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Abstract

Since its discovery by scholars in the late nineteenth century, the last chapter of
Sphujidhvaja's Yavanajataka has been known as one of the earliest extant specimens of
Indian astronomical works composed in Sanskrit. Subsequently, thanks to David
Pingree's 1978 edition of the text, this chapter became widely recognized as one of the
earliest Greek astronomical texts translated into Sanskrit, revealing the remarkable
connection between the Greco-Babylonian astral science and the Indian one. However,
some of Pingree's claims had been disputed by scholars and Pingree's reading and
interpretation of the primary materials have been challenged by scholars such as Shukla
(1989) and Falk (2001). In the light of the discovery of a new Nepalese paper manuscript
and some other additional materials, some of the lacunae may now be filled and the
additional variant readings have given us further clues to an improved interpretation of
the text. The present study provides a summary of all the new findings concerning the last
chapter of the Yavanajataka, together with a revised, annotated critical edition.

' I would like to thank all the scholars who kindly offered their help and advices during the course of this
research. First and foremost, it was Professor Yano Michio who introduced me to the Yavanajataka and read
with me and his students its beginning chapters in early 2010. Professor Yano was also the first to inform me
in August 2011 about his discovery of the new manuscript Q in the collection of the Nepal-German
Manuscript Preservation Project (NGMPP) during his trip to Nepal. The color copies of mss. Q and N were
provided to me by Michio Yano, with the facilitation of Professor Harunaga Isaacson and Dr. Albrecht
Hanisch. In addition, Professor Isaacson and Dr. Kengo Harimoto provided me the black-and-white copy of N
and other fragments titled Yavanajataka in the NGMPP collection. In September 2012, after some lacunae
and variants were identified, Professor Harunaga Isaacson read with me parts of the last folios of the
manuscripts Q and N. In October 2012, Professor Francesco Sferra informed me about an additional facsimile
of N made by Giuseppe Tucci where the missing folio was found and provided me a copy of it. Subsequently,
some of the major findings described in this paper were presented during the annual conference of the
Association for the Study of the History of Indian Thought (-f + K EAHH1%24%) held at Kyoto University on
22 December 2012, and were later published in Mak 2013 after receiving suggestions from Professor Alexis
Sanderson, Professor Yuko Yokochi, Professor Diwakar Acharya, Professor Somadeva Vasudeva and
Professor Dominik Wujastyk. I thank also Professor S. R. Sarma and Professor Takao Hayashi for their
extremely thorough comments and suggestions on a draft of this paper during its final stage. Needless to say,

all remaining errors are of my sole responsibility.



60 Bill M. Mak SCIAMVS 14

I. Introduction

In 1978, David Pingree published his edition and translation of Sphujidhvaja's
Yavanajataka. The text soon established itself as one of the most important historical
documents in various fields of Indology, from the history of mathematics and astral
science, to Indian chronology and historical contacts among ancient cultures. A number of
Pingree's claims concerning the text has been widely quoted by scholars in the past
decades. These claims may be summarized as follows: The Yavanajataka was an
astrological/astronomical work composed in 269/270 CE by Sphujidhvaja, an
"Indianized Greek" who lived in the realm of the Western Ksatrapas. The work was a
versification of a prose original in Greek composed by Yavane$vara in Alexandria in
149/150 CE. The work, though highly corrupt and clumsily expressed, contains algorithms
of "ultimately Babylonian origin", the earliest use of bhiitasamkhyd, as well as the earliest
reference to the decimal place-value with a symbol for zero (bindu).

Pingree's claims were based largely on readings from the last section of the
Yavanajataka, described by him as "Chapter 79 - Horavidhih", an exposition of
mathematical astronomy. Although scholars including Shukla and Falk have pointed out
some major flaws in Pingree's interpretations and reconstitution of the text, further
progress of a proper reevaluation of the controversial contents of this chapter has so far
been hampered by the lack of better source materials. In 2011-2012, additional materials
including a hitherto unreported manuscript of the Yavanajataka were discovered by Yano
Michio and discrepancies between Pingree's edition and readings from both the new and
the old manuscripts were identified by the present author.” This paper will therefore be a
new attempt to reexamine Pingree's key interpretations of the Yavanajataka, focusing on
this last chapter, in the light of the new textual evidences which have so far not been
considered.

I1. Textual sources

The additional textual materials used in this paper are of two main varieties: i) alternate
copies of the Nepalese manuscript N, which was the basis of Pingree's edition, as well as
other unreported copies of the Yavanajataka;® ii) additional parallel texts and testimonia
not mentioned by Pingree.

I1I.1 Manuscripts

The manuscript N is so far the most complete source of the Yavanajataka extant and it is
the only source where all chapters of the work are included, partially or entirely. It was
first described, together with a transcription of the last four verses, by H.P. Shastri in

2 Mak 2013: 4.

3 See below for a complete description of all the manuscripts.
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1897, following R. Mitra's initial survey of palm-leaf manuscripts in the Maharaja's
Durbar library.* Subsequently, Shastri himself and P.V. Kane (1955) continued to
decipher the text.” A copy of transcript of the manuscript N (ff. 2-10, 98-103) was made
available to Pingree by Kane in 1958, which eventually became Pingree's K ("Kane").
Together with another manuscript P ("Paris") from Sylvain Lévi's collection, these two
manuscripts were used by Pingree to supply readings from the missing f.102. Other
manuscript fragments of the Yavanajataka were found by Pingree but their usefulness
was reported to be limited. Subsequently, Pingree published the first complete modern
edition of the Yavanajataka in 1978.
In his edition of the Yavanajataka, Pingree remarked:

“The difficulty of editing and understanding Sphujidhvaja arises from the fact that
for most of the text we have only one very incorrectly written manuscript to rely
on. The errors of N occur, on the average, at least once in every line. Often the
expanded version of Minaraja or some other testimonium comes to our aid;
sometimes a knowledge of Sanskrit grammar or idiom suggests the right reading,
although Sphujidhvaja was not so exact in his use of Sanskrit as to make this
criterion infallible. So we are occasionally forced simply to guess. And I am
aware that I must have missed guesses that will occur to others, and that in some
cases I will have guessed wrongly. Non omnia possumus omnes.”

The "incorrectly written manuscript" N (folios. 2-103, with f.1 and f.102 missing)
used by Pingree was a facsimile of a Nepalese manuscript now in the possession of the
National Archives in Nepal.” Although I cannot verify the microfilm used by Pingree
himself (kept in the archive of Brown University), based on the variants and lacunae
reported in the edition, it should be very similar or possibly identical to the
black-and-white Nepal-German Manuscript Preservation Project (NGMPP) A31/16
microfilm made on 13 September 1970.

Due to the dilapidated state of the manuscript, the facsimile of N which Pingree's
edition was based on was not of the best quality. Unbeknownst to Pingree, Giuseppe
Tucci in 1954 also took photos of the same manuscript N. Although the photo quality is
poor and is inferior to the black-and-white NGMPP microfilm, it contains the missing
£.102 as well as readings at various places which were worn off or corrupt later on.*

* Shastri 1897: 310-311.

5 Shastri 1905: xxix-xxx,40-41;1911: 5-6.

6 Pingree 1978a: 1.22-23.

7 The manuscript is not dated although the variety of scribbles by different hands (titles, mantras, dedicatory
lines, etc.) suggests that it was passed down from a long lineage of astrologers (jyotisika-s). On orthographic
ground, N is probably dated around the twelfth century.

8 Copies of Tucci's photos as well as relevant documents concerning the circumstances when they were taken

were provided to me by Francesco Sferra of Universita degli Studi di Napoli "L'Orientale" (Sferra 2008;
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In 2011, a set of high-quality digitized color photos of N was made and it provided the
best reading among all sources so far, although the condition of the manuscript had
further deteriorated. These two new sources become the basis for our attempt to improve
on Pingree's reading of N.’

In the same year, I was informed by Michio Yano of his discovery of a hitherto
unreported copy of the Yavanajataka which was mistakenly recorded as
(Brhad)yavanajataka in the NGMPP database.'” A set of digitized color photos was
produced (Q). Upon examination, this manuscript is found to contain readings which fill
up some lacunae of our copies of N, as well as some significant variants. The manuscript
contains seventy-eight folios and was numbered up to ninety, with therefore twelve
missing folios. While this manuscript could be as late as the eighteenth century judging
from the paper quality,'' it provides us also some additional information about the text
which was not available in N. First of all, the verses were numbered, unlike in N where
verses run continuously.'> As far as the "last chapter" is concerned, Q grouped Ch.77-79
of Pingree's edition into one chapter with 104 verses in total, which is more than 101
verses in N."* Secondly, given the fact that Q contains variants sometimes different from
N and that the manuscript was copied at such a late date, suggesting that there was a
manuscript tradition of the Yavanajataka not directly descended from N, there is a good
chance that some other copies similar to Q may still be extant in India and Nepal.

As it turns out, the discovery of Q provides us an opportunity to reexamine all the
previous sources used in Pingree's edition of the Yavanajataka. The uniqueness of the
work coupled with Pingree's assumption of the corrupt nature of the manuscript as well as
generally early Sanskrit jyotisa texts, led to his rather free emendations of the YJ,'
resulting in some highly questionable and some certainly wrong interpretations of the
contents of the YJ which ought to be revised.

Nalesini 2008). In addition, Sferra informed me that Pingree confirmed that Tucci's photos contained
materials he did not use for his 1978 edition when they were shown to him in the 1990s.

0 N, indicates Pingree's reading of N which is not supported by our manuscript sources.

10" At the top of the first folio of the manuscript marking of "sa 2387 / vidha / vrhadyavanajatakam” in
modern ink may be noted. While I cannot verify the particulars concerning this note, it may be noted that
Shastri in his report also once described N as "vrhatyavanajataka" but later changed to "vrhatsamhita"
(Shastri 1905: xxix-XxX).

" Diwakar Acharya pointed out to me that although Nepalese paper manuscripts are dated as early as the
thirteenth century in the NGMPP collection, Q could be as late as the eighteenth century based on the
orthography and the red lines used for alignment.

12 Based on the content of the text, Pingree detected gaps in N by indicating "no space in N" in the apparatus
(eg. 79.3¢,18b,19ab,30d).

"> The additional three verses are located in the missing pages and cannot be identified.

' Pingree 1978b: 533-534.
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Descriptions of all the known manuscript sources of the Yavanajataka are as follows:"

N NGMPP A31/16 =NAK 1/1180
Palm leaf manuscript. Incomplete. 102 folios (ff. 2-103). 54 x 4.5 cm.
Five lines per page. Two binding holes. Old NewarT script (Northern Nagarf).
Twelfth to thirteenth century on orthographical ground (Pingree: beginning of
thirteenth century). Representation of sibilants ($a, sa, sa) not consistent.
Margins damaged and part of the text illegible due to wear and tear.
Reproductions:

N; Black-and-white photos taken by Giuseppe Tucci in 1954, ff. 2-103.

Tucci 13(XLIX.21-38) and 34(ex35) (XLIL.1-9).

Now Black-and-white microfilm prepared by NGMPP in 1970, ff. 2-101, 103.

N Digitized color photos prepared by NGMPP in 2011, ff. 2-101, 103.

K Copy made for P.V. Kane, dated c. 1955, recopied by Pingree in 1958, ff.
2-10, 98-103."° (labeled as k by Pingree). Used by Pingree for the missing
folio 102. It is not available to me and its content is reported in Pingree's
edition.

R "A copy of N was apparently made for Hemaraja, the former Rajaguru of
Nepal; it is not available."'” I cannot identify this manuscript from any

known catalogue.

Q NGMPP A1122/3 = NAK 6/2397 (originally labelled as Brhadyavanajataka)

Paper manuscript. Incomplete. 81 folios (ff. 8-87, 90). 41.6 x 13.2 cm.

Eleven lines per page. One binding hole. New NewarT script (Northern Nagar).
Eighteenth century on the grounds of orthography and the red lines used for alignment.
Some folios missing and damaged but in general highly legible.

P Manuscript A.3 from Sylvain Lévi's collection, copied c. 1890, 66ff. "This manuscript
was evidently copied... by a very careless scribe... There are many omissions, the
largest being from chapter 22 to 53."'® It is not available to me and its content is
reported in Pingree's edition.

J NGMPP A31/15 =NAK 1/619 (labeled as K by Pingree)

Palm leaf manuscript. Incomplete. 14 folios. 43 x 5 cm.

Nine lines per page. Two binding holes. Devanagari.

Clear and legible, this manuscript was not available to Pingree. Although it was

indicated on f. 108r as Yavanajataka by a second hand, I have not so far identified any

'S For other unexamined manuscripts which may be connected with our Yavanajataka, see Shastri 1897: 311
and Pingree 1978a: 1.35. Pingree reported also a "second Yavanajataka" which "displayed some knowledge of
Minaraja's work" but appeared to be unrelated to our Yavanajataka (Pingree 1978a: 1.32-35).

'S Pingree 1978a: 1.23.

"7 Tbid.

' Tbid.
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content of the Yavanajataka in it.

L Leipzig 1081.

"11 ff. Sarada script. This manuscript, on ff. 1v-9r, contains Yavanajataka 44; 50; 48;
49; 46; 47; and 45. All the variants are indicated in the apparatus criticus. Ff. 9r-11r
contain a text on Binduphala. L is only infrequently useful."" It is not available to me

and its content is irrelevant to the last chapter of the work.

S NGMPP A410/1 = NAK 4/2204

Paper manuscript. 270 folios. 22.1 x 9.6 cm.

Six lines per page. No binding hole. Devanagart.

Labeled as Yavanajataka by an unknown hand on the cover. It appears to be a work

known as Jatakasara and does not appear to contain anything analogous to our

Yavanajataka.

T NGMPP E2044/19 = E38338
Paper manuscript from a private collection in Patan. Incomplete. 16 folios (ff. 40-55).
35 x 15 cm.

Twelve lines per page. No binding hole. Devanagari.
Yamanaja written on left margin of the verso of all folios. Catalogued as Yavanajataka
when the microfilm was made in 1987. At least a part of its content corresponds to

Chapter seven of Minaraja's Vrddhayavanajataka.

A% NGMPP E2388/4 = E44330

Paper manuscript. 34 folios. Damaged (only the right-half remains).15.5 x 4.4 cm.

Six lines per page. Two binding holes (?). Old NewarT script (Northern Nagar).
Catalogued as Yavanajatake balavidhih and filmed in 1989. The script and even the

handwriting is remarkably similar to N. The fragments cover various parts from

chapter one to seventeen of the Yavanajataka.

I1.2 Parallel texts and Testimonia

11.2.1 Parallel texts

Some parallel materials have been identified between the Yavanajataka (abbreviated as
YJ henceforth) and Minaraja's Vrddhayavanajataka (VYJ, early fourth century?).’ The
VY] contains seventy-one chapters in 8000 verses,”' and is at least twice as large as the

" Tbid.

2 Pingree 1959a: 268; 1978a: 24-28.

2l "Minaraja, having considered with his own discernment, skilfully made the treatise of horoscopy of
100,000 [verses], which the ancient sage taught Maya, into 8,000 [verses]." yad uktavan pirvamunis tu
Sastram horam ayam laksamitam maydaya | tan minarajo nipunam svabuddhyda vicintya cakre
'stasahasramatram || VYJ 1.2. There are however only 4,357 verses in Pingree's edition (Pingree 1978a:
1.24-25).
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YJ.>* Since Pingree's dating of the VYJ is partially contingent on the dating of the YJ
which is now thrown into question (§II1.2.1), the relation between VYJ and YJ should be
re-examined. > A number of later works such as Kalyanavarman's Saravall, 24
Govindasvamin's Praka_tdrthaa’z’pika,25 Visnusarman's Muhﬂrtadz'pikd,% and other minor
works contain also portions of the YJ.” However, none of these works contain materials
on mathematical astronomy such as those of the last chapter of the YJ and are therefore
beyond the scope of the present study.

Beside the abovementioned works, there exist also a large number of hitherto
unexamined Sanskrit horoscopic treatises which are attributed to Yavanas or contain part
of the YJ; their relation with the YJ remains to be investigated.”®

I1.2.1 Testimonia

Beside the parallel materials of which the question of interrelation among the texts cannot
be readily solved, there are two main testimonia of the YJ, both of which are relevant to
the present chapter: they are, 1) Bhaskara's commentary on the Aryabhativa (YJ 79.55,
57-58), and 2) Utpala's commentary on Varahamihira's Brhajjataka (YJ 79.15). The
readings from these two sources sometimes diverge from N and are therefore important
reference to the edition of our text which so far relies only on a scarce number of
manuscripts.

The date of Bhaskara's commentary of the Aryabhativa (629 CE) where the YJ was
quoted should be taken as the upper limit for the YJ. Judging from the frequency
Yavane$vara was quoted by Utpala (966 CE) in his commentaries (over fifty times in both
his commentaries on the BJ and the BS), together with the amount of parallel materials
found in works such as the Saravalr of Kalyanavarman, one can suppose the popularity of
this work up to at least the tenth century.”’

2 See §IIL1.

% Some preliminary comparisons between the YJ and VYJ were made in my paper "The "oldest Indo-Greek
text in Sanskrit" revisited - additional new readings from the newly discovered manuscript of the
Yavanajataka," presented during the 60th annual conference of the Japanese Association of Indian and
Buddhist Studies held in Matsue, Japan. The paper is due to be published in Journal of the Japanese
Association of Indian and Buddhist Studies H ASF1E 2L ¥43(62), 2014. In one group of parallel
materials, the VYJ appears to contain core content from which the YJ expanded on. See discussion below in
§II.4.2.

24 800-850 CE. Pingree 1978a: 11.446.

% (. 850 CE, commentary on Parasara's Horasastra. Pingree 1978a: 11.447.

% Late fourteenth century, commentary on his father Vidyamadhava's Vidyamdadhaviya. Pingree 1978a:
11.451.

" Pingree 1978a: 1.23; IL.

% Pingree 1978a: .23, 35-36.

% Utpala’s commentary was dated $ake 888 (966 CE) in at least one manuscript and should be accepted since
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Beside the variants, another important observation on these testimonia concerns the
way the YJ was cited. If the texts were transmitted correctly, in the words of Bhaskara
and Utpala, Yavane$vara was treated as an attribute to Sphujidhvaja rather than as a
separate author. This gives rise to the suspicion that Yavanesvara could have been just a
generic epithet like Yavanendra or Yavanadhiraja found in other texts. (See discussion on
the identity of Yavane$vara and Sphujidhvaja in §111.2.2.)

II1. Contents

I11.1 Composition

Pingree's edition of the Yavanajataka contains about 2270 verses, in contrast to the "4000
verses" stated in the colophon (v.62). It deals with various aspects of horoscope-based
genethliacal astrology and is considered to be a prototype for a whole genre of such
works known as jataka which proliferated in the later age.™® The purported last chapter is
unique in the sense that it deals with mathematical astronomy,”’ the application of which
was presumed in the casting of horoscopes to provide data such as date/time
measurement and planetary longitudes, and may thus be considered as the "core of
horoscopy" or the "supreme eye" of horavidhi as the author of our text called it (v.1).
Suchlike calculations, important as they were, however, were usually treated separately in
treatises belonging to the ganita (calculation) category.”> The content of this purported

Utpala, as a Kashmirian astronomer of various works including the commentary on the BS, was mentioned in
Alberuni’s work on India dated around 1030 CE (Sachau 1888 I: 157-158, 298; Kane 1949: 22-23).

3% This is not to be confused with the Buddhist jatakas which deal with the past lives of the Buddha and
contain nothing of astronomical or astrological nature. The title jataka to describe contents specifically
dealing with hora appears to be a later usage when horoscopy emerged in India during the early centuries of
the common era.

31 The chapters were not numbered in the mss. and only in Q were the verses numbered. This so-called last
chapter was numbered by Pingree originally as 76 (Pingree 1962: 27), was later changed to 79 in his 1978
edition. In the latter, the titles "karmarambhah" and "arambhavidhih" given to chatpers 77 and 78 respectively
were Pingree's conjecture. In Q, the verses of chapters 77-79 were numbered together to form what appears to
be one chapter. Pingree separated this chapter out probably due to the consideration of its mathematical
content.

32 The three categories of jyotih$dstra according to Varahamihira (sixth century CE) which later became
largely standard are: i) ganita or tantra (mathematical astronomy); ii) hora or jataka (genethliacal astology or
horoscopy); iii) samhita (collection of natural astrology and divinatory practices). Brhatsamhita 1.9 (Tripathi
ed.). It may be noted that while the lVedangajyotisa attributed to Lagadha contains also elements of
astrological nature such as the description of the presiding deities for each naksatras, it deals with by and
large mathematical astronomy and contains no element of horoscopy or even references to planetary motion

other than that of the Sun and the Moon.
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last chapter is remarkable also in the sense that it is amongst the oldest Sanskrit jyotisa
texts extant dealing with planetary motion and civil-day computation (ahargana),
although the exact date of composition is now put into question. The topics of this chapter
are summarized as follows:

Topics Verse(s)
Introduction - reference to Greek source 79.1
Description of astronomical cycles (yuga) and | 79.2-4
Vasistha's astronomy

Tithis and the four types of time measurement 79.5-6
Civil days 79.7
Rising of Moon and asterisms 79.8
Solar and sidereal months 79.9
Intercalary months (adhimasa) 79.10
Number of civil days in four types of months 79.11-13
Epoch of the Saka and the Kusana era 79.14-15
Reckoning of elapsed days (ahargana) 79.16-20
Mean motion of Sun and elongation of Moon 79.21
True motion of Sun, Moon and stars 79.22-26
Water-clock and time measurement 79.27-29
Course of Sun, gnomon, ascendent, solar year 79.30-34
Sidereal and synodic periods of planets 79.35-36
True motions of planets 79.37-51
Lords of hours, days, seasons and years 79.52-55
Source and transmission 79.56-62

A cursory examination of the topics touched upon in this chapter reveals its very Indian
nature in spite of its author attributing the work to an ultimately Greek source. Such
features include the dependence on the tithis, references to the Sakas and Kusanas® and
descriptions of Indian source and transmission of the text. The mathematics and units
employed in this last chapter largely resembles generally to those of the Vedangajyotisa
(§II1.4.1), and not to any known Greek sources.

In other chapters, one can identify at different levels elements bearing undeniably
Indian characteristics, such as the twenty-eight naksatras, the Indian deities, the Sanskrit
alphabet and various references to Indian society (§111.2.3.2). While Pingree tended to see
all these as Sphujidhvaja's skillful Sanskritization, the varying degree of acculturation
should be more carefully examined and distinguished. In the case of chapter seventy-two
on Sanskrit alphabet and chapter seventy-three which deals with military astrology where

33 Spelt as kosana- in our text (v.15).
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the twenty-eight naksatras were mentioned, the Indian elements have in fact become the
core element of the chapter concerned. Concerning the last example, Pingree thus wrote,
"...it is clear that much of Sphujidhvaja's material is derived not from Greek sources...."
Pingree however did not explain how these counter-evidences fit into his assumption of
the text being a translation from a Greek exemplar. Taking all these clues together, the
work was most likely conceived originally in Sanskrit, including ideas which were
nonetheless ultimately foreign in origin.

I1I1.2 Date and Authorship

I11.2.1 Dating of the YJ based on bhiitasamkhya readings

The idea of "two names" and "two dates" given in the last three verses of the YJ was first
proposed by Shastri in his report and transcription of the text dated 1897:

“There are evidently two names and two dates. The first is Yavangcvara, in the
year Visnugraha, i.e., 91 of some era not mentioned who translated into Sanskrit a
work from his own language. The second is Sphiirjjidhvaja in 191 of the same era

who rendered the translation into 4,000 Indravajra verses".*

Shastri furthermore dismissed the possibility of Yavanesvara and Sphiirjjidhvaja [sic]
being the same person previously suggested by Kern.*

Shastri’s reading of the text was at best preliminary and was fraught with speculation
and mistakes. Besides the misreading of “Sphujidhvaja” as “Sphiirjjidhvaja”,*® his
reading of the two phrases “visnugraha++++" and “narayanankendumayadi” turned out
to be incorrect and should read instead as “visnugraha<ksa>nsut+++<rar>" and
“narayana<rke>ndumayadi” respectively.”’ Shastri proceeded to interpret these phrases
as the bhiitasamkhya reading of 91 and 191, although there were no precedents of using
the words visnu and narayana to refer to the number 1. Furthermore, no words of “year”
or “era” were mentioned in the verses as one would expect.

While Shastri should be credited for the discovery of this important text, his erroneous
reading of the two dates "of some era not mentioned" was later adopted by Kane who
conjectured the era to be Gupta in the latter’s 1955 paper titled “Yavanesvara and

** Shastri 1897: 311-312.

35 According to Shastri, this claim is not tenable because the manuscript “uses the word prik ‘formerly,” i.e.
Sphiirjjidhvaja rendered into verse what was formerly translated by Yavan€gvara.” (Shastri 1897: 312).
Kern’s remark was based on his reading of Utpala’s commentary on Varahamihira’s Brhajjataka. In retrospect,
however, Utpala’s interpretation as noted by Kern should be reconsidered. See discussion in I11.2.2.

3% The mistake was later corrected in his 1911 reports (Shastri 1911: 5-6).

37 See apparatus and notes on vv. 60-62. The problem of these bhiitasamkhya readings was first discussed in
Mak 2013: 5-9.
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Utpala”.*® Kane accepted Shastri’s interpretation but he corrected the second name to
Sphujidhvaja as he was aware of the expression “Yavanesvara-sphujidhvaja” which
occurred in Utapla’s commentary on the Brhajjataka.”

In 1958, Pingree obtained the transcript from Kane. In the footnotes of his 1959 paper
titled “A Greek Linear Planetary Text in India”, Pingree arrived at the conclusion that the
unspecified era should be Saka which began in 78 CE.*" He credited this interpretation to
a minor remark made by Ramana-Sastrin, who interpreted Shastri’s bhiitasamkhya date of
Sphujidhvaja’s composition (191) as 269 CE.*
furthermore proposed that the date of Yavane$vara’s composition should the year Saka 71
(149 CE) instead of 91. The reason for the new reading is that Pingree read -graha as 7
instead of 9, on the ground that while later bhiitasamkhya would interpret graha (planet)
as 9, the inclusion of the pseudoplanets Rahu and Ketu among the planets (graha) was

Pingree accepted this date and

"an impossibility in the second century" as suggested by the Sardiilakarnavadana
(SKA).*

38 Kane 1955: 1. At the time when he wrote the paper, Kane was still in the process of acquiring a transcript
of the manuscript and did not have the chance to examine the original text. After the paper was sent off to
press, he received the transcript and added a supplementary note to the paper with a remark that “the
manuscript in the original appears to have gaps and is incorrect in many places” (Kane 1955: 8).

39 Kane 1949: 20-21; 1955: 1. See also earlier note on Shastri’s correction in his 1911 report.

4 Pingree 1959b: 282 fn.3.

41" Although Ramana-Sastrin did not give an explanation why he assigned the date to the Saka era, it appears
that he was influenced by Utpala’s commentary on BJ 7.9 where a date in the Saka era was given in relation
to Yavanaesvara-sphujidhvaja, whom he took as a single person just like Kern did. Furthermore, he read this
date provided by Utpala as 93 CE, which was interpreted as the terminus post quem for the composition of the
Yavanajataka, together with 269 CE as the terminus ad quem (Ramana-Sastrin 1922: 20).

2 Pingree 1959b: 282 fn.4. Pingree’s reasoning is problematic for a variety of reasons. First of all, the
interpretation of one text does not necessarily entail the impossibility of an interpretation different from it in
another. Secondly, for the condition to apply, Pingree had to presume the text to be dated prior to the second
century, which makes his reasoning circular. Lastly, the claim that there were no Rahu and Ketu in the second
century in fact cannot be made based on the Sanskrit SKA and its extant Chinese translations. As reported by
Mukhopadhyaya, the first Chinese translation extant, Modengjia jing FEXIIFE (T1300) by Zhu Liiyan = fi
253t and Zhi Qian 325l was dated 223-253 cE (Mukhopadhyaya 1954: 53, 104, 229). However, earlier
Chinese translations of the SKA such as the one by An Shigao ZZ 7% (T551, mid-second century) does not
contain this passage at all and hence the dating of the Sanskrit SKA where the description of seven planets is
found is problematic. In T1300, both seven planets and nine planets were mentioned (£ A {85 T : H
Ho~ 38R B 3R R~ RE - BRAT - &R - 22 @RI - T1300.21.405b). Thus, what
we can conclude from the above is simply that the Sanskrit SKA as we now know is dated prior to the
mid-third century CE, and that both seven planets and nine planets were known to the Chinese as early as the
mid-third century CE. From the way Pingree paraphrased his argument in another article, his understanding of

the Chinese materials which formed the basis of his claim appears to be faulty; the only valid support for his

.
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By the time Pingree published his critical edition of the YJ, he had introduced some
improvements as well as emendations to Shastri’s original reading. “visnugraha” became
“visnugrahatkse” and “nardayanankendumayadi” was emended as “‘narayandankendu-
mitabda-". However, upon closer scrutiny of the manuscripts, neither of the two
bhutasamkhya dates are supported by N or Q.

The main problem with the first expression noted in N is the broken aksaras which
follow “visnugraha”, unreported in Shastri's transcription but indicated in Pingree's
edition as a mysterious "kse" marked with an obelus.” Leaving aside the problem of the
unattested usage of visnu to represent 1, this extra syllable makes the bhitasamkhya
reading unlikely if not impossible.* Our suspicion is confirmed by Q which read
“visnugraha<kse>+-+tavatarat’, suggesting that the expression visnugraha belongs to a
much long compounder which indicates the mundane transmission (avatara) of the text.

Figure 1 A fictitious bhitasamkhya? N103r(enlarged). Ny, (top), N, (bottom). visnugrahaksansu...
(YJ79.60b).

Pingree’s emendation narayanankendumitabda from narayanarkendumayadi is
similarly problematic from a textual point of view. First of all, beside the lack of
precedence of the use of bhitasamkhya as it has already been pointed out, Pingree's
transcription of this particular expression, presumably following that of Shastri’s, was in
fact faulty. Although the manuscript is broken at this point, based on what has remained,

claim is “the complete absence of any other references to Rahu or Ketu in the available portions of the
Yavanajataka” (Pingree 1959a: 268-269).

3 Q reads "ksansu", which is a possible reading for the broken aksara-s in N103rl. See discussion under
v.60 for different plausible emendations. I thank Harunaga Isaacson for pointing out to me the characteristic
use of the ligature "nsu" to represent "msu" in this manuscript.

# As Falk later pointed out, such interpretation "is not required or necessary” (Falk 2007: 143 fnl). If my
emendation is correct, a forced bhiitasamkhyd reading may render the combination vispu+graha+rksa- into
the impossible figure of 2771 or 2871. The strangeness of visnu to represent 1 has been noted by others

(Sarma 2009: 66).
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all copies of N showed -arnke to be an impossible reading. The most plausible reading
should be -arke, which could be read clearly in Q. Secondly, even if this turns out to be a
bhutasamkhyd, the reading indu(1)arka(12)nardyana(l) would generate an unlikely
number of 1121, that is, assuming the rather doubtful reading of narayana as 1. These
observations confirmed Falk 2007 's suspicion that "Pingree provides each of his two
authors Yavane$vara and Sphujidhvaja with a particular date, none of which may
exist!".*

In sum, on the grounds of both manuscript evidence as well as general observation of
the text, the commonly accepted dating of 149/150 CE and 269/270 CE being the date of
composition of the prose and versification of the Yavanajataka by Yavane$vera and

Sphujidhvaja respectively must be discarded.

Q: narayanarkendumayadidrstam

N: narayana<rke>ndumayadidrsto

Figure 2 Another fictitious bhiitasamkhya? Q90v (top), Np,103r (bottom). Note that although N is
broken off, Pingree's emendation of nardyanarke... is unlikely since we would expect here a
conjunct consonant rike/nika as it is customary in this script (rather than an anusvara + ke/ka),
which is impossible given what is left. Q, though dated later and may not represent what was
written originally in N, provided us nonetheless a clear and simple solution.

I11.2.2 Identity of YavaneS$vara and Sphujidhvaja

The identity of Yavanesvara and Sphujidhvaja cannot be firmly established given the
extant material. Yavane$vara, literally “lord of the Greeks”, appears to be a generic name
to Greek authors on astral science similar to Yavandacarya and Yavanadhiraja which are
attested in other texts. Sphujidhvaja, transcribed incorrectly first by Shastri as
Sphiirjjidhvaja, appears to be a non-Sanskrit name. Kern was apparently the first to point
out that Sanskritized Greek names were often subject to quasi-corrections and that
Sphujidhvaja might represent Aphrodisius.*® Later, Ramana-Sastrin suggested also

4 Falk 2007: 143 fn2.
4 Kern 1865: 48 fn.
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Appoditoonuoiog as the underlying form of Sphujidhvaja, which he amended to
Asphujidhvaja.*’ Pingree followed this interpretation and connected sphuji with asphujit,
which appeared in YJ 5.9 as the Sanskrit translation of Agpoditn, the Greek word for
Venus.* The name was thus half-Greek and half-Sanskrit.

Concerning the relation between Yavane§vara and Sphujidhvaja, as mentioned earlier
(§IL.2), it should be noted that historically the two names appear to be considered by
some Sanskrit authors to refer to the same person. Bhaskara quoted YJ 79.55 and YJ
79.56 in his commentary on the Aryabhatiya (111.Kalakriyapada) v.16 and v.17
respectively. ¥ In both cases, Bhaskara attributed the verses to "Sphujidhvaja-
yavanesvara" (uktam ca sphujidhvajayavanesvarena). The instrumental singular ending
excludes the possibility of a dvandva (coordinative) reading of the compound, making a
karmadhdraya (attributive) reading the most logical interpretation.™ It is therefore most
likely that Bhaskara understood Yavane$vara and Sphujidhvaja to be the same person,
and the inclusion of Sphujidhvaja helps to identify the particular "Lord of the Greeks"
(yavanesvara) among a number of them who were sometimes referred to generically in
plural.

In the case of Utpala's references, three centuries later than that of Bhaskara's, it is
clear that the commentator understood Sphujidhvaja and Yavane$vara as the same person.
Citations from the YJ are found throughout Utpala's commentaries on the BJ and the BS.
In most cases, Utpala attributed the quotations to "Yavanesvara";”' three quotations were
attributed to "Sphujidhvaja".”> In Utpala's commentary on YJ 79.15, the commentator
remarked that based on the description of a particular astrological configuration,
"Yavanesvara" (who was the author of our Yavanajataka) should be different from the
Yavana described by Varahamihira in his verse (BJ 7.9).” He commented furthermore

47 Ramana-Sastrin 1922: 20.

8 Pingree 1978a: 1.5. Pingree, however, did not seem to have acknowledged Kern’s comments on the authors
of the YJ, which was known to Shastri, whose view on the bhitasamkhya dates he followed.

4 Yano brought to my attention of these verses which Pingree apparently was not aware of, and I have
discussed their importance (Mak 2013: 16). No variants were reported in Shukla's edition (Shukla 1976: 295,
298). The fact that the phrase was noted twice should make the reading quite reliable.

30 Another possibility is to interpret the noun phrase as a bahuvrihi (exocentric) compound, meaning "by that
(work) which (was composed by or whose authors were) Sphujidhvaja and Yavane$vara. Though this is not
entirely impossible as Sanskrit compounds often yield to such ambiguities, this convoluted derivation does
not appear to be the intention of Bhaskara.

> In total, fifty-one passages are identified in Utpala's commentary on the BJ. Out of these, forty-six were
identified with Yavane$vara, three with Sphujidhvaja and the remaining without identification. In his
commentary to the BS, around fifty passages can be identified, almost all were identified with Yavane§vara
except three which were unidentified.

32 YJ79.15, 26.12, 26.17, quoted in Utpala's commentary on BJ 7.9 and BJ 20.2.

3 mayayavanamanitthasaktipiirvair iti / na ca yavanesvarakrte Sastre tathavidhe ayurdayo drstah / yasmad
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that "another treatise was made by the Yavane$vara Sphujidhvaja" (yavanesvarena
sphujidhvajenanyac chastram krtam) and Sphujidhvaja alone denoted the author of this
work (tathda ca sphujidhvajah). Though Utpala's explanation is not entirely clear on the
difference between the two names, the point here is that Utpala did not take Yavane$vara
and Sphujidhvaja as two persons but one. In other words, Yavane$vara was an epithet for
Sphujidhvaja; Yavane§vara was one of the many Indo-Greeks who propagated different
versions of the Greek astral science.

The idea that Yavanesvara could be an epithet for Sphujidhvaja is further supported by
similar usage of Yavanddhirdja as the epithet for Minaraja in the VYJ.>* In the case of
VY]J, it would be impossible to postulate the existence of a separate Yavandadhirdja.

Among the modern scholars, Kern and Ramana-Sastrin held the opinion that
Yavane$vara and Sphujidhvaja referred to the same person.” As shown earlier in I11.2.1,
the treatment of the two names to refer to two unique individuals was first proposed by
Shastri, who disputed Kern's interpretation, followed by Kane and Pingree. Such
treatment was motivated by the bhiutasamkhya readings of the two dates which have been
shown to be untenable.

I11.2.3 Idiosyncrasies and inconsistencies of the text and their implications

A number of unusual features of the YJ give us some clues with regard to how this text
might have been conceived and composed. They also reveal how the text might have
undergone different stages of expansion.

111.2.3.1 Greco-Babylonian elements

As explained at the beginning of the text, this last chapter is intended to be a summary of
planetary science "according to the instruction of the Greeks" (v.1), we naturally expect to
find predominantly Greek elements in the work. Astrological concepts such as the twelve
zodiacal signs (mesa etc.), the planetary days, and the technical terms for ascendent (hora
< @pa), minute (lipta < Aemrov) and in earlier chapters, decan
(drekkanas/drekanas/drekkas/drekas < Jexovog), must be connected to their Greek

yavanesvarenoktam / ayimsi rasyamsarasiyogat iti / atrocyate / yavanesvarena sphujidhvajenanyacchastram
krtam / tatha ca sphujidhvajah / gatena sabhyardhasatena yukta 'py ankena kesam na gatabdasamkhya /
kalah Saka-1044-nam sa visodhya tasmad atitavarsad yugavarsajatam // evam sphujidhvajakrtam
Sakakalasyarvdag jiayate / anyac ca yavandcaryaih purvaih krtam iti tadartham sphujidhvajo 'py aha /
yavand ucul / ye samgrahe digjanajatibhedah proktah puranaih kramaso grahasya / tad etaj jiiayate yatha
varahamihirena piirvayavandcaryamatam evopanyastam asmabhis tan na drstam / sphujidhvajakrtam eva
drstva parasarasyapiyam eva varta / (Jha ed. p. 143).

* prag brahmand proktam anekariipam yac chakunam piirvajakarmasaksam | tan minardjo yavanadhirajah
samasatah sarataram cakara || VYJ 67.1.

55 Kern 1865: 48 fn, 51; Ramana-Sastrin 1922: 20.
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antecedents given their blatant resemblance and the lack of parallel concepts in the Vedic
corpus.>®

From the astronomical side, however, not all contents found in the YJ can be identified
with any Greek astronomical theories known to us, for example the yuga of 165 years and
the emphasis on the use of the unit #thi - both are key elements of the YJ. The description
of four types of months and the reckoning of elapsed days (ahargana) which make up a
large portion of our text were typical of all later Hindu astronomical systems and were
not known in Greece or Babylonia as far as extant textual or archeological materials are
concerned.

Pingree identified two bodies of materials in YJ which seemed to carry certain
resemblance to Greco-Babylonian astronomy, namely, 1) the linear zigzag function for
the rising times of the zodiacal signs (v.26), and 2) the planetary theory (v.35-51). In the
first case, Pingree provided two interpretations to v.26 and attributed one interpretation to
a certain "Greek adaptation of the Babylonian System A".”’ This interpretation, however,
requires a reading of thirty-six muhiirtas in a nychthemeron, which is impossible because
the text clearly stated that there are thirty muhtrtas in one day (v.29) as it is normal in
India.®® For the second case, Pingree connected the planetary theory of the YJ to "a
Greek adaptation of Babylonian planetary theory of the Seleucid period", which is
characterized by establishing the synodic period of each planet and the intervals in degree
between the occurrences of the so-called "Greek-letter phenomena".” A detailed
comparison is required to establish the extent the work is indebted to its "Babylonian
origin".

Elsewhere, the algorithms and data presented in the YJ appear to share some
superficial similarities with Indian astronomical works such as the VJ (day-night ratio at
solstice, namely 3:2/2:3, v.31) and Paulisasiddhanta of the PS (elongation between each
planet and the Sun, v.50). However, such comparison is not conclusive unless we know
more about the origin and textual history of the materials compared to, which are
unfortunately deficient at present.

The description of an outflow water-clock (v.27) is most likely ultimately of
Babylonian origin.®® However, since similar features of a water-clock were described
also in the VJ and the Arthasastra (AS), we are not of absolute certainty whether the text
took the materials directly from some Greco-Babylonian source, or incorporated the

% For general discussion on Greek loanwords in Sanskrit, see Burrow 1955: 387-388; for specific discussion
on astronomical loanwords, see Yano 1987.

37 Pingree 1978b: 539.

38 For discussion on the normal reading and Pingree's alternative interpretation, see notes on v.26. Strangely,
Pingree in his 1978b analysis presented only this alternative interpretation but not the standard one (ibid.,
Table 111.4).

> Pingree 1978b: 540.

89 See discussion below (§I11.2.3.2) and also notes to v.27.
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Indianized form of knowledge which was certainly available to Sphujidhvaja. In fact, if
Sphujidhvaja could refer to other Indian astronomical author (v.3) and applied Indian
concepts such as tithi throughout his work (v.6, passim), there is no reason to doubt that
other apparently Greco-Babylonian materials could also have been simply adapted from
some Sanskrit sources which contained them.

In sum, while the text bears some unmistakably Greco-Babylonian elements, we
cannot ascertain how much they had been altered as they were adapted to the language of
Sanskrit astral science. The text itself does not reveal how much and which materials of
the texts are from the Greeks, the Indians or Sphujidhvaja himself. Materials such as the
yuga of 165 years which cannot be traced to any known Greek or Indian astronomical
systems might represent an earlier but lost tradition in Greece, India or anywhere else.

111.2.3.2 Indian elements

The non-Greek, Indian elements in the YJ as mentioned earlier (§I11.1) may be identified
and further examined at different levels. At a larger level, certain chapters are found to be
of undeniably Indian origin, namely, chapter 73 on yatra (military astrology) based on
Indian naksatras and chapters 71 and 72 on naming using Indian alphabet or aksaras.®'
At a minor level, Indian elements such as reference to Indian deities, castes, Ayurveda
and even the kapalikas, the Saiva mendicants, are found throughout the text. Some of
these highly idiosyncratic elements appear to be an integral part of the text and the
astrological system presented therein and should therefore be considered original in the
sense that they were not just mechanically inserted into the text replacing some
presumably "original" Greek elements.

Beside the striking resemblance between the YJ and other known Indian astronomical
texts on the topics of the water-clock, the tithi-based astronomical calculation and the
concept of yuga as described earlier, the way Indian elements were utilized in the text
may be best illustrated by the units employed therein. The specification of a gold needle
used in describing the hole of a water-clock (v.27) with the equal ratio of mdasaka for
weight and angula for length is practically same that of the AS and is not known in any
other Greek or even Sanskrit sources. Elsewhere, the Indian units of the YJ such as
nimesa, kala, pala, kudava and nadika (v.28) are known in Indian texts of the early
common era, although this particular combination is not attested anywhere, suggesting
the mixed nature of the sources of the YJ (§111.4.1),

1I1.2.3.3 Mathematical astronomy as the last chapter of an astrological work

While the mixture of Greek and Indian elements in this chapter in a way conforms with
the overall amalgamated style of the work, the structure of an astrological work appended
with a mathematical chapter at the end is rather rare and has so far not been attested

81 Since these chapters are found only toward the later portion of the work, there is a possibility that they are

later additions, although the consistency of style does not appear to support this possibility.
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elsewhere.® Judging from the way materials from this chapter were quoted by Bhaskara
and Utpala, we will nonetheless have to say that the work was transmitted as such, that is,
together with this mathematical chapter at least from the seventh century on, and most
likely much earlier.

Although the mathematical nature of this last chapter of the YJ seems to set itself apart
from the rest of the text, some degree of textual coherence is shown by the fact that one
verse (v.26) mirrors closely an earlier verse in the first chapter (1.68).° On the other
hand, the wrong description of the text as "four thousand verses in indravajra meter"
(v.62) is difficult to justify. The text as we have it contains only about 2270 verses in
upajati, not indravajra meter.** Furthermore, if our reconstruction of the verses are
correct, the lines of transmission given in v.60 and v.62 overlap with each other and thus
appear to redundant. As a result, v.62 appears to be an addition from a text-critical point
of view.”

I11.3 The astronomical algorithms of the Yavanajataka

Some of the key algorithms stated in this chapter based on our new reading may be
summarized as follows:*

Beginning of the epoch of luni-solar yuga: 21 March 22 CE (vv.4/14)

With the understanding that,

Onmitted tithis (avama) = tithis - civil days [1] (v.5)

Rising of asterism = civil days + Sun's revolution [II] (v.8)

Intercalary month (adhimasa) = synodic months - solar months [1I1] (v.10)
In one luni-solar yuga of 165 solar years, there are: (v.3)

= 61,230 tithis (v.6)

52 One notable exception is the Xiuyao jing (T1299), a compendium on Indian astral science written in
Chinese and attributed to Amoghavajra (705-774). See notes on v.1.

8 There are some features of the last chapters which create some doubts about the constitution of the text as
we have it. The chapter begins with first person narration (vaksye) but ends in third person (sphujidhvajo
nama babhiiva raja ya indravajrabhir idam cakara). The inconsistency of person is however by no means
unique in Sanskrit literature.

5 In both mss. N and Q, there was a final remark "upendravajravrtta" which appears to be a remark from a
scribe who noticed the mistake. However, upendravajra is not correct either.

85 As far as the contents are concerned, this interpretation appears unlikely given the use of prak in v.61d and
the unique description of the source in vv. 60-61 in contrast to v.62 (Shastri 1897: 312).

5 Cf. Pingree 1978a: 1.538-540; Shukla 1989: 223. The parts which differed from Pingree's are underlined.
As for the ahargana and calculation of planetary longitudes, the author's readings agree with Pingree 1978a's

data which shall not be repeated here.
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=61,230 - 958 (omitted tithis or avama) [1] = 60,272 civil days v.7)
= 58,231 risings of the Moon (v.8)
=60,272 + 165 [II] = 60,437 risings of asterism (v.8)
= 1,980 solar months v.9)
=1,980 + 61 [III] = 2,041 synodic months (v.9)
= 2,206 sidereal months (synodic months + Sun's revolution) (v.9)

From the above figures, the following time measurements may be derived:
1 solar (sidereal) year = 3652 days 5365.2848S days (v.34)
1 synodic month = 2922 days = 29.53062 days
1 sidereal month = 272 days =27.32185 days
1 solar month = 3022 days = 30.44040 days

1980

Other relations given in the text:

1 tithi = 63/64 civil days (v.5)
1 civil day = 64/63 tithi (v.5)
1 civil day = 30 muhiirtas (m) v.7)
1 kudava = 3'% palas (v.28)
1 nadika = 60 liptas = 61 kudavas (v.28)
1 civil day = 60 nadika (v.28)
1 kala = 790 nimesas (v.29)
1 nadika = 10 kalas (k) (v.29)
1 muhirta = 2 nadikas (v.29)
1 civil month = 30 days (v.11)
1 solar month = 30 days, 13 m, (4 + %) k=302 days

(v.11)

1 synodic month =29 days, 16 m, (-2 + 22) k=292 days (v.12)
1 sidereal month = 27 days, 92 m, (3 + 2 ) k=272 days (v.13)

If our reading and emendations are correct, the algorithms and the figures given in this
text are by and large internally consistent. The fraction 64/63 which expresses the relation
between a tithi and a civil day in v.5 is only approximate, as the more precise figure may
be obtained by the number of tithis in a yuga divided by the number of civil days in a
yuga, i.e., 61230/60272.°7 The figures for the number of days in different kinds of
months given in vv. 11-13 agree largely with our calculation based on the algorithms
presented in the preceding verses. Although some emendation is necessary,” the rather
cumbersome fractional expressions in vv.11-13 reflect most likely Sphujidhvaja's method

57 The large denominator and numerator of a fraction may be reduced by continuously breaking the fraction
into smaller fractions until a fraction is deemed small enough to be ignored. See notes to v.5.
68 See Shukla 1989: 217-220 and my notes to vv.11-13.
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of calculation, namely, by dividing the number of civil days in a yuga by the number of
different kinds of month in a yuga. In his analyses of the above set of algorithms and data,
Pingree suggested inconsistencies and mistakes on the part of Sphujidhvaja and criticized
Sphujidhvaja's "not so exact" use of Sanskrit and his "extreme clumsiness" in his
expressions of numbers.”” Pingree's analyses of the yuga and the calculation of the length
of year and different kinds of months were in fact incorrect mainly due to two mistakes
he made: 1) wrong reading of the number of civil days in a yuga in v.7; 2) wrong reading
of the conversion between nadika and kald in v.29. Both wrong readings were the results
of unnecessary emendation. The calculation of the year using these wrong readings led
him to arrive at the wrong year of 6,5;14,32 days.”” Equally wrong was his reading of
number of civil days in a solar year provided in fact in v.34 of the text. His reading of
6,5;14,47 days which he associated with the tropical year of Hipparchus (which is "only
0;0,1 day less) was the result of his own emendation;’' the figure given in the verse,
3652 is in fact correct and agrees with the rest of the algorithms and figures. Once again,
as in most cases, correct readings may be obtained by reverting to the original manuscript
readings, and in some cases, with minor emendations.

I11.4 The historical position of the astronomy of the Yavanajataka

The astronomy and mathematics presented in this text lack the sophistication of later
Jyotisa works such as those of Aryabhata, and even the earlier siddhantas such as those
described in Varahamihira's PS. However, a comparison of the astronomical data and
algorithms of the YJ with other siddhanta works shows that the lengths of the solar year,
the synodic month and the sidereal month are comparable to the Saurasiddhanta and
Romakasiddhanta described in the PS, and are far more advanced than those adopted in
the VJ. While it is tempting to date the YJ prior to the siddhantas described in the PS on
the ground of its smaller yuga (165 years) which may account for its inaccuracy of the
length of the solar year, the lengths of the synodic and sidereal month are remarkably
accurate.

59 Pingree 1978a: 1.23, 11.406.
™ Pingree 1978b: 538.
™ Pingree 1978a: 1.500, I1.410.
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YJ \2 Saurasiddhanta™ | Romakasiddhanta”™ | Modern
Yuga (years) 165 5 180000 2850 -
Solar (sidereal) year | 365.2848 d | 366 d 365.2588 d 365.2467d ™ 365.2564 d
Synodic month 29.5306d | 29.5161d | 29.5306 d 29.5306 29.5306 d
Sidereal month 27.3218d | 27.3134d | 27.3217d 27.3216 27.3217d

The absence of elaboration on mathematical astronomy may be simply due to the fact
that the YJ was a practical piece of work subservient to horoscopy rather than an
independent work of the ganita category, and thus lacked the mathematical rigor expected
from works such as those in the Paiicasiddhantika. The YJ nonetheless reflected a certain
school of astronomy practiced by the Indianized Greeks who had copiously adopted
Indian concepts and even the Sanskrit language itself. The Indian elements in the YJ are
quite evident including specific reference to Indian works such as that of Vasistha.”” Not
so clear are links between the Greco-Babylonian elements with the prototypes which in
many cases have not yet been identified and were assumed to be lost. Pingree's attempt to
associate astronomical algorithm to those of the Greeks, as he did for the length of
tropical year in the YJ to that of Hipparchus was shown to be faulty. There are no reasons
to believe that Sphujidhvaja was obliged to be a faithful translator; in the process of
amalgamating Greek and Indian astral science and thus confronted by a variety of data
from difference sources, the author of the YJ could very well take the opportunity to
choose or even improve on the astronomical algorithm as he saw fit, resulting in figures
such as the yuga of 165 years and various astronomical constants that have no preceding
or subsequent parallels in any of the major astornomical texts that we know, in Greek or
in Sanskrit.”®

2 Neugebauer & Pingree 1970-71: 1.31, I1.11; Sastry 1993: 16.

7 Tbid.

™ As Neugebauer and Pingree had pointed out, the value is comparable to Hipparchus' tropical year. The
method of calculation is nonetheless same as that of the solar (sidereal) year based on the yuga system.

> See notes to v.3 for possible connection between the YJ and Vasisthasamasasiddhanta of the PS.
Nonetheless, it has been shown that there is not only one work of Vasistha (Kern 1865: 46-47).

7 The remarkable progressiveness of the Indian astronomers has been noted by some (Kern 1865: 50). In
some instances, aspects of older traditions were preserved resulting in repetitive layers of knowledge. Pingree,
thus, took the view that "[Indian astronomers] did not usually attempt innovations in theory" (Pingree 1978b:
533) and that "the basic traditions of Indian astronomy imposed on the [foreign] external systems its
particular stamp, and transformed the science of Mesopotamia, Greece, or Iran into something unique in India
(Pingree 1981: 9)
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I11.4.1 System(s) of time units in the Yavanajataka

The unique conversion 3% palas = 1 kudava; 61 kudavas = 1 nadika stated in v.28 is
found also in the VJ. The relation between nadika and kald in our text is not entirely
consistent, although the conversion 1 nadika = 10 kalas (v.29) appears to be predominant
as it is generally assumed in other verses where kal/a is used. This particular conversion is
found in also the Pardsara, and is remarkably close to the one in the VI.” A comparison
of values in texts where units such as nadika and kala are found is as follows:

Conversion | YJ PA"® VvJ MS” | vDP® DA/SKA®*! | AS®
1 day =x mu | 30 30 30 30 30 30 30
1day=xna | 60 60 60 - 60 60 60
lmu=xna |2 2 2 - 2 2 2
Imu=xka |20 20 20% 30 - 60 80
lni=xka |10 10 105 - - 30 40
lna=xli 60 - - 60 - -
lna=xku |61 61 % |- - - -

1 ku=xpa 3% 3% - - - -

mu = muhirta, na = nadika, ka = kala, i = lipta, ku = kudava (kutapa/kutumbha in V), pa = pala

Bold indicates conversion given in the text; normal indicates conversion by calculation.

7 Noted first by Shukla. See notes on vv. 28/29 for discussion.

8 Pardsara-tantra as quoted by Utpala in his commentary to BS 2.3. On Paragara, see Kern 1865: 31-33.
See also notes on vv. 28/29.

" Manusmrti 1.64. The conversion is generally adopted in some Purdnas as well, for example, Visnupurana
(1.3.8-10ab) and Vayupurana (57.6-7).

Aryabhatiya and most later astronomical texts as far as time unit is concerned.

81 Divyavadana (Vaidya ed.) p. 337 In. 25, also SKA (Mukhopadhyaya ed.) p. 57 In. 8. The ekatrimsad in the
manuscript reading kalanam ekatrimsad eka nalika in Cowell and Neil’s edition (p. 644 In. 21; cited in Fleet
1915: 218) should be emended to rimsad, as Mukhopadhyaya did in the parallel passage in the SKA. This is
because elsewhere in the same passage it is given that sastih kala eko muhirtah; together with dve nadike eko
muhirtah, the conversion of 1 nalika = 30 kalds may be obtained. The Chinese and Tibetan translations also
support the emendation as Mukhopadhyaya duly noted (p.57 fn. 15).

82 Arthasastra 2.20.28-38 (vd. trans. in Olivelle 2013: 146).

8 VI(R) 7, 17, VI(Y) 24. The conversion is not explicitly stated but can be deduced from the conversion of
units provided by the three verses, arriving at 183 prasthas = 732 kutapas = 12 nadikas (Shamasastry 1936:
24-25). Technically speaking, pala and kudava are measures of volume and can only be converted to time

unit such as the nadika with a specific kind of water clock.
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As the VJ continued to be transmitted throughout the medieval period, the
primitiveness of the YJ prove neither its antiquity nor affiliation with the VJ. Nonetheless,
since these Indian elements were clearly incorporated into the YJ, they must have been
prevalent and readily available at its time of composition. Together with the curious
features such as the absence of bhiitasamkhya (§111.2.1) and the use of similar time units
which are shared by the VJ and the YJ as we have just shown here, we can say that the
last chapter of the YJ demonstrate a process of amalgamation of Greco-Babylonian and
native Indian astral sciences which was prevalent during the composition of the YJ. The
inclusion of Ilipta (v.28) in the conversion of units was another illustration of
Sphujidhvaja's attempt to combine Greco-Babylonian and Indian traditions.

IV. Conclusion

Drawing from our observations above, a somewhat different picture of the Yavanajataka
begins to emerge. In the first place, the text is not as corrupt and clumsily composed as
Pingree suggested, which other scholars such as Shukla and Falk have already pointed
out. The conventional use of terminology, expressions and even time-measures suggests
that the last chapter of the Yavanajataka belongs to the same tradition of mathematical
astronomy as all other extant Sanskrit texts in the early centuries of the common era,
preceded possibly by the Vedangajyotisa attributed to Lagadha and other lost works such
as those of Vasistha and others mentioned in Varahamihira's Paricasiddhantika. The work
appeared to be accepted by Indian astronomers up to the tenth century as an authoritative
Jyotisa text and was first quoted by Bhaskara in 629 CE which should be taken as the
terminus ante quem of the work. We have shown that the early evidences for the use of
zero in a place-holder system and the bhitasamkhyd Pingree identified in the
Yavanajataka have no basis at all. While this does not mean to deny the claim of the
discovery of zero as number in India, evidences for such mathematical innovation must
be sought elsewhere as some scholars have attempted.®*

8 See Staal 2010. Staal began his essay by claiming that the evidence in support of the belief that zero
originated in Indic Civilization "is almost zero", but appeared to have accepted Pingree's claim of the earliest
evidence of decimal place-value system with a symbol for zero and its dating, which were referred to also in
1978 by Ruegg in his discussion of the history of the term sinya (cited in Staal 2010: 5-6). Regardless of
whether Staal was aware of the unreliability of Pingree's assertion, one can say that he was more interested in
carlier evidences in what he called "beyond writing" and the "prehistory of zero" (Staal 2010: 6, 14ff). Some
of the earliest “mathematical” references to the Indian zero are found in Varahamihira’s Pasicasiddhantika
(sixth century) where the word bindu was used as a bhitasamkhya for zero (PS 3.7) and zero was treated as
an object of mathematical operations (PS 3.17, passim). The earliest physical evidences we have so far for the
use of zero as well as bhitasamkhya are to be found somewhat surprisingly in the inscriptions of the
Indianized kingdoms in Southeast Asia in late sixth and seventh centuries, the first of which is a Khmer stele

K.151 dated saka 520 or 598 CE (Billard & Eade 2008: 398; for general discussion and other slightly later but
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The chronology of the Yavanajataka developed by Pingree, following the ideas
initially proposed by Shastri and Kane, is not tenable; his view that the Indian elements in
the work reflect Sphujidhvaja's effort of Hinduization, as well as that the "Greek original
from Alexandria" which formed the basis of the Yavanajataka belonged to a lost school of
Greek astronomy are at best conjectural. While some astrological and astronomical
concepts described in both the last chapter and the preceding seventy-eight chapters of
the work are ultimately of Greek origin, indigenous concepts such as karma, Ayurveda
and references to Hindu deities found throughout the text, as well as elements not attested
any extant Greek sources such as the yuga of 165 years and the ubiquitous unit of #ithi
which played a central role in the algorithms presented in this last chapter should be taken
into due consideration. Given the considerable amount of parallel materials identified in
other Sanskrit jyotisa texts such as Vedangajyotisa as well as non-jyotisa texts such as the
AS, the questions of where the contents of this last chapter of the Yavanajataka ultimately
comes from and how much of it owed to the Greeks remain open and there is no evidence
that the Yavanajataka was a translation from a Greek exemplar.

With the evidences we have seen so far, the text Sphujidhvaja composed appears to be
original, based on an indigenous tradition where elements of Greek and Indian astral
sciences were thoroughly amalgamated. In that respect, the Yavanajataka is not so
different from other works of Greco-Indian jyotisa of the early centuries of the common
era. Furthermore, Yavane$vara should be considered an epithet to Sphujidhvaja and not a
seperate author of another text or translation.

nonetheless significant references, see Ceedeés 1931: 328; Datta & Singh 1935: 60; Diller 1995: 68, 1996:
125-6; Salomon 1998: 61-63).
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Chapter 79 of the Yavanajataka

Abbreviations and symbols

Apparatus
ac ante correctionem = before correction
Bh Bhaskara's commentary on Aryabhatiya (kalakriyapada). Shukla 1976 edition.
N NGMPP A31/16 = NAK 1/1180
N; Tucci's black-and-white photos of N.
Now NGMPP black-and-white microfilm of N.
N NGMPP color photos of N.
N, Pingree's reading of N (N, = reading unsupported by manuscript reading)
N; Shastri(1897)'s reading/emendation of N
K Copy of N made for P.V. Kane.
P MS. A.3 of the collection of Sylvain Lévi, copied c. 1890.
pc post correctionem = after correction
Ded Pingree's emendation 1978
Q NGMPP A1122/3 = NAK 6/2397
U Utpala’s commentary on the Brhajjataka
Sed Shukla’s emendation 1989
illegible/unclear
<..> reconstruction from unclear reading
F.o..7 obelus: problematic/uncertain reading
+ one missing or undecipherable aksara
- lacuna
? illegible part of an aksara
= same as: normalized from irregular sandhi
Translations
M Mak's translation
P Pingree's (1978a) translation of the Yavanajataka

For other abbreviations used in the notes, see “Abbreviations of Texts” before the Bibliography.

The Last Chapter of Sphujidhvaja's Yavanajataka
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Editorial remarks

Manuscripts:

Both manuscripts N and Q have a number of orthographical idiosyncrasies which are standardized
without indication, following conventional Sanskrit orthographical/sandhi practice (ms. form —
standard Romanized form). It should be noted that these phenomena are by no mean consistent
even within a single manuscript.

- Nasals: 1) Anusvara representing homorganic assimilation (m + g — ng; m + ¢ — fic; m +j — 7j;
m+t—nt,..;m+b— mb;m+ m — mm), both word-internal (e.g. pamca — parica) and
word-external; 2) Homorganic assimilation conventionally represented by anusvaras following
sandhi convention, i.e. reverse of 1) (ig — m + g, etc.); 3) Sentence-ending anusvara / anusvara
followed by vowels (m — m); 4) Other non-standard representations of nasals (mv — m + v; is —
m+s;ns —m+s).

- Visarga: Assimilation before palatals (noted in N): § — h

- Gemination: 1) Internal post-rhotic (muhirtta — muhiirta, arddha — ardha, vargga — varga); 2)
Internal pre-rhotic (tattra — tatra) External post-rhotic (rlla — r + la); Conventional (cch — ch)

- Wrong sibilants are corrected without indication unless the variant is deemed significant. In
particular, the confusion between § and s is common in N (Sapta — sapta, sesa — Sesa,
parisodhya — parisodhya, dasa — dasa, kramaso — kramaso, etc.).

- Dental/retroflex confusion (noted in N): n — n (pramana — pramana), n — n (savana —

savana).

Apparatus/Translations/Notes:

- Emenedations unless otherwise indicated are mine.

- Variants after the adopted reading is generally arranged in the order of manuscript (by reliability
N/Q, P/K), citation, emendation and others (misreading, etc.).

- Pingree’s reading follows that of N (in f.102, K/P, whichever adopted) unless otherwise indicated

(ped) .

- Pingree’s translations are taken from Pingree 1978a: 186-191. ltalics for Sanskrit terms mine.
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Planetary movement according to the Greeks
N100r5
sarvasya <hora>vidhisamgrahasya caksuh param yad vibudha vadanti |

samasatas tad yavanopadesad vaksye 'tha drstam” caritam grahanam ||1||

A
thadrstam]N, pradrstam N,

P: The wise say that the observed course of the planets is the supreme eye of the entire
body of the rules of horoscopy. I shall explain it concisely according to the instruction of
the Greeks.

Note: As mentioned in §III.1, the inclusion of a mathematical chapter in a jyotisa work of
the horaljataka genre is unusual. In the case of Greek and Roman astral science, although
both horoscopy and calculation of planetary motion may be subsumed under the broad
category of astronomia, as early as the time of Ptolemy, the two were treated separately.®

As indicated by the word samasatas, the chapter was intended to be a summary and
gave only a minimal amount of details on planetary motion requored to cast a horoscope.
Pingree was of the opinion that the computation of the planetary longitudes is not
possible with this chapter as we have it.*® However, the author's intention as well as his
awareness of the importance of such knowledge are clear. It seems rather ironic that if
this chapter were to fail to provide the calculation needed for the casting of a horoscope
as Pingree had claimed, the author would not have praised so highly the content of this
chapter as to describe it as the "supreme eye" of horoscopy and that the sophisticated
design and rules described in all the earlier chapters would have all been in vain.”’

Big versus small yuga
N100r5-100v1
yugam mahat kecid usanti sauram stiksmam ca” tadvad grahanartham adyah |

tadagamad bodhamitiprabhedad drstesu gatyasa” samasabuddhih ||2||

A siksmam calp.q, suiksmartha N B gatyasalemend., dusta<sugatyasa> N,

8 The Tetrabiblos described itself as "prognostication through astronomy" (To i’ dotpovouioc
zpoyvwatikov), made references to the A/magest.

8 Pingree 1978b: 540.

87 This is not to say that planetary longitutde might not be obtained elsewhere. As later astrologers did, they
might have obtained the data from other simplified ephemerides and even from observation. The only
operation which absolutely requires calculation is the ahargana and the reckoning of weekdays, which are
described also in this chapter. One example of such combination of a summarized mathematical chapter
appended to an astrological treatise is found in Amoghavajra's astral compendium Xiuyao jing TEiEE (T
1299) of the mid-eighth century CE. Although the horoscopy described therein was in a greatly abridged form,
a chapter on the ahargana and the reckoning of weekdays was similarly appended to work as noted in the

Japanese manuscripts (Yano 1986: 113-129; Yano & Hayashi 2012: 22-27).
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dustasu sa vyasa N, drstesu sa vyasa p.q

M: Some predecessors say that there is a great solar yuga, and also a small one for the
sake of (predicting) eclipses. By such teaching through distinction by knowledge (bodhi-)
and measure (miti-), there was the concise understanding of the motion (gati) of the
observed [planets].

P: Some authorities say that there is a great solar yuga, and a small one for the sake of
(predicting) eclipses; he who understands conciseness and diffuseness, because of the
variety in visible (phenomena, thinks) that one must learn by studying these (yuga-s).

Note: This verse describes the difference between the solar yuga for calculating planetary
position and a smaller one which is used for eclipse prediction. While the smaller
(sitksma) yuga is likely to refer to the well-known 18 year eclipse-cycle, what the great
solar yuga was referring to is uncertain. Pingree suggested this to be the mahayuga of
4,320,000 years and commented that such mahayuga is "certainly known in India by the
second century A.D."® Recent studies of the development of Indian cosmic cycle suggest
that the mahdayuga of classical Hinduism was firmly established and widely accepted only
by the beginning of the fifth century.*” In mathematical astronomy, there were other large
yuga-s such as those of the Saurasiddhanta (180,000 solar years) and the
Romakasiddhanta (2,850 solar years), both described in Varahamihira's
Paiicasiddhantika.” Tt should be noted that the astronomical yuga-s such as these, as
well as the well-known five-years yuga of VJ were devised initially to reconcile the
revolutions of the Sun and the Moon together with the intercalary months in whole
number. The mahdyuga on the other hand, as far as the extent textual materials can tell,
were initially undefined, and evolved later with a mythological assumption of a set of
degenerative smaller yuga-s (4:3:2:1). Only at the latest stage were planetary motions
incorporated into such system.

Since the mahat sauram yugam in this verse is supposed to have carried specific
function of calculating planetary motion, a feature only of the later mahayuga model, if it
did refer to the mahayuga at all, the date would be somewhat later than Pingree suggested.
At any rate, the interest in large cycles was most likely the result of contact with
non-native materials. The VJ which represents the most orthodox Vedic astronomical

88 Pingree 1963: 238.

¥ Gonzalez-Reimann 2009: 415-419. There exist various interpretations of the mahdyuga/caturyuga theory
expressed in texts such as the Yugapurana, Mahabharata (3.186.17-23; 12.224.19-20) and Manusmrti
(1.68-83), suggesting that such concept had undergone a process of transformation from the third century
BCE to the early centuries of the common era as the "result of an amalgamation of local traditions with
external influences".

% Sastry & Sarma 1984: 16-17.
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view, with redactions as late as possibly the fifth century, showed no awareness of the
mahdyuga and remained uninfluenced by it. The AS dated to the early centuries of the
common era, as well as the Paitamasiddhanta summarized in the PS too defined the yuga
as five years as their Vedic predecessors did. Siddhantas such as Romaka and Saura (both
in the PS) utilized yugas of 2850 and 180,000 years respectively. The increase of yuga is
a natural development as the astronomers attempted to reach more accurate figures for
their astronomical algorithms.

Vasistha's astronomy and the Greek luni-solar yuga
N100vl
muner Vasis‘ghasyaA matanuvrttya kesam cid istam VidhitatparénﬁmB |

<yugo ravindvor> yavanottamanam sastih® $atam paficayutam samanam ||3||
Avasisthasya]emend., va$istha N,, va$isthasya Ny, vadistha<sya> N,
B °mcidistamvi®IN, (emend.), °mvidistamvi® N ¢ yugo ravindvorJemend., y?+r?vidvor N, - N,,

P sastih]N,, sastam N, sasta N,,

M: For certain people who are concerned with the rules (of astronomy), it is desirable to
follow the opinion of the sage Vasistha (as far as the yuga is concerned); for the best of
the Greeks, the yuga of the Sun and the Moon consists of 165 years.

P: Some who are students of the laws (of astronomy) find that it is good to follow the
opinion of the sage Vasistha; (but according to) the best of the Greeks (the yuga) should
consist of 165 years.

Note: As Pingree pointed out, the opinion of Vasistha may be that of
Vasisthasamasasiddhanta summarized in Ch.2 and Ch.17 of Varahamihira's PS. From the
Vasisthasamasasiddhanta as we have now, there is no mention of yuga, leaving us rather
clueless as to what this might be. What we do know about the Vasisthasamdasasiddhanta
is that its epoch was set to 499 CE.”' As Pingree had dated the YJ to the second/third
century CE on the two falsely assumed bhitasamkhya passages (vv 60, 62), he explained
that this Vasisthasamdasasiddhanta must be a later version of a pre-second/third century
Vasisthasiddhanta, and this is "perhaps the date at which the original Vasisthasiddhanta
was turned into the Vasisthasamasasiddhanta available to Varahamihira".”> With the date
of the YJ now put into question, the possibility of a later date of composition of the work
of Vasistha referred to in this verse, i.e., after the epoch of the Vasisthasamasasiddhanta,
should not be excluded. Furthermore, if this work of Vasistha uses the same epoch of the
Vasisthasamasasiddhanta (499 CE), the terminus post quem of the VJ would be pushed to
early sixth century.

! Pingree 1973: 2.
%2 Ibid; Neugebauer & Pingree 1970-71: L.10.
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The emended reading yugo ravindvor here was not given in Pingree's 1978 edition but
the description of a "luni-solar yuga" (in parentheses) may be noted in Pingree's earlier
translation of the verse found in his studies of the Vasisthasiddhanta of the PS which I
shall quote here:”

"By following the opinion of the sage Vasistha some of those concerned with
(astronomical) rules (believe that this great lunisolar yuga) is best; for those led

by the Yavana... (the lunisolar yuga) is 165 years."

The expression for luni-solar yuga, yugo ravindvos, if emended correctly, may refer the
fact that in the mind of the author Sphujidhvaja, the cycle was devised to reconcile solar
and lunar motions, unlike the smaller yuga which carried the sole purpose of eclipse
prediction. As shown in the next verse, this yuga is characterized by the conjunction of
the Sun and the Moon at its very start.”® Similar expression for the luni-solar yuga is
attested in the Romakasiddhanta of the PS.” The period of 165 years contains 61
intercalary months (v.10), 1,980 solar months and 2,041 synodic months, and it is not
attested in any Greek source as Pingree noted. On the other hand, in the case of the
Romakasiddhanta, the period of 2,850 years which contains 1,050 intercalary months,
34,200 solar months and 35,250 synodic months may be reduced to the well known
Metonic cycle of 7 intercalary months in 19 years by the factor of 150, showing its Greek
connection.”® This is not the case for the agorithm of the YJ, where the multiples of the
Metonic cycle are not adopted.”” It is possible that this luni-solar yuga of the "best
among the Greeks" may be an attempt to improve on some preexistent algorithms. See
§I11.4.1 for a comparison of the astronomical constants from the various texts.

Definition of the beginning of the (luni-)solar yuga
N100v1
tadadyatithyadi yugadi sauram® mesadibhagasthit'yo® ravindvoh® |

mesodaye” pragrtucaitrasukle pravartate® managatih” kramena ||4/|
A sauram]N,(emend.), saure N B sthit'yoJemend., sthitiyo N, sthitayo p,
¢ ravindvoh]p,,, ravindoh N b mesodaye]p.q, mesadayo N E pravartateJemend., pravrttite N

F managatih]emend., managati N

% Neugebauer & Pingree 1970-71: L.10.

% However, elsewhere the yuga was referred to as just “solar” (vv. 4, 14).

% PS 1.15ab: romakayugam arkendvor varsany akasapaiicavasupaksah (2850). "The luni-solar yuga of the
Romaka Siddhanta consists of 2850 solar years." (trans. Sastry).

% Sastry & Sarma 1984: 17.

7 Furthermore, there is no indication of the influence of Hipparchus' tropical years on the YT as it was

evident on the Romakasiddhanta (see discussion in §1I1.3 and notes to v.34).
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M: At the beginning of the solar yuga, which was the beginning of first tithi of that
[luni-solar yuga], when the Sun and the Moon were [in conjunction] at the first degree of
Aries (mesadibhaga-), when Aries was in the ascendant (i.e., at dawn), on the bright
fortnight (-suklapaksa) of Caitra in the Spring (pragrtu-), the source of measurement [of

time] (managati), began to rotate progressively.

P: This solar yuga begins on the first tithi in the suklapaksa of Caitra in the Spring, when
the Sun and the Moon in their courses are in conjunction in the first degree of Aries and
when Aries is in the ascendant (i.e., at dawn).

Note: The beginning of a yuga set to the beginning of the white paksa of the month Caitra
is largely standard across India. Although the import of the verse appears to be clear, the
grammatical construction remains problematic. To construe mesadibhagasthityos with
ravindvos as a locative absolute construction, I had to resort to the gemination of the
glide (y > iy, cf. Siever's law, attested mostly in Vedic but found occasionally in classical
literature) so that the verse may scan properly. Alternatively, Pingree’s emendation
sthitayo (as accusative plural) may be adopted if ravindoh in N is emended to ravindii (as
accusative dual), noting the disagreement in number. As I cannot come up with a better
solution, I have opted for the former, which requires the least emendation from the
manuscript.

Relation between tithi and civil day; Omitted tithis in a yuga

N100v1-2

dinam catuhsasti*lavonam ahus tithim® dyusabdakhyam® ahas tu sarvam |

trisastibhagena yutam® sahasram yuge *vamanam" apasaptasatkam” ||3||
Acatuhsasti]p(,d, catusasti N ® ahustithim]N,, (emend.), ahuhstithi N

€ dyusabdakhyam]emend. YOKOCHI, yusabdantyam N, prasabdantyam N,, prasastyantyam p,g Seq

p trisastibhagena yutam]s,,, trisastibhagam navatah N, dvisastibhagam navatih p.y

M: They say that a day (dinam) minus 1/64 [of a day] is a tithi; on the other hand, a day
(ahar), called by the word dyu, is one whole [fithi] plus 1/63 [of a tithi]. The number of
omitted tithis (avama) in a yuga is equal to 1000 minus "7 times 6" (i.e. 1000 - 42 =

958).%®

P: They say that a tithi equals a day minus 1/64th, but that every day equals a tithi plus
1/60th. In a yuga there are 990 seasons (rtu), (each) consisting of 62 (tithis).

Note: The verse spells out the relation between a tithi and a day. As a tithi is an artificial

% Following Shukla 1989.
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unit, technically defined as a synodic month divided by 30, it is bound to be lesser than a
day, resulting in generally more tithis than days in any given period. Since a day is
associated with the fithi from which it begins, the lesser number of tithis result in the
so-called omitted tithi (avama), which is by definition the number of tithis minus the
number of days in a given period. Shukla's emendation of padas cd is well justified - the
important number 958 as given in the text is supported elsewhere in the text itself: 61230
(number of tithis in a yuga [v.6]) - 60272 (number of civil days in a yuga [v.7]) = 958
omitted number of fithis. In this verse, Pingree made a series of emendations, completing
obliterating the numbers given by the manuscript and rather ungrammatically construed
his version of one yuga consisting of 990 seasons (original 1000 - 7 x 6 = 958), each of
62 tithis (original: 1/63), noting himself however the discrepancy between the resultant
61,380 tithis in a yuga and the correct number of 61,230 (v.6).

Beside the problem of discrepancy, Shukla also noted Pingree's wrong mathematics: d
=t +1/63, not ¢t + t/60. However, Shukla's suggestion of "correction up to 1/60 of 1/60"
appears irrelevant; further investigation will be required to reconstitute padas bc properly.
At any rate, Pingree's emendation of pada d, with sata underlined with wavy line, is
unmetrical. As for the day: tithi ratio of 64 : 63, as already pointed out in §III.3, it is most
likely an approximation derived from number of fithis in a yuga : number of days in a

yuga. Thus,

6120 _ 98 _ . 1 _.. 1 .. 1 _6

60272 T 60272 ' 62+35% 62+  62+1 63 7
876

Importance of #ithis and number of tithis in a yuga

N100v2
kramena candra®ksayavrddhilaksyas tithi§ caturmanavidhanajivam” |
satpaficakagra dvisati © sahasram tesam® yuge® viddhy ayutani® sat ca ||6]|

A candra]Ns,,, candrah N, B jivam]N, bijah peseq, € kagradvisati]Ns,,, kagre dvisate Ded
D tesam|p gseq, tesa N E yugelpeaSes, yudhi N, pradhi N, F viddhy ayutani®]s,,,
vidyayutani N, binduyutani Ded

M: The tithi, which is to be defined by the gradual waning or waxing of the Moon, is the
soul of the principles of the four (systems of time-)measurement. Know that there are
60,000 plus 1000 plus 200 and 6 X 5 (i.e. 61,230) of them (i.e., tithis) in a yuga."""”

P: The Moon is to be characterized by waning and waxing in order. The tithi possesses
the seed of the principles of the four (systems of time-)measurement. There are 60,265
(days) in a yuga.

% As Hayashi informed me, this is a popular method of approximation in India.
1% Following Shukla 1989.
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Note: The four systems of time measurements are given and they are: saura (solar),
candra (lunar), savana (civil) and naksatra (sidereal).'”" As we shall see, the number of
tithis proposed in this verse is closely related to the definition of 2,041 synodic months in
this yuga of 165 years. The main problem of Pingree's reading of this particular verse lies
on the fact that he assumed the fesa@m in pada c to refer to dina as opposed to tithi, leading
to his suggestion that "a more logical order might be achieved by interchanging 6¢-d with
7c-d". As Shukla pointed out, the verse concerns entirely the number of tithi in a yuga
and the numbers in padas cd require no emendation. Pingree's fantastic emendation of
binduyutani sat to mean 60 leads also to his audacious and subsequently highly
misleading statement - "If my restoration... is correct, this is the earliest reference known
to the decimal place-value system with a symbol for zero (bindu) in India. The extreme
clumsiness with which Sphujidhvaja expresses numbers is a reflection of the fact that a
satisfactory and consistent method of versifying them had not yet been devised in the late
third century." This remark is problematic because elsewhere the author of this chapter
had no problem expressing himself mathematically without the use of zero or the explicit
reference to a place-value system. Thus as Shukla pointed out, Pingree's reading 60,265 is
completely wrong and the correct reading is in fact given in his own apparatus. The last
line should thus read 60,000 (ayutani sat) plus 1,000 (sahasram) plus 200 (dvisati) plus 6
X 5 (satparicakagra). The formulation of one yuga equals 61,230 tithis is in agreement
with the formulae stated in vv. 9 and 20.

Pingree's erroneous reading of 60,265 civil days in a yuga based on his wrong
interpretation of the anaphora fesam result in a number of inconsistencies in his
calculation (§I11.3).'*

Shukla's emendation of viddhi as the main verb may be justified by similar usage
found in v.54. The use of agra to indicate the remaining or additional part against the
main part of a number is characteristic of this text.

Another noteworthy point about this verse is the emphasis on the tithi as the "soul"
(jiva) of the four calculations. The importance of #ithi may be summarized by the words

191 pingree believed that the four categories of time-measurements belong to the early medieval period since
they were first enunciated in the Paitamahasiddhanta quoted in Visnudharmottarapurana 3.1, a work dated to
early fifth century CE according to Pingree, but suggested that they were hinted earlier as in this verse
(Pingree 1973: 3,11fn14). Kumarajiva in his Dazhidulun K% & (405 CE), commentary on the
Paiicavimsatisahasraprajiiaparamita, described the four types of months: "There are four types of month -
first, solar month; second, civil month; third, lunar month; fourth, sidereal month." A VUFEH : —& ., B H,
& MM A, =3 [2518 B, WUFE, 2fE B, (T25.1509.409¢). As Kumarajiva arrived in Chang'an in 402
CE and lived in Khotan in the second half of the fourth century, we can safely assume that such knowledge
was common enough in the Indian subcontinent during the second half of the fourth century to spread to
Central Asia.

12 Pingree 1978b: 538.
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of Sastry in the notes to his new reading of PS 1.4, where tithi was unwarrantedly
emended to krta by Thibaut/Dvivedi and to stvatha by Neugebauer/Pingree: "...[the tithi]
is the chief of the five angas, viz. tithi, vara, naksatra, yoga and karana...[it] is most
useful not only for religious but also civil purposes, ...[it is] the sine qua non of all
astronomical computation".'” The number of fithis is first stated here as the basis of
some of the remaining calculations. The use of fithi is not attested in any Greek work
extant and the importance given to it in this work may suggests this formulation of the
"best of the Greeks" may be the work of the Greek community long settled in India with
great familiarity with the indigenous systems, rather than a translation of a "lost work
composed in Alexandria" with sporadic Indian flavors as Pingree suggested.

Definition of dinaratra and number of civil days (rising of Sun) in a yuga
N100v2-3
triméanmuhiirtam dinaratram uktam” siiryodayat kalabudhas tad ahuh |

tesam $ate® dve trikrdastakagre® sat cayutany” arkayugam vadanti ||7]|
Auktam]ped, uktaN B Sate]p.q Seq» Sate N ¢ trikrdastakagreN,,s.q, ttrikrdastakagre N,

trisad ekakagre p,, D satca®]N, satkha® DPea» Satka° 5.4

Shukla 1989: A nychthemeron (civil day) is said to consist of 30 muhurtas; experts on
time say that it begins with sunrise. They say that a yuga of the Sun consists of 60,000
plus 200 plus 3 X 8 (i.e. 60.272) of them (civil days).

P: A nychthemeron is said to consist of 30 muhirtas; experts on time say that it begins
with sunrise. They say that a yuga of the Sun consists of 61,230 (zithis).

Note: Here Pingree once again claimed a case of place-value system with a symbol for
zero (sat khayutani) as he did in the previous verse. kha was in fact an unnecessary
emendation. sat cayutani to means 60,000 is perfectly fine as it is similar to the previous
verse.

Risings of Moon and asterisms in a yuga
N100v3
ekadhikas” trimsasatadvayagrah® paficasad astau ca sahasranighnah |

candrodayah syur yugavarsamisras® tv arkodayas te bhaganodayah syuh ||8||
A ekadhikas]p,,, ekadhika N P °satadvayagrah]p,,, °satadvayagra N € misras|N, hings p,,

M: The risings of the Moon (in a yuga) are 58,231; the risings of the asterisms are equal

to the rising of the Sun plus the number of years in a yuga.

P: The risings of the Moon (in a yuga) are 58,231; the risings of the Sun (i.e., civil days)

13 Sastry 1993: 5.
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are equal to the risings of the constellations minus the number of years in a yuga.

Note: In a yuga, the number of sidereal rotation, or rising of the asterisms from the East
(bhaganodayas) resulted from the Earth’s rotation, equals to the sum of the risings of the
Sun from the East (arkodayds) and the number of revolutions of the Sun from West to
East: R, = D + R,. The apparent retrograde motion of the planets was the basis for the
calculation of the mean motions of the planets in all Siddhantic texts. The number of
revolutions of the Sun (against the fixed stars) is equivalent to the number of solar years
and hence accounts for the expression "number of years in a yuga" (yugavarsa-) in this
verse. This is an intuitive way to account for the fact that the stars rotate faster than the
Sun, the Moon and the remaining planets; in other words, the number of times the stars
rotate is equal to the number of the Sun's risings plus the number of times it moves
eastward. Naturally, this amounts to what Pingree has suggested: D = R, - R;. But the
emendation is unnecessary.

Number of solar, lunar and sidereal months in a yuga
N100v3-4
Sate dvikone” dasakahate ca® yugadhimasais ca yutam tad eva |
satadvayam sat“ dvigunam® sahasram yuge syur arkendusamasasamkhyah ||9||

A dvikone]emend., dvikone N, dvisone p,;  ® °kahate ca]p.y, °kahatekda N

¢ satadvayamsat]N, Saratri$at sad p.s b dvigunam]p,,, dviguna® N

M: In one yuga the number of solar, lunar and combined (samasa) [sidereal] months are
1,980, that plus the number of intercalary months in one yuga, and 2.206 [respectively].

P: (The number of solar months) is 1,980. If one joins this (number of solar months) with
the number of intercalary months (adhimdsa) in a yuga, the number of conjunctions of
the Sun and Moon (i.e., synodic months) is 2,041.

Note: The number of solar, synodic and sidereal months are given here in this verse in a
condensed manner. Synodic month here is expressed here as the solar months in a yuga +
the number of intercalary months which is given in the next verse. The sidereal month,
which is the Moon's revolution, is expressed here as the combined month. This refers to
the fact that the number of sidereal months in a yuga may simply be obtained by number
of synodic month + number of Sun's revolution. The number given here, 2,206, may be
cross-checked by adding all the numbers up: 1,980 (number of solar months) + 61
(number of intercalar months) + 165 (number of Sun's revolution) = 2206. Pingree's
emendation of pada c involves the use of bhitasamkhya (Sara=5) which is not attested
anywhere else in the text at all, as well as the impossible expression of Saratrisat sad to
mean 41 (=5 +30 +6).
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Number of adhimasa (intercalary months) in a yuga

N100v3
yat savanarkaindavamasakalad” visisyate bhaskaracandrayos ca |
ta ekasastih $asino 'dhimasa jiieyah svakaladigunakramena® ||10]|

A °rkaindava®]p.4, °rkendrava® N B svakaladigunakramenalp,,, svakaladhigunakramena N

P: There is something distinguished from the time of the civil, solar, and lunar (sidereal)
months of the Sun and the Moon; these are the 61 intercalary months (adhimasas) of the
Moon, which are to be known by their qualities, such as their times.

Note: Yuga is to be supplied here, carried forward from the last verse. The yuga of the
Sun and the Moon was expressed earlier in verses 3 and 4. Here, having introduced the
sidereal month already in the last verse, the remaining three types of months are
mentioned, as typically described in all later Hindu astronomical works such as
Suryasiddhanta 1.12-13: civil (savana), or 30 risings of the Sun; solar (a@rka), or one solar
year divided by 12; synodic (aindava), or the time from one new moon to the next. The
number of intercalary months is obtained by taking the difference between the number of
synodic months and the number of solar months. According to verse 6, the number of
tithis in a yuga is 61,230; thus the number of synodic months in a yuga would be 61230 +
30 = 2041. By definition, one solar year contains 12 solar months and hence a yuga of
165 years would contain 1,980 solar months. The difference is therefore 61. The number
intercalary months is important in the calculation of civil days in a synodic month in
verse 12. The "respective beginning of time" for each month refers to the different
starting point which defines each month. Hence, for the sidereal month, the Moon's
entrance to the same naksatra; for the civil month, the first counting of the cycle of 30
days; for the solar month, the Sun's entrance to the same naksatra equally divided by 12;
for the synodic month, from one conjunction of the Sun and Moon to the next.

Number of civil days in a civil month and a solar month

N100v4-5
trim$addinah” savanamasa arkas tryagrair vidisto® dasabhir muhirtaih |
kalacatuskena® ca paficasatkais® tryagryamsakais® ca dvigunai$ caturbhih ||11||

Adinéh]ped So, dinda N B °stryagrairvisisto]s.q, °stryansairvisisto N, °stryams$evisista N,,,

°s tryagrair ViSista p.y ¢ kala®]Np, kala® Ny, P osatkais®]p.ases °satkah N, °satkas® N,

E otryagryamsakais®|peases, tryagryansakais® N, tryagryankai§® Ny,

M: A civil month (savanamasas) equals 30 days. A solar month is augmented by 10 + 3
muhiirtas, 4 kalas and (2 X 4) / (5 X 6 + 3) of a kala.'"™

1% Following Shukla 1989.
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P: A civil month equals 30 days, a solar month equals (a civil month) plus 13 muhirtas
and 4 kalas and 56 thirds and 2 fourths.

Note: The formula gave the number of civil days in a solar month: 30 days + 13 muhirtas
+ 4 + 8/33 kalas. Based on the number of civil days in a yuga described in verse 7, the
number of days in a solar month should be 60272 + (12 x 165) = 30 + 872/1980. As 20
kalas = 1 muhirta and 30 muhirtas = 1 civil day (verses 28-29), 872/1980 d = 13
muhirtas + 8400/1980 kalas, which agrees with the figure here. Pingree once again made
the same mistake of reading paricasatka as 56 instead of 30 as he did earlier in verse 6.
Together with his wrong interpretation of one muhiirta = 60 kalds (influenced possibly by
Bhaskara's definition, see notes to vv.29, 32), his reading of the number of civil days in a
solar month does not agree with the algorithm provided earlier and is therefore incorrect.

Number of civil days in a synodic month
N100v5
ahnam tu” satpaficakam ekahinam ksanastakau dvau dvikalavihinau |

kalalavah® sapta $at1 dvisasta® svamasabhinnah® $aginah sa masah [[12]|
A ahnam tu]s.s, ahna tu N, ahnas tu p,, B kalalavah]p,,, kalalava N ¢ sapta $atf dvisasta]N,, s.,,

saptasatidvisasta N, Satam vidistah p.y D svamasabhinnah]N, svamasabhinna s,,, samasabhinnah Ped

M: The (synodic) month of the Moon equals to 6 X 5 - 1 (= 29) days, 2 X 8 ksanas (16
muhiirtas) minus 2 kaldas, and a fraction of a kala equal to 762 divided by (the number of)
its months (in a yuga, i.e., 2041).'”

P: A (synodic) month of the Moon, which ends with a conjunction, consists of 29 days
and 32 ksanas minus 4 kalas and 107 sixtieths of a kala.

Note: The number of synodic months in a yuga equals to the number of civil months in a
yuga (12 x 165) plus the adhimasa (61, cf. verse 10) and is hence 2041. Since the number
of civil days in a yuga is 60272 (verse 7), the number of civil days in a synodic month
would be 60272 +2041. Taking again the conversion from verses 28-29, this works out to
be 29 days 15 muhirtas 18 + 762 + 2041 kalds, which agrees with the expression 29 days
16 ksanas - 2 kalds + 762 + 2041 kalas as Shukla suggested, although the "correct
readings" were not given exactly in the apparatus as Shukla claimed, but rather with some
slight emendations.

Number of civil days in a sidereal month
N100v5-101r1
arksas trikrt”® trir dyuganasB tri¢ kre ca ksanah® ksanardham ca kalas ca tisrah® |

1% Following Shukla 1989.
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kalamsakanam ca trisaptakagram Satam vibhaktam® dalitaih svamasaih® [[13]|
A arksastrikrt]s,,, arksastukrt p,,, arksastukrt N B rdyuganas®]s,,, rdvigunas p,,, dvigunas N
Ctrils,q tu N Dksanﬁh]ped, ksana N E tisrah]p,, trisrah N F vibhaktam]Ns,,, vibhakto Ped

G svamasaih]emend., samasaih N

M: A sidereal month consists of 3° x 3 days (dyugana?), 3* ksanas (muhiirtas) plus half a

ksana, 3 kalas plus a fraction of a kala which equals to 121 divided by half (the number)
106

of its month (in a yuga, i.e., 2.206).

P: A sidereal month consists of 27 days plus 8% ksanas and 3 kalas and 137 sixtieths of a
kala; it is separated by half-conjunctions (?).

Note: Similar to the previous verse, the calculation of the number of civil days in a
sidereal month should yield to 60272 + 2206 (v.9). To confirm the reading of this verse,
assume once again 27 days in one sidereal month. Since there are 2206 sidereal months in
one yuga of 165 years (v.9), 27 days in one sidereal month would make 59,562 days in a
yuga. The difference of civil days in a year is (60272 - 59562) +~ 2206 day = 710 + 2206
day = 426000 + 2206 kalas. The expression 9.5 ksanas and 3 + 121 + (2206 + 2) kala is
equivalent to 213000 + 1103. Pingree's interpretation is not possible not only because his
emendation is baseless, but also for the fact that he had not taken the verse in its entirety.
Shukla’s emendation dyuganas may be justified as it supplies “day” as the unit, but the
expression itself is uncommon.

Beginning of the solar yuga measured against the Saka era
N101rl
gate sadagre” 'rdhasate samanam kalakriyantatvam® idam $akanam |

ravir yuge® siiryadine prapede” kramat tadabdadi yugadi bhanoh ||14||
A sadagre]N, sad eke p,; ° kalakriyamtatva®]N, kalakriyatattva N, € ravir yuge]emend.,

raveyusam N, raveruse p.y D prapede]emend., praderkah N, fprade 'tket p.s

M: When 56 years (of the yuga) have gone, this (i.e., the following) is the (upper) limit of
the reckoning of time for the Sakas - On a Sunday in the yuga of the Sun, the Sun moved

progressively; the beginning of that year is the beginning of the yuga of the Sun.

Falk 2001: When 56 years (of the yuga) have gone, this is the state of (the sky leading to)
the epoch of the Sakas...

P: When 66 years of the Sakas have elapsed, that is the truth (i.e., foundation) of the
calculation of time. At dawn on Sunday begin that year and the yuga of the Sun.

1% Following Shukla 1989.
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Note: According to Falk's interpretation, the solar yuga commences 56 years before the
Saka era (78 CE) or in other words, 22 CE. Pingree noted that sadagre 'rdhasate should
read 56 or 156 (?), but decided to emend it to sadeke 'rdhasate to mean 66 (!) or 166 (?)
as the former leads to the year 144 CE which Pingree believed to coincide with the
conjunction of the Sun and Moon at mesadi. Falk's suggestion of 22 CE which took the
reading more faithfully matches the astronomical requirement of the conjunction of Sun
and Moon in Aries. This led Falk to suggest that 22 CE was the date "when people from
the West (yavana) spread their astronomical knowledge in South Asia", coinciding "with
the early years of Gondophares' rule in India"."” However, as Yano had pointed out to
me, all these beginnings of eras are mostly to be backward calculation by astronomers
just like the Christian era which was created in the Sth century CE. In addition, Falk
highlighted the astronomical significance of the Saka era (78 CE), the year (April 1 to be
precise) when the Sun, Moon and Jupiter conjoin in Aries, which could well signify a

Jupiter yuga system.'®

Kosana era as elapsed years from the yuga

N101rl, U(BJ7.9)

gatena sadhyardhasatena” yuktya® vyekena“ kosanagatabdasamkhya” |
kalah® sakanam parisodhya" tasmad atitam anyad yugavarsayatam® ||15]|

Asz'idhyardhao]N, sabhyardha® Usgy; o B yuktya]N, yukta Up,, ¢ vyekena]N, pyamkena U,
pyekena Uingree) D kosanagata°[N,, kosanasata® N, kesam na gata® U E kalah]NU, kalam p,,

F sakanam parisodhya]N, $ako1044nam $avimsodhya U ¢ °datitamanyadyugavarsayatam]emend.,
°datitamanyayugavarsayatam N, °datitamanyadyugavarsayatam N,, °datitavarsad yugavarsajatam U,

°datitam anyad yugavarsayatah Falk2001, °datitavarsa yugavarsajatah p,,

Falk 2001: The elapsed years of the Kusanas in combination with 149 (change into) the
time of the Sakas. Subtracting from this (Saka time [plus 56]) the elapsed (yuga, i.e. 165
years) (produces) the elapsed (vatah) [years] of the years of the second yuga.

P: Take the number of years that have passed of the Kosanas, add 149, and subtract from
this (sum) the time of the Sakas (i.e., the year in the Saka era); (the remainder) is the
number of years in the yuga which have elapsed.

Note: Pingree claimed that N's reading pada d does not permit the dating of the Kusanas
but one may hypothetically interpret "the epoch of the Kusana era fell 149-66 = 83 years
before A.D. 144 or in A.D. 61" if one modifies Utpala's reading.'” However, based on

197 Falk 2001: 133.
1% Tbid.
19 Pingree 1961-1962: 18 fn6; 1978 II: 408-9.
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Falk 2001's re-reading, the Kusana era should be 149 years from Saka era (78 CE) or in
other words 227 CE.""" As this date appears to be too late for Kusana history, Falk
adopted the theory "omitted hundreds" first proposed by van Lohuizen-de Leeuw in 1949
and that "mesasamkranti of 127 CE is the real starting-point of the Kaniska era".'"" As
some scholars have pointed, this solution suggested that Sphujidhvaja was unaware of
this phenomenon of "omitted hundreds" and that the Kusana era was merely 49 years
after the Saka era; Falk's proposal remains speculative although attempts to defend it.'"?
In pada d, Falk interpreted anyad as referring to the second yuga since by the time of the
Kusana era, the first yuga has already passed and the second yuga has already started on
28 March, 187 CE.'” Falk's emendation of anyad was probably prompted by metrical
reason and not from Utpala as Falk himself claimed.'"*

Calculation of elapsed ftithis

N101r2

yuge” gatabdas® tricatuskanighnas tadabdamasadhikamasayuktah |

trim$adgunas tattithibhih® sametah prthaksthitas te ca tithivyatitah® ||16]|
Ayugelp, yugan N B gatabdas]N,, gatabda N € tattithibhihJemend., tetithibhis N

P prthaksthitastecatithivyatitah]emend., prthagyugabdaihsahitavyatitaih N

M: The number of elapsed tithis [at a given time] equals to the elapsed years in the yuga
multiplied by 12, increased by the (lapsed) months and intercalary months of that year,
multiplied by 30, plus the (elapsed) tithis of that [current month]. This number is placed

separately.

P: The elapsed years in the yuga are to be multiplied by 12 and increased by the (lapsed)
months and intercalary months of the present year; this sum is to be multiplied by 30 and
joined with the (lapsed) tithis (of the current month) and with the epacts (in tithis) of the
individual (lapsed) years of the yuga.

Note: The formula here describes the typical calculation of the number of elapsed fithis,
that is, t = [)) X 12 + (m' + a")] x 30 + ¢ . The term prthak is used typically in the
algorithm to indicate a lump sum which is to be used repeatedly in the arithmetic
operation, which is typically the case of the calculation of ahargana as in SS (see note
under v.17).

1

% Falk 2001: 126.

' Falk 2001: 130.

2 Neelis 2007: 88-89; Falk 2007: 134,143 fn3,4.
3 Falk 2001: 130.

"4 Mukherjee 2004a/b; Falk 2007: 135.

1

1

1
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Calculation of elapsed avamas (missing tithis)

N101r2

caturdhanacchannaphalam® tato yad® gatavamas te dinaratri$esam® |
visodhya® satpaficaguna ahobhir® labdha muhiirtas tithisesagas te [17|

A caturdhanacchannaphalam]N,(emend.), caturddhanacchannaphala N, aharganam channaphalam p,,
B yad]p.s ya N Cste dinaratrisesam]emend., sta dinaratriéesam p,,, sta svaharatrisesan N

D vi$odhya]N, vihanya p.4 E paiicaguna ahobhirJemend. paficagunah svaharah N, paficagunair dinani p.4

M: Subtract the number of leftover days from the number of lapsed avamas (omitted
tithis at a given time), which is the result of the concealed result of the fourfold sum
(caturdhanacchanaphalam), multiplied by 30, divided by the numbers of civil days, the

result will be the number of muhiirtas elapsed in the leftover tithi.

P: From this (one gets) the day-number with a concealed result (aharganachannaphala),
which (consist of) the avamas; these (avamas) are the difference between (the lapsed
tithis) and the nychthemera. If one multiplies the "days" by 30, the result is the number of
tithi-muhiirtas.

Note: Pingree remarked: "With verse 17 one finds the avamas, which are the difference
between the number of fithis and the number of civil days. My interpretation of the
second half of this verse is extremely dubious; one expects a rule for calculating the
lapsed avamas." Pingree was indeed correct in pointing out that the calculation of lapsed
avamas is expected here. Instead, the conversion of the fraction left from the elapsed
avamas to muhirtas is given here, i.e., by simply multiplying 30. The missing calculation
should be: multiply the sum that was placed separately (prthaksthds) in v.16 by the
number of avamas in yuga (958 [v.5]) and divided by number of tithis in a yuga (61,230
[v.6]). The expressions in the SS 1.50 are: dvisthas tithiksayabhyastas
candravasarabhdjitah. In formula expression, this would be: u = ¢ x U + T. The missing

calculation could be one of the missing verses based on the numbering in Q.""

Calculation of elapsed days and the determination of naksatra/planetary days
N101r2-3

gatavamonam tu ganam” tithinam vindyad yugatitadinani tani |

tato 'rksamana”grahavasaranam tatrarthanayam anumanam icchet ||18||

Atu ganam]p.q, tu guna N, gunaka Ny, guna(kam) N, B tato' rksamana]emend.,

Satarksamana N, saptangamanam p,,

M: On the other hand, one would find the number of (civil) days elapsed in the yuga to be
the number of (elapsed) tithis minus the number of lapsed avamas. From that [number of

115 Mak 2013: 4 fn.10.
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ahargana], one may seek inference for the obtaining of day based on calculation of

naksatra (rksamana-) or the planets.

P: One should find that the number of (lapsed) tithis diminished by the number of lapsed
avamas equals the number of (civil) days which have passed in the yuga. There is a
seven-fold measure of the planetary week-days; in seeking the answer to this, one desires
(the use of) inference (anumana).

Note: The first half of this verse completes the ahargana, i.e., D =t - u. The inference
described here refers to the way the sum of days since the epoch (ahargana) may be used
to determine the planetary deity and presiding naksatra of the day. The exact calculation
of the planetary weekday, month and year are given later in vv. 52-54.""° The calculation
of the presiding naksatra for the day is also typical of the paricanga, though it is not
explained fully here.

Calculation of intercalary months elapsed in a given period
N101r3

ekadasaikadasabhagayutya® yugad gatabdan® vihatan® vibhajya® |
satpaficakenadhikamasakas te dvikam dindh® savanasaryayos tu ||19||

A °dagabhagayutyd]emend., °dabhagayuktyad N, °dasabhagayutya s,,, °da<éa>bhagayuktya p.q
B °abdan]p,gs.., °abdad N ¢ vihatan]p,gs.s, yuganam N D vibhajya]p.gs.s, vibhejya N

E dvikamdinah]emend., dvihaiijinas N, dvihanas N,., dviham (ji)nah p,,

pes
M: The number of intercalary months (in a given period) is the number of years passed in
the yuga, multiplied by (11 + 1/11) and divided by 30. However, the [two kinds of] days
in civil and solar units [are to be calculated] in a twofold manner.

Shukla 1989: The number of years which have passed of the yuga, multiplied by (11 +
1/11) and divided by 30 gives the number of intercalary months (in that period)...

P: The number of years which have passed of the yuga is to be multiplied by 11;11 and
divided by 30; (the result is the number of lapsed) intercalary months... in (of?) the civil
(day? month?) and the Sun.

Note: To prove whether the formulation is correct, let us multiply the number of solar
years in a yuga, 165, by (11 + 1/11) and divide by 30. The result is 61 intercalary months
which agrees with the number given in v.10. The fraction 122 + 11 or (11 + 1/11) tithis
per year is simply obtained from (number of intercalary months per yuga x 30) / number
of years in a yuga - i.e., 1830 = 165 tithis per year. Pingree interpreted bhdga in pada a as

16 Cf. SS 1.48-52 (Burgess 1858: 173-178).
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1/60 which led him to the incorrect figure of 11;11 (or 11 + 11/60) instead of (11 + 1/11).
Furthermore, he claimed the discrepancy between the total number of tithis in a year
stated in this verse (360 + 11;11) and the number of tithis stated in verse 5 (62 X 6 = 362).
Both numbers are wrong. The number "958 tithis" given in verse Scd refers to the number
of missing fithis, not the epacts. On the other hand, Pingree read correctly though
inconsistently safparicakena as 30 instead of 56 as he did in v.11. Pada d is expected to
give the number of civil days converted from the intercalary months elapsed
proportionally for the given period since the epoch.

Calculation of lapsed tithis in a given period and the number of synodic months in a
yuga

N101r3-4

tithis* tadabda®dhikamasakaghna® harya® sadekadasapaficakena” |

paficastakenaika"yutena yuktam jiieyas tu masa” dvigunam sahasram ||20||
Atithis]lemend. HAYASHI, tithis N B °stadabda®]p,,, °stadabda® N ¢ °sakaghnad]emend. HAYASHI,
°sakasair N, °sakai<§ ca> p.4 p harya]emend. HAYASHI, hina N, hinah N, hatah p.q
E sadekadasapaficakena]emend. HAYASHI, padaikadasakenahanyat N, sadekadasakena bhajyat p.y

F okenaika®]emend. HAYASHI, °kekena N, °kaikena N, G jiieyas tu masa]N, p.q, jieyotrahora N

M: One should divide the product of the (number of) tithis (in a yuga) and the (number
of) lapsed intercalary months in that year by 61 (sadekadasapaiicaka); for there are 2041

(synodic) months (in a yuga).

P: One should multiply the (number of) tithis (in a yuga) by the (number of) lapsed
intercalary months and divide (the product) by 61; for there are 2041 (synodic) months

(in a yuga).

Note: According to Pingree, ab is the calculation of lapsed tithis based on the relation
(tithis in yuga) : (lapsed tithis) = (intercalary months in yuga) : (lapsed intercalary month).
Therefore, the lapsed fithis would be (tithis in yuga) % (lapsed intercalary months) /
(intercalary months in a yuga) or (lapsed intercalary months) x 61230 + 61. Although
Pingree’s translation is correct, but his emendation of sadekddasakena in pada b reads 66,
not 61.

Mean motion of the Sun and Elongation of the Moon

N101r4

masas tadabde” ravibhuktarasih samviddhi® satpaﬁcagunﬁnc tu bhagan |
horadhrtaih” siiryayutah sa bhago labdho bhaven madhyamacarayoge ||21||

Amasas ta®]p.s lambasta® N B samviddhi]p,,, samdvidvi® N, sadvidvi N,

¢ satpaficagunan]emend., sa<?>ficagunas N, sa<tpa>ficagunas p.,

Dhoradhrtaih]emend., horadhrtah N, horadharaih Ped
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M: The months of the years (are equal to) the signs traversed by the Sun; but know that
the degrees (are obtained by) multiplying [the number of signs] by 30. The degree [for the
Moon] in its mean motions would be obtained by those intended for astrology
(horddhrtaih) to be (the elongation) plus the position of the Sun.

P: Know that the signs traversed by the Sun (are equal to) the months (which have
passed) in the current year. These are multiplied by 30 to give degrees; then the degree
occupied by the Sun in its mean motion is taken by the astrologers.

Note: lamba from N, which means latitude, does not seem to make sense here and
Pingree's emendation is acceptable here. In pada c, siryayutah means "increased by solar
(position)" and does not mean "occupied by the Sun".

N101r4-5

tanmasayatais tricatuskanighnair® adityabhuktam tithibhir yutam tat |

rasaih® syur indo ravibhuktabhagas® tebhyo bhaved istavimanam® ksya® [|22||
A °tricatuskanighner]emend., °tricatustanighner N, °tricatustanighnair N,
B ragaih]N, raseh N, 1asth poy ¢ °bhaga°]N,(emend.), °bhoga® N b °vimanam]p,y, °vinanam N
ETl(sy'c1]15~1[,(emcend.), 1ksyah N

M: The (degrees) traversed by the Sun plus the number of fithis lapsed in that month
multiplied by 12, would be the (total number of) degrees traversed by the Moon, together
with the signs, having considered the desired measurement with these (conversions).

P: The (number of) dvadasamsas traversed by the Sun are (equal to) the (number of)
signs (traversed by) the Moon; to this bhukti of the Sun is added the tithis which have
passed of the current month multiplied by 12. For one who is examining (the problem),
this is the desired elongation between them.

Note: In other words, for each 1° traversed by the Sun, there are 12° of elongation of the
Moon. The purpose of these two verses concern the calculation of sign which the Moon
occupies in horoscopic calculation based on principle of elongation. Note here rasaih as
an irregular form instead of rasibhih. The same is found in the next verse.

True motion of the Sun

N101r5

trayas trikrt® sadgunitﬁsB tu bhe‘wya'lc lipta dvisastis tv adhikas® tu rasaih® |

cakrardhayor’ masam atah sphutakhyah® kramotkramabhyam™ ravir eti' rasim ||23)|
A°strikrt]ped, °strvin N, °strvit N, B sadgu®]p.q, sadgu® N ¢ bhavya|N, bhuktva p,,

D lipta dvisastis tv adhi®]p,,, liptadvisaptadvisaptatyadhi® N E ragaih]N, raseh N, F cakrardhayo®]p.4,
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cakrardhayo® N G omasam atah sphutakhyah]emend, masamasadvayakhyah N, masadvayakhyah N,

ma(sama)dhavyayakhyaih p,;, " kramotkra®]emend. N, kramokra® N Lravir eti]p,q, raviranti N

M: [At the rate of] (a minimum daily motion of) 57 minutes and a maximum of 62
minutes through the signs, in the two halves of the zodiac, the Sun, called “true [motion]”
(sphutakhyah), goes through a sign in a month (mdsa) in direct and reverse order
respectively.

P: The Sun goes through each sign at a minimum daily motion of 57 minutes, and a
maximum of 62. In the two halves of the zodiac, the Sun goes through a sign in more or
less than a month in direct and reverse order respectively.

Note: The true daily motion of the Sun is given also in the PS 2.1 (Vasistha) and PS 3.17
(Paulisa) but with possibly different numbers. Ideally, from apogee to perigee of the Sun,
the degrees of solar motion for each of the six months should be: 57, 58, 59, 60, 61, 62;
and the reverse for the other half. As the N's reading of 72 minutes is grossly out of range
from the average of 1°, Pingree's emendation of pada b is logical, although the placement
of two tu-s is problematic gramatically. The motion here is described by Pingree as
"linear zigzag function of ultimate Babylonian origin". Since the motion described here is
true, there is no point in describing the duration as "more or less than a month" as Pingree
did, which I emended instead to sphutakhyah in parallel to v.25.

True motion of the Moon

N101r5-101v1

advyardhaliptah® tricatuska® bhage® +++ <samapasu>ta catur<bhi>h" |
saptatrayo” vimsatibhagayuktam" padadhikam® paficama -++++ ||24]|

A advyardhaliptah]N, indur hi liptah p.4 B tricatuska]emend., satrsapta N, Satasaptalp.s
¢ bhage]N, bhuktvd p,, °+++<samapasu>tacatur<bhi>h]N, +++<?a>sa+++catut p,y

E saptatrayo]N, catustrayo p., F °yuktam]N, °yuktah p., 6 padadhikam]N, padadhikah p.4

M: [The Moon goes] 11°58.30' (12° less 1,30" (in its minimum daily motion, and...) by 4;
21.20°... plus a quarter...fifth...

P: The Moon goes 700+ minutes (in its minimum daily motion, and ... in its maximum);
(the daily difference) is 0;12,20° +.

Note: As stated in v.22, since for each degree the Sun traverses, the Moon moves 12
degrees (or 720 minutes), which is expected to be the mean daily motion of the Moon.
The minimum daily motion of the Moon is thus expected to be slightly less than the mean
motion. The true motion of the Moon is also given in Vasisthasiddhanta 2.2-6; our verse
appears to be too corrupt to do much meaningful comparison.
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N101vl

<kra>motkramabhyam prathamantyabhuktis” cakrardhayor® bhesu caran $asankah |

bhuktir viliptah® sakalah sphutakhyah svoccamsaliptas tv adhikaih kalamsaih ||25]|
Aobhuktis§]pes, “bhajyas N Bcakra®lp.s, candra® N, € bhuktirvi®lemend., bhuktivi® N

P: The Moon, passing through the signs in the two halves of the zodiac, travels at the first
(minimum) and the last (maximum) rate of motion in direct and reverse order; thus it
traverses all the accurate degrees, minutes, and seconds (between two successive
conjunctions) with its apogee (ucca).

Note: Although no epicycles are evident or implicit in the expressions, the ucca is
expressed here as point of reference where the Moon is the slowest.

True motion of the stars
N101v1-2
adyantarasyor udaya”pramanam adya muhiirtadvayam® adisanti |

kramotkramad apy adhipaficamam tat ksetrapramanam bhaganadvayoh® syat ||26||
Audaya"]l\[p(emend.), udayah N B muhiirta®|Np,,, muhiirta® N, ¢ bhaganadvayoh]N, bhaganadvaye p.,

M: The ancients declare the measure of the rising-times of the first and last signs to be
two muhiirtas; the space-measure (ksetrapramanam) of the (rest of the) signs in the two
(halves) of the zodiac, taken (respectively) in direct and reverse order, would be (obtained
from) that with a fifth added (successively to each, that is, 24°).

P: The measure of the rising-times of the first and last signs the ancients demonstrate to
be two muhiirtas; the measure in the (rest of the) signs in the two halves of the zodiac,
taken (respectively) in direct and reverse order, is that (two muhirtas) with a fifth added
(successively to each).

Note: The difference in the rising-times of the different signs results from the difference
between the right and oblique ascensions, which in turn depends on the latitude of
observation. The conversion between the measure of rising-time (udayapramana) and
space-measure (ksetrapramana) would be as follows:

rasi udayapramana ksetrapramana
(in muhiirta) (in bhaga)

mesa / mina 2 24

vrsabha / kumbha | 2 % 26;24

mithuna / makara | 2 % 28:48
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karka / dhanvin 2% 31;12
simha / vr$cika 2% 33;36
kanya / tula 3 36
total 30 360

This verse corresponds to the description given earlier in YJ 1.68, which Pingree
translated as "The measure of the rising-times of the first and last signs is demonstrated
with certainty to be two muhiirtas each; know that the measure of the rising-times (of the
rest of the signs) in the two halves of the zodiac, taken (respectively) in direct and reverse
order, is (two muhiirtas) with a fifth (of that measure) added (successively to each).""”
As Pingree pointed out, this "corresponds to a longest daylight of 13;26;24 hours, which
is not bad for Ujjain".'"® Pingree pointed out an alternative interpretation of YJ 1.68 that
if one reads the difference as % muhurta instead of % muhirta, then "one must
understand a muhiirta to correspond to an equatorial arc of 10° so that there are 36 in a
nychthemeron"; such interpretation is however grammatically impossible. Moreover, as
clearly stated in v.29, there are 30 muhiirtas in a nychthemeron. Pingree's "alternative
interpretation” is therefore not intended by the author here.

Water-clock
NI101v2
dvabhyam atho” kaficanamasakabhyam® samamsakam® dvyangulatulyadirghah® |
chidram tadagrena sameti yat syad varyadhakam samsthitinadika sa* ||27||

A <d>vabhyamatho]N, ghatyamatho p,; ° kamcanamasakabhyam]|N,,,
kamcanamasanakabhyam N,., kamcamakabhyam N,,,., kamcamanakabhyam N,,c,
kamcana<lo>hakayam p,, ¢ samams$akam]emend., samamsaka N, samasaka Np, syad vamsako p,,

D °dirghah]N, °dirghah p.4 E varyadhakamsamsthitinaikasa]emend.,

M: Now, if an dadhaka of water enters into the hole [of the water-clock which was
perforated] by the end of a [needle made] with equal proportion (samamsakam) from two
masakas of gold into a length of two arngulas, that is the duration of a nadika.

P: In a gold and metallic (lohaka) pot (ghat) is a tube two fingers long; water enters a
hole in front of this (tube) to measure off the tithis and nadika-s.

Note: Despite some difficulties in the manuscript reading of this verse, the basic idea as
described in the next verse is clear, namely, the complete outflow of water from the

"7 Gdyantaraser udayapramanam dvau dvau muhiirtau niyatam pradistau | kramotkramabhyam

adhiparicamam sydc cakrardhayor viddhy udayapramanam ||

18 Pingree 1978a: 11.228.
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water-clock would last a nadika, sixty of which make up one day which is typical in
India.'"® The outflow water-clock was alluded to in the VJ but no description was
given.'”™ One of the earliest descriptions of an outflow water-clock is found in AS
2.20.34: “Forty kalas are a nadika. Alternatively, a nadika is an adhaka of water [passing
through] a jar’s hole [of the width of a wire made] four masakas of gold [made into] the
length of four angulas.”"*'
those of our verse, in particular, the weight-length ratio (1 masaka:1 angula) of the gold
needle is identical in the two texts. The description of gold made into a wire of "equal
proportion" (samamsakam) or of uniform shape appears also in the Buddhist
Divyavadana/SKA,'** and Lalla’s description of a sinking bowl type water-clock.'”
Although the has been some doubt concerning the practicality of such description,'** as

well as how this water-clock actually operated, the resemblance of these highly specified

The description of the hole and the gold wire were identical to

19" Although Pingree’s emendation and interpretation of this verse are strange to me, his understanding of
this verse being a description of an outflow water clock should be correct (Pingree 1978a: 11.410). As pointed
out by Sarma, the outflow water clock was discarded and replaced by the sinking bowl type water clock from
about fourth century CE (Sarma 2004: 302, fn.2).

120 VI(R)7, 17; VI(Y)8, 24. Cf. Fleet 1915: 216.

2V carvarimSatkala nadika / suvarnamdsakas catvaras caturangulayamah kumbhacchiddram adhakam
ambhaso va nalika. According to Sarma, this is the first time a gold wire or needle was described for the
measurement of the perforation of the water clock (Sarma 2004: 304; cf. Subbarayappa 2008: 180, Olivelle
2013:146).

122 nalikdachidrasya kim pramanam / suvarnamatram upari caturanguld suvarnasalaka kartavya /
vrttaparimandala samantdc caturasra ayata // SKA p. 57. "How does one measure the hole of the water
clock (nalika-)? With a measure of gold, a gold needle of four arigulas should be made. It [should be]
stretched [so that it is] perfectly round from all sides and in four angles (?)."

125 dasabhih Sulbasya palaih patram  kalasardhasannibham  ghatitam /  hastardhamukhavyasam
samaghatavrttam dalocchrayam // satryamsamasakatrayakrtanalaya samasavrttaya hemnah / caturangulaya
viddham majjati vimale jale nadya // “The bowl, which resembles half a pot (i.e. hemispherical), which is
made of ten palas of copper, which is half a cubit (i.e. twelve arigulas) in diameter at the mouth and half (i.e.
six angulas) as high, which is evenly circular and which is bored by a uniformly circular needle, made of
three and one-third mdasas of gold and of four angulas in length, sinks into clear water in one ghatika (nadi).”
(Sisyadhivrddhidatantra 1.12, quoted in Sarma 2004:305, followed by Sarma’s translation, underline mine).
124 The description of the gold wire later on became a tradition although its usefulness is doubtful based on
Sarma’s study. “One is... led to suspect these specifications for the size of the perforation in terms of a gold
wire of certain weight and length are fictitious and have no connection with actual practice.” (Sarma 2004:
306). The reason is that the size of the hole had to be calibrated depending on other factors such as shape of
the vessel. Thus Bhaskara II considered the size of the hole as well as the volume of the vessel itself
irrelevant (Sarma 2004: 306-307). However, one should note that the specification of this gold wire varies
across texts and to my best of knowledge, only in the AS and in our text this particular correspondence is

observed.
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descriptions is remarkable. Sphujidhvaja must have derived his descriptions of the
water-clock at least partially from Indian sources (see also next verse) although the
outflow water-clock itself could well be of ultimately Babylonian origin.'*

For the description concerning the water, the emendation of varyadhakam is necessary
to specify the actual amount of water that flows out of the device in a nadika. In pada d,
Pingree's emendation of sthiti to tithi is improbable since the water-clock had never been
known to be used for the measurement of lunar time unit such as the ¢ithi.

Time measures
N101v2-3
trayah pal;‘ahA syuh kudavo ’stamas ca tan nﬁdikﬁkhyamB vidur ekasastim® |
sa” sastiliptapi” ca nadikakhyah" sravanti sastir® dyuni$a kramena ||28||
A palah]p.q, phala N B °khyam]N,, °khya N ¢ °sastim]p.,, °sastih N, °sastah N,
P sdlemend. HAYASHL, tah N F °liptapi]p,q, °liptau'pi N F °khyah N, °khyalp.q

G sravanti sastirlemend., $ravantisatca N, bhavanti sastir Ped

N101v3
kala" nimesastasata dasona viduh kalas ta dasa® nadikas tu® |
dvinadikas tu prathito muhiirto manapramanadividhiprasiddhau ||29||

Akaldlp,q, kala N B kalasta dasa®]s,,, kalastarasa® N, kalas triméa <ca> py ¢ °kastu]N, °ka tu N,

M: In [increasing] order: A kudava is 3% palas; 61 kudavas are called 1 nadika; it
(nadika) also consists of 60 liptas; 60 of what is called nadikas [of water] flow away [in
the clepsydrae] in a nychthemeron. One kala equals 790 nimesas, one nadika 10 kalas,
and one muhirta is known as 2 nadikas in the accomplishment of the rules relating to
measures and standards.

P: A kudava is 3% palas, and 61 kudavas equal 1 nadika. The nadikas are also each
divided into 60 liptas ("minutes"); there are 60 nadikas in a nychthemeron. One kala
equals 790(?) nimesas, one nadika 30 kalas, and one muhiirta 2 nadikas in the
accomplishment of the rules relating to measures and standards.

Note: The conversion of time units may be summarized as follows: 3% palas = 1 kudava;
61 kudavas = 60 liptas = 10 kalas = 1 nadika; 60 nadikas = 1 nychthemeron; 790 nimesas
=1 kala; 2 nadikas = 1 muhiirta. In modern units by increasing order: nimesa =~ 0.18",

125 S R. Sarma pointed out to me that the outflow type water clock was described with practical details only
in Babylonian sources and not any Indian texts extant. The weight of the water used in a cylindrical clepsydra,
together with the unique solstitial day-night ratio of 3:2 applicable to Mesopotamia and not so much to India
except in the extreme north, were described in Old Babylonian mathematical tablets (Neugebauer 1947:
39-40).



108 Bill M. Mak SCIAMVS 14

pala 7.55", kudava = 23.61", lipta 24", kala 2'24", nadika 24', muhirta (or ksana, cf.
verse 11-13) 48', dyunisa (or ahoratra) 1 day or 24 hours. A comparison of the
conversion of units among some key texts utilizing the same units was made in §111.4.1.
As pointed out in §II1.2.3.2, the collection of units used in these two verses has so far
not been attested elsewhere in any other single text, which once again suggests the
amalgamated nature of the YJ. The pala and the kudava are noted in the VJ. The
combination of nimesa and kalad is noted in a number of texts such as the
126 27 the Arthasastra' 129

various Puranic texts."** The combination of nimesa, kala and nadika is rather rare and is

Susrutasamhita, the Parasara, and the Amarakosa and
noted only in the AS, and possibly the VI, if we take nimesa and aksara as similar units.

It should be noted that pala and kudava are originally units for liquid measure."!
They can be converted into time units only with the assumption of the use of a
water-clock (v.27) as described in the VJ. The VJ prescribed that the time of the outflow
of a prastha (or 12.5 palas) of water corresponds to the daily lengthening of daytime
from the winter to the summer solstice."*> In other words, in a solstitial period of 183
days, 183 prasthas (or 2287.5 palas) would correspond to 6 muhiirtas or 12 nadikas. This
results in 1 nadikd = 190.625 palas, which corresponds to the conversion described in
this verse.

The conversion of 1 nadikd = 10 kalds, which was read incorrectly by Pingree as 1
nadika = 30 kalas, applies in fact elsewhere in this text (vv.11-13, 31). The same
conversion is noted in the Parasara. By extension, the conversion 1 muhirta = 20 kala is
noted also in the Susrutasamhita.'>® Similar, but not identical conversion between nadika
and kald may be found in the VJ."** Shukla suggested that Yavane$vara/Sphujidhvaja had
either followed Susruta/Parasara or rounded off the value from the VJ to avoid
fraction.'”’

The conversion of 1 kala = 790 nimesas is not attested anywhere. The normal
conversion value one would expect is 1 kala = 450 or 540 nimesa as Pingree pointed

1
out. 36

126 Susrutasamhita, Sitrasthana, vi.4.
127 Utpala’s commentary on BS 3.2, Dvivedi ed. p.23 In 14.

128 drthasastra 2.20.28-38.

19 Namalinganusasana 1.3.11-12.

130 Visnupurana 1.3.8-10; Vayupurana 57.6-7; Naradiyamahapurana 5.21-22.
' Fleet 1915: 214-217, 222; Sarma 2004: 310.

2 Fleet 1915: 217, Shamasastry 1936: 1-2, 25; Sastry & Sarma 1984: 44.
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The comparison was first noted in Shukla 1989: 213, although in the text itself the unit nadika was not
used and instead 1 muhiirta = 20 kala was given.

341 nadika = 201/20. VI(R)16ab, VI(Y)38ab: kald dasa savimsa syad dve muhiirtasya nadike.

1% Shukla 1989: 213.

136 pingree 1978a: 11.410. The conversion of 1 nadika = 7900 nimesas may be most closely compared to that
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The lipta is a sexigesimal unit unknown to any other early Sanskrit work and the use
of lipta as a time measure is rare. It was attested in the Bakhshali manuscript but with a
different conversion value (1 ghatika = 60 casaka and 1 casaka = 60 lipta)."*” Following
its Greek antecedent Aexzov, the lipta is typically used as an angular measurement for the
celestial sphere, as we have seen earlier in vv.23-28, namely 1 degree (bhaga) = 60
minutes (/iptd) and 1 minute = 60 seconds (vilipta). The use of lipta as both time and
angular measures is comparable, though not identical to our usage of the word "minute".

Course of the Sun

N101v3-4

raver udanmargagatim® mrgadau yamyayanadim tu caturthabhadau |
vindyad ajadau visuvantam” adyam abde dvitiyam <tu> tuladharadau ||30||

Audaﬁmﬁ"]Np(emend.), udanma® N Bvisuvantam]N(p,), viguvantam N,

P: One should find that the northern course of the Sun begins at the beginning of
Capricorn, and the southern course at the beginning of the fourth sign (Cancer); the first
equator(-crossing) in the year is at the beginning of Aries, the second at the beginning of
Libra.

N101v4

ravih svamanena bhunakti® ra$in tadvikramenahnakrd® isyate sah |

@hna® dyuratres ca phalanirastis® tribhagahino® 'yanayoh kalaikah" ||31||
*bhunakti]p,y, tubhukta® N, tubhukti N, ® °menahnakr°]p,,, °menantukr N, °menatrikr® N,,
©ahnaN, aho p,; " phalanirastisjemend. HAYASHI, phalaniristas N, phalo niristas N,
E bhagahino]emend., bhahina N, bha<ga>hino p.4 F kalaikah]p,,, kalaikah N

M: The Sun, in its own measure, traverses the signs; because of this motion it is regarded
as the cause of the day. The daily gain (phala) and loss (nirasti) of a nychthemeron in the
two (northward and southward) courses (of the Sun) (ayanayoh) is one kala less one third

(i.e.. % kald)."*®

P: The Sun, in its own measure, traverses the signs; because of this motion it is regarded
as the cause of the day. The length of daylight in a nyehthemeron (increases) and
decreases in the two ayanas (i.e., while the Sun is between the two solstices) by a third
part.

of the Visnudharmottarapurana, namely 1 nadika = 7200 nimesas (Visnudharmottarapurana 1.73.1-4ab).
137 Hayashi 1995: Table 12.1.
8 1 owe the reading of padas cd to Professor Takao Hayashi, who had furthermore noted the irregular

lengthening of phald metri causa (also angirasah v.54b and bhava v.57d).
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Note: The time difference between the longest and shortest daylight is known to be 6
muhiirtas.'” As indicated earlier in v.29, one muhiirta = 20 kalas. Therefore, in half a
year or 180 days between the summer and winter solstices, the daily decrease of daylight
time should be (6 x 20) + 180 =% kala. As noted by Shukla, the conversion of 1 nadika =
10 kala here, which applies also to the calculation given in vv.11-13, provides another

proof that Pingree's reading of 1 nadika = 30 kalds in v.29 was incorrect.'*’

Gnomon

N101v4-5

ahahpramanardhagune 'sya”® $anko$ chayangulair madhyadinangulonaih |

sa$ankavair® labdham ahahparam® tad ahno visuddham tv aparanhi® yavat ||32]|
Aogunasyalp.s, °gunesya N P sasankavair]p.,, $asangavair N ©mahahparam]p,,, mahatyatan N,

mahapatam N, P oparahni]p,y, °parahna N

P: The gnomon ($anku) is multiplied by half the measure of daylight, (and is divided) by
the digits of the shadow (at any given time) diminished by the digit of the noon (shadow)
and increased by the gnomon. The result is the former part of the day; if you subtract it
from the (total) length of daylight, that is how much is in the rest of the day.

Note: Cf. PS 4.48. Note the length of the gnomon is not given, but is generally assumed
to be 12 angulas as pointed out by Pingree.

Ascendent
NI101v5
muhiirtabhagair® udayaprasiddhir® jiieyo® grhamsadiganasya siiksmah” |
siiryasritad rksaganat pravrttam® sayogyalagnokta"vidhim vidadhyat ||33||
AObhz‘lgair]l&tp(emend.), °bhager N B udayaprasiddhir N,(emend.), udayeprasiddhaih N
¢ °jiieyo]N,(emend.), © jieya N Dsiksma Ped» Stiksma N E pravrttimN,(emend.), pravittim N

F °nokta®|N,(emend.), “noktam N (unmetrical)

P: The establishment of the ascendent, which is subtle (?) as consisting of signs, degrees,
and so on, is to be known by means of the muhiirtas and their parts (which have passed of
the day); one should establish the described rule regarding the ascendant which is to be
used as beginning from the number of the sign occupied by the Sun.

Civil days in a solar year
N101v5

139 18-12, as standard in India, see Pingree 1978a: 1.228, 11.410.
140 Shukla 1989: 212.
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sapaficasastim trisatam”® dinanam® yugad vibhinnam® tu dinaméakanam |
tryinam” $atardham dinakrtsama syad yaya bhavargam savita bhunakti ||34]|
Aogastim trisatam|p, s.4, °satkattrisati N, °satka trisati N, B dinanam®]p4s.q, gunanam N

€ yugad vi®]s,,, yugadi® N, dyiinam dvi° p,y ° trytinam[N,,(emend.)s,, tryline N

M: The solar year (dinakrtsama) in which the sun traverses the constellations (bhavarga)
consists of 365 days and a fraction of a day, which equals forty seven (fifty minus three)
divided by [the number of solar years in a] yuga.'"'

P: A year of the Sun consists of 365 days and 14;47 sixtieths (amsas) of a day, in which
the Sun traverses the signs.

Note: Assuming there are 365 civil days in a year, a yuga of 165 years would consist of
60225 civil days. The difference between this and the actual number of civil days in a
yuga (v.7): 60272 — 60225 is 47 civil days. The fractional part may be obtained by
dividing this by the number of years in a yuga, or 47/165 day. The number of days in a
solar year given in YJ is hence nearly 365.2848.

Pingree's emendation in pada b: dyinam dvibhinnam to mean 14/60 is puzzling. As
pointed out in §111.3/§111.4, his connection of this emended value to Hipparchus’ value for
the tropical year is untenable. The idea of tropical year, defined as the period of the Sun
returning to an equinoctial point, entails the concept of precession which is nowhere
evident in the YJ. The concept of solar year here is defined as the period of the Sun
returning to a fixed point on the ecliptic, i.e., mesadi, and is therefore equivalent to our
sidereal year, whose modern value is nearly 365.25636 days.

Sidereal and synodic periods of the planets'**
N101v5-102r1'%
Satam sasatpamcaka” ++++ trim$ad dvikaikottarika® tathaikam® |

tripaficakagram ca $atam yugani gurvarasauraindavabhargavanam ||35||
Asasat_pamcaka]ped, satpaficaka N B trim$ad®]p,4, dvimkha® P, - K, - N
¢ tathaikam]p,,, tathaika N

14! Following Shukla 1989.

142" At the time of the press, my reading of N, from v.35 to v.56 (facsimile reproduced at the end of the article)
remains most unsatisfactory and I have refrained from supplying in the apparatus any N reading in places
where [ was uncertain. I have supplied however readings from Q from v.45¢c. Many of Pingree’s emendations
appear doubtful and in particular, his bhitasamkhya readings in v.39 (-arka- = 12) and v.40 (Sasanka-) are
unlikely for reasons discussed in §II1.2.1. A close examination of the planetary theory provided by these
verses is a desideratum, with the hope that new manuscripts of better quality may turn up one day.

3 From v.35a-, missing in Ny, and N, available only in N,.
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P: 130, 32, 31, 1, and 115 ... the yugas of Jupiter, Mars, Saturn, Mercury, and Venus,

N102r1

Satam savimsad” dasa paficakagras trimsat trayah sattricatuskanighnah |

svaih svair yugabdair udayah® syur esam vitarkayarkad ubhayan® vadanti ||36||
Aosaviméad]pe,, savinsa N B udayah]p,s, udaya N € °dubhayan]emend.,
°dubhayo NKP, °d udayan p,,

M: 120, 15, 30, 3, and 72 are their (heliacal) risings in the years of their own yugas; they
say, consider both (calculated) from the Sun.

P: 120, 15, 30, 3, and 72 are their (heliacal) risings in the years of their own yugas; they
say, consider the risings as being from the Sun.

Note: The periodicity as summarized by Pingree is as follows:

Planet Yuga Number of synodic Synodic period
periods

Saturn 31 years 30 377 days

Jupiter 130 years | 120 395 days

Mars 32 years 15 779 days

Venus 115 years | 72 583 days

Mercrury | 1 year 3 122 days

True motions of the planets

N102r1-2

svam svam yugam sasti$atam” trayoghnam® gatodayaih® svair udaya® + dvasa |
bhavargabhogoddhrtasesam esam vidyad grahanam® kramasah® kramastat® ||37||

A sastiSatam|p,y, sa<sta>+ta N, sastasatam KP B trayoghnam]p,,, traya<ghn>o N, trayaghnam KP
¢ gatodayaih]p,,, dvat+++, +++yah K Dgvair udaya]p.q, +++ya N, hyatadayah P
E vidyad grahanam|p,,, vidyadgahanan N, vinadgramasah P F kramasah|p.,,

gramasah NK, kramasat P 6 kramastat]p,,, kramastat N, kramasat P(?)

P: ... each its own yuga ... 160 multiplied by 3 ... the risings by its own past risings. One
should know the remainder extracted from the traversing of the signs by the planets in
order (?).

N102r2
yugan” tadabdesu dasadvikam ca sad ekahinas ca vaped asitih® |
atitam esam svayugavasesam® jiieyam” yugaikam® kramaso grahanam ||38||
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Ayugﬁn]NKP, yugat p, B asttih]p,,, asiti N ¢ °vasesam|p.q, °vasesam N

P jficyam]pes, tyam N " yugaikam]p.,, yugekam N

P: One should cut off 105 in its years from the yuga. The remainder of its yuga which has
passed is to be known as the first yuga of each of the planets in order (?).

N102r2-3

sastyaih” $ataih® sadgunitaisc tribhis tu adityabhuktarksaganamsayuktam” |

hrtam prthak svair udayarkabhagair labdham kramaghnam® vidur udgamam tu ||39||
A sastyaih|p,,, sastaih NKP B sataih|p.y, gataih N ¢ sadgunitais|p.y, sadgunitas N
D °bhuktarksaganamsayuktam]p,,, “muktarksaganamkhayuktam P, -rksaganamsayuktam K,

+ktarksagananamsayukta? N Eorlabdham krama®]p,y, °rlavrtkrama® K

P: The sum of degrees in the signs traversed by the Sun is multiplied by 1,800 sixtieths
and divided separately by its own dvadasamsas (arkabhaga) and by those of the
ascendant; the results, multiplied together, are its risings.

N102r3
ekadasamsams” caturaméabhuktya® gatva gurus tams ca $asankabhuktya“ |
sthitvastakam tatra dasaikayuktam” dasamsabhuktam samupaiti vakram ||40||
A°dasamsams©]p,,, °dasamsca NKP B °bhuktya]p,,, “bhuktya NP
€ °bhuktya]p,s, °bhuktya P, - N P dasaikayuktam]p,,, dasamkhabhukte NP

P: Jupiter goes 11° plus 4° plus 1°; then it stands still, and then goes vakra for 8°; then
11° plus 10°;

Note: The bhiitasamkhya expression sasankabhuktyd to mean one degree is strange.

N102r3
tato gurus tam$ ca sadamsabhuktya” gatvo<dayam” sam>caranam® prayati |
bhaumas tu yati dvisatam® sasastim® catustrikonena s’a‘[a‘[rayet.laF [|41]|
Asadaméa"]p(,d, sadaméa® NKP B gatvo<dayam>]p,,, gatva++ K, tatpamcata P, -N
¢ caranam|p,,, caramam NP D dvisatam]p,,, dvisati NKP E sasastim|p.4, savastam N,

savastam K savastram P F Satatrayena|p.y, satattrayena NK, satatrayena P

P: ...then Jupiter goes 6;15° and comes to its (heliacal) rising. Mars goes 162° in 288
(tithis);

N102r3-4
sthitvams$akams trim$ caturamsabhuktya saptadhikam vimsatim eti vakre |
tams trim$abhuktya pratigamya” yati dvatriméatim® vimsatim ardhasat® ca ||42||
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Apratigamya]ped, pratiganya NKP B dvatrimsatim]p,y, dvatrimsatam NKP,

€ viméatim ardhasat|p,,, vinsati++++ N, vingatimarddhasatca P, - K

P: ...and stands still; then it goes in vakra 27° plus 3° plus 4°; and then, going forward, it
progresses 32° plus 30° plus 20° plus 6;30°.

N102r4
gatvastavargena catuskam arkih sadvadasagrena” $atena yati |
vakre tad itva ca $atena bhiyo® yaty astakam® dvadasabhagabhuktya ||43)|
Aoy sadvadasagrenap.y, °stadvadasagrena N, °stadvadasagrena KP B bhiiyo]p.y, bhityam N

¢ yaty astam|p.y, yatyastaka N, yatyastakam KP

P: Saturn goes 8;15° in 112 (tithis); then, in vakra, it goes 8° in 100 (¢ithis) more; (its total
synodic are) is 12°.

N102r4-5

sadastakaghnamA dvigunastakena gatvastakena dvigunastakam ca |

sadbhis caturghnais tad” upetya vakre dvirastakena pratiyati tac ca ||44||
Aoghnam]p.,, °ghnam NKP B °§ caturghnais ta®]p,,, ++gnetu...d N, ®$catughnasta® KP

P: Mercury goes 48° in 16 (tithis) and 16° in 8 (fithis); then it goes in vakra that in 24
(tithis); then it goes forward that in 16 (tithis);

N102r5, Q90r1'*

tatas catuhpaficakam etya” saumyo dvatrimsatibhis® trica<tuskibhi>$ ca® |

$esena pracyaparadarsane® tu jiiena® tritanka® tribhir eva vadyam® ||45||"
A paficakam etya]p,,, °paficama<ttam>tya °paficamatitya KP  ® dvatrimsatibhis]p,q,
dvatrimsatabhyan N, dvatrim§akabhyam KP € trica<tuskibhi>$ calemend. HAYASHI,
<tri>++ N, ti...Sca K, trica... P, trica<turthakai>$ ca p.4 D pracyaparadarsane]p,,
yatyangurudaréane N, yatyangurudaréane Q, yatyamgurudaréane KP  Ftena]NP, jena K, - Q
F tritanka]p,y, tritadgam NP, tritangra Q G vadyam|p,y, P codyam NK, <c>odyam Q
"451p.s, 87 Q

P: then it goes 20° in 32 (tithis) and in 12 (tithis). Furthermore, there are two first
visibilities (darsana) - one in the East and one in the West; therefore...

N102r5, Q90r1-2
Sate 'stakagre” 'rdhasatadhike” dve gatvastavargena Satadvayena |

144 Reading from Q (£.90) is available from pada ¢ onward. The verse was numbered as eighty-seven. See

remarks on numbering in Q in §II.1 and notes for v.62.
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vakre 'stasatkenaccaturgunamD sad gatva dinan® tisthati pafica $ukrah" ||46||G
p 'stakagre|p,, 'stakagro NQ Bo 'stakagre 'rdhasata®|p,,, °stakegradhasata® KP,
°stakogradhasata® Q ¢ 'stasatkena]p,,, stasatkona NQ D caturgunam|p,y, caturguna NQKP
E dinan]p,s, dina NQKP  F paficasukrah]NPK, +++<?h>Q ©46]p, 8<8>Q

P: Venus goes 258° in 208 (tithis); then it goes in vakra 24° in 48 tithis, and stands still
for five days (= tithis);

N102r5-102v1, Q90r2-3

tan pafica<sa>dbhih” pratigamya® satkair® astabhir astau dvigunai$ ca gatva |

sadbhis caran sapta bhunakti $esam siiryopagams camsakam ekam matra® ||47||
A<sa>dbhih]P, sad°? K, +<?ih>Q ®pratigamyalp,,, prahigatya N, prahisatya K, prahisajya P,
+hisatya Q  sadkair]PK, sadyur Q P siiryopagamécamsakamekammatralemend.,
siryopagam$camsakameka<ma>+ Q, fstryo++++++++kamf K, fsiiryyapat+++++kamamtryat P,

siryapa +++++tkam etya p.;

P: then it goes forward those 5° in 36 tithis; then it goes 8° in 16 (tithis), and traverses the
remainder, travelling (at the rate of) 7° in 6 (tithis) ...

Note (40-47): The eight verses give a linear planetary theory similar to that of the
Babylonian cuneiform texts as noted by Pingree.'* The resemblance between the model
presented here and that of Vasisthasiddhanta as presented in the PS has also been
noted.'*® Since Vasistha was indeed mentioned earlier in v.3, further comparative study
may prove worthwhile to establish the possible connection between the two.

N102vl, Q90r3-4
esam ca pamcamsakavargabhuktya® pragantarakhya® grhabhuktir® ukt |
ato dviramsabhyadhikadhikam® sya<t>" cakradvayor arbhavadrk ca bhuktih" ||48||
Aoyargabhuktya]Np,,, °varnabhuktya P, °vargabhuktya K, +<rga>bhuktya Q
B pragantara®]p,,, pragantyara® Q, pragantr® K, pragantri® P € grha®]P, °rgrha® QK
P dviram®]p.y, dhira...N, dhiram® QKP  E °dhikam sya<t>]KP(p.,),’dhikasmac Q
F ccakrardvayorarbhavadrkcabhuktih]Q, f++payorarbhavadrksabhuktiht KP

P: These (planets) traversing of a sign together with a traversing of a varga of 5° is called
a pragantara (7); hence the traversing of a sign is...

N102v1-2, Q90r4
atah pravasodayacakracara sthitikriya“kena gunakramena

45 Pingree 1959b: 282-284; 1978: 11.411-413.
146 Neugebauer & Pingree 1970: 1.10.
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vidyad® grahanam rjuvaikrtani samkhyanadrstya“ caritani samyak |[49]|”
A"kriye'l]KP, kriyo Q B vidyad]p,,, vidyam KPQ ¢ °nadrstya]NQ, °nadrsta K, °nadrsna P,
°navrddhya pey  °49]pes, 91 Q

M: Therefore they go in a cycle of heliacal risings and settings together with their stations

in accordance with their qualities; one should know that the courses of the planets are

straight and otherwise by means of calculation and observation.'*’

P: Therefore they go in a cycle of heliacal risings and settings together with their stations
in accordance with their qualities; one should know that the courses of the planets are
straight and otherwise because of the "increase in number."

N102v2, Q90r4-5
Sukro 'stabhagantara”samsthito 'rkad” ekadasamsantaritas® ca jivah |
sandaréane paficadasantarasthah $esa dvisatkantaritas ca somah ||50||°
A $ukro 'stabha®]p,q, $ukresubha® NQP, $ukresabha® K ® samsthito 'tkad]p,,,
samsthite'rkke Q, °sam+++ K, °samsthitarka P, -N € °deka]p.q, eka NQKP b 50]pea, 92 Q

P: Venus is at first visible when it is 8° from the Sun; Jupiter when it is 11°; the Moon
when it is 12°; and the rest when they are 15°.

N102v2, Q90r5-6
apraptacarah” pratilomavakras® tadvakrabhasthah pratiparayanti |
rksantacara visahanti® vakram® dinadhikam vakrajam uttamam tu® ||51|"
Aocarah]K, °cara P, °caram Q ©° pratiloma®]p,,, pratilamba®Q, pratilamba® KP
€ rksantacara visalp,.,, uksantacaradvisa KPQ p vakram]p,,, vaktra K, vaktrad P,

vakran Q Eomuttamam tu]K, °muttaramtu P, °muttarantra Q Fs 11pea> 93 Q

P: (First) they lose their motions, then they retrograde in the reverse direction; then,
staying in the sign (i.e., arc) of their retrogression, they fill out (the retrogression). Until
they come to the end of that sign (arc), they endure retrogression. They become extremely
distressed because of the retrogression.

Lord of the days and seasons

N102v2-3, Q90r6-7

stiryendubhaumaindavajivasukra®saurah kramenahnanisadhipah syuh® |
abdadhipas tv adisu ye 'dhipas ca® tadabdapadyas tv rtupa rtanam® ||52||

A°maindava®PK, mendava Q B °hnanisadhipah syuh|]p.s, ®haninartapah syuh P, °bdanivarttaya+ K,

°bdaninantapa syuh Q € ye 'dhipas calemend., yadhipadyas QKP, ye 'dhipah syus p.q

147 As Hayashi has pointed out to me, samkhydana (calculation) is different from samkhya (number).
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Dog tv rtupa rtinam|p,,, °strtupadrterka K, °strtupadrtarkat P, °strtupadrterkan Q E 521Peas 94 Q

P: The lords of the nychthemera are, in order, the Sun, the Moon, Mars, Mercury, Jupiter,
Venus, and Saturn; the lords of the year are (the planets) which are lords on the first days
(of the years); and the lords of the seasons (rfu) are the lords of the first days in those
seasons during that year.

Computation of the planetary weekday

N102v3, Q90r7-8

upan vidhanas ca® samas tithinam® ganas® tadabdavamaratrihinah® |
yad uktasaptagrahabhaktisistam” tadabdapadigrahavasaram® tat ||53||“

Atupan vidhana<s ca>t]p., upan vidhana KQ, upacidhana P ® samas ti®]p,,, samati® KPQ
¢ ganas]N, gunas KP, gunas Q b °davamaratrihinah]p,,, °davamaratrihinat KP,
°damavaratrihinat Q F °bhuktisistam]emend. HAYASHI, °bhuktimistam Q, °bhakta® K,
°bhakti® P, °bhaktam istam p., F °vasaram|p,,, vasatam KPQ G 531peas 95 Q

M: The number of tithis minus the avamaratris in that year is equal to (the number of
civil days); this number is divided by the seven planets and the remainder is counted from
the lord of that year; the remainder from the division (-bhaktisista) (of this number) by

the seven planets mentioned is (the indicator of) the planetary weekday which begins
from the lord of that year.

P: The number of tithis minus the avamardtris in that year is equal to (the number of civil
days); this number is divided by the seven planets and the remainder is counted from the
lord of that year; (the result) is the planetary week-day (with which the next year begins).

Note: In commenting on a similar formulation given in the SS, Burgess pointed out that,
"it is not correct to speak of the week at all in connection with India, for the Hindus do
not seem ever to have regarded it as a division of time, or a period to be reckoned by;
they knew only of a certain order of succession, in which the days were placed under the
regency of the seven planets."'*® However, among the different assignments of lordship,
only the seven-day week has a fixed recurring order and it is thus natural to turn seven
days as a single concept and thus implicitly, a unit. The mathematical derivation of
planetary weekday based on the apparent velocity of the planets was known to Aryabhata
(see notes to v.55).

The missing syllable in pada a in all manuscripts suggests that NKPQ all ultimately
descended from one corrupted source.

'8 Burgess 1858: 177; also, 176-178, 396.
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Lord of the year, ayana and months
N102v4, Q90r8-9
ravindujarkiksitisinusukra®candrangirasah kramaso 'bdapah® syuh |

masadhipan viddhy® ayane$varau® tu nityam ravindi® pathitau” samayam® ||54||"
Aksitisinusukra®]P, °ksistinusukra® K, °ksitisinusukras Q B °rasah kramaso 'bdapah]p.s

°raujarkramasobdama K, °rojarkasasabdama P, °rojavasamsabdama Q ¢

masadhipanviddhyJemend.,
masadhipaviddhy PK, masadhipanvidhy® Q P ayanesvarau]PK, ayanaisvaro Q
£ ravindii]p,,, ravindo KPQ " pathitau]KQ, pathitau P © samayam|p,,, samayat KP, sama<yat> Q

H541pes, 96 Q

M: The lords of the years are in order the Sun, Mercury, Saturn, Mars, Venus, the Moon,
and Jupiter; know that they are the lords of the months. Know that the two lords of the
ayanas in a year are always said to be the Sun and the Moon.

P: The lords of the years are in order the Sun, Mercury, Saturn, Mars, Venus, the Moon,
and Jupiter; they are also the lords of the months. Know that the two lords of the ayanas
in a year are always said to be the Sun and the Moon.

Lord of the hours
N102v4, Q90r9-10, BhIIL.16'*
adityasukraindava”candrasaura®jivavaneyah syur aharnisasu |

horesvaras taddivasadhipadikramena tas tatra” caturgunah sat ||55||"
Aoraindava®]KP, °rendava® NQ, °renduja® Bh B ocandrasaura®]KBh, vakrasaurah N,
°candrasaura® Q, vakrasaura P ¢ °harnis$asu]Bh, °<ho>nnisasu Nj,., *hennisasu N,.P?,

°hairnnisasu Q, °hentisasu K(P?), °hornisasu p,; " °sadhipadi]Bh, °sadhipani N,

°sadhipani Q, °sadhiyani P, °sadipanam Kp,, E tastatra]Bh, nastattra NQ, nastatu K,

tnastettu Ppoy ' 55]pess 97 Q

M: The lords of the hours (horesvards) in the nychthemera are [in the recursive order of]
the Sun, Venus, Mercury, the Moon, Saturn, Jupiter, and Mars; by the order starting from
the lords of the day of that [day], these would be the twenty-four lords of the hours in that

[day].

P: The lords of the hours in the nychthemera are the Sun, Venus, Mercury, the Moon,
Saturn, Jupiter, and Mars; (if they are put in groups of) 24, (the first ones) are in the order
of the lords of the days.

Note: The derivation of the lords of the hour is given here is based on the lords of the
weekday established in v.53. However, the underlying principle is the opposite. The order

149 Shukla ed. 1976: 295.
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of the lords of the hours here is in fact a rearrangement based on the apparent velocity of
the planets, from Saturn being the slowest and ends with the Moon being the closest. The
proper derivation was known to Indian astronomers since at least the time Aryabhata (b.
476 CE)."® The shift was made to coincide with the planetary week which begins with
the Sun instead of Saturn. The principle is well known also to the classical authors such
Cassius Dio (150-235 CE)."”' According to Neugebauer, the Greek origin is apparent
"because it supposes a division of the day into 24 hours, a form of reckoning which is...a
Hellenistic product of ultimately Egyptian origin".'”> Hord, derived most likely from
dpa, was not commonly understood as a time division (1/24 of a day) in India,"*® but its
relevance to time measurement was known to Bhaskara, who commented on Aryabhatiya
I1.16."°* This verse from the YJ was quoted also by Bhaskara who attributed it to

"Sphujidhvaja-yavane$vara".">

Line of the transmission

N102v4-5, Q90r10-11; BhIII.17

prajah sisrksuh® kila® vi$vadhata prajapatih pragvratam acacara® |

sa dvadasamsa”prabhavat svadehac” chirsad" ito vai bhaganam sasarja ||56|°
Asisrksuh]Bhp,,, §vi++ N, svisrksuh KP, sthisrrksuh Q B kila]PQBh, ++ NK

Comacacara]NPQBh, °mavacara K P sa dvadasamséalemend., sarvadasamsa® KPQ,
sarvadr§amsa® p,,, sa dvadasanga® Bh EobhaVe'ttsvadehe‘tc]NQK, °bhavastvadehac® P,
°bhavam svadeham Bh ¥ cchisad]NKP, cchihad Q, srstvad® Bh  © 561pes, 98 Q

M: The creator of all things, Prajapati, desiring to create people, carried out his previous
vow; from his own twelve-part body he created the constellations beginning with its
head.

P: The creator of all things, Prajapati, desiring to create people, carried out his previous
vow; he created the constellations from his own body, beginning with the head - his body
which is the source of parts which are like all things.

150 Saptaite hovesah Sanaiscaradya yathdkramam Sighrah | Sighrakramdc caturtha bhavanti siryodayad
dinapah (Aryabhatiya 111.16, Shukla ed.). “These seven ‘Lords of the Hour’, beginning with Saturn, are
[enumerated] in the order of its speed [from slow to fast]. In the order of swiftness, [every] fourth becomes
the ‘Lord of the Day’ which begins from Sunrise”. See also Yano 2003: 381.

! Ideler 1825: 178ff.

152 Neugebauer 1969: 70.

'3 Burgess 1858: 176-8.

154 Bhaskara's commentary to Aryabhativa Kalakrivapada v.16 (Shukla ed. p.215): evam ahoratre
caturvimsatikalahorah.

155 See discussion in §I11.2.2.
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Note: Yano pointed out to me that Bhaskara's quote was not known to Pingree. I have
here taken largely Bhaskara's reading, with the exception that I retained the reading amsa
which is often used in this text in the sense of "part", instead of the more common term
anga. The description of the "twelve-part" zodiacal man is appropriate here.

N102v5; Q90r11-v1; BhIIl.17

tebhyah sa mesadiganan” prajajiie tebhyas ca tadbheda®vikalpato 'nyan® |

ato bhavargasya vidhim® pravede® prajabhavabhavavid iévaratvam® ||57||°
A ganan]PBh, ganan NQK, ganam p.4 B tadbheda®]NQKBhp,,, tadgada® P ¢ vikalpato 'nyan]Bh,
vikalpate 'nyan Bhgc, vikalpananyat NQ, vikalpana syat KP p vidhim]KP, vidhih NQ, vihuh Bh
E pravede]NQPK, praneta Bh, praitye Bhapc F °disvaratvam|NQKp,,, °disvaras$ ca P,
°dhigvaratvam Bh 9 57]p.s, 99 Q

M. From these [bodily parts] he produced the group which begins with Aries; and from
these (zodiacal signs) he [produced] other [finer divisions] which are derived based on

their differences (i.e., hora, drekkana and so on). Hence, one who knows the existence

(bhava) and the origin (bhava) of people, knew the rule of constellations, namely the

lordship (iSvaratvam).

P. From these he produced the group which begins with Aries; and from these (zodiacal
signs) are there distinction and differentiation between those (material objects). Hence
the lord (i$vara) who knows the origin (bhava) and the existence (bhava) of people, knew
the rule of the zodiacal signs (i.e., astrology).

N102v5-103r1; Q90v1-2

sa$ita” gharmamsugatih® praneya“ bhiitakhyapaficagrahayogabhagah® |

evam praja’sthityudayavyayakhyo® vigvatmako® 'yam vihito 'vikalpah ||58]"
A sadita®]Q, sasita® NK, saseva® Pp,, ° °gharmamsugatih]emend., °gharmansugati® Q,
°gharmansugati® PK, °gharmansugat+ N € praneya]emend., praneyo NQ
P bhiita<hayo>gabha<gah>°]Q, bhiita... N F evampraja°]Q, +<va>praja°® N, pamcasa® N,
<sam>pannasa’m p.,, " udayavyayakhyoJemend., udayayasikhyo NQ, udayo yamakhyo p.,
G vi$vatmako]NQ, visvatmiko p.; ™ 58]pes, 100 Q

M: The motion of the Moon and the Sun is to be fixed. There is [also] a portion made up
of the [various] combinations of five planets which are known as the [evil] spirits
(bhiita-); in such a way the All-Soul (visvatmaka) which is known as the sustenance,
creation and destruction of beings is proclaimed to be undifferentiated.

P: He who obeys good conduct observed the dharmas ..., obtaining endurance and success
with the name Yama he is established as the unvarying soul of the universe.
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Note: Indeed as Pingree himself remarked, his emendation of yamakhyo would lead a
very odd identification of Yama with visvatmika Prajapati. Though there is some
uncertainty regarding the reconstruction of pada b, this verse appears to be simply a
continuation of the mythologization of all celestial objects which started from v.56.

N103r1; Q90v2-3

tapobhir ugradvibhir* agvinau tu pravapatuh® §astram idam yato 'rkat“ |

ato '$vayugbhag vidadhau® vidhata® éirsadi "kalarksasariracakram® ||59|"
Augradvibhir]NQ, ugrebhir Ny, ugrair vidur P ® pravapatuh]emend. ISAACSON,
pravapratuh N, pravapatuh N,, prakasatah N, pravaya+h Q, prajapateh Pp,,
€ <rkat>]Q, tkat N, nkat Ns, rkat N,,, 'rkah Ped D $vayugbhagvidadhau]QN, $vayugbhakvidadhau N,
'$vayugmam vidhau p,, Fvidhata]Qp,,, vidadhata N §irsadi]QNp.,, $irsodi N
G cakram]QN, cakre Ped H 591Peas 101 Q

M: Since the Ashvins obtained this treatise with terrible doubles fapas from the Sun,
therefore, the creator arranged the corporeal circle of asterisms which is Kala with the
head and so on, of which the [first] part is the pair of horses (4svini).

P: By terrible feats of asceticism the two A$vins learned this science from Prajapati, and
the Sun learned it from them; hence the Creator placed the pair of horses (4svini) at the
beginning of his head in the circle of signs which is the body of Kala.

Note: The fact that the twin Asvins were featured also in the legendary transmission of
Ayurvedic knowledge from Prajapati appears to have led Pingree to emend pravapatuh
(ms. pravapratuh) to prajapateh, associating Sphujidhvaja's source with Prajapati which
was mentioned earlier in v.56."*® However, v.56 simply identifies Prajapati as the
primordial zodiacal man and not as part of the line of transmission. What this verse does
is simply to realign the naksatras to the new equinoctial point associated with Aries since
the early centuries of the common era.””” Earlier in Ch.73, the "twenty-eight" naksatras
were enumerated starting from Krttika, and padas ab serve to justify the shift.
The reference to double tapas is unknown.

Last three verses

N103r1-2; Q90v3-4

iti svabhasaracana’tiguptad® visnugrahesendumayavatarat® |
maharsimukhyair® anudrstatattvad dhorartha®ratnakaravaksamudrat® [|60||°

156 Pingree 1978a: 11.414-415.
157 Pingree in his commentary suggested that "Aévini already begins at Aries 0° in Paitamahasiddhanta
(summarized in Paricasiddhantika 12), whose epoch is A.D. 80". One should take note that epochs are often

created retrospectively.
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A°racanﬁ°]Qped, °racand® N, °varana® N, B °bhiguptad]emend., °bhigupta N,

°bhigupta Q, °bhiguptam Nyp,,,  ° visnugrahesendumayavatarat]emend. YOKOCHI,
visnugraharksansumato 'vatarat emend. MAK  visnugrahaks<a>nsu++++<ra>t N, visnugraha+... N,
visnugraha<kse>++tavatarat Q, visnugrahatkse... p.y D maharsimukhyair]emend. ISAACSON,
<ma>ha?i<m>ukhyair N, mahar<?i>mukhyair Q, ... N,,, mahipamukhyair p.,

E otattvad dho®J=°"tattvat h<o>° QN, °tattvam ho° p,, F °samudrat]emend. ISAACSON Nj,

°samudra QN, °samudram p.4 6 60]pess 102 Q

N103r2; Q90v4

stiryaprasadagatatattvadrstir* lokanubhavaya vacobhir adyaih |

idam babhase niravadyavakyo® horarthasastram® yavanesvarah prak ||61|°
A stiryaprasadagatatattvadrstir|p.,, siryaprasadagatatattvadrstir Q, siiryaprasa+gatatvadrstir® N,
sudhaprasa+nvitatatvadrstih® N B °vakyo]NQ, °vaktro N ¢ horarthasastram]p,,
horarthasastra N, horarthasastra Q  °61]p,,, 103 Q

M: In the past the lord of the Greeks (yavanesvara), whose vision of truth came from the
grace of the Sun, whose sentences are blameless, from the ocean of words which is a
jewel-mine of horoscopy, [whose meaning] was guarded (-abhigupta) by reason of being

composed in its own language (svabhasa-), whose truth was revealed successively by the

foremost of great sages, which descended from Visnu, the Lord of the planets (grahesa-,

i.e. the Sun), the Moon and Maya, taught this treatise of horoscopy in excellent words for
the benefit of the world.

P: Previously Yavanesvara (the lord of the Greeks), whose vision of the truth came by
favor of the Sun and whose language is flawless, translated this ocean of words, this
jewel-mine of horoscopy, which was guarded by its being written in his tongue (i.e.,
Greek), but the truth of which was seen by the foremost of kings (in the year) 71; (he
translated) this science of genethlialogy for the instruction of the world by means of
excellent words.

Note: For the problem of Pingree's bhiutasamkhya reading of v.60, see discussion in
§II1.2.1. The possible readings of the broken aksara at the end of the compound in N are:
ksa/rksa/kse/rkse. The important point here overlooked by Pingree is that the expression
does not end at the expression visnugraha- as hinted by this broken aksara. The final
member of the compound -avatarat provided by Q appears to be reliable and it removes
the possibility of a bhitasamkhya reading. Furthermore, it points to the line of
transmission of the text which is later echoed in v.62c. While my emendation appears to
follow closer to the manuscript readings, Yokochi proposed the emendation
visnugrahesendumaydavatarat ~ which  mirrors the expression in v.62¢ --
narayanarkendumayadi. If Yokochi's emendation is correct, the repetitiousness appears to
me rather odd, but not impossible if one concedes that v.62 after all was an accretion.



SCIAMVS 14 The Last Chapter of Sphujidhvaja's Yavanajataka 123

Pingree’s emendation samudram in v.60d is unlikely since samudra is always
masculine. The ablative reading was first suggested by Shastri (1897) and independently
proposed by Isaacson who pointed to me that the string of ablative bahuvrihis is desirable
given the context. Svabhasa may refer to the foreign (non-Sanskrit) nature of the source
of the materials found throughout the YJ, and thus the meaning was guarded or
concealed.”™® But it does not necessarily refer to an immediate Greek exemplar for the YJ
or entail the existence of such work. It should be noted that Yavane$vara and
Sphujidhvaja refer most likely to the same person and not two as Shastri, Kane and
Pingree had assumed (§I11.2.2).

Another indication that vv. 60-62 might have been inserted at a later age is that
Sphujidhvaja was described in third person, sphujidhvajo nama babhiiva raja (v.62a).
This practice is comparable to that of the Vedarngajyotisa where the anonymous first
person author (as in our text, v.1) attributed the work to Lagadha.'”® Finally, whoever the
author of these verses was, as Sanderson pointed out to me, "it is surprising that the
original text that formed the source of Yavanesvara’s should have been thought both to be
in Greek and revealed/promulgated by Visnu, etc." While Pingree would have assumed
these idioms were haphazardly adopted by Sphujidhvaja in the process of Sanskritization,
as far as the structure and many details of contents are concerned, the text gives the
impression of being composed originally in Sanskrit, following a preexistent Indian
tradition where Sanskrit jyotisa idioms were freely and comfortably used.

N103r2-3; Q90v5

sphujidhvajo® nama babhiiva raja ya indravajrabhir idam cakara |

narayanarkendumayadidrstam® krtsnam® caturbhir matimam® sahasraih [|62]|
A sphujidhvajo]NQ, sphiirjjidhvajo N, ® narayanarkendumayadidrstam]emend.,
narayanarkendumayadidrstam Q, narayana<rke>ndumayadidrstam N, narayanankendumayadidrstam N,
narayanankendumayadidrstva Ny, narayanarkindumesadidrstam emend. FALK 2007:143 fn2,
narayanankendumitabdadrstam p., ¢ krtsnam]p,4, krtsnan Q, krtsvai N, krtva N

D matimam]QN, matiman Ngp.,

M: There was a wise king named Sphujidhvaja who composed this entire (text), which
was beheld (-drstam) by Visnu, the Sun, the Moon and Maya and so on, in 4,000
indravajra verses.

P: There was a king named Sphujidhvaja who, being wise, versified this entire (text),
which was seen by him in the year 191, in 4,000 indravajra verses.

Note: The problem of Pingree's emendation of this verse and his bhitasamkhyd reading

158 Vasudeva suggested to me atiguptad as a possible emendation, meaning "exceedingly obscure".

159 kalajianam pravaksyami lagadhasya mahatmanah (VI-R 2cd).
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of 191 (Saka) years was discussed in §III.2.1. As for Falk's emendation
narayanarkindumesadidystam and his interpretation of an astronomical configuration,
namely conjunction of Sun, Saturn, Moon at the beginning of Aries, the proposal is
audacious but unlikely. Not only is it not supported by the mss., it is also unmetrical.
Given the Q's reading of -avatarat in v.60b, this compound most likely refers once again
to the line of transmission.

The two compounds in v.60b and v.62¢ have led us to speculate on the possibility of
four astronomical schools which must have been known to Sphujidhvaja. However, Soma
has not been referred to in any jyotisa text known to me, while references to Visnu
(Visnusiddhanta), Sturya (Siryasiddhanta) and Maya are well attested.'® Maya is in
particular noteworthy since it is mentioned also in the very beginning of the closely
related VYJ.'" In the SS, the body of heavenly knowledge was allegedly transmitted
from the Sun also to the asura Maya (SS 1-9), who has been speculated to be a reference
to Ptolemy by scholars such as Weber and Burgess on the basis of forms such as
Turamaya found in some inscriptional sources.'®

Regarding the reference to 4,000 indravajra verses, the total count of verses of the
work (both N and Q) is only around 2,207 (Pingree' edition). It seems rather unlikely such
a sizeable portion of the work has gone missing when all the major topics seem to have
been presented in their entirety when compared to the VYJ of around 8,000 verses. We do
not know how seriously we should take this verse given a number of quirks which cannot
be fully accounted for at present, namely, the inconsistency in narrative style, the wrong
identification of meter and the redundant description of the line of transmission
(§I11.2.3.3).

Colophon

iti* yavanajatake® hora parisamapta® // upendravajravrtta® //*
Aitilemend., iti /O// N, iti //104// Q, - N, B °jatake]NQ, °jataka N Chora parisamaptah]emend.,
horoparisamaptah Q, ho++++maptah N, det+++parisamaptah N, ho<ravidhih> samaptah p,,
D upendravajravrtta]Q, upendravajravrttat+++++++/ N F additional line in Q: Tsvardya namah /

umamahesvarabhyam namah // kta cta tta tta pta yta $ta ke khe ge ghe anamdamiirttaye namah

M: Thus in the Yavanajataka, the (chapter of) horoscopy is completed.

190 Or alternatively, my emendation "descendant from Visnu, the planets, the naksatras and the Moon" is

somewhat closer to the manuscript reading.

161 vThe sage of the past spoke this horoscopic treatise measuring in one hundred thousand (laksamitam)
[verses] to Maya. Minaraja considered it with his own intelligence and cleverly made it into eight thousand
[verses]". yad uktavan piarvamunis tu Sastram horam ayam laksamitam maydya | tan minardjo nipunam
svabuddhya vicintya cakre 'stasahasramatram || VYJ 1.2.

162 Weber 1853: 243, 1876: 270-271; Burgess 1858: 147.
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P: In the Yavanajataka: the rules relating to horoscopy are completed.

Note: The chapter, described simply as "hora", ends here.'® As remarked in the
introduction, Q grouped this chapter together with the two preceding chapters, making the
number of verses 104 in total instead of 101 as Pingree counted (21 + 18 + 62).
Unfortunately, in our present copy of Q, two pages are missing;'®* as a result the missing
three verses in the preceding chapters cannot be accounted for and we cannot tell whether
they belong to this mathematical section or the ones before. The last upendravajravrtta
found in both N and Q was probably an insertion by a learned scribe who noted that the
verses were in the upendravajra meter instead of indravajra as they were incorrectly
described in v.62. The final obeisance to Uma and Mahesvara in Q, followed by a
curious alphabetical mantra associated with a certain Anandamiirti revealing the phonetic
knowledge (siksa) of the scribe, suggests at least one of its owners could be a follower of
the Saiva sect. Similar formulae of homage in different handwritings may be noted in
N103v also. Further studies may reveal further background of the text and its
transmission.

163 pingree’s emendation horavidhih was not reported by Shastri when N was presumably in a better state
(Shastri 1911: 5-6). Q reads simply yavanajatake hord parisamaptah.
164 f£.88-89 = Pingree ed. 78.14¢-79.45b.
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Abbreviations of Texts

AS Arthasastra by Kautilya

BJ Brhajjataka by Varahamihira

BS Brhatsamhita by Varahamihira

PS Paricasiddhantika by Varahamihira
SKA Sardilakarnavadana

SS Suryasiddhanta

T Taishé Tripitaka RIEFHE KRS
\2) Vedangajyotisa by Lagadha

VY] Vrddhayavanajataka by Minargja
YJ Yavanajataka by Sphujidhvaja
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