then values can be tabulated for fixed days suc-
cessively, until the time the synodic period
begins at the higher apsis. This table can be
used over and over again to find the true planet.
But since this is a tedious procedure, a table for
a period containing an integral number of a few
synodic revolutions is provided such that at the
end of the period the planet is sufficiently near
the higher apsis. To make a correction in the
tabular values, and to get the true planet, a cor-
rection factor called the dhruva is defined as the
new position minus the longitude of the higher
apsis.

As the new position is the starting point of
the table, the dhruva must be added to the tab-
ular value, which itself has to be corrected for
the change in the equation of centre corres-

planets for a given date involves

(1) Finding the kali days for a given day.

(2) Deducing the Sodhya from the kali days:
divide the remainder by the respective man-
dalas (any mandala or mandalas may be
used for any number of times), and note the
quotients. Divide the remainder by the re-
spective synodic cycle of days. The quo-
tients are cycles (parivrtta) completed, and
the remainder is the number of days in the
next cycle.

(3) Finding the total dhruva (see Tables 11—
15), which are multiplied by the respective
quotients.

(4) Using the vakya of that cycle, taking values
for the maximum number of days that are
provided in vakya tables for an interval.

(5) Finding the motion for the remaining days
by interpolation.

(6) Finding the difference of the interval, and
divide by the number of interval days, which
gives the daily motion of the planet. It is
retrograde if the next value is less than the
previous one. Then the daily motion is
multiplied by the remaining days.

(7) Then adding (3), (4), (5) and (6) to get the
true planet.

Note that the vakya of the last day of a cycle is
that of the O day of the next cycle. The vakya
of the 0 (zero) day of the first cycle is the re-
spective mandocca. In the case of planet Mars,
the last, mandala is 11,699 minus 04 days and

Table 10: Manda and $ighra peripheries according to the Aryabhatiyam.

Body Mandaparidhi Sighraparidhi
End of odd quadrant | End of even quadrant | End of odd quadrant | End of even quadrant
Ravi 13° 30’ 13° 30’ — —
Chandra 31° 30’ 31° 30’ — —
Kuja 81° 63° 229° 30’ 238° 30’
Budha 22° 30' 31° 30 85° 30' 130° 30
Guru 36° 31° 30 67° 30' 72°
Sukra 9° 18° 256° 30’ 265° 30’
Sani 58° 30’ 40° 30’ 36° 40° 30’

~ 648 ~
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the dhruva is +638'. The 4t mandala is 17,158
minus 37 days with a dhruva of —-504'. By add-
ing these two values a third mandala is ob-
tained. Similarly, this can be continued until the
mandala (i.e. 6,43,089 minus 09 days with
dhruva +4) is obtained. Then comes the $odhya
which is the kali days at which the planet must
be sufficiently close to the higher apsis, and a
synodic revolution must begin, as in the case of
a mandala (see Table 16). The $odhya need
not contain an integral number of synodic re-
volutions, for example the $odhya for Mars is
15,52,827 minus 37 days with a dhruva of
—402'. If after one mandala the dhruva moves
x" away from the apsis then after two mandala
it will move 2x' away, and so on.

4.4.1 Example 1. Finding the Longitude of

the True Mars for 27 November 2013.

In Classical Indian Astronomy the concept of a
yuga is involved which meant a period of 5
years in the Vedanga Jyotisa (the earliest In-
dian astronomical text), but in later works, a
yuga meant a large period of time.

Table 11: Days and dhruva for Kuja (Mars).

Days (nadis) Dhruva (min)
Sodhya 15,52,827-35 —402'
Mandala 1 6,34,089-09 +4'
Mandala 2 1,32,589-21 +27'
Mandala 3 28,857-41 +133'
Mandala 4 17,158-37 —-504'
Mandala 5 11,699-04 +638'
780

Table 12: Days and dhruva for Budha (Mercury).

Days (nadis) Dhruva (min)
Sodhya 15,92,740-22 —32'
Mangdala 1 16,801-54 -01'
Mandala 2 4,750-53 +149'
Mandala 3 2,549-15 =447’
116

In the traditional reckoning one Mahayuga
of 43,20,000 years comprises four Yugas viz.
Krta, Treta , Dvapara and Kali. But Aryabhata
(499 CE) took them all to be of equal duration,
namely 10,80,000 years, and he called them
Yugapadas. Most the Indian astronomers take
the epochal date of a Kaliyuga as beginning at
midnight on the evening of 17/18 February
3120 BCE (by Julian reckoning). The number
of days elapsed since the Kaliyuga began up
until a chosen day is referred to as kali days.

The algorithm to find the true position of
planets for a given date involves seven steps:

(1) Find the kali days for a given day.

(2) Deduct the $odhya (the value to be sub-
tracted) from the kali days. Divide the re-
mainder by the respective mangdalas (a num-

~ 649 ~
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Table 13: Days and dhruva for Guru (Jupiter).

Days (nadis) Dhruva (min)
Sodhya 15,70,425-17 —261'
Mandala 1 4,74,875-27 +0'
Mandala 2 1,25,648-50 -9’
Mandala 3 65,018-17 +133'
Mandala 4 30,315-17 —71'
Mandala 5 21,539-48 —619'
Mandala 6 4,387-44 +274'
399

Table 14: Days and dhruva for Sukra (Venus).

Days (nadis) Dhruva (min)
Sodhya 15,61,937-44 +17'
Mandala 1 4,37,945-09 -0’
Mandala 2 1,74,594-08 +29'
Mandala 3 88,756-53 -58'
Mandala 4 44,962-23 +2103'
Mandala 5 2,919-38 —144'
584

ber represented in days and nadis—an In-
dian unit of time) and note the quotients.
Divide the remainder by the respective syn-
odic cycle ofdays. The quotient is the cycles
(parivrtta) completed, and the remainder is
the number of days in the next cycles.

Find the total dhruva (a correction factor,
which is multiplied by the respective quo-
tients).

Using the vakya of that cycle, take values
for the maximum number of days provided
in vakya tables for an interval.

Find the motion for the remaining days by
interpolation.

Find the difference of the interval, and di-
vide by the number of interval days, which
gives the daily motion of the planet. It is
retrograde if the next value is less than the
previous one. Thenthe daily motionis multi-
plied by the remaining days.

(7) For the True Planet add (3), (4), (5) and (6).

®3)

(4)

®)
(6)

Table 15: Days and dhruva for Sani (Saturn).

Days (nadis) Dhruva (min)
Sodhya 15,89,474-28 —326'
Mandala 1 5,70,534-08 +5'
Mandala 2 1,82,994-23 -13'
Mandala 3 21,551-00 +43'
Mandala 4 10,964-32 +401'
378

Table 16: The sodhya, mandalas and dhruvas of the
Sun, Moon and five planets.

Body Véakya Indian ephemeris
Ravi 7°10° 35' 07" 7510° 50' 29"
Chandra 4s 25° 38' 31" 45 24° 19' 29"
Kuja 45 28° 18' 56" 5% 00° 13' 00"
Budha 6% 27° 34' 51" 6° 23° 50' 00"
Guru 25 26° 55' 47" 25 25° 49' 00"
Sukra 8% 24° 53' 35" 8% 24° 39' 00"
Sani 6° 25° 03' 34’ 6° 22° 37' 00"
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Note that the vakya of the last day of a cycle is
that of the O day of the next cycle. The vakya
of the O(zero) day of the first cycle is the re-
spective mandocca (or aphelion, in modern ter-
minology).

In the case of Mars, the last mandala is
11,699-04 days and the dhruva is +638'. The
4th mandala is 17,158-37 days with a dhruva of
—504'. By adding these two values the 3 man-
dala is obtained. Similarly, this can be contin-
ued until the 1t mandala, i.e. 6,43,089-09 days
with a dhruva of +4 is obtained. Then comesthe
Sodhya (value to be subtracted) which is the kali
days at which the planet must be sufficiently
close to the higher apsis, and a synodic revolu-
tion must begin, as in the case of the mandala.
The $odhya need not contain an integral nuber
of synodic revolutions, for example the Sodhya
for Mars is 15,52,827-37 days with the dhruva
—-402'. If after one mandala, the dhruva moves
x" away from the apsis then after two mandalas
it would move 2x" away, and so on.

Finding the true longitude of Mars for the
date 27 November 2013.

Kali days: 1868158-00 Dhruva
Sodhya : -1552827-35 —-402'
132589-21) 315220-25 (2 x 27') = 54"
265178-42
28857-41) 50151-43 (1 x133") = -133'
28857-41
17158-37) 21294-02 (1 x 504") = —504'
17158-37
Total Dhruva —-719’
=-11°59' 00"
780) 4135-25(5
3900-00
Véakya No: 235-25
This means that 5 cycles (parivritis) are com-
pleted and in the 6™ cycle find the motion for
235-25 days. Now from the 6 ™ parivrtti, for 230
days the motion of Mars is 5% 5° 40" and the
correction (-9'). The next value given is for 250
days the motion is 5% 15° 56" and the correction
(-10"):
The correction for 230 days = 9’ x 11’ 59"
1°47' 51"
The correction for 250 days = 10" x 11’ 59"
1°59' 50"
Motion for 230 days: 5% 5° 40' + 1° 47' 51"
5s07° 27' 51"
Motion for 250 days: 5% 15° 56’ + 1° 59" 50"
58 17° 55' 50"
The motion for 20 (i.e., 250—230) days =
(5507° 27" 51") — (5817° 55’ 50") = 10° 27' 59"
The motion per day, i.e. daily motion =
10° 27' 59"/20 = 0° 31' 24"
The motion for 5 days 25 nadis =
5°25'x 0°31'24" = 2° 50' 5"
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True Mars = Total Dhruva + Motion for 230 days
+ Motion for 5 days 25 nadis

=-11°59'00" 5% + 07° 27' 51" + 2° 50' 5"

=45 28° 18' 56". The longitude of True Mars is
therefore 148° 18' 56". (Note that 60 nadis = 24
hours.)

According to modern astronomy the long-
itude is 150° 14'. The difference between this
figure and the vakya value is due to the ac-
cumulated precession of equinox.

Similarly, the true longitudes of the other
four planets can be computed for the date 27
November 2013., which are listed in Table 3.
According to the vakya values, those the true
planets were computed for the mean sunrise at
Ujjain and are comparable to those in Indian
ephemeris that are given for 5-30 am (IST).

It is truly a remarkable accomplishment of
the Vakya System that the true position of each
planet is given in simple sentences, so that a
student of Sanskrit language can easily mem-
orize these verses or sentences. The user of
this Vakya System is saved time because the
elaborate procedure of determining the manda
and $ighraphalas repeatedly to obtain the true
position of a planet is dispensed with. Espec-
ially for the paficarnga-makers the Vakya Sys-
tem is a boon because the herculean task of
finding the true position for each day of the
succeeding year is made simpler. Significant-
ly, the Vakya System scores over other Indian
astronomical tables. These vakya tables need
to be reconstructed by updating the paramet-
ers. So, there is a necessity of revising these
vakyas and also the Sanskrit sentences.

5 THE KARANA KUTUHALA SARINI

The tables in the Karana kutahala sarini (KKS)
are based on the twelfth-century Karana kutd-
hala (KK) tables of Bhaskara-1l. These tables
are also known as the Brahmatulya sarini. The
epoch and the parameters used to construct the
tables are the same as in the Karana kutihala.
The author and period of construction are not
known, but the manuscripts of these tables are
available in some of the libraries of the Oriental
Research Institutes in India (Figures 7 and 8).

The name Brahmatulya means “... equal or
corresponding to the Brahma ...” i.e., the Brah-
mapaksa School of Astronomy adhered to by
Bhaskara I, which follows the parameters of
the Brahma sphuta sinddhanta of Brahmagupta
(CE 628). The Brahmatulya sarinitables record
Brahmapaksa-derived values of planetary mean
motions with orbital and geographical correc-
tions for computing their true motions for a giv-
en terrestrial location, topics which are address-
sed in Chapters 1 and 2 in the Karana kutdhala
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Figure 7: Mean motion table of the Sun, a folio of Karapa kutiahala sarint (the false colour improves legibility).
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Figure 8: Daily motiontable of the Moon for 30 days, a folio of Karana kutiihala sarini (false colourimproves legibility).

hala (see Balachandra Rao and Uma, 2007—
2008).

There are at least five extant manuscripts of
the tables of the Karana kutiihala sarini, some
with expository details in table headers and
marginal notes. To study tables in the Karana
kutahala sarini, the manuscript 501/1895-1902
from the Bombay Oriental Research Institute
was referred to.

The tables consist of

(1) The mean motion tables.

(2) The mandaphala tables or table of the
equation of centre of the Sun for 0° to 90°.

(3) The table of solar declination and of lunar
latitude for 0° to 90°.

~ 651~

(4) The mandaphala tables for the planets (the
table of the equation of centre for 0° to 90°).

(5) The Sighraphala tables for the planets (the
table of the equation of the conjunction for
0° to 180°).

The mean motion tables are given for 1 to 30
days, then for 1 to 12 months, then for 1 to 20
years and later the table is extended for 1 to 30
periods of 20 years each. This method of giving
the motion for the period of 20 years is unique
in the Karana kutihala sarini. Although it is
mentioned that the Karana kutihala sarinr is
also known as the Brahmatulya sarini, there is
one more Brahmatulya séariniin which the mean
motion tables are given for 1 to 60 periods of 20
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Table 17: Mean daily motions according to the KKS.

Bodies Mean daily motion
Ravi 0° 59'8" 10™12 V40V
Chandra 13°10' 34" 52™ 31 v50¥
Kuja 0° 31' 26" 28" '09 V50¥
Budha’s conjunction 4°5'32" 21" 1 VoV
Guru 0° 4' 59" 8" 54 0V
Sukra’s conjunction 1°36' 7" 43" 49 V50V
Sani 0°2'0" 23" 3 V30V
Chandra’s mandocca 0° 6' 40" 53" 50 V10V
Rahu —0° 3' 10" 48™25 30V

Table 18: Epochal values according to the KKS.

Bodies Epochal values
according to the KKS

Ravi 329° 13' 00"
Chandra 329° 05' 50"
Kuja 231° 24' 21"
Budha’s conjunction 81° 14' 30"
Guru 64° 00' 51"
Sukra’s conjunction 258° 05' 55"
Sani 123° 43' 17"
Chandra’s mandocca 135° 12' 59"
Rahu 287° 25' 09"

years each instead for 1 to 30 periods of 20
years each as in Karana kutihala sarini (that
means it is given over 1200 years). According
to the Karana kutahala sarini, the mean daily
motions are as in Table 17.

In Table 17, the motions are given for sub
seconds, sub-sub seconds, so that a mean
daily motion of a body can be obtained for any
day correct to a second. The epochal positions
given in the Sérinr (Table 18) indicate the date
24 February 1183; it is the same epoch of the
Karana kutthala. In the Karana kutiihala, Bhas-
kara-1l has adopted the mean sunrise on 24 Feb-
ruary 1183 CE as the epoch for computation.

5.1 The True Positions of the Sun, the

Moon and the Five Planets

In the Karana kutdhala, Bhaskara-1l elaborately
explains the method of obtaining the true pos-
itions of planets. Sloka 3 in the Spastadhikara
gives the manda and $ighra anomalies of pla-

Table 19: Maximum equation of centre of the bodies.

Maximum Maximum

Bodies mandaphala mandaphala
according to according to the

the KKS KK is at 90°

Ravi 02° 10'54" at 90° 02° 10" 30"
Chandra | 05° 02" 31" at 90° 05° 01' 45"
Kuga 11° 12'53" at 90° 11°08' 30"
Budha 06° 25' 25" at 88° 06° 02' 52"
Guru 05° 15'47" at 90° 05° 15' 30"
Sukra 01° 31'50" at 90° 01° 45' 02"
Sani 07° 38' 35" at 90° 07° 57' 27"

~ 652 ~
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nets and positivity and negativity of manda and
Sighraphalas:

grahonamuccammyrducaficalamca
kendrebhavetammrducaricalakhye)|
tribhistribhirbhaihpadamatrakalpyam
svarnamphalammesatuladikendre ||3||
(Daivajfia, 1913).

The planet subtracted from the ucca of the
manda and the $ighra are respectively the
manda and Sighrakendras. Considering each
group of three rasis as a quadrant, the result is
positive or negative according to whether the
quadrant is from Mesa or Tula (0° to 180°).

This $loka tells about the mandakendra and
the Sigrakendras of the planets and positivity
and negativity of the manda and $igraphalas:

(1) Mandakendra (m) = mandocca — Mean

planet Sighrakendra (m) $ighrocca -

Mean Planet.

If 0° < kendra < 180° then the phala is pos-

itive and if 180° < kendra < 360° the phala

is negative.

Sloka 4 gives the bhuja and kofi of kendra

as follows:

bhuja = kendra if kendra < 90°

bhuja = 180° — kendra if 90° < kendra <

180°

(6) bhuja

270°

(7) bhuja = 360° — kendra if 270° < kendra <
360°

(8) kofi =90° — bhuja (in all cases)

From the tables of mandaphala we can notice
that the equation of centre for the Sun, the
Moon and for the five planets are given from 0°
to 90°. The maximum equation of centre (man-
daphala) for the bodies is listed in Table 19.

2)

3)

(4)
®)

kendra — 180° if 180° < kendra <

According to the KKS, the maximum man-
daphala for Mercury is at 88°. This is very im-
portant to note because in the main text, the KK,
the maximum mandaphala of Mercury is listed
as 90°.

From the tables of sighraphala (the equa-
tion of the conjunction) of the five planets, the
maximum equation of the conjunction is listed
in Table 20. In the Karana kutihala Bhaskara-
Il has explained the method to compute true
planets with manda and S$ighra samskaras,
whereas to find the true Sun and the true Moon
only the manda samskara is discussed, as ex-
plained below:

(1) If P is the mean planet then Py = P + MEj,
where ME; = manda equation for P.

(2) The first $ighra corrected planet P, = P1+
SE;, where $ighra equation for Py

(3) The second manda corrected planet P3= P

+ ME;, where ME>= manda equation for P».
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(4) The second $ighra corrected planet P4 = P3 Figqre 20: Maximum equation of conjunction of the
+ SE,, where SE; = $ighra equation for P3 . bodies.

Now P, is the true planet. Bodies Maximum Maximum
Further, in the KK, a still more accurate cor- S'Tghfzpha/ta S'Tghrzpha/ta

rection is given for finding true Mars. EEEeling 1 according to

59 ¢ . the KKS the KK
(1) If Pisthe mean planetthen P1=P + (E)MEl Kuja 41° 18' 16" at 130° 42° 27" 14"
(2) The first $ighra corrected planet P, = Py + Budha | 21°37'11"at110° | 21°30' 36
1 Guru 10° 59' 01" at 100° 11° 03' 00"

(E)SEl Sykra 46° 18" 41" at 130° 46° 28' 08"

(3) The second manda corrected planet Pz = P Sani 06°10'24" at100° | 06°13'10"

+ ME;

(4) The second Sighra corrected planet P4 = P3
+ SE,

Now Py is the True Mars.

Finding the true positions of the Sun, the
Moon and the Mars by using the Karana kutd-
hala and the tables in the Karana kutihala
sarint (Figure 9) for the date 10 January 2016
are discussed in following section.

5.2 Finding the True Positions of the Sun,
the Moon and the Mars According to

the Karana Kutdhala for 10 January
2016

The kali ahargapna for 10 January 2016 is
1868932, the kali ahargana for the epoch 24
February 1183 is 1564737 and the difference in
days is 304195. Therefore, the KK ahargana is
304195.

To find the Mean Sun and the True Sun
according to the KK, the Mean Sun equals (1 —
E ) A +K, where A is the KK ahargana. K
equals Ksepaka, or 10R 29° 13' for the Sun,
which equals = (£) 304195 +10% 29° 13, or
264°53'12". The mandakendra (mk) equals the
mandocca minus the Mean Sun, or 78° minus
264° 53" 12" plus 360°. This equals 173° 06’

48", and since this is <180° the MP is positive.
The bhuja equals 180°minus the mandakendra
if 90° < m < 180°, which equals 6° 53’ 12". The
jya equals R sin (mk), which equals 14.38869.
The mandaphala (MP) is 14.38869 multiplied
by 10 and divided by 550, or 0° 15" 42". The
True Sun equals the Mean Sun plus MP, or
264° 53' 12" plus 0° 15' 42". Therefore, the
True Sun is 265° 08' 54".

To find the Mean Moon and the True
Moon according to the KK, the Mean Moon

equals (14 -——- —)A + K, where K is 10R

17 8600
29° 05' 50”. This equals 13.17635431 multi-
plied by 304195 plus 10R 29° 05' 50", which

equals 270° 11' 46". The mandocca of the
Moon is (l + L) A + K, where K equals 4R 15°
9 4012

12' 59", or 0.111360363 multiplied by 304195
plus 4R 15°12' 59", which equals 170° 28" 56".
The mandakendra (mk) equals the mandocca
minus the Mean Moon, which equals170° 28’
56" minus 270° 11' 46" plus 360°. This is 260°
17' 10", and since this is >180° the MP is neg-
ative. The bhuja equals the kendra minus 180°
if 180° < kendra < 270°, which equals 80° 17’
10". Jya equals R sin (mk), or 120 sin (80° 17’
10"), which equals 118.2795117. The manda-
phala (MP)is 118.2795117 multiplied by 10 and
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Figure 9: The Sighraphala table of Mars, a folio of Karana kutihala sarinr (the false colour improves legibility).
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divided by 238, or —4° 28’ 11". The True Moon
equals the Mean Moon plus MP, or 270° 11' 46"
minus 4° 28’ 11". Therefore, the True Moon is
265° 13' 35"

To find the Mean Mars and the True Mars
according to the KK, the Mean Mars (P) equals
(55 + 5;) A + K, where Kis 77 21° 24' 21" and

21 52444
In the first operation the

P is 155° 26' 53".
mandocca of Mars = 128° 30’, the mandaken-
dra (mk:) equals the mandocca minus the Mean
Mars, which equals 333° 03" 07", which is
>180°. The bhuja equals 360° minus mk; if
270° < kendra < 360°, which equals 26° 56' 53".
The jya (bhuja) equals R sin (bhuja), or 120°
multiplied by sin (26° 56" 53"), and ME;1 equals
the jya (bhuja) multiplied by 10 and divided by
107. This equals 5° 04’ 56". Since P equals P
minus (3) MEs, 1 is 152° 54' 24"

In the second operation, the $ighrakendra
(ski) equals the Sighrocca minus Pi (where
the Mean Sun is the Sighrocca for the exter-
ior planets). ski equals 264° 53' 12" minus
152° 54' 24", or 111° 58" 47", which is <180°.
The bhuja equals 180° minus the $ighraken-
dra if 90° < m < 180°, which equals 68° 01’
13". The jya (bhuja) equals R sin (bhuja),
or 111° 16" 40". The S$ighrakarana equals
\/p? — 2pR cos (bhuja) + 1202 , or 116° 58' 59",
where p is 81 and R is 120. The Sighraphala
(SE1) equals sin-1(2222EM2) v ond is 39° 56"

R S§ighrakarana

49", Since P, equals Py plus G)SEL or 152°
54'24" plus (%) (39°56'49"), P;equals 172° 52’
48",

In the third operation the mandakendra
(mkz) equals the mandocca minus P, or 128°
30’ minus 172° 52" 48" plus 360°. This equals
315° 37' 12", which is >180°. The bhuja equals
360° minus mka, if 270° < kendra < 360°, or 44°
22' 48". The jya (bhuja) equals R sin (bhuja)
and is 120° sin (44° 22' 48"). ME: equals the
jya (bhuja) multiplied by 10 and divided by 107,
which is 7° 50' 38". P3; equals P minus MEz,
which equals 155° 26’ 53" minus 7° 50' 38", or
147° 36" 15".

In the fourth operation, the Sighraken-
dra (skz) equals the Sighrocca minus Ps,
and sk; equals 264° 53' 12" minus 147°
36' 15", or 117° 16' 57" (which is <180°). The
bhuja equals 180° minus the $ighrakendra
if 90° < m < 180° and equals 62° 43" 03"
The jya (bhuja) equals R sin (bhuja), which
is 106° 39" 03" The Sighrakarana
(vV/P? — 2pR cos (bhuja) + 1202), and equals
109° 46' 23". The Sighraphala (SE;) equals sin-

~ 654 ~

Equation of the Conjunction of the Planets

YR LaBMI) ) a0 is 40° 58' 49". P4 equals

R Sighrakarana

Ps plus SE,, or 147° 36' 15" plus 40° 58' 49".
Thus, the position of True Mars is 188° 35’ 04".

5.3 The True Positions of the Sun, the
Moon and the Mars According to the

Karana Kutihala Sarini for 10 January
2016

For 10 January 2016, now converting the KK
ahargapa or 304195 days into periods of 20
years then to years, months and days, we get
42 periods, 4 years, 11 months, 25 days. Note
that in the Karana kutihala sarini, the ksepaka
(K) value is added to the values of the periods
of 20 years. So, adding K again is not nec-
essary, as it directly gives the mean position.

To find the Mean and the True Sun from the
Karana kutdhala sarini tables the mean Sun is
as follows. The motion for 30 periods is 3R 19°
25'41" 12", where 1R = 30°. The motion for 12
periods is 5k 15°18' 04" 29"". The motion for 4
years is 1R09° 13' 04' '48"™. The motion for 11
months is 10R 25° 14’ 56" 06™. The motion for
25 days is OR 24° 38' 24" 15" by adding all of
these and removing the cycles of 12 rasis. The
Mean Sun equals 87 23° 50' 10" 50" or 263° 50’
10" 50™. The mandocca of the Sun is 78°, and
the mandakendra (m) equals the mandocca
minus the Mean Sun, which equals 78° minus
263° 50" 10" 50™ plus 360°, or 174° 09" 50"
(which is <180°). The bhuja equals 180° minus
the mandakendra, if 90° < m < 180°, and is 5°
50' 10". From the Ravi manda tables, (the
mandaphala (MP) is given for every degree up
to 90°) the mandaphala (MP) equals 0° 11’ 27"
plus 0° 50" 10" multiplied by 0° 2’ 20", and is 0°
13' 24". The True Sun equals the Mean Sun
plus the MP, or 263° 50" 10" plus 0° 13’ 24".
Therefore, the position of the True Sun is 264°
03’ 34"

To find the Mean and the True Moon from
the tables the mean Moon for 10 January 2016
is as follows. The motion for 30 periods is 8R
21° 30' 41" 22". The motion for 12 periods is
2R26° 06'34" 19"™. The motion for 4 years is 8R
13° 57' 00" 44™. The motion for 11 months is
OR28° 11' 48" 55™'. The motion for 25 days is
11R 22° 35' 06" 45" by adding all these and
removing the cycles of 12 rasis. Therefore, the
Mean Moon is 8R 12° 21' 12" 05", or 262° 21’
12" 05",

To find the mandocca of the Moon, the
mandaphala (MP) equals 0° 11' 27" plus 0° 50’
10" multiplied by 0° 2' 20", or 0° 13' 24". The
True Sun equals the Mean Sun plus the MP, or
263°50'10" plus 0° 13'24". Thus, the True Sun
= 264° 03' 34".
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Table 21: Comparison of computed values with modern values.

Bodies Karana kutihala Karana kutdhala sarint Modern Ephemeris
Ravi 265° 08' 54" 264° 03' 34" 265° 04' 36"
Chandra 265° 13' 35" 266° 08' 53" 264° 17' 06"
Kuja 188° 35' 04" 189° 25' 57" 189° 25'

To find the Mean and the True Moon from
the tables and for 10 January 2016 is as follows.
The motion for 30 periods is 8R 21° 30" 41" 22"
The motion for 12 periods is 2R 26° 06’ 34" 19"
The motion for 4 years is 8% 13° 57’ 00" 44"
The motion for 11 months is OR 28° 11’ 48" 55"
The motion for 25 days is 11R 22° 35’ 06" 45"
By adding all these and removing the cycles of

12 rasis, the Mean Moon is 8R12° 21' 12" 05",

or 262° 21' 12" 05™. To find the mandocca of
the Moon from the tables in the Candrocca is as
follows. The motion for 30 periods is 2R 09° 03’
17" 49™. The motion for 12 periods is 1R 06° 45'
07" 13". The motion for 4 years is 58 10° 21’
32" 07". The motion for 11 months is 1R 06° 44’
53" 06™. The motion for 25 days is OR 02° 53'
43" 58" by adding all these and removing the
cycles of 12 rasdis. Therefore, the mandocca of
the Moon is 305° 48' 34" 13'". The manda-
kendra (m) equals the mandocca minus the
Mean Moon, or 305° 48’ 34" 13" minus 262° 21’
12" 05™, which is 43° 27' 22" < 180°. The bhuja
is 43° 27' 22". From the Candra manda tables,
the mandaphala (MP) equals 3° 25' 27" plus 0°
27' 22" multiplied by 0° 48" 45" = 3° 47" 41". The
True Moon equals the Mean Moon plus the MP,
or 262° 21' 12" plus 3° 47' 41". Thus, the
position of the True Moon is 266° 08' 53".

To find the Mean and True Mars from the
tables and for 10 October 2016 is as follows.
The motion for 30 periods is OR 19° 34’ 06" 09"
The motion for 12 periods is 4R 26°40" 15" 01™.
The motion for 4 years is 1R 04°35" 15" 54™.
The motion for 11 months is 5R 22° 55’ 34" 54"
The motion for 25 days is 0R 13° 06' 01" 40" by
adding all these and removing the cycles of 12
rasts. The Mean Mars (P) is 5R 05° 58' 19" or
155° 58' 19".

To determine the first manda correction for
the mean planet, the mandocca of Mars is 128°
30, and the mandakendra (mki) equals the
mandocca minus the Mean Mars, or 332° 31’
41" (which is >180°). The bhuja is 360° minus
kendra if 270° < kendra < 360°, and equals 27°
28' 19". From the Bhauma (Mars) manda
tables, the mandaphala (ME1) equals 5° 04' 29"
plus 0° 05" 25" and multiplied by 0° 28’ 19", or

5°07' 02". P;equals P minus G) ME;,, or 153°
24' 48",

To determine the first Sighra correction for
the planet, the Sighrakendra (ski) equals the
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Sighrocca minus P,= Mean Sun — P;. sk;
equals 263° 50" 10" minus 153° 24' 48", or 110°
25' 22" (which is <180°). From the Bhauma
(Mars) Sighra tables, the $ighraphala (SE:)
equals 39° 57' 53" plus 0° 25' 22" multiplied by
0°119' 15", or 40° 48' 18". P, equals P; plus

(3)SEx, or 153° 24’ 48" plus (3) (40° 48 18),
and equals 173° 48' 57".

For the second manda corrected planet, the
mandakendra (mk:) equals the mandocca
minus P2, or 128°30' minus 173°48' 57" plus
360°, which is 314°41' 03" (and >180°). The
bhuja equals 360° minus the kendra, if 270° <
kendra < 360°, and is 45° 18' 57". The man-
daphala (ME2) equals 7° 56' 57' plus 0°18' 57’
multiplied by 0°04' 17', which is 7° 58' 18". P3
equals P minus ME>, or 155° 58’ 19" minus 7°
58' 18", and is 148° 00" 01".

For the second sighra corrected planet, the
Sighrakendra(skz) equals the Sighrocca minus
Ps. sk equals 263° 50" 10" minus 148° 00’ 01",
or 115° 50' 09" (which is <180°). The $ighra
phala (SE2) equals 39° 51' 44" plus 0° 50’ 09"
multiplied by 0° 112" 43", or 41° 25' 57". Pa
equals Pz plus SE», or 148° 00’ 01" plus 41° 25'
57", and is 189° 25' 57".

From Table 21, we observe that although
the methods are the same for the Karana
kutdhala and the Karana kutiihala sarini, the
procedure is very simple in the Karana kutd-
hala sarini because of the manda and $ighra
tables. The true positions of the Sun and the
Moon according to the KKS are different,
whereas that of Mars is the same as the modern
value. This indicates that the author of the
Karana kutiihala sarini considered better values
for the rate of motion of the planets.

6 Critical Sighrakendra and Maximum

Sighraphala by Modern Expressions
The modern expression for finding the Sighra
rsin(H-S) cosb
R+1 cos b cos(H-S)'
where H-S equals the $ighrakendra (the
anomaly of the conjunction), r is radius vector
of the planet (the heliocentric distance), R is the
radius vector of the Sun (the Sun-Earth
distance) and b is the heliocentric latitude.
Interchanging R and r, for example with Jupi-
ter, we have R equals 5.0280548 a u, ris 1 a.u,
b is —0°57" and H-Sis 137° 28'. Tan Pis

correction is tan p equals
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Table 22: Maximum $ighraphala of planets according to the Karana kutdhalam.

Planet == Cr.sk Max. sp Hel. Dist. Cr.sk Inc.i Cr. sp
fxr ©) ©) () (mod) ©) B=1(9)
Kuja 0.1940299 132.4543 42.4518 1.52369 131.0184 1.84972 130.9924
Guru 0.6783217 101.0502 11.05007 5.2028 101.0814 1.294167 101.0785
Budha 0.4634147 111.5103 21.5102 0.3871 112.7741 6.991667 112.5954
cos (-0°57") sin(137° 28") which multiplied by —r cos b divided by R. Substitu-

5.0280548+cos(— 0° 57’) cos(137° 28"’

equals 0.6759261 divided by 4.2912719, or
0.1575118. Therefore, P is 8.9512201, or 8°
57', which equals 4.39 (the sighraphala). There
is a negative manda correction for Jupiter of(j)
326° 29’ (after applying the equation of centre).(..)
The Sun is 77° 24', R = 1, and therefore the
True Jupiter is 326° 29' minus 8° 57' 4.39", or
317° 31'. Note that above SK equals H-S (the
True Heliocentric Longitude of the planet, or H,
and that S is the True Tropical Longitude of the
Sun).

Note that if SK <180°, then the Sighraphala
(SP) is negative, and if SK >180°, then the
Sighraphala is positive (Table 22). Here, the
Sighrakendra equals the planet minus the
Sighrocco. Note that in the Sarya Siddhanta
it is the other way round: i.e. the Sighra-
kendra equals the sighrocco minus the planet).
In that case where SP >0, if SK >180 then
in deriving the maximum S$ighraphala (from
the Modern formula) we have tan P equals

rsin(H-S) cosb
R+7 cosb cos(H-S)'
tentatively is assumed to be constant, and m
equals H-S, sighrakendra, then tan P equals

Asinm
R+Acosm

Let A equal r cos(b), which

and SP equals P, or

_1[ Asinm . L. .
tan™"[———|. Now differentiating with re-
R+Acosm
spect to ‘m’, we have
1
—_— X
P 1+( Asinm )2
R+Acosm
(R+Acosm) Acosm+ A% sin’m
(R+A cosm)?
(R+A cosm)?

" (R+Acosm)2+ (Asinm)?
(RAcosm)+ A% cos®? m+A4? sin’> m
(R+A cos m)?
RA cosm+A?

" R2+4 A2c0s2 m+2AR cosm+ A2 sin2 m
A(Rcosm+A)

" R24A2+ 2ARcosm
A(Rcosm+A)

:R2+A(A+2Rcosm)
Now, P'is O then A(Rcosm+ A)isalso 0. A

—-A
# 0, Rcosm+ A =0. cos m equals - cosm
is —r cos b divided by R and miy is cos™

ting the value of ‘m’ we get the Sighraphala P.

6.1 Example 2: For the Kuja of Mars at
5:30 A.M on 9 June 1926 at Madras

r is 1.52369, Ris 1, and bis 1° 50' 59" ~ 1° 51’

. . R cosh
(maximum latitude). My iS CcOS™ [&]
. . cos(1°50' 59"/
which is cos- [ ( )] or cos!
1.52369

(—0.6559594965), and equals 49.00755584.

6.2 Example 3: For Mercury (Budha) on

9 March 1926

Rajan (1933) has shown that where r is the
mean (heliocentric) distance, or 0.3871, and b
is the heliocentric latitude of the planet, r equals
0.3871, R is 1, and bmax (orbital circulation with
the ecliptic) is 7° 0' 2". We know that m equals
cos~tmultiplied by —r cosb divided by R, or cos-

L -0.3871 X 7°0’ 2
1 multiplied by [ Cfs ( )], SO Mrit

equals 112.59496, or 112° 35' 41.8".
SPcit equals tan—!
[ rcosbsinm

Since

0.354—72388535] it is
0.8523794193 |’
When bis 0, cos bis 1, and m

—— | or tan™? [
R+rcosbcosm

22° 35'41.92".
equals cos—1<%), or cos! (-0.3871) and is

112° 46' 27.02". Now, SPgit equals tan—!

rsinm 0.35692081 ,
—|, or tan~! | —— , or 22° 46
R+rcosb 0.8501535939

27.02".

6.3 Maximum Stghraphala and Critical

Sighrakendra

Based on the Sanskrit astronomical tables, e.g.
the Thyagarthi manuscript, Professor Bala-
chandra Rao (2014) has shown the variation of
the Stghraphala for each of the five planets
graphically. Unlike in the case of the manda-
phala, here the maximum S$ighraphala is not
attained at Sighra anomaly 90°. In fact, these
values are higher than 90°, and different for dif-
ferent planets.

7 CONCLUDING REMARKS

In the current paper, we have discussed the be-
haviour of the $ighraphala (equation of conjunc-
tion) and its critical values and points for each
of the traditionally known five planets.
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