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1 INTRODUCTION

THE JAGADBHUSANA IS A TABLE TEXT composed in the seventeenth century by the

astronomer Haridatta, the son of Hariji, who worked at the court of Jagat-
simha (r.1628-1652) in Mewar, south-central Rajasthan.” The work is comprised
of five chapters accompanied by a large set of numerical tables. The primary
purpose of this table text was to provide astronomers with data to construct the
annual calendar (paficariga). The tables themselves are enormous—comprised
of many thousands of rows of numerical data. Venus alone has over 6000 rows
of entries. Despite its size, this table text appears to have been popular, as there
exist at least 26 manuscript copies (Pingree 1968: 55) in various libraries and re-
positories across the world.

The title of this work ”Jagadbhiisana” can be construed as a clever equivoque
to felicitate Haridatta’s patron Jagatsimha. The compound jagad-bhiisana can be
read simultaneously to convey the distinction of the text and the prestige of
the patron who commissioned it. The first reading—'ornament (bhiisana) of
the world (jagat)’—singles out the work as being extra-ordinary. The second
reading—ornament of/for Jagat[simha | —is a lavish tribute to Jagatsimha him-
self and acknowledges his role in the origination of this text.> Furthermore, the
epoch of the text is set in Saka 1560 (1638 cE), a date which appears to have been
deliberately chosen to further acknowledge Jagatsimha’s patronage: the epoch
falls exactly ten years after Jagatsimha’s accession to power.3

Astronomical data in the Jagadbhiisana is structured according to the so-called
cyclic format, a scheme in which true longitudes of the planets are computed
and tabulated over large intervals of time. In these multi-year intervals—that
vary from planet to planet—both the planet and its anomaly complete an integral
number of revolutions (or very close to it). Once a cycle is completed, the planet
returns to (almost) the same circumstances as at the beginning of the cycle, and
thus the numerical data can be reused. Although substantial computation was
involved to prepare the tabular data, from a table-user’s point of view, the com-
pilation of the annual calendar (paricarnga) was considerably simpler using this

1 For manuscript surveys and prelim-
inary studies on this work, see Pingree
(1968:55-59), Pingree (1970:104), Pingree
(1973:141-142), Pingree (1978:319-320),
Pingree (2003:83-87), Montelle (2014),
Montelle and Plofker (2018: 68-69, 116-118,
235-240, 254). This contribution is the
first in a series which analyses this work,
chapter by chapter, and is based on the
doctoral thesis of Melnad (2018).

2 This second reading is based on the inter-

pretation of the compound as: jagatsimhasya
adesat, nirmitam bhiisanam (‘as per the dir-
ection of Jagatsimha, the ornament is cre-
ated’) or jagatsimham alankartum nirmitam
bhiisanam (‘an ornament created to embel-
lish Jagatsimha’).

3 There are likely compelling astronomical
reasons for selecting this date as well. The
astronomical significance of the epoch posi-
tions and circumstances remains to be stud-
ied more fully.
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36 THE JAGADBHUSANA OF HARIDATTA: CHAPTER ONE

table text, since the tables themselves provide true longitudes and motions of
the planets directly. This is unlike other historical tabular formats, in which the
user had to consult tables of mean planetary data and then tables of their orbital
corrections and combine the resulting multiple numerical values accordingly.
Another advantage of such a format is that cyclic tables are perpetual in design;
in principle, they can be used for any date whatsoever from the epoch (typically,
with some minor adjustments for each completed cycle).

This format appears to have been popular in other earlier cultures of inquiry
and finds its roots in the so-called Goal Year Periods of Babylonian mathematical
astronomy (Pingree 1970:104). Cyclic schemes also feature in Greek and Arabic
sources, notably in Ptolemy’s Almagest and the Islamicate Almanacs of al-Zarqali.
Table 1 presents the length of these large cycles for each of the planets in various
historical sources, along with Haridatta’s scheme.

Planet Babylonians  Ptolemy al-Zarqali  Haridatta
(312-63 BCE) (100-170CE) (1029-1087CE) (1638 CE)

Mars 79 79 79 79
Mercury 46 46 46 46
Jupiter 71 71 83 83
Venus 8 8 8 227
Saturn 59 59 59 59

Table 1: Large astronomical planetary cyclic periods in years from various
sources (as compiled by Pingree (1968:56)).

One of the earliest instances where we find the use of cyclic periods in Indian
astronomy is in Vararuci’s candravikyas (lit. ‘moon sentences’), a set of 248 mne-
monics specifying the true longitudes of the moon.* A later text, the Viakyakarana
(‘A manual [for constructing] vakyas”) includes similar versified tabulated data,
but for all the planets. Haridatta’s work is a far more elaborate table text of this
sort—the numerical data was certainly not meant to be memorised! His cyclic
periods are large and densely populated with astronomical data for a novel time
interval, the avadhi, a 14-day period. In addition to true longitudes, Haridatta
also tabulates the rate of motion of the planets and their synodic phenomena.

The impact that Haridatta’s cyclic tables had as a genre on Indian astronomy
is difficult to fully ascertain. We are not sure if it ever became a popular genre

4 These were composed perhaps around
the fourth centuryce (Sarma and Sub-

barayappa 1985: 48).
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in India. Only one other cyclic table text is known—a work by Trivikrama com-
posed around 1704.5 Perhaps the enormous computational effort required to
produce these tables was enough of a disincentive for astronomers to undertake
composing such tables of their own. Nevertheless, Haridatta’s work was prodi-
gious and set new standards in tabular data in the Indian astral sciences.

AN OVERVIEW OF THE TEXT AND TABLES IN THE ]AGADBHL]SANA

Haridatta explicitly associates the epoch of the Jagadbhiisana to the accession to
power of Jagatsimha (verse 1.17):

When that [current Saka year] is diminished by 1550, [there results]
the regnal Saka years of Jagatsimha, the ruler of the world. [That
further] diminished by 10 [gives] the count of years [elapsed] since
the composition of the text.

The epoch year Saka 1560 corresponds to 1638 ce. In that year, the beginning of
the solar year (i.e., Mesasarikranti) occurred on Thursday, April 8.° This weekday
being Thursday is confirmed by data found in the numerical tables of this work
(see section 3).

Numerical data in the text” reveal that these tables pertain to a latitude
of ¢ = 24°N. Given the broader context of this work, the association with the
royal lineage of Jagatsimha and the accolades expressed for the city of Udaipur
(verse 1.5), we surmise that these tables were indeed intended for the location
of Udaipur, one of the major cities in the Mewar region of Rajasthan.’

The Jagadbhiisana has many of the features typical of a karana/handbook astro-
nomical work, although Haridatta does not identify it as such. The five chapters
cover almost all major topics in astronomy; Table 2 lists the titles of each chapter
along with the number of verses in each.

Chapters one and two of the Jagadbhiisana cover the determination of the po-
sition and daily motions of the sun, the moon, the moon’s anomaly, and the five

5 For details, see Pingree (1978:320), Pin-
gree (1968: 64-65), Pingree (1970:104), Pin-
gree (1970-94: A3, 92b—93b and Ag).

6 This date was confirmed by Yano
(2004) and Drikpanchang (2023). Pingree
(1968:56) proposed this epoch date as
Saturday, 31 March 1638. However, we are
not able to reconstruct Pingree’s reasoning
for this dating; but it could be related to the
use of the Julian calendar.

7 Numerical entries from a length of day-
light table and associated scribal paratext
in MS P (f.99v) indicate the length of the

longest day for the locality of the tables is
33,48 ghatikas. From this, the terrestrial latit-
ude can be reconstructed using the relation-
ship between the ascensional difference Aq,
solar declination 6 and terrestrial latitude ¢
via: sinAa = tan ¢ tan d.

8 In a previous synopsis of the tabular data
made by Pingree (1968:57), Ujjain is pro-
posed as the location, a city whose latitude
varies from that of Udaipur only by roughly
one degree. However, we argue Udaipur is
a more appropriate location both astronom-
ically and contextually.
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38 THE JAGADBHUSANA OF HARIDATTA: CHAPTER ONE

Sanskrit chapter title English equivalent No. of verses
Stiryacandrasphutikaranam  Obtaining the true positions of the 36

sun and moon
Bhaumadisphutikaranam Obtaining the true positions of Mars 10*

and so on
Lagnadivimisram Miscellany on the ascendant, etc. 24
Grahanam Eclipse 34
Paficangasphutikaranam Obtaining the accurate calendar 28

Table 2: An overview of the chapter of the Jagadbhiisana (*This chapter also con-
tains a number of short prose passages at the end).

star-planets via the tables. It is these two chapters which pertain most directly to
the numerical tables. Table 3 lists the titles of the tables and their contents as set
out in MS P.

Chapter three covers astronomical phenomena related to the so-called ‘three
questions’, namely those related to direction, location and time. This chapter
includes rules for determining the ascendant, rising times, declination, local
terrestrial latitude, ascensional difference, and the helical rising and setting of
Agastya. It also includes a versified sine table with Radius R = go. Chapter
four presents the standard procedures for eclipse reckoning. Chapter five
covers detailed rules for determining aspects of the calendar, including tithis,
yogas, and naksatras. This chapter appears to have many parallels with the
sixteenth-century calendrical work, the Tithicintamani of Gane$a Daivajiia.

OVERVIEW OF THE MANUSCRIPTS

The following manuscripts were consulted for this study:

MS B: BORI 399 of 1899-1915, Bhandarkar Oriental Research Insti-
tute, Pune.

MS J: Khasmohor 5420, Jaipur Palace Library, Jaipur.

MS L: LDI 6182, Lalabhai Dalpatabhai Institute of Indology,
Ahmedabad.

MS P: Poleman 4869 (Smith Indic 146), Rare Books and Manuscript
Library, Columbia University, New York.

The first three contain the text of the Jagadbhiisana only; the fourth contains only
the tables of the Jagadbhiisana. We are not aware of the existence of any manu-
scripts that contain both the text and a complete set of the tables.
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40 THE ]AGADBHL_ISANA OF HARIDATTA: CHAPTER ONE

MS B: BORI 399 of 1899-1915, Bhandarkar Oriental Research Institute (BORI),
Pune, 4 ff.
Available to us in a black-and-white photocopy. This copy is neatly written. 18
lines per page. The scribe has written SFFERUNA (jagadbhiisanasiitra) on several
folia in the top-left margin. Corrections and scribal notes appear in the margins.
No date is mentioned. An image of the first page can be seen in Figure 1.

MS J: Khasmohor 5420, Jaipur Palace Library, Jaipur, 7ff.

Available to us in a color photocopy. 11 X 26.5 cm (Pingree 2003: 84). The script is
compact but legible. 12 lines per page. Corrections have been made using yellow
paste. The colophon on f.7v reads 3fd SR TUTFIFHISHUTZHIETS o HEN o G=H
W4\l The date of copying is found as a post-colophon on f.7v: Had 2<% TG
Fo fasi & E| fodigan. (Samvat 1826, Asadha, dark fortnight, gth tithi, Wednes-
day), corresponding to Wednesday 28th of June, 1769 CE. An image of the first
page can be seen in Figure 2.

MS L: LDI 6182, Lalabhai Dalpatabhai Institute of Indology, Ahmedabad, 5ff.

Available to us in a black-and-white photocopy. The script is very neat. 15 lines
per page. The date of copying is found on f. 5v: $iEq: Had 2o T AT FEIE
R faeit e | (Samvat 1717, Pausa, bright fortnight, 2nd tithi, Sunday), corres-
ponding to Sunday 2nd January, 1661 CE . An image of the first page can be seen

in Figure 3.

MS P: Poleman 4869 (Smith Indic 146), Rare Books and Manuscript Library,
Columbia University, New York, 100 ff.

Available to us in black-and-white photocopy. Ruled numerical tables only.
While the majority of this manuscript is legible, there are several places espe-
cially on the left and right margins where characters and portions of text are
smudged or blackened out. Around 14 to 21 table rows per page. The date of
the manuscript is not recorded. The title of the manuscript is found on f. 11:
SHTEHUTHETRE SAfEleer FIgHl (jagadbhiisanasamjiiakasya jyotirgranthasya
kosthakani). The scribe has also noted & 3eeo (§loka 3000) which may be an
attempt to quantify the magnitude of the copying task. A sample image of a
page of numerical tables can be seen in Figure 4.

METRICAL FEATURES OF THE JAGADBHUSANA

While some of the important early works on Indian astronomy, such as the Arya-
bhatiya and the Brahmasphutasiddhanta, adopt only one meter throughout their
composition, Haridatta has employed a variety of meters in the Jagadbhiisana.
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Figure 2: Sample image of MS J showing its general palaeographic features.
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Meter (vrtta)  No. of Verses

Anustup 35
Arya 1
Indravajra 14
Upajati 46
Upendravajra 1
Citralekha 1
Puspitagra 1
Pramanika 1
Praharsint 1
Bhujatigaprayata 3
Malint 1
Rathoddhata 2
Vasantatilaka 2
Vasantika 1
Sardillavikridita 13
Salini 7
Svagata 2
132

Table 4: A summary of the meters employed by Haridatta in the Jagadbhiisana.

Perhaps this was to enhance the charm of his composition, and make the text
more appealing.” In Table 4, we provide the names of meters along with the
number of verses composed in that meter in the Jagadbhiisana. Among the
most frequent metres are Upajati and Anustup, but other more elaborate or rare
metres appear throughout, including Sardiilavikridita, Pramanika, Puspitagra and
Vasantika.

2 AN OVERVIEW OF CHAPTER ONE OF THE JAGADBHUSANA

ARIDATTA WAS WORKING during a pivotal moment in north Indian history.
The relations between the Sisodia clan of Rajputs of Mewar and the much
larger Mughal empire were complex. From the late sixteenth until the early

9 Using a variety of poetic metres is usu- single meter, such as the Tantrasangraha of
ally employed purposefully by an author. Nilakantha or the table text Candrirki of
Some later texts predominantly stick to a Dinakara.
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seventeenth century, the Sisodias were frequently under attack from Mughal
forces. Eventually however by the mid seventeenth century, the Sisodias accep-
ted Mughal suzerainty and relations between the Rajputs and Mughal emperors
appear to have been increasingly harmonious. At a certain point, the Mughal
emperor Shah Jahan (ruled 1628-1666) granted the Sisodias semi-autonomous
statehood.

With the constant presence of the Mughal empire, Mewar rulers appeared
eager to maintain aspects of their political and cultural identity. They sought
to achieve this in part through the arts and sciences. These disciplines served
as platforms for celebrating the cultural origins of the Rajput dynasty. Modern
scholars have noted this in architecture and the visual arts of this period. Art
theorist Jennifer Joffee (2005: 58-83) argues convincingly for the omnipresence
of this aspiration in art and architecture during this time. She singles out the use
of archaic elements which served to venerate and emphasise the cultural roots
of the Sisodias. In a similar vein, art historian Melia Bose (2015: 251) notes that
artists and scholars of this period would ‘self-consciously draw from the artistic
traditions of the pre-Mughal past” and would ‘create markedly different artworks
that communicated their cultural distance from the Mughals’.

Jagatsimha ascended to power amidst extended periods of peace which
brought with them prosperity and, in turn, renewed spending on the arts and
sciences. He is well-known for his generous patronage (Bose 2015:272) in
these areas. Alongside his substantial patronage of art and architecture (Bose
2015:256), Jagatsimha commissioned literary and scientific works as well.
Among these included Haridatta’s treatise on mathematical astronomy, the
Jagadbhiisana. This composition too in many ways can be seen to epitomise this
new emphasis on cultural distinction.

FEATURES OF THE ENCOMIUM

In addition to the technical astronomical content, the work has been used as a
platform for promoting the glory of the Sisodia dynasty. The Jagadbhiisana in-
cludes a lengthy encomium at the beginning of the work which celebrates the
lineage and status of the Sisodian clan in a passage which occupies almost a
sixth of the entire work. Uncovering such details from the opening verses of the
Jagadbhiisana thus contributes to growing scholarly evaluations of artistic and in-
tellectual endeavours at the Mewar courts and bear witness to the circumstances
in which scholars worked during this period.

Beginning from the Siiryavamsa, the legendary Solar dynasty, from which
the Sisodia dynasty claim their origins, Haridatta surveys the various maharanas
pivotal to the rise of Jagatsimha and gives an embellished account of their qual-
ities and achievements. Figure 5 lists the lineage of maharana s that Haridatta
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Sanskrit name Modern name Dates (cE)
Udayasimha Udai Singh I 1540-1572
Pratapasimha Pratap Singh I 1572-1597
Amarasimha Amar Singh I 1597-1620
Karnasimha Karan Singh II 1620-1628
Jagatsimha Jagat Singh I 1628-1652

Table 5: The lineage of maharana s of the Sisodia dynasty leading up to Jagat-
simha.

refers to in the encomium during the mid-sixteenth and first half of the seven-
teenth century. From the maharana Udayasimha, Haridatta proceeds from father
to son in turn over a number of verses until he reaches Jagatsimha, his patron.

Besides other things, the encomium is notable for its flair and poetic beauty,
achieved through the use of artistic literary embellishments known in Sanskrit
as alankara.’® The generous praise contained in these verses is amplified by con-
ventional poetic effects including simile (upama), metaphor (riipaka), nuanced
forms of double readings and puns (5lesa), exaggeration (atyukti), and poetic
sound effects such as assonance (vrtyanuprasa), consonance (yamaka) and allit-
eration (chekanuprasa). Haridatta weaves in familiar mythological references to
further amplify the status and sovereignty of this lineage. The effect of this is to
impress upon those that used this text the profound and glorious reign of Jagat-
simha. This memorable celebration of the Sisodia dynasty thus provides a fitting
context for Haridatta’s astronomical work to begin."

CONTENTS OF CHAPTER ONE

The first chapter of the Jagadbhiisana covers the determination of the true longit-
udes and daily motions of the sun and the moon, and from these, related phe-
nomena. We present below a list of topics included in this chapter:

e Verse 1: Invocation
e Verses 2—16: Encomium
e Verse 17: Specifying the epoch as Saka 1560 (1638 cE)

10 A study of the use of alarkara in scientific
treatises have been the subject of some pre- 11 A preliminary analysis and translation of
vious studies (Misra et al. 2016; Ramasubra- the encomium only appear in Melnad et al.
manian, Kolachana, et al. 2018), but such (2019).

analyses are still emerging as an important

aspect of these technical treatises.
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e Verses 18—20: Listing the cyclic periods (cakra) for the ‘lord of the year’
(abdapa), epact (Suddhi), lunar longitude, and the lunar anomaly (kendra)
and how to determine their current amounts via the accompanying tables
and their residual corrections.

e Verses 21—22: Describing the procedure for converting lunar days (tithis)
into civil days (ahargana) from the beginning of the solar year.

e Verse 23: Calculating the appropriate tabular argument in avadhis (a
period of 14-days) and a remainder (calaka) to select the appropriate data
from the tables.

e Verse 24: Obtaining the mean position of the moon and its anomaly.

e Verses 25-27 Determining the true longitude of the moon using the eccent-
ricity correction (mandaphala) table and an interpolation algorithm.

e Verse 28 Specifying the mean daily motion of the moon and its anomaly.

e Verse 29: Reducing arcs to the first quadrant and the definition of the com-
plement.

e Verses 30—-31: Determining the true longitude of the sun and its daily mo-
tion using a single table.

e Verse 32-34: Computing calendrical luni-solar time-units such as the
elapsed tithis, naksatras and yogas on a desired day and determining when
the current ones will end.

e Verse 35: Establishing the instant of true local sunrise using the four time
corrections: the desantara, the yataphala (also known as udayantara), cara
(ascensional difference), and the bhujaphala.

e Verse 36: Closing remarks.

While the Jagadbhiisana shares many features of a conventional astronomical
handbook, it diverges from this format in significant ways. Indeed, occasionally
parameters are provided directly (such as the mean motion of the moon and its
anomaly), but the majority of the chapter focuses on procedures for retrieving
the required numerical data from the tables. This represents a notable shift from
the standard astronomical texts in which various planetary parameters are lis-
ted in the text, along with algorithms to compute the phenomena in question. In
a table text, these features are redundant as all relevant data has been precom-
puted.

3 TEXT, TRANSLATION, AND ANALYSIS OF THE VERSES

N WHAT FOLLOWS, we present an edited version of the first chapter of the Jagad-
bhiisana in Devanagart and Roman transliteration, along with an English trans-
lation.”> This is followed by a detailed analysis of the historical, technical and

12 A critical edition of this text is forthcoming.
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astronomical content of the verses. Where the text refers to a table, we have
provided an image of that table from MS P along with a diplomatic transcrip-
tion of the numerical values. We have not attempted to correct any values, even
when they appear to be obviously erroneous. While we have analysed the tab-
ular data in a broad sense, we leave the recomputation and reconstruction of
specific tabulated values for future studies.

INVOCATION AND PURPOSE OF THE WORK

AHSHEU TeoST= g
STTORIE AH:
Homage to Lord Ganesa.
O . ﬁ‘i o o
WWW ﬂenfﬁq |
QEWWW
U Tl SOTENoEH, |l 2 ESEERIGE]

pranamyadidevam vibhum narasimham

grahan bhaskaradyan ganesam bhavanim |
graharksaditithyadipaficangasiddhyai

karomi prabandham jagadbhiisanakhyam ||1]| [bhujangaprayatam |

Having bowed to Narasimha, who is the foremost deity [and ] the all-
pervasive, [and] the planets beginning with the Sun (Bhaskara II),
Ganes$a, [and] Bhavani, I compose the treatise (prabandha) called
Jagadbhiisana for the determination of [the positions of] the planets,
naksatras, tithis and so on for [the purpose of | obtaining a paficanga.

Following the standard convention, Haridatta commences the Jagadbhiisana
with an invocatory verse (margalacarana). This is generally in the form of offering
veneration to teachers or salutations to one’s own deities. First, Haridatta pays
reverence to Narasimha, who is described as the ‘foremost deity’ (adideva). Then
given the astronomical significance of the text, he offers his veneration to the
planets. Lastly, he pays homage to Gane$a and Ganesa’s mother, Bhavani.

In the second half of this verse, Haridatta states the name of the work. He
refers to it as a prabandha (lit. ‘composition”), a generic term typically used for a
treatise. Indeed, the emphasis in the work is on simplicity and ease of use, and
the tone and scope of the work is closest to that of the karana (handbook) genre.
But given the substantial number of numerical tables that accompany the text,
this treatise takes on new significance beyond the canonical karana. Haridatta
reveals the purpose of the text is the computation of the positions of planets,
stars, tithis etc., for constructing the annual paficarniga. Here, by the Sanskrit suffix
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adi found in the phrase tithyadi, Haridatta is implying the five elements of tithi,
vara, naksatra, yoga and karana which together form the basis of a pasicanga. In
addition, the suffix adi in the compound graharksadi implies instances of eclipses,
mubhiirtas etc., and other astronomical events that are recorded in a paficanga.

THE GLORY OF THE SOLAR DYNASTY

< . o

HAARMIEH]
ez gat Z :
feg: TdaE=d RN Ty Feamafn: |
TTET ARt SOSHGTE 311y, fgamt 1o
Ut s RaosreTaatiere ofiggeareen |l R EUCIEEAIEEEN
devendrastridasesu vrksanicaye kalpadrumastaraka-
svinduh parvatasaficaye suragiri ratnesu cintamanih |
{anga satsaritam gane’maragavi gosu dvipanam gane
svarnago’khilarajavamsanikare Sristiryavamsas tatha ||2

[$ardiilavikriditam |

As Indra (Devendra) amongst the Gods, the wish-yielding tree
(kalpadruma) amidst groves of trees, the moon amongst stars, Meru
(suragiri) amongst the mountains, the wish-yielding gem (cintamani)
amongst the various precious stones, Ganga amongst the multitude
of perennially flowing rivers, Kamadhenu (amaragavi) amongst
herds of cows, Airavata (svarnaga) amongst herds of elephants,
so too is the great solar dynasty (Sri Siiryavamsa) amongst the
multitude of dynasties.

After the traditional invocatory verse, Haridatta embarks on a lengthy enco-
mium, dedicated to praising the glory of the lineage of Jagatsimha. He begins by
invoking the legendary solar dynasty (Siiryavamsa),> thus setting the backdrop
for the Sisodia dynasty which finds its origins in this celebrated line. To em-
phasise the significance of the Siiryavamsa, Haridatta employs a series of similies
(upama). Not being content with one or two similes, Haridatta here presents
eight different scenarios, and singles out the supreme element in each. The
Suryavamsa dynasty is then compared to the epitome of each group. This po-
etic act of comparison richly conveys the superiority and status of this dynasty.

13 For a detailed description of the solar and Pansikar 1925: esp. chapter 1, verses 5—
dynasty, see Kalidasa’'s Raghuvamsa (Parab 12).
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MAHARANA UDAYASIMHA

The Birth and the Glory of the Emperor Udaya
SCIHENISTE ST d=ARHT =

TA: FRAfeTsiT: TeRTa Felie S 47: |
TR RAfTa: ST
= AT TS ¥ EEAt A SRR N 3 REIEEIESLY

tasmin ratnakhanavivativisade Sriramacandradayah

rajanah ksitipalakah samabhavan kas tan pravaktum ksamah |
tatrabhiidudayabhidho ksitipatih sadgunyasaktyanvitah

yam natham samavapya bhith sabhavatam mene samudrambara ||3]|

[Sardilavikriditam

In that vast and expansive [dynasty | which is comparable to a mine
of gems, there were kings like Sri Ramacandra who were protectors of
the whole earth. Who is capable of describing them (i.e., their glory,
etc.)? There [in this dynasty ] arose a king Udaya by name, possessed
of the six qualities, by obtaining whom as lord, the Earth, who has the

ocean as [her| garment, considered the purpose of her existence to be
fulfilled.

Having established the roots of Sisodia lineage in the legendary Siiryavamsa
dynasty, Haridatta jumps to the more recent past, to a king called Udaya. From
the name of the successors given in the next few verses, it is evident that Hari-
datta is referring to Udai Singh II, Maharana of the Mewar kingdom whose reign
was from 1540-1572 ce. Carrying on the same figure of speech, namely upama,
employed in the previous verse into this verse as well, Haridatta compares the
kings of the Siiryavamsa to precious gems in a mine, implying a similar compar-
ison for Udaya.

Despite his admission of the difficulties of capturing Udaya’s glory in words,
Haridatta nevertheless continues with accolades of praise over several verses.
Firstly, to convey Udaya’s greatness as a king, Haridatta ascribes to him six regal
qualities."* Next, Haridatta closes this verse with a beautiful metaphor captured
by the bahuvrihi compound samudrambara ‘the one who has the ocean as [her]
garment’. This phrase is an epithet to the earth which forms a striking example
of the figure of speech known as riijpaka (metaphor).

14 Though these qualities themselves are found in chapter 7, verse 160 of Manusmyti
not mentioned here explicitly, they appear (Dave 1972-84:v.4, 125): sandhi, vigraha,
to refer to a set of six traits that can be yana, asana, dvaidhibhava, and samsraya.
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Multiple Virtues of King Udaya

aauwﬁwrrmmq
FRAME3EY |
E@WWWWW
Wit} afeaaargs GUTS gMedT= T 1l @ |l EUCRIEEAICEE

sa srimanudayabhidho vijitavan rajeti sabdadhikam
ksirabdhim bahuvahintvibhutaya durgesabhavacchivam |
laksminathataya harim raghupatim saurajyabhavadbalat
bhimam dhanvitayarjunam suragajam danorusampannaya ||4/|

[Sardilavikriditam

He, Udaya by name, the possessor of varieties of wealth ($riman),
championed many other names [as titles] besides [the title of] king:
ocean of milk, by virtue of being the lord of many rivers/armies; Siva,
being the lord of Durga/the fort; Hari, by virtue of being the lord of
Laksmi/wealth; Raghupati (Rama), by providing good governance;
Bhima, because of [his] strength; Arjuna, by virtue of being an [ex-
cellent] archer; [and] the heavenly elephant (suragaja), by virtue of
possessing generosity in abundance (uru).

Here Udaya is personified as: the ocean, Siva, Hari, Rima, Bhima, Arjuna,
and the heavenly elephant. All of these associations are to highly acclaimed en-
tities either because of their physical/mythical significance or because of their
heroic deeds. By identifying Udaya with each of these names, Haridatta further
exemplifies his qualities through a figure of speech that goes by the name ullekha.

Haridatta also incorporates many clever puns or élesa in this verse. Finally,
Udaya is called the heavenly elephant, because of his virtue of possessing
‘danory’, that is abundant generosity, or equally, abundant rut-fluid, a substance
which elephants produce during the period of musth or elevated testosterone
levels. In this way, the verse is filled with double-entendre which utilise the rich

polysemy of Sanskrit.

The Birth of the City of Udaipur and its Glory
ISAYUed: dgiahIad
WWTW firan ferfaan W‘“ 3 -
CE Haaﬁém feafereros USRI |
STRSTTRACRNTIE W Igid dedd
TR ERET SO el fenTeaeaed 1l 4 I BUrSEEICEE
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rajiia puryudayabhidha viracita yenodayakhyena bhii-
bhartra sarvadhanair yuta ksititale vaikunthalokadhika |
agre’syastridasadhipasya nagari palliva samlaksyate
yatrasthas tridivaukaso janagano jitva vibhatyanvaham ||5||
[Sardiilavikriditam

By that king, Udaya by name, protector of the earth, a city, called
Udaya (Udaipur), was created on the surface of the earth, filled
with all kinds of riches, which surpassed even the world Vaikuntha.
In front of (i.e., in comparison to) this [city], even the city of the
lord of the Gods (tridasa) looks like a hamlet; by dwelling there
(in Udaipur), the citizens are ever glowing having surpassed their
counterparts in the heavens.

Continuing his praise for Udaya, Haridatta next turns from his personal at-
tributes to some of his civic achievements. In particular, he notes Udaya’s role
as the founder and architect of the eponymously named city Udayapura. This is
no doubt the current Udaipur, the historic capital of Mewar.

Here, the city of Udaipur is the subject of the figure of speech known as aty-
ukti, or poetic exaggeration. In fact, there are three comparisons here which em-
body atyukti. These pertain to the resources of the city, its appearance, and the
state of the citizens. Firstly, Haridatta describes Udaipur as filled with so many
wonderful resources that it surpasses even Vaikuntha.”> Secondly, its level of
comfort and embellishments make even a divine city look like a hamlet. Lastly,
the citizens are radiant due to the fact that the luxury they enjoy has surpassed
that of even the Gods. Such statements that place a terrestrial entity superior to
a divine one are indeed poetic exaggerations.

MAHARANA PRATAPASIMHA

The Exceptional Power of Pratapasimha

[aN) o

[N o ¢
e FRTRHIN: Tl Jafdenyd | R
FTEIRNAAON T ARG N & EESURE

AR TSI @ g4TH HETa |

AMRATAGHISRST: T GUATIUFRAE: 1o | [STR: ]

15 Vaikuntha is a dwelling place of Lord even the goddess of wealth Laksmi herself
Visnu and considered to be the most beau- has taken up residence there.
tiful, luxurious, and secure place to reside;
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tadatmajah sangararangadhirah pratapasimho nrpatir babhiiva |
yatpadapadmasrayino narendrah manorathan apnuyur apy alabhyan ||6|

[upajatih]

pratapasimhe narardjaraje khadgam dadhane karavarijena |
Sriparijatadrumapuspamalih cakruh suradhisapuranganaughah ||7||

(upajatih]

He had an offspring, Pratapasimha, a king who was extremely skil-
fulin the battlefield (sangararanga), by taking refuge unto whose lotus
feet, subordinate kings, had their desires fulfilled which were other-
wise unattainable.

When this emperor, Pratapasimha, was carrying a sword in his lotus
hand, the women in the courtyard of Indra came and offered garlands
made of the Parijata tree.

Haridatta turns his attention next to Udaya’s son, Pratapasimha who
reigned between 1572-1597. In the first half of verse 6, Haridatta uses the poetic
phrase sarngararangadhira—notably filled with alliteration—to succinctly portray
Pratapasimha as a skilled warrior. However, through the description in the
second half of the verse he indirectly conveys that this power was not misused,
but was tempered by benevolence and gentleness.

He further achieves this by a juxtaposition created between the powerful and
warrior-like Pratapasimha with a sword in hand encountering the women of In-
dra’s courtyard, who counter his arrival with showers of flowers. This descrip-
tion in fact is suggestive (dhvani) of the fact that Pratapasimha adheres to the
dharma of relinquishing the sword and ceasing battle in the presence of women.

MAHARANA AMARASIMHA

The Glory of Amarasimha
IR TN
— a o ¢ e \S [N |

T FETFEATATTETE: AT W 29 figerd, < [SHe: |

tadangajo bhiimipatir babhiiva devendratulyo "marasimhanama |

asan yadakhyasravanad vipaksah naga bhayartta iva simhanadat ||8||
[upajatih]

He had a son, Amarasimha by name, whose [glory] as a king was

equal to that of Indra. As elephants (nagah) tremble out of fear upon

hearing the roar of the lion, so too enemies would tremble merely by
hearing his name.
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Next, Haridatta moves on to Amarasimha, the son of Pratapasimha. Fear and
reverence are the dominant qualities emphasised by Haridatta in Amarasimha.
These are achieved via two upamas (simile), one in each half-verse. In addition,
there is an intentional pun with the word simha here layered within this upama.
The pun arises from a double reading of the phrase simhanadat. This compound
can be simultaneously read as ‘due to the sound [ produced by uttering the name]
simha’ (that is, Jagatsimha, the name of the king) and as ‘from the roar of a lion
(simha)’. Likening the effect on people when a lion roars to uttering the name of
someone emphasises their revered status.

MAHARANA KARNASIMHA

Kindness and Generosity of Karnasimha
FUIEET FT60E G o
ey e wrras“”' gfel TATET qETATEA:
E{I?rrruqudm aﬂu(dm dwggcqmﬂaa |16
I www Hm?mﬁnaam
STIHTT TH: AT~ & | IGAT 1 R I EUIEEAICRE

tatsiinuh kila karnasimha iti yannamna yatharthahvayah
danadhikyataya dhanurdharataya tacchatrutulyo’bhavat |
satyatvena yudhisthiradhikaranam saurajyabhavat tatha
Sriramena samah pratapanikaradhikyat samo bhanuna ||9||

[Sardiilavikriditam

Indeed he had a son, Karnasimha by name. By virtue of possessing
the quality of sharing in abundance, he became true to his name.
[Also] by virtue of his skills in archery he was an equal of his
(Karna’s) enemy (i.e., Arjuna). Because of his truthfulness, he
could take the place [i.e., qualified to bear the name] of Yudhisthira.
Similarly, by virtue of providing good governance, he was an equal
of Rama. Because of the abundance of radiance, he was an equal of
the Sun.

Continuing with the description of the lineage, this verse introduces the son
of Amarasimha, Karnasimha, who reigned from 1620-1628. In extolling Karna-
simha’s virtues, Haridatta presents five revealing descriptions of qualities Karna-
simha possesses. These form poetic examples of ullekha (multiple allusions of
one thing in different contexts). The first draws its literary force by his very
name. Karnasimha shares his name with the legendary Karna, a hero from the

16 We have emended the text from tulya to tulyo
in this quarter.
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Mahabharata known for his unparalleled virtue of sharing and generosity. The
other four ullekhas pick out other different qualities by likening him to various
heroes. These include Arjuna for his skills in archery, Yudhisthira for his honesty,
Rama for his good governance, and to Siirya/the Sun for his abundant radiance.

MAHARANA JAGATSIMHA

Outstanding Qualities of Jagatsimha
o . :
C;\ =~ . R N e . i .r\ l d : l o
GHIMRcA ATGATAT AHFRISE Hdgled Hedl: 1l 2o |l [SUSTIC: |

tadangajanma dharanim prasasti Sriman jagatsimhanypo mahaujah |
dharmadhikatvena dayalubhavat yamekalingam pravadanti santah ||10||
(upajatih]
His son, Jagatsimha, as he was ruling the earth, was blessed with
enormous wealth ($r7man) and abundant courage, whom by virtue

of his total commitment to righteousness and profuse compassion,
the noble ones (santah) declared [him] as as icon.

Finally, Haridatta reaches Jagatsimha, the son of Karnasimha, the patron of
the Jagadbhiisana. There are six verses dedicated to recounting Jagatsimha’s many
virtues, almost half the encomium. These verses are lavish in their praise. In this
first verse, the figure of speech hetu (identifying a cause and its effects) is invoked
to emphasise Jagatsimha’s singular status.

Further Glorzﬁcatzon of ]agatszmha s Virtues
SUIRSELS| W
ﬁmaﬂﬁmuqua?uﬁm TS
Frerd | TGl =i A e o
WHW i Hreasd
fehrear TRl fohet: 2Tl SrTfedt e, N 22

ESEEITEE

Srimadbhiipajagannaradhipamahatkirttil pratapojoalah

kridartham nagarad bahir bhavati ced yanam tvadiyam vibho |

Srutva sailapuradhipadinarapah svokamsi santyajya te

kintvasmanabhiyasyatiti cakitah sighram prayanti kvacit ||11]|
[Sardilavikriditam |

His majesty, king Jagat-[Simha |, one of great fame [befitting | an em-

peror and [who] glows with valour, when he comes out of the city
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for the sake of sport, having heard [the noise] of your chariot, Oh
Lord, the subordinate kings like the ruler of Sailapura, leaving their
dwelling places, wondering ‘Is he on his way towards us?’, trembling,
quickly move away somewhere else.

Elaborate praise for Jagatsimha continues in this verse, as Haridatta recounts
his reputation amongst other kings in a playful way. The description that we find
in this verse forms a beautiful instance of bhrantyalarnkara, a poetic flourish that
vividly describes an act of illusion.

The episode Haridatta narrates involves subordinate kings being under the
spell of Jagatsimha’s dominance. Indeed, Jagatsimha’s reputation for power and
dominance is such that the mere act of him moving out of the city in which he
dwells is totally misconceived by subordinate kings as a potential attack against
their smaller kingdoms. However, Haridatta completes the illusion by explain-
ing that Jagatsimha is simply leaving for leisure: but this sportive act still induces
fear in neighbouring rulers. Such a poetic flourish reinforces the superior status
of Jagatsimha among other kings.

Imagery of Jagatsimha’s Greatness
o . Y o
S RIRIE UG Cr GRS RE
TH <E TRSHE A SisHTicee arad, |
AT T HEI T TG R RE]
e JeidonRacHe Tetd qHars: 1| ¢ |l [T |

tvatprasthane turagakhuracaladbhiitadhatrirajobhih

vyaptam cedam sakalamiha nabho Srijagatsimha yavat |
tavacchrimatsamadagajaghatadanadharabhirasu

klinnam prthvitalamakhilam alam rajate bhiumipalah ||12|| [citralekha]

As you depart, by the time the entire space here is filled with the dust
of the earth generated from the movement of the horses” hooves, at
that time by the flow of the rut that emanates from the frontal sinus
(ghata) of the elephants, [the dust]| quickly becomes moistened and
[settles] all over on the ground. Thus shines the king!

In order to emphasise Jagatsimha’s majesty and importance, Haridatta turns
to the size of his retinue. In doing so, he uses the figure of atyukti, or exaggeration.
A dynamic image of horses” hooves churning up dust gives a stirring impression
of the grandeur generated by the departure of Jagatsimha'’s cavalry and testifies
to its large size. So many are the horses of his retinue that the earth their hooves
whip up will fill the entire atmosphere with layers of dust and changes the hue
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of the surrounding area. However, the real hyperbole which adds to the drama
is yet to come. Following the cavalry is a herd of elephants. So large and virulent
is this herd, and, in turn, so copious the rut fluid emanating from them that the
dust which was churned up by the horses will be dampened and the air will be
cleared again. This exaggeration with its vivid imagery truly emphasises the size
of Jagatsimha’s army.

Comparing Jagatsimha With King Bhojaraja
o . = ~ @FF"
STISTEaE SRTEIE dgfed ATEIEHE A 5 |
GFhchiad @ d ST 2giad SEEeeert |l 23 | [SuATa: |
§ribhojadevasya jagannypasya vadanti samyatvamaham na manye |
sakrtkavitve sa tu laksamekam dadavayam laksasahasradayt ||13||

[upajatilt]

They speak of the similarity of his majesty Bhojaraja with Jagatsimha.
[However] I do not agree [with them]. By a single exhibition of the
mastery of poetry, he (i.e., Bhojaraja) used to give one lakh (laksa) as
areward. [On the other hand] this [Jagatsimha] presents thousands
of goals (laksa) [to be pursued which can bring countless rewards].

Haridatta continues his encomium to Jagatsimha by comparing him to an-
other historical legendary king, Bhojardja (fI.ca. 1010-1055), a polymath, cel-
ebrated for his extensive patronage of science, literature, and the arts. Such a
comparison seems naturally fitting for a monarch such as Jagatsimha. However,
Haridatta surprises his audience by turning this comparison on its head, arguing
that it is more than mere similarity, rather Jagatsimha outshines even this histor-
ical celebrated monarch. In doing so, he employs the figure of hetvapahnuti. This
is a poetic figure of speech related to hetu, but differs because of its use of a neg-
ation in the identification of a cause and an effect. In other words, Hetvapahnuti
is said to occur when a statement is made involving a negation, following which
the reason is supplied as to why it is being negated.

Given the glowing qualities of Bhojaraja, many poets would be tempted to
make a comparison between Bhojardja and Jagatsimha, in order to flatter the lat-
ter. However, this comparison is rejected by Haridatta in the clear statement in-
voking the first person singular: aham na manye ‘I do not think [so]’. The reason
he offers is that Jagatsimha rewards excellence with one thousand-fold the gift
that Bhojaraja does. This negation accompanied with a reason thus completes
the hetvapahnuti.

Layered in this figure of speech is another one, namely slesa, or an intentional
pun. This is seen in the use of the word laksa. This can mean either a lakh (a sum
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of money) or equally, a target or goal that various people set to achieve in their
lives. Thus, in addition to conveying that Jagatsimha is far more generous as a
patron than Bhojaraja, Haridatta also appears to be insinuating that Jagatsimha’s
moral standard is such that rather than necessarily rewarding excellence with
money, he believes it is more important to encourage people to pursue goals that
will bring in long-lasting and substantial rewards.

Praising Jagatsimha’s Generosity
ﬁ . oy < .
FarOT: HTHGET Glg: T=ai~a dgicaadd e |
GHFTUT s FHodedl: STRIGETg st @@ d I 22 |l

EESEl
cintamanih kamadugha suradruh yacchanti sankalpitam eva citte |
sanmargananam kila kalpanayah adhikyadatvad vijitastvaya te ||14||

[indravajra]
The wish-yielding gem, the heavenly cow, [and ] the desire-granting
tree bestow only whatever is wished for in the mind. [But] by grant-

ing much more than what is expected by the seekers of Truth (sat),
Oh Lord, they have been [easily | won over by you.

Next, Jagatsimha’s generosity is celebrated. To emphasise his magnanimity,
Haridatta invokes the figure vyatireka, a form of comparison, but one in which
the poet points out where the similarity ends. Here, Haridatta presents three
standards of comparison in the verse: the wish-yielding gem, the heavenly cow,
and the desire-granting tree. It is well known from the literature, that these three
are capable of granting wishes. However, their capacity is limited to granting
things which are specifically requested. Besides extolling Jagatsimha amongst
these wish-granting entities, Haridatta stresses that Jagatsimha, because of his
prescience and wisdom, invariably grants more than what is sought after by the
noble seekers. Since he has superseded them in magnanimity, it is indeed apt
that Haridatta describes Jagatsimha to have won over even these famous wish-
granting objects.

Appreciation of Jagatsimha’s Patronage and Asserting Authorship
SIfeHEe ST l‘l’rﬂﬂﬁﬁ%ﬂﬁ &
o o~ __C
~C
q_%ﬁ Tl WA ST TR i S TR |
dE ERERMEERETIReTEE 47 2l
17 The compound ERGTEERGTRE: is to be
derived as follows: 'é'ﬁ&?i%!'l'{ﬁ e Cas I e
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rajan srisabalabhidhananrpatirmam proktavamscintyatam
prthoi yena bhavet prabhoh sakalaga kirttih sada sthayint |
tenaham haridattabhattaharidattakhyastvadiye Sake
paficangagrahanadilabdhisahitam siddhim khaganam bruve ||15]|

[Sardilavikriditam

Oh King! The lord of the people, his excellency Sabala by name, told
me to think of a means by which your majesty’s fame will be lofty
(prthvi), widespread, and remain forever. Therefore, I, Haridatta-
bhatta by name, [and who was] brought into existence [by the grace]
of Hari (Haridatta), narrate the [procedure for the| determination
[of the longitudes] of the planets along with the calculation of the
paficanga, eclipses, and so on, [aligned with] your Saka era (tvadiye
Sake).

Haridatta finally claims his authorship and reveals that he wrote the work
primarily to make the name of Jagatsimha both famous and enduring. He also
indicates the instances that led him to that activity. Asboth cause and effect have
been explicitly mentioned in the verse, the figure of speech here can be identi-
fied as hetu. The ultimate cause is to make the name of Jagatsimha everlasting.
The effect is the production of a comprehensive astronomical work, which is ex-
pressly tied to the reign of Jagatsimha by means of its epoch, which is noted to
be set at 10 years after his accession. For this, Haridatta uses the phrase tvadiye
ake (“your $aka era”).

This verse also contains a pertinent historical reference which gives us in-
sight into the circumstances through which this work was produced. Haridatta
expressly refers to a King called Sabala. It seems that he is referring Sabala Simha
who had royal favour for his success in the battle of Peshawar, and whom as a
result the emperor Shah Jahan granted right of governance of the city of Jais-
almer. Haridatta relates that it was Sabala who suggested to him to find some
way to ensure that Jagatsimha was remembered in perpetuity. It is perhaps no
coincidence that the very nature of these tables, being cyclic, have no time limit,
and are able to be used in perpetuity.

The Reign of Jagatsimha
o .

o o hn¥
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Salivahanamahipatisake

purnabanavisayendusamane |

Srijagannarapatir nijasakam

bhiiridanajanitam kurute sma || 16 || [svagata ]
In the Saka year 1550 (piirnabanavisayendu) his excellency Jagatsimha,
the lord of the people, occasioned with abundant sharing [his] own
year [of accession].

Haridatta provides the year of the commencement of the reign of Jagatsimha:
his reign began on Saka year 1550 (piirnabanavisayendu) (i.e., 1628 ce). Haridatta
also states that Jagatsimha celebrated this occasion by abundantly distributing
his wealth to the citizens of his kingdom.

The Epoch of the Text
TeTRT:
ﬁ o S ﬂ (‘ ﬂ o
@Hmmm@m‘eﬂww T |
LLNT NN ﬂ
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$rimadvikramasamjiiakasya dharanibhartuh Saragnindubhih

hine syat kila salivahanadharadhidasya Sakah sphutam |

tasmin piirnasarendriyendurahite Srimajjagatsimhabhii-

bhartuh sakavarah khacandrarahito’stanarngano granthajah || 17 ||
[Sardiilavikriditam |

When the [year] corresponding to the protector of the earth, his ex-

cellency Vikrama, is diminished by 135 (aragnindu), indeed, the Saka

year based on the lord of the world Salivahana is correctly obtained.

When that [Saka year] is diminished by 1550 (piirnasarendriyendu),

[there results] the regnal Saka years ($akavara) of Jagatsimha, the

ruler of the world (i.e., the number of years since his accession to

the throne). [That further| diminished by 10 (khacandra) [gives] the

count of years [elapsed since] the composition of the text.

The beginnings of Vikrama-samuvat era and the Saka era are two commonly
used epochs in the Indian calendar system. The former begins in 57 Bcg, while
the latter begins in 78 cE, thus the interval of time between the two is 135 years.
With this established, Haridatta states the procedure for determining the num-
ber of years elapsed since the beginning of the reign of his patron Jagatsimha:
taking the difference between the current Saka year and Saka 1550 (equivalent to
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1628 ce). Then, he indirectly establishes the epoch year for the Jagadbhiisana to
be 10 years after this, namely Saka 1560 (1638 cE), at the end of this verse.

PROCEDURE FOR OBTAINING THE MEAN AND TRUE MOON AND SUN AND
THEIR RELATED PARAMETERS

Obtaining the Lord of the Year, Epact, the Moon and its Anomaly
ISR ST,
q_ s O o
: . A N —S |
o o -~
Feg U] TSI RHSST 1| 2¢ 1l [ST: |

granthabdavrndam nijacakramitya

bhajet tatah Sesamitarikakosthe |

varsadijanyabdapasuddhicandra-

kendrani santyabdapakalajani || 18 || [upajatih |

One should divide the count of years [elapsed ] since [the year of]
the text-[ composition ]| by the measure of their own cycle (nijacakra).
Then, the lord of the year (abdapa), the epact (suddhi), the longitude
of the moon (candra) and [its] anomaly (kendra) are found in the table
number commensurate with the remainder, evaluated at the time of
the lord of the year (i.e., the beginning of the year).

With the number of years elapsed since the epoch in hand, Haridatta explains
how to convert this quantity into an appropriate tabular argument to determine
the lord of the year, epact, the longitude of the moon, and lunar anomaly at the
beginning of a desired year from the accompanying tables. One is instructed to
divide the number of years that have elapsed since the epoch by the appropri-
ate cycle number (cakra) associated with each of these four phenomena. (These
cycle number dividers are given in the next verse.) The remainder from this di-
vision provides the tabular argument for retrieving the appropriate value from
the tables.

Lord of the Year (abdapa)

By convention, the so-called ‘lord of the year” (Sanskrit: abda-pa) associates one
of the seven planets to the weekday on which the sun enters the zodiacal sign of
Aries marking the beginning of the solar year (Mesasarkranti). Numerically it is
generated by continuously adding the difference between the length of a sidereal
year and fifty-two 7-day weeks.

To determine the accumulated lord of the year for any year since the epoch,
Haridatta provides a table (see Table 7) with 89 argument values numbered
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Number Lord of the year Weekday

0 Venus Friday

1 Saturn Saturday

2 Sun Sunday

3 Moon Monday

4 Mars Tuesday

5 Mercury Wednesday
6 Jupiter Thursday

Table 6: Lord of the year.

0 to 88.®* The numerical entries in the table correspond to the integral num-
ber of days (modulo 7) and their fractional parts precise to the third fractional
sexagesimal place and represent the instant when the Sun enters the beginning
of Aries from year to year.

The table entries have been generated by an epoch value (the first entry of
the table, namely 6; 56, 14, 30) and a constant difference. This epoch value can be
reconstructed using Haridatta’s sidereal year length'® and the number of years
elapsed since the beginning of the Kaliyuga (i.e., 3102 BcE) to the epoch of the
work (1638 cg), namely 4739 years:

4739 X 365, 15,31, 17,17 = 1730960; 56, 14, 05, 43 (1)
= 6;56,14,05,43 (mod 7). (2)
Subsequent tabular values have been generated via a constant difference

(1,15,31,17,17), namely the amount by which the sidereal year (Y,;;) exceeds
fifty-two 7-day weeks or twenty-six 14-day avadhi:

abdapa = Y5 — 26 X 14 (3)
= 365;15,31,17,17 — 364 (4)
= 1;15,31,17, 17 days. (5)

The actual lord of the year weekday can be determined from the first row
of the numerical entries. The designations o to 6 are numerical representations
corresponding to the seven individual planets conventionally associated with
each particular weekday (Table 6).

18 The eighty-nine entries reflect the cycle
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Table 7: Values of the lord of the year (abdapa) in weekdays and sexagesimal
fractional parts to three places for argument o to 88 years (MS P, . g6r). In the
bottom right-hand corner a tabular entry labeled kse, short for ksepaka (‘addit-
ive quantity”), presumably indicates the constant difference between successive
entries. This is not the constant difference for this table but rather for the follow-

ing table of epact values.

number that Haridatta has selected for the
lord of the year. For details, see verse 19.

19 Haridatta explicitly claims to be follow-
ing the Brahmapaksa (see Jagadbhiisana 3.1)
and his underlying sidereal year length can
be derived as follows: The year length used
in the Brahmasphutasiddhanta by Brahma-

gupta (Pingree 1970: 95) is:
Yy = 365;15,30,22,30 days.

Around the beginning of the second millen-
nium Bck, this was later refined by so-called
one off bija corrections. A known correction
was due to Bhojaraja and his proposed bija
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Epact (Suddhi e)

The epact (Suddhi) is the excess of the length of a sidereal year over a mean lunar
year. It is specified in lunar days (tithis). Haridatta provides a table (see Table
8) pertaining to the epact with 122 argument values numbered o to 121. The
constant differences in the table entries show that Haridatta takes the annual
epact to be 11;3,53,22,40.>°

The value of the epact chosen by Haridatta can be tentatively reconstructed
using Brahmapaksa parameters.'. Here the rate of increase in elongation per civil
day between the mean moon and the mean sun is:

13°;10, 34, 52,46 — 0°; 59,8, 10,22 = 12°; 11, 26, 42, 24. (6)

Using this mean elongation, the length of the mean synodic (lunar) month is
found to be:

360
12°,11, 26, 42,24

= 29;31,50, 5,45 civil days.

Thus, the duration of the mean lunar year is:
12 X 29; 31, 50, 5,45 = 354;22,1,9,8 civil days.

Now, the value of the epact in civil days is obtained by finding the difference
between this and the length of the sidereal year:

365;15,31,17,17 — 354;22,1,9,8 = 10;53, 30, 8,9 civil days.

The above value can be turned into the units of tithis by multiplying it the ratio
of tithis to civil days, namely multiplying by 30 and dividing by 29;31,50,5,45:**

30 7
10; 53, 30,8, X ————— = 11;3,53,25 tithis.
53,3 9 29,31, 50, 5,45 3,53,25
adjustment (Pingree 1996:163): (Kolachana, Montelle, et al. 2018:318).
21 For a list of these see, for instance, Mon-
Y4 = 365;15,30,22,30 + 0;0,0,54,47,19 telle and Plofker (2018: Appendix B, 277)
= 365;15,31,17,17 days. 22 This ratio is notably more precise than
the conversion ratio of 60 to 59 Haridatta
This year length is attested in many second gives later in the work (verse 21-22). Using
millennium sources (see, for instance, this less precise ratio in the reconstruction
Kolachana, Montelle, et al. (2018:312)), here doesn’t produce the required precision
such as the Mahadevi of Mahadeva and the for the suddhi value.

Candrarki of Dinakara.
20 This value is identical to that given in
the Candrarki. See (Pingree 1968:56) and
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which is very close to the value given by Haridatta, namely 11;3,53,22,40.?3 In-
termediate rounding or using truncated parameters in the computation may ac-
count for this very small discrepancy in the third sexagesimal place.

The epact at the epoch, namely the first value in the table (26;11,41,50), can
be tentatively derived as follows:

4739 X 11,03, 53,22,40 = 14, 33,56; 12,57,17,20 Or
= 26;12,57,17 (mod 30).

Here again, it may be noted that this is very close to Haridatta’s value, with a
very small deviation of 0; 1, 15, 27 tithi.

This table is useful in obtaining the number of civil days that have elapsed
since the beginning of the year from the count of the elapsed tithis. This value is
required for procedures detailed later in the work (see section 3).>4

Longitude of the Moon (Candra Ayy)
As an aid to the computation of the true longitude of the moon, Haridatta
provides a table that lists the mean longitudes of the moon at the beginning
of every year, with 122 argument values numbered o to 121 (see Table 9). The
epoch value is 10"14°; 20,22 = 314°; 20,22 and the annual increment (mod 360)
is 132°; 46, 40, 32 degrees. The magnitude of this increment can be derived from
the mean daily motion of the moon and the length of the year:

13,10, 34, 52,31, 44 X 365, 15,31, 17,17 = 4812; 46, 40, 32
= 132,46, 40,32 degrees (mod 360).

Likewise, the epoch value of the mean longitude of the moon can be computed
to be:

4739 X 132;46,40,32 = 2,54,47,14;35,27,28 or
= 314;35,27,28 degrees (mod 360).

This assumes that the sun and the moon were in conjunction at the beginning
of the Kaliyuga. While this reconstruction is close to the tabulated epoch value,
there is still a small discrepancy of 0°; 15, 05, 28.

23 In fact this reconstructed value differences in the tabulated values.

(11;3,53,25) is very close to the value
(11;3,53,22,40) included in the table right
at the very end under the label kse, short
for ksepaka (‘additive’). We are not able
to explain why this noted ksepaka value is
slightly different from the actual constant

24 The header text of Suddhi table reads:
Suddhau viyadriipakarastrayam ca masa gata
madhavato vicintyah. This is very similar
to related text in the table text Candrarki
(see Kolachana, Montelle, et al. (2018: 331,
verse 13)).
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S1317 2125183236 40 44 48 52 56 0 3 7 11 15 19 23 27 31 35 39 42 46 50 54 58 2
E 25 19 12 6 59 52 46 39 32 26 19 13 6 59 53 46 39 33 26 20 13 6 0 52 46 40 33 28 21
54 17 39 224 42 10 33 45 18 41 3 26 49 11 34 57 19 42 7 29 52 16 36 59 22 54 7 20

Table 8: Values of the epact (Suddhi, e) in tithis and sexagesimal fractional parts
to three places for argument o to 121 years (MS P, ff. g6v—g7r).

Lunar Anomaly (kendra Ag)
The lunar anomaly (kendra) is the difference between the longitudes of the moon
and its apogee. Haridatta provides a table (see Table 10) with 43 argument val-
ues numbered o to 42. The numerical values in the table have been generated

HISTORY OF SCIENCE IN SOUTH ASIA 12 (2024) 32-94



68 THE JAGADBHUSANA OF HARIDATTA: CHAPTER ONE
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316 28 1124 7 19 2 15 28 11 23 6 19 2 14 27 10 23 6 18 1 14 27 9 22 4 18 1 13
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g815102711380591610370481510271138059
:gzﬁ 922 417 013 26 8 21 4 17 29 12 25 8 21 3 16 29 12 24 7 20 3 16 28 11 24 7 19
&b

5§34 20 75440 27 14 0 47 34 21 7 54 41 27 14 1 47 34 21 7 54 41 27 14 1 47 34 21 7 54
~145536 16 56 37 18 58 39 10 0 40 21 1 42 22 3 44 24 4 45 26 6 47 27 8 48 29 950 30
Y 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121
w2 610 3 7 04 9 1 5 100 2 7 11 4 8 o 5 9 2 6 11 3 7 0 4 9 1 6
o

:§215281123619 2 14 27 10 23 6 18 1 14 27 9 22 5 14 1 13 29 9 22 4 17 O

&

54127 14 147 34 21 7 14 41 27 14 1 47 34 21 7 54 41 28 14 1 48 34 31 8 54 41 28
=11 5132 12 5334 14 55 35 16 56 37 16 57 37 18 58 39 19 0 41 21 2 32 23 3 44 24 5

Table 9: Longitudes of the moon in zodiacal signs, degrees, and sexagesimal
fractional parts to two places for argument o to 121 years (MS P, f. g7r/v).
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by an epoch value of 0°;27, 51, 11 and a constant difference of 372°;6,8 = 92°;6, 8
which corresponds to the mean annual longitudinal displacement (modulo 360).
Using Brahmapaksa parameters for the mean daily motion of the moon and the
apogee, the mean daily motion of the lunar anomaly is:*>

13;10, 34, 52,46, 30 = 0;6, 40, 53, 56 = 13; 3,53, 58, 50, 30,

and its mean annual longitudinal displacement is, therefore:

13;3,53,59 X 365;15,31,17,17 = 4772;6,11,11,26
=092;6,11,11 (mod 360)

which is very close to Haridatta’s value.
The epoch value should thus be

4739 X 92;6,8 = 436472, 25,52 Or
= 152; 25,52 degrees (mod 360).

This value is quite different from the tabulated amount. This discrepancy may be
explained by the fact that the lunar apogee was generally not taken to be zero at
the beginning of the Kaliyuga. For instance, in the twelfth-century Siddhanta-
Siromani of Bhaskara II, the epoch position of the apogee at the beginning of
the Kaliyuga (dhruva) was set at 45°; 29, 46 (Arkasomayaji 1980: 43). Likewise,
in the sixteenth-century Tantrasarigraha of Nilakantha, the correction was set at
3"29°; 17 (Ramasubramanian and Sriram 2011: 45). It may be a similar correction
was made in this case too.

Cyclic Periods of the Lord of the Year and So On
i ~TeRTfoT
THSN THIA <5
b\ SN [N . |
FRNIAS: FhS Feghed
QTSRS 1 2% ) [STITer: |
gokufijard varsapates ca cakram
Suddher nisesasya bhujadvicandrah |
krsanuvedah kila kendrakasya

punar bhramas cakramitair gatabdaih || 19 || [upajatih |

25 The mean daily motion of the lunar an- produce the required results in the recon-
omaly is stated explicitly in verse 28 as struction here.
13°;3,54. This less precise value does not
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Table 10: Values of the lunar anomaly (kendra) in zodiacal signs, degrees, and
sexagesimal fractional parts to two places for argument o to 42 years (MS P,
ff. 97v—98r).

The cyclic-period of the lord of the year is 89 (gokuifijara), of the epact
and of the moon 122 (bhujadvicandra), and that of the lunar anomaly
43 (krsanuveda). The the same pattern [repeats after the number of |
elapsed years corresponding to the cycle.

This verse provides the cyclic numbers (cakras) measured in years for the
lord of the year, the epact, the moon, and its anomaly. These numbers have been
selected so as to ensure the astronomical phenomenon in question returns to the
same circumstances at which it started (or very close to it). Table 11 lists the cycle
numbers of the parameters measured in years, their annual increments and the
residuals obtained after multiplying the cycles and their yearly increments.
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Parameter Cyclic period Annual increment Residual

Lord of the year (days) 89 1,15,31,17,17 +0;01,24,38 mod 7
Epact (tithis) 122 11;3,53,22,40 —0;05,27,54 mod 30
Lunar longitude (degrees) 122 132; 46, 40, 32 —01;05, 34,56 mod 360
Lunar anomaly (degrees) 43 92; 06,08, 48 +0; 24,18, 24 mod 360

Table 11: Cyclic periods in years as listed in verse 19, their annual increments and
their computed residuals after one complete cycle.

Parameter Cyclic-period correction factor
Lord of the year +1/42 = +0; 01, 25, 42 day
Epact —1/11 = —0; 05, 27, 16 tithi
Lunar longitude -1/55 = —01°; 05,27, 16

Lunar anomaly +1/148 = +0°; 24, 19,27

Table 12: The cyclic-period correction factors listed in verse 20.

Corrections for Cycles of the Lord of the Year and So On
. . :

TTATfel FRIOT i fgaa:
TSI |
PEETUIRERER R
Tea1gUi ATUTRRISSEE. 1l R | [STITer: |
gatani cakrani bhajet dvivedaih
astendrakair abdapakendrayos ca |
dhanam kramendatha $ivais ca Suddhau

indav rnam banasarair vidheyam || 20 || [upajatih ]

One should divide the completed cycles of the lord of the year and
the lunar anomaly by 42 (dviveda) and 148 (astendraka) respectively
[and] apply [the quotient] positively. Similarly, [one should divide
the completed cycles] of the epact and the moon and by 11 ($iva) and
55 (banasara) [respectively], and apply [them] negatively.

As noted in Table 11, when the annual increments associated with each of
these parameters are multiplied by their cyclic period they leave a small resid-
ual. To account for this residual, which will accumulate over multiple cycles,
Haridatta proposes fractional corrections in each case. Table 12 lists these cor-
rections.
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Calculating the Elapsed Civil Days from tithis
fafenT: |Ealca==TH

q‘éﬁ: o b .
[aX] [aNaN 51 l
e T TR
IO HAGsqHAHE: 1l kRl SESIGH
FTee TR faeaTee: |
IS HIEEHT, ZET: FST 0T 1 *R Eisest
madhoh sitader gatamasasamkhya
trimsadguna sastivibhagahina |
Suddhya vihina gataghasrayukta
gano bhaved abdapavaramukhyah || 21 || [upajatih |
abhistasya ganasyadhah nivesyas cestanadikal |
varsesanadikas tasmat Sodhaniyah sphuto ganah || 22 || [anustup ]
The number of months elapsed since the beginning of the bright half
of Madhu, multiplied by 30, decreased by the epact, [and ] increased
by the elapsed [lunar] days (ghasra), decreased by a 6oth part [of the
resulting tithis], produces the count [of civil days], commencing with
the weekday of the lord of the year.

The desired nadikas [of the chosen day] are to be placed underneath
the desired count [of civil days]. The nadikas of the lord of the year
are to be subtracted from that [which gives] the accurate count |of
civil days].

These verses describe a simple yet reasonably accurate method for determin-
ing the number of elapsed civil (solar) days from the start of the year (i.e., Mesa-
sankranti) to a given date and time by converting elapsed tithis into civil days.?®
The lunar year begins with the first tithi (pratipada) of the bright half (Sukla) of
the month Madhu.?” To calculate the elapsed civil days, first the elapsed lunar
months m are multiplied by 30 and the elapsed tithis of the current month 7, are
added to it in order to determine the total number of elapsed tithis (7) since the
beginning of the current lunar year.

T =m X 30 + T,. (7)
26 A similar verse can be found in Dina- (Kolachana, Montelle, et al. 2018: 329—330).
kara’s Candrarki (verse 11): 27 Madhu, Madhava, etc., are the names of
TN : @ﬂﬁﬁﬁ"ﬁm the lunar months found in the Vedic litera-
TR ETaEETRIRT: | ture, as alternatives to the more standard
FEedr: SefnIeET: Caitra, Vaisakha, etc.
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Next, the epact e corresponding to that year is to be subtracted from 7 to
obtain 7’.
T =1-e (8)

This produces the number of elapsed tithis from Mesasarnkranti. Finally, the res-
ulting collection of tithis is diminished by a sixtieth part in order to convert tithis
to civil days d as per the following formula:

d= (1 - é) T (9)

This conversion is based on the assumption that 59 tithis are equivalent to 60 civil
days.

Lastly, one is to take into account fractional parts of the day. To do this, one
subtracts the fractional part of the lord of the year parameter (1) from the frac-
tional part that has elapsed on the current day (n7), since the exact instant of
Mesasarikranti depends on the fractional value of the lord of the year parameter.
The resulting count of elapsed civil days is then measured from mean sunrise
rather than the instant of Mesasankranti.

M L T
Caitrﬁdﬂ Mesadi

Figure 5: Schematic representation underlying the conversion of tithis to civil
days. Here, C denotes the beginning of the lunar year (Caitradi), M denotes the
beginning of the solar year (Mesadi), L denotes the beginning of the current lunar
month (masadi), and T denotes the current desired instant. Orange lines denoted
by S, and S, represent mean sunrise times.

Obtaining the Avadhi and Calaka

INEREEIEEEL
TI‘JT W TS| WTW?[ |
EHTETEIH: ] faarah: 1| ]3|I EiGest
gane yugenduvihrte labdham gatavadhir bhavet |
Sesam istavadher jiieyah calako divasadikah || 23 || [anustup ]

When the count [of civil days] is divided by 14 (yugendu), the quo-
tient will be the elapsed avadhis. The remainder should be known as
the calaka in days etc., of the desired avadhi.
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The count of civil days elapsed in the current year computed in the previ-
ous verses can be further subdivided into an integer number of 14-day intervals,
and a remainder of single days, called calaka. This division of a sidereal
year into 14-day intervals simplifies the process of tabulating values. Instead of a
large table with 365 entries, two smaller tables, one with twenty-seven avadhis as
argument-values and another with 13 single-day argument-values can generate

avadhi 28

THE ]AGADBHL_ISANA OF HARIDATTA: CHAPTER ONE

numerical values for any day of the year.

There are four steps involved in obtaining the mean longitude of the moon

Obtaining the Mean Longitude of the Moon and its Anomaly
TG g,

ECIC DRSO EE-CA|

aqlﬁmgﬁrmﬁﬁ|

I {3 e
ASTHTS (ohes TTH T & 11 R ELSUGH

istavadhim samsthitakendracandrau

varsadikendrenduyutau vidheyau |

yutau dinadyena ca calakena

tadestakale kila madhyamau stah || 24 || [upajatih |

The [longitude of the] moon and [its| anomaly found for the desired
avadhi are added to [the longitude of] the moon and [its| anomaly
[previously determined for] the beginning of the year. [Those] are
increased by the [tabular values corresponding to] the calaka [which
is measured] in days etc. Indeed, the mean longitudes [of the moon
and its anomaly| at the desired time are produced.

and its anomaly for any given day and time using tables:

1.

2.

Selecting the value of the mean longitude at the beginning of the year (A,)

for the moon (Table 9) and the anomaly (Table 10).

Selecting the value corresponding to the appropriate avadhi or elpased 14-

day periods (AA,) from Table 13.

Selecting the value corresponding to the cilaka or the number of days that

have elapsed since the end of the last avadhi (AA;) from Table 14.

Selecting the value corresponding to the number of ghatikas that has
elapsed at the desired instant on that day (AA,) for the moon only from

Table 15.

28 The avadhi unit was used in various
other table texts as well, including Anonym-

ous of 1461 (Pingree 1968:19), Anonymous Bhaskara II (Pingree 1968:71).
III of 1578 (Pingree 1968:54) Khecaradipiki
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The sum of the four values selected from the corresponding tables of the moon,
and those of the lunar anomaly produces the mean longitude (A1) of the moon
and its anomaly respectively at a chosen instant on a desired day. That is,

A=A, +AA, + A+ AA. (10)

Of note is the fact that there is only a table for longitudinal displacement per
ghatika for the moon (see Table 15). This is because the lunar apogee only moves
on average around 6 minutes per day; an additive quantity not significant enough
to take into account for a fraction of a single day.

avadhi 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Lunarlongitude 11 6 o 6 o 6 o 7 1 7 1 7 1 7 2 8 2 8 2 8 2 9 3 9 3 9 3
29 4 813 17 2126 0 5 10 14 19 23 28 2 7 11 16 20 25 29 4 8 13 17 21 26
54 15 38 2 29 57 28 56 30 1 31 233 335 7 41 14 48 18 48 15 40 3 25 46 6
17 24 53 142 38 24 45 12 50 47 17 3 29 29 34 26 37 42 39 42 58 22 41 4 7 35

avadhi 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Lunaranomaly 11 6 o 6 o 6 o 6 o 6 o 7 1 7 1 7 1 7 1 7 1 8 2 2 8 2
54 41 31 21 1510 7 4 1 0 56 53 50 47 45 44 44 44 41 37 31 22 12 47 47 34

8

29 2 5 8 11 14 17 20 23 26 28 1 4 7 10 13 16 19 22 25 28 1 4 7 10 12 15
0

20 54 47 35 45 7 21 557 3 36 22 35 34 52 24 15 4 17 38 20 19 3 7 31 31 29

Table 13: [Top:] Mean longitudes of the moon for true sunrise in zodiacal signs,
degrees, and sexagesimal fractional parts to two places for argument 1 to 277 ava-
dhis of 14 days. [Bottom:] Corresponding lunar anomaly in zodiacal signs, de-
grees, and sexagesimal fractional parts to two places for argument 1 to 277 avadhis
of 14 days. (MS P, £. 98r).
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Days 1 2 3 4 5 6 7 8 9 10 11 12 13
Lunarlongitude o o 1 1 2 2 3 3 3 4 4 5 5
1326 922 519 2 15 28 11 24 8 21

10 21 31 42 52 3 14 24 35 45 56 7 17

35 10 45 20 55 30 5 40 15 50 25 0 35

Lunaranomaly o o 1 1 2 2 3 3 3 4 4 5 5
1326 922 518 114 27 1023 6 19

3 7 11 15 19 23 27 32 35 39 42 46 50

54 48 42 36 30 24 18 12 6 0 54 48 42

Table 14: Table of cilakas. [ Top:] Mean longitudes of the moon in zodiacal signs,
degrees, and sexagesimal fractional parts to two places for argument 1 to 13 days
(MS P, f.98r). [Bottom:] Corresponding lunar anomaly in zodiacal signs, de-
grees, and sexagesimal fractional parts to two places for argument 1 to 13 days

(MS P, £. 98v).

Table 13 provides the mean longitudes of the moon at true sunrises for each
of the 27 avadhis. Haridatta calculated these values by multiplying the mean
daily motion of the moon (13;10,35) by 14, and then algebraically adding the
product of the moon’s mean daily motion and the sum of the equation of time
(which comprises two components, namely udayantara and bhujantara) and half-
equation of daylight (cara). These corrections are explained in detail in verse 35.
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ghatika 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
ooo0 o011 1 1 1 2 2 2 2 3 333 3 4 4 4 455105526 86 6
Longitude 13 26 39 52 5 19 32 45 58 11 24 38 51 4 17 30 44 57 10 23 36 49 3 16 29 42 55 6 22 35
11 21 32 42 53 3 14 25 35 46 56 7 18 28 39 49 0 10 21 32 42 53 3 14 25 35 46 56 7 17
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6 7 7 7 7 7 8 8 8 8 9 9 9 9 9 10 10 10 10 10 11 11 11 11 12 12 12 12 12 13
Longitude 48 1 14 28 41 54 8 20 33 47 0 13 26 39 52 6 19 32 45 58 12 25 38 51 40 17 31 44 57 10
28 39 49 0 10 21 32 42 53 53 14 24 35 46 56 7 17 28 39 49 0 10 21 32 42 53 3 14 24 35

Table 15: Mean longitudes of the moon in degrees and sexagesimal fractional
parts to two places for argument 1 to 60 ghatikas (MS P, f. 98v).

Obtaining the True Longitude of the Moon and its Daily Motion
S8 LA A | GEGE S[AYAH,
FrR RIS, FISe Tl FbH |

T HREC Wwg;, ST Fheg;, ASTH 1 j% 1)

[E4]

T T I s T Hiel I |
HTE! T TN Fel, FIRTTGH 1| RE [3198Y]
FHATTE] FAHTH T, AAH ForATRTaH |
e e ok R T TITd HIwa S, 1 Rw |l [319g4]
kendrasthitabhujatryamsat kostastham santaram phalam |
madhyame karayet candre svarnam kendre tulajake || 25 || [anustup ]
evam spasto bhavet candrah kostastha santara gatil |
madhyamayam gatau svarna kendre karkimrgadike || 26 || [anustup |
lavadhastham kaladyam yat antaraghnam vibhajitam |
sastya labdham phale yuktam evam syat santaram phalam || 27 ||

[anustup)
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[Entering the table] with a third part of the anomaly (kendra) reduced
to the first quadrant®® (bhuja), one should apply the equation of cen-
ter (manda-phala) along with its difference situated in the table to the
mean [longitude of] the moon, positively or negatively [depending
upon whether] the lunar anomaly [lies in the six signs beginning
with| Libra (i.e., 180 to 360 degrees) or Aries (i.e., 0 to 180 degrees),
respectively.

In this way, the true longitude of the moon is produced. The correc-
tion to the rate of motion [of the moon] (gatiphala) along with [its]
difference situated in the table [is applied ] to the mean daily motion
[of the moon], positively or negatively [depending upon whether]
the lunar anomaly [lies in the six signs beginning with] Cancer (i.e.,
90 to 270 degrees) or Capricorn (270 to go degrees), respectively.

Whatever is the [remainder] in minutes etc. (kaladyam), below the
integral part (lava), [that] is multiplied by the difference and divided
by sixty. The result is added to [the tabulated manda-]equation. In
this way, the [tabulated manda-]correction along with [its] difference
is produced.

These verses describe the process of finding the true longitude of the moon
and its true daily motion by applying a correction known as the manda-equation,
the so-called equation of centre, and a corresponding motion correction, the gati-
phala. These corrections are arranged in a single table (see Table 16). The table
is made up of the following rows:

Argument : o0 to 30 units of lunar anomaly scaled by a third.

Row 1 : Correction to be applied to the moon’s mean longitude in
degrees, arcminutes, and arcseconds (mandaphala).

Row 2 : Differences between successive entries in row 1

Row 3 : Correction to be applied to the rate of motion (gatiphala), in
arcminutes and arcseconds

Row 4 : Differences between successive entries in row 3

The maximum lunar manda-equation is 5°; 2, 10

The final verse in this group describes how to interpolate to determine non-
tabulated values using the difference column. Of note is the specification to use
the fractional part of the given argument (here expressed as kaladi) as the inter-
polation multiplier.3°

29 For this process, see verse 29. gorithms in other table texts, see Montelle
30 For similarly expressed interpolation al- and Plofker (2018: 59-60).
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o0 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
[manda-equation] 00 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 55
015 31 47 2 18 33 48 2 17 30 44 57 10 22 33 45 54 4 13 21 29 36 42 47 51 55 58 0 1 2
048 33 13 45 7 15 9 46 1 56 24 26 4 3 31 25 43 23 18 36 10 0 2 21 50 31 27 29 45 10
[Difference] 15 15 15 15 15 15 14 14 14 13 13 13 12 11 11 10 10 9 8 8 7 6 6 5 4 3 2 2 1 0 0
48 45 40 32 22 8 54 37 15 55 28 2 38 59 28 54 18 40 55 18 34 50 2 19 29 41 56 2 16 25 O
Motion [correction] 68 68 68 67 67 66 65 64 62 60 58 56 54 51 49 47 45 42 40 37 34 30 27 24 20 17 12 9 6 2 0
49 36 23 57 18 23 24 3 32 35 38 41 47 55 58 22 44 55 6 17 15 29 17 25 29 27 59 52 50 43 ©
Difference oo0oo0o0o0wO0O?111 11 1 1 2 12 1 2 2 233333 3 3 43 4 20

13x 13 26 39 55 59 23 31 57 57 57 54 52 57 26 26 49 49 49 346 2 256 228 7 2 743 0x

Table 16: The lunar manda-equation in degrees, arcminutes, and arcseconds for
argument o to 30 values of lunar anomaly scaled by a third, its successive dif-
ferences in arcminutes and arcseconds, the lunar rate of motion correction (gati-
phala) in arcminutes and arcseconds, and its successive differences in arcminutes
and arcseconds (MS P, f. g8v).

The Mean Daily Motion of the Moon and its Anomaly

Tl HETd:
AT Tl TR qu1-
ATl AURUN: FSET: |
EEAS R IEC R e
TN IUR=ETRT: 1| R¢ | [SuIa: |

madhya gatih Sttakarasya piirna-

nandadrayo banagunah kaladyah |

kendrasya ramadviradadrayas ca

samudrabana ganakair niruktal || 28 || [upajatih ]

The mean daily motion of the moon is 790;35 (pirnanandadri;
banaguna) minutes etc., [and that] of the lunar anomaly is 783,54
(ramadviradadri; samudrabana) [in minutes, etc.,| [which] are stated
by the mathematicians.
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The mean daily motion of the moon and the lunar anomaly, precise only to
seconds, are as follow:

)"Lm = 790;35 minutes = 13;10,35 degrees (11)

and Ay = 783; 54 minutes = 13; 3,54 degrees. (12)

This is precise enough for use within a single day. This notably contrasts with
the more precise values Haridatta has implicitly used to compute tabulated data
for longer periods.

Reduction of Arcs to the First Quadrant
B SEALSICRE ]

T Rl e

I TEATATGHI dd |

Ng.IH Al TR Wt

TR eRfEd Bt I @i 1k [refdutt]
ramonam vinigadito bhujas tadiirdhvam

vislesyam rasabhavanad rasadhikam tat |

satkonam yadi navamadhikam bhacakrat

samsodhyam bhujarahitam tribham ca kotih || 29 || [praharsini]

[If the value] mentioned is less than three [signs], it is a bhuja (i.e.,
an arc in the first quadrant). Greater than that (i.e., three signs) [it]
is to be subtracted from six signs; if [it is| greater than six [signs], it
is reduced by six signs; greater than nine [signs], it should be sub-
tracted from the zodiac circle (twelve signs). The complement (koti)
is three signs reduced by the bhuja.

This verse describes a method to reduce an arbitrary arc 6 (kendra) to the first
quadrant.3* This is set out in Table 17.

31 This procedure is frequently included in AR =

astronomical texts. For instance, W FIEERTE i, |

EEj st ?@W & Karanakutithala  2.4. (Rao and Uma
T T WAl [T | 2008: 20).
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bhuja = bhuja when 0° < 0 < 9o’
bhuja = 180° - 0 when go° < 0 < 180°
bhuja = 0 — 180° when 180° < 6 < 270°

bhuja = 360° — 0 when 270° < 0 < 360°
koti = 90° — bhuja

Table 17: Reducing an arc to the first quadrant (bhuja) and finding its comple-
ment (koti).

Figure 6: Representing the bhuja and koti as arcs in the first quadrant.

Description of the Table of True Solar Longitudes and Daily Motions

LN o

e TASREAREAC R

TAeAERA: el a:%S: Fa: |

WUfEY TFe: GAISTRT auarhionk: |l 2o | EGiEt
caturdasahantaritah sabijo dohphalaih krtah |

bhapanktisu sphutah siiryo "pyasti varsesakalikah || 30 || [anustup ]
The true [longitude of] the sun [is found] in 27 (bha) table cells
(pankti) with intervals of 14 days, [having been] corrected by the
bija-correction [and] by the manda-equation (dohphala), indeed

commensurate with the time of the lord of the year (i.e., at the time
of mean Mesasankranti).

Haridatta describes the features of the table that provides the true solar lon-
gitudes for each avadhi and corresponding true motion (see Table 18).
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[Days] 0 14 28 42 56 70 84 98 112 126 140 154 168 182 196 210 224 238 252 266 280 294 308 322 336 350 364
[Avadhi] 12 3 4 5 6 7 8 9 10 11 12 13 14 15 10 17 18 19 20 21 22 23 24 25 26 27

[Solar longitudes] o o o 1 1 2 2 3 3 4 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 0O
215291226 9 22 5 19 2 16 29 13 27 13 25 9 23 8§ 22 6 20 5 19 3 17 O
946 16 41 220 3654 14 37 7 43 26 16 14 19 30 45 4 23 42 58 10 17 17 10 55
2417 553919 9 5016 6 59 11 0 0 30 41 31 22 46 7 32 21 40 43 21 22 8 21
Daily motion 58 58 57 57 57 56 56 57 57 57 57 58 59 59 60 60 60 61 61 61 61 61 60 60 59 59 58
40 10 42 20 4 55 54 1 35 35 58 30 1 36 6 32 55 11 21 23 16 3 43 17 46 16 42
Difference 0o 00O0OOO 0O O O O 0O o o O o O O O O O O O O O 0 O

30 28 22 16 9 1x 7g4, 14 18 23 32 31 35 30 26 23 16 10 2y, 7x 13 20 26 31 30 24 2x

Table 18: True longitudes of the sun in zodiacal signs, degrees, arcminutes, and
arcseconds for argument 1 to 27 avadhis of 14 days, and true daily motions and
their differences (MS P, £. 9or).

Argument : o to 364 days in multiples of 14 with the corresponding
avadhi number from 1 to 27 below.

Row 1 : True solar longitude in signs, degrees, minutes, and
seconds; from 0'2°;9, 24 for argument-value 1 (when the mean
sun is at Aries 0°) to 0'0°; 55, 21 for argument-value 27.

Row 2 : True daily motion in minutes and seconds.

Row 3 : Differences between successive entries in row 2.

Haridatta notes these true longitudes have been computed by applying the
manda-equation (doh-phala) and bija corrections, although he does not specify
which bijas have been used nor how they have been applied.>* Here, Mesasar-
krantiis taken to be when the mean sun reaches Aries 0°. Since the table presents
the true longitudes of the sun, it is evident that the ‘lord of the year” day corres-
ponds to the day on which the longitude of the mean sun is zero at Mesasarnkranti.

Finding the True Longitude of the Sun and its Daily Motion for the Desired Day
TV 70 ASHEFIN ITet:
WeEE Uil Saliehd |

32 Pingree (1996) provides an overview of bija
corrections.

HISTORY OF SCIENCE IN SOUTH ASIA 12 (2024) 32-94



KESHAV MELNAD, CLEMENCY MONTELLE, RAMASUBRAMANIAN K. 83

oSN oo . C o

< <
AT T2 1L 32 ) ELsiGseal

iste gane calakasanguna gatih

khetasya purnartuhrta lavadikam |

istavadhisthe vihitam dhanarnakam

gater dhanarnatvavidhanato grahe || 31 || [vasantika |

The daily motion of the sun on the desired day is multiplied by the
calaka and divided by 60 (piirnartu). [The result] in degrees etc. is
applied to the [true longitude of the sun] corresponding to the given
avadhi [ from the table]. [For the computation | of the daily motion [on
the desired day, the application of the difference either] positively or
negatively is with respect to the nature of the increase or decrease | of
the magnitude of the rate of motion] of the planet.

Next, Haridatta describes a technique for determining the true longitude of
the sun as well as its daily motion on a desired day using the tables (see Table 18).
For obtaining the true longitude, the daily motion associated to the current avadhi
as given in row 3 in the table is to be multiplied by the cilaka value. The result
is the true longitudinal displacement for the time interval associated with that
calaka value. As the tabulated motion is given in minutes and seconds, divid-
ing through by sixty converts this quantity to degrees which can then be directly
added to the true solar longitude for the given avadhi. Thus we get the true lon-
gitude of the sun on the given day.

For determining the true daily motion on a given day, the appropriate pro-
portional part of the difference in successive motion values (row 4 of Table 18)
is computed and applied positively or negatively to the corresponding true mo-
tion (row 3 in Table 18) depending on whether the rate of motion is increasing or
decreasing. This has been indicated in the table by the abbreviated nagari char-
acter dha for dhanam ‘positive” and a cross X to represent the abbreviated nagart
character r for rnam ‘negative’. These symbols have been placed roughly at the
transitions from increasing to decreasing values of daily motion in the fourth
TOW.

The Importance of Determining the Positions of the Sun and Moon at Sunrise

S N o =~
<
AN N e Y ~
BRICRREIRE I RIERECAR DI ER W

flmerERTH geTieRT=RTed 1l 3R | 3738
sitryodaye prakartavyau ravicandrau yathoktavat |
tithinaksatrayoganam ghatyadijfianasiddhaye || 32 || [anustup ]

The [longitudes of the] sun and moon are to be calculated at sunrise
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as described earlier in order to obtain in ghatis etc. [the remaining
portions| of the tithi, naksatra, and yoga.

This verse introduces the paficariga elements of tithis, naksatras, and yogas and
confirms the solar and lunar positions are to be established at sunrise for the
purposes of computing these calendrical elements.33

Obtaining the Current tithi at the Time of Sunrise
eRICREACAR I TR
T ferht:
G Tareg: faemer Hivam |
G i
Wk Wag: fafemereT: 13 EESEl
sitryonacandrasya lava vibhaktah
sitryair gatah syus tithayas ca bhogyam |
vinendubhuktya vikalikrtam tat
bhaktam bhaveyus tithigamyanadyah || 33 || [indravajri|

b\

The longitude of the moon in degrees reduced by the longitude of the
sun divided by 12 (siirya) produces the elapsed tithis. The part to be
elapsed (i.e., the remaining portion of the current tithi) converted into
minutes, divided by the daily motion of the moon reduced by that of
the sun, produces the nadis of the [current] tithi yet to be covered.

This verse outlines a procedure for calculating the elapsed tithis in a lunar
month as well as the remaining portion of the current tithi in nadis from sunrise
on a desired day. Let A,, and A; denote the true longitudes of the moon and
the sun, respectively, at sunrise. The difference between these two divided by 12
gives the integer elapsed tithis T and a remainder f:

M:TJFL (13)

12 12’
From the remainder, we can determine the remaining portion in nadis of the
current tithi (A1) that is yet to elapse from sunrise. As per the prescription given
in the verse, this be obtained as follows:

_ (12— f) X 60

Ar=—"L1"—
T A (14)

33 For further details on these time units, see
Plofker and Knudsen (2011: 61-62).
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Obtaining the Current naksatra and yoga at the Time of Sunrise
~c N a ~
HETEATRT HIAT AT |
W fafseigatteg T
Gerghl faed & are: 1 29 [STATI: |
Sasankaliptah saravinduliptah
khakhastabhakta bhavato bhayogau |
bhogyam viliptikrtam indubhuktya
senendubhuktya vihrtam hi nadyah || 34 || [upajatih ]

The [longitude of the ] moon expressed in minutes and the sum of the
[longitudes of the sun and the moon] expressed in minutes divided
by 800 (khakhasta) produces the [elapsed] naksatras and yogas [re-
spectively]. The portion to be elapsed (bhogya) [of the current naksa-
tra and yogu], converted into seconds, divided by the daily motion
of the moon, and by the daily motion of the sun increased by that of
the moon [respectively |, indeed produces the nadrs [ of the remaining
portions].

The rules for determining the number of elapsed naksatras and yogas and the
remaining portions of the current ones that are yet to elapse from sunrise are sim-
ilar to the rules to compute tithis. The time-unit naksatra here refers to the time
it takes for the moon to advance a 27th part of the zodiac, namely 13°; 20 = 800’.
The time-unit yoga represents the time interval in which the eastwards progres-
sion of the sun and the moon add up to 13°; 20 = 800’ .34

To determine the number of elapsed naksatras, the longitude of the moon
(converted to minutes) is divided by 8oo. This yields an integer, the number of
elapsed naksatras, denoted by N, and a remainder fy:

A_m—N+f_N

800 800"

Similarly, the number of elapsed yogas, denoted by Y, can be calculated:

A + Ag :Y+f_y

800 800
34 For further details on these elements of similar procedures in a related table text, see
a paficanga, see (Plofker and Knudsen 2011) (Kolachana, Montelle, et al. 2018: 335-339).

and (Montelle and Plofker 2018: 30-31). For
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In a manner similar to the previous verse for determining the remaining por-
tion of the tithi, the remaining portions in nadis of the current naksatra (AN) and
yoga (AY) that are yet to elapse since sunrise can then be obtained as follows:

(800 = fn) X 60

AN =
i (15)
800 — 6
and AY = M. (16)
Ay + Ag

Desantara and Other Corrections
SRR
M, TS Tt T FHRS aAT |
TSI U FERTE TRSH N 3y ERest

desantaram phalam yatam caram bhujaphalam tatha |
varsesanadyam svamrnam karttavyam avadhau sphutam || 35 || [anustup|

[The corrections, namely | desantara, yataphala, cara, and bhujaphala,
should be applied positively or negatively to the nadrs of the lord of
the year [as well as] to each avadhi. The true [solar position at the
true sunrise for a given locality is obtained ].

Here Haridatta lists a set of four corrections,3’ that are used to determine the
true longitude of the sun at the true sunrise for any given locality. These are:

desantara: accounts for the variation in sunrise time between an
observer on the meridian of zero longitude and an observer at
some other longitude situated to the east or west of it where the
sunrise will occur earlier or later.

cara: also known as the ascensional difference; accounts for the time
difference between sunrise observed at the equator (zero latit-
ude) and that observed by an observer having a non-zero latit-
ude, i.e., to the north or south of it.

yata-phala: also known as the udayantara (rising-difference) or
pranakalantara; accounts for the time difference between the
passage of the mean and the true sun at the observer’s meridian
due to the obliquity of the ecliptic.

bhuja-phala: also known as bhujantara; accounts for the time differ-
ence between the passage of the mean and the true sun at the
observer’s meridian due to eccentricity of the sun’s orbit.

35 For more details see Ramasubramanian
and Sriram (2011: 81-82) and Montelle and
Plofker (2018: 50).
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ARV RRTTRES

dinamanam 31 31 32 33 33 33 33 33 32 32 32 31 32 29 29 28 27 27 26 26 26 26 27 28 28 29 30 31

8 52 28 2 18 3426126 6 6 36 42 56 8 22 42 4 44 28 53 53 20 2 42 30 18 4

Table 19: Length of daylight table in ghatikas and vighatikas for argument 1 to 27
avadhis (MS P, f.99v). These numerical values are somewhat corrupt. Pingree
(1968: 58) has proposed a corrected table.

These four corrections are commonly tabulated together, as they have been
in one of the manuscripts of the Jagadbhiisana (see Table 20). In the header, the
paratext reads:

idam catustayaikyam abdapaghatika<sa>dhanarnam karttavyam |
pratyavadhi abdapaghatikah bijasamskrtah bhavanti |

This sum of four corrections is to be applied positively or negatively
to the ghatikas of the lord of the year. For each avadhi the lord of the
year ghatikas are corrected by the bijas.

The contents of the table are:

Argument : 1 to 27 avadhis.

Row 1 : A row of empty cells with row-header desantara.

Row 2 : The yata-phala.

Row 3 : The cara.

Row 4 : The bhuja-phala.

Row 5 : The trayaikya (‘sum of three’); the algebraic sum of the val-
ues in the previous three rows.

MS P also includes a table that provides the length of daylight for each avadhi
(see Table 19). From this, the latitude underlying these tables can be reconstruc-
ted as ¢ = 24° which likely corresponds to Udaipur (for discussion, see Sec-
tion 1).

Concluding Remarks
o o
ii o o
el STEEUTEERR SR |
FRMA Sie=s =T
qUit TiegeRediedm: 1| 35 I [§75a=]
Srimajjagatsimhadharadhipasya
prityai jagadbhiisanasamjiiake ‘smin |
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-

haea LRI IES

i v i LI 00 : X
‘f§E§RHNMW&'

i?.'

, LA
BN ,5\5_; = 33 5 TS R

avadhi 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

desantara

yata o o0 0 0 0 O o o0oo0O0OOO O O O0O0OOOO OO0OUOOUO O 0 O
4ama 22 24 22 34 344 9x 18 24 24 19 9x 3@ 14 22 25 22 14 3gy 8x 18 24 24 19x 9gne 12 134

cara Ogpg 11 1 1 1 1 1 1 1 0 Ogg Ox O O 6 1 1 1 1 1 1 0 O Ox Oguy Odng
34 56 14 31 39 47 4336 213 4321 2 26 499 2838 46 43 342059 39 15 9 32

bhujaphala o 0O 0 0 0 o 0O 00 O0OOO O O O0OOOOO O0OO0OO0OOO O O oOo
21 19 16 13 08 03 02 0oy 11 15 18 21 22 21 20 17 14 09 04 02 07 12 16 19 21 22 21

trayaikya Oz, 1 1 1 1 1 11 1 0 0 0 0 OgpOO0 0 1 1 1 1 1 1 1 1 0x Ogy

27 19 22 40 45 47 36 25 8 54 4233 23 9 7 27521539 53 59 262717 17 1 28

Table 20: Time corrections in ghatikas and vighatikas for argument 1 to 27 avadhis
of 14 days (MS P, ff. 99r-9gv). For an analysis of this table with corrected values,
see Pingree (1968: 57-58).

karapite Srisabalena rajiia

piirno ravindusphutatadhikarah || 36 || [indravajra]
For the joy of his excellency Jagatsimha, the protector of the world,
in this [composition | named Jagadbhiisana, which was commissioned
by King Sabala, the chapter on the true [longitudes and motions] of
the sun and moon is complete.
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