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Ganitagannadi: A Karana Text of 1604 ce on
Siddhantic Astronomy in Kannada

B. S. Shylaja and Seetharam Javagal

Jawaharlal Nehru Planetarium, Bengaluru and Sainikpuri, Secundarabad

INTRODUCTION

WEALTH OF SIDDHANTIC ASTRONOMY TEXTS has been brought to light in recent
A decades. While the texts from Kerala constitute a very large share of texts
in languages other than Sanskrit, texts in many other languages have also been
unearthed (Sarma 2002; Srinivas 2019). Telugu texts such as Ganakananda (Pad-
maja et al. 2019) and the Tyagarti tables in Kannada have been brought to light
(Rupa et al. 2014). They were in use during the fifteenth to seventeenth centur-
ies in South India. Many more texts are yet to be discovered. The present study
concerns another text, hitherto unknown, with a unique technique for obtaining
planetary positions starting with the number of days lapsed since epoch (Sans-
krit ahargana)." The original karana text called Varsikatantrasangraha was written
by a scholar named Viddanacarya and has not been published.> However, for-
tunately, two commentaries on this, written by Sar'lkaranéréyana Joisaru in the
first decade of seventeenth century are available. Here we discuss the unique
technique he employed for calculations.

1 ABOUT THE AUTHORS
HERE ARE TWO PERSONALITIES involved in the manuscript.

1. Viddanacarya (or Daksinacarya),

1 The epoch for these texts is the beginning the Virsikatantra and its genre and mentions
of the current Kaliyuga, i.e., 6 a.m. at Lanka two surviving manuscripts of the work,
on 18 February 3101 BCE. one at Harvard (fragmentary) and one at
2 NCC:v.29, 105 cites four manuscripts. Bikaner (probably Anup Sanskrit Library
Pingree (1981:48-9) briefly characterizes No. 4411).
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14 GANITAGANNADI

Figure 1: Cover page of the manuscript; at the left top corner the name Ganitagannadi is written;
the number 74-1 corresponds to the folio number. Photograph © the author.

2. Sankaranarayana Joisaru (son of Demana Joisaru).3

The manuscripts were obtained from the collection of Kulapati Sankaranara-
yana Joisaru (1903-1998) who was the head of the Sadvidya Safijivint Pathasala,
or School for Enlivening True Learning, at Srigeri in South India. Kulapati San-
karanarayana Joisaru was a descendant of the second author mentioned above
and the maternal grandfather of one of the authors of this paper, Seetharam Ja-
vagal. The lineage produced well known scholars in the astral sciences (jyotisa).
In particular, a father-son duo of Demana Jéisaru and Saf\karanéréyana Joisaru,
who flourished in the latter half of sixteenth century cg, were eminent scholars
and wrote commentaries on some of the jyotisa treatises (granthas) available at
that time. The commentaries are in Sanskrit and Kannada and are transmitted
on palm-leaf manuscripts in the Nandinagari script (see Fig. 1). These palm-leaf
manuscripts have been preserved in the family over a period of four hundred
years. They are presently, in the keeping of Shri Joshi Shivadatta , son of Ku-
lapati Sankaranarayana J6isaru, in Bangalore.

One of the bundles in the collection of palm-leaf manuscripts contains texts
on Siddhanta jyotisa treatises. They are:

1. Grahanamukura A treatise on eclipses by Demana Joyisaru son of Devaru
Joyisaru.#

2. Tantradarpana A commentary on Viddanacarya’s Varsikatantra in Sanskrit.
Composed in 1601 by Saﬁkaranéréyana Joisaru, son of Demana Joyisaru.>

3. Karanabharana A commentary on the Karanaprakasa by Brahmadeva
(fl. 1092),° in Sanskrit. Composed in 1603 by Saﬁkaranéréyana Joisaru.”

4. Ganitagannadi A commentary on Viddanacarya’s Virsikatantra in Kannada.
Composed in 1604 by Sankaranarayana Joisaru.®

5. Grahanaratna Composed by Sankaranarayana Joisaru. Date not known.?

3 ”Joisaru” is the Kannada version of San- 6 CESS: Ag, 257-8, As, 240.
skrit Jyotisi, “astronomer.” See the family 7 NCC:v.8, 8ga.

tree, p. 32 below. 8 Cf.NCC:v.8, 89a, v. 28, 168a.
4 NCC:v. 6, 249b. 9 Cf. NCC:v.6, 249b.

5 Cf. NCC:v. 8, 89a, v. 28, 168a.
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B. S. SHYLAJA AND SEETHARAM JAVAGAL 15

Figure 2: The inscription stating the award of grants to the astronomers Demana and Sanikaranara-
yana Joisaru. Photograph © the author.

In the above manuscripts 2, 3 and 4, the name of the author is given as Sankara-
narayana Joisaru, and his place, his father’s name and the year of copying the
manuscript are recorded in the colophons.*®

Demana Joyisaru prepared a copy of the Jatakalarikara, authored by Stiryadeva
Yajvan (b. 1191) of Coladesa, with the concluding verse written partly in Sanskrit
and partly in Kannada as follows:"*

089 J¢ Fomon F0BITT &NRF BT, | Bo8e00E) Aoiede t3ewTd
22ecET S Beehed DTE 25BTV0ZTTT RFTF, 0N T
dedede| | B3Ry | |

This concluding statement in Kannada states that the book Jatakalarnkara was writ-
ten by Demana, son of Devaru Joyisaru of Srigeri, the date of completion being
Salivahana $aka 1529, Plavanga samvatsara, Magha Suddha prathama Sukravara, i.e.,
Friday 18 January, 1608 ck.

There is another independent document which throws light on the dates
and appreciation of the scholarship of this father-son duo. Epigraphia Carnat-
ica mentions a stone inscription at Srr'lgeri.12 Sri Abhinava Nrsimha Bharati, the
twenty-fourth pontiff (pithadhipati) of Srageri, established a land grant (agrahara)
called Nrsimhapura, near Srngeri, and had granted the land revenues to the
learned scholar (mahajanas) of various family lineages (gotras and siitras). The

10 There is one palm-leaf in the same
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16 GANITAGANNADI

land grant is dated $alivahana $aka 1525 (1603 cg), $o0bhakrt, Bhadrapada, Suddha
dasami (Sunday). This stone inscription is preserved in one of the adhisthanams
in the Smgeﬁ monastery premises (see Figure 2). This inscription mentions San-
karanarayana Jyotisa, son of Demana Jyotisa, in the list of the awardees.
Ganithagannadi mentions the name of the author at the end of every chapter.
The last chapter mentions two additional titles which were probably awarded
during the course of writing. The script, as mentioned earlier, is Nandinagari.*3

2 DESCRIPTION OF THE TEXT

ACOMMENTARY ON THE VARSIKATANTRA is documented by Dikshit (1981). He ob-

tained the a manuscript of the text in Sholapur, Maharashtra, with no indic-
ation of the name of the commentator. He noted that the calculations were for
1634 and the longitudinal and latitudinal corrections (desantara and palabha) cor-
responded to a place thirteen yojanas (150-180 km) west of a hill called Kartika
Parvata (its identity cannot be established). He deduced that the commentator
belonged to Dharwad and the text was very popular in Karnataka. The cita-
tion of Grahalaghava (dated 1520 cE, Balachandra Rao and Uma (2006), Pingree
(CESS: A2, 94)) leads one to conclude that Varsikatantra was written in the six-
teenth century at the latest."*

The text Tantradarpana is a commentary in Sanskrit on Varsikatantra, while
the Ganitagannadi (1604 cg) has a Kannada commentary along with the Sans-
krit verses. Although the total number of verses in the two texts differs in some
chapters, the original text can be partly reconstructed. (See Appendix for an at-
tempt)

The first chapter of the text Ganitagannadi, called Dhruvadhikara, has 19 verses.
But some extra lines are introduced in the Tantradarpana, offering still more de-
tailed explanation. Both the texts give a long introduction and the family history
of the great teacher Viddanacarya whose father Mallanacarya also was a great
scholar.”> The text was called Varsikatantra, “Annual System,” by Viddanacarya
since it was applicable for one whole year and fresh calculations needed to be
done for the beginning of every year.

The procedure for deriving the accumulated days (ahargana) starting from
the Kali-epoch year (Kalivarsa) count is the content of the first chapter. The

12 Rice et al. 1903:v. 11, 348.

bundle that states that Linga Joisaru, the son
13 One of the present authors (S]) learnt the

of the author, paid money (12 gadyana) to

the grandson of another person (probably
the scribe) in the year 1652 ce. Cf. the family
tree, p. 32 below.

11 Pingree 1981:89 noted that Stryadeva

composed his work in Gangapura in ca.

1250.

script (Visalakshy 2003) and transliterated
the manuscript text into Unicode.

14 Pingree (1981:48-49) dates the work to
a period before 1370.

15 NCC:v. 29, 105 calls the father Mallapa.
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same chapter has another section called Grahamadhyadhikara, which provides the
method for getting the mean positions for planets.

The second chapter has 23 and 19 verses and the extra lines in Tantradarpana
add to the explanation. This is called Grahasphutadhikara and provides the
method for deriving the true positions of all planets, perigees and the nodes.

The third chapter is called Cayadhyaya has 19 and 17 verses and describes
basically the procedures of the three-question section (triprasnadhikara) from the
Stirya Siddhanta.

The fourth chapter, called Somasiiryagrahana, is devoted to eclipses, the first
section on lunar (20 verses) followed by solar eclipse calculations (6 verses).

The fifth chapter called Parilekhana (10 verses) describes the graphical
method for obtaining the timings, magnitude and points of ingress.

The subsequent chapter is named Pathadhyaya (10 verses) and the ones fol-
lowing it have not been given a title. The seventh chapter discusses the helical
rising and setting of planets and has 11 verses. This is followed by the conjunction
of planets and stars and the conjunction of planets (10 verses).

The eighth and last chapter on Srrigonnati, the elevation of the cusps of the
moon has 7 verses.

3 UNIQUENESS OF THE TEXT

HE CONTENTS FOLLOW THE GENERAL GUIDELINES OF SIDDHANTIC TEXTS. The author
declares that he is making a humble attempt to reduce the number of steps
in the calculation. He explains the procedure in very crisp sentences in Kannada.
We now describe the method of getting the aharganas and dhruvas for a given
epoch. It may be recalled that all texts, including the Siddhantasiromani, give the
rationale based on the Siiryasiddhanta. In the other texts like the Karanakutithala
and the Grahalaghava that were more commonly used by later authors, aharganas
are calculated from the epoch of Bhaskara’s Siddhantasiromani and the dhruvas
provided therein are used for extrapolating the positions of the planets. The
number of years from the epoch are calculated and converted to solar months.
Subsequently they are converted to lunar months by adding the requisite number
of intercalary months (adhikamaisas) and subtracting the number of lost lunar
days to be deducted (ksayatithis) as specified in earlier texts. We will see now the
uniqueness in this step as explained by the author himself.
Ganesa Daivajfia, in his Grahalaghava,'® simplifies the procedure by adopting
a cycle of 4016 years which results in no reminder or integral multiple of the num-
ber of revolutions. The Ganakananda, a fifteenth-century text in Telugu modifies
the procedure slightly to count tropical days instead of aharganas.”” Another text

16 Balachandra Rao and Uma 2006. 17 Padmaja et al. 2019.
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18 GANITAGANNADI

by Chikkanna (early twentieth-century text in Kannada) uses a cycle of 19 years
similar to the metonic cycle.

In our text, Ganitagannadi, the author converts the number of Kali years into
the longitude corrected for precession (Savanadhruva) directly by multiplying by
1007 and dividing by 8oo.

RMRT T, IOT: oA SR T R |

TS Wh! WEARGE: FHedliad: Qe ga: & iy |

8ezo | Smedeomnigg Zahess | 3179 | 300 3B BEH | 3
€RONT FReT AT | 1007 30507 B2 rhoedzen BEJoms |
800, 2338 800 92300 230N BEJoge | ZoBs | e, BF SR |
338 | 3dadon BR3eBmeesedzmen | BynreedRees | BhEmted-
ODHBOTD | FBTERE T8 | BT BB | AT | 9B | |

The $aka year, added with 3179, (nava adri indu guna) multiplied by
1007 (Sailambara vyoma nisakara) and divided by 8oo (kha kha asta),
becomes the Kali year number for the desired year. It is the Savana
count for Dhruvaka beginning from a Friday (Bhrguuvara).

The rationale is given as follows:

| | 2983 03003 33NZHE BIBRE | &3 BIBTESODI B03033 | 388
B07R, TORPETD BR3eIerR) OB | BToeIgs 0o 60 JAZBROB
25 80 MedR | e96) BoSR0T (11) 3 Bend Fow BRe F0a3030
BB BFTRFBBIW | | B BFTHOT 30T e9R)ecy, BIRARE BIZZR0-
@ S0 M 0o (3179) @O FRBLY IR B0BITF
3R Q03PN B30T 3OBREBBIDD |

2 3OBREBIZENOW 3eRoNTHREITIZT 0H02 (1007) Y300
Moedd aeF, 0302 (800) YOO 25NEEL0 OB o3 | AT Semao
60 &0 Med2 800 B0 ¢PAR WOTY PER | NoB Bew=30 60 do MR
800 00 239NR VOT LYE AFYR | €8 BPT DOT TR0 7 80

2 203 emwo 2:')&33 J03 B 3¢ 3 | 3o 393 wé?saa D &-
@35 sRoTo | s@omm@ss Re00Dee0s | B8eetd8Rs
—ads BRVIBOD | WD cﬁawﬁodé’ huaozbsﬁ 303 a’ndﬁ@mdaod
B¥ne més'ojo R0 E 00T mcaaoiaaacﬁo | |

The saka means the year of interest for calculation. $akanayana means
the count starting from Prabhava in the 60 year cycle of samuvatsaras.
Multiply 60 by 25 and subtract 11; Now add the serial number of the
desired $aka which now should be added to 3179 to get the Kali year
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count. This should be multiplied by 1007 and divided by 8oo. The
quotient is the vara count. The reminder should be multiplied by 6o
and divided by 8oo to get ghalige; the remainder of this should be
multiplied by 60 and divided by 8oo to get vighalige. The vara count
earlier obtained should be divided by 7; the quotient is not relevant,
the reminder is vasara and its fraction. Thus we got the vasara/ghatika/
vighatika. This is the sqvana dhruva starting from the Kali epoch.

& Ned3pe3 308 RS00030T3 | S BRODFATOIHO JACRAAT
03071 3 wﬁeaoﬁ@:o 4320000 m@édm@do? OTRP 'awso AT | 9o
odnTeasdIonsd 1577917828 ma B3eed &raeéfioiwa DBBROBBY
OFRP DAY TATT 0Ho&s JeT 'aa’ggoéb | 90 mos Beon
BRLON0 gPPNILY DO 232008 365 | 15 | 31 | 31 | 24 3§k
20RO 7 00 AT Q0 3o o3 1 ¥R 15 dpon 31 =S 383
24 awoa 3 &3 03 & @8zne3edord 32 Y@RE 800 5O rbeéfo@o

ém&od @20 800 & 12000 H3z 24800 =3 24800 338 19200 's}mo |
ée Fne ©,8030 60 doBdzen DO o) 320 e98 5%&30 IR0 ﬁaeeea

D803 BRmEen 25120 9=y, || 3=0 60 80(33@3 o 418 ©@dJod
Qm 40 & ©RT0 306t BREL 25218 gy, 30 60 do mm z)ocﬁ o)
420 do3 é’m 18 & o0 ek 3prden 12420 3Ry | |

3230 60 D0WZen 0T @ 207 BeRDE) | Bt ©NTJO e B3 800 3z3-
SRFRS BRBE 1007 aa&i | 3&%eR 3 emoaadd/aeﬁo:)méd o%ow Boss
| a7, 03:020T aa&gﬁ@m@a"om SRTele %ee; v838> | 38 0308
[RD dw?@ ATHODHeD 398033 YRBREE, o&mo mdﬁomcﬁo 3
0083 N3 @@ 800 dow RHedR séoﬁoeaﬁomﬁ aw@ﬁoia WRITE ef.')os
3ex 18 wé’odo MWVBQ, D3, 3ex 40 930 3 CRAPIIIICRIAY 2571 awao
BB T 46278 @%fﬁ 102840 3250 60 00 239NR oW ©Q) 1714
30 206 3RBe 47992 930 800 do gPnIen Mdﬁm@ﬁfaodoas 33E-
2003 2POT FLNR VO3 |

%) T8 BN T BOAT NE3B FYODHOT 30 3TN 0308 Be-
3o BREE, BOS0EH HF LRI ToYIY B0 LLBTOOT | HTREY Tod-
33 =328 0 FBROT BREF, 3P0T) FPRODI FRT FENRODE) 3RRE-
23685 03OTOOT &N0T BRBE, 38, 8 00T FOR WeWFOTYTEI =P&-
B | | 302 AT03 PPIHOT 8080336 WBBeB DOBOTER 35 DogYoD
RTORPCD zaeaod&ra Ned3.0039 TASINTTOB B0 | |

Now the rationale of the procedure is being explained.

The explanation of this mathematical procedure is: The number of
revolutions of the sun as stated in Sri Siiryasiddhanta is forty three
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20 GANITAGANNADI

lakhs twenty thousand (43, 20, 000). The number of civil days in a
yuga is one hundred fifty seven crores, seventy nine lakhs, seventeen
thousand, eight hundred twenty eight (157,79,17, 828). When this
is divided by the revolution number stated earlier, we obtain in day-
count (varadi),

365l15[31/31]24

In this also, upon division by 7, the remainder is day 1, ghalige
15vighalige 31, pare 31, tatpare 24. To make them remainder less
(nirayava) days, when it is multiplied by the desired-imagined num-
ber 800, then, this much in order: day 8oo, ghalige 12000, vighalige
24800, pare 24800, tatpare 19200. When the lowest [number] in the
series is divided by 60, the quotient is 320, there is no remainder.
When this (the quotient) is added to the number above, then this
much: 25120. When this is divided by 60, the quotient is 418 and
from that, the remainder, 40. When the quotient is added to the
number above, this much : 25218. When this is divided by 60, the
quotient is 420, and the remainder is 18. When the quotient is added
above, this much: 12420. When this is divided by 60, the quotient
is 207, no remainder. When this quotient is added to the number
above, [namely ] 800, this much: 1007. This is the number [expressed
as] “Sailambaravyomanisakara”.’® It has already been stated that 800
(khakhasta) is the desired or imagined number of years. Here, the
rule-of-three computation: if 1007 days correspond to 8oo years,
how many [days] for the desired year[-count]. There, when we
multiply by 8oo and move to the upper place, there is a remainder of
18 at the place of vighalige, and a remainder of 40 at the place of pare.
When these are multiplied by the desired-imagined number of years,
2571, then we obtain 46278 [at the place of vighalige]. Below [at the
place of pare]; 102840. When this is divided by 60, the quotient is
1714. When this is added to the [number at the]| place above, 47992.
When this divided by 8oo we obtain 1 ghalige less by one-hundredth
part of itself.

The reason is as follows. As eighteen vighalige and forty pare were
remaining from the mathematical procedure devised by him for find-
ing the dhruva, which implies that one ghalige has to be added for
[every] two thousand five hundred and seventy one [2571] years
in the dhruva, [the author] devised a correction (bija samskara) [ex-
pressed as| “riipadri tattvaih” . Thus, the mathematical explanations

18 $aila = mountain (), ambara = sky (o), vyoma = space / sky (o) nisakara = moon (1).
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should be understood from the knowledge of the siddhantas, from the
power of the discourse of the elders, and the imaginative power of
[one’s own ] intellect.

Note that the word va used here means vasara “a civil day;” vara is also the word
for the seven day week. For this reason we explicitly specify the word as vasara.

The conversion is done as follows:

19200 tatpare means 320 pare (obtained by dividing by 60)

This is added to pare count 24800 + 320 = 25120

This is converted to vighalige, after dividing by 60 as 418 (reminder 40 is not
used)

418 is added to ghalige, to get 24800 + 418 = 25218 ghaliges in all.

The quotient is 420 (reminder 18 is not used) is added to ghalige, count 12000
to get 12420 ghaliges.

This is divided by 60 to get vasaras as 207 (no reminder)

Thus total number of ghalighes is 800 + 207 = 1007.

This means for 8oo years 1007 vasaras (days) need to be added.

We may now understand the rationale in today’s terminology:

The duration of the year gets converted 365.258745 days

There are 52 weeks in a year; taking this out we have reminder as 1.258745
days.

This is to be added every year.

If the number of years is n from the epoch, n X 1.25875 should be added.

We can clearly see that 1.258745 is equal to 1007/800; therefore, we need to
add n X 1007/800.

Therefore one can see that this entire procedure is to calculate the correction
with integers.

The duration of the year is taken to be 364 + (1007/800) days, in the first in-
stance.

There are 52 weeks in a year; taking 52 X 7 = 364 out, we have the remainder
as (1007/800) days.

This is to be added every year. If the number of years is n from the epoch,
n X (1007/800) should be added. Therefore, one can see that this entire procedure
is to calculate the correction with integers.

Now the duation of the year is actually

365 d| 15 [3131]24

according to the Siiryasiddhanta followed by the author. The author has explained
how one gets 364 + (1007/800) as an approximation to this. In that process, there
are remainders at two steps, namely, the remainder 40 while converting from
pare to vighalige, and the remainder 18 while converting from vighalige to ghalige,
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22 GANITAGANNADI

which were ignored while finding the approximate value. These have to be in-
cluded. We will now show that when these numbers are multiplied by 2571, the
net correction can be rounded off to one ghalige, without any remainder.

2571 X 18 = 46278 at the place of vighalige 2571 X 40 = 102840 at
the place of pare. When this is divided by 60, it gives 1714 vighalige.
Hence, the total number of vighalige is 46278 + 1714 = 47992. This di-
vided by 800 yields 59.99 vighalige, which is very close to one ghalige.

This means that for every 2571 years one extra ghalige has to be added.

This is the other small correction mentioned by the author. The last line refers to
the declaration by the author that he devised this idea on his own deduction.

A similar procedure is derived with integers for multiplication and division
to get the dhruvas for all the planets as explained below. The phrases in the ori-
ginal text are written Devanagari script and the corresponding commentary is
written in Kannada.

T AT EdTd @ @i: |

B2 W0 3BT | FOBREBIZZROR Se3e03Nedo 319 do niedd
Danorig 0302 600 B0 23N WOT ©RO PR Sew:30 12 do Mvedd 600
80 2N OB 2 | BeR0 30 Bo B2 reda 600 80 2PN OB
2N | BeReBO Ry @338 600 60 239NI WO O | 0B A0
3BT | T BNBIE 2P0 HVBBT | 3E) A0 0T3S0
B2 N30 7200 50 2PNRBROTBRL | &) B2 2318 3ex 32 90 5B-
BP BPBRT 008 384 0 %05@53 @ IRBeRT N 11520 93-
00T FFTIO3NEO PNT Vo ©2) 375 . YAen e FOTTE BRRT
TOLHE), Tazdys 0How e3ed | | ‘

4 THE PROCEDURE FOR MARS (KUJA)

Now the calculation of number of revolutions for Mars (Kuja). Mul-
tiply the number of kali years by 319 (nava indu agni) and divide by
600 (kha khangaih). The quotient gives the number of bhaganas (re-
volutions). The reminder is multiplied by 12 and divided by 600 to
get rasi. The reminder of this is multiplied by 30 and divided by 600
to get bhaga. The reminder of this is multiplied by 60 and divided by
600 to get lipti and then reminder of this multiplied by 60 and divided
600 gives vilipti.

The rationale for the procedure is as follows :

HISTORY OF SCIENCE IN SOUTH ASIA 8 (2020) 13-35



B. S. SHYLAJA AND SEETHARAM JAVAGAL 23

The number of revolutions in a mahayauga is 2296832. There are
4320000 years in a mahayuga. Both these numbers are divided by 600
(subsequently also). This means in 7200 X 600 years, Kuja completes
319 X 600 revolutions with a reminder of 32. This means its position
will be decided by the reminder 32 which when multiplied by
12 (dvadasa) gives rasis. 384 rasis correspond to 11520 degrees by
multiplying by 30. The mahayuga is divided by this number to get
375 (pancadri rama). This leaves no reminder when divided by 360.
Thus all calculations are involving complete cycles. This means for
every year the fraction 319/600 of the revolution should be added.

Therefore for n number of years it is 1 X 319/600.
The number of revolutions in a mahayuga is 2296832.

2296832 319 X 7200 + 32

4320000 600 X 7200 ()
- % " 432302000 (2)
Now,
32/4320000 revolutions = [(32 X 360)/4320000] 0 (3)
=[@y375]° (4)

Hence, for Mars (kuja), the increase in longitude per year is 319/600 revolution,
and a bija of [(1)/375] ° per year.

Felig=Ten fgmeeae: |16 1

207 TR0 3BT | 3RR0 ey A 0howd 73 8o M3 | HodhBF, ae-
c3;8 030020 480 80 239N WOTEY) NOATOY LBNFIE 2T T BT |

7€) BT3RO BNeae3o 9000 &0 23R’ B0 eHJ0 3N SeBHOT
99T TR 3eTH0 23NR BROB | @€ W5 3ne 3w 60 3T
00 720 . 333 2390 21600 . JWOO &HTIC3NNATO 23oNR 0T ©2) 200
86N DeRTEIT O 3838 0o 36 | | ‘

THE PROCEDURE FOR DERIVING THE DHRUVA OF MERCURY (BUDHA)

The number of years are multiplied by 73 (agni yaga — the compound
word is agnyaga; the meaning of yaga for the number 7 is not clear)
and divided by 480 (viyadasta veda). This is gives the total number
of revolutions. The reminder is converted to degrees minutes and
seconds as explained earlier. Here the total number of bhaganas in
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a mahayuga is divided by g9ooo. The reminder is 60 corresponds to
720 rasi which is equal to 21600 degrees. When the number of years
is divided by 21600 the quotient is 200 without any reminder. This
explains the multiplication by (73/480).

The number of revolutions in a mahayuga is 17937060.

17937060 4 + 657060
4320000 600 X 7200
_ 4+ (9000 X 73) N 60

(5)

(6)

9000 X 480 4320000
B 73 60
s4T 480 " 4320000 7)
Now,
60/4320000 revolutions = [(60 X 360)/4320000] 0 (8)
= [(1)/200]° (9)

Hence, for Mercury (Budha), the increase in longitude per year is 73/480 revolu-
tion, and a bija of [(1)/200]° per year. Here, the integral number of revolutions
(4) is ignored.

ferareran Wi feEngeRgEdd @ @is: | fad: o+ e @ 9 fe-
NI o

AT SRRl Waied || 7 |1

8ezo | D P[0 3BT | 3RO Bazeon 0302 607 do RedA
£0338398,03:02) 7200 3300 239NR BwoAT0B BRBI MHTY I W0-
o | 9 030nBo 23nE0 600 80 259NR BRoBRy | 3ne Beaw 20 Td
240 230¢R

7200 3300030 030MeRE0 23NR DOT Deeis e3ers 3600 Dazons
oSoden | |

THE PROCEDURE FOR THE DHRUVA OF JUPITER (GLIRU)

The number of years are multiplied by 6oy (muni kha arniga) and di-
vided by 7200 (vivannakhasva). Here the multiplying number is 600.
Both yuga and bhagana are divided by 600. The reminder 20 corres-
ponds to 240 rasis or 7200 degrees. There is no remainder.
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The number of revolutions in a mahayuga is 364220.

364220 (607 X 600) + 20

(10)

4320000 7200 X 600
6
_ bo7 20 (11)
7200 4320000
Now,
20 20X 360
4320000 4320000
i.e
20/4320000 revolutions = [(20 X 360)/4320000] 0 (12)
= [(1)/600] ° (13)

Hence, for Jupiter (Guru), the increase in longitude per year is 607/7200 revolu-
tion, and a bija of [(1)/600] ° per year.

Bo3Re2g BuRHO 3BT | 3QRTO WL 03002 563 Do MR DaTo-
23 0302 900 B0 2PN DOTT BNEE 237 FPRIBc> | 203, e
Bext 3R 02 108 3¢ 03 N33 Awri | S 30T 0BT Fp0RZERe-
R 2300303 12 370 5 80 MHeIZeRN ©9T) O | T3¢ 3P0 g5N |

RO B3} TTTeE 900 YB3 9 BeYR Fpomod 100 3T 5 Bo Nred-
R 500 S, 2300w 2oNod 3Sohledeondy ademrs 0o e
ROMOIBPET ez BRAIT | |

THE PROCEDURE FOR VENUS (SUKRA)

The dhruva is obtained by multiplying the number of years by 563 (tri
sad bana) and dividing by 9oo (kha kha arka). This gives the revolu-
tions. The reminder is 108 lipti. The fraction 1/9 of this is 12. Mul-
tiply this by 5 you get 60 lipti. That is 1 bhaga (degree) and the divisor
used for Venus is 9goo. The fraction 1/9 of this is 100. Multiply this by
5. Therefore every 500 (kha kha esu) years 1 degree should be added.
This is the rationale for the formulae.

The dhruva for Venus (Sukra)
The number of revolutions in a mahayuga is 7022376.
7022376 4 2702376
4320000 900 X 4800
63 X 48
_ g4 203%X4000 24 (15)
900 X 4800 4320000

(14)
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Now,

GANITAGANNADI

24/4320000 revolutions = [(24 X 360)/4320000] 0

= [(x)/500]°

(16)
(17)

Hence, for Venus (Sukra), the increase in longitude per year is 563/900 revolu-
tion, and a bija of [—(1)/ 500] © per year, that s, [(1)/ 500] ° must be subtracted. Here,
the integral number of revolutions (1) is ignored.

33,80 )30 83 | |

3on=0 Foadser 030 407 3=00 MHedd [ReB03RF s 0O
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THE PROCEDURE FOR SATURN ($ANI

Multiply the number of Kali years by 407 ($aila kha veda) and 12000
(vyoma traya arka). This is gives the number of revolutions. The re-
minder is 48 which means 576 risis and also means 17280 degrees.
The yuga is divided by this number to get 250 as an integer. Hence
the correction (the notation is kha artha yama — the meaning is not
clear). This is the rule.

That completes the procedure for all the planets.

The dhruva for Saturn (Sani)

The number of revolutions in a mahayuga is 146568.

Now,

146568 (407 X 360) + 48
4320000 12000 X 360

_ 47 48
12000 4320000

48 X 360 |
4320000

= [(x)/250]°

revolutions =
4320000
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Hence, for Saturn (Sani) , the increase in longitude per year is 407/12000 revolu-
tion, and a bija of [(1)/250] © per year.
ey g @ W Wiawg fea @ @ e
Rt T e Tgd. 1 8 | |
To®@) 5,330 33T | |
5@2350 ooz 03002 43 B0 rHeEdR a3es;s 0302 800 Ho AR VOT-
N m&)503 ?,Sﬁe?a& 0% TR TOW | 'ae'D To&®) BINEITO Q30RO
5400 80 5NRBROTRD | zSﬁea 3ex 38 mmo&oﬁdw 3RS ma:fgo-
& 38 23niea RPN TRTHY VFP LTHZIBY TNT 360000 de?i?@ﬁBS (opk)
QDN TN BRTAE AT 12000 BReF, 38 230N LMY | €8 TOR
PORRD VRS, 38 ) DTN | YT 3RO BFRODE 030 38
Do redR e92) B3godes 0302 200 B0 2N 0T AYNGO TR FoI-
BR$N BoE3eF0m 062 F0TTE BRAET. | |

THE PROCEDURE FOR THE ASCENDING NODE OF THE MOON (RAHU)

Multiply the number of Kali years by 43 ( guna abdhi) and divide by
800 (kha kha ibha). The reminder is converted to degrees and its frac-
tions as explained. Here the number of revolutions and the yuga years
are both divided by 5400. the reminder bhagana is 38. For the num-
ber of years corresponding to mahayuga 38 (vasu agni) revolutions are
the reminder. Then for 360000 years 38 rasis will remain. Similarly
for 12000 years 38 degrees will remain. For 200 years 38 lipti will be
the reminder. Therefore I applied the correction as multiplying by 38
and dividing by 200. This should be added to Rahu.

The dhruva of Rahu
The number of revolutions in a mahayuga is 232238.

232238 (43 X 5400) + 38

(22)

4320000 800 X 5400
43 38
%0 T (23)
00 4320000
Now,
38 38 X 360 X 360
= (24)
4320000 4320000
38 .
== t
500 reminutes (25)
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Hence, for Moon’s node (Rahu), the increase in longitude (in a retrograde man-
’

ner) per year is 407/12000 revolution, and a bija of [(38)/200] per year. Apart
from the dhruva at the beginning of the solar year as calculated above, 6 rasis =
[180] © have to be added, as that is the longitude of Moon’s node at the beginning
of kaliyuga. Also, the value computed thus, has to be subtracted from [360] ° as
the motion of the node is retrograde. These are pointed out later.

2308Re2 TR0 3RT | |

3QNR0 DBeord 0302 113 o MEBR DDA 0302 1000 ZNTHO
N2 BREO VOB Fom VB | BTN 230838z 23nce-
2304320 50 239NRT | 3N Bew 43 TOOT T FHW e FOT;
30 1 38,030 MO TYs 92833036 0308 262 FOTTES BRBTB
| | DAgBed3 3,030 gomhdrone 030 23083Re28 FoBRWRTR To3BRRES
00T TIBO30 BRTIRR |

THE PROCEDURE FOR DERIVING THE MOON’S APOGEE (CANDROCCA)

Multiply the number of Kali years by 113 (viSva indu)and divide by
1000 (kha kha dik). This gives the number of revolutions of candrocca.
The years of mahayuga and candrocca were divided by 4320. The re-
minder 43 was converted for 200 years as was done for Rahu. You
have to add three rasis for candrocca.

The dhruva of the Moon’s apogee (mandocca)
The number of revolutions in a mahayuga is 488203.

488203 (113 X 4320) + 43

= (26)
4320000 1000 X 4320
113 43
= +
1000 4320000 (27)
Now,
X 360 X 60 |
43 :[43 360 0] (28)
4320000 4320000
43 :
= — t
~og Areminutes (29)

Hence, for Moon’s node (mandocca), the increase in longitude per year is 113/1000

revolution, and a bija of [(43)/200]/ per year. Apart from the dhruva at the begin-
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ning of the solar year as calculated above, 3 rasis = [90]0 have to be added, as

that is the longitude of Moon’s mandocca at the beginning of kaliyuga.

Y BTEROTT | B2 NTISONT FeDrader Byzw, HOIRN B3890
5006 | @9 Iy, O BIR008E, Adey RFBONG PN BORPSF 030
W3 | ?joc&aezﬁ@ TR Ted 330 | TITAR 3T Tod VP
| ©x003 z&ozz‘i@ezgﬁé TRT T80 BRW3EFTODBD | ToTVR[I 3Ty
00203081 BpeHR3eFCWIBY | TOTANMR &) DT 5T TS BRBES
38> 0od03REN BReORSFOTT | Tomd [3BRETHDNIONTTE F9TE
| 9€) &8 028 1N Incesse wpésoﬁnﬂ X0 BRENTITL 9QodHZ
w3 w@ﬁ 233, 028 12 B8RSR BReQFWBCTMT | | 38 Soweds
02803 esdo Tod0R D3P 0HOWT €90 NTODFOS0T3 |
Ry, & TB0083, 0T =me 1955880000 930 3SREF 230830623
3nsoned 488203000 Tor Toy 23ne0 ned 232238000 9300 MR
| 3eRRONTE 4320000000 3380 23NFN 9BOHRTOW. | |

The reason for this is as follows: For the end of Dwapara (beginning of
Kaliyuga) all the planets had completed their revolutions exactly. But
candrocca and Rahu did not. Candrocca still had to cover three rasis.
Rahu moves in retrograde direction still for completing the zodiac
needed 3 more rasis left. We can get this from the facts the number
of years till the end of dwipara 1955880000, The number of revolu-
tions of candrocca 488203000. That of 232238000. Dividing this by
the number of years 4320000000 we get the difference.
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This is summarising the entire procedure.

The total number of years have to be divided by numbers represented
by riipadri tattva, viyadambarirtha, paficadri rama, khakhanga, khakhaisu,
ghartha yama — in that order and the result expressed in degrees
minutes and seconds should be added to the sqvana dhruva of Kuja,
Budha, Guru, Sani; for moon and Sukra it should be subtracted.
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THE PROCEDURE FOR ASCENDING NODE OF THE MOON (RAHU)

~ a]% o o T[g]' o - =
FATSTcaIo e 9oy fiieTagria 2iaes@t: | 1101 |
30330 38 8o THEd 200 B0 2NR OB DTYOOPO TIBS T[T BRTB>-
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The number of Kali years should be multiplied by 38 and divided by
200 and added to Dhruva for Rahu; should be multiplied by 43 and
divided by 200 and added to Dhruva for candrocca. For the moon and
Sukra the correction should be subtracted. For Rahu, the bija correc-
tion should be added and recalculated successively.

5 DISCUSSION
THE LAST LINE IN THIS CHAPTER CONCLUDES WITH THE FOLLOWING SENTENCE:

) B0TT B NHBRe3Y Dezs F0MT NEDS AN TT B e
5006 NP @8 BBRNEIR ©OB0GRRA Bee23eT0NTOOR & B
=N 3 BP0 N F RO ToF FewN BePTD | |

Thus all the calculations for bija correction, positive and negative cor-
rections are explained. They appear mysterious but I have explained
here completely as per the original texts of the Siddhanta.

It is to be noted that the summarising verse includes another phrase for correc-
tion called viyadambarartha, which was pointed out by the referee as applic-
able to the moon. However, both the texts do not contain corresponding verses
for the position of the moon. (The Appendix has the compiled text.) In the fol-
lowing chapter on eclipses, the details of the derivation of the position of the
moon are described."

It may be seen that the procedures given here are different from those given
in other similar texts. Ganesa Daivajfia, in his Grahalaghava, simplifies the pro-
cedure by adopting a cycle of 4016 years which results in no reminder or integral
multiple of the number of revolutions.>® The rationales for deriving the dhruvas
of all planets are not explained in detail. Chikkanna, in his Drksiddhantadarpana

19 We plan to bring that out in a future 20 Balachandra Rao and Uma 2006.
publication.
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(another twentieth-century text in Kannada), uses a cycle of 19 years similar to
the metonic cycle following the procedure given.*'

It has been possible to correct the minor errors either typographical or gram-
matical, since there are two manuscripts available. Tantradarpana contains all
these verses with commentary in Sanskrit. There are some small differences since
the two are written with a time difference of about a year or so. The author has
used the same technique in the subsequent texts too.

There is another text by Sankaranarayana, a commentary on Brahmadeva’s
eleventh-century Karanabharana.>* 1t is similarly written in the Nandinagari script
and in Sanskrit.

Demana wrote another text called Grahanamukura (“The Mirror of Eclipses”)
wherein the same procedures were adopted.”> However the explanation or ra-
tionale was very brief.

The present text further continues to other chapters on deriving the mean pos-
itions, true positions and other calculations on eclipses, heliacal rising and plan-
etary conjunctions. These chapters also have very innovative procedures and
will be discussed in forthcoming papers. We also plan to list the word-numbers
(bhiitasankhyas) used extensively in the text.
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FAMILY TREE OF SANKARANARAYANA JOISARU’S ANCESTORS

The following family tree of male ancestors was provided by Seetharam Javagal.

Devaru Joisaru (probably born after 1500 ck)

Demana Joisaru (jyotisa author, fl. 1599-1618 cE)

Sankaranarayana Joisaru (jyotisa author)

|
Linga Joisaru
|
Yallanna Joisaru
|
Mahadeva Joisaru
|
Yallappa Joisaru
|
Sar'\karanéréyana Joisaru
|
Mahadeva Joisaru
|
Saf\karanéréyana Joisaru
|

Mahadeva Joisaru

Ramacandra Ganes$a Joisaru

Kulapati Sankaranarayana Joisaru (1903-1998)

HISTORY OF SCIENCE IN SOUTH ASIA 8 (2020) 13-35



B. S. SHYLAJA AND SEETHARAM JAVAGAL 33

APPENDIX: VERSES FROM VARSIKATANTRA AS FOUND IN THE
GANITAGANNADI

As reconstructed from Ganitagannadi (MS 1) and Tantradarpana (MS 2). MS vari-
ants appear in the footnotes.
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CESS Pingree, D. E. (1970-94), A Census of the Exact Sciences in Sanskrit, 5 vols.
(Philadelphia: American Philosophical Society), https://archive.org/
details/PingreeCESS, (on 9 Mar. 2018).

NCC Raghavan, V., Kunjunni Raja, K., Sundaram, C. S., Veezhinathan, N.,
Gangadharan, N., Rama Bai, E. R., Dash, S,, et al. (1949-), New Catalogus
Catalogorum, an Alphabetical Register of Sanskrit and Allied Works and
Authors (Madras University Sanskrit Series; Madras: University of
Madras); v.1: revised edition, 1968.

REFERENCES

Balachandra Rao, S. and Uma, S. K. (2006), Grahalaghavam of Ganesa Daivajnya,
English Exposition with Maths and Notes (Bengaluru: Bhavan's Gandhi Centre
of Science and Human Values).

Chikkanna, C. (1914 ), Driksiddhanta Darpana (Mysore: Mysore Crown Printers).

Dikshit, S. B. (1981), Bharatiya Jyotisa Shastra, trans. R. Vaidya (Kolkata: India
Meterological Department, India Meterological Department).

Hayashi, T. (2017), “The Units of Time in Ancient and Medieval India’, History of
Science in South Asia, 5/1: 1-116. por: https://doi.org/10.18732/H2HTOH.

Ketkar, S. (2001), Ketakigrahaganitam (Mumbai: Bharatiya Vidya Bhavan).

Mabhesh, K. (2019), ‘Editing Karanabharana: A commentary on Karanaprakisa by
Sankaranarayana Joyisa’, Indian Journal of History of Science, 54/1: 116-18. por:
10.16943/1ijhs/2019/v54i1/49605.

Padmaja, V., Uma, S. K., Rupa, K., and Balalchandra Rao, S. (2019), ‘Ganakan-
anda — A Study of Mathematical Tables: Paper Presented at the Annual Con-
ference on History and Development of Mathematics at Kanchipuram’, Kan-
chipuram, Nov.

Pingree, D. E. (1981), Jyotihdastra: Astral and Mathematical Literature (A History of
Indian Literature, 6.4, Wiesbaden: Harrassowitz), http://n2t .net/ark:/
13960/t9h49pm8x, (on 7 Feb. 2020).

Rice, B. L. et al. (1886-1955) (eds.), Epigraphia Carnatica, 16 vols. (Mysore Ar-
chaeological Series; Bangalore: Mysore Government Central Press), http://
idb.ub.uni-tuebingen.de/opendigi/EC, (on 7 Feb. 2020); Revised edi-
tion published by the University of Mysore. Kuvempu Institute of Kannada
Studies from 1972.

HISTORY OF SCIENCE IN SOUTH ASIA 8 (2020) 13-35


https://archive.org/details/PingreeCESS
https://archive.org/details/PingreeCESS
https://doi.org/https://doi.org/10.18732/H2HT0H
https://doi.org/10.16943/ijhs/2019/v54i1/49605
http://n2t.net/ark:/13960/t9h49pm8x
http://n2t.net/ark:/13960/t9h49pm8x
http://idb.ub.uni-tuebingen.de/opendigi/EC
http://idb.ub.uni-tuebingen.de/opendigi/EC

B. S. SHYLAJA AND SEETHARAM JAVAGAL 35

‘Inscriptions in the Chitaldroog District’ (1903), in B. L. Rice et al. (eds.), xi,
http://n2t .net/ark :/ 13960 / txxxxxxxx, (on 7 Feb. 2020), Epigraphia
Carnatica (Mysore Archaeological Series; Bangalore: Mysore Government
Central Press, 1886—1955).

Rupa, K., Padmaja, V., and Balachandra Rao, S. (2014), ‘Makaranda Sarinit and
Allied Saurapaksa Tables — A Study’, Indian Journal of History of Science, 49/
2:186—208, https://insa.nic.in/writereaddata/UpLoadedFiles/IJHS/
Vol49_2_9_KRupa.pdf, (on 31 Oct. 2019).

Sarma, K. V. (2002), Science Texts in Sanskrit in the Manuscripts Repositories of Ker-
ala and Tamilnadu (Samskrtavarsasmrtigranthamala; New Delhi: Rashtriya
Sanskrit Sanshtan), 1sBN: 81-86111-04-2.

Somayaji, D. A. (1971), A Critical Study of the Ancient Hindu Astronomy in the
Light and Language of the Modern (Dharwar: Karnatak University), http://
hdl.handle.net/10603/93107, (on 31 Oct. 2019).

Srinivas, M. D. (2019), ‘The Untapped Wealth of Manuscripts in Indian As-
tronomy & Mathematics’, eSamskriti: Culture Spirituality Travel (22 Apr.),
http://n2t.net/ark:/13960/t8gf98t47, (on 7 Feb. 2020); First published
athttps://tinyurl.com/esamskriti-srinivas

Uma, S. K. and Balachandra Rao, S. (2008), Karanakutuhalam of Bhaskaricarya 11
— An English Translation with Mathematical Explanation, Derivations, Examples,
Tables and Diagrams (New Delhi: Indian National Science Academy); Reprin-
ted from IJHS, 42.1—2 (2007); 43.1 & 3 (2008).

Visalakshy, P. (2003), Nandinagari Script (Publication (Dravidian Linguistics As-
sociation), 83; Tiruvananthapuram: Dravidian Linguistics Association).

HISTORY OF SCIENCE IN SOUTH ASIA 8 (2020) 13-35


http://n2t.net/ark:/13960/txxxxxxxx
https://insa.nic.in/writereaddata/UpLoadedFiles/IJHS/Vol49_2_9_KRupa.pdf
https://insa.nic.in/writereaddata/UpLoadedFiles/IJHS/Vol49_2_9_KRupa.pdf
http://hdl.handle.net/10603/93107
http://hdl.handle.net/10603/93107
http://n2t.net/ark:/13960/t8gf98t47
https://tinyurl.com/esamskriti-srinivas

Please write to (wujastyk@ualberta.ca) to file bugs/problem reports, feature requests and to get involved.
The History of Science in South Asia e Department of History and Classics, 2-81 HM Tory Building, University
of Alberta, Edmonton, AB, T6G 2Hy4, Canada.


mailto:wujastyk@ualberta.ca
http://hssa-journal.org

	About the authors
	Description of The Text
	Uniqueness of the text
	The procedure for Mars (Kuja)
	The procedure for deriving the dhruva of Mercury (Budha)
	The procedure for the dhruva of Jupiter (Guru)
	The procedure for Venus (Śukra)
	The dhruva for Venus (Śukra)

	The procedure for Saturn (Śani
	The dhruva for Saturn (Śani)

	The procedure for the ascending node of the moon (Rāhu)
	The dhruva of Rāhu

	The procedure for deriving the Moon's apogee (candrōcca)
	The dhruva of the Moon's apogee (mandocca)

	The procedure for ascending node of the moon (Rāhu)

	Discussion
	First Chapter


