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Abstract: A vakya is a Sanskrit term used for a sentence in general and in an astronomical context it is
used to represent a humerical value corresponding to an astronomical parameter. There are different
classes of vakyas used in astronomical texts, and sarikranti or sarikramanavakyas are one such class of
vakyas. The S$rirgunamitradivékyas are one of the sets of sarikramanavakyas. The $rirgunamitradi-
vakyas are a set of 12 vakyas that give the instant at which the Sun's transit occurs. Each vakya
consists of five syllables, with three time units. That is, the instant is given in terms of a week-day,
nadikas and vinadikas. In this paper, having given the description of Srirgunamitradivakyas, we shall
provide the rationale for obtaining them based on the exposition given in the commentary written in the
Laghuprakasika by Sundararaja.
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1 INTRODUCTION Laghubhaskariya of Bhaskara | who belonged to

the Aryabhata School, and the Parahita system
of Haridatta (Venketeswara Pai et al., 2018;

Based on the complexity involved in the com-
putations and the choice of the epoch, Indian

astronomical texts are divided into siddhanta and 2019).
karapa. There is one more class of text, known In fact, while obtaining the vakyas pertain-
as vakya, that can be traced back to the time of ing to the Sun's transits (known as the san-
Vararuci (Venketeswara Pai et al., 2018). The kramanpavakyas) for any desired day, the text
work by Vararuci--known as the Candravakyas Vakyakarana only mentions about the $rirg-
or Moon sentences--is the oldest-available work unamitradivakyas. These vakyas give the time
of the vakya system. These are also known as of the Sun's transit for the year which begins on
girnadreyadivakyas which give the true longitude Friday. The Vakyakarapa neither lists the vak-
of the Moon, correct to a minute, for each day in yas nor explains the rationale behind them. It is
an anomalistic cycle of 248 days (Venketeswara the commentary, the Laghuprakasika, which lists
Pai, 2019; Venketeswara Pai et al., 2016; 2018). the vakyas and gives the rationale for generat-
A fully developed vakya system is outlined ing them with a very short explanation.
in the famous karana text of the thirteenth cen- Using the $rirgunamitradivakyas, one may
tury, the Vakyakarana. The author of this text is be able to find the instants of zodiacal transits
not known. Since this school of astronomy was for any desired year. For this, one needs to find
more popular in Tamil-speaking areas, the author the week-day at the beginning of the year and
probably hailed from the same region. Manu- this is referred to as sankramanadhruva. This
Scripts of the work are available in various man- sankramanadhruva can be found by know|edge
USCI‘ipt libraries in South India, especially Tamil of the ahargana at the beginning of the year.
Nadu. In the edition of the Vakyakarana, Sastri The Vakyakarana provides the algorithm to find
and Sarma (1962) estimate that it was compos- the ahargana in the beginning of the chapter,
ed between CE 1282 and 1316. and the commentary Laghuprakasika gives the
The Vakyakarana (CE 1282) only presents rationale for the algorithm. Hence, in the next
the lists of Va‘kyas and the Computationa| pro- section, we first prOVide the algOrithm for flndlng
cedures for obtaining the longitudes of the plan- the ahargana atthe beginning of any desired year
ets using these vakyas. It is indeed the Laghu- and the rationale for the same as described in
prakasika of Sundarardja (CE 1500) that gives the Vakyakarana and Laghuprakasika respect-
short explanations for the algorithms mentioned ively.
in the Vakyakarana. It also gives the rationale for
some of the vakyas and algorithms described in 2 OBTAINING THE NUMBER OF CIVIL DAYS
the Vakyakarana text. ELAPSED SINCE THE BEGINNING OF
The Laghuprakasika is a commentary on the THE KALI
Vakyakarana composed by Sundarargja (CE yieTagd: AMdh:  HedeasiddIfad: |
1500), who hailed from KaficT near Chennai. HTIERT: JYATRITEg:|
The work is based on the Mahabhaskariya and Y ReGFRUTETAAaareard || 2 |
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dhasikalayutah $édkahkalyabdaitikirtitah
kalyabdo matulagunah
varsavamsenasamyutah |
punarabddnmanagunat salapriyavivarjitat ||
2|
tatsamaptairdinairyuktam$ukravaradhikamdi
nam|
sphutarkacakravadhikam

The $aka [year] added to 3179(dhdsikala) is
known as kalyabda or kali year. The prod-
uct of kalyabda and 365 (matula) is added
to one-fourth of the years (varsavamsa).
Again, 1237 (séalapriya) has to be subtracted
from the product of the years and 5 (mana),
and divided by 576 (tatsama). [The result]
thus obtained is added [to the previous
result] in order to obtain the number of [civil]
days since the beginning of the kaliyuga,
which is being a Friday, to the true solar
year.

The verse gives the expression for comput-
ing the ahargana. If y be the number of solar
years that have elapsed, then the ahargana, A,
at the end of the year can be written as

A = 365y + y/4 + (5y — 1237)/576, or
A = 365y + y/4 + 5y/576 — 1237/576. (1)

The rationale for the above algorithm can be
understood as follows. The parameters we re-
quire to derive equation (1) are the revolution
number of the Sun and the number of civil days
in a mahayuga. As the Vakyakarana is based
on the Laghubhaskariya (LB)," we consider the
parameters as given in the LB. The values giv-
en in LB are 4320000 and 1577917500 re-
spectively. Here, the HCF of 4320000 and
1577917500 is 7500. Dividing 4320000 and
1577917500 by 7500 (which is the HCF of the
two), we get the values 576 and 210389 re-
spectively. These are known as the drdhahara
and the drdhagunakara respectively. That is,

the drdhahara = 4320000/7500 = 576, and
the drdhagunakara = 1577917500/7500
=210389.

Dividing the drdhagunakara (210389) by the
drdhahara (576), the quotient is 365 and the
remainder is 149. That is,

(210389/576); = 365
(210389/576),em = 149,

where (210389/576); and (210389/576)em, re-
present the integral part and the remainder
respectively. Multiplying the elapsed number of
years 'y’ by the number of civil days in a
caturyuga and dividing the result by the revo-
lutions of the Sun, we get

(1577917500 x y)/4320000 = 365y + 149y/576

(1577917500 x y)/4320000 = 365y + [(144 +
5)y]/576
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(1577917500 x y)/4320000
+5y/576.

Equation (2) gives the mean ahargana.

365y + y/4
@

In order to find the true ahargana from the
mean, one has to subtract the number of civil
days corresponding to the difference between
the mean and true longitudes of the Sun—when
the true Sun is at minanta (at the end of the
solar year)—from equation (2). The number of
civil days corresponding to the difference be-
tween the mean and true longitudes of the Sun
given in the commentary is ‘mayakamidinendra’
(2-8-51-15, or 2.14756944 days). This can be
under-stood as follows.

The true longitude of the Sun at the end of
the year (minénta) is 360°. The difference be-
tween the mean and true longitudes of the Sun
is given by
56 = sin""[3/80sin (6, — 64)], (3)

where the 6, and 6, are the mean longitude and
the longitude of the apogee.2

Here 6, is an unknown quantity, hence as a
first approximation consider 6, = 8. That is, for
the Sun at minanta 68 = 360°. Therefore, apply-
ing 8, = 6 = 360° and 6, = 78° in equation (3),
we get
00=-2.10211.

Now, the approximate mean longitude is obtain-
ed by applying 06 reversely to the true longi-
tude. That is, the obtained result which is the
difference in the true and mean longitudes is to
be added to the true longitude. The result ob-
tained will be the new mean longitude, or the
madhyama:

0o = 6+ 560 =360 — 2.10211 = 357.89789.  (4)

Now, in a second approximation, applying 0, =
357.89789 in equation (3), we get 60 = —-2.11709
and this value is again added to the sphutfa or
the true longitude to obtain the next iterated
value of the mean longitude. That is,

Op=6+ 06 =360-2.11709 = 357.88291.

This process is repeated (iterated) until 60
attains a constant value. In the case above,
after 7 iterations 00 reaches a constant value
anditis 2.11719.

Therefore, the magnitude of the difference
between the mean and true longitudes (06) of
Sun at minanta is 2.11719. The number of civil
days corresponds to 06 = 2.11719 and is

2.11719 x 1577917500/1555200000 = 2.14812

where 1577917500 and 1555200000 are the
number of civil days and number of solar days in
a mahayuga. It should be noted that the com-
puted value 2.14812 is close to the textual value
2-8-51-15 or 2.14756944, which is given as a
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vakya ‘mayakamidinendra’ in the commentary of
the Laghuprakasika.

Therefore, after the correction, equation (2)
becomes

(1577917500 x y)/4320000 — 2.14756944

= 365y + y/4 + 5y/576 — 2.14756944

= 365y +Yy/4 +5y/576 — (2.14756944 x 576)/576
~ 365y +y/4+5y/576 — 1237/576, (5)
hence the result.

2.1 An lllustrative Example

Find the kalyahargana corresponding to the be-
ginning of Saka 1890 elapsed.

The number of Saka years elapsed at the
beginning of the Saka 1890 elapsed = 1890. The
number of kali years elapsed at the beginning of
Saka 1890 elapsed = 1890 + 3179 = 5069.

The ahargana, A at the beginning of the
year is given by
A =365 %5069 +5069/5 + (5 x 5069 — 12375)/576
=1851494.10417. (6)

Hence, the ahargana at the beginning of the
Saka year 1890 elapsed, or the kali year 5069
elapsed, is 1851494.10417 days or 1851494
days, 6 nadikas, 15 vinadikas, which can be rep-
resented as 1851494-6-15. Now, if we divide
1851494 by 7, the remainder is 1. Hence, the
Mesasarikramana occurs at 6 nadikas, 15 vi-
nadikas on a Saturday for the kali year 5069
elapsed.

3 OBTAINING THE INSTANT OF THE SUN'S
TRANSIT IN A DESIRED SOLAR YEAR

......... W‘Lraﬁraa‘rfﬁaﬂ 131
sfivfonfesyd femariaTaeg T |
......... senabhaktavasesitam || 3 ||
$rirgunadidhruvam vidyad bhantam
vakyaistu drsyate |
The remainder [obtained] by dividing [the
end of the true solar year] by 7 (sena) would
be the dhruva [which is to be added to] each
of the [mnemonics (vakyas)] starting with
$rirgupamitra. The ending moments (time
instants and week-days) are shown (given/
represented) by these mnemonics.

The second half of verse 3 and the first half of
verse 4 give the algorithm for obtaining the
instant along with the week-day at which the
Sun transits each ras$i or zodiacal sign. The
basis for the algorithm is a set of vakyas which
are known as $rirgunamitradivakyas. These are
12 in number with $rirgupnamitra as the first
vakya. These are categorised into sarkranti-
vakyas. Each mnemonic gives the week-day,
nadika and vinadika at which the sankramana
occurs. The commentary Laghuprakasika by
Sundararaja gives all the 12 vakyas starting with
Srirgunamitra (Sarma and Sastri, 1962: 12).
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RO YT & TR fRRT- i TaRTd |

Y aﬂﬂﬁ:-ddqszkd-mqv%msqbuq Il
g TR AR - NS T |
TgPYd TSHHATHR TehIRicd UIGaRH ||
$rirgunamitra-bharvidhipaksa-striratisdra-
bhogavaréte |
bhavacarorih-tenavasatvam-
lokajabhttih-sthalahayo'yam ||
arigadhigarah-stambhitanabhih-nityasasiso-
yagamayo'yam |

tavurupdrvam sankramavakyam
tatkramayojyam padavasenal|

2-55-32 ($rirgunamitra), 6-19-44 (bhdarvidhi-
paksd), 2-56-22 (striratisdrd), 6-24-34
(bhogavarate), 2-26-44 (bhavacarorih), 4-54-
6 (tenavasatvam), 6-48-13 (lokajabhitih), 1-
18-37 (sthalahayo'yam), 2-39-30 (angadhi-
garah), 4-6-46 (stambhitanabhih), 5-55-10
(nityasasiso) and 1-15-31 (yagamayo'yam)
[are the S$rirgunamitradi-sankrantivakyas).
The sankramavakya corresponding to each
month when added to the varsadi-sankrama
[corresponding to any desired year] (dhruva
at the Mesasarikramapa of the year) would
give the [sarikramanas] starting from Vrsabha
etc. [corresponding to the desired year.]

The Srirgunamitradi-sankrantivakyas are a
set of 12 vakyas that give the time-intervals
between the entry of the Sun into a particular
rasi (zodiacal sign) and the entry into the Mesa
rasi (Aries). A suitable multiple of 7 has to be
added to obtain the actual time interval. Each
vakya consists of five syllables with three time
units. That is, the time interval is given in terms
of the week-day, nadikads and vinadikads. For
example, the fifth vakya (bhavacarorih) repre-
sents the number 2-26-44, which means that if
the Mesasarikramana is at 0-0-0 (at the mean
Sunrise on a Friday), the Kanygsarikramanpa oc-
curs on second day after Friday (i.e., Sunday),
26 nadikas, 44 vinadikas, after the mean Sun-
rise. For any desired year if the Mesasarkra-
mana is at x-y-z, where x-y-z is the sankra-
manadhruva, then this has to be added to the
vakyas to obtain the sarikramanavakyas for that
year.

3.1 An lllustrative Example

Find ravisarikramanas for the Saka year 1890
elapsed.

We saw that the sankramanadhruva corres-
ponding to 1890 elapsed is 1-6-15. Adding this
to all the vakyas would give the sarkramanas
corresponding to the Saka year 1890 elapsed.
We have tabulated them in Table 1.

3.2 The Rationale for

Srirgunamitradivakyas

Before explaining the rationale, we quote a pas-
sage from the Laghuprakasika of Sundararija
which gives the explanation for the vakyas:
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SFAET — diTfoneaTey arafa aret formid
ArafcrR Rt T TR =TT e 7 real

TR ARG IRAL AR

T CHEHTE TR TR R G TS |
FaagoarisieAd dohHada faxay |
IR Sgaadaiig | FRIfaaRyamEred | od: W
TOTAUfh A IRIFAEHG fhad |

ARG AT G ST R UTARIATH D T RIB
ELC

atravasana -- $rirgunadivakyesu yavatitham
vakyam jijfidsitam tavatitham vakyam jhatva
tatparvaradyantamadhyamam ca jhatva
tadantaralabhitamasikasauramadhyamabho
gena
sphutamadhyamaharganajfidanenoktatrairasi
kasiddhadinadi |
saptavataksanavasistadinadikamsankramav
aktvena vijfieyam | punarapyatra
bahuvaktavyamasti |
granthavistarabhayannocyate | atah param
ganitaprakriyaprakd$anamatrameva Kriyate |
vasanatvasmaduktasundararajiyavékyakara
navasanaprakasikayam drastavya |

Table 1: Sarkramanas corresponding to the Saka year 1890
elapsed.

Name of the Instant of

Rasi entry of

In Devanagari In Roman the Sun
ayy Vrsabha 4 —01-47
= Mithuna 7-25--59
DHhch Karkataka 4-02-37
Rig Simha 7-30-49
il Kanya 3-32-59
ddt Tula 6-00-21
CIEED Vrécika 7-54-28
Y4y Dhanus 2-24-52
Hoh Makara 3-45-45
Y Kumbha 5-13-01
HH= Mina 7-01-25
oy Mesa 2-—21-46

Here is a translation of the above passage:

Here is the explanation. Among the $rirguna-
mitradivakyas, whichever vakya is desired,
having found that vakya, and also having
found the mean [longitude of the Sun] at the
end of the previous rasi, the dinadi (civil days
fromthe Mesasarikramana to the desire san-
kramana) is [found] by the rule of three ap-
plied by the knowledge of the madhyama-
bhoga for the respective solar month obtain-
ed from the difference [in mean longitudes at
the desired sarikramana from the beginning]
and also by the knowledge of the difference
between the true and mean aharganas. The
remainder, in terms of the day etc., obtained
by dividing [the result] by 7 would be under-
stood as the sankramavakya. Here again, so
many things have to be told. It is not being
told because of the fear of the content becom-
ing very large (granthavistarabhaya). There-
fore, only the necessary mathematical tech-
nigues have been dealt with. [More] detalil
has to be looked for in the “sundararajiya-
vakyakarana-vasanaprakasika” which is [one
of the works] composed by myself.

The above passage from the Laghuprakéasika

(LP) by Sundararaja gives the rationale for
obtaining the $rirgunamitradisarikrantivakyas in
brief. It is to be noted that the LP only gives the
necessary mathematical procedure and not the
detailed explanation for the same. Sundararaja
claims that detailed explanation has been giv-
en in another work called the sundararajiya-
vakyakarana-vasanaprakasika.

Now, a step-by-step procedure based on
the commentary is given below.

First let us find the mean longitude of the
Sun at the end of the rasi previous to the rasi
whose sarnkramanavakya is desired. In other
words, to obtain the nkramanpavakya pertaining
to any rasi desired, first find the mean longitude
of the Sun at the sarikramana.

If the sankramanavakya pertaining to i" rasi
is desired, where i = 1, 2, ..., 12 for Mesa,
Vrsabha, ..., and Mina respectively, then find the
mean longitude of the Sun at the end of (i — 1)th
rasi. This is nothing but the mean longitude of
the Sun at the beginning of the i" rasi itself.

For instance, the sankramanpavakya desir-
ed is the one that pertains to the Mithuna-
sankramana (i = 3), then the mean longitude of
the Sun at the end of the Vrsabharasi [which is
the previous rasi of the Mithuna] (in this case, i =
3 and i -1 =2) has to be found. This is same
as the mean longitude of the Sun at the begin-
ning of the Vrsabharasi. Let this mean longitude
be denoted by 0O,

Now, let us find the madhyamabhoga, which
is obtained by subtracting the mean longitude of
the Sun at the beginning of the Mesarasi (6¢,)
from the mean longitude of the Sun at the
beginning of the desired rasi (6y). That is, the
madhyamabhoga (0, is expressed as

Omi = Ooi — Oa.

Using the rule of three, the number of civil
days corresponding to the madhyamabhoga has
to be found. This is nothing but the number of
civil days between these two (1% and ith) sankra-
manas. The three parameters involved in the
rule of three are 6,,;,, number of solar days in a
mahayuga (1555200000, as per the Bhaskariya)
and the number of civil days in a mahayuga
(1577917500, as per the Bhaskariya). There-
fore, the number of civil days corresponding to
the Madhyamabhoga, d;, is given by
d;= 6 x 1577917500/1555200000

= Qo — Gp1 X 1577917500/1555200000.
Therefore,

di = (0 x 1577917500/1555200000) — (fo1 X
1577917500/1555200000). @)

In equation (7), 6, is the mean longitude of the
Sun when its true longitude is 0° or 360°. The
numerical value corresponding to 6y; has al-
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ready been obtained in Section 2 (see equation
(4) for 8y). Hence,

601 = 357.88291, or

=2.117009. (8)
Hence, (equation 7) reduces to
d; = O x 1577917500/1555200000

= 6y, x1577917500/1555200000 — (—2.11709)
x 1577917500/1555200000

= 6y, x1577917500/1555200000 + (2.11709)
x 1577917500/1555200000

Therefore,
d; =6y;x1577917500/1555200000 + 2.14812. (9)

Now, in equation (9), 2.14812 corresponds to
the difference between the mean and true ahar-
ganas. Hence, the commentary in the Laghu-
prakasika says:

sphutamadhyamaharganantarajfianenoktatr
airasikasiddhadinadi.

Divide the ahargana (d;) corresponding to
the madhyamabhoga by 7. The remainder
will be the sankramanavakya (si) corre-
sponding to i rasi.

Therefore,
Si= [di/7]rem,
where [d;/7],em denotes the remainder.

Here, in equation (9), the sarikramanavakya
of any desired (i‘h) rasi can be obtained by the
knowledge 0,. Therefore, it is necessary to
know the procedure to obtain 8y,. The Laghu-
prakasika gives a very short explanation for
finding the mean longitude of the Sun from the
true longitude at sankramanas. Now, what
follows is the algorithm for finding the mean
longitude from the true based on the description
given in LP.

3.3 Obtaining the Mean Longitudes of
the Sun at the Zodiacal Transits

While explaining the procedure to find the true
ahargana from the mean, Sundararaja gives the
procedure to find the mean longitude of the Sun
from the true, when the Sun is at the end of
Minarasi. However, one can use the same idea
for finding the mean longitudes from the true
longitudes at all sarikramanas. Below is the
passage given from the Laghuprakasika (Sarma
and Sastri, 1962: 8).

T qui= HRSBR! W €9 aad,
QT YRR
W TE BRI CHHIGURIAYIh o] WeaHTa e

| ey
THATCHRIR AT SR g eHishadr uifaat
W MU FedT
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IEQNIDIG gzqaqwﬁ: |
Yada varsante bhaskaro minanta eva
varteta, tada
bhaskarabhuktarasidvadasakasyaiva
sphutatvenangikaratsphutakarmaviparitapra
kriyaya madhyamavagatih | tasmadapi
madhyaméatbhéaskaroktaprakaraganitasphuta
prakriyaya préatilomyena gananam krtva
avisesayitva
Suddhamadhyamasvardpavagatih |
At the end of the year when the Sun is
situated at the end of Mina, then it is agreed
that the true longitude is nothing but the
bhukti of the Sun through twelve rasis and
the mean longitude [corresponding to that]
can be understood (obtained) by the reverse
process. From this mean [longitude obtained
here], based on the computational proced-
ure as given by Bhaskara [l] for obtaining the
true [longitude], the pure (Suddha) mean
longitude can be obtained by the reverse
procedure, having computed the [quantities]
by iteration [till the constant value is obtain-
ed].
Although the above procedure is explained in
the context of obtaining the mean longitude
when the true longitude is 0° or 360°, the same
procedure can be used for finding mean long-
itudes pertaining to other sarikramanas.

Let the true longitude of the Sun at the end
of i" rasiis i x 360° where | = 1, 2, ..., 12 for
Mesa, Vrsabha, ..., and Mina respectively. In
other words, (i—1) x 30° is the true longitude of
the Sun at its transit to the i" rasi. Then, the
difference between the mean and true long-
itudes of the Sun as described by Bhaskara in
the Mahabhaskariya is given by

56; = sin"'[3/80sin (6o — O4)], (10)
where 6,; and 0, are the mean longitude and the
longitude of the apogee of the Sun. Here, as 6y,
is an unknown quantity; hence, as a first approx-
imation, consider 6, = 6. For instance, let us
consider the Sun’s transit into the Mithunarasi (i
= 3). The true longitude at the transit is
(i—1)x30=2x30=60°.

That is, for the Sun at the beginning of Mithuna
6. =63 =60°.

Therefore, applying y; = 63 = 60° and 6 = 78° in
equation (10), we get

06 =-0.66397.

Now, the approximate mean longitude is obtain-
ed by applying 06 reversely to the true longi-
tude. That is, the obtained result which is the
difference in true and mean longitudes is to be
added to the true longitude. The result obtained
will be the new mean longitude, or the madhy-
ama.

003 = 93 +00=60+ (—066397)
= 60 — 0.66397) = 59.33603. (11)
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Now, in a second approximation, applying 6y =
59.33603 in equation 10, we get 66 = —0.68760
and this value is again added to the sphufa or
the true longitude to obtain the next iterated
value of the mean longitude. That is,

Oos = 05 + 60 = 60 + (—0.68760)
=60 - 0.68760 = 5931240.

This process is repeated (iterated) 06 attains
a constant value. In this case, after 10 iterations
00 reaches to a constant value and it is
—0.68847°. Therefore, §6 corresponding to the
Sun at the beginning of the Mithuna is —0.68847°.
Therefore, the [accurate] mean longitude of the
Sun at the beginning of the Mithuna is given by

O3 = 05 + 060 = 60 + (—0.68847)
=60 - 0.68847 =59.31153°.

In the same manner, we have computed
the mean longitude of the Sun at each transit
(sarkramanpa). The values obtained are tabu-
lated in Table 2.

Table 2: Computed values of the mean longitudes from the
true longitudes of the Sun at the end of each rasi.

Name of the Rasi True Sun Mean Sun
at at
n In Sarkramana | Sarkramana
Devanagari Roman ) (00)
quyy Vrsabha 30 28.36263
PG Mithuna 60 59.31153
hhch Karkataka 90 90.46372
g Simha 120 121.47857
CZll Kanya 150 152.06649
ddr Tula 180 182.08446
qIgD Vrscika 210 211.55725
Y Dhanus 240 240.64106
HDHR Makara 270 269.56910
Rl Kumbha 300 298.60157
iG] Mina 330 327.98081
ay Mesa 360 357.88281

Now, substituting the 6os in the algorithm
for finding sankramanavakyas given in Section
3.2, one can obtain the sarnkramanavakyas
pertaining to all 12 Suns transits. We shall illu-
strate this with an example in the next section.

3.4 An lllustrative Example

Let us consider Mithunasarikramana as an ex-
ample. For Mithuna, the i = 3. Hence, to find
the sarikramanavakya for the Mithuna, one needs
to find the mean longitude of the Sun when it is
at the end of the previous rasi (or, at the
beginning of the Mithunarasi; 6ys).

The mean longitude (6y3) can be obtained
by iterative procedure as mentioned in the al-
gorithm. We have also tabulated the same, for

all sankkramanas, in Table 2. From the table, it
is clear that

603 = 59.31153.
We can find the civil days, d; corresponding
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to the madhyamabhoga, 6,3, by substituting the
value of 6y3 in equation (9). That s,

d3 = 653 x1577917500/1555200000 + 2.14812

=59.31153 x1577917500/1555200000 +
2.14812

= 62.32604 (12)

If we now divide d3 by 7, the remainder will
give the sarikramanavakya (ss), corresponding
to the Mithunasankramana. Therefore, s; is
given by

S3= [d3/7]rem
= [62.32604/7] em
= 6.32604. (13)

Hence, the computed Mithuna-sarkramana-
vakya is 6 days, 19 nadikas and 34 vinadikas
(6]19]34) which is very much close to the vakya,
bharvidhipaksa (6]19|44). The difference of 10
vinadikas is due to the computational factor.
We have used the modern sine values for
computing the mean longitudes; whereas, the
sine value used by Sundararaja would definitely
be an approximate one as compared to the
modern value. We have computed all the
sarikramanavakyas and list them in Table 3.

4 NOTES

1. The second half of the first verse clearly
states that
“bhaskariyanusarenaganitamkriyatelaghu”,
which means the mathematical techniques
devised based on the parameters given in
the Laghubhaskariya.

2. While explaining the rationale for the correc-
tion which is applied to the mean ahargana
to obtain the true one, the Laghuprakasika
gives the method briefly for computing the
mean longitude from the true longitude, which
is given below.

T quf=r TRy WA uE Fad,
AT URIRYFRIRIGIEGRIH R
Wﬁ?@%ﬁmﬂgﬁaﬁﬁhﬁaﬂmwﬁq

wmmwﬁ?ﬁﬁ?
AT FAT AFRAATRAAT gEweATETIE: |
Yada varsante bhaskaro minanta eva
varteta, tada
bhaskarabhuktarasidvadasakasyaiva

sphutatvenarigikarat
sphutakarmaviparitaprakriyaya
madhyamavagatih | ... ... ... pratilomyena

gananam krtva avisesayitva
$uddhamadhyamasvardpavagatih |

At the end of the year when the Sun is
situated at the end of Mina, then it is agreed
that the true longitude is nothing but the
bhukti of the Sun through twelve rasis and
the mean longitude [corresponding to that]
can be understood (obtained) by the reverse
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Table 3: Comparison between the tabulated and the computed values of the time-intervals between the entry into different zodiacal

signs and the entry into the Aries sign.

Name of the Rasi Instant of Entry of the Sun
In In Given Vakyas Computed
Devanagari Roman In Katapayadi In Numerals Values
quY Vrsabha gﬂgﬁfqa‘[/ Srirgunamitra 2-55-32 2-55-30
= Mithuna H%‘q&n bhirvidhipaksa 6-19-44 6-19-34
Execd Karkataka TIRIARRT Striratisara 2-56-22 2 -55-59
Rie Simha URTaRTA/ Bhogavarate 6-24-34 6—24—-04
Gens| Kanya UTTRIR: bhavacarorih 2-26-44 2-26-09
qal Tula SREASL Tenavasatvam 4-54-06 4-53-33
3% Vrscika RICAS DI lokajabhitih 6-48-13 6—47—44
Y Dhanus RAASTH sthalahayo'yam 1-18-37 1-18-16
AP Makara SR/ angadhigarah 2-39-30 2-39-18
P Kumbha TR stambhitanabhih 4—06-46 4-06-41
o= MIna A== Nityasasiso 5-55-10 5-55-12
Y Mesa JATHAISTH/ yagamayo'yam 1-15-31 1-15-31
process. ... ... ... The pure (Suddha) mean intermediate numerical table used in the com-

longitude [from the true] can be obtained by
the reverse procedure, having computed the
[quantities] by iteration [till the constant
value is obtained].
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