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Eclipse Computation Tables in Sanskrit
Astronomy: A Critical Edition of the Tables of the
Karanakesari of Bhaskara (fl. c. 1681)

Anuj Misra, Clemency Montelle, and Kim Plofker

University of Canterbury, University of Canterbury, and Union College

1 INTRODUCTION

he Karanakesari (epoch 1681 ce) comprises a set of astronomical tables (sarant

or kosthaka in Sanskrit) and accompanying versified text on the subject of
eclipse computations, written by Bhaskara, son of Rama, who flourished in the
late seventeenth century.! In the corpus of Sanskrit astral-mathematical (jyotisa)
literature, astronomical works exclusively devoted to eclipse-reckoning are rare.
Known examples include the Dhikotida of Sripati from 1039 ce which offers a con-
cise description of lunar and solar eclipse computations within its twenty verses
(Majumdar 1934). In the South Indian tradition of astronomy we find some texts
dedicated to the theory of eclipses, e.g., the Grahanamandana (epoch 1411 cg),
Grahananyayadipika, and Grahanastaka of Parames$vara, and the Uparagakriyakrama
and Uparagavimsati (both 1593 ce) of ]yestadeva.2 But more usually, lunar and
solar eclipses are treated in separate chapters of more general siddhanta, tantra

1 The versified text of this work has been 2 The Dhikotida of Sripati was subsequently
critically edited and analysed in (Montelle and = commented on by authors like Dinakara in
Plofker 2014) and various features of the 1608 ce and Harikrsna in 1715 ce (Pingree
tabular data were analysed in (Montelle 2014). ~ 1981:54). For the south Indian authors, see
It should be noted that the author of the Pingree 1981:49-51. Also, see Montelle and
Karanakesari is different from his better-known  Plofker (forthcoming) for additional
namesakes Bhaskara I (c. seventh century cE) information about table-texts and the role of
and Bhaskara II (twelfth century cE). eclipse tables within them.

See Pingree 1968: 70-72, 1970-1994: 4.328.
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2 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

and karana texts.3 Likewise, table-texts or kosthakas often include eclipse tables
as a part of a larger collection of astronomical tables: e.g., the Makarandasarant
of Makaranda (epoch 1478 ce), the Khecarasighrasiddhi (also called Grahasarant) of
Gangadhara (epoch 1630 cE), or the Ganitaraja of Kevalarama Paficanana (epoch
1728 c). In some cases, tabular data is verbally encoded in verses in specialised
works on eclipse computations: for instance, the numerical data in Parvadvaya-
sadhana of Mallari (c. 1588 ck) is presented in a mixture of numerical tables and
verbal formats.*

The text of the Karanakesari is organised into two chapters: the lunar eclipse
chapter (candraparvan) containing thirteen verses and the solar eclipse chapter
(suryaparvan) containing the seven verses. There are three known manuscripts,
containing a total of 28 tables associated with this text. We present a critical edi-
tion of the numerical data contained in these tables, with variant readings and
paratextual material® associated with the tables noted separately in the critical
apparatus. We discuss some of the main problems we encountered in subject-
ing tabular data to the scholarly practices associated with critical editing and the
ways in which we resolved them. A technical summary of the contents of the
tables is also provided in Section 4.

2 OVERVIEW OF THE MANUSCRIPTS

In preparing this edition we relied on the following three manuscripts:

Siglum Shelfmark Folios
P;  Poleman 4946 (Smith Indic MB XIV) ff.3-11
P,  Poleman 4946 (Smith Indic MB XXVII) ff.2-3

R,  Rajasthan Oriental Research Institute (RORI) Jodhpur 12792 ff.1-8

3 Among the technical genres of Sanskrit 54-55 for information on the Sanskrit
astronomy, the siddhanta and the tantra are astronomical tables.

typically comprehensive expository works 5 The paratext is the textual content ancillary
reckoning planetary motions from some to the main table-text, sometimes due to later
distant notional epoch, while karanas are scribes. In our edition, we consider paratext to
abbreviated practical handbooks with epoch include any material surrounding the main
dates close to their date of composition table, the table headings or the row headers.
(Pingree 1981:13-14, 48). The basic identification information contained
4 MS Oxford CS, d.751(10) (catalogued at in the table headings and the row headers are
Pingree 1984:30). See Pingree 1981:41-48, indicated separately in the critical apparatus.
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ANUJ MISRA, CLEMENCY MONTELLE AND KIM PLOFKER 3

The photocopies and digital images of the P manuscripts and R, were obtained
respectively from the John Hay Library at Brown University (USA) and from the
Rajasthan Oriental Research Institute in Jodhpur (India). All three manuscripts
are written in Nagari script on hand-made paper, with table heading and row
header text in Sanskrit and some paratext in an unidentified vernacular, which
we have not been able to transliterate or translate with confidence in a consistent
manner. Since we have seen only reproductions of the manuscripts, with no de-
tails about scale or resolution in the reproduction processes, we cannot vouch for
specific data about their physical condition or size: in the individual manuscript
descriptions below we have merely quoted this information from published man-
uscript catalogues. The paleeography of Sanskrit scientific manuscripts of this
era, especially in northern Indian scripts, is not yet secure enough for us to infer
additional conclusions about the date or location of copying, or even the number
of scribes contributing to each manuscript, by looking at the characteristics of the
scribal hand.®

Moreover, the relation between manuscripts of the Karanakesari tables and man-
uscripts of the accompanying versified instructional text edited by Montelle and
Plofker (2014) remains unclear. At present we know of no manuscript that has
been confirmed to contain both tables and text of the Karanakesari (Montelle
and Plofker 2014:2; Pingree 1970-1994:4.328, 1968: 70).” Since these copies, like
most Sanskrit manuscripts, consist of loose leaves, we cannot be sure from their
present arrangement as preserved in manuscript libraries exactly what their ori-
ginal content and structure would have been during their working lives of use by
practising astronomers. In at least one case, as noted below, the existing foliation
suggests an incomplete manuscript.

Brief descriptions of the manuscripts P;, Pp, and R, are given below. Note
that P; and P, form part of the so-called ‘Miscellaneous Bundle’ in Columbia
University’s Smith Indic manuscript collection, which its original cataloguer
described as “a collection of several hundred miscellaneous folios, mostly tables
not important enough and not bearing sufficient information to identify at all”
(Poleman 1938:246). These various assorted items consequently may not fully

6 See, for example, Dani 1963; the earlier work 7 A similar bifurcation between copies of

by Biihler (1896) treats only sources prior to verses and tables is apparent in many

the mid-second millennium. Recent efforts to manuscripts of another kosthaka work we have
extend and update research on studied, the Brahmatulyasarani (Montelle and
manuscriptology and palaeography of Sanskrit ~ Plofker 2015; Misra, Montelle, and Plofker
manuscripts face an immense task (e.g., forthcoming; Pingree 1968: 36). It should be
Tripathi 2010). As noted by Salomon (2007:75), noted, however, that at least two manuscripts
“the palaeographical development of the of this work are known to contain both tables
modern scripts on the basis of manuscript and versified instructions together (Pingree
sources is still virtually an untouched field.” 2003: 46-49).
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Figure 1: A sample image of MS P f. 4v (reconstructed from two split images on
our photocopy of the manuscript) showing the general palaeographic layout of
the manuscript.

preserve their original form. They were identified and assigned individual
shelfmarks by Pingree (1968:9, 27-34), and later catalogued by him in more
detail (Pingree 2007).

MS P;: POLEMAN 4946 (SMITH INDIC MB X1V), FF.3—11.

Begins on f. 3r (recto) with Table I (indicating that there were formerly two initial
folia which we speculate may have contained the versified Karanakesari instruc-
tions). 12x27.5 cm (Pingree 2007: 55-56). The black-and-white photocopies avail-
able to us contain images of some individual folia split across two sheets. Neatly
written with occasional ink blots and smudges, between triple-lined margins.
Table grids sometimes include blank cells or extra space, and table content or
paratext sometimes spills into the margins; see, e.g., Figure 1.
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Figure 2: A sample image of MS P; f. 2r showing the general paleeographic layout
of the manuscript.

MS Py POLEMAN 4946 (SMITH INDIC MB XXVII), FF.2-3

Begins on f. 2r with Table XXII (see Schema 1). Folio 3v (verso) is erroneously foli-
ated as "2’ in the bottom-right margin (catalogued as “2b” in Pingree 2007: 56); we
have corrected it to ‘3" in our edition. 11.5x26 cm. Black-and-white photocopies.
Features similar to MS P; (see Figure 2).
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Figure 3: A sample image of MS R, f. 3r showing the general paleeographic layout
of the manuscript.

MS Rj: RAJASTHAN ORIENTAL RESEARCH INSTITUTE (RORI) JODHPUR
12792, rr. 1-8

Begins on f. 1r with Table I. 26.2x11.8 cm. Described in catalogue as having 22
lines per page and 31 characters per line (which to us seems inconsistent with
its numerical table format), complete, in good condition, dating from the 19th
century (Jinavijaya 1968:422-423). Colour digital images. Neatly written with
occasional erasures and corrections, as well as marginal corrections and inser-
tions. Double margin lines and table grids in red ink; features similar to MSS P;
and P, (see Figure 3 and Figure 4).
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ANUJ MISRA, CLEMENCY MONTELLE AND KIM PLOFKER 7

3 OVERVIEW OF THE TABLES

he Karanakesari table-set, as far as we have been able to determine it, consists
T of the twenty-eight individual tables listed in Schema 1 (p. 10 below). Our
identification of their contents and ordering is based not only on the manuscript
witnesses P, P> and Ry, but also on the survey of known Karanakesari manu-
scripts by Pingree (1968: 70-72). Note that the manuscripts do not unanimously
agree with all aspects of this identification: see the following list of our main
observations about the attested tables, as well as the remarks in Section 6.

1. MS P, contains only two tables: Table XXI ff. 3r-3v and Table XXII ff. 2r-2v.
While Table XXI is found in all three manuscripts, Table XXII (ghatikas of
right ascension, see Section 4) is unique to MS P,.

2. There is surprising uniformity in the layout of the tables in MSS P; and
R;. For example, MS Py f.5r and MS R; f. 3r (see Figure 4) show the row
headers, paratext, and marginal texts along with the tabulated numerical
entries similarly positioned. Based on this commonality, one could infer
that one of the manuscripts is a direct and faithful descendant of the other,
or perhaps they are both copied from the same manuscript.

3. MSR; has Table XXVI out of sequence compared to the ordering in MS Py: it
appears in the left margin of f. 7v oriented vertically instead of horizontally,
see Figure 5. The table’s paratext is wrapped around the table as shown in
the figure. This positioning may indicate that the scribe of R, considered
Table XXVI the final table in the Karanakesari and squeezed it into available
space on a pre-written page (f. 11r) rather than beginning a new folio for it.

4. MS R, omits some of the tables contained in MS P; (see Schema 1)3. The

omission of Table XI does not significantly affect the tables” use, as it can be
easily generated by calculating the differences between successive entries
of Table IX.
However, Table XXVII and Table XXVIII require additional astrological
data that could not be recomputed from the other tables. We do not
know whether the scribe of R, left them out inadvertently or deliberately,
or simply did not possess them in the manuscript he was copying. His
positioning of Table XXVI (see remark 3 above) suggests that he may have
considered it the final table in the work.

5. MS P; contains a note on the top right of . 1r (adjacent to the table title) that
reads sloka 115 ‘verse 115’. This suggests that the scribe was tallying up the
copied content, presumably for the purpose of computing his fee, in some
units equivalent to verses; see Section 6.
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Figure 5: MS R, f. 7v showing vertically oriented tabulated data with
the surrounding paratext.
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ANUJ MISRA, CLEMENCY MONTELLE AND KIM PLOFKER 9

6. MS P marks the break between the material concerning lunar eclipses and
that related to solar eclipses by the phrases iti candraparvadhikarah “Thus the
chapter on lunar eclipses’ at Table XIX and atha srisiiryaparvadhikarah ‘Now
the chapter on eclipses of the lord Sun” at Table XX.

7. Folio 1v of MS R; contains the note ksepa 0[19|21|34 dhanam ‘additive [quant-
ity] 0[19]21|34 positive” to the right of the title of Table II in what appears to
be a different hand. Since this quantity 0°19°21' 34~ is the constant differ-
ence between successive entries in the table, the note may have been added
by a user to help with interpolation calculations; see Section 6.

8. MS R; includes a colophonic statement (on f. 8v) that reads:

grl_e[ ﬂ\‘\ [N o . O~ ﬂ ._2\1

< S ~ S C
g AR R 8R] YUIHIA

Thus, the tables [Concerning] the chapters on lunar and solar eclipses, in

the book [called] Karanakesari, composed by Bhaskara, son of Rama the
astrologer, [are] complete.
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10 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

THE CONTENTS AND ORGANIZATION OF THE TABLES OF THE
KARANAKESARI IN THE THREE MSS Py, Py, AND Rj.

Schema 1: Distribution of tables across folia of each of the editing manuscripts

Number Type of Table Manuscripts
Py P, R,
I Elongation between the sunand  f.3r - f.1r
lunar node; argument 1 to 130
periods of 130 years.
I Elongation between the sunand f.3v - f.1v

lunar node; argument 0 to 130
single years.

Il Elongation between the sun and  f.4r - f.2r
lunar node; argument 1 to 27
avadhis of 14 days.

IV Digits of lunar latitude; argu- f.4r - f.2r

ment 0 to 16 degrees of nodal-
lunar elongation.

V  Digits of size of apparent solar f.4r - f.2r
disk; argument for twenty val-
ues (from 59;56 to 64;42) of
minutes of daily nodal-solar
elongation.

VI Digits of apparent lunar dia- f.4v - f.2v
meter and digits of earth shadow
diameter; argument 52 to 67
ghatikas in a tithi.

VII  Digits of increments to appar- f.4v - f.2v
ent shadow diameter; argument
zodiacal sign of solar longitude,
from Aries to Virgo and from
Libra to Pisces.
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ANUJ MISRA, CLEMENCY MONTELLE AND KIM PLOFKER 11

Schema 1 (continued)
Number Type of Table Manuscripts
Py P, R,

VII  60-complement of ghatikas of f.4v - f.2v
half-duration of lunar eclipse to-
tality; argument 1 to 9 digits of
excess of earth shadow diameter
over lunar disk diameter.

IX  60-complement of ghatikas of f.4v - f.2v
half-duration of lunar eclipse;
argument 1 to 21 digits of lunar
obscuration.

X Degrees of solar longitude and f.4v - f.2v
true daily motion; argument 1 to
27 avadhis of 14 days.

XI  Differences between successive f.4v - -
entries of Table IX; argument 1 to
21 digits of lunar obscuration.

XII  Digits of agnibhaga ‘third part’ of f.5r - f.3r
the half-duration; argument 1 to
21 digits of lunar obscuration.

XII  Latitude-derived half-duration f.5r - f.3r
correction; argument 1 to 21
digits of mid-eclipse lunar
latitude.

ff. 3r-3v

XIV  Degrees of aksavalana; argu- ff.5r-5v
ment 0 to 45 degrees of the
45-complement of half the
zenith distance.

XV Lords of the parvans; argument f.5v - f.3v
9 different intervals of eclipse
possibility between 0 and 24
months.

HISTORY OF SCIENCE IN SOUTH asia 4 (2016) 1-79
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Schema 1 (continued)

Type of Table

Py

Manuscripts

P

R»

XVI

XVII

XVIII

XIX

XX

XXI

Degrees of ayanavalana; argu-
ment 0 to 90 degrees of the com-
plement of tropical solar longit-
ude.

Digits of converted total solar
valana; argument 0 to 47 degrees
of combined valana.

Digits of converted total lunar
valana; argument 0 to 47 degrees
of combined valana.

ghatikas of half-lengths of day-
light; argument 0 to 29 de-
grees of zodiacal sign of tropical
solar longitude, from 1/Taurus
to 11/Pisces followed by 0/Ar-
ies.

ghatikas of cumulative oblique
ascension; argument 0 to 29 de-
grees of zodiacal sign of tropical
solar longitude, from 0/ Aries to
11/Pisces.

vighatikas of oblique ascension;
argument 1 to 60 arcminutes of
any degree of zodiacal sign of
tropical solar longitude, from
1/ Aries to 6/Virgo and (decreas-
ing) 12/Pisces to 7/Libra.

f.6r

f.6v

f.6v

f.7r

ff. 7v-8r

ff. 83v—9v

ff. 3r-3v
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Schema 1 (continued)

Type of Table

Py

Manuscripts

P

13

R»

XXII

XXIII

XXIV

XXV

XXVI

XXVII

XXVIIT

vighatikas of right ascension;
argument 1 to 60 arcminutes
of any degree of zodiacal
sign of tropical solar longit-
ude: 1/Aries-3/Gemini and
7/Libra—9/Sagittarius, and
(decreasing) 6/Virgo—4/Cancer
and 12/Pisces-10/Capricorn.

ghatikas of ‘mean’ longitudinal
parallax; argument 0 to 91 de-
grees of elongation between as-
cendant and sun.

Multiplicative  correction to
mean longitudinal parallax;
argument 0 to 29 degrees of 0 to
11 signs of tropical longitude of
ascendant.

Digits of latitudinal parallax; ar-
gument 0 to 29 degrees of 0 to 11
signs of tropical longitude of as-
cendant.

ghatikas of half-duration of solar
eclipse; argument 1 to 12 digits
of solar obscuration.

Times [?] beginning with days in
horoscopy; argument 1 to 60 arc-
seconds of planets’ longitudes

[2].

Birth categories for each of the
naksatras; argument (1 to 28)
naksatras.

f.ov

f.10r

f.10v

f.11r

f.11r

f.11v

ff.2r-2v

HISTORY OF SCIENCE IN SOUTH asia 4 (2016) 1-79
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14 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

4 A TECHNICAL SUMMARY OF THE TABLES IN THE
KARANAKESARI

s discussed in Sections 5-6, we do not pretend to full understanding of the
Karanakesari’s table entries or the means used to produce them. We have
noted in Montelle and Plofker (2014) that several of the Karanakesari algorithms
seem to be closely related to those of the 1183 handbook text Karanakutithala
by the renowned astronomer Bhaskara II (b.1114). The following descriptions
briefly summarize the individual tables and our inferences, if any, about how
they were generated. For further information about their nature and use, see
the referenced sections in our 2014 publication (Montelle and Plofker 2014) and
those of Pingree (1968:70-72). These proposed reconstructions of the generat-
ing algorithms, along with the edited and variant numerical values presented in
Section 5, will facilitate more detailed analysis of the tables in future.

TABLES I-III

Elongation between the sun and lunar node.

See Montelle and Plofker 2014: §1.2. The first two tables contain linear function
values even though the tabulated elongation appears to involve non-linear true
longitude, presumably because the argument intervals are long enough that the
average elongation increments are sufficiently accurate.

Table I Argument 1 to 130 periods of 130 years.
Y YA T 2R TRATE |

Now the cyclic [elongation value] of the sun for the quotient number
[of integer years after division by 130], [modulo] 12 [in] zodiacal signs,
etc.
The constant difference between table entries is -3°;16, 20.
Table II Argument 0 to 130 single years.

1 NFNUHARTS TIET NS 2R 130 |
Now, in the book Karanakesari, the cyclic [elongation value] of the sun
for the remainder number [of integer years after division by 130],
[modulo] 12 [zodiacal signs and] 30 [degrees in a sign].

The constant difference between table entries is 19°; 21, 34. The first entry

incorporates an epoch offset of 6° 29°;24, 36 for the start of Saka 1603.
Table III Argument 1 to 27 avadhis of 14 days.
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T FAURANT2h T ee Gagl: Ta-aTs Swsed RIgH
LA |
Now, [as] stated in the book Karanakesari, for the sake of determ-
ining eclipses of the sun and moon [as] in the Siddhantarahasya
[Grahalaghava], table entries of the moon [?] [with] above [argument]
avadhis.
See Montelle and Plofker 2014: Tab. 1. The exact algorithms used to gener-
ate the table entries are at present unknown, but they appear to represent
true solar motion with time corrections, plus mean nodal motion.
Row 1: Non-linear function values of cumulative nodal-solar elongation
for each avadhi, beginning with 2°;19, 55 at the start of the solar year.
Row 2: Non-linear function values of daily nodal-solar elongation in each
avadhi, beginning with 61'; 46.
Row 3: Signed integer values (all 0, 1 or 2) whose purpose is unclear,
though their signs correspond to increase and decrease of successive
values in Row 2.

TABLE IV

Digits of lunar latitude, argument 0 to 16 degrees of nodal-lunar elongation.
Y SRR, FGSIS |
Now, digits etc. of [lunar] latitude [with] above [argument] degrees of arc.

See Montelle and Plofker 2014:§1.3.

Row 1: Function values of digits of lunar latitude g for each degree of nodal-lunar
elongation AA, from minimum value of 0 for argument 0 to maximum value of
24; 45 for argument 16. The entries for argument values 8 and 16 appear to have
been produced by an algorithm close to an attested formula in Karanakutiihala 4,
5 (Balachandra Rao and Uma 2008: S67-568) equivalent to the following:

B (digits) = 90sin(AA)
The remaining entries are derived by linear interpolation.

Row 2: Successive differences between entries in Row 1: the entries for argument
values 0 to 8 are either 1;34 or 1;35 (average difference 1; 34, 30), and the entries
for argument values 9 to 16 are 1; 30.
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16 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

TABLE V

Digits of size of apparent solar disk, argument twenty values (from 59’;56 to
64';42) of minutes of daily nodal-solar elongation.

Y AT TG e ferargastic |
Now, digits etc. of the solar disk [with] above [argument] velocity of the
moon plus the node.

See Montelle and Plofker 2014:§1.3. The exact algorithm used to generate the
table entries is at present unknown. The entries vary monotonically from 10;19
digits for the first argument to 11;11 for the last argument. (Note that the given
minimum and maximum argument values presumably fall between successive
values of daily nodal-solar elongation tabulated in Row 2 of Table III, where the
function changes sign.)

TABLE VI

Digits of apparent lunar diameter and digits of earth shadow diameter, argument
52 to 67 ghatikas in a tithi.

a1 frareEeETaR Fwfarel qur spTgaTs |
Now, the lunar disk, likewise the digits etc. of the earth shadow, [with]

above [argument] the measure in ghatikas of the tithi.

See Montelle and Plofker 2014:§1.3. The exact algorithms used to generate the
table entries are at present unknown, although qualitatively it is clear that the
size of both disks varies inversely with the length of the tithi.

Row 1: Apparent lunar diameter increases monotonically from 11; 57 digits for
argument 52 to 9; 30 for argument 67.

Row 2: Shadow of the earth likewise increases monotonically from 30;45 digits
to 23;11. (The very close values 30;45 and 30; 44 in the first two entries probably
involve a scribal error somewhere, but without knowing the specific steps used
to compute them we have not ventured to emend either of them.)
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TABLE VII

Digits of increments to apparent shadow diameter, argument zodiacal signs of
solar longitude, from Aries to Virgo and from Libra to Pisces.

~_¢© o . ha¥

HHAFGANThSHER T THEHAT I
Accurate earth shadow when corrected by the result in digit-sixtieths etc.
for the sun.

See Montelle and Plofker 2014:§1.3. It is not clear exactly how these entries
were determined, although qualitatively the change in the size of the shadow—
positive from Aries to (zero in) Virgo, negative from Libra to (zero in) Pisces—
agrees with the change in the sun’s longitude and consequently its distance from
the earth.

TABLE VIII

60-complement of ghatikis of half-duration of lunar eclipse totality, argument 1
to 9 digits of excess of earth shadow diameter over lunar disk diameter.

o N o e~
WAFSATGS AN HGHICHRTEHRH &o |
Complement [up to] 60 of the ghatikas of half-duration of totality, [with]
above [argument] digits of sky-obscuration.

See Montelle and Plofker 2014:§1.4. These values are to be subtracted from 60
to get the corresponding half-durations; it is unclear why the table compiler did
not simply tabulate the half-durations directly. The period of totality is longer
when the shadow diameter is much larger than that of the moon’s disk, which
qualitatively explains the variation of these non-linear function values from 59; 0
ghatikas for argument 1 digit (i.e., half-totality 60 — 59;0 = 1,0 ghatikas) to 57;45
ghatikas for argument 9 digits (half-totality 2;15 ghatikas).

TABLE IX

60-complement of ghatikas of half-duration of lunar eclipse, argument 1 to 21
digits of lunar obscuration.

Y T SAGAIR Feeed FeARfrafE=eme &o I

HISTORY OF SCIENCE IN SOUTH asia 4 (2016) 1-79



18 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

Now, complement [up to] 60 of the ghatikas of mean half-duration [of the
eclipse] of the moon, [with] above [argument] digits of lunar obscuration.

See Montelle and Plofker 2014:§1.4. The duration of a lunar eclipse depends on
the amount of the moon’s disk obscured by the shadow; hence the entries for the
half-duration complement decrease from 58; 30 ghatikas for argument 1 digit to
55;17 for argument 21 digits.

These values appear to be based on an algorithm equivalent to the formula in
Karanakutithala 4.10 (Balachandra Rao and Uma 2008: S73) for computing eclipse
half-duration in ghatikas. It can be represented by the following equation:

\/(To +r0)% - B

’U(( RZ0)

half-duration = 3 x 60 x

where rg and ) are the radii of the disks of the eclipsing and eclipsed bodies
respectively (corresponding to the shadow and the moon in the case of a lunar
eclipse), while v¢ and vg are the luminaries” daily velocities and f is the lunar
latitude. In this case, the table compiler has only divided by the lunar velocity
and not the difference in the luminaries” daily velocities.

Our reconstruction of this algorithm employs the approximate lunar velocity
value of 790 arcminutes per day and assumes the sum of the moon and shadow
disk radii to be about 21 digits.

TABLE X

Degrees of solar longitude and true daily motion, argument 1 to 27 avadhis of 14
days.

fereaehTicsohT TRT TSTE TIRTRIS T HISTRIS TTe Fwes@ul TS,
WTefearel ieqH | AT I

Planets at the time of the end of a tithi: determination for the sake of valana
at the time of contact, likewise at the time of release, in a lunar eclipse; to
the number at the top half the shadow is to be added. This is also for the
sake of the ascendant.

See Montelle and Plofker 2014:§1.4. The algorithms generating these nonlinear
function values are not clearly understood, although they seem to represent true
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solar longitude with time corrections.?

Row 1: Solar longitude; increases from 0°,2%9,50 for argument 1 to
0(=12)%,0°; 54, 30 for argument 27.

Row 2: True solar daily velocity; minimum value 56'; 54 for argument 7, max-
imum 61’; 30 for argument 20.

Row 3: Signed integer values (all 0, 1 or 2) whose purpose is unclear, though
their signs correspond to increase and decrease of successive values in Row 2.

TABLE XI

Differences between successive entries of Table IX, argument 1 to 21 digits of
lunar obscuration.

o N _O o o

TR S ATHSAN RI(AAISAH N

Difference of the half-duration [with] above [argument] digits of lunar ob-
scuration.

See Montelle and Plofker 2014:§1.4.

TABLE XII

Digits of “third part’ of the half-duration, argument 1 to 21 digits of lunar obscur-
ation.

Y T SegS AN RIaRAT: |
Now, the third part of the half-duration, [with] above [argument] digits of
lunar obscuration.

These values of the so-called agnibhaga (lit. ‘third part’ [of the half-duration])
represent the difference Af in digits between values of the lunar latitude at mid-

8 Note that the description of a hybrid error arising from a misunderstanding of the
Sanskrit worked example given in the example author’s use of the term madhya
commentary on the edition of the text of the ‘mean’; what he evidently meant is that each
Karanakesari (Montelle and Plofker true solar longitude in this table is the average
2014:22-23) refers to these table values as value for its corresponding avadhi.

mean solar longitudes. This appears to be an
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20 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

eclipse and at contact or release,” according to an algorithm that can be expressed
as follows (see, e.g., Karanakutithala 4,17 (Balachandra Rao and Uma 2008: S84—
586)):

AB % (half-duration in ghatikas)

Qualitatively, the equivalence between the half-duration and the change in lat-
itude during the eclipse is apparent: both quantities are small for short partial
eclipses with minimal obscuration and large for total eclipses when the obscur-
ation is great.

Each of the table entries has apparently been calculated as one-third of the 60-
complement of the corresponding entry in Table IX. None of the algorithms in the
Karanakesari text directly invoke this table, but it would be required for the con-
struction of an eclipse diagram as described in (Montelle and Plofker 2014: §1.10-
1.11). The table’s vernacular paratext explains how to apply Ap positively or neg-
atively at contact or release, depending on whether the moon is approaching the
node during the eclipse or moving away from it.

TABLE XIII

Latitude-derived half-duration correction, argument 1 to 21 digits of mid-eclipse
lunar latitude.

Y HAVMFHIN ARSI

Now, the latitude-result, [with] above [argument] digits of mid[-eclipse
lunar] latitude.

These table entries determine how the half-duration values tabulated in Table IX
should be adjusted to produce the ‘contact half’ and ‘release half’ of the duration,
which are unequal because of the above-mentioned relative motion of the moon
and the node during the eclipse.!’ Their computation is more or less based on

9 This is corroborated by a table in the 10 Again, we can corroborate this

manuscript worked example referred to in the  interpretation from the previously-mentioned
previous note (RORI Jaipur 9597, f. 2v: MS.Jin  table in the manuscript worked example (see
Montelle and Plofker 2014: 2), which includes note 9), in which 1/48 of the stated mid-eclipse
a mid-eclipse lunar latitude of 12;18 digits and  lunar latitude of 12;18 digits, i.e., 0;15, 22, 30,

a half-duration of 3; 24 ghatikds. One-third of has evidently been rounded to 0;15 and

this half-duration is 1;8, which when applied applied negatively and positively to the stated

negatively and positively to the mid-eclipse mean half-duration of 3; 24 ghatikas. The
latitude produces the tabulated contact and results are the tabulated contact and release
release latitudes of 11,10 and 13; 26 digits ‘half’-durations of 3;9 and 3; 39 ghatikis
respectively. respectively.
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an algorithm equivalent to the following equation (see, e.g., Karanakutithala 4,11
(Balachandra Rao and Uma 2008: S74-S80)):

Ahalf-duration in ghatikas ~ 4_18 x B,

where B, is the mid-eclipse lunar latitude in digits.

The tabulated values in several cases differ from the expected result of dividing
the integer digits in the argument by 48, but we cannot determine to what extent
the discrepancies are due to computational choices versus scribal errors, so we
have left the edited values as attested in the manuscripts. None of the algorithms
in the Karanakesari text directly invoke this table, although the unequal "half’-
durations are mentioned in the context of parallax corrections as described in
(Montelle and Plofker 2014: §2.5-2.6).

TABLE XIV
Degrees of aksavalana, argument 0 to 45 degrees of the 45-complement of half the
zenith distance.
Y TFECTAAHAA Hh el AATRIENE AT g R FMATRN
<
SYIEHISH

Now, when [the hour-angle] is divided by the amount of its own day meas-
ure [and] multiplied by 90, [there is] obtained the degrees of [half] the
zenith distance. Its [amount] is to be subtracted from 45; the degrees from
the subtraction are the above [argument of] the valana called latitudinal.

RN, ST Jad ST qiHwd 0T - |
The aksavalana [with its] above [argument] degrees of [half] the zenith dis-

tance. The valana [is to be applied] in the north when the zenith distance
[is] eastern, in the south when the zenith distance [is] western.

See Montelle and Plofker 2014:§1.5. The algorithm used is evidently a version
of a procedure symbolically represented by the equation:

aksavalana = arcsin(sin(90° - () x sin ¢)

where ( is the zenith distance and ¢ ~ 22°; 35, 39 is the local terrestrial latitude. It
appears that every fifth value is calculated trigonometrically and the intervening
ones derived by linear interpolation.
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Row 1: Degrees of aksavalana decreasing from 22°; 35, 39 for ( = 90° to 0 for ¢ = 0.

Row 2: Differences in successive entries of Row 1. The attested and computed
differences are not always consistent, but we cannot be sure whether to attribute
the inconsistencies to errors in the computation of the Row 1 entries, variations
in precision and rounding, scribal errors in Row 1 and/or Row 2 entries, or some
combination.

TABLE XV

Lords of parvans, argument 9 different intervals of eclipse possibility between 0
and 24 months.

3:[?;[ < [N . o . ~ ]%HT "
Now, [with] above [argument] the zodiacal sign of the sun or moon plus

the node, knowledge of the lord of the parvan without elimination of the
cycle of the zodiacal signs [i.e., not modulo 12].

Non-numerical table assigning a deity or lord of the eclipse to each interval of
eclipse possibility (Montelle 2011: 247-248) in the following sequence: 0, 5, 6, 11,
17,18, 12, 23, and 24 months.

TABLE XVI

Degrees of ayanavalana, argument 0 to 90 degrees of the complement of tropical
solar longitude.

7Y TRES T HIETHIS AIIEee RISRNIIRTAIAS 5
AETEThEIa] g0l HRUGIgT dob- <aH ||

Now, [with] above [argument] degrees of the complement of the
precession-added [longitude] of the planet at the time of contact, likewise
at the time of release, the ayanavalana in degrees etc. The valana is to be
applied to the south when the precession-corrected planet [is] in [the
six signs] beginning with Cancer, to the north when in [the six signs]
beginning with Capricorn.

See Montelle and Plofker 2014:§1.6. The algorithm used is evidently closely re-
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lated to the following equation:
ayanavalana = arcsin(sin(90° — 1) x sin 24°)

where A is tropical solar longitude. The tabulated values have been computed in
this way at every tenth entry, while the intervening values are linearly interpol-
ated.

Row 1: Degrees of ayanavalana increasing from 0;0, 3 for solar longitude 90° to
24;0,1 for longitude 0°.

Row 2: Differences between successive entries in Row 1 (constant for each set of
ten entries).

TABLE XVII

Digits of converted total solar valana, argument 0 to 47 degrees of combined
valana.

e I TS TP | R FIIAS TS ra TR a g e
S GO | GO TEaS T 39| HigEe 94 49 | JUed SRiaen
feroict 2w IR ST SfRT0T S99 ) SOt STTag 29I

Now, the accurate valana of the sun. The accurate valana of the sun in digits
etc., [with] above [argument] degrees of the sum or difference of the two
valanas, [the one] called latitudinal [and] likewise [the one] produced by
the ayana. The sun’s contact valana is to be applied to the west; the release
valana is to be applied to the east. The sun’s contact valana is to be applied
in reverse: occurring in the north, applied to the south; occurring in the
south, applied to the north.

See Montelle and Plofker 2014:§1.6. The values represent the algebraic sum of
aksavalana and ayanavalana scaled for solar eclipses, ranging from initial min-
imum of 0;7 to final maximum of 8;2 digits. The exact algorithm used to com-
pute the entries is not known.

TABLE XVIII

Digits of converted total lunar valana, argument 0 to 47 degrees of combined
valana.
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Y T I W | ARSI IS dHETs] g5 IIrd(iQi\l“lfjéjcbl'?j
T+ T8 TRl | TRaGH Yo o9 | HigHsH T <99 | Swaed
HigTao [9d 39| ST AT 70T 399 | SRI0T JATaH. ST 2991

Now, the accurate valana of the moon. The accurate valana in a lunar ec-
lipse in digits etc., [with] above [argument] degrees of the sum or differ-
ence of the two valanas, [the one] called latitudinal [and] likewise [the one]
produced by the ayana. The contact valana is to be applied to the east; the
release valana is to be applied to the west. The moon’s release valana is to be
applied in reverse: occurring in the north, applied to the south; occurring
in the south, applied to the north.

See Montelle and Plofker 2014:§1.6. The values represent the algebraic sum of
aksavalana and ayanavalana scaled for lunar eclipses, ranging from initial min-
imum of 0; 4 to final maximum of 13; 51 digits. The exact algorithm used to com-
pute the entries is not known.

TABLE XIX

ghatikas of half-lengths of daylight, argument 0 to 29 degrees of zodiacal sign of
tropical solar longitude, from 1/Taurus to 11/Pisces followed by 0/ Aries.

Y FEEURYAR FESH

Now, the half-day [with] above [argument] the zodiacal sign [and degree]
of the precession-corrected [longitude of the] sun.

See Montelle and Plofker 2014:§1.9 and 2.2. These values of half the duration
of daylight during the course of the year are derived from the local ascensional
differences of the zodiacal signs. The canonical right ascension values for Aries,
Taurus and Libra respectively are a; = 278, ap = 299, and a3z = 323 vighatikas. The
ascensional differences at the text’s terrestrial latitude of ¢ ~ 22°;36 were evid-
ently produced by applying the scalar multiples 10, 8, and % to an equinoctial
shadow length of 5 digits. The resulting ascensional difference values are w; = 50,
wy = 40, and w3 = 17 vighatikas respectively (Montelle and Plofker forthcoming).

The tabulated half-lengths of daylight for each zodiacal sign appear to have been
computed by truncation of linearly interpolated values successively differing by
1/30 of the sign’s corresponding ascensional difference. They increase from the
initial entry of 15; 50 ghatikas at Row 1/Taurus 0° to a maximum of 16; 47 ghatikas
at Row 3/Cancer 0°, decrease to a minimum of 13; 13 ghatikas at Row 9/Capricorn
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0°, and increase again to the final entry of 15;48 at Row 0/ Aries 29°, implying a
longest/shortest day ratio of 33; 34 to 26; 26 ghatikas.

TABLE XX

ghatikas of cumulative oblique ascension, argument 0 to 29 degrees of zodiacal
sign of tropical solar longitude, from 0/ Aries to 11 /Pisces.

all'qﬂ < C e~ :aﬁ 9.]11 [aN PN oN s ﬂ.
AR IR, SHERIGHT: ||

Now, the chapter on eclipse of the lord sun: there, just as previously, [with]
above [argument] the sign and degree of the precession-corrected [longit-
ude of the] sun, the precession-corrected [oblique] ascension is to be made.
Table entries of the ascension [with] above [argument] the sign and degree
of the precession-corrected [longitude of the] sun.

Note: The last sentence is repeated as the heading of the second page of Table XX,
see p. 56.

See Montelle and Plofker 2014: §2.2. The values of cumulative oblique ascension
for degree 0 of each zodiacal sign, reproduced in Schema 2, were apparently com-
puted by adding up the appropriate rising times, or right ascensions adjusted by
the corresponding ascensional differences determined as in the above descrip-
tion of Table XIX. The cumulative oblique ascension values for the intermediate
degrees of each sign seem to have been calculated by linear interpolation: they
increase from the initial value of 0;0, 0 ghatikas for 0/ Aries 0° to the final value
of 59;52, 24 ghatikas for 11/Pisces 29°.

TABLE XXI

vighatikas of oblique ascension, argument 1 to 60 arcminutes of any degree of zo-
diacal sign of tropical solar longitude, from 1/ Aries to 6/Virgo and (decreasing)
12 /Pisces to 7/Libra.

Y ST FSHRIGHL: ||
Now, the [oblique] ascension’s table entries for arcminutes.

Note: Repeated as the heading of the second page of Table XXI, see p. 58.
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Sign (with rising time) Oblique ascension p, vighatikas
(p at 0°, ghatikas)

Aries (a1 — w1) 00,0 0
Taurus (ax — w) 3,;48,0 228
Gemini (az — w3) 8;7,0 487
Cancer (as + w3) 13;13,0 793
Leo (a2 + wy) 18;53,0 1133
Virgo (a1 + wy) 24;32,0 1472
Libra (a1 + wy) 30;0,0 1800
Scorpio (ar + w) 35;28,0 2128
Sagittarius (as + w3) 41;7,0 2467
Capricorn (as — w3) 46 ;47,0 2807
Aquarius (a2 — wy) 51,53,0 3113
Pisces (a1 — w1) 56;12,0 3372

Schema 2: Cumulative oblique ascensions for the start of each zodiacal sign
(Table XX).

See Montelle and Plofker 2014: §2.2. These entries supply increments to oblique
ascension per arcminute of solar longitude. The constant difference between tab-
ulated values of ghatikas of oblique ascension for successive degrees of any given
zodiacal sign in Table XX is used as the total ascensional difference Ap for any
single degree (60 arcminutes) of the same zodiacal sign in Table XXI; these Ap
values are reproduced in Schema 3. The tabulated individual cumulative ascen-
sional difference values for each arcminute within a single degree of the given
sign are computed by linear interpolation.

So the constant difference between entries for successive arcminutes of a single
degree of each zodiacal sign in Table XXI is just one-sixtieth of the constant differ-
ence Ap in vighatikas between entries for successive degrees of the corresponding
sign in Table XX. The two tables used together thus produce values of cumulative
oblique ascension precise to arcminutes of the argument.
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TABLE XXII

vighatikas of right ascension, argument 1 to 60 arcminutes of any de-
gree of zodiacal sign of tropical solar longitude: 1/Aries-3/Gemini and
7/Libra-9/Sagittarius, and (decreasing) 6/Virgo—4/Cancer and 12/Pisces—
10/Capricorn.

-
EXACAEEIH
Table entries for arcminutes.

See Montelle and Plofker 2014:§2.2. These values are the right ascension coun-
terparts to the oblique ascension increments tabulated in Table XXI. The total
right ascension difference A« in vighatikas for any single degree (60 arcminutes)
of a given zodiacal sign is taken to be 1/30 of the canonical right ascension value
for that sign. These Aa values are reproduced in Schema 3. The tabulated indi-
vidual cumulative right-ascensional difference values for each arcminute within
a single degree of the given sign are evidently computed by linear interpolation.

Note: Not every tabulated value in Tables XIX-XXII conforms exactly to our re-
construction of a linear interpolation procedure, but we do not know enough
about the details of the computation techniques used to feel secure in emending
any of the attested entries.

Signs Oblique ascension difference Right ascension difference

per degree (Ap, vighatikas) per degree (Aa, vighatikas)
Aries/Pisces 7:36,0 9;16,0
Taurus/Aquarius 8,38,0 9;58,0
Gemini/Capricorn 10;12,0 10,46,0
Cancer/Sagittarius 11;20,0 10;46,0
Leo/Scorpio 11;18,0 9;58,0
Virgo/Libra 10;56,0 9;16,0

Schema 3: Oblique ascension and right ascension differences for a single degree
of a given zodiacal sign (Tables XXI and XXII).

HISTORY OF SCIENCE IN SOUTH asia 4 (2016) 1-79



28 ECLIPSE COMPUTATION TABLES IN SANSKRIT ASTRONOMY

TABLE XXIII

ghatikas of ‘mean’ longitudinal parallax, argument 0 to 91 degrees of elongation
between ascendant and sun.
1Y TAMASAHANTE AN HIBh HAASHE TS
Now, in [each] table entry commensurate with the degree of the difference-
arc [between the longitudes] of the sun and the ascendant at the end of the
tithi [i.e., at mid-eclipse], the mid[-eclipse] longitudinal parallax in ghatikas
etc.

See Montelle and Plofker 2014:Secs. 2.3-2.4. The longitudinal parallax of the
moon, which affects the perceived time and appearance of a solar eclipse when
the moon crosses the sun, in Indian astronomy is qualitatively taken to vary as the
sine of the ecliptic arc of elongation between the sun and the nonagesimal, which
is the point of the ecliptic 90° west of the ascendant, on or near the meridian.
This parallax component is usually assumed to be zero when the elongation arc
is zero, i.e., when the sun is at the nonagesimal, and to attain its conventional
maximum of 4 ghatikis when the sun is on the horizon with elongation 90°. It
is denoted ‘mean’ because it does not take into account the depression of the
nonagesimal from the zenith, where total parallax is zero.

These tabulated values of ‘mean” longitudinal parallax are based on nine values
stated at 11° intervals of argument in Karanakutithala 5.4-5.5 (Balachandra Rao
and Uma 2008: 595-596), which are modified from the above-mentioned simple
sinusoidal interpolation by an adjustment whose nature and purpose are not
entirely clear to us. The nine base values, listed in Schema 4, are reversed in
the Karanakesari table by changing their argument to the elongation between the
sun and the ascendant rather than between the sun and the nonagesimal. The
remaining table entries appear to have been computed by linear interpolation,
increasing from 3; 40 ghatikas at argument 0° to the maximum value of 4 ghatikas
at 24° and subsequently decreasing to 0;1 ghatikas at argument 90° and 91°.

TABLE XXIV

Multiplicative correction to mean longitudinal parallax, argument 0 to 29 degrees
of 0 to 11 signs of tropical longitude of ascendant.

7Y HESAURIRNAR, SFAETSI TR ||
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Degree of sun-ascendant Mean longitudinal Degree of sun-nonagesimal
elongation, Karanakesart parallax (ghatikas) elongation, Karanakutithala
3,20 99
2 3,44 88
13 3,56 77
24 4;00 66
35 3,55 55
46 3,39 44
57 3,08 33
68 2;21 22
79 1;17 11
90 0,01

Schema 4: Mean longitudinal parallax values in the Karanakesari derived from
the Karanakutithala (Table XXIII).

Now, the multipliers for correcting longitudinal parallax [with] above [ar-
gument] the sign and degree of the precession-corrected ascendant.

See Montelle and Plofker 2014: Secs. 2.3-2.4. The mean longitudinal parallax val-
ues are adjusted to true ones in Karanakutithala 5.2-5.3 by multiplying them by the
cosine of the zenith distance of the nonagesimal, which is approximated as the
difference between the local latitude ¢ and the ecliptic declination éx of the non-
agesimal point (Balachandra Rao and Uma 2008: 592). Qualitatively, this means
that as the nonagesimal approaches the zenith the correction factor will tend to
zero, so when the nonagesimal coincides with the zenith there will be no longit-
udinal parallax.

The Karanakesari’s tabulated values of this correction factor were apparently cal-
culated such that
factor = 40 cos(¢ — 6n)

where ¢ as usual is the text’s local latitude of approximately 22°;35,39 and 6y
equals arcsin(sin 24°sin(A4 — 90°)) with 1,4 being the tropical longitude of the
ascendant in the table argument. For reasons unknown, each table entry is 40
times larger than the required correction, so the accompanying verse instructs
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the user to divide the tabulated correction factor by 40 before applying it to the
previously determined mean longitudinal parallax. The entries cycle from 27;22
at the initial argument 0/ Aries 0°to the maximum value of 39;59 at 5/Virgo 9-
12°, followed by a dip to 39;54 at 5/Virgo 29°and a return to the maximum at
6/Libra 16-21°, decreasing to the minimum value of 27; 22 at the final argument
11/Pisces 29°.

TABLE XXV

Digits of latitudinal parallax, argument 0 to 29 degrees of 0 to 11 signs of tropical
longitude of ascendant.

Y FEASHRIARMIR, TGS I

Now, the digits etc. of latitudinal parallax [with] above [argument] the sign
and degree of the precession-corrected ascendant.

See Montelle and Plofker 2014:§2.4. These entries are evidently derived via a
formula in Karanakutithala 5.2-5.3 (Balachandra Rao and Uma 2008: 592-5S93). It
can be represented symbolically as follows:!!

latitudinal parallax = % X g x 120 sin(dy — ¢)

where y as before is the ecliptic declination of the nonagesimal. The table entries
decrease from the maximum value of 11;46 digits at Aries 0° to the minimum
value of 0;1 digits at Virgo 12°, increase to 0;24 at Virgo 29°, decrease to the
minimum value again at Libra 18°, and continue increasing to the maximum
value at Pisces 19°. They appear to have been computed by the above algorithm
at 15° intervals with the intermediate values linearly interpolated.

TABLE XXVI

ghatikas of half-duration of solar eclipse, argument from 1 to 12 digits of solar
obscuration.

3121 o - o o o o "

11 Note that in the equivalent formula stated arcsin(sin 24° sin(A4 + 90°)) instead of the
by Montelle and Plofker (2014: 44), the correct arcsin(sin 24° sin(A4 — 90°)).
expression for 8y is erroneously rendered as
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Now, the ghatikas etc. of the mean half-duration with respect to the digits
of solar obscuration.

These values appear to derive from the same algorithm employed in Table IX,
except in this case the eclipsing body with disk radius r¢g is the moon and r( is
the radius of the disk of the Sun.

Our reconstruction of this algorithm employs the approximate lunar and solar
mean velocity values of 790 and 59 arcminutes per day and assumes the sum of
their disk radii to be about 11 digits or 33 arcminutes, which is also the maximum
lunar latitude B at which an eclipse is possible. The amount of obscuration at
mid-eclipse is thus 11 - B digits, which ought to produce table argument values
from 0 to 11.

The actual table contains values increasing monotonically from 1,7 ghatikas at
the initial argument 1 to 2;42 ghatikis at argument 11, all of which are correctly
reproduced by the above formula with the stated parameters (with truncated
rather than rounded results) except for the value at argument 10, which should
be 2; 41 rather than 2;40. However, the table compiler or scribe has also included
a half-duration value of 0;0 ghatikis for a final argument value of 12 digits of
obscuration, which as far as we can tell makes no sense astronomically.

TABLE XXVII

Times [?] beginning with days in horoscopy, argument 1 to 60 arcseconds in the
second fractional place of planets” longitudes [?].

3T HATdF TN [ShosTAT IRt AT

Now in horoscopy, the table entries [are] days etc. [as a function] of the
arcseconds [of the longitudes] of the planets.

See Pingree 1968:72. These tabulated values, whose nature and purpose in
genethlialogy are not at all clear to us, appear to assign a time or time-interval
in days, ghatikas etc., to each of the 60 possible values of the arcseconds place
in a planetary longitude. They increase with a common difference of 0;1,48
days or 108 vighatikas from their minimum value of 0;1,48 at argument 1 to the
maximum of 1;46,12 at argument 59. The entry for argument 60 (or arcsecond 0
of the following arcminute) is 0;0, 0.
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TABLE XXVIII

Birth categories for each of the naksatras, argument (1 to 28) naksatras.
Y FARTATIT el = |
Now, the various birth categories of the naksatras.

See Pingree 1968:72. This table lists the various members of three genethlialo-
gical categories pertaining to each of the naksatras or lunar mansions associated
with the birth of the native.

Row 1: yoni or animal assigned to the naksatra.
Row 2: Order of being or ‘world” (divine, demonic or human).

Row 3: Altitude (high, middle or low).

5 EDITION OF THE NUMERICAL TABLES

arious challenges, standards and practices concerning the preparation of a
V critical edition of tabular data have been explored by Misra, Montelle, and
Plofker (forthcoming). Following the guidelines developed in that study, our
edition of the numerical tables of the Karanakesari considers an individual table
rather than a page to be its fundamental unit element or object. Consequently,
we have presented each edited table separately with any paratext and marginalia
pertaining to it, accompanied by its own critical apparatus including numerical
and textual variants and notes.

We have attempted to reproduce as far as possible in the edition the tables” ori-
ginal layout features such as vertical stacking of sexagesimal digits, placement
of row headers, row breaks, and (for tables that extend over multiple pages in
the manuscripts) page breaks. However, accompanying marginalia and para-
text other than table headings are recorded only in the critical apparatus.

The morphology of the individual Sanskrit words or phrases used as row head-
ers in the tables varies inconsistently between inflected and stem forms. For ex-
ample, the row header kalih in Table XXI is written kala in MSS Py (£.8v) and P;
(f.2r) whereas MS R, has kala or ka © as the row headers on the same folio (f.6v).
Likewise, the word amsah (degree) in Table XIX appears as am in MS P (f.7r) and
'msa in MS R, (£.5r). In our edition we have chosen to represent these words in
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their inflected forms; e.g., gatih in Table III or valanam in Table XIV.

We have been much less draconian in regularizing the numerical content of the
table entries. Since discrepancies between attested and recomputed values of
tabulated quantities may be caused by different computation techniques as well
as by outright errors in copying or calculating (see Section 6), we have resisted
emending apparently incorrect values except in very unambiguous cases. For
example, where a sequence of table entries forms a clearly identifiable and con-
sistent linear progression except for one anomalous number, we have edited the
outlier to conform to the rest of the sequence. E.g., the value (in ghatikas and
vighatikas) of the mean longitudinal parallax for 24° of elongation between as-
cendant and the Sun is taken as 4;0 in Table XXIII instead of 3;0 seen in both
MSS P; and Rj: see Table XXIII description in Section 4. However, in any case
where doubts about the compiler’s choice of computational algorithm, approx-
imation technique, rounding practices, etc., render it somewhat uncertain what
the recorded number was intended to be, we have retained the attested value, no
matter how mathematically improbable it may appear. Where the manuscripts
disagree, we have tended to follow the witness that appears more mathematic-
ally correct as well as textually faithful. E.g., the value of the daily nodal-solar
elongation (gatil, denoted S) corresponding to the 12" avadhi is taken as 61;42
following MS R; instead of 62;42 seen in MS Py, in order to form the consistent
monotonically increasing sequence S(11): 61;11, S(12): 61,42, and S(13): 62;14.

In the edited tables and in our introductory commentary, we employ the follow-
ing additional conventions:

1. All Nagari text is transcribed in Roman script using the IAST translitera-
tion. Decimal place-value Nagari numerals are represented by their mod-
ern Indo-Arabic equivalents; see Schema 5 for some typical examples of the
Nagari numerals in our manuscripts.

2. Vernacular and/or hybrid Sanskrit text has been converted to Roman script
to the best of our ability, but we make no pretence to reliable consistency
or accuracy in transcribing it. Consequently, we’ve accompanied all such
transcriptions with images of these passages in the manuscripts; a complete
set of images of all these manuscript pages is provided in Section 7.

3. Square brackets [ ] indicate an editorial addition or proposed reconstruc-
tion of missing text.

4. Angle brackets < > indicate manuscript readings that we discard as incor-
rect.

5. Scribal variants of Nagari orthography which are emended silently and
not noted in the critical apparatus (except where the meaning of the ori-
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Manuscript  Folio Excerpt showing handwritten numbers
from 1 to 10

Py
P
o e ARBENEIS e

Schema 5: A sample of the handwritten numbers: 1,2, 3,4,5,6,7,8,9,and
10(8,R,3,%,4,§&,9,¢,%,and 2° in Devanagari) from the manuscripts MSS
P1 P P2 and R2.

ginal reading may be ambiguous) include the following: virama, avagraha,
misplaced dandas, reversed conjunct consonants (e.g., ladhba for labdha),
conjunct consonants that we cannot reproduce in our Nagari typesetting,
doubled consonants after r or across a pada break, routinely confused con-
sonant pairs (e.g., ba for va, sa for kha), and all forms of kosta for kostha “table
entry’. However, the anusvara (for a conjoined nasals) and omitted visarga
have been noted explicitly in the critical apparatus.

Fragments of Sanskrit words or compounds in Nagar1 are indicated with a
small circle e at the breakpoint.

In the critical apparatus, text followed by a single square close-bracket ]

indicates the edited version of the manuscript reading that follows it.
The symbol x within Nagarl text indicates an aksara (syllable) that is il-
legible in the manuscript.

. Numerals in sexagesimal or base-60 place-value notation in our comment-

ary are shown with a semicolon separating their integer and fractional
parts, and commas separating their successive sexagesimal digits. The su-
perscripts °, °,’, and ” indicate zodiacal signs (i.e., 30-degree arcs of longit-
ude), degree, minute, and second of arc, respectively.

A few technical Latin terms (abbreviated at times) are used to express the
peculiarities of the variants when compared to the base text. Their mean-
ings with examples are as follow:

om. (omisit): omitted.
Example from Table XX: MS P;: first column of signs: ...ma 9 | om
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This means that the entry ma 9 is omitted in MS P;.
prius: earlier (of the two).
Example from Table XXI: kalah ] ...prius kae in row II, alibi kala R,
This means that the first entry is ka © in row II, while everywhere else
in row II it is kala in MS R,.
alibi: elsewhere.
alterum: the other.
Example from Table XXI: dhanus 9 ] ...alterum dhanah 9 P,
This means that the other entry (not the first) is dhanah 9 in MS P5.
transposuit: transposed

tula 7 kanya
Example from Table XXI: alterum wa transposuit anya 6 in Py
kanya 6 tula 7
. tula7 |. S
This means that the second entry T s transposed in its word
kanya 6
. kanya 6 |,
ordering to in MS P;.
tula 7
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Table XXVI

| | atha ravichannangulad madhyasthitighatikadi | |
1 2 3 4 5 6 7 8 9 10 11 12 $rih
1 1 1 2 2 2 2 2 2 2 2
7 33 51 5 16 24 31 36 39 40 42

lambanaspastam gunakena 2 gunitam ptirnanigamair bhakte labdham spastalambanam sa tat-
sam lambanam ganita gatadarSe dhanam rnam karttavyam yada siiryalagnayor vivaratrib-
hato triraSito hinas tada darSaghatipalesu lambanam rnam Kkarttavyam yada trirasito
amtaram adhikams tada darsaghatisu lambanam dhanam karyam evam krte spastamadhyakalo bhavati | |
ityadi | |

o ravih cchannamgulat ©...e ghatikadi raver madhyasthitisparsakale ganita gatakale dar$e hinam moksakale
yutam pasca lambanam deyam || §r1 || P; e e ravih channamgulat °...e ghatikadi ravimadhyasthitis-
par$akale ganitagatakale darée hinam moksakale yutam | pascal lambanam deyam | | Ry

o spastagunakena gunakena gunitam purnaniga[xx]kte labdham o...o sa tatlambanam ganita gatada[xxxrnam
o...o sliryalagnayor vivaratribhato ©...e trirasito amtaram amtaram adhikas tada ©...e karyammevam ©...o
bhavati | | Py; ityadi | | om. Py

ernam karttavyamh yada trirasito amtaram amtaram adhikastadae R;

§rth om. Rp; column header 12 ] 0Ry

MS R; has the table written in the left margin of <f. 7v>, with heading text wrapping in-line along the table to
the right and further extending below the table.

MS P has the marginal text to the right of the table, whereas MS R; has the marginal text to the right margin
onf.7v.

MS P, does not contain this table.
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6 CONCLUDING REMARKS

Astronomical table-texts complicate still further the already contentious issue

of the nature and goals of critical editions in Sanskrit textual scholarship
(Csernel and Patte 2009; Phillips-Rodriguez 2007; Witzel 2014). It is well under-
stood that even the most conscientious critical edition cannot replicate ‘the ori-
ginal” form of a text, even though it may successfully restore ‘an earlier’ version of
the textual tradition. Naively, we might expect that a table-text consisting mostly
of numerical data would simplify this issue somewhat, as the algorithms used to
produce the data provide an independent check on what they are ‘supposed’ to
be. The following list of questions that we have formulated in our analysis of the
Karanakesari tables reveals the folly of any such expectation, and shows us how
much remains to be done in gaining a better understanding of the long-neglected
Sanskrit kosthaka /sarani genre.

QUESTIONS

How were attested table entries generated, and how should editors decide
whether and when to correct apparently erroneous entries or to select one vari-
ant reading over another?

As illustrated in our brief analysis of individual tables in Section 4, it is not al-
ways clear from the numbers in a table exactly what computations the original
compiler performed to produce them, nor are the computational techniques al-
ways consistent: e.g., a few key values may be determined by a trigonometric
formula and the intervening values filled in by linear interpolation. Even if the
generating algorithm is confidently identified, it may be impossible to determ-
ine what rounding (or truncating) practices or arithmetic methods the compiler
used and how they affected the end result. Finally, the table compiler may have
simply miscalculated in carrying out the procedures: should the ‘authoritative’
value be the one that was actually produced or the one that was presumably
intended?

Checking table entries by recomputing them from the generating algorithm is
not always a straightforward process, even if the algorithm is known. Differences
in accuracy and precision between historical and modern trigonometric proced-
ures, or between sexagesimal numbers and decimal approximations, can often
introduce more confusion into the analysis of attested values. Table reconstruc-
tion must be carefully designed and documented if it is to serve as a justification
for emending the tabulated values.
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What was the role of scribes in producing or incorporating additional table
data?

We have described in Section 3 the inclusion of various tables in some of the
Karanakesari manuscripts but not in others. What choices are scribes and /or their
patrons making about the selection of tables that constitute a particular text? Are
scribes sometimes responsible for adding new content to existing tables, e.g.,
writing the differences between successive table entries in a separate row? How
do specifically astrological tables, such as the ones in MS P; of the Karanakesari, fit
into these practices? We might speculate that the selection and inclusion of such
specialized tables may have been part of a process of ‘customizing” a table-text
for individual users.

How is table paratext determined and distributed?

The authorship of paratextual content in and around tables—table headings and
row headers, notes, etc.—is not always easy to determine. Are table headings, for
example, passed down along with the versified user instructions as composed by
the original compiler of the tables? Or are they sometimes amplified or modi-
tied by scribes, along the lines of the brief chapter or subject introductions in-
terspersed throughout verse texts (and generally beginning, like table headings,
with the standard transition atha ‘Now’)?

We have seen in Section 3 that some paratextual notes in a vernacular language
are recorded in both our manuscripts of the Karanakesari tables. Did they origin-
ate with the tables themselves or were they contributed by an earlier scribe, or
user, and subsequently absorbed into the manuscript tradition? Does the place-
ment of paratext, e.g., in headings as opposed to margins, signify anything about
its authorship?

What is the impact of the table-text genre on Sanskrit technical vocabulary?

The use of standard technical terms like upari for ‘argument’, kosthaka for ‘table
entry’ or ‘table cell’, pramita ‘measured by’, ‘commensurate with’ to indicate the
dependence of the tabulated value on the argument, etc., deserves further scru-
tiny (and is discussed in more depth in (Montelle and Plofker forthcoming)).
When did these particular meanings of these terms emerge in scientific Sanskrit,
and are there variations in their use that shed light on the evolution of this genre?

How were scribal copying practices adjusted to accommodate tabular data?

Palaeographic study of manuscripts of Sanskrit versified texts reveals the funda-
mentally linear nature of the standard copying process (Murthy 2012): the suc-
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cessive syllables of the verses stream across lines and pages, punctuated by ver-
tical bars (dandas) where appropriate. Spaces may be left for rubricated chapter
introductions, diagrams, displayed mathematics, etc., but these are just tempor-
ary interruptions of the continuous flow of characters. The kosthaka form, on the
other hand, creates a graphical structure that the scribe must fit the content into,
and at present we know very little about the details of the process (Montelle and
Plofker forthcoming).

It is clear that scribes would begin the task of reproducing a table by laying out
the table grid, but did they then fill in the numbers by individual argument value,
or by copying streams of digits all the way across a row or down a column, or
some combination? Can we reconstruct from scribal errors the details of these
scribal practices?

And how was table content quantified for the purpose of determining scribes’
tfees? Typically, a manuscript copyist would be paid according to the number
of some standard textual units transcribed: the unit might be a line or a page,
but typically a verse (sloka). As noted in Section 3, one of the Karanakesari man-
uscripts contains the note ‘Sloka 115, suggesting that the scribe had copied 115
of some table-content units considered equivalent to a verse. We can only sup-
pose that scribes adopted some convention of assigning to tabular content a sloka
amount to create a common unit of copying for their payments.

What do kosthaka manuscripts reveal about the professional activities of
their users?

We remarked in Section 3 the presence of a marginal note in one of the
Karanakesari manuscripts, in what appears to be a different hand from the copy-
ist’s, recording the common difference between entries in the accompanying
table. It may be that this was added by a user to facilitate interpolating linearly
between table entries in an astronomical calculation.

All of these open questions make the endeavour to produce a critical edition of
kosthaka tables a rather ambitious project, and we cannot claim to have estab-
lished a version of the Karanakesari tables content that is in any way definitive.
They do, however, reveal the importance of such texts for understanding the
evolution of second-millennium Sanskrit astronomy, and the vast amount of that
evolution that took place within the kosthaka/sarani genre.
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7 APPENDIX

paratextual information in an unidentified vernacular language written

e present here images of certain folia from the manuscripts that contain

in Nagart.
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f.2v of MS R, with Taste IX and associated vernacular paratext.
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