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Tithinirnaya: A Calendrical Text of the Madhva
Tradition for Religious Observations

Nagakiran Yelluru” and G. Sreeram” and

Venketeswara R. Pai’ and Aditya Kolachana“
*Indian Institute of Technology, Madras
bIndian Institute of Science Education and Research, Pune

1 INTRODUCTION

HE TITHINIRNAYA (DETERMINATION OF THE TITHI) is an astronomical karana text.!

Its epoch is April 3, 1308 ck. It consists of twenty-eight verses that give the
procedure to compute the calendrical element known as tithi (lunar day),” at
sunrise on a desired day, for an observer approximately located at a latitude of
12.78°.3 The text follows the Haridatta’s parahita* corrected Aryabhata system,
which is evident from the dhruvas,5 (22) and (33), of the Moon and Moon’s apo-
gee, respectively, at the epoch. The primary application of this text, as evident
from its invocatory and concluding verses, is to precisely determine the days, de-
voted to lord Visnu, on which a fasting ritual is to be observed. The text appears
to be intended for the followers of the Madhva tradition,® as evidenced by its

1 A genre of astronomical texts which
chooses a recent epoch and dictates a
simpler procedure in computing the
aspects of astronomy, i.e. calendrical
elements, eclipses, etc., without presenting
the rationale involved in the computations.
2 A time unit in which the longitudinal sep-
aration between the Moon and the Sun in-
creases by 12°.

3 The latitude corresponds to the location
of the author, proposed to be Sri Trivikrama-
panditacarya in Section 1.3.

4 A system proposed to correct the longit-
udes of the planets, computed from Arya-

bhatiya astronomical parameters, post Saka
444 or kali year 3623.

5 The fixed mean longitudes proposed by
the author at the epoch.

6 The followers of Sri Madhvacarya, the
chief proponent of Duaita school of Vedanta
philosophy. It may be noted that currently,
within the Madhva tradition, only the
mathas (religious establishments in the
lineage) like Sode, Krsnapura, Sirairy,
Kaniytiru, and Bhimanakatte subscribe
to the Tithinirnaya method of calendrical
computations.
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usage exclusively within that community today.”

The first verse of the text is an invocation to Visnu, which lays out the purpose
of the text. Verses 2—24 prescribe the procedure to compute the tithi by finding
the true longitudes of the Sun and the Moon at true sunrise. Verses 2528 discuss
rules with regards to the observation and breaking of the fast on various days.

1.1 PRIOR PUBLICATIONS AND AVAILABILITY OF MANUSCRIPTS OF
TITHINIRNAYA AND ITS COMMENTARY

A perusal of manuscript catalogs and publication database reveals that there are
several texts named Tithinirnaya.® It appears to be a popular name adopted by
scholars who wish to discuss the vratas (holy practices) associated with the tithis
across different lunar months in a year. Though the Tithinirnaya, which is the sub-
ject of this work also discusses, in brief, the vratas like ekadasi and Visnupaiicaka,
a large portion of the work is dedicated to the computation of tithi, which sets it
apart from the other published Tithinirnayas.®

The current Tithinirnaya was first brought to light in 1974 by Padmasri'® Ban-
nafije Govindacarya in his critical edition of the Sarvamiilagranthas.™

He records' that the manuscripts of the text were available in various Mad-
hva mathas (religious establishments in the lineage),'> and his edition was based

7 Usually, the Madhvas fast two days a
month, corresponding to the ekadast tithis.
Optionally, they may also fast on the days
corresponding to the amavisya and piirnima
tithis, as well as the days corresponding to
the Sravand-naksatra. Thus, in all, they may
fast from two to five days in a lunar month.
8 See pages 170-171 in volume 8 of
New Catalogus Catalogorum at https:
//vmlt.in/ncc/8%7page=90, and manu-
scripts of Allahabad Museum at https:
//indianculture.gov.in/manuscripts?
search_api_fulltext=tithinirnaya&.

9 See Sastri (1940), and S. R. Jha (1983).
Even within the Madhva tradition, there
appears to be another text named Tithi-
nirnaya, attributed to Anandatirthacarya
(son of Tamraparni Vittalacarya), which fo-
cuses solely on the performance of the vratas
and does not contain astronomy.

10 A highly regarded civilian honour of the
Republic of India.

11 The Sarvamiilagranthas generally refer to
the collection of 37 works attributed to
Sri Madhvacarya. This critical edition of

Bannanje (1974b) contains 39 works, includ-
ing Tithinirnaya. Prior to the publication of
the Tithinirnaya as part of this collection in
1974, the Madhva mathas in Udupi used to
construct calendars as per the Aryabhatiya
Vakyakarana (this is the name given in the
paficanga. The calender makers have con-
firmed this to be the Karanaprakasa). Follow-
ing Bannafje Govindacarya’s attribution of
the Tithinirnaya to Sri Madhvacarya, some
of the mathas adopted this text for their
calendrical computations. This adoption
was perhaps made easier by the fact that
the Tithinirnaya produced the same results
as the Aryabhatiya Vakyakarana.

12 Bannafije (1974b:175) says FEd g
Y WSHAEEY AR S
PEARLIATH

13 SriMadhvacarya anointed nine disciples
as his successors, from which nine mathas
got established. Eight out of the nine,
Palimaru, Adamaru, Krsnapura, Puttige,
Sirairu, Sode, Kaniytiru, and Pejavara, based
in Udupi are known as astamathas (eight re-
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52 TITHINIRNAYA: A CALENDRICAL TEXT

on the manuscript found in the archives of the Pejavara matha, Udupi.'* Having
said that, while providing the Sanskrit commentary and working out an example,
he also mentions the scribal errors found in other available manuscripts without
revealing their location. The scribal errors or the alternate readings captured by
Bannafje Govindacarya are provided in the respective sections.

A Kannada translation of the text, which appears to have been at least partly
inspired by Bannafije Govindacarya’s Sanskrit edition, was carried out by Vyasa-
dasa (2007). Here too, we find mention of the availability of the manuscripts in
Pejavara, Sode and other mathas.'> This edition also contains a brief commentary
and works out an example.

Unfortunately, neither of these publications provides cataloging details per-
taining to the manuscripts. We were unable to trace them in the archives of Pe-
javara, Sode, Krsnapura, and Kaniytiru mathas in Udupi, Subrahmanya matha
in Subrahmanya village, the Vyasa Madhva Seva Pratisthana in Bangalore, and
Visva Madhva Maha Parisad of Uttaradi matha in Bangalore. Some of the other
mathas either do not maintain archives, or we were unable to access them.

However, we have been able to access a facsimile of a manuscript, which ap-
pears to be from a private collection, and contains a commentary by Madhu-
stidana Bhiksu,' a seventeenth or eighteenth century monk.”7 A preliminary
analysis reveals the manuscript to be incomplete, with missing verses and omis-
sions by the scribe in the commentary. Further, the last four verses 25-28 of
Tithinirnaya are not discussed in this commentary; instead, the commentator ex-
plains the procedure to obtain the other calendrical elements like naksatra, yoga,
and karana.

Moreover, the commentator appears to adopt a novel approach to interpret-
ing the text and explains that he has made necessary emendations due to the
errors that have crept in in the available manuscripts and their scarcity during

ligious establishments). The ninth is the From Ramanathacarya (1996), Visnudasa

source of mathas like Uttaradi, Vyasaraja,
and Raghavendra. These mathas are prom-
inent in the lineage.

14 Bannafije (1974b:175) says ‘TeAISTHH-
e FeTREesa fofad Sioseead o=
AR TS |

15 Nagabhitisana Rao, in the foreword, says
‘230 BIDDI B3N deBeenITT, Bedets-
DB D) 933 Boxk) DInBYade
evdedd.” See Vyasadasa (2007:iii).

16 Ramanathacarya (1996) is the first
to report the details of this manuscript
in the January edition of the Tatvavada.

(2014:144), and Bhiksu (n.d.), we learn
that Madhustidana Bhiksu was a disciple
of Sri Satyaptirnatirtha, and Sri Satya-
vijayatirtha, the 22nd and 23rd pontiffs of
Uttaradi-matha, respectively.

17 Ramanathacarya (1996:37) places him
in the seventeenth century. B. N. K.
Sharma (1981:209) places Madhustidana
Bhiksu’s preceptors, Sri Satyaptirnatirtha,
and Sri Satyavijayatirtha, in the eighteenth
century, while Dasgupta (1949:56) places
them in the seventeenth century.
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his times.’® Hence, we refer to this commentary only sparingly in our discus-

sion, wherever it aligns with our understanding of the text.

Therefore, since the source manuscripts of the Tithinirnaya are unavailable,
this work derives its verses from the main reading found in the published works
of Bannafije (1974b) and Vyasadasa (2007).

1.2 DATE OF COMPOSITION

The second verse of the Tithinirnaya encodes the epoch of the text in the phrase
bhuisribhinnakicintya, employing the katapayadi system. Decoded, this phrase cor-
responds to the number 1610424, which gives the kali-ahargana or, the number of
days elapsed since the beginning of the kaliyuga. This day corresponds to the be-
ginning of the true sidereal year (Mesa-sarikranti), when 4409 years have elapsed
in the kaliyuga calendar or April 3, 1308 in the Gregorian calendar. This would
also correspond to Caitra-sukla-caturthi in the Saka 1230 (elapsed), named Kilaka.

Based on the nature of the text and epoch chosen, the astronomical texts are
classified into siddhanta, mahatantra, tantra, and karana.'® As Tithinirnaya employs
a relatively recent epoch and outlines a simplified procedure to compute the tithi
without presenting the complete theoretical framework, it belongs to the karana
category.

1.3 AUTHORSHIP

The Tithinirnaya’s source text lacks any information about its authorship. Nev-
ertheless, Bhiksu (n.d.), Bannafije (1974b) and Vyasadasa (2007) assert the au-
thor to be Sri Madhvacarya. However, many authoritative texts within the Mad-
hva tradition do not record Tithinirnaya among the works authored by Sri Mad-
hvacarya. Certain earlier works by eminent saints also contain statements that
would contradict such an attribution to St Madhvacarya. Alternatively, some
scholars propose the author to be Sri Trivikramapanditacarya, a direct disciple
of St Madhvacarya. In the subsequent discussion, we present these varying per-
spectives chronologically.

The earliest texts within the Madhva tradition do not include the Tithinirnaya
among the works attributed to SriMadhvacarya. The Sumadhvavijaya, recognized
as an authentic life sketch of Sri Madhvacarya, authored by his near contempor-
ary Sri Narayanapanditacarya in late thirteenth century, while discussing the
works of St Madhvacarya does not mention the Tithinirnaya or any other work

18 It is worth noting that there was a (1974Db).

scarcity of Tithinirnaya manuscripts dur- 19 See Vakyakarana, Sastri and Sarma
ing Madhustidana Bhiksu’s period (seven- (1962:7), which states = Rrer=a-vaa=-
teenth or eighteenth century ce), whereas it T FURIEA TR W,

was otherwise during the time of Bannafije
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54 TITHINIRNAYA: A CALENDRICAL TEXT

of that genre.?® Furthermore, subsequent commentaries on Sumadhvavijaya also
do not include Tithinirnaya in their enumeration of St Madhvacarya’s works. In
other compositions providing enumerations of Sri Madhvacarya’s works, such
as Granthamalika by Sri Vyasarajatirtha (1478-1539), Pirnaprajiiagranthamalika by
Sri Yadupatyacarya (1580-1630), and another work of the same name by Bid-
name nor categorized by genre.*"

Further, Sr1 Vadirajatirtha (1480-1600), the twentieth pontiff of the Sode
matha, in his Ekadasi-nirnaya, categorically states that Sri Madhvacarya did
not author any work dealing with the classification of viddhaikadasi. Since
this classification is dealt with in verse 25 of Tithinirnaya,** it can be inferred
from Sri Vadirajatirtha’s statement®3 that Sr1 Madhvacarya did not author the
Tithinirnaya.

Moreover, many scholars of the tradition, starting from Sri Vadirajatirtha,
attribute the same verse to Sri Trivikramapanditacarya.** Sri Tamraparni
mentions the source of this verse to be Sri Trivikramapanditacarya’s Tithinirnaya
and also states Sri Vadirajatirtha’s Ekadasi-nirnaya to be a commentary of this
Tithinirnaya.*> Going by these statements of considerable authority, it seems
that the author of the Tithinirnaya is likely to be Sri Trivikramapanditacarya.

On the other hand, the attribution of the work to Sri Madhvacarya is fairly
recent. The earliest such attribution is made by Madhustidana Bhiksu (c. sev-
enteenth century cE), in his commentary of Tithinirnaya,>® where he states that
the work was composed by Sr1 Madhvacarya before he became a monk.?” Fur-
ther, Bannafije (1974b), independently ascribes the text to Sri Madhvacarya. He
refers to a statement®® from an unspecified ancient text on tithi available in Pal-
imaru matha, which attributes the Tithinirnaya to an acarya. Interpreting acarya as

20 See Sumadhvavijaya verses XV.73-90, phon states: AR AR |
Shyamachar and Pandurangi (2001:403- T ARAT T FRE TFIES) and in
413). the end, colophon states: gha %ﬂ'q'dﬂ?la?ﬂ?ﬁ—
21 See Shyamachar and Pandurangi ﬁ'ﬂ@ﬁﬂa: R 9 9 & A Fal
(2001: 495-496). "1l The name Anandatirtha, mentioned

22 See ?;{C_SOE 1(?' 8(ab). B.P.N here, was given to Sri Madhvacarya by

23 oee bkadas z—mm.aya verse 8(a,b), B. P N. Acyutapreksatirtha when he was crowned

5}30 (1994:26), which states R 7- as the ruler of the Empire of Vedanta. See Su-
EECES] 2

24 See Ekadasi-nirnaya verse 30, B. P. N.
Rao (1994:34), Smrtimuktavali, Giri Acarya
(2016: 147-148), Karmasiddhanta, Ramanath-

madhvavijaya verses V.1-2, Shyamachar and
Pandurangi (2000: 201-202).
27 See folio 1, where Bhiksu (n.d.) men-

Ao o © .

tions ... EIEHEUNGEHE fafufrorared owei

acarya (2013:93). e
25 See Karanam and Vadirgjacarya SdHMEAT:... |

(2002:183). 28 Bannanje (1974b: 175) mentions 3TTETIE-
26 See Ramanathacarya (1996) and Bhiksu ¥ fafafooRsfafgafiemtt fafrooa:

(n.d.) where, in the introduction, the colo-
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Sri Madhvacarya and considering the prevalence of the manuscripts of this text
primarily in the Madhva mathas, Govindacarya attributes the work to Sri Mad-
hvacarya. He also claims that it was composed when Sri Madhvacarya was
around 70 years old, which contradicts the statement of Madhustidana Bhiksu.>?
Further, Vyasadasa (2007), simply accepts the claim made by Govindacarya and
attributes the text to Sri Madhvacarya.

In conclusion, considering the absence of the Tithinirnaya among the works at-
tributed to Sri Madhvacarya by some of the earliest and most prominent scholars
of the Madhva tradition, we find it difficult to accept the attribution of this text to
him by the recent scholars. In light of Sr1 Vadirajatirtha’s statement that Sr1 Mad-
hvacarya never composed any work on the classification of viddhaikidasi, the
presence of verse 25 in the Tithinirnaya, which deals with this very subject mat-
ter, further reduces the likelihood of his authorship of this text. On the other
hand, the attribution of this very verse, by several scholars, to Sri Trivikrama-
panditacarya, and the proximity of his home town Kavu (¢ = 12.53%)3° to the
latitude (¢ = 12.78°) employed for cara computations in this text,3' lead us to be-
lieve that Sri Trivikramapanditacarya may perhaps be a more probable candidate
for the authorship of the Tithinirnaya.

1.4 CONTENTS OF THE TEXT

In this work, the verses of Tithinirnaya are grouped across different sections based
on their content, as shown in Table 1. Section 2 deals with the invocation, Sec-
tions 3—15 explain the procedure to compute tithi, and Sections 16-19 give the
rules for observing the fast.

1.5 OVERVIEW OF THE PROCEDURE TO FIND TITHI

The Indian calendar, known as paficariga (five limbs), primarily comprises five
elements: tithi, vara, naksatra, yoga, and karana.3*> The Tithinirnaya deals with the
procedure to compute a tithi, which provides the time for undertaking Vedic
rituals, ekadast fasts, etc. The computation of the fithi at any instant depends
on the true longitudes of the Sun and the Moon at that instant. Generally, in
calendar making, computations are carried out for the instant of sunrise at the
observer’s location. Thus, to determine the tithi at sunrise, the true longitudes of
the Sun (6!) and the Moon (6%,) have to be computed for that instant. To com-
pute these, the general procedure laid out in the astronomical texts involves first

29 According the Madhva tradition, panditacarya to be at Kavu, Kasargod,
Sri Madhvacarya was ordained as a monk Kerala.

at a young age. 31 See Section 14.1.2.

30 B. N. K. Sharma (1981:213) mentions 32 See S. B. Rao (2000:64—70) for more
the ancestral house of Sri Trivikrama- details.
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56 TITHINIRNAYA: A CALENDRICAL TEXT

Section Verses Content

2 1 Invocation

Procedure to compute tithi

3 2-3 Mean longitude of the Sun at mean sunrise at Lanka

4 4  Mean longitude of the Moon at mean sunrise at Lanka

5 5  Mean longitude of the Moon’s apogee at mean sunrise at Lanka

6 6—7 Desantara correction: to obtain mean longitudes at mean sunrise
at the observer’s meridian

7 8-9 Sun’s apogee and bhujantara correction: to obtain mean longit-

udes at true sunrise at the observer’s meridian
8 10—12 Rsine values of 24 arcs
9 13 Interpolation formula for obtaining the desired Rsine
10 14  Quadrants of Ecliptic and bhuja

11 15  Manda correction: to obtain true longitudes at true sunrise at the
observer’s meridian

12 16-18 Trepidation of the Equinox
14" 19—22 Caradala correction: for an observer’s latitude of 12.78°

15  23-24 Elapsed tithi and the elapsed time in the current tithi

Rules for observing the fast

16 25  Determining viddhaikidasi
17 26  Fasting days of Visnupaficaka vrata
18 27  Reaping the full benefits of a fast

19 28  Sankoca-dvadast or Sadhana-dvadast

 Section 13 discusses ignoring the udayantara correction, which accounts for the
obliquity of the ecliptic, in Tithinirnaya.

Table 1: Contents of Tithinirnaya.

computing the mean longitudes of the Sun (6;) and the Moon (6;,) at the instant
(t°) of mean sunrise for an observer at Lannka,>3 followed by a series of corrections
i.e., desantara, bhujantara, manda, udayantara and cara. The algorithm depicting the
series of corrections, along with brief rationales, is shown in Figure 1.3+

33 Lanka is the point of intersection of 34 The notations employed in this work and
the prime meridian (a meridian passing their interpretations are summarized in Sec-
through Ujjayini, Svaminagara, etc.) and tion 1.6.3.

the equator.
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Figure 1: A diagram showing the sequence of corrections applied for obtaining
the true longitude (6}2) of a celestial body (p). Here, the subscript p can be re-
placed with s and m for the Sun and the Moon respectively.

To appreciate the physical significance of these corrections, let us consider
Figure 2, which depicts a spherical Earth, its poles, the prime meridian,3> and

35 See Karanaratna verse 1.30, Shukla
(1979: 21-22), which states that the prime

meridian is the meridian passing through
Ujjayini, Svaminagara, etc.
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58 TITHINIRNAYA: A CALENDRICAL TEXT

Figure 2: A diagram showing the locations, L, L’ and Q, on the spherical Earth
corresponding to which at their (mean or true) sunrise, the longitudes of the Sun
and the Moon are computed.

the observer’s meridian. Let L be the point of intersection of the prime meridian
and equator, denominated as Lanka in Indian astronomical tradition. Let the
observer be located at Q at a latitude QL’ = ¢, on a meridian at a distance of
LL’ = Ad yojanas3® (along the equator, east or west) from the prime meridian.
The sequence of corrections in Figure 1 takes us along the path L — L' — Q
highlighted in Figure 2, resulting in the conversion of mean longitudes at mean
sunrise at L into true longitudes at true sunrise at Q.

To elaborate, the procedure commences with computing the mean longitudes
of the Sun (6;) and the Moon (6;,) or, in general, 0,, at the instant (°) of mean
sunrise at a reference location, typically taken to be Lanka (L) in Indian astro-
nomy. Applying the desantara correction (F |A‘f7|) accounts for the time differ-
ence (! ~ t°) between the instants of mean sunrise at L’ and L, thus obtaining
their corresponding mean longitudes (62) at the instant (?) of mean sunrise at
L’. Next, the bhujantara and manda corrections can be applied interchangeably.
The manda correction (equation of center) considers the effect of the observer
being away from the center of the orbit, and bhujantara correction accounts for

36 A unit of length used by Indian astronomers.
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Description Notation Value
Number of revolutions of the Sun R, 4320000
Number of revolutions of the Moon R, 57753336
Number of revolutions of the Moon’s apogee Ry ap 488219
Number of civil days D, 1577917500
Position of the Sun at kalyadi ok 0;0,0,0"
Position of the Moon at kalyidi or, 0;0,0,0
Position of the Moon’s apogee at kalyadi 951_@ 3,0,0,0

# indicates o rasis; o degrees, o minutes, o seconds

Table 2: Aryabhatiya astronomical parameters for a mahayuga (4320000 years)

the time difference (t* ~ t4) between the instants of true and mean sunrise at
L’. Thus, applying bhujantara (¥ |dA§|) [or manda (F |dA’;1|)] correction, their cor-

responding mean (dQZ) [or true (dQ;,” )] longitudes are obtained at the instant (#’

[or #1]) of true [or mean] sunrise at L’. Subsequently, applying manda (F |bA’;}|)
[or bhujantara (F |’”A?,|)] correction, their corresponding true longitudes (¥ 0y [or
m@g]) are obtained at the instant (#”) of true sunrise at L’. Up to this, the instant
of (mean or true) sunrise, at L or L’, is based on the assumption that the ecliptic
is aligned with the celestial equator. i.e., obliquity € = 0°. Astronomers start-
ing from Sripati (eleventh century ce) apply the udayantara correction (F |A§|)
to account for the time difference (t ~ t') between the instants of true sunrise
at L’ with and without considering the obliquity (¢ = 24°) of the ecliptic, thus
obtaining the true longitudes (6y) at the instant (#*) of the true sunrise at L.

Finally, applying the cara correction (F |A§,‘1 ), which accounts for the time differ-
ence (1 ~ t") between the instants of true sunrise at Q and L’, gives the true
longitudes of the Sun (0%) and the Moon (60!,) at the instant (t*?) of true sunrise
at the observer’s location (Q). The corrections denoted by bold arrows in Fig-
ure 1 indicate the sequence followed by Tithinirnaya, whereas the dotted arrows
indicate the alternate (or extra) sequence (or correction) proposed by other as-
tronomers like Lalla, Nilakantha Somayajin, and so on.3” The alternate sequence
is provided to compare the Tithinirnaya sequence with the interpretations of Ban-
nafije (1974b), and Vyasadasa (2007), as discussed in Section 7.1.5.

The Sections 3, 4 and 5 describe the procedure to compute the mean posi-
tions of the Sun, Moon, and Moon’s apogee, respectively, at the instant (#°) of
mean sunrise at Lanka (L). The explanations therein utilize the astronomical
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parameters for a mahayuga prescribed by Aryabhata®® as given in Table 2.

1.6 METHODOLOGY AND CONVENTIONS

The methodology employed in translating the verses and the conventions ad-
hered to in elucidating the content is outlined in the following discussion.

1.6.1 Translation

The discussion of the contents within Tithinirnaya follows a structured approach.
Initially, each relevant verse is presented in Devanagari and then transliterated
into Roman script. Subsequently, an English translation is provided, with a focus
on preserving the author’s voice and style to the best extent possible. To enhance
the correct understanding of the verses, certain words are inserted within [ ]
Additionally, relevant phrases of the verse, such as word numerals,?° that appear
in translation, following their connotation, are enclosed in “( ).” The scribal errors
and alternate readings of the verses, indicated by Bannafije (1974b) and Bhiksu
(n.d.), are given in the footnotes for ready reference.

1.6.2 Explanation

To help better understand the mathematical import of the verses, the mathem-
atical expressions articulated therein are first given in Sanskrit, followed by the
corresponding modern mathematical notation. The geometrical and mathemat-
ical rationales of these expressions are explained through appropriate diagrams
and derivations. References to primary and secondary texts employed in our ana-
lysis are provided in the footnotes. For consistency, we have employed Sanskrit
technical terms throughout the text and explained their meaning in the glossary.
All the katapayadi phrases, employed in the Tithinirnaya are found to denote the at-
tributes of Visnu. The phrases, their corresponding numbers, and their meaning
are summarized in Appendix B.

1.6.3 Symbols
In this work, longitudes and corrections are denoted by 0, and A respectively.
Subscripts ‘s” and ‘m” denote values for the Sun and the Moon, respectively, such
as 0, or 0,, for longitudes and A, or A,, for corrections. The uncorrected mean
longitudes of the Sun and the Moon are denoted by 0; and 0;,, while the final
corrected true longitudes are represented by 6% and 6%, respectively.

37 See Sisyadhivrddhidatantra, Chatterjee Shukla and Sarma (1976: 6-7,91).
(1981:37-39), and Tantrasangraha, Ramasu- 39 The numerals are encoded into words us-
bramanian and Sriram (2011: 80-81). ing katapayadi system in Tithinirnaya. See
38 See Aryabhatiya verses 3—4 in the Gitika Ramasubramanian and Sriram (2011: 440),
chapter, and verse 5 in the Kalakriya chapter, for more information on katapayadi system.
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Superscripts d, b, m, u, and ca signify corrections desantara, bhujantara, manda,
udayantara, and cara, respectively. Post-superscripts and pre-superscripts indic-
ate the current and previous corrections respectively. For instance, ?07" signifies
the Sun’s longitude resulting from a manda correction (?A") performed after a
desantara correction. Similarly, Y0 denotes the Sun’s longitude resulting from a
manda correction (YA after a bhujantara correction. The notations used in this
work adhere to the conventions outlined in Appendix A.

1.6.4 Projections employed in figures

For ease of representation, diagrams featuring geometrical entities within a
sphere, such as Figures 2, 3a, 4b, 6b, 10, 18 and 19, incorporate oblique and
orthographic projections. In Figure 2, for instance, the planes representing
the equator and the latitudinal circle are depicted using oblique projections.
Simultaneously, the Earth’s axis, symbolized by the line connecting the north
pole (Py) and the south pole (Ps), is presented through an orthographic
projection. This approach is consistent across all other figures.

2 INVOCATION

fore] frsrad <tea AgHIwoRIE | 40

HEIRITTERT foreara fefafor: 1 ST I
visnum visvesvaram natva taduposanasuddhaye |
mitlagranthanusarena kriyate tithinirnayah || 1 || || anustubh ||

Having venerated Visnu, the lord of the universe (visvesvara), for the
correctness of fast [observed on ekadast, Visnupaficaka, etc.,] for Him
(Visnu), [the text] Tithinirnaya is composed [by me (author) | based
upon the [astronomical and socio-religious] source text.

The invocation is an age-old Indian practice where the author seeks the bless-
ings of their favorite deity (istadevata) to remove the intermittent hindrances until
the completion of the work. The author commences his work, titled ‘Tithinirnaya,
with the above invocatory verse, venerating Visnu, the lord of the universe. He
states that the purpose of the text is to bring perfection to the practice of ob-
serving fasts, like ekadasi, and Visnupaficaka, which are performed for the sake of
Visnu. Further, without giving any details, the author states that this Tithinirnaya
is based upon an (unnamed) source text.

40 Bhiksu (n.d.) notes an alternate read- He also reads AgqURR[Ed as dguIvuIRIed,
ing for {5 as s, meaning the lord which in turn means the fast pertaining to
of all, including Mahalaksmi, Brahma, etc. Visnu that leads to salvation.
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2.1 EXPLANATION

2.1.1  Purpose of the work

The followers of Visnu consider ekadasi and Visnuparicaka to be highly significant
or fasting rituals (vratas). Sri Madhvacarya, in his Krsnamrtamaharnava,*' states
the importance of compulsory fast on the ekadasi. Similarly, Sri Krsnacarya, in
his Smrtimuktavali,** states the importance of observing the Visnupaiicaka, an op-
tional vrata observed to cleanse oneself off major transgressions. Given the im-
portance of these two vratas, it is pertinent that they are followed without lapse.
For this, Tithinirnaya lays down the rules to determine the days on which the
vratas shall be observed. It is worth noting here that these rules are discussed
only in the last 4 verses (25-28), while verses 2—24 deal with the computation of
tithi, as it serves as a prerequisite for the application of the rules.

2.1.2  Source text upon which the Tithinirnaya is based
The author, in the above verse, employs the phrase ‘miilagranthanusarena’ to in-
dicate that the Tithinirnaya is based upon a source text, without providing any
specifics.

Bhiksu (n.d.) interprets miila-grantha as the sole grace of Narayana,*3
whereas Vyasadasa (2007:xii) interprets it as the texts that are in congruence
with Vedavyasa’s thoughts.** Their interpretation of this phrase likely flows
from their attribution of the authorship of the Tithinirpaya to Sri Madhvacarya,
who, as per legend, obtained his knowledge from Vedavyasa. However,
Madhusiidana Bhiksu also quotes verses from the texts like Varaha-purana,
Krsnamrtamaharnava, Siiryasiddhanta, Vakyakarana, and Karanaprakasa to support
his interpretation of Tithinirnaya.

In our study, we observed similarities in the verses, expressions, astronomical
parameters, and procedures between the Tithinirnaya and earlier astronomical
and religious texts. These are summarized in Table 3.

41 See Bannarfije (1974a: 90-97).

42 See Giri Acarya (2013:533).

43 Another name of Lord Visnu. Bhiksu
(n.d.) states 3T I ASTAT| HST] 0i-
ANEUTRAE Fcaeg: |

44 Vyasadasa (2007:xii) says ‘esespodedn
SweonodBondd  Sedendesdnt  [edIes0dd

nogdnde.” Vedavyasa, considered to be an
incarnation of Visnu, is a celebrated author
of texts such as Mahabharata, Puranas, etc., as
per the Madhva tradition. In the foreword
to Vyasadasa (2007:III-IV), Nagabhtisana
Rao interprets miila-grantha as the work
which is in line with Brahmasiddhanta.
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Verses Text Similarities in See footnote(s)

25  Grahacaranibandhana- Multipliers and divisors for com- 57,63,
sangraha of puting mean longitudes and adopt- 71, 64
Haridatta ing revised rates of motion through

parahita system

6 Karanaratna of A location crossed by prime me- 78
Devacarya ridian

8—9  Laghubhdskariya of The mathematical expressions of 92
Bhaskara I bhujantara correction

10-11 Sankaranarayana’s  The verses on Rsines 119
commentary on
Laghubhaskariya

16—18 Karanaratna of Verse 17, and the model to compute 140,
Devacarya the motion of equinox 144

25 Tithinirnaya” of Verse on viddhaikadast 191
Sri Trivikrama-
panditacarya

26 Bhavisyat-purana of ~ Verse on Visnupaficaka 206
Vedavyasa

27 Skanda-purana of The content of the verse on reaping 209
Vedavyasa benefits of a fast

28 Krsnamytamaharnava  Verse on Sankoca-dvadast 212
of Sri Madhvacarya

“ See Section 1.3 for our discussion on Authorship.

Table 3: Similarities between Tithinirnaya and other texts

3 MEAN LONGITUDE OF THE SUN AT MEAN SUNRISE AT

LANKA

TR FhedgTd Feardard 145
TS ATSTFITY T R JATRSH 113 I
AT WY FATE MU fGIANTST: |

FHETEITAT e FHATG SRMURGIUHRHA_ 113 1l 40
bhiisribhinnakicintyonat kalyahat kalavardhitat |
garudadhyeyavakyaptam tyaktoa sauram vrthaphalam || 2 ||

Il ST

45 Bannafje (1974b:176) notes that the al-
ternate readings such as Tﬂﬁ?'_el'l'l%ﬁ, Hdsald,

46 Bannafje (1974b:176) notes that the

alternate readings such as ‘a’i‘e@:rrrrun:,

and EI?I?F:I'I'\\T:IHI?L are scribal errors, which HRAAAT and m‘iﬂ are scribal
lead to wrong results. Bhiksu (n.d.) has the errors.  Bhiksu (n.d.) has the reading
reading JHATAIH=AITd Fed=gd. | AMIRETET: or SRMIREATSA|
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rasyadyam madhyamam kuryad goghnad dhisiinunagajah |
kalastyaktva dhruvam kuryad desadharahararpakam || 3 || || anustubh ||

Having discarded the futile result [i.e., quotient] obtained from
the kali-ahargana [that is] reduced by bhiisribhinnakicintya (1610424)
[and | multiplied by kala (31) [and ] divided by garudadhyeya (11323),
may [one] do the [conversion of the fractional part into units] begin-
ning with r4sis, etc. Having subtracted [from the previous result]
the minutes (kali) (quotient) arising from [the kali-ahargana that
is reduced by bhiisribhinnakicintya (1610424) and] multiplied by go
(3) [and divided by] dhisinunaga (30079), apply the dhruva [equal
to] desadharahararpakam (11 [signs] 28 [degrees| 29 [minutes] 58
[seconds]). One may do the mean pertaining to the Sun (madhyamam
sauram) [in this manner].

The above two verses prescribe the procedure to find the mean longitude (6;) of
the Sun at the instant (#°) of mean sunrise for an observer at Lanka (L) on the
desired kali-ahargana (A).

The following is the rule prescribed in the verses:

A’ X kala

s =|

] (convert the fractional part into risis, etc.)

A’ X
_ fgo_ (in kalas) + [des’ddhdmhardrpakam] (in rasis, etc.),
dhisiinunaga
or, in our notation,*”
A’ X A’ X
0; :[ 31] —o;o,—3,0+ 11;28, 29, 58 (1)
11323 |, 30079

where A’ corresponds to the number of mean civil days elapsed since the start
of a convenient epoch, chosen in the text to be the kali-ahargana of 1610424 (bhii-
$ribhinnakicintya). Thus,

A’ = A —1610424. (2)

A'x31

11323
(futile result), perhaps because this quantity is unnecessary here. The position in

A’X31
11323 ]
The dhruva or mean longitude (6%) of the Sun at epoch, in the same units, is stated
to be 11; 28, 29, 58, employing the katapayadi notation dedadharahararpakam.

It may be noted that the verses refer to the integral part of [ ] as vrthaphala

rasis, degrees, minutes, and seconds is obtained from the fractional part of [

47 The subscript r;d, m, s here indicates that of risis, degrees, minutes and seconds.
the expression is to be computed in the units

HISTORY OF SCIENCE IN SOUTH ASIA 13 (2025) 50-152



YELLURU, SREERAM, PAT AND KOLACHANA 65

[=1
8
he]
=

9]
=

)
g

Sd
[a)

() (b)

Figure 3: (a) A diagram showing a celestial sphere for an observer at Lanka (L)
at kalyadi, and (b) A diagram when viewed from the Direction of View (DoV,).

3.1 EXPLANATION

According to the Aryabhatiya, kaliyuga commences at mean sunrise at Lanka (L),
and the mean Sun is located at mesidi at that instant (¢5), i.e., 0¥ = 0°.48 Fig-
ure 3 depicts the corresponding geometry of the celestial sphere for an observer
at Lanka (L) at the instant (t*) of kalyadi from two different viewpoints. Fig-
ure 3a depicts the celestial sphere from the viewpoint of the eastern horizon, in
which the observer at Lanka (L) is located at the center (O) and his correspond-
ing zenith is indicated as Z;.4° This figure further depicts an ecliptic, which is
assumed to be aligned with the celestial equator, i.e., neglecting the obliquity of
the ecliptic.>° The mean Sun (S), located at mesidi (M), and orbiting along the
ecliptic, is just about to rise at Cardinal East (E), indicating the instant of mean
sunrise. Alternatively, the mean sunrise can also be conceived to be at the instant
when a fictitious body>' $79° — a point on the ecliptic which is go° behind the Sun
(S) — is on the observer’s meridian.>> Figure 3b depicts the same instant from
the perspective of the northern horizon, indicated by Direction of View (DoV,)
as shown in Figure 3a.

48 See footnote 38.

49 As the radius of the Earth is considered
negligible compared to the radius of the ce-
lestial sphere, the center of the Earth and the
observer at Lanka (L) are both represented
at the center (O) of the celestial sphere.

50 As the observer at Lanka (L) has latit-
ude ¢ = o, the celestial equator is oriented

perpendicular to the horizon and passes
through the zenith Z;.

51 This fictitious body S™° is introduced to
help explain the rationales of desantara and
bhujantara corrections. See Sections 6.1 and

7.1.
52 Here, it is prime meridian.
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Figure 4: (a) A diagram showing the mean Sun (S) at kalyidi, along with its $79°,
orbiting around the spherical Earth along the ecliptic, and (b) A diagram when
viewed from the Direction of View (DoV,).

Alternatively, devoid of the celestial sphere in Figure 3, the same instant ()
of kalyadi and the annual motion of the mean Sun (S) around the spherical Earth
is simply depicted in Figure 4.53 Figure 4a depicts a spherical Earth>4 from the
viewpoint of the north pole (Py), showing its center (O), prime meridian (PM),
and Lanka (L). The mean Sun (S), along with its S, is orbiting in the ecliptic
around the Earth in an anti-clockwise direction. The mean Sun (S) positioned
at mesadi (M) and its corresponding S™9° aligned with the prime meridian indic-
ates the instant of mean sunrise at Lanka (L), thus depicting the instant (t*) of
kalyadi. Figure 4b represents the same geometry when viewed from Direction of
View (DoV,) as shown in Figure 4a. So far, the geometrical interpretation of the
instant (t*) of kalyadi is discussed. Now, to compute the mean longitudes at the
instant (#°) of mean sunrise at Lanka (L) at any desired kali-ahargana (A), con-
sider Figure 5. This figure is similar to Figure 4a and depicts the mean longitude
(MOS = 6) of the Sun at the same instant (+°) and its computation is explained
as follows.

53 The geometric representations similar to bhujantara correction.

Figure 4 are used in explanation of the cor- 54 The radius of the Earth is small when
rections such as desantara, bhujantara, and compared to the radius of the ecliptic hence,
manda, hence introduced in this section. Fur- Earth, drawn here and in other figures, is not
ther, the geometric equivalence of Figures 3 to the scale.

and 4 is utilized in the explanation of the
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EC[iptjC

Figure 5: A diagram showing the position (6;) of mean Sun at the instant (#°) of
mean sunrise at Lanka (L) on a desired kali-ahargana (A).

As the instant () of kalyadi is the mean sunrise at Lanka (L), and the mean
civil day is the time between successive mean sunrises at the location, any de-
sired kali-ahargana (A) signifies the instant of mean sunrise at Lanka (L). Given,
from the Table 2, the position (6%) of Sun at kalyadi to be o°, the number of civil
days (D.) and the number of revolutions (R;) of the Sun in a mahayuga to be
1577917500 and 4320000 respectively, the mean longitude (6;) of the Sun at the
instant (t°) of mean sunrise for an observer at Lanka (L) on a desired kali-ahargana
(A) is computed as:»

R 20000
6§=9’§+[A><—5] :[Ax%—] , (3)
€ drdm,s 1577917500 1.4 m s
where the ratio
Ry, . 4320000 (rev min
D -0= ~ 59136 | —— (4)
c 1577917500 \day day
55 See Laghubhaskariya verses l.i5-17, vrddhidatantra  verse laiy,  Chatterjee
Shukla (1963:5-6), and Mahabhdskariya (1981:13), Karanapaddhati verse I.11, Pai,
verse 1.8, Shukla (1960:6~7), Sisyadhi- Ramasubramanian, et al. (2018:13-14).
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represents the mean rate of motion (6;) of the Sun.

The alternate approach given by the present karana text to obtain the longit-
ude of the mean planet is to add the position of the mean planet at the karana’s
epoch (1610424), known as dhruva (6°), to the motion of the mean planet calcu-
lated for the elapsed number of days (A" = A — 1610424) since epoch. For Sun,
(3) can be conceived as:

c c

R R
0; = 0k + [1610424 X —S] + [A’ X —5]
D
rd,m,s rd,m,s

R
o |axiy| (5)
D.|.
rd,m,s

where the dhruva or position (65) of the mean Sun at the instant (#°) of mean
sunrise at Lanka (L) at epoch, when calculated is observed to be5°

¢ = 11,28, 29, 57,39.85, (6)

which is approximated to 11; 28, 29, 58 in the verse. The motion of the mean Sun
since the epoch can be calculated as prescribed in the verse as:57

A’ X 31 A’ X3 min
2 - in) = A’ (d . -— -
1323 (rev) 30079 (min) (days) x 59 136( day) (7)

As the mean rate of motion of the Sun in (7) and (4) are same and precise up
to 8 decimal places,

R A’ X A X
[A’ x —S] = 2231 rev) - Z23 (min). (8)
clams 11323 30079

Thus, employing (6) and (8) in (5), (1) and (5) are equivalent.

56 AsOf = 0°, 0° = 1610424xR,+D,. The res- visions traversed by the Sun.

ultant quotient, 4408, represents the num- 57 The similar ratio —— is observed
11323

ber of years elapsed or the number of revolu- in Grahacaranibandhana verse 1.21, and in

tions completed by the Sun since kalyadi at
the epoch, while the fractional part is util-
ized to determine the 7isis, and other subdi-

Grahacaranibandhanasangraha verse A.5. See
Sarma (1954: 4,23).
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4 MEAN LONGITUDE OF THE MOON AT MEAN SUNRISE AT
LANKA

adﬁqglﬁaﬁfﬂ'@‘gvﬂd*&: enTeard |5

T ATfCrTTeR=T 1% 159 I ST I
anantavrddhad baudhangatulyenenduh Sukahatat |
prajiiaiijalibhrdaptonastarasobhatinakini || 4 || || anustubh ||

From the [kali-ahargana that is reduced by 1610424 and| multiplied
by ananta (60o0) [and divided] by baudhangatulya (16393) [discard
the quotient thus obtained and convert the fractional part into risi,
etc.] [This] subtracted by [the result] obtained from [the division
of ] the product of [kali-ahargana reduced by 1610424 and] suka (15)

[mean] Moon (indu).

The above verse (to be read in conjunction with verses 2 and 3) prescribes
the procedure to find the mean longitude (6;,) of the Moon at the instant (¢°) of
mean sunrise for an observer at Lanka (L) on a desired kali-ahargana (A). The
following is the rule prescribed in the verse:

A’ X ananta
baudhangatulya
A’ X Suka

) [ﬁr

indu = [

] (convert the fractional part into risis, etc.)

ajfiarjalibhrd
or, in our notation,

’

15
—0;0, ———,0 + 01,06, 45, 26, (9)
16393 L s 43802

m_

A" X6
o [ 00

where A’ is the elapsed number of civil days since the epoch given by (2).

58 Bannarfije (1974b:178) notes that the change the result.  Bhiksu (n.d.) has

alternate readings such as Wﬁﬁw

NN .
and JSAGHRIEAd are scribal errors.

Bhiksu (n.d.) has the reading SraTgegea=|
59 Bannafije (1974b:178) notes an alternate

reading AR, which does not

the reading SRTHIAERMM, and suggests
Y= in place of AREATTATIR=1 |
60 To be read in conjunction with verses 2
and 3.
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4.1 EXPLANATION

Given, from the Table 2, the position (6%,) of the Moon at kalyidi to be o°, the
number of civil days (D,) and the number of revolutions (R,,) of the Moon in a
mahayuga to be 1577917500 and 57753336 respectively, the mean longitude (6;,)
of the Moon at the instant (#°) of mean sunrise for an observer at Lanka (L) on a
desired kali-ahargana (A) is computed as:®!

R
Ax =2

c

0;, = 05, +

(10)

:[ o 57753336 ]
r;d,m,s 1577917500 rd,m,s

where the ratio

R, . 57753336 [ rev min
— =0 = = .58 -
D, ~ "~ Is77917500 \day )~ 777"\ day ()

represents the mean rate of motion (6;,) of the Moon.
This karana text presents (10) as:

R R
0;, = 0%, + | 1610424 X —* +|A x ==
D], D],
rid,m,s r;d,m,s

R
=9;1+[A'><—’”] , (12)
D |..
rd,m,s

where the dhruva or position (65,) of the mean Moon at the instant (t°)
of mean sunrise at Lanka (L) at epoch, when calculated is observed to be
01; 08,08, 24, 18.28,°% while the value stated in the verse is 01;06, 45,26. The
motion of the mean Moon since the epoch can be calculated as prescribed in the
verse as:%3

A’ X 600 A’ X 15

(rev) —

in) ~ A’ (d 581 (min/day).
16393 13802 (min) (days) X 790.581 (min/day) (13)

The difference in the rates between (11) and (13) and in the dhruvas can be
attributed to an additional correction called sakabdasamskara, based upon parahita
system, in the Tithinirnaya.

61 Refer footnote 55. the Moon.

62 As 0, = 0, 6, = 1610424 X R,, + D.. 63 The similarity in ratio —= is observed
The resultant quotient, 58943, represents 16393
the number of revolutions completed by the
Moon since kalyadi at the epoch, while the
fractional part is utilized to determine the
rasis, and other subdivisions traversed by

in Grahacaranibandhana verse l.22, Graha-
caranibandhanasangraha verse A.8, Sarma
(1954: 4,24), and in Khandakhadyaka verse
I.10, Sengupta (1934).
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The parahita system introduces a correction to the mean longitudes of the
planets after saka 444 or kali years 3623.°4 If Sy and K|, are the saka years and kali
years elapsed, respectively, then the correction (A;’,) to the mean longitude of a
planet (p) is given by

A, = (S 444) X 2 (min) = ( 3623) X 2 (min), (14)

where g and h are known as gunakara (multiplier) and haraka (divisor) respect-
ively, and takes different values for different planets. This correction is not ap-
plicable for the Sun, and therefore not employed in the computation of the mean
Sun.

From (14), the annual rate and the daily rate at which the correction is applied
to the mean longitude of a given planet can be inferred to be

.. g (min g 4320000 (min
ANy==|—|=% .
Pk (year) n " T577917500 (day) (19)

4.1.1  Correcting the mean rate of motion of the Moon
The values of g and / for the Moon are stated to be g and 85 respectively,’> and the
correction is negatively applied to the mean rate of motion of the Moon. Thus,
the corrected mean rate of motion (65,) of the Moon will be

9 ,, 4320000

6, =0, - A, 8 _Aa>sY
"o 7905813 T g XI5 7917500

g min (16)
= 790.581 | —|, 1
7905911 4 ay

which is same as (13) and precise up to 8 decimal places. Hence, Tithinirnaya

incorporates parahita modified Aryabhatiya rates of motion. For a modified rate

= %ﬁl) of the Moon, the modified revolutions (Rj,) of the Moon in

a mahayuga will be 57753314.8. Hence,

of motion (an

RS, _A'X6 "X
& x _] _ 00 (rev) - 15
De ], 16393 43802

(min). (17)

Thus, the revised rates are incorporated in computing the mean longitude of
the Moon as:

c
0 = Oh+[ax 2| <|ax R (18)
DC rid,m,s 1577917500 r;d,m,s
64 See Grahacaranibandhanasarigraha verses 65 See Grahacaranibandhanasarigraha verse
Aa7,19, Sarma (1954:25), and Karana- A8, Sarma (1954:25), and Karanapaddhati
paddhati verse 1.12, Pai, Ramasubramanian, verse .12, Pai, Ramasubramanian, et al.
etal. (2018:16-17). (2018:16-18).
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4.1.2  Correcting the dhruva of the Moon at kalyadi
The sakabdasamskara is incorporated to revise the rates of motion of the planets
beyond the saka or kali year 444 or 3623 respectively, but (18) also incorporates
the revised rates for the days of kaliyuga before kali year 3623. As the correction
incorporated for the Moon reduces its rate of motion, the reduced motion of the
Moon for 3623 kali years will be

3623 X % (min) = 3623 X % (min), (19)

which is added to the dhruva or position (6%,) of the Moon at kalyadi to get the
corrected dhruva (05) at kalyadi. Thus, the corrected position (dhruva) of the
Moon at kalyadi is®®

0%k = 6%, + 3623 x %(min) =0;0,0,0+0;0,3623 X %,o =0;6,23,36,42.35. (20)

Hence, for a parahita corrected Aryabhatiya system, the longitude of the mean
Moon is computed as:

k R;
o m
0,, =05 +|AX —]
¢ ly:dm,s
[ R¢ c
= 0% + 1610424><Hm + A’me
L ¢ dr:dm,s ¢ dv:dm,s
_ R
=0%+|A" x == , (21)
L ¢ drdm,s

where the dhruva or position (65,) of the mean Moon at the instant (#°) of mean
sunrise at Lanka (L) at epoch is computed to be

c
02, = 0% + [1610424 X —m]
D
rd,m,s

c

=0;6,23,36,42.35 + 1,0, 21, 34, 12.82 = 01,06, 45, 10, 55. (22)

The value given in the verse deviates from (22) by = 0;0,0,16. Hence, em-
ploying (22) and (17) in (21), (9) and (21) are equivalent.

66 See Karanapaddhati verse 11.4, Pai, Rama- subramanian, et al. (2018: 57-60).
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5 MEAN LONGITUDE OF THE MOON’S APOGEE AT MEAN
SUNRISE AT LANKA

A grRTTTY: Ty T 17

SEATFSE: AgfeaisTAs= Iy 198 ST N
dinebhyo dragaragaptah candroccah syannibhahatat |
jagatsenangalabdhonah Sresthacintyo mbuna’rcane || 5 || || anustubh ||

The result (remainder) obtained from [the division of the difference
of kali-ahargana and 1610424] days by dragaraga (3232), [converted
into rasi, etc.], subtracted by the result obtained from [the division
of] the product of nibhi (40) [and the difference of kali-ahargana
and 1610424] days by jagatseninga (30738) in [addition to the
dhruva equal to] Sresthacintyo’mbuna’rcane (06 [signs] o3 [degrees|
16 [minutes]| 22 [seconds]) shall be the [mean] apogee of the Moon
(candrocca).

The above verse (to be read in conjunction with verses 2 and 3) prescribes the
procedure to find the mean longitude (8;,_,,) of the Moon’s apogee at the instant
(t°) of mean sunrise for an observer at Lanka (L) on a desired kali-ahargana (A).
The following is the rule prescribed in the verse:

’

candroccah = [ ](convert the fractional part into rasis, etc.)

dragaraga

A’ X nibha
- [#] (in kalas) + [éresthacintyo'mbumi’rcane] (in rasis, etc.),
jagatsenanga
or, in our notation,
A’ A’ X 40
On_ap = [—} -0;0, —4,0 + 06;03, 16, 22. (23)
B 3232 )40 30738

where A’ is the elapsed number of civil days since the epoch given by (2).

5.1 EXPLANATION

Given, from Table 2, the position (Qlfn_ap) of the Moon’s apogee at kalyadi to be
3;0,0,0, the number of civil days (D,) and the number of revolutions (R,,_,) of
the Moon’s apogee in a mahayuga to be 1577917500 and 488219 respectively, the

67 Bannarfije (1974b: 179) notes faiqlasanal- 68 This verse is incomplete in the commen-
ternate reading, and femrl qRRETE and - tary of Bhiksu (n.d.). Also, he procposes
o SITETeRET: Ba: as scribal errors. YRR in place of HEMH=AHATHH|
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mean longitude (6;,_,,) of the Moon’s apogee at the instant (#°) of mean sunrise
for an observer at Lanka (L) on a desired kali-ahargana (A) is computed as:*

488219 ] (24)
1577917500,

m_ap

A X

c

Ornap = Ofy_ap + [A X

] =3,0,0,0+
rd,m,s

where the ratio

(25)

Ruap .. 488219 (rev min
D. ™" 1577917500

day) % 6.6832 (d_ay

represents the mean rate of motion (9°m_up) of the Moon’s apogee.
This karana text presents (24) as:

R

m_ap Rm a

5 ] + A % D_p ]
¢ Irdms ¢ Irdms

R
=0, ap+[A'>< ’”“P] , (26)
- D
r;d,m,s

On_ap = Qlfniap + |1610424 X

c

where the dhruva or position (67, 4,) of the mean Moon’s apogee at the instant
(t°) of mean sunrise at Lanka (L) at epoch, when calculated is observed to be
06; 09, 37, 40, 45.73,7° while the value stated in the verse is 06; 03, 16,22. The mo-
tion of the mean Moon’s apogee since the epoch can be calculated as prescribed
in the verse as:”*

A’ A’ X 40
3232 30738

(min) = A’ (days) X 6.6818 (min/day). (27)

The difference in the rates between (25) and (27) and in the dhruvas are again
attributed to a correction called sakabdasamskara as explained in Section (4.1).

69 See Laghubhaskariya verses l.i5-17,
Shukla (1963:5-6), and Mahabhaskariya

kalyadi at the epoch, while the fractional
part is utilized to determine the risis, and

verses .8,40, Shukla (1960: 6-7,28), Sisyadhi-
vrddhidatantra verse 1.17,38-39, Chatterjee
(1981:13,26), Karanapaddhati verse 1.11, Pai,
Ramasubramanian, et al. (2018:13-14).

70 As 6 ,, = 3;0,0,0, 6, ,, = 3;0,0,0 +
1610424 X R,, 4 + D.. The resultant quo-
tient, 498, represents the number of revolu-
tions completed by the Moon's apogee since

other subdivisions traversed by the Moon’s
apogee.

71 The similar ratio é is observed in
Grahacaranibandhana verse 128, Graha-
caranibandhanasangraha verse A.9, Sarma
(1954:5,24), and Khandakhadyaka verse 1.13,
Sengupta (1934).
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5.1.1  Correcting the mean motion of Moon'’s apogee
The values of g and  for Moon’s apogee are stated to be 65 and 134 respectively,”>
and the correction is negatively applied to the mean rate of motion of the Moon’s

apogee. Thus, the corrected mean rate of motion (9;1_ap) of the Moon’s apogee
will be

A A . 65 4320000 min
O ap = O ap — Aoy ap = 66832 — — X ——— = 6.6818 —|, 8
e e %7134 T577917500 ! (day ) (29

which is same as (27) and precise up to 8 decimal places. For a modified rate of

Riﬂ_ap

motion (921_@ = ) of the Moon’s apogee, the modified revolutions (R, g,)

c

of the Moon'’s apogee in a mahayuga will be 488121.9. Hence,

R;, A’ A’ X
[A’ X %] = (rev) — 49 (min). (29)
¢ lgms 3232 30738

Thus, the revised rates are incorporated in computing the mean longitude of
the Moon’s apogee as:
488121.9
—] - (30)
1577917500 ;1 s

c
m_ap

o _ pk
Om_ap = Om_ap +|AX

] :3;o,o,o+[A><
r;d,m,s

c

5.1.2  Correcting the dhruva of Moon's apogee at kalyadi
Following the explanation in section 4.1.2, the corrected position (dhruva) of the
Moon'’s apogee at kalyadi will be”3

65
Qﬁ_ap = 6’,§up+3623><a(m1n) = 3;0,0,040;29,17,25,31.34 = 3;29,17,25,31.34.
(31)

Hence, for a parahita corrected Aryabhatiya system, the longitude of the mean
Moon’s apogee is computed as:

_ RE
o _ nck m_ap
Om_ap = On_ap +|AX D. ]
L rd,m,s
R¢

_ Re
m_a
= 95’1‘_@ + (1610424 X D_ p] + [A’ X ——

L ¢ drdms ¢ rdms

[, R
_ap
= O ap +|A X D , (32)
L ¢ drdms
72 See Grahacaranibandhanasarigraha verse (2018:16-18).
A.18, Sarma (1954:25), and Karanapaddhati 73 See Karanapaddhati verse 11.4, Pai, Rama-
verse l.12, Pai, Ramasubramanian, et al. subramanian, et al. (2018: 57-60).
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where the dhruva or position (67, 4,) of the mean Moon’s apogee at the instant
(t°) of mean sunrise at Lanka (L) at epoch is computed to be

— Ack
6%1_{1;1 - an_up +

RC
1610424 X AP ]
r;d,m,s

C
= 3;29,17,25,31.34 + 02;03, 58, 59, 14.5 = 006;03, 16, 24, 45.85. (33)

The value given in the verse deviates from (33) by ® —0;0,0,2. Hence, em-
ploying (33) and (29) in (32), (23) and (32) are equivalent.

6 DESANTARA CORRECTION: TO OBTAIN MEAN LONGITUDES
AT MEAN SUNRISE AT THE OBSERVER’S MERIDIAN

FEREATTICETAT: T RweREr: 174
TRTOT AR RIGHT SROTe ST Il & 1175

s 176

TR G Geh e T o L hT
ITHCRARH TSI HHT: 11'e 177

N ST
lankasvamyadirekhayah piirvapascimadesayoh |

grahanam madhyasamskaralipta rmadhanam kramat || 6 ||
papaghnadadhvasankhyanadarkalabdhaviliptikah |
arkasyendoranarkaghnat sanubhulabdhaliptikah || 7 || || anustubh ||

In the regions to the east and west of the meridian [passing through]
Lanka, Svaminagara (svamya),’® etc., the liptis [obtained] from the
mean [desantara] correction of the planets [shall be| negative and
positive respectively. The viliptis obtained from the division of
the product of the magnitude of longitudinal separation (adhva)
[in yojanas] and papa (11) by arka (10) [shall be] of the Sun. The
liptis obtained from the division of the product of the longitudinal
separation in yojanas and anarka (100) by sanubhii (407) [shall be] of
the Moon.

74 Bannafije (1974b:181) states

SFEHMGEE:  to  be mcomprehens—

78 See Karanaratna verse 1.30, Shukla
(1979: 21—22), where Shukla recognizes the

ible and suggests FEEATANGEEE: as the
possible reading.

75 Bannafje (1974b:181) notes SRUTI=hHId
as an alternate reading and 10Tl HEIEERR
as a scribal error. Bhiksu (n.d.) has the read-
ing MEAEERN fSaTQUII

76 Bhiksu (n.d.) has the reading =TTHId|
77 This half of the verse is missing in Bhiksu
(n.d.).

modern Svamihalli (14.97°N, 76.57°E) is
located in the Hospet district of Karnataka.
Vyasadasa (2007:13-15) refers svamya to be
dominion. Hence, Lanka-svamya indicates
the dominion of Lanka, where (adi) etc.,
refers to other places like Avanti, and so on.
Bannafje (1974b:181) prefers the reading
Avantl in place of svamya.
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The above two verses prescribe the desantara corrections (A? and Af,) for the
Sun and the Moon. This correction accounts for the time difference (At? = t4 ~
t°) between the instants of mean sunrise at the observer’s meridian (or at L)
and prime meridian (or at L). The following are the two rules prescribed in the
verses:

g adhvaxpapa , = AdxX11
= TP (vilipt) = S22 (sec) (34)
4 _ adhvaXanarka , = Ad X100 )
Ny= g (et = == (min), (35)

where adhva (Ad) refers to the distance in yojanas between the longitudes of the
prime meridian and the observer’s meridian along the equator.

The mean longitudes (69 and 6Y,) of the Sun and the Moon, at the instant
(#1) of mean sunrise for an observer on the equator (L'), Ad yojanas (east or west)
from Lanka (L) as shown in Figure 2, is stated to be:

0d = 0; ¥ |Ad] (36)
05, = 0;, % [A%], (37)

where 0; and 0;, are the mean longitudes obtained from (1) and (9) respectively.
The corrections are to be subtracted for locations east of the prime meridian and
added for locations to the west.

6.1 EXPLANATION

Sections 3, 4, and 5 result in the mean longitudes (6, 6;,, and 6y, 4,) of the Sun,
Moon, and Moon’s apogee, respectively, at the instant (#°) of mean sunrise at
Lanka (L). Now, their corresponding mean longitudes at the instant (/) of mean
sunrise at L', which is either east or west of Lanka (L) by Ad yojanas as shown in
Figure 2, have to be determined. The desantara correction aims to compute the
time difference (At?) in the instants (#° and ) of mean sunrise between the prime
meridian and the observer’s meridian, and further obtain the mean longitude of
the planet (p)79 at the instant () of mean sunrise at the observer’s meridian (or
atL’).

The rationale for this correction can be understood with the help of Figure 6,
which is similar to Figure 4 and depicts the diurnal motion of the mean Sun
(S).%° Figure 6a depicts a spherical Earth from the viewpoint of the north pole

79 Here, planet (p) could be replaced with respect to the observer at Lanka (L), anti-
Sun (s), Moon (m) or Moon’s apogee clockwise in Figure 4, whereas the diurnal
(m_ap). motion of the mean Sun (S), which happens
80 The direction of the orbital motion of because of the rotation of the Earth, is al-
the mean Sun (S) is always eastwards with ways westwards, clockwise in Figure 6.
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(Pn), showing the prime meridian (PM) and Lanka (L). It further depicts two
meridians, which are east and west of the prime meridian (PM), by Al degrees
or Ad yojanas along the equator.®* The diurnal motion of the mean Sun, which is
always westwards, is indicated by the positions of the mean Sun S,, S, and S, at
the time instants f,, {, and ¢, respectively, where t, < t, < ;. The corresponding
fictitious bodies S1%°, S,%° and S;%° are also depicted in the figure. Figure 6b
presents the same geometry when viewed from the Direction of View (DoV)
shown in Figure 6a.

The time instants ,, f, = t°, and ¢, indicate the instants of mean sunrise for the
meridians east of PM, prime meridian, and west of PM, respectively. Thus, the
corresponding fictitious bodies S;”°, S>° and S;%° are aligned with the meridians
east of PM, prime meridian, and west of PM, respectively.

If At = t1 ~ P is the time difference between the instants of mean sunrise
at the observer’s meridian and the prime meridian, the angle traversed by the
planet for the period of At# is known as desantara correction (A‘;). As the sunrise
occurs earlier or later at the meridians, which are to the east or west of the PM,
respectively, the correction must be accordingly subtracted or added. Hence, the
mean longitude (Qg) of the planet corrected for desantara is given by

64 = 0,  |Ad], (38)
which is equivalent to (36) and (37), the formulae prescribed in the verse, when
the Sun (s) and Moon (m) are substituted for the planet (p) respectively.

In a mean civil day,®* the mean Sun takes 3600 vighatikas to cover 360° cor-
responding to the circumference (C) of the Earth (successive transits of the me-
ridian). The time, in vighatikas, taken by the Sun to transit between two meridians
apart by Al degrees or Ad yojanas along the equator will be
Ad X 3600

C

Thus, the dedantara correction for the planet (A‘;) — the angle traversed by

_ AI'X 3600
T 360°

At (vighatikas) = (vighatikas). (39)

the planet during the period At vighatikis — will be®

Al A X O, Adx6,

2 3600 (min) C (min), (40)
81 If L; and Ljy are the points of intersection 110, Shukla (1960:55), Khandakhadyaka
of the equator and the meridians east and verse L.15, Sengupta (1934), Karanaratna
west of prime meridian (PM) respectively, verse L2y, Shukla (1979:20), Laghumanasa
then LL; = LL}y, = Ad yojanas. verse 1V.3, Shukla (1990:140), Sisyadhi-
82 1 mean civil day = time between two vrddhidatantra verses 1.44-45, Chatterjee
successive mean sunrises = 60 ghatikas (1981:31).  Also see Tantrasangraha sec-
(nadikas) = 3600 vighatikas (vinadikas). tion I.14, Ramasubramanian and Sriram
83 See Laghubhaskariya verses 1.31-33, (2011: 40-43).

Shukla (1963:11-12), Mahabhaskariya verse
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Figure 6: (a) A diagram showing the diurnal motion of the mean Sun, indicating
the positions of the mean Sun S,, S, and S, at the instants of mean sunrise at
meridians east of prime meridian (PM), PM and west of PM respectively and
(b) A diagram when viewed from the Direction of View (DoV).
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where 9; is the mean rate of motion of the planet in min/day.

As evident from (40), the dedantara correction requires the knowledge of the
circumference of the Earth (C), which is not stated in Tithinirnaya. However, it
can be inferred by comparing the desantara correction given in the verse for the
Moon with the derived expression, i.e., comparing (40) and (35) and employing
(16), we have

Ad x 65, _ Ad X100
C 407

= C = 3217.6 (yojanas). (41)
Further, considering the desantara correction for the Sun, comparing (40) and

(34) and employing (41), we have

Ad x 6; _ Adx11
C 10X 60

= 0; ~ 58.99 (min/day), (42)

which is approximately equal to 6; in (4).54

Bannafije (1974b:182) and Vyasadasa (2007:15) consider the Earth’s circum-
ference (C) to be 3300 yojanas,®> which results in the mean rates of motion (6
and 6%,) of the Sun and the Moon to be approximately 60.5 (min/day) and 810.8
(min/day) respectively. Recognizing that these values are significantly differ-
ent from (4) and (16), Bannafje (1974b:182) suggests that the divisor in (35)
be taken as 417, by reading sanubhii as sanyabhii in verse 7, which would yield
the Moon’s mean rate of motion to be = 791.36 (min/day), which is closer to
the rate in (16). However, Bannanje (1974b:182) does not address the error in
the Sun’s mean rate of motion when considering the Earth’s circumference to be
3300 yojanas. Thus, from the analysis, considering the circumference of the Earth
(C) to be = 3218 yojanas reduces the error of computing the desantara correction
significantly.

It is worth noting that this text has not addressed the desantara correction for
the Moon’s apogee. The dedantara correction (A%Jp) for the Moon’s apogee is
obtained by substituting (28), the mean rate of motion (95,1_ap) of the Moon'’s

apogee, in (40).

84 Alternatively, first comparing the (min/day), which is off from (16) by

desantara correction for the Sun, i.e., com-
paring (40) and (34) and employing (4),
the Earth’s circumference (C) is computed
to be 3225.6 yojanas. Further comparing
the desantara correction for the Moon, i.e.,
comparing (40) and (35) and employing
C = 3225.6 yojanas, we obtain 65, = 792.53

= 2(min/day).

85 See Laghubhaskariya verse 1.24, Shukla
(1963:8), Sisyadhivrddhidatantra verse 1.43,
Chatterjee (1981:29), and Tantrasarnigraha
verse 1.29, Ramasubramanian and Sriram
(2011: 40—41). Also see Shukla (1960: 50—
51).
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(b)

Figure 7: The diagrams depicting the mean longitudes of the Sun, 0; and 6,
before and after desantara correction respectively for the meridians (a) east of
PM and (b) west of PM.
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As the motion of the Moon’s apogee, given by (28), is relatively slow (65, ,, =
6.681 min/day), its corresponding dedantara correction (A”,lﬂ_ap) is small, and thus
probably neglected by the author.

The geometrical implication of the desantara correction for the Sun is depicted
in Figure 7. This figure depicts the desantara corrected Sun (69) at mean sunrise
at the observer’s meridian, which is either east or west of the prime meridian by
Al degrees or Ad yojanas. Figures 7a and 7b are similar to Figure 6a and depict
the instants of mean sunrise for meridians east and west of the prime meridian,
respectively. If M;, M,, and M, are the successive positions of mesadi, during
the diurnal motion, at time instants ¢,, t,, and ¢, respectively, and M,08S, = 02 is
the mean longitude of the Sun at the instant (#°) of mean sunrise at Lanka (L),
then the mean longitudes of the Sun (67) at the instant (#? = t, and t;) of mean
sunrise at L and L{, are indicated by M,0S, and M3@S3 in Figures 7a and 7b
respectively.

7 SUN’S APOGEE AND BHUJANTARA CORRECTION: TO
OBTAIN MEAN LONGITUDES AT TRUE SUNRISE AT THE
OBSERVER’S MERIDIAN

IS RATEYGI ATSh qchord adr 150
TmreTg feeavsa fafogn fogt samssra: 1e 187
REI[GA gt wyffoasties: 199

3IY T e qETet- R 1R 189 ST N
arkadorjyaphalacchuddhat yatha'rke tatphalat tatha |

goghnad divyaprajabhyam vilipta lipta inabjayoh || 8 ||

desadohsuddhaye danaksisnubhyam syurviliptikah |

uccam siryasya niyatam dustastri-bhagarasayah | 9 || || anustubh ||

As in the case of the [manda corrected] Sun [obtained ] from correct-
ing [the desantara corrected Sun] for the Sun’s equation of center
(arkadorjyaphala), similarly, from that result (Sun’s equation of
center) multiplied by go (3) and divided by divya (18) and praja (82)

86 Bhiksu (n.d.) has the reading SETE
SHTead TATH AhosH.. |

87 Bannafije (1974b:182) notes that the
altern\ate re%\dings hw IR
sl and ST (S8 SATSHl: are scrilza%
errors. Bhiksu (n.d.) has the reading ¥

.

88 Bannanje (1974b:183) notes the altern-
ate geadings: ST FYEd, qFE: T4, and
ATYRAM but states the verse 9(a,b) to

be unclear'.\ Instead of 'C{FIT'EW{DQTH, he pro-
poses TEIGIURAM]| Vyasadasa (2007:13)
proposes ISR and discusses its ety-
mology. Bhiksu (n.d.) has the reading 331
ql: e IR, |

89 Bannafje (1974b:183) notes TEI lf as an
alternate reading and WFTHIZIEI: as a scribal
error. Bhiksu (n.d.) has the reading T8 %t
AR TR |
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[the bhujantara correction] in seconds (viliptis) and minutes (liptis)
of the Sun and the Moon [respectively| are obtained by addition and
subtraction [to the desantara corrected Sun and Moon] for the cor-
rection of true sunrise at the location.?® The Sun’s apogee (siiryasya
uccam) is always dustastri (2—18) signs-degrees (i.e., 2;18,0,0).

Verse 9(c,d) states that the longitude of the Sun’s apogee (0;_,,) is assumed
constant and given to be%"

Os_qp = dustastri = 2;18,0,0 = 78". (43)

The verses 8, 9(a,b) prescribe the bhujantara corrections (Al and 9Ab,) for
the desantara corrected mean Sun (6?) and mean Moon (6%). This correction
accounts for the time difference (At = t¥ ~ t?) between the instants of the true
and mean sunrise at L’, and results in the mean Sun (?6%) and the mean Moon
(765, at the instant (#°) of true sunrise at L’. To this end, the following rules are
prescribed in the above verses:?*

dgb = g9 + |dA’;| = 07 + |arkadorjyaphala x di)(])/a (in vilipti)
=07+ |dA's” X 13_8| (in sec) (44)

dgh = gd + |d Al | =04 + arkadorjyaphala X pfc;a (in lipti)
=0% + |‘71A’;Z X 83_z| (in min), (45)

where 07 and 09, are the values obtained from (36) and (37) respectively and
47 is the desantara corrected Sun’s equation of center. The verses further state
that the sign of the above corrections is the same as the sign employed in the
manda correction of the Sun.

90 The additional word viliptikah seems to
be redundant in the verse.

91 See Aryabhatiya verse 9 in the Gitika
chapter, Shukla and Sarma (1976:19),
Laghubhaskariya verse 1.22, Shukla (1963:7),
Mahabhaskariya verses VILi1—12, Shukla
(1960:206), Karanaratna verse 110, Shukla
(1979:6), Sisyadhivrddhidatantra verse 1L,

Chatterjee (1981:35), and Tantrasangraha
verse 1.40, Ramasubramanian and Sriram
(2011: 46).

92 The same expressions of the correction
term for the Sun and Moon could be ob-
served in Laghubhaskariya verse I1.5, Shukla

(1963:19).
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apogee (U)
mesadi (M)

paipte

Figure 8: A diagram showing the desantara corrected Sun (S;), its apogee (U),
and its S;go at the instant (#?) of mean sunrise at L’.

7.1 EXPLANATION

Up to this point, from (36), (37), (43) and (23), we have computed the desantara
corrected mean longitudes of the Sun (67) and the Moon (6%,) and their respect-
ive apogees (6, ,, and 6;, ,,) at the instant (t7) of mean sunrise at L’. All these
longitudes are measured with respect to an observer positioned at the center of
their respective orbits.?3 In fact, the prefix ‘mean’ to any parameter indicates its
measure with respect to the observer positioned at the center of the orbit. How-
ever, as the apogee is the farthest point in the orbit, the true observer cannot be
located at the center, but at a point further along the line joining the apogee and
the center. For example, for the Sun, the above geometry can be understood with
the help of Figure 8. This figure is similar to Figure 7 and depicts the desantara
corrected Sun (S;) and its apogee (U) orbiting in the ecliptic. Their mean longit-
udes, measured with respect to the observer at the center (O) of the ecliptic, are

93 The orbits of the apogees of the Sun bits of the Sun and the Moon themselves
and the Moon are considered to be the or- respectively.
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Figure 9: A diagram showing the effect of the shift in the observer from the mean
position (O) to the true position (O’) at the instant (/) of mean sunrise at L.

given by MOS,; = 6% and MOU = Os_ap Tespectively. Further, the observer’s me-
ridian is aligned with 5;90 indicating the instant of mean sunrise at L’. Now, the
true observer is located at O’, at a distance of OO’ = r; in the direction opposite
to the apogee (U) from the center of the orbit.

The effect of the true observer being positioned at O’ is explained with the
help of Figure 9, which depicts the Earth to be now centered at O’. At the instant
of mean sunrise at L’, the true observer at O’ views the dedantara corrected Sun
(S4) at an angle MO’S,; = %0, which is the true longitude of the Sun (S,), situ-
ated at a distance O’S; = K;;, known as manda-karna. The true observer at O’ also
views the observer’s meridian not aligned with S,*°, indicating that this is not the
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Figure 10: A diagram showing the apparent shift in the position of the Sun (S;,)
from the horizon due to shift in the position of the observer from O to O".

instant of sunrise. As we are interested in the instant of true sunrise, where the
prefix ‘true’ indicates its measure with respect to the true observer (O’), the time
difference (At?) between the instant of mean and true sunrise has to be determ-
ined. To compute this difference, consider two fictitious bodies S and S); ** in an
orbit (kaksyamandala) centered at O’, having the same radius (O’S; = OS; = R)
as the ecliptic. Let S/, have the same longitude as the desantara corrected Sun, i.e.,
MO’S; = 6%, which implies that its S, *° is aligned with the meridian of the true
observer. From the geometry, the true longitude (07") of the desantara corrected
Sun (S;) at the instant (#4) of mean sunrise at L’ is computed to be

dgn = MO’S; = MO'S,, - S,0°S), (46)
= 04 -7,

where YA is the equation of center for the desantara corrected Sun (S;).9

94 See (61) for the expression of the equation
of center.
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Further, the misalignment of S;lgo with the observer’s meridian, due to the ob-
server’s shift from O to O’, indicated by S;_goé’Sa_lgo, is also observed to be YA 95
This misalignment of S;go with the observer’s meridian can be better perceived
with the help of Figure 10. This figure depicts a celestial sphere with the true
observer (O’) at its center, having the same geometry as Figure 9 when viewed
from the indicated Direction of View (DoV).%° At the instant (#*) of mean sunrise
at L', the position of S,** is observed to be away from the observer’s meridian by
Z1,0'S;% = 4A", which implies that the Sun (S,) is displaced from the horizon
by EQ’S,; = A", thus indicating the Sun (S;) has already risen. As we are inter-
ested in the instant (#°) of true sunrise, one should travel back in time to observe
the Sun at the horizon. This can be approximately®” achieved by fixing the posi-
tion of the Sun (S,;) and rotating®® the Earth by YA (clockwise in Figure 9) such
that the observer’s meridian aligns with S,%°.99 If At is the sidereal time taken
for the rotation of the Earth by 4A™, which is the time difference (* ~ t4) between
the instants of true and mean sunrise at L’, the angle traversed by the planet in
this time interval is known as the bhujantara correction (A;’,) of the planet. As the
Earth rotates 360° or 21600’ in a sidereal day, the time taken by the Earth to rotate
by A" (min) will be

At = A

21600’

(sidereal day). (47)

Thus, the bhujantara correction (A},’,) of the planet — the angle (Ag), in
minutes, traversed by the planet in the time interval A’ — will be'*°

dam

SO, X 0, (min), (48)

Al =APx 0, = ——
P P 2160

where Qp is the rate of motion of the planet in min/day."”* In what follows, we
discuss the application of (48) in obtaining the true longitudes of planets at true
sunrise at L'.

There can be two possible approaches, where the bhujantara correction could
be applied before or after the manda correction. In this work, we employ the
notations 0" and "6! to denote the true longitude of the Sun at the instant of

95 As the angle between perpendiculars are
equal, S;*°0'S;” = 5,0S; = A"

99 The alignment of observer’s meridian
with S;%° after the sidereal rotation of the

96 Like Figure 3a presents the same geo-
metry as Figure 4a.

97 See Section 7.1.4 for our discussion on
approximation.

98 To go back in time to the instant of sun-
rise, we need to adjust for the diurnal mo-
tion of the true Sun. Here, we achieve it by
rotating the Earth instead.

Earth by YA is shown in Figure 11.

100 See Laghubhaskariya verses Il.4, 22,
Shukla (1963:18-19,28), Mahabhaskariya
verses IV.7, 24, 29-30, Shukla (1960:114,
126-127,129), Sisyadhivrddhidatantra verse
I1.16, Chatterjee (1981: 37—38).

101 Strictly speaking, the units of the rate of
motion should be in min/sidereal day.
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apogee (U)

mesadi (M)
mesadi (M)

Figure 11: A diagram showing the motion of the Sun from S; to S, during the
sidereal rotation of the Earth by A7,

true sunrise at L’,'°> obtained from the former and later approaches respectively.
Both these approaches, in the case of the Sun, can be understood with the help
of Figure 11. This figure, which is similar to Figure 9, depicts a spherical Earth,
which has been rotated by YA’ to align the observer’s meridian with S;*°. During
the time of rotation (Atb), the Sun has moved in its orbit to a new position S,
indicated by MOS,, = 6% and MO’S;, = "6%, with respect to observers at O and
O’ respectively. The two quantities Y0} and 6! represent the mean and true
longitudes of the bhujantara corrected Sun (S;) at true sunrise at L. Section 7.1.1

102 Note that 0" = @b, See Section 1.6.3 symbols.
for understanding the conventions used for
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discusses the computation of the true longitude ("6?) of the Sun by applying
the bhujantara correction to the manda corrected true Sun (?07"). Section 7.1.2
discusses the computation of the true longitude (?0") of the Sun by applying
the manda correction to the bhujantara corrected mean Sun (“0%), which is the
method found in Tithinirnaya.

7.1.1  The bhujantara correction applied after manda correction
Having known from (46) the true longitude (?0") of the desantara corrected Sun
(S;) at the instant (/) of mean sunrise at L', indicated by MO’S,; in Figure 11,
the true longitude ("6?) of the Sun (S;) at the instant (#”) of true sunrise at L’ is
obtained by applying the bhujantara correction in the following manner:'*3

meb = MO'S, = MO'S,; — 5,0'S,
=100 - A, (49)

Here, ’”Alg is the true bhujantara correction of the Sun which is obtained from

(48) as follows:
dam

A )
mAg = FOSO’ X 62 (min), (50)

where 6! represents the true rate of motion of the Sun in min/civil day,"°+ as
observed from O’. The bhujantara correction is applied in a similar manner for
the Moon and other planets.

7.1.2  The bhujantara correction applied before manda correction
Having known from (36) the mean longitude (64) of the deéantara corrected Sun
at the instant () of mean sunrise at L, indicated by MOS,in Figure 11, the mean
longitude (?6%) of the Sun (S;) at the instant (#”) of true sunrise at L is obtained
by applying the bhujantara correction in the following manner:'*>

igt = MOS, = MOS, - 5,08,
= g4 — AL, (51)

Here, Al is the mean bhujantara correction of the Sun which is obtained from
(48) as follows:

dno =AY

Al = *— X 02 (min 2
= = % 6: (amin), (52)
103 See Mahabhaskariya verse IV.24, Sastri day. However, we have approximated to
(1957:XC), and Apte (1945: 44). min/civil day for convenience.

104 See Section 14.1.6 for our discussion on 105 See Mahabhaskariya verse IV.7, Sastri
the true rate of motion of the planets. As (1957: LXXXVIII), Apte (1945:40), and
already noted in footnote 101, strictly speak- Laghubhaskariya  verses II.4-5, Shukla
ing, the units should be in min/sidereal (1963:18-19).
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where 0; represents the mean rate of motion of the Sun in min/civil day,106 as
observed from O, and obtained from (4). Employing (4) in (52), we have

59.136 X 60

dAg - dAisn % 21600

3
= TAY X =2 (sec), (53)
which is equivalent to the correction term in (44).
Similarly, (51) and (52) can be extended to the Moon. The mean longitude
(76%,) of the Moon at the instant (#°) of true sunrise at L is obtained by applying
bhujantara correction in the following manner:

65, = 05, — A, (54)

where 9%1 is the mean longitude of the desantara corrected Moon, obtained from
(37). Here, “Ab, is the mean bhujantara correction of the Moon which is obtained
from (48) as follows:

inn, = OE o (min) (55)
™ 21600’ T " !

where 65, represents the corrected mean rate of motion of the Moon in min/civil
day,'?7 obtained from (16). Employing (16) in (55), we have
0.581
AL = dAT % ~ AT x 83—2 (min), (56)
which is equivalent to the correction term in (45).

Thus, from (53) and (56), we obtain the mean bhujantara correction of the
Sun and the Moon, as stated in verses 8 and 9 of the Tithinirnaya. Applying this
correction, as indicated in (44) and (45), results in the mean longitudes of the
Sun and the Moon, respectively, at the instant (#°) of true sunrise at L’. One final
correction, known as manda, is further applied to obtain the true longitudes (*0!"
and ?07") of the Sun and the Moon at true sunrise at L’. The computation and
application of this correction are given in verse 15 of Tithinirnaya, discussed in
Section 11. The application of the manda correction to the bhujantara corrected
mean Sun (MOS,, = 96%) results in the true longitude (MO’S;, = 67" of the Sun
at true sunrise at L’, which is same as MO’Sb = @Y, obtained from (49). Thus,
both the approaches, explained in Sections 7.1.1 and 7.1.2, give the same result.
Similar to the rationale mentioned in desantara-correction, the effect of bhujantara
is neglected for Moon’s apogee.

106 Strictly speaking, the units of the rate of 107 Strictly speaking, the units of the rate of
motion should be in min/sidereal day. motion should be in min/sidereal day.
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apogee (L) mesadi (M)

apogee (L) mesadi (M)
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Figure 12: Diagrams showing the rotation of the Earth backward (clockwise) and
forward (anticlockwise) in time to arrive at the instant (#°) of the true sunrise at
L’ for those positions of the Sun (S;), whose kendra (k = 69 — Os_qp) or anomaly

is in (a) first quadrant (b) second quadrant (c) third quadrant, and (d) fourth
quadrant.
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7.1.3  Sign of the bhujantara correction

Now, as we understand that the bhujantara correction is done to compute the
mean (or true) longitudes of the planets (p) at the instant (#’) of true sunrise
at L’, the sign of the bhujantara correction depends on whether the Earth’s rota-
tion is performed forward or back in time, to align the observer’s meridian with
the fictional body S,”°. When the observer at O observes the Sun S; above the
horizon, then the Earth has to be rotated back in time, and the bhujantara correc-
tion should be subtracted. On the other hand, if the sunrise has not yet occurred
for the observer at O’, then the Earth has to be rotated forward in time, and the
bhujantara correction should be added. The sign of the bhujantara correction can
be understood with the help of Figure 12, which is similar to Figure 9, and de-
picts the Sun (S;) in different quadrants with respect to its apogee (U) at the
instant (#) of mean sunrise at L. In other words, the figure depicts the anomaly
or kendra (k = 69 - Os_ap) of the Sun in four different quadrants. It is observed
from Figures 12a and 12b that, when the desantara corrected Sun’s (S;) kendra is in
the first and second quadrants respectively, i.e., 0° < 67 — Os_ap < 180°, the Earth
has to be rotated back in time (clockwise) to align the observer’s meridian with
S;go, and thus the bhujantara correction should be subtracted. These two figures
correspond to the situation depicted in Figure 10. Similarly, it is observed from
Figures 12c and 12d that, when the kendra is in the third and fourth quadrants
respectively, i.e., 180° < 07 - 95_ap < 360°, the Earth has to be rotated forward
in time (anti-clockwise), and thus the bhujantara correction should be added. In
these two cases, the observer at O’ in Figure 10 would not yet have witnessed
sunrise. As will be discussed in Section 11.1, the sign of the manda correction of
the Sun is also negative when its anomaly is in the first and second quadrants
and positive in the third and fourth quadrants. Thus, we find correspondence
between the signs of the bhujantara correction and manda correction of the Sun,
which substantiates the statement in verse 8(a,b).

7.1.4 Approximation of true sunrise
The bhujantara correction of the Sun results in the movement of the Sun from S,
to S, on the ecliptic by a magnitude of ™A% with respect to observer at O, as
shown in Figure 11. Thus, the Sun’s fictional counterpart also moves from S,
to S;go, which however is not aligned with the observer’s meridian, indicating
that the bhujantara corrected Sun (S;,) does not correspond to the instant of true
sunrise, by a magnitude of S,°0’S,%" = 5,0’S, = "AL. This error was perhaps
considered small. Possibly, a second iteration of the bhujantara correction, in-
volving rotating the Earth further by "A?, could result in an even more precise
estimation of the instant of true sunrise at L’, if required.
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7.1.5 Anomalies in the interpretation of the sequence of bhujantara and manda
corrections

Following our discussion in Sections 7.1.1 and 7.1.2 it is apparent that the
bhujantara correction should be performed after the manda correction only if the
true rate of motion of the planet is known. Otherwise, the bhujantara correction
should be performed before the manda correction. The true rate of motion of
the planet varies from instant to instant whereas the mean rate of motion of
the planet is always constant and known from the Aryabhatiya parameters of a
mahayuga. As the bhujantara corrections for the Sun and the Moon proposed in
the Tithinirnaya, in (44) and (45) respectively, have constant multipliers and
divisors, it is clear that the text adopts the mean rate of motion of the planets for
computation as discussed in Section 7.1.2. Thus, this implies that the bhujantara
correction should always be applied before the manda correction as per the
procedure of the Tithinirnaya.'®® However, in the course of working out an
example, Bannafije (1974b:186-187) and Vyasadasa (2007:26-31) apply the
bhujantara correction after manda for the Sun and before manda for the Moon."*?
In our opinion, the sequence of corrections in the former case is only valid if the
true rate of motion of the Sun is employed."°

Finally, we would like to note that some texts such as Khandakhadyaka and
Karanaratna apply the bhujantara correction for the Moon but not for the Sun."*
This results in approximating the true longitude of the Sun at the instant of true
sunrise.

8 RSINE VALUES OF 24 ARCS
TR e wa

TGISTI HIUE: JYHIGT: | 112

FR: GEET: FHHMORE 11 g0 I 113

108 Even verse 22(a,b) of Tithinirnaya states
that the desantara and bhujantara corrections
are applied to the mean planet.

109 The same sequence is proposed by K. S.
Shukla while commenting Laghubhaskariya,
Shukla (1963:27—28), and Mahabhaskariya,
Shukla (1960:129-130).

110 See the commentary of Prthidaka-
svamin on Brahmasphutasiddhanta verse
II.29, R. S. Sharma (1966:197), and Param-
eSvara on Mahabhaskariya verses IV.y, 24,
Apte (1945: 40,44).

111 See Khandakhadyaka verse 1.18, Sengupta
(1934), and Karanaratna verse 1.26 (b,d),
Shukla (1979:19—20).

112 Bannafije (1974b:183) notes an altern-
ate reading : as a scribal error.

Bhiksu (n.d.) has the reading Wﬁ? -
REICIEBIEE HYE: 3YHIST: |

113 Bannafije (1974b:183) notes an altern-
ate reading f<R0&1 as a scribal error. He fur-
ther notes that the phrase H‘Tlﬁlﬂﬁ, which is
not present in the manuscript, has been re-
constructed by him as per the required value
in the Sine Table. Also, he suggests FaE:
would match the numeral instead aI: in
the manuscript. Bhiksu (n.d.) has the read-
ing qfeRT T |
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RN T g

TR AT gage: |

T RS TS

AT FISTSTGET: 1l g2 11 115
IR WreamaRaHar: |
FfRIcaTerT BRI forg: 1 g’ 11
Sartranut dhibhavanah kathaficano

nalijano manapatuh sukalapah |

niramayo dhihpathiko nypadhiko

budhonarah suptakharah kalavirat || 10 ||
mahasaro diirasaro dhamiharih

hasandhuro vedanagah susarnkulah |
tamahkhagah parabalam rasobalt

dhanavalih kalabhrgurjagadbhagah || 11 ||
imascaturvimsatijyah sphutatvayarkasomayoh |
caturvimsativakyani trivaStnamiman viduh || 12 ||

N R

I ST

|| vamsastha ||

|| anustubh |

Sariranut (225), dhibhavana (449), kathaficana (671), naljjana (890),
manapatu (1105), Sukalapa (1315), niramaya (1520), dhihpathika (1719),
nrpadhika (1910), budhonara (2093), suptakhara (2267), kalavirat
(2431), mahasara (2585), dirasara (2728), dhamihari (2859), has-
andhura (2978), vedanaga (3084), susankula (3177), tamahkhaga
(3256), parabala (3321), rasobali (3372), dhanavali (3409), kalabhrqu
(3431), jagadbhaga (3438). [Scholars] knew these 24 Rsine values
of a quadrant (frirasi) as [stated in the form of] these 24 vikyas for
[obtaining] the trueness (true longitudes) of the Sun and the Moon.

95

In order to compute the equation of center of a planet, the Rsine of its anomaly
(kendra) has to be determined. Hence, in the above verses, the author gives the
values of twenty-four Rsines in minutes,"” corresponding to the 24 arcs obtained
by dividing the quadrant (3 risis) into 24 parts of 225" each. The Rsine values
stated in the above verses are summarized in Table 4. These Rsine values can

114 Bannafijje (1974b:183) notes an al-
ternate reading I 8R: as a scribal error.
Bhiksu (n.d.) has the reading §Ta THER:
.
115 Bannafije (1974b:183) notes an altern-
ate reading “H:&T: as a scribal error and
the phrase TEES, which is not present in
the manuscript was constructed as per the
numeral. Bhiksu (n.d.) has the reading

LHESHH

116 This half verse is missing in Bhiksu
(n.d.). Also, the phrase should be AT in-
stead of SHMF) This appears to be an incor-
rect usage or exercise of poetic license for
metrical considerations.

117 The circumference of a circle is con-
sidered to be (360° X 60 =) 21600’. Hence,

the radius of the circle (R) would be 222

3438'.

27
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be obtained by employing the Rsine difference values given by Aryabhata in the
Aryabhatiya.**®

It is worth noting that verses similar to 10-11 are found in the earlier works
such as Sanikaranarayana’s commentary of Laghubhaskariya, and in later works
such as Grahanamandana of Parame$vara, and Uparagakriyakrama of Acyuta
Pisarati.""?

118 See Aryabhatiya verse 12 in the Gitika Laghubhaskariya verses 11.2—3, S. Jha (2007),
chapter, Shukla and Sarma (1976:29-30). Grahanamandana verses 25(A,B), Sarma
Also, see Sisyadhivrddhidatantra verses I1.1—4, (1977:11), Uparagakriyakrama verses 1.19-21,
Chatterjee (1981:34). Pisarati (n.d.).

119 See Sankaranarayana’s commentary on

HISTORY OF SCIENCE IN SOUTH ASIA 13 (2025) 50-152



YELLURU, SREERAM, PAT AND KOLACHANA

Arc Rsine (in min)
S.No. in Tithinirnaya
computed
x’y’ |minutes| phrase |value

1 3°45 225 Sariranut | 225 | 224.839
2 | 7°30" | 450 |dhibhavana| 449 | 448.716
3 |11°15"| 675 | kathaficana | 671 | 670.671
4 |15°00"| 900 nalgjana | 890 | 889.754
5 |18°45"| 1125 manapatu | 1105 | 1105.027
6 |22°30"| 1350 Sukalapa | 1315 | 1315.569
7 |26°15"| 1575 | niramaya | 1520 | 1520.476
8 |30°00"| 1800 |dhihpathika| 1719 | 1718.873
9 |33°45"| 2025 | nrpadhika | 1910 | 1909.910
10 |37°30"| 2250 | budhonara | 2093 | 2092.768
11 |41°15"| 2475 | suptakhara | 2267 | 2266.664
12 |45°00"| 2700 kalavirat | 2431 | 2430.854
13 [48°45"| 2925 mahasara | 2585 | 2584.635
14 |52°30"| 3150 diirasara | 2728 | 2727.348
15 |56°15" | 3375 | dhamihari | 2859 | 2858.382
16 |60°00" | 3600 |hasandhura| 2978 | 2977.176
17 |63°45"| 3825 | vedanaga | 3084 | 3083.221
18 |67°30"| 4050 | susarkula | 3177 | 3176.064
19 |71°15"| 4275 |tamahkhaga| 3256 | 3255.306
20 |[75°00"| 4500 parabala | 3321 | 3320.608
21 |78°45"| 4725 rasobalt | 3372 | 3371.691
22 (82°30"| 4950 | dhanavali | 3409 | 3408.336
23 |86°15"| 5175 | kalabhrqu | 3431 | 3430.386
24 |90°00" | 5400 | jagadbhaga | 3438 | 3437.747

Table 4: Rsine values in minutes given in the Tithinirnaya.

HISTORY OF SCIENCE IN SOUTH ASIA 13 (2025) 50-152

97
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9 INTERPOLATION FORMULA FOR OBTAINING THE DESIRED

RSINE
JATFARHATO afg Saref 7 g 112
FAATSIAT gl JURGeHge: 11]3 I 12 ST N
Subhangaparimanena yadi jyardham na piiryate |
vartamanajyaya hatva murariphalasarngrahah || 13 || | anustubh ||

If [the kendra in minutes] is not exhausted (na piiryate) by [the
multiples of]| subhanga (3°45° = 225’), having multiplied [the
remaining minutes (kali-Sesa)] by the current Rsine [difference]
([sista]-vartamanajyd),'** the result upon dividing by murari (225)
[when] added [to the elapsed Rsine (gata-jyi), is the desired| Rsine
([ista)-jyardha) =

The above verse prescribes the following interpolation formula for obtaining
the desired Rsine (ista-jyi) of the kendra:*>+

Sista-vartamanajya X kala-Sesa

R
ista~jya = gata-jya + pom— (57)

9.1 EXPLANATION

Given, from Table 4, the Rsine values in minutes for every 225 interval of kendra,
the Rsine value of any desired kendra which lies within any given interval is
computed with the help of the interpolation formula as follows: If Rsin(k;) and
Rsin(k;,,) are the Rsine values corresponding to the successive values of kendra,
ki and k;,, respectively, then the desired Rsine (Rsin(k;)) corresponding to k;,
which lies in between k; and k;, ,, is given by:

in(k;,,) — Rsin(k; ki — k;
Rsin(k;) = Rsin(k;) + [R sin(ks.) — Rsin(k)] x ( ! ), (58)
225

which is the same as (57) described in the verse.

120 Bhiksu (n.d.) has the reading ¥ that
denotes 225’ and is equivalent to the reading
ATE which denotes 3°45’.

121 Bannafije (1974b:184) opines that
though all manuscripts contain &I, it
shoucld be read as @M and mentions afg
SYIcHH to be scribal error.

122 Vyasadasa (2007:22) notes the use of

Sista in order to describe the meaning of this
verse.

123 In Indian astronomy, the phrases jya
(chord) and jyardha (semi-chord) are used
interchangeably to represent Rsine of an arc.
124 See Sisyadhivrddhidatantra verse 1l.12,
Chatterjee (1981: 36).
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10 QUADRANTS OF ECLIPTIC AND BHUJA

TRIesh IqEcHSTHISTgaTear: |
STAATATTAT AT 9T ST Fk: 11 ¥ 11 125

rasicakram catuspadamojanojadvipadayoh |
atitanagatau bhagau bhuja ityucyate budhaih || 14 ||

I ST

|| anustubly |

The circle (rasicakra) of rasis [consisting] of four quadrants
(catuspada) [is considered]. The [arc in] degrees traversed and
yet to be traversed in the two odd (oja) and even (anoja) quadrants
[respectively | is said to be the bhuja by the intelligent.

The above verse intends to prescribe a method to compute the desired Rsine
of the arcs that belong to different quadrants of a circle. The verse suggests group-
ing the quadrants of a circle, or risicakra, into odd (oja) and even (anoja). Further,
the verse introduces the term bhuja, defining it as the angle in degrees traversed
in the odd quadrants and yet to be traversed in the even quadrants. Although
the verse does not explicitly state it, the magnitude of the Rsine of the arc is the
Rsine of bhuja.

10.1 EXPLANATION

Sections 8 and g outline a procedure for computing the desired Rsine specifically
for arcs in the first quadrant. This section addresses the process of obtaining the
desired Rsine for arcs in other quadrants. In Indian astronomy, the rasicakra is
also used to represent degrees in a circle,”*® which can be understood with the
help of Figure 13. Figure 13a depicts a circle, where 0° is indicated by mesidi
and each quadrant of the circle is constituted of three risis of 30° each. These
quadrants, as described in the verse, are grouped into odd (oja) and even (anoja)
quadrants. To compute the Rsines of arcs, which belong to different quadrants,
the verse defines a term named bhuja.'?” The bhuja is the angle traversed in the
odd quadrants and the angle yet to be traversed in the even quadrants and can
be understood with the help of Figure 13b.

Figure 13b is similar to Figure 13a and depicts a circle of four quadrants indic-
ated by Q,, Q,, Q;, and Q,. As the application of Rsines in Tithinirnaya is in the
computation of the equation of center of the Sun and the Moon, the arcs of the

125 Bannarfije (1974b: 185) notes ST

‘JT?fl as an alternate reading.

126 This rasicakra should not be confused
with the ecliptic with Zodiac signs (risis) in
the background.

127 See Laghubhaskariya verses Il.1-2(a,b),

Shukla (1963:16), Mahabhaskariya verse
IV.8, Shukla (1960:115) , Karanaratna
verses A.28-29, Shukla (1979:111), Sisya-
dhivrddhidatantra  verse 1IL.11, Chatterjee
(1981:36), Laghumanasa verses IIl.1-2,
Shukla (1990: 120-121).
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o

180

270°

270°

(b)

Figure 13: (a) A diagram indicating the division of rasicakra into odd (oja) and
even (anoja) quadrants and (b) A diagram depicting bhuja in each quadrant.
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circle represent the kendras (anomalies) of the Sun and the Moon. The kendras of
the Sun (96} - Os_ap), obtained from (44) and (43), and the Moon (16h, - Ori_ap),
obtained from (45) and (23), respectively, could fall in any one of the four quad-
rants of the circle. If k,, k,, k3, and k 4 are the kendras which fall in quadrants
Q1, Q,, Q;, and Q, respectively, then their corresponding bhujas will be b, =k,
b, =180° - k,, b3 = k3 —180°, and b, = 360° - k, respectively. Further, the desired
Rsine of bhuja, where o° < bhuja < 9o°, is computed from the procedure given
in Sections 8 and 9. It is observed that the magnitude of the Rsine of the kendra
is the same as the Rsine of the bhuja and can be understood from the following
relations:

IR sin(k,)| = R sin(b,) ,0° <k; <90°

IR sin(k,)| = Rsin(180° — b,) = Rsin(b,) ,90° <k, < 180°
|R sin(k3)| = |R sin(180° + b3)| = Rsin(b;) ,180° < k; < 270°
|R sin(k4)| = |R sin(360° — b4)| = Rsin(b,) 270" <k, < 360°

IR sin(kendra)| =

11 MANDA CORRECTION: TO OBTAIN TRUE LONGITUDES AT
TRUE SUNRISE AT THE OBSERVER’S MERIDIAN

Qg HTehiesTal: Arsdl Mgl afsar: A | 128

TGEIHAT: TENAT: WTEIT 7 11 Yy 11129 I ST N
svocconarkabjayoh dorjya gosadbhyam vardhitah kramat |
ajalabdhakalah svasvagolayoh syadrnam dhanam || 15 || || anustubh ||

The Rsines, [having the longitudes] of the Sun and the Moon
reduced by their own apogees, are multiplied by go (3) and sad (7)
respectively. The minutes obtained upon dividing by aja (80) shall
be [applied to their mean longitudes] negatively [or] positively in
their (Sun’s and Moon’s) respective hemispheres.'3°

The above verse prescribes the manda correction (?A” and A}, or the equa-
tion of center, for the bhujantara corrected mean Sun (?6%) and mean Moon (?6%,),
which is required due to the eccentricity of their respective orbits. This correc-
tion results in the true longitudes of the Sun (?0") and the Moon (?6!) at the

128 Bannaiije (1974b: 185) notes that the al-

ternate reading FI=TE is a scribal error.
129 We have considered the reading Tmeoi
¥ from Bhiksu (n.d.) whereas Bannarije
(1974b:185) has the reading TR ¥, |
130 In Karanaratna verse 1.38(a,b), Shukla
(1979: 28), we find that the word gola is used

in the sense of hemisphere, where the north-
ern and southern hemispheres are denoted
by the terms uttara-gola and daksina-gola re-
spectively. Each of them corresponds to
the six rasis beginning from the first point
of Aries (0° — 180°) and Libra (180° — 360°)
respectively.
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instant (') of true sunrise at L’. The following relations are prescribed in the
above verse:'>'

bom = 4ol = [PAT| = 400 ¥ f]—_‘; X Rsin(%6t - 0, )| (in kala)
=dgb ¥ 83_0 X Rsin(40f — Os_ap)| (in min) (59)
bom _dpb — [bam| _ dop - |534 . b . . _
o, =0, F | Am| =40, F a]_'a X Rsin("Oy, — Oy,_gp)| (in kali)
=dgb = 10 x Rsin(?6%, - Or_ap)| (in min), (60)

where (46¢ - Os_qp) and “@ob, - Oy:_ap) are the anomalies (kendras) of the bhujantara
corrected Sun and Moon respectively. The verse notes that the correction is negat-
ive for those anomalies in the northern hemisphere (first and second quadrants),
and positive for those in the southern hemisphere (third and fourth quadrants).

11.1 EXPLANATION

In Section 7.1, we examined the effects of displacing the true observer (O’) from
the center (O) of the orbit of the Sun. This section generalizes the impact of
displacing the true observer from the center of the orbit of any given planet P.
The manda correction (equation of center) in Indian astronomy encapsulates this
impact and its geometric rationale can be understood with the help of Figure 14.
This figure depicts a planet (P) orbiting in the grahabhramanavrtta or pratimandala
(orbit of the planet) with the mean rate of motion (9;, or 9;).132 The planet’s
orbit is centered at O, with radius OP = R. The figure also depicts the mean
longitudes of the planet (6,) and its apogee (6, _,,) indicated by MOP and MOU
respectively.’33 Further, consider an observer at O’,"3 at a distance r from the
orbit’s center (O) in the direction opposite to the apogee (U). Now, with respect

131 See Laghubhaskariya verses I1.3(c,d)-
4(ab), Shukla (1963:18), Mahabhaskariya
verses IV.4(c,d)-6, Shukla (1960:110-111),
Sisyadhivrddhidatantra verse 11.14, Chatterjee
(1981:37), Tantrasanigraha verses Il.21-22,
35-36, Ramasubramanian and Sriram
(2011:75-76,89-90).

132 The mean rate of motion is the rate of
motion of the planet (P) with respect to the
observer at orbit’s center (O). The rates of
motion of the Sun (6:) and the Moon (65,)

are obtained from (4) and (16) respectively.
133 Here, in case of the Sun and the Moon,
the mean planet would be the bhujantara cor-
rected mean Sun (“6%) and the bhujantara
corrected mean Moon (90%,), as obtained
from (44) and (45), respectively. The apo-
gees for the Sun and the Moon are 6, ,,
and 6;, ,,, as obtained from (43) and (23),
respectively.

134 The Earth is also positioned according
to the position of the observer.
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Figure 14: A diagram showing the manda correction (A}') of a planet (P) due to
the eccentricity (r) of the orbit.

to mesadi (M), the observer at O’ views the planet P at an angle MO'P = QZZ,
which is the true longitude of the planet, situated at a distance O’P = K, known
as manda-karna.

To compute the true longitude of the planet (6}'), consider a fictitious mean

planet P’, orbiting in the kaksyamandala,'35 having the mean longitude MO’'P’ =

135 A fictitious orbit centered at O’, having mandala, and displaced from its center by a
the same radius (O’'P’ = R) as the prati- distance OO" = PP’ =r.
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0,. It can be easily seen that the true longitude of the planet (0}) is given by?3¢

0 = MO'P = MO'P’ — PO'P’
=0, A}
=0,~ sin” " (% X sin(6, — Qp_ap)) , (61)

where Aj and 6, ,, are the planet’s equation of center and the mean longitude
of the planet’s apogee respectively.

Now, consider the manda correction for the bhujantara corrected mean Sun
(70%) and mean moon (?6%,). Substituting the bhujantara corrected mean Sun
(40%) and mean moon (?6%,) obtained from (44) and (45) in place of the mean
planet (6,) in (61), the Sun’s apogee (6;_,,) and the Moon'’s apogee (6;,_,,) ob-
tained from (43) and (23) in place of the planet’s apogee (6, ,,), and applying
the ratios % = % for the Sun and the Moon to be 83—0 and 8—70 respectively as per the

Aryabhata school,'37 we obtain the true longitudes of the bhujantara corrected
Sun (Y6™) and Moon (?67!) to be

o1 = A6t - AL = 6% — sin”" (2 xsin('6! - 6, ) (62)
03 = 16}, A, = 10}, - sin” (L xsin('6}, - 03,.)), (63)

which are equivalent to (59) and (60) respectively. Itis evident from (61) that, as
stated in the verse, the sign of the correction is negative for o° < (6,- 0, ,,) < 180°
and positive for 180° < (6, — 0,,_;5) < 360°, because the sine function is positive
in first and second quadrants and negative in third and fourth quadrants.

12 TREPIDATION OF THE EQUINOX

FHederar SFTET Ieb: TiRGAThes: | 138
TAHTHTI s TRATRRATHAA 1 %8 1l 139
YR Ee TR S |

136 See Ganita-yukti-bhisa sections VIIL.3—7,
Sarma (2008:622-628), Tantrasanigraha Ap-
pendix F.1.2, Ramasubramanian and Sriram
(2011: 492—494), for the derivation.

137 See Aryabhatiya verse 10 in the Gitika
chapter, Shukla and Sarma (1976:22—23).
138 Before this verse, Bannafje (1974b: 188),
and Bhiksu (n.d.) have the half verse dg®-
faem fosan Tt EFERRY: that is repeated

in twenty-first verse. Bannafije (1974b:188)
states this to be scribal error.

139 Bannafije (1974b:188) uses URIATATTH,
whereas Bhiksu (n.d.) has the reading
TRATTAH] The latter seems to be more
appropriate as the word ayana is employed
in other astronomical texts. See Karanaratna
verse 1.36, Shukla (1979: 25).
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SR IR Sraee dfegd: 1l Q9 1 140
FAVTATT AR ST  R: |
AErSATToTHeRT T o aTSY Mesdl: 1l g¢ 11 141

kalyabdaugho dhenubhavo yuktah saurairvrthaphalaih |
etasmanmapaterlabdham rasyadyayanamucyate || 16 ||
prabharatnam dhisavanam ganasthanam janedhanam |
dehinityam sugaprayam savalokyam tatidvapuh || 17 ||
navabharyeti vakyani jiio'nanto’tra tu harakah |
taddorjyaliptika bhanau yuktoa tyaktoa'tha golayoh || 18 ||

N ST

Il anustubh ||

Dhenubhava (4409) added with sauravrthaphala is the collection of kali
years [elapsed]. The rasis, etc., obtained from the division of this
[group of kali years | by mapati (615) is called ayana. Prabharatna (242),
dhisavana (479), ganasthana (703), janedhana (9o8), dehinitya (1088),
sugapraya (1237), savalokya (1347), tatidvapu (1416), navabharya (1440)
— thus are the vikyas, and jiio’nanta (600) is the divisor here [for in-
terpolation]. Thereafter, in [the true longitude of ] the Sun, that Rsine
[in] minutes is added or subtracted [if the ayana is] in the two (south-
ern and northern) hemispheres [respectively].

The above verses prescribe the procedure to find the sayana longitude'4* of
the Sun from its nirayana longitude.'*3 The sayana longitude is necessary for
udayantara and cara corrections and can be determined by computing the motion
of the vernal equinox (I') with respect to mesadi (M). The model considered
in Tithinirnaya to compute the motion of the equinox is same as the model
described in Karanaratna of Devacarya, and in the commentary of Amaraja

on Khandakhadyaka.'+* To this end, the above verses initially prescribe the
determination of a quantity named ayana (A) as follows:

ayana(A) = |

kalyabdaugha dhenubhava + sauravrthaphala | =
— = — (rasi, etc.)
mapati mapati
[kali years] _ [4409 + sauravrthaphala } (signs, etc.), (64)
615 615

140 Bannafje (1974b:188) notes the al-
ternate readings flad-H, and YHIH as
scribal errors. He also makes an observa-
tion that this verse matches with Karanaratna
verses 1.49(c,d)-50(a,b), Shukla (1979:34—
35). Though Bhiksu (n.d.) does not feature
this verse, it contains the commentary of the
same.

141 Bhiksu (n.d.) has the reading T Samgat

I JHEITIS NS |

142 The longitude measured with respect
to the vernal equinox (T').

143 The longitude measured with respect
to mesadi (M).

144 See Karanaratna verse 1.36, Shukla
(1979:25-26), and the commentary of
Amaraja on Khandakhadyaka verse IIL11,
Misra (1925: 105-107).
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where 4409 and sauravrthaphala'4> are the elapsed kali years till epoch and since
the epoch respectively.

5. No. bhuja of ayana (A) | Motion of equinox (6r) | Computed declination

in degrees |in min| phrase in min (6r) of Cr in min
1 10 600 |prabharatna 242 243.01
2 20 1200 | dhisavana 479 479.79
3 30 1800 | ganasthana 703 704.04
4 40 2400 | janedhana 908 909.35
5 50 3000 | dehinitya 1088 1089.26
6 60 3600 | sugapraya 1237 1237.48
7 70 4200 | savalokya 1347 1348.23
8 8o 4800 | tatidvapu 1416 1416.78
9 90 5400 | navabharya 1440 1440

Table 5: The motion of vernal equinox (6r) in minutes corresponding to bhuja of
ayana values.

The above verses, through the phrases prabharatna, etc., further provide the
motion of the equinox (6r) for every 600 interval of ayana (A) as summarized
in Table 5. It is worth noting that verse 17 is also found in Karanaratna, a seventh
century cE astronomical text.'4°

To determine the motion (6r) of the equinox corresponding to an ayana (A)
value which lies within any given interval, the verses hint at an interpolation
formula. If (Or); and (Or);;, are the motion of the equinox corresponding to the
successive values of ayana, A; and A;,, respectively, then the desired motion of
the equinox (0r) corresponding to Aj, which lies in between A; and A;,,, can be
obtained by the following interpolation'4”

Or)iv: —6r)i (5 &
Or = (On) + —— o ——— x (& - 4). (65)

Finally, the above verses derive the siyana longitude of the Sun (Ay) by ap-
plying the motion of equinox (Or) to the true nirayana longitude (?0") of the
bhujantara corrected Sun (S,) in the following manner:

As =0 %10, (66)
145 The integral value of [ A3t ] in (1). citly stated in the verse. Th_e fgrmula pro-
11323 posed by us here is a modification of (58),

146 See Karanaratna verses 1.49(c,d)—

50(a,b), Shukla (1979: 34-35).
147 This interpolation formula is not expli-

by changing the divisor to 600’.
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where the correction is negative for the ayana in the northern hemisphere (first
and second quadrants) and positive for the ayana in the southern hemisphere
(third and fourth quadrants).'4®

12.1 EXPLANATION

The phenomenon of the vernal equinox (I') oscillating'49 about the mesidi (M) is
called trepidation and can be understood with the help of Figure 15. Figures 15a
and 15b depict the instants when the vernal equinox (I') is positioned to the east
and west of mesadi (M), respectively. If ZWS\;, = b@" as obtained from (59), is
the true nirayana longitude of the bhujantara corrected Sun (S;), and MT = Or is
the position of the vernal equinox (I') with respect to mesadi (M), then its corres-
ponding sayana longitude (A) will be

A, =TS, = MS, + MT
=0y % |0r|. (67)

The position (0r) of the vernal equinox with respect to mesadi (M) can be com-
puted knowing the characteristics of the oscillation, i.e., amplitude, time period,
and the position of the vernal equinox at some epoch. Knowing this model from
the standard texts,'>° the amplitude ([Or],,,,) and the time period of the oscilla-
tion, considered in Tithinirnaya, are taken to be 1440 or 24° and 7380 kali years
respectively. Further, at the instant of kalyidi, the position of the vernal equinox
is considered to be Or = 0° and moving to the east of the mesadi (M). If K, is
the number of kali years elapsed since the start of kaliyuga, then the number of
oscillations completed by the vernal equinox (I') about the mesadi (M) is given
by the ayana as

& 68
380 (0sc). (68)

If Ky and K are the kali years elapsed till epoch (1610424) and since the epoch

(A" = A - 1610424) respectively, then employing (4) and (7), we have

ayana (A) =

K, = K¢ +K*

R R
= [1610424 X HS] + [A’ X —S]

c D.
X 4409 + [A” X . 6
4409 11323] (69)
148 Refer Footnote 130. Ramasubramanian and Sriram (2011: 14-15)
149 In Indian astronomy, there are two the- for more details.
ories to describe the motion of the equinox. 150 Refer footnote 144.

They are Trepidation and Precession. See
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gaipt

Celestial Equator

Celestial Equator

(b)

Figure 15: Diagrams depicting the oscillation of the vernal equinox (I') about
mesadi (M) and showing the instants when the vernal equinox (I') is to (a) the
east of mesadi (M) and (b) the west of mesadi (M).

Thus, employing (69) in (68), we have

A'X31 A'X31
| 4409+ [ = ] 4409 + [—11323 ]
ayana (A) = o (osc) = B Tr— (rasi), (70)

which is equivalent to (64).

The geometrical significance of ayana (A) and the computation of the motion
(6r) of the vernal equinox (I') with respect to mesadi (M) from the ayana (A)
can be understood with the help of Figure 16. This figure is similar to Figure 15
and depicts the direction of motion of the Sun (S;,) on the ecliptic. The sayana

longitude (I'S, = A;) of the Sun (S,) indicates its position on the ecliptic and
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Figure 16: A diagram indicating the directions of motion of the Sun and the ce-
lestial body Cr on the ecliptic.

I/DE, = 0, is its corresponding declination given by'>
Oy =sin”" (sine X sin Ay), (71)

where € = 24° is the obliquity of the ecliptic. Thus, the declination of the Sun
varies between +24° and —24°. In Tithinirnaya, the amplitude of oscillation of the
vernal equinox about mesadi is also considered to be 24°. Perhaps due to this co-
incidence, the text proposes a formula for the computation of trepidation which
is analogous to the declination formula of the Sun. In this analogy, the ayana
corresponds to the longitude (A;) of the Sun, and the motion (Or) of the equinox
corresponds to the declination (0s) of the Sun. This can be better understood
with the help of the fictitious celestial body Cr (see Figure 16) moving on the ec-
liptic in the direction opposite to the motion of the Sun, with a revolution period
equal to the time period of trepidation, i.e., 7380 kali years. The position of the

celestial body Cr on the ecliptic is indicated by ayana (I'Cr = A), which is meas-

ured clockwise with respect to the vernal equinox (I'). The declination (ECT~) of
the celestial body (Cr) corresponds to the motion (0r) of the vernal equinox and
computed from a relation analogous to (71) as follows:"5

Or =sin™" (sine X sin A) : (72)

We have shown in Table 5 that the values of the motion (6r) of the vernal equinox
computed from (72) are indeed close to the values given in the verses.

151 See Tantrasanigraha section II.11, Rama- (1976:132), Laghubhiskariya verse I1.16,
subramanian and Sriram (2011:78), for Shukla (1963: 24-25), Sisyadhivrddhidatantra
its derivation. Also, see Aryabhatiya verse verse II.17, Chatterjee (1981: 39—41).

24 in the Gola chapter, Shukla and Sarma 152 Refer footnote 144.
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From Figure 16 it is evident that the sign of the declination of Cr is negative
for the ayanas in first and second quadrants, measured clockwise from I, i.e.,
0° < ayana < 180°, and positive for the ayanas in third and fourth quadrants, i.e.,
180° < ayana < 360°. Hence, from (67), the true sayana longitude (A;) of the
bhujantara corrected Sun (S;) will be

_ [ber —16r] 0" < ayana < 180°
* o \bem +10r] ,180° < ayana < 360°

which is equivalent to (66). It is worth noting that, as per this model, the rate
of motion of the equinox,'>> in seconds per year, ranges from 0”, when ayana
(A) = 90°,270°, to 71.43”, when ayana (A) = 0°,180°, with a mean rate observed
to be approximately (1440 X 60 X 4/7380) = 46.8”/ year.

Further, at present, when 5125 kali years have elapsed, the ayana (A) and mo-
tion (Or) of the equinox, from (68) and (72), are computed to be 249.99° and
22.47° respectively. As the current ayana, A = 249.99°, lies in the third quad-
rant, the sayana longitude (A;) of the Sun is obtained by adding the motion
(Or = 22.47°) of the equinox to the nirayana longitude (°02") of the Sun.

13 UDAYANTARA CORRECTION: ACCOUNTING THE
OBLIQUITY OF THE ECLIPTIC

THE TITHINIRNAYA does not discuss the udayantara correction as a part of the
sequence of corrections, but for the sake of completeness, we briefly dis-
cuss its purpose and procedure here. In modern astronomy, ‘the equation of
time’ constitutes the time difference between the instants of true and mean sun-
rise.’>* In Indian astronomy, this time difference is accounted for by two distinct
corrections: bhujantara and udayantara. We have already discussed the rationale
of bhujantara correction in Section 7. Now, we shall explain the second correc-
tion: udayantara. The purpose of the udayantara correction is to account for the
obliquity of the ecliptic. The discussion until now has assumed zero obliquity
of the ecliptic, i.e., the ecliptic coincides with the celestial equator as shown in
Figures 3, 5, 7, 9, and 11. However, the ecliptic has an obliquity of € = 24°. The
udayantara correction accounts for the time difference (At* = t' ~ ') between
the instants of true sunrise at L’ before and after considering the obliquity of the
ecliptic, and can be understood with the help of Figure 17.

Figure 17 depicts the instant (#”) of true sunrise at L/, neglectmg the obliquity

of the ecliptic. Here, the true Sun (S,), positioned at I"Sb = FPNSb = A, on the

153 The rate of motion of the equinox is 154 See Ramasubramanian and Sriram
computed taking the derivative of (72). (2011: 82,464—465).
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Figure 17: A diagram showing the instant () of true sunrise at L’ and the effect
of the obliquity of the ecliptic on the instant of true sunrise.

celestial equator, is just about to rise at the cardinal east (E). When the obliquity
(€) of the ecliptic is accounted for, the true Sun Sj will now be positioned on the
ecliptic at rse = As, which will not be on the horizon. In our figure, the Sun (Sj)
has already risen. As we are interested in the instant (#*) of true sunrise at L',
one must travel back (or forward) in time in order to observe the Sun at the in-
tersection (I) of the diurnal circle and the horizon. If F is the point of intersection
of the arc of the meridian drawn through S; and the celestial equator, the time
taken for the true Sun to traverse from I to S}, on its diurnal path is equal to the
time taken for a point on the celestial equator to traverse from E to F. We have

EF = EPyF = EPNT - FPNT
=TE-TF
=/\s_‘)‘sr

(73)
where a; is the right ascension of the Sun corresponding to A, given by the ex-

HISTORY OF SCIENCE IN SOUTH ASIA 13 (2025) 50-152



112 TITHINIRNAYA: A CALENDRICAL TEXT

pression'>>
sin A, X cos 6)

o, =sin "
€os O,

(74)

Here, € = 24° is the obliquity of the ecliptic, and d; is the declination of the
Sun as given by (71). If At* is the sidereal time taken for the diurnal motion of
As — @, which is approximately the time difference (#* ~ t*) between the instants
of sunrise before and after considering the obliquity of the ecliptic, the angle
traversed by the planet in this time interval is known as the udayantara correction
(Ap) of the planet. As the Sun (S,) approximately traces a complete diurnal circle
of 360° or 21600’ in a sidereal day, the time taken by the Sun (S}) to traverse the
diurnal path by A; — a; (min) will be

/1 —
At = ;T;:)(f (sidereal day). (75)

Thus, the udayantara correction (Ay) of the planet — the angle (AY), in
minutes, traversed by the planet in the time interval At — will be

. As— . .
AL = At x O = ﬁ X 6% (min), (76)

where 0}, is the true rate of motion of the planet in min/day.'5°
Hence, the udayantara corrected planet (6;) will be

0y =0y = |Ay], (77)

where ? 0} is the true longitude of the bhujantara corrected planet.’>” The correc-
tion is negative for (A; — a;) > o, which happens when A is in the first and third
quadrants, and positive for (A; — @;) < o, which happens when A; is in second
and fourth quadrants.'>® This correction was usually ignored by astronomers be-
fore the advent of Sripati (eleventh century cg).’> Though the present work is
composed after his period, it has not been considered in the text.

155 See Yelluru and Kolachana (2023:171— and "0 can be obtained from (59) and (60)
173), Kolachana, Mahesh, and Ramasubra- respectively.

manian (2018:3), and Tantrasangraha sec- 158 See Kolachana, Mahesh, and Ramasu-
tion IL.11, Ramasubramanian and Sriram bramanian (2018:12).

(2011:78), for its derivation. 159 See Sastri (1957: XXXVI), Shukla
156 Refer footnote 104. (1963:28), Shukla (1960: 114-115).

157 Inthe case of the Sun and the Moon, 0"
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TREFUTHRIAE: Thefsham—i @fg: 13 117
arkapiijyadivakyoktadorviliptascaroditah |

arkapiijyah sudhakarah ratikrido nutah prabhuh || 19 ||
alanikrsno hitoddeSo gatibhiitah smararditah |
Sasidhateti vakyani jiionanto’tra tu harakah || 20 ||
tadekadinaga lipta grahanam svasvabhuktayah |
carardhat svasvabhuktighnadanantangahrtah kalah |
rnam pratardhanam sayamuttare daksine nyatha || 21 ||
desantaradorvivarajasamskaravidhirvidhiyate madhye |
caradalasamskaravidhih sphutakriyanantaram sadbhih || 22 ||

IIEGeCl

N =TT

|| anustubh |

Il arya ||
The Rsine in viliptis mentioned in vikyas beginning with arkapiijya
(1110) etc., are called caras.
sudhakara (2197), ratikrida (3262), nutaprabhu (4260), alarkrsna
(5130), hitoddesa (5868), gatibhiita (6463), smarardita (6825), sasidhata
(6955). Here, jiio'nanta (600) is the divisor [for interpolation]. The
respective rates of motion of the planets [is equal to] the minutes
(liptis) traversed by them in one day. The minutes (kalis) are [the
result obtained] from half the cara multiplied by their respective

160 Bhiksu

(n.d.) has the reading

The vakyas are thus: arkapiijya (1110),

113

14 CARADALA CORRECTION: FOR AN OBSERVER’S LATITUDE

N~
ARTHGWM is also found after verse 20.

SRR |

161 Bannafije (1974b:189) notes T T:
as an alternate reading. Bhiksu (n.d.) has
the reading 317%'1?1" (1110) FEER (2187)
el (3162) AT (4260) |

162 Bannaiije (1974b:189) notes FI4d: as
an alternate reading and Tqa: as a
scribal error. Bhiksu (n.d.) has the reading
ER: |

163 Bhiksu (n.d.) has the reading <d-

A qh:l A half verse a‘ﬂlr_vﬁ r&aﬁg:

164 Bannarfije (1974b:190) notes an al-
ternate reading TEERMdA: as a scribal
error. Bhiksu (n.d.) has the reading
o FxET: |

165 Bannanje (1974b:190) notes an altern-
ate reading TENIHATE, as a scribal error.
Bhiksu (n.d.) has the reading e EIERIT
RAAHEAT: ST |

166 Bannafije  (1974b) notes
GIEERR as an alternate reading.
167 This verse is missing in Bhiksu (n.d.).

-~

MR
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rates of motion and divided by anantarniga (3600). [The result is]
negative (i.e., subtracted) for the morning, [and] positive (ie.,
added) for the evening [if the Sun is] in the northern [hemisphere],
[and] otherwise [if the Sun is] in the southern [hemisphere]|. The
procedure of desantara correction and the bhujantara correction
(dorvivaraja) is recommended in [the computation of] the mean
[planets], and the procedure of caradala correction is recommended
[to be applied ] after determining the true [planets], by the learned.

The above verses prescribe the caradala correction (A3) for the planet (p) to
obtain its true longitude (6},) at the instant (¢*) of true sunrise for an observer
Q understood to be at a latitude (¢) of 12.78°.1°° This correction accounts for
the time difference (At = t ~ #)'% between the instants of true sunrise at
Q (¢ = 12.78) and L’ (¢ = 0°). Verses 19 and 20, through the phrases arka-
piijya, etc., state the values of twice the ascensional difference, or cara (2Ax), in
qurvaksaras,'7° for an observer situated at a latitude (¢) of 12.78°, at every 600’
interval of the sayana longitude of the Sun (A;), as summarized in Table 6.

To determine the cara (2Aar) corresponding to the sayana longitude (Ay) of the
Sun which lies within any given interval, the verses hint at an interpolation for-
mula, as was also previously observed in verses 17 and 18. If (2A«); and (2Aa);,
are the cara values corresponding to the successive values of sayana longitude of
the Sun, (A;); and (Ay);,, respectively, then the desired cara (2Aa) corresponding
to (A,); which lies in between (A;); and (A);;, can be obtained by the following
interpolation:'7*

(2Aa)iy — (2Aa);
600’

2Aa = (2Aa); + X ((As) = (As);) - (78)

Verses 21 and 22 prescribe the procedure for applying the caradala correction
(A3') to a planet (p). This correction is applied to the true nirayana longitude
(bﬁp’”) of the bhujantara corrected planet (p) at true sunrise at L’."7> The following
rule is prescribed in the above verses

168 See Section 14.1.2 for more details.

169 If the udayantara correction is neglected,
as in the Tithinirnaya, then t* may be approx-
imated to .

170 Though the wunits of the cam
are stated to be wviliptis in the verse,
Bannanje (1974b:190) correctly
notes that the wunits should be in
gurvaksaras. It may be noted that
1 ghatika = 60 vighatikas = 3600 gurvaksaras.

171 Refer footnote 147.

172 This correction must be actually ap-
plied to the true nirayana longitude (6;) of
the udayantara corrected planet, as obtained
from (7). As the udayantara correction is ig-
nored in the sequence of corrections in Tithi-
nirnaya, this correction is applied to the true
nirayana longitude ("0y') of the bhujantara
corrected planet, as obtained from (59) and
(60) for the Sun and the Moon respectively.
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1 5 Cara (2Aa)
S. No. ° s sin(Aa) | calculated in Tithinirnaya

min | min vighatika | phrase |gurvaksara|vighatika
1 600 | 243.01 | 0.0161 18.41 arkapiijya 1110 18.5
2 |1200| 479.79 | 0.0319 36.52 sudhakara 2197 36.62
3 |1800| 704.04 | 0.0471 | 54.01 ratikrida 3262 54.37
4 |2400| 909.35 | 0.0614 | 70.45 |nutaprabhu| 4260 71.00
5 |3000|1089.26 | 0.0744 85.31 alankrsna 5130 85.5
6 |3600(1237.48| 0.0854 | 97.95 hitoddesa 5868 97.8
7 |4200|1348.23| 0.0938 | 107.67 | gatibhiita 6463 107.72
8 [4800|1416.78 | 0.0992 | 113.82 | smarardita 6825 113.75
9 |5400(1440.00| 0.1010 | 115.92 Sasidhata 6955 115.92

Table 6: The values of cara (2A«a) for the corresponding values of the sayana lon-
gitude of the Sun (A;).

t _bpom — |Aca
0p ="0p ¥ |AP|
cara  svasvabhukti

=loy ¥ X — | (kalas)
2 anantanga
3t
oo — |20 O .
="0) ¥ -~ X _3600 (min), (79)

where 6, is the true motion of the planet in min/day and 2A« is the cara in
vighatikas. The correction is subtracted for sunrise and added for sunset if the
sayana Sun is in the northern hemisphere (first and second quadrants). The cor-
rection is done otherwise if the siyana Sun is in the southern hemisphere (third
and fourth quadrants).’”> The verses also prescribe that the cara correction is
done only after obtaining the true planet, whereas desantara and bhujantara cor-
rections are applied on the mean planet.

14.1 EXPLANATION

14.1.1  Significance of cara
The cara, or twice the ascensional difference (2A«), is the time increment or decre-
ment in the length of the day for a non-equatorial observer at Q (see Figure 2)

173 Refer Footnote 130.
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with respect to an equatorial observer at L’. This time difference arises due to
the differences in the instants of sunrise and sunset at different latitudes on the
earth. The rationale for the correction can be understood with the help of Fig-
ure 18. Figure 18a is similar to Figure 17 and depicts an udayantara corrected Sun
(S,) at the instant (#*) of true sunrise for an observer at L’. This observer (L")
on the equator views the Sun (S,) rising and setting at I and ] respectively on
the 6 o’clock circle.’7* The length of the day (sunrise (X) to sunset (Y)) is the
time taken for the Sun (S,)) to traverse from I to | along the diurnal path, whose
magnitude is given by the angular measure IPy] = XPyY = 180°. Figure 18b also
depicts the same instant () as Figure 18a,'7> but for an observer Q at a northern
latitude (@ = ¢). This observer (Q) views the Sun (S,)) rising and setting at
X and Y, respectively, at the horizon. The length of the day, in this case, is the
time taken for the Sun (S,,) to traverse from X to Y along the diurnal path, which
is indicated by an angular measure XPNY given by

XPyY = XPyI + IPN] + JPNY
= 180" + 2Aq, (80)

where Xﬁ;ﬂ = ]E:,Y = Aa and 113;]] = 180°.
As the time difference (At“*) between the instants of sunrise (or sunset) for
the observers at Q (¢) and at L’ (¢ = 0°) is the time required to cover the diurnal

path XPNI (or ]PNY) = Aaq, the total time increment or decrement in the length
of the day, in vighatikas,7° is given by'7”

cara = 2Aa = 2 X sin” " (tan ¢ X tan 6,) (degrees)

6
=2 Xsin '(tan ¢ X tan 6;) X ;6(())(") (vighatikas), (81)

where 0; is the declination of the Sun as given by (71).

174 The 6 o’clock circle is the great circle et al. (2018) for its derivation.  Also,

passing through the cardinal east (E) and
west (W), and the celestial poles (Py or Ps)
and bisects the diurnal path of the sun. For
an equatorial observer, the 6 o’clock circle
coincides with the horizon.

175 See the position of the Sun (S,) at ‘I’ on
the 6 o’clock circle.

176 Approximating 1 sidereal day = 1 mean
civil day = 3600 vighatikas.

177 See Kolachana, Mahesh, Montelle,

see Aryabhatiya verse 26 in the Gola
chapter, Shukla and Sarma (1976:135-136),
Laghubhaskariya verses IL.17-18, Shukla
(1963: 25—-26), Mahabhaskariya verses I11.6-7,
Shukla (1960: 62-65), Sisyadhivrddhidatantra
verse I1.18, Chatterjee (1981:39—43), Tantra-
sangraha section II.11, Ramasubramanian
and Sriram (2011:76-80), Karanapaddhati
verse VIIL.15-18, Pai, Ramasubramanian,
etal. (2018: 252—256).
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Figure 18: Diagrams showing the diurnal path of the Sun (S,) for the observers

having the same meridian but (a) one at L’ on the equator (¢ = 0°) and (b) the
other at Q on any northern latitude (¢).
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14.1.2  Latitude for which cara is computed in Tithinirnaya

The computed values of cara (2Aa), using (81), approximately match with the
values mentioned in the verses for an observer at latitude (¢) of 12.78°N, as
shown in Table 6. This implies that the author wishes to compute the tithi for
this latitude. Kavu (¢ = 12.53°N), the hometown of Sri Trivikramapanditacarya
(suggested author of this Tithinirnaya), near Kasargod, Kerala, is situated near
this latitude.'”® Udupi (¢ = 13.34°N), where the Madhva community is concen-
trated, is also situated close to this latitude, and thus this text could have been
intended for the computations there as well.

14.1.3 Rationale for the caradala correction
The procedure for application of cara, as given in (79), can be understood as fol-
lows. As Figure 18b depicts the instant (#") of true sunrise at L’, to determine the
instant (#**) of true sunrise at Q, one should travel back (or forward) in time in
order to observe the true Sun at the intersection (X) of the diurnal path of the
Sun and the horizon. If At = Aa (in vighatikas), computed using (81), is the
sidereal time taken for the diurnal motion ()/(S\u) of the Sun, which is approxim-
ately the time difference (* ~ t*) between the instants of true sunrise for the
observers at Q (¢) and at L’ (¢ = 0°), then the angle traversed by the planet in
this time interval is known as the caradala correction (A') of the planet (p) and
is given by'7?
3t
AY = Aa X 36(’;0 (min), (82)

where 9;, is the true motion of the planet in min/ day.180 Hence, the caradala cor-
rected planet (6},) is obtained by applying (82) to the udayantara corrected planet
(6p) as follows:

6, = 0p % a5 ~ "0y’ = |AY]
O

Aa X
. 3600

~ oy * , (83)

which is equivalent to (79), because the udayantara correction is neglected in Tithi-
nirnaya.

14.1.4  Sign of the caradala correction
The sign of the caradala correction is based on whether the diurnal motion of
the Sun is considered forward or back in time to observe the true Sun at the

178 Refer footnote 30. Sengupta (1934).
179 See Karanaratna verse 1.39, Shukla 180 Refer footnote 176.
(1979:29), Khandakhadyaka verse I.22,
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horizon. When the diurnal motion of the Sun is considered forward or back in
time, the caradala correction should be added or subtracted, respectively. This
can be understood with the help of Figure 19, which is similar to Figure 18b, and
depicts the diurnal path of the Sun when its true sayana longitude (A;) falls in
four different quadrants at the instant () of true sunrise at L’ for an observer at
Q. It is observed from Figures 19a and 19b that, when the true siyana longitude
(As) of the udayantara corrected Sun (S, with declination 0;) is in the first and
second quadrants respectively, i.e., 0° < A; < 180°, the true sunrise at Q happens
Aa vighatikas before the true sunrise at L’, because the Sun, during its diurnal
motion, reaches the horizon (X) before the 6 o’clock circle (I), and thus the cara-
dala correction should be subtracted.

Similarly, it is observed from Figures 19c and 19d that, when the sayana Sun
(S, with declination —0;) is in the third and fourth quadrants respectively, i.e.,
180° < A4 < 360°, the true sunrise at Q happens Aa vighatikas after the true sunrise
at L’, because the Sun, during its diurnal motion, reaches the 6 o’clock circle
(I) before reaching the horizon (X), and thus the caradala correction should be
added.

14.1.5 Caradala correction for the Sun and Moon
Substituting the values for the Sun and the Moon in (83), the true longitudes
(6% and 6%,) of the Sun and the Moon at the instant (") of true sunrise for an
observer at Q (¢ = 12.78°), respectively, will be'®!

ot
6} = 01 F AL ~ PO F AL = b6 F [Aarx — | (84)
3600
3t
0!, = 0% F A = O™ £ A =20 ¥ [Aa x =], (85)
3600

where 0" and 767" are the true longitudes of the bhujantara corrected Sun and
Moon, as obtained from (59) and (60), respectively, and 0% and 0!, are the true
rates of motion of the Sun and Moon, respectively, and their computation will be
discussed in the following section.

181 As the udayantara correction is ignored in the
Tithinirpaya, 6" ~ 0" and 6%, ~ b0,
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Figure 19: Diagrams showing the instant (t) of sunrise at Q is, Aa vighatikas
before the instant (#*) of sunrise at the equator (L"), when the Sun (S,) is in (a)
quadrant-I (b) quadrant-II, and A« vighatikas after the instant () of sunrise at
the equator (L), when the Sun (S,,) is in (¢) quadrant-III (d) quadrant-IV.
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14.1.6  True rate of motion of the planet

Even though (50) and (76) previously introduced the true rate of motion (Qp) of
the planet, this concept is addressed here for a purpose. The earlier corrections
in Tithinirnaya, such as desantara and bhujantara,'®* utilize only the mean rate of
motion of the planet. This is because the correction is performed with respect to
the observer positioned at the center of the planet’s orbit.’®3 As the mean rates of
motion (03 and 65,) of the Sun and the Moon, given by (4) and (16) respectively,
are constant, their respective corrections of desantara, given by (36) and (37), and
bhujantara, given by (44) and (45), do not explicitly utilize the rates of motion,
which are however implicit in the choice of multiplier and divisor.

The caradala correction is the only correction, in the Tithinirnaya, which util-
izes the true rate of motion (9;,) of the planet. This is evident from the use of
the phrase ‘svasvabhukti’ in verse 21. The true rate of motion of the planet is the
rate of angular displacement of the planet with respect to the observer at (O’) in
Figure 11. The procedure to obtain the true rates of motion (0% and 0!,) of the
Sun and the Moon is not discussed in the text Tithinirnaya. Pai and Sriram (2023)
give a detailed overview of the computations of true rates of motion in different
astronomical texts. Bannafje (1974b:190) and Vyasadasa (2007:37) compute it
in the following manner. If (° 0;')4 and (bepm) A+ in minutes are the true longit-
udes of the bhujantara corrected planet at the instant (#”) of true sunrise at L’ on
the kali-aharganas A and A + 1 respectively, then the true motion of the planet 6,

in min/day is given by'®4

Op = (07 442 = (O} a- (86)
Bhiksu (n.d.), in his commentary on Tithinirnaya, proposes the following ex-

pressions for the true rates of motion (6% and 0!,) of the Sun and Moon, respect-
ively:%5

) .. _ - [ 3 _ Rsine difference
0l =0;F 0;| = x 8
s s T Us (80 225, ( 7)
R (1 o Rsine difference)/ (88)
8o 225’

where 03, and 0, are the mean rates of motion of the Sun and the Moon, as
obtained from (4) and (16) respectively.

182 See (40), (52) and (55). XIII, Chatterjee (1981:318-319) for the
183 See Section 7.1 for our discussion on derivation. Also see, Laghubhaskariya
‘mean’ and ‘true’ parameters. verses Il.g-13, Shukla (1963:20-23),
184 See Laghubhaskariya verse IL.15(c,d), Mahabhaskariya verses 1V.14-17, Shukla
Shukla (1963:24), Mahabhaskariya verse (1960:120-122), Karanaratna verses
1V.18, Shukla (1960: 122). 1.31(c,d)—32, Shukla (1979: 22-23).

185 See Sisyadhivrddhidatantra Appendix
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15 ELAPSED TITHI AND THE ELAPSED TIME IN THE CURRENT
TITHI

TR Fe LR RS fafd =i |

AT T Tt frsrsarsyr war fafe: 133 18

EREIE I ERIR IR ENR IS GATI R

T AATteeRt i Rt forgm: wehifaar: 12y 1 ST I

candrat piirvoktasamskarakrtad dinapatim tyajet |

Sesam sastya ghatibhistu vibhajya’pta gata tithih || 23 ||

vartamanam dvadasabhirliptikabhirharet tithim |

gatastu nadika jiieyah Sista liptah prakirtitah || 24 || || anustubh ||

From [the true longitude of] the Moon for which the earlier men-
tioned corrections are done, [the true longitude of | the Sun should be
subtracted. After dividing the remainder by 60 ghatikais the elapsed
tithi is indeed obtained. One shall divide | the elapsed minutes of ] the
current tithi by 12 liptis [from which | the elapsed [time in the current
tithi in] nadikas are to be known. The remainder are stated to be the
[elapsed | minutes (/iptis).

The above verses prescribe the procedure to obtain the number of elapsed
tithis (Ey,;), and the elapsed time in nadikas (Egpaikz) and liptis (Eppy;) in the cur-
rent fithi. As described in the above verses, the number of tithis elapsed (E;y,;) is
obtained from the quotient of

(O — 65)

) 8
60(ghatikas) (89)

where (6!, - 0%) is the difference in the true longitudes of the Moon and the Sun
in minutes. Normally, the denominator in (89) is considered to be 720" or 12°
in astronomical texts.’®” Presuming that the author, by the use of 60 ghatikas
as the denominator in (89), intended to indicate the average duration of a tithi,
corresponding to an increase of 720’ in the longitudinal separation of the Moon

and the Sun, (89) can be written as:'®®

(0 — 69) "t
> =FE,.q: + _—, (6}
720, tithi 720, (9 )
where the quotient E;,; gives the number of tithis elapsed and the remainder 7,
gives the number of arc minutes (/iptis) elapsed in the current tithi.

186 Bhiksu (n.d.) has the reading fTer: &4 manian and Sriram (2011: 116-118).
B (12°) Wmﬁ[aﬁﬁ ITan: | 188 This has vexed earlier commentators
187 SeeS.B.Rao (2000: 64-66), Ramasubra- too. See Bannafije (1974b:192).
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Further, the verse prescribes the procedure to find the time elapsed (in
ghatikas) in the current tithi as follows:

r ataliptis
+ = gatanadikas + SAHpHs
12(liptis) 12
Elipti
= Lghatika + PP (91)

where the quotient Egjqxs (gatanadikas) and the remainder Ey,; (gataliptis) give
the nadikas and the liptis elapsed in the current tithi respectively.

15.1 EXPLANATION

Tithi is a time duration in which the Moon increases the lead over the Sun by 12°
or 720". As the maximum lead that the Moon can have over the Sun is 360°, there
can be a total of thirty tithis (360+12). If 6! and 6!, are the true longitudes (in arc
minutes) of the Sun and the Moon respectively at the instant (t**) of true sunrise
at Q, then the number of tithis elapsed is naturally given by'%

ot — ot r
= > = Etimi + 72—;,/ (92)

720’

where E,;; is the integral number of tithis elapsed and r; (arc minutes) is the
elapsed portion of the current tithi before sunrise. If 92 and 6'75,1, in min/day, are
the true rates of motion of the Sun and the Moon respectively, then the time
elapsed in the current tithi, in ghatikas, before sunrise will be given by
Tt =
= —— X 60 (¢hatikas). (93)
(61, - 01) «
Here, the author approximates (0!, — 0%) to 720’/day. Hence, (93) will be
reduced to

e X60 14 Te

720 - E = Eghatiku' + E/ (94)

where the integral part E,; gives the ghatikas elapsed in the current tithi before
sunrise. Multiplying the fractional part of the elapsed ghatikis by 60 gives the
additional vighatikas elapsed in the current tithi:

rgX60 o . o
> (vighatikas) = 1y X 5 (vighatikas).
189 See Laghubhaskariya verses I1.26(c,d)- (1979:29-30), Sisyadhivrddhidatantra verse
27, Shukla (1963:31), Mahabhaskariya II.22, Chatterjee (1981:43), Laghumanasa
verses IV.31-32, Shukla (1960:130), Khanda- verse IV.4, Shukla (1990:142), Tantra-
khadyaka verse 125, Sengupta (1934), sangraha verses I1.55-59, Ramasubramanian
Karanaratna verses 1.41—42(ab), Shukla and Sriram (2011: 116-118).
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However, as five vighatikis correspond to one lipti,"° an additional r, liptis
have elapsed in the current tithi. Thus, denoting r, liptis as Ejy;, (94) can be

rewritten as:
Ty Elipti
7

— = Lghatika +—

> (95)

which is equivalent to (91).

16 DETERMINING VIDDHAIKADASI

TeRTSTAgERita! - =g gl § e |

TIHTGHT TH GTY TIRIG faaq 1 Yy, I Il ST I
eka'tidvadastorddhau no ced vrddhau tu sodasa |
dvyekalipti same hrase catuskaduttaram tvidam || 25 || || anustubh ||

In the case of vrddhi not being beyond twelve [liptis] (i.e., samavrddhi),
one [nadiki has to be checked], but in the case of [ati]vrddhi, sixteen
[liptis have to checked]. In sama and hrasa, two and one lipti [respect-
ively are to be checked]. This [rule] is also in addition to the quartet
[of nadikas] before [sunrise which are to be checked for the presence
of dasam1 in order to postpone the ekidast fast].

The above verse, attributed to St Trivikramapanditacarya,'?' tersely pre-
scribes the rules for postponing the ekadasi fast based on the type of dasami-tithi.
It gives the time interval to be checked before the arunodayakala* for the
presence of dasami-tithi. The types of the dasami-tithis and the time interval
before arunodayakala which will lead to the postponement of the ekadasi fast are
summarized in Table 7.

190 Considering the average duration of Rao (1994:34), Smrtimuktavali, Giri Acarya
tithi (12° or 720" increase in the lead of the (2016:147-148), Karmasiddhanta, Ramanath-
Moon with respect to the Sun) = 60 ghatikis, acarya (2013:93).

then 720 liptis = 60 ghatikis = 12 liptis = 192 Arunodayakala is the time duration of
1 ghatika = 1 lipti = 5 vighatikas. four ghatikas before sunrise.

191 See Ekddasi-nirnaya verse 30, B. P. N.
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Type of Time before
dasami-tithi arunodayakala
hrasa 1 lipti

sama 2 liptis
samavrddhi 1 ghatika
ativrddhi 16 liptis

Table 7: Time before arunodayakala to be checked for the presence of dasami.

16.1 EXPLANATION

The Ekadasi-nirnaya of Sri Vadirajatirtha provides a lucid explanation of this
verse,'?3 which is illustrated using Figure 20. Figure 20a depicts the tithi
transitions dasami-ekadasi, ekadasi-dvadasi, and dvadasi-trayodast over the course
of three days: Day-1, Day-2, and Day-3, which are indicated by the time interval
between the instants of sunrise, i.e., t, to £, £, to t;, and ; to t,, respectively. Fig-
ure 20b depicts an exaggerated view of Day-1 in Figure 20a. This figure further
depicts the division of the day into sixty ghatikas and indicates the time duration
of four ghatikis (56-60) before sunrise as arunodayakala.'9* Generally, people
fast on the day when ckadasi is observed at sunrise, i.e., on Day-2, and break
the fast during the morning hours of the next day, i.e., on Day-3, strictly before
the dvadasi lapses. Sri Madhvacarya, in his Krsnamrtamaharnava, prescribes a
general rule to postpone the ekadasi fast.'> According to this rule, even the
tithi at sunrise is ekadast, if one observes the presence of dasami-tithi during and
before the arunodayakala, as depicted in Figure 20c and Figure 20d respectively,
one should avoid fasting on ekadasi day, i.e., on Day-2, and observe it on dvadasi
day, i.e., on Day-3. This phenomenon of ekadasi being hit (postponed) by
dasami is called viddhaikadasi. The time period before sunrise, which is checked
for the presence of dasami for the occurrence of viddhaikadasi is referred to as
dasamivedhakala.

193 See Ekadast-nirnaya verses 40-56,
B. P N. Rao (1994:37-41). Also, see

195 See Krsnamrtamaharnava verse 129,
Bannafje (1974a:91). Also, see Ekadasi-

Smyrtimuktavalt, Giri Acarya (2013:339-368),
and Sri Vadirajara Krtigalu composition 36,
Nagaratna (1980: 96).

194 See Krsnamrtamaharnava verse 131(a,b),
Bannafije (19744:91), and Ekadast-nirnaya
verse 3(a,b), B. P. N. Rao (1994: 25), which
state TqE TEHT: TTATETET = |

nirnaya verse 2, B. P. N. Rao (1994:25),

which state STEUICISSE 3ZMN I T2Td|
qgs gt O, THIEIIEEAE Further,

see Krsnamrtamaharnava verse 121(c,d),
Bannafje (19744:90), which states I

E1eal U qafel TReasid I
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Sr1 Trivikramapanditacarya, through the above verse, clarifies Sri Mad-
hvacarya’s general rule of viddhaikadasi and provides specific time intervals
before arunodayakala for different types of dasami-tithi. These time intervals
denoted by ‘x” are given in the table within the Figure 20d. The types of
dasami-tithi are elucidated as follows.

Based on the duration of the dasami-tithi, it is broadly classified into ativrddhi,
samavyddhi, sama, and hrasa. When the duration of dasami-tithi exceeds 60 ghatikas
by either 5 or 6 ghatikas, i.e., 65 or 66 ghatikas, it is called ativrddhi.**° When the
duration of dasami-tithi exceeds 60 ghatikas by either 1, 2, or 3 ghatikas, i.e., 61, 62,
or 63 ghatikas, it is reckoned as samavrddhi.’7 When the duration of dasami-tithi
is 60 ghatikas, it is called sama.*9® When the duration of dasami-tithi is less than
60 ghatikas, it is called hrasa.'9?

In the case of ativrddhi, 16 liptis (equivalent to 8o vighatikas, or 1 ghatika and
20 vighatikas)>°° prior to arunodayakala is checked for the presence of dasami.>*
In the case of samavrddhi, 1 ghatika (equivalent to 12 liptis) prior to arunodayakala
is checked for the presence of dasami.?°* In the case of sama and hrasa, 2 liptis
(equivalent to 10 vighatikis) and 1 lipti (equivalent to 5 vighatikas), respectively,
prior to arunodayakala, are checked for the presence of dasami.?°3 These four clas-

196 See Ekadast-nirnaya verse 44(cd),

B. P. N. Rao (1994: 37—38), which states

L0 | LA G EUG I EATE R Bannaije
(1974b:193) gives an example of ativrddhi
as: the duration of tithis, in ghatikas, after

sunrise in the three successive days Day-1,
Day-2, and Day-3 are dasami - 45 ghatikas,

ekadast - 50 ghatikas, and dvidasi - 55
ghatikas, respectively. ~ The duration of
ekadasi-tithi will be equal to the sum of
the time durations of ekadasi in Day-1 and
Day-2, i.e., (15 + 50 =) 65 ghatikds. As the
duration of tithi will not vary significantly
over two successive days, the duration
of dasami-tithi is = 65 ghatikds. Bannafije
(1974b:192) also assumes the duration of
tithi with four ghatikas excess of 60 ghatikds,
i.e., 64 ghatikas, also as ativrddhi.

197 See Ekadasi-nirnaya verse 45(a,b),
B. P. N. Rao (1994 37—38) which states
ThHigsAcHRT I THgreRid &gaTl Similar
to ativrddhi, Bannafije (1974b:193) gives
an example of samavrddhi as: dasami - 23
ghatikas, ekadast - 24 ghatikas, dvadasi - 25
ghatikas. It implies that the duration of
dasami-tithi is = 61 ghatikas.

198 Similarly, Bannafije (1974b:193) gives

an example of sama as: dasami - 46.5 ghatikas,
ekadasi - 47 ghatikas, dvadast - 46.5 ghatikas.
It implies that the duration of dasami-tithi is
= 60 ghatikas.

199 Similarly, Bannafije (1974b:193) gives
an example of hrasa as: dasami - 55 ghatikas,
ekadast - 5o ghatikas, dvadasi - 45 ghatikas. It
implies that the duration of dasami-tithi is
= 55 ghatikas.

200 Refer footnote 190. Also see, Ekadasi-
nirnaya verses 47(c,d)-48(a,b), B. P. N. Rao
(1994 38), which state fosferfaafeeT: o= foemi
EIaRid g | SfEhehia fagran SHifa: aresmmT: |
201 See Ekadasi-nirnaya verses 53(c,d)-
54(a b), B.P. N. Rao (1994 40) Wthh state
ATETTCGTHEE, & Trexn |l {osaan

g

202 See Ekadasit-nirnaya verses 54(c,d)-55,
B. P. N. Rao (1994: 40), which state qfa a1

ma‘gﬁ‘““ AT I %@aﬂmaama
m | et Wacaat Q?Wﬁ Wl

203 See Ekddast-nirnaya verses 5o(c,d)-
51(a,b), B. P. N. Rao (1994:39), which state

N

TH fEfosterRt AT 9 <ok |1 JdT Il ISR
e TaasEE)
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Day-1 Day-2 Day-3
t, t, t, t
J\’ dasami ekadasi . dvadast ‘I‘tmyodas'l’
>1€ >i€ >1€
(a)
Day-1
t arunodayakala ¢,
—> Qhatikas “v : : : : :
o 1 ghaike 5 56 57 58 59 60
dasami P ekadast
4 A
(b)
Day-1
t arunodayakala ¢,
—> ghatikas “v : : : : :
o 1 gha 5 56 57 58 59 60
dasami | ckadast
4 e
(c)
Day-1
t x arunodayakala ¢,
hatikas < : : : :
o 1 —> ghal 56 57 58 59 60
dasami P ekadast
-/ \, >1€
Dasami tithi ‘x"in
Type Duration in ghatikas vighatikas
hrasa < 60 5
sama =60 10
samavrddhi 61, 62 or 63 60
ativrddhi 65 or 66 80

(d)

Figure 20: (a) A diagram showing the transition of tithis, dasami, ekadasi, and
dvadast across three days, (b,c and d) Diagrams showing the tithi transition from
dasami to ekadast without dasamivedha, dasamivedha in arunodayakala, and dasami-
vedha in x vighatikas before arunodayakala with different values of x tabulated.
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sifications of viddhaikadasi depending on the type of dasami-tithi are summarized
in Figure 20d.

In conclusion, if one observes the presence of dasami-tithi in the time inter-
val of ‘4 ghatikas + x vighatikas’ before sunrise, it is considered as viddhaikadasi,
prompting the postponement of the fast to the following day.

17 FASTING DAYS OF VISNUPANCAKA-VRATA

IS gt drotaT g arfheR |

HeATEUT STOTT SUSAT farsupder: 11 38 | | 37T I
udayavyapini darsa paurnamast tu yamika |

madhyahnavyapini Srond uposya visnutatparaih || 26 || || anustubh ||

The new moon (darsa) prevailing in the morning (udayavyapini),
the full moon (paurnamasi) lasting for a yama, and the Sravana-
naksatra (Srond) prevailing in the afternoon (madhyahnavyapini) are
[considered | fast-worthy by the followers of Visnu.

The above verse prescribes the days of a month on which the devotees of
Visnu shall observe fast. They are the days in which:

o the amavasya tithi prevails in the morning (pratah-kala).>°+

o the pirnima tithi prevails at least for the duration of a yama (3 hours or 7.5
ghatikas)>°5 after sunrise.

e the Sravand naksatra prevails till noon (madhyahna-kala) after sunrise.

Sri Krsnacarya, in his Smrtimuktavali, also provides a similar verse and attributes
it to Bhavisyat-purana.>*°

In common parlance, a vrata observed for Visnu on the prescribed five days of
a month — the above three days along with the two ekadasis — for the duration
of a year (12 X 5 = 6o fasting days) is called Visnuparicaka.>*7

204 In Smytimuktavali, Sri Krsnacarya states 205 See Bannafije (1974b:193), Monier-
thus: Vedavyasa divides the day (time Williams (1986: 850).

between sunrise and sunset) into five parts; 206 Sr1 Krsnacarya cites the verse:

each equal to three muhiirtas. They are: IETSATTRl T3l GIUHE AR HeEeAl-
pratafi-kala (morning), sarigava-kala, mad- forett it Idrsan fersupeedl: | See Giri Acarya
hyahna-kala (noon) , aparahna-kala (after- (2013:533).

noon), and sayam-kala (evening) in order. 207 See Giri Acarya (2013: 533-536).

See Giri Acarya (2013:250).
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18 REAPING THE FULL BENEFITS OF A FAST

won«mmw«g&é]‘l‘q: hagead | 208

AT J WTATg, GRETAR] 7 119 I ST
upavasaphalaprepsurjahyad bhuktacatustayam |
purvapare tu sayahne sayampratastu madhyame || 27 || || anustubh ||

One desirous of the benefits of the fast shall forego the quartet of
meals — in the evenings of the previous and the next day [of the
fast], and in the morning and evening of the middle (on the day of
the fast).

The above verse prescribes the four meals that are to be foregone to enhance
the benefits of a fast. These comprise the morning and evening meals on the day
of the fast itself, along with the evening meals on the days preceding and follow-
ing the fast. For instance, in the context of an ekadasi fast, this means refraining
from consuming the morning and evening meals on ekadasi-tithi, as well as the
evening meals on dasami and dovadasi. It is worth noting that a verse with similar
instruction is found in Skanda-purana.>

19 SANKOCA-DVADASI OR SADHANA-DVADASI

FHord grazl egT FRitargesna g |
STHATE: TohaT: Fal: e TRTITEATT 1 ¢ | Il 3TTYH_ I

kalardham dvadasim drstva nisithadiirdhvameva tu |
amadhyahnah kriyah sarvah kartavyah sSambhusasanat || 28 || || anustubh ||

Upon knowing [that] dvadast [lasts] for half of a kala (kalardham)>*°
[after sunrise], all the rituals that have to be performed till noon are
to be performed after midnight [of the previous day] as per the in-
struction of Sambhu.?'*

The above verse is excerpted from Sri Madhvacarya’s Krsnamrtamaharnava.>'
It gives instructions on how to perform dvadasi vrata, in the case where there are
only a few minutes of dvidasi left after sunrise.?'3

208 Bannafije (1974b:193) notes an altern- 211 Vyasadasa (2007:44) interprets
ate reading HHEJEIH| Sambhu as Caturmukha Brahma, while it is
209 See Karanam and Vadirajacarya generally interpreted as I§vara, Giri Acarya
(2002:267), which notes (2013:459).

TRAATE hd THISIATHUIN0M | ZIEadHh 212 See  Smrtimuktdvali, Giri Acarya
= ITEUET I FAAN 4.2R]R I (2013: 459).

210 As 1 kala = 1 lipti, from footnote 190, 1 213 See  Smytimuktavali, Giri Acarya
kalardham = 2.5 vinadikds. Also, See Vyasa- (2013: 457-465).

dasa (2007: 44), and Bannafije (1974b:193).
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A typical dvadasi vrata is an act of consuming a meal in the morning of dvadasi
tithi within the stipulated time (strictly before the dvadasi elapses) thus com-
pleting the ekadasi vrata (fast). The consequences of transgressing dvadasi vrata
are elucidated in Krsnamrtamaharnava.>** Owing to all the consequences men-
tioned, how could one complete a meal (after performing all the daily rituals
like Sandhyavandana, etc.) if there are only a few minutes of dvadast tithi left after
sunrise? This is the problem addressed by the above verse.

To avoid the violation of dvadast vrata, it is prescribed that all the activities
that are usually to be performed till afternoon (like Sandhyavandana, Aupasana,
etc., in the morning and Devatarcana, Vaisvadeva, etc., in the afternoon) are to be
completed before the sunrise by starting them from the midnight of the previous
day. In common parlance, such a dvadasi which remains a few minutes after
sunrise, is known as Sankoca-dvadast or Sadhana-dvadasi.>*5

20 DISCUSSION

THE TITHINIRNAYA UNIQUELY COMPRISES both the procedure to compute the tithi

at sunrise for an observer at a latitude of 12.78" and the religious injunctions
for fasting days dedicated to Lord Visnu. It features 28 verses composed in three
different meters that enhance the beauty of the text. While most verses are set
in the classical anustubh meter, the author occasionally employs the melodious
vams$astha and aryd meters too. Remarkably, all katapayadi phrases employed in
the Tithinirnaya, such as mapati (615), murari (225), etc., can be interpreted as
epithets of Visnu. This appears to indicate the author’s deep devotion towards
this deity.

The astronomical portions of the Tithinirnaya adhere to a typical karana genre
and adopt Haridatta’s parahita modified Aryabhatiya parameters. As is common
in the karana genre, Tithinirnaya provides a simple procedure for computing tithi,
avoiding complex astronomical formulae by using interpolation for corrections
such as bhujantara, manda, and caradala.?*® Tt ignores the udayantara correction,
does not provide expressions for the true rates of motion of the Sun and the
Moon, and even approximates the duration of the tithi, a varying quantity, to 60
ghatikas. Since the procedure involves only basic mathematical operations, the
text appears to be intended for laypeople who are not well-versed in astronomy.

In our work, we enhance the understanding of the procedures given in the
Tithinirnaya by stating the necessary assumptions, providing the mathematical

214 See Krsnamytamahdrnava verses 157-159, (2013: 463).

Bannanje (19744:94). 216 The interpolated values of Rsine are
215 Here, santkoca means ‘prevailing for utilized in bhujantara, and manda corrections.
a short time, and sadhana means ‘to be The interpolated values of cara (2Aa) are
achieved with great effort.” See Giri Acarya used in caradala correction.
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and geometric rationales, and offering comments at each stage. We have elab-
orated on the correct sequence of corrections and discussed our disagreements
with the interpretations of the commentators Govindacarya and Vyasadasa. Fur-
ther, we have attempted to explain the concept of viddhaikadast, stated in verse 25,
in the light of Sr1 Vadirajatirtha’s Ekadasi-nirnaya. We have studied the question
of the authorship of the Tithinirnaya and argued that Sri Trivikramapanditacarya
could be the probable author of the text. We have discussed the similarities in
the verses, expressions, and procedures between Tithinirnaya and the astronom-
ical texts such as Grahacaranibandhanasangraha, Laghubhaskariya and its commen-
taries, and Karanaratna, as well as the religious texts such as Bhavisyat-purana,
Skanda-purana, and Krsnamrtamaharnava.

In conclusion, the Tithinirnaya is a simple handbook for computing the tithi
at sunrise and determining the day on which ekadasi fast must be observed. As
the observance of the ekadasi fast is a core tenet of the Madhva tradition, Tithi-
nirnaya holds great significance for the community and remains in use in several
mathas. However, it may be noted that, based on the cara values given in the
text, this work appears to be intended only for observers located at a latitude
(¢) of 12.78°. Additionally, the parahita system on which the Tithinirnaya is based
has been superseded by Paramesvara’s drgganita system and others. Therefore,
certain revisions are necessary to align computations with observations in the
present day.
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APPENDIX A: SYMBOLS AND THEIR DESCRIPTION

Symbol Description
A Kali-ahargana, or the civil days elapsed since the start of kaliyuga
(kalyadi)
A’ Civil days elapsed since the epoch
D, Civil days in mahayuga
Sy Saka years elapsed since kalyadi
K, Kali years elapsed since kalyadi
Kj Kali years elapsed till epoch
Ky Kali years elapsed since the epoch
g Multiplier
h Divisor
Eiymi  Number of tithis elapsed
Egatika ~ Ghatikas elapsed in the current tithi
Eiipti Additional liptis elapsed in the current tithi

Locations and measurements on the spherical Earth

L
%
L
Ly
Q

¢
C

Ad

Al

Lanka, or the point of intersection of prime meridian and equator
Point of intersection of observer’s meridian and equator

L’ with observer’s meridian aligned to the east of prime meridian
L’ with observer’s meridian aligned to the west of prime meridian
Location of the observer

Latitude of the observer (Q)

Circumference of the spherical Earth in yojanas

Distance between prime meridian and observer’s meridian in
yojanas along the equator (LL")

Longitudinal difference between observer’s meridian and prime
meridian

North Pole

continued ...
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...continued

Symbol

Description

Pg

South Pole

Time instants and time differences

tk

te

tCll

At

At

At*

AtCﬂ

Time instant of mean sunrise at Lanka (L) at kalyadi

Time instant of mean sunrise at Lanka (L) at epoch

Time instant of mean sunrise at Lanka (L) on kali-ahargana A
Time instant of mean sunrise at L’

Time instant of true sunrise at L’

Time instant of true sunrise at L’ considering the obliquity of the
ecliptic

Time instant of true sunrise at Q

Time difference (# ~ °) between the instants of mean sunrise at
L’ and L

Time difference (t ~ t?) between the instants of true and mean
sunrise at L’

Time difference (#* ~ t*) between the instants of true sunrise at L’
with and without considering the obliquity of the ecliptic

Time difference (t ~ t*) between the instants of true sunrise at
Qand L’

Elements of Celestial Sphere

Zenith of the observer at Lanka (L)
Zenith of the observer at L’

Zenith of the observer at Q

East cardinal point

West cardinal point

Prime Meridian

Sun

Desantara corrected Sun

continued ...
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...continued
Symbol Description
Sy Bhujantara corrected Sun
Sy Udayantara corrected Sun
579 A fictitious point object go° behind the Sun
S;*° A fictitious point object go° behind the desantara corrected Sun
(S4)
S,”° A fictitious point object go° behind the bhujantara corrected Sun
(Sp)
DoV Direction of View
u Apogee
M Starting point of the sign Mesa(mesadi)
R Radius of the orbit
r (or) ry Eccentricity of the orbit
K (or) K; Manda-karna, or the true distance of the planet
k Kendra, or anomaly of the planet
b Bhuja of an arc
r Vernal equinox
Q Autumnal equinox
€ Obliquity of the ecliptic
O, Declination of the Sun
ag Right ascension of the Sun
Or Motion of vernal equinox
Cr A fictitious celestial body on the ecliptic moving opposite to the
direction of the Sun with the time period of revolution equal to
the oscillation time period of equinox
A Ayana or the sayana longitude (measured clockwise) of the ficti-
tious celestial body Cr
I Point on the 6 o’clock circle indicating the point of sunrise for an

observer (L") on the equator

continued ...
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...continued
Symbol Description
] Point on the 6 o’clock circle indicating the point of sunset for an
observer (L") on the equator
X Point of sunrise for an observer (Q) situated in the northern latit-
ude
Y Point of sunset for an observer (Q) situated in the northern latit-
ude
Aa Ascensional difference
Revolutions
R Revolutions of the Sun in mahayuga
R, Revolutions of the Moon in mahayuga

Ry  Revolutions of the Moon’s apogee in mahiyuga
RS, Corrected revolutions of the Moon in mahayuga due to parahita

Ry, 4y  Corrected revolutions of the Moon’s apogee in mahayuga due to
parahita

Rates of Motion

9; Mean rate of motion of the planet (p)
02 Mean rate of motion of the Sun
0:, Mean rate of motion of the Moon

GIZUP Mean rate of motion of the Moon’s apogee

05, Corrected mean rate of motion of the Moon due to parahita
an,ap Corrected mean rate of motion of the Moon’s apogee due to
parahita
6'; True rate of motion of the planet (p)
0! True rate of motion of the Sun
0, True rate of motion of the Moon
Corrections

continued ...
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...continued
Symbol Description
Ay Parahita correction for the mean longitude of the planet p
A;, Parahita correction for the mean rate of motion of the planet p
A, Parahita correction for the mean rate of motion of the Moon
A‘;n_ap Parahita correction for the mean rate of motion of the Moon’s apo-
gee
Af, Desantara correction of the planet (p)
Al Desantara correction of the Sun
A% Desantara correction of the Moon
A’fn_ap Desantara correction of the Moon’s apogee
dpm Manda correction of the desantara corrected Sun (S;)
4Nl Mean bhujantara correction of the desantara corrected Sun (S,;)
4AL, Mean bhujantara correction of the desantara corrected Moon
mAb True bhujantara correction of the manda corrected Sun
bAm Manda correction of the bhujantara corrected Sun (S;)
PAm Manda correction of the bhujantara corrected Moon
Ay Udayantara correction of the celestial body p
A Caradala correction of the celestial body p
AY Caradala correction of the Sun
A Caradala correction of the Moon
Longitudes
ok Mean longitude of the Sun at the instant () of mean sunrise at
Lanka (L) at kalyadi
ok, Mean longitude of the Moon at the instant (t*) of mean sunrise at
Lanka (L) at kalyadi
6’,21_up Mean longitude of the Moon’s apogee at the instant (t*) of mean

sunrise at Lanka (L) at kalyadi

continued ...
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...continued
Symbol Description
0k Corrected mean longitude of the Moon at the instant () of mean

sunrise at Lanka (L) at kalyadi

fof_ap Corrected mean longitude of the Moon’s apogee at the instant ()
of mean sunrise at Lanka (L) at kalyadi

05 Mean longitude of the Sun at the instant (#°) of mean sunrise at
Lanka (L) at epoch

05, Mean longitude of the Moon at the instant (#°) of mean sunrise at
Lanka (L) at epoch

0% _ap ~ Mean longitude of the Moon’s apogee at the instant (#°) of mean
sunrise at Lanka (L) at epoch

o, Mean longitude of the planet (p) at the instant (#°) of mean sun-
rise at Lanka (L) for kali-ahargana A

0 Mean longitude of the Sun at the instant (#°) of mean sunrise at
Lanka (L) for kali-ahargana A

O Mean longitude of the Moon at the instant (¢°) of mean sunrise at

Lanka (L) for kali-ahargana A

Om_ap ~ Mean longitude of the Moon’s apogee at the instant (#°) of mean
sunrise at Lanka (L) for kali-ahargana A

Os qp  Fixed longitude of the Sun’s apogee
Ag Sayana longitude of the Sun

Resulting longitudes due to corrections

6,‘;1 Mean longitude of the planet (p) at the instant () of mean sun-
rise at L’

0¢ Mean longitude of the Sun at the instant (#*) of mean sunrise at
L/

04, Mean longitude of the Moon at the instant (+?) of mean sunrise at
LI

dgb Mean longitude of the Sun at the instant () of true sunrise at L’

19t Mean longitude of the Moon at the instant (#') of true sunrise at
L/

continued ...
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...continued
Symbol Description
dgm True longitude of the Sun at the instant (+*) of mean sunrise at L’

d
Om

bom
QP

Yo (o)
O ("6%)

05
Or

True longitude of the Moon at the instant (#) of mean sunrise at
L/

True longitude of the planet (p) at the instant (#°) of true sunrise
atL’

True longitude of the Sun at the instant (") of true sunrise at L’
True longitude of the Moon at the instant (#°) of true sunrise at L’

True longitude of the planet (p) at the instant (#) of true sunrise
at L’ considering the obliquity of the ecliptic

True longitude of the Sun at the instant () of true sunrise at L’
considering the obliquity of the ecliptic

True longitude of the Moon at the instant () of true sunrise at L’
considering the obliquity of the ecliptic

True longitude of the planet (p) at the instant (t*) of true sunrise
atQ

True longitude of the Sun at the instant (t*) of true sunrise at Q

True longitude of the Moon at the instant (1) of true sunrise at

Q
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APPENDIX B: PHRASE, ITS NUMBER, AND THE
CORRESPONDING MEANING

Phrase Number

Meaning

Section 3: Verses 2 — 3

bhiisri- 1610424
bhinnaki-

cintya

garuda- 11323
dhyeya

dhisiinu- 30079
naga

desadhara-  11;28, 29,58
hararpakam

kala 31

890 3

Contemplated [also] by heavenly (liberated)
souls who are different [in nature] from
Bhaidevi and Sridevi (forms of Mahalaksmi)

One who is meditated upon by Garuda (vehicle
of Visnu; eagle)

From whose mind the $astras spring forth

One who imparts the sustenance and dissolu-
tion of the Earth

One who controls Time

One who is omniscient

Section 4: Verse 4

ananta 600

baudhanga- 16393
tulya

Suka 15

tarasobha-  01;06, 45, 26
tinakint

Infinite in terms of attributes (knowledge, com-
passion, etc.), time and space

One who treats the knowledgeable ones as his
own

One who shines magnificently

One who receives the prayers of the learned, or
one who holds the jiiana-mudra

One who surpasses the splendor of stars in the
heaven (female form of Visnu, Mohini)

Section 5: Verse 5

dragaraga 3232
nibha 40
jagat- 30738
senanga

One who instantly bestows the virtue of non-
attachment to worldly things (vairagya)

[One who has] splendor

One who commands the army in the world

continued ...
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...continued
Phrase Number Meaning
Srestha- 06;03,16,22 While being worshiped with consecrated wa-

cintyo ' mbun-
a’rcane

ters by the demigods (srestha), He is [the One
who is] contemplated upon

Section 6: Verses 6 —7

papa 11
arka 10
anarka 100
sanubhii 407

One who delivers sins to the people according
to their deeds

One who is worshiped
One who is worshiped by Vayu

One who is complete [without blemishes] and
[hence] followed by Mahalaksmi

Section 7: Verses 8 — g

divya 18
praja 82
dustastrt 2;18,0,0

One who is heavenly, not made up of earthly
matter, one who is playful

One who sustains the people

One who disfigured the demoness Siirpanakha

Section 8: Verses 10 — 12

Sariranut 225

dhibhavana 449

kathaiicana 671
nalijana 890
manapatu 1105
Sukalapa 1315
niramaya 1520

dhihpathika 1719
nrpadhika 1910

Instigator of beings [into action etc. ]
The abode of intellect
The cause of extraordinary events

One by whom people are bound [to the cycle of
birth and death]

Skilled in epistemology

One who talks [sweetly] like a parrot
Without any diseases or blemishes

One who is attained by the path of knowledge

Protector of humans [and other beings| while
being superior to them

continued ...
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...continued
Phrase Number Meaning

budhonara 2093 One who makes the intellectually weak also
shine [with intelligence]

suptakhara 2267 One by whom Khara is put to sleep (slayer of
the demon Khara)

kalavirat 2431 Supreme manifestation of arts

mahasara 2585 One who has a powerful bow (Sarriga)

diirasara 2728 One who moves away [from the impious|

dhamihari 2859 One who has the Vedas as means to attain Him
and One who removes our sins

hasandhara 2978 One who sustains [the world | with a smile

vedanaga 3084 One who has Vedas as his stage

susarkula 3177 Melting pot of all good things

tamahkhaga 3256 One who impels the sense-organs and the intel-
lect of people

parabala 3321 Zenith of power

rasabala 3372 The essence of great strength

dhanavali 3409 One who has heaps of wealth

kalabhrgu 3431 One who reckons and moves the [wheels] of
Time

jagadbhaga 3438 One who bestows prosperity to the world, or

one who is most prosperous [and therefore to
be attained] in the world

Section 9: Verse 13

Subhanga
Subhragra

murari

3°45’
225

225

One with beautiful limbs
One who is pure and supreme

Krsna, the enemy [slayer] of [the demon] Mura

Section 11: Verse 15

sad

7

Blemish-less; one who liberates beings from the
cycle of birth and death

continued ...
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...continued

Phrase Number

Meaning

aja 80

One without a birth; eternal

Section 12: Verses 16 — 18

dhenubhava 4409

mapati 615
prabharatna 242
dhisavana 479
ganasthana 703
janedhana 908
dehinitya 1088
sugapraya 1237
savalokya 1347
tatidvapu 1416
navabharya 1440
jfio’nanta 600

One who resides in cows
Husband of Mahalaksmi
Ultimate light

One who is attained by knowledge-ritual (by
the act of obtaining His knowledge)

One who is the subject of music

One who bestows prosperity to people

One whose body is eternal

One whom the excellent seers reach forever
One who is known by the scriptures

One whose body has the splendor of lightning

One whose wife (Mahalaksmi) is newly-wed
and is eternal

One who is omniscient and infinite in terms of
attributes (knowledge, compassion, etc.), time,
and space

Section 14: Verses 19 — 22

arkapiijya 1110
sudhakara 2197
ratikrida 3262
nutaprabhu 4260
alankrsna 5130
hitoddesa 5868

One who is worshipped by the Sun, and also by
the use of arka-leaf (Calotropis gigantea)

The repository and distributor of nectar

One who is playfully engaged [with the
Gopikas]

One to whom the lords bow

One who likes to get decorated

One who has the welfare [of the all beings] as
His objective

continued ...
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...continued
Phrase Number Meaning

gatibhiita 6463 One who is the destination and the means of at-
tainment [of pure bliss]

smarardita 6825 One who makes people get afflicted by the God
of Love

Sasidhata 6955 The sustainer of Moon

anantanga 3600 One who has infinite organs (one who is infin-
ite)
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GLOSSARY

amavasya The fifteenth tithi of a dark fortnight. 51, 129
arunodayakala The time duration of four ghatikas before sunrise. 125-128

bhuja The angle traversed and yet to be traversed in the odd and even quadrants re-
spectively. 56, 99—101, 106, 136

Caitra The first month of a lunar year. 53

cara Twice the ascensional difference (2Aa) in vighatikas, is the time difference in the
length of the day between the observers at latitude (¢) and equator. 55, 56, 59, 61,
105, 113-116, 118, 131, 132, 146

caradala Ascensional difference (Aa) or half of the cara. 114, 118, 119, 122, 131

dasami The tenth tithi of a bright or dark fortnight. 125-130, 146, 148

dasamivedhakala The time period before sunrise, which is checked for the presence of
dasami for the occurrence of viddhaikadasi. 126

dhruva The fixed mean longitudes proposed by the author at the epoch. 50, 64, 68—70,
72—76

drgganita Computation of the positions and motions of the celestial objects in line with
the observation. 132

dvadasi The twelfth tithi of a bright or dark fortnight. 126-128, 130, 131

ekadasi The eleventh tithi of a bright or dark fortnight. 51, 55, 61, 62, 125-132, 148

gata-jya Elapsed Rsine. 98

ghatika A time unit indicating the sixtieth part of a mean civil day. 78, 114, 123-129, 131,
134, 146-148

grahabhramanavrtta The orbit of a planet. 102

gunakara A multiplier. 71

gurvaksara One-sixtieth of a vinadika, or time it takes for a healthy person to pronounce
a long syllable. 114, 115

haraka A divisor. 71
ista-jya Desired Rsine. 98

jya The semi-chord of a semi-arc.. 98
jyardha . 98, see jya

kaksyamandala An imaginary orbit situated at the Earth’s center and sharing the
identical radius as the pratimandala. 86, 103

kala A minute in arc units, or one-sixtieth of a degree. 64, 69, 73, 102, 113, 115, 130

kala-3esa Remaining minutes in arc units. 98

kali-ahargana The number of civil days elapsed since the beginning of the kaliyuga. 53,
64, 66, 67, 69, 70, 73, 74,122, 134, 135, 139

kaliyuga The last quarter of a mahayuga (4320000 years); the other three quarters being
krtayuga, tretayuga, and dvaparayuga. 53, 65, 72, 107, 134, 146, 147

kalyadi The start of kaliyuga. 59, 65-68, 70, 72—75, 107, 134, 135, 138, 139
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karana A genre of astronomical texts that chooses a recent epoch and dictates a simpler
procedure in computing the aspects of astronomy, i.e., calendrical elements, ec-
lipses, etc., without presenting the rationale involved in the computations. 50, 53,
68,70, 74,131

karana Half of the duration of tithi. 52, 55, 147

karna Hypotenuse of a right-angled triangle. 85, 103, 136

kendra Also known as anomaly, which is the difference between the longitude of the
planet and its apogee. 92, 93, 95, 98, 101, 102, 136

Kilaka The forty-second year in a sixty-year cycle. 53

Lanka A location on the Earth where the prime meridian (a meridian passing through
Ujjayini, Svaminagara, etc.) intersects the equator. 56-59, 64—70, 72—74, 76-78, 82,

134,135, 138, 139
lipti . 76, 77, 83,113, 123-127, 130, 134, see kala

Madhva Related to Sri Madhvacarya. 50, 51, 53, 55, 62, 118, 132

Madhvas Followers of Sri Madhvacarya. 51

mahayuga A time cycle corresponding to 4320000 years, which comprises of krtayuga,
tretayuga, dvaparayuga, and kaliyuga. 59, 60, 67,70, 71, 73, 75, 94, 134, 137, 146

matha A religious establishment in the lineage. 50-52, 54, 55, 132, 133

mesadi The starting point of Aries (Mesa), or o° point in the Zodiac (risicakra). 65, 66,
82, 84, 85, 88, 91, 92, 99, 103, 105, 107-109, 136, 147

Mesa-sankranti The Sun’s transition from Pisces (Mina) to Aries (Mesa) in the Zodiac
(rasicakra). 53

muhiirta Time period equal to twice a ghatika. 129

nadika . 78, 123-125, see ghatika

naksatra Twenty seventh part (13°20") of the ecliptic. 51, 52, 55, 129, 147, 148

nirayana The longitude of a celestial body measured with respect to mesidi. 105-107,
110, 114

paiicanga An Indian calendar, which comprises of five elements: tithi, vara, naksatra,
yoga, and karana. 51, 55

parahita A system proposed by Haridatta to correct the longitudes of the planets, com-
puted from Aryabhatiya astronomical parameters, post saka 444 or kali year 3623.
50, 63, 70—72, 75,131, 132, 137, 138, 148

pratimandala . 102, 103, 146, see grahabhramanavrtta

piirnima The fifteenth tithi of a bright fortnight. 51, 129

rasi One-twelfth part (30°) of the ecliptic, or a sign in the Zodiac (rdsicakra). 59, 64,

68-70, 73,74, 95, 99, 101, 105, 108
rasicakra Zodiac. 99, 100, 147

Sarvamiilagrantha A collection of 37 works attributed to Sri Madhvacarya. 51

sayana The longitude of a celestial body measured with respect to the vernal equinox.
105-108, 110, 114, 115, 119, 136

Salivahana-éaka The epoch corresponding to the (elapsed) 3179 years of kaliyuga. 50,
53,71, 72,134, 147, 148
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$akabdasamskara A correction, in parahita system of Haridatta, to correct the longit-
udes of the planets post Saka 444. 70,72, 74

Sista-vartamanajya Current Rsine difference. 98

Sravana The twenty-second naksatra. 51, 129

$ukla-caturthi The fourth tithi of a bright fortnight. 53

siddhanta A foundational treatise. 53

tithi Lunar day, or a time unit in which the longitudinal separation between the Moon
and the Sun increases by 12°. 50, 51, 53-56, 62, 118, 123-132, 134, 146-148

Tithinirnaya Determination of tithi. 50-57, 59-63, 70, 71, 80, 89, 90, 94, 97, 99, 105, 107,
109, 114, 115, 118, 122, 131-133

trayodasi The thirteenth tithi of a bright or dark fortnight. 126, 128

vakya A word or a phrase that corresponds to a number. 95, 105, 113

vara Weekday. 55, 147

viddhaikadasi The ekidasi which is being hit (postponed) by dasami. 54-56, 63, 126,
127, 129, 132, 146

vighatika A time unit indicating the sixtieth part of ghatika. 78, 114-116, 118, 119, 121,
124, 125, 127-129, 146

vilipti A second in arc units: one-sixtieth of a minute, or one-three-thousand-six-
hundredth (1/3600) of a degree. 76, 77, 83, 113, 114

vinadika . 78,130, 146, see vighatika

vrata A holy practice or ritual. 51, 56, 62, 129-131

yama One-eighth part of a day, or a period of three hours. 129
yoga A time unit in which the sum of the longitudes of the Sun and the Moon increases

by 800’. 52, 55, 147
yojana A unit of length used by Indian astronomers. 58, 7678, 8o, 82, 134
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