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Article abstract

Starting from the late medieval period of Indian history, Islamicate and
Sanskrit astral sciences exchanged ideas in complex discourses shaped by the
power struggles of language, culture, and identity. The practice of translation
played a vital role in transporting science across the physical and mental
realms of an ever-changing society. The present study begins by looking at the
culture of translating astronomy in late-medieval and early-modern India. This
provides the historical context to then examine the language with which
Nityananda, a seventeenth-century Hindu astronomer at the Mughal court of
Emperor Shah Jahan, translated into Sanskrit the Persian astronomical text of
his Muslim colleague Mulla Farid. Nityananda's work is an example of how
secular innovation and sacred tradition expressed themselves in Sanskrit
astral sciences. This article includes a comparative description of the contents
in the second discourse of Mulla Farid's Zij-i Shah Jahani (c. 1629/30) and the
second part of Nityananda's Siddhantasindhu (c. early 1630s), along with a
critical examination of the sixth chapter from both these works. The
chapter-titles and the contents of the sixth chapter in Persian and Sanskrit are
edited and translated into English for the very first time. The focus of this study
is to highlight the linguistic (syntactic, semantic, and communicative) aspects
in Nityananda's Sanskrit translation of Mulla Farid's Persian text. The
mathematics of the chapter is discussed in a forthcoming publication. An
indexed glossary of technical terms from the edited Persian and Sanskrit text is
appended at the end of the work.
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32 PERSIAN ASTRONOMY IN SANSKRIT

1 INTRODUCTION

OVER THE COURSE Of the history of Sanskrit mathematical astronomy, foreign
ideas have evoked a full range of emotions that extend from affinity to
apathy, going all the way to antipathy. These reactions are a reflection of the in-
tellectual diversity of Indian astral sciences (jyotihdistra). Historical actors may
have chosen to accept, reject, or ignore foreign ideas based on their scientific con-
victions; however, those choices could only be expressed under the aegis of the
political and sociocultural institutions of the times.

With the turn of the seventeenth century of the common era, Sanskrit astro-
nomers/astrologers (jyotisas, jyotisikas, or more colloquially jyotisis) and their Per-
sianate counterparts (munajjims) were working under the common patronage of
the imperial court of Mughal India." At the court of Emperor Shah Jahan (r.1628-
58), we find the Gauda Brahmin Pandita Nityananda Misra (fl. 1630/50) work-
ing alongside Mulla Farid al-Din Masad b. Hafiz Ibrahim Dihlavi (d. c. 1629/32;
henceforth identified as Mulla Farid) to translate into Sanskrit the latter’s Per-
sian z7j (a handbook of astronomical tables) the Zij-i Shah Jahani (c.1629/30).
Nityananda’s Sanskrit translation, the Siddhantasindhu (c. early 1630), was his
first attempt at explaining Islamicate computations and astronomical tables to
his fellow Sanskrit jyotisis.”

By the end of the decade, he included several of these Islamicate ideas in his
canonical treatise the Sarvasiddhantaraja “The King of all Siddhantas” (1639). The
Sarvasiddhantaraja is composed in the style of a traditional Sanskrit siddhanta (a
canonical treatise in astronomy) and has a tripartite structure: the ganitadhyaya
‘chapter on computations’, the goladhyaya ‘chapter on spheres’, and the yantra-
dhyaya ‘chapter on instruments’.3 In contrast, the Siddhantasindhu mimics the
structure and content of the Persian Zij-i Shah Jahani quite intimately.

1 The Giirkani Alam or the Mughal Em-
pire was an early-modern Muslim empire in
South Asia led by monarchs of the Timurid
dynasty. From 1526 to 1857 cE, the suc-
cessors of Zahir al-Din Muhammad Babur,
the first Mughal Emperor, extended their
dominion over large swathes of the Indian
subcontinent, and in doing so, helped cre-
ate a highly complex cosmopolitan society
extending beyond its imperial borders. I
refer to this cultural sphere of influence of
the Mughal rule as Mughal India.

2 I use the word Islamicate (instead of
Islamic) to indicate the cultural outputs
(e.g., artistic, literary, or scientific works) of
Muslim societies educated in the Arabic and

Persian language traditions but not directly
connected to the Islamic faith or any partic-
ular geographic region (see recent discus-
sions on Islamicate Secularities in Dressler
etal. 2019).

3 Misra (2016: Sections 1.1 and 1.2 on pp. 1—
20) offers a fuller discussion on Sanskrit as-
tronomy in early-modern India, in partic-
ular, the contribution of Nityananda and
his Sarvasiddhantardja. ~ Also, contempor-
ary studies like Pingree (2003b), Mon-
telle, Ramasubramanian, et al. (2016), and
Montelle and Ramasubramanian (2018) dis-
cuss Islamicate influences in the mathem-
atical computations described in the Sarva-
siddhantaraja.
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ANUJ MISRA 33

In this study, I compare the general structure of the Zij-i Shah Jahani and the
Siddhantasindhu in parallel, and subsequently focus on a chapter from each of
these works that discusses the same topic, viz. the declination of a celestial object.
My aim is to highlight the semantic and communicative aspects in Nityananda’s
Sanskrit translation of Mulla Farid’s Persian text. I defer all remarks on the math-
ematics in Nityananda’s text to Misra (forthcoming).# Instead, I first begin by
discussing the practice of translating Sanskrit, Arabic, or Persian astronomical
texts during the late-medieval and early-modern periods of Indian history. This
overview, built from separate studies on the history, philosophy, and language
of astral sciences in India, gives us the context to situate Nityananda’s works in
the world of seventeenth-century Mughal India.> His writings can then be seen
as an ongoing dialogue between different scientific traditions in a changing so-
ciety, instead of simply being judged as a ‘failure” and an “elaborate apology for
using Muslim astronomy’ (Pingree 2003b: 270).

1.1 TRANSLATING THE ASTRAL SCIENCES IN PERSIANATE INDIA6

1.1.1  Before the Mughal court

SANSKRIT TEXTS ON ASTRONOMICAL INSTRUMENTS (yantra) written in the late four-
teenth century offer some of the earliest extant evidence of a relationship
between Islamicate and Sanskrit mathematical astronomy.” S. R. Sarma (1999)
provides an excellent overview of Sanskrit texts on astrolabes, many of which
include lengthy discussion on Islamicate mathematical astronomy. Mahendra
Stri’s Yantraraja (1370), along with his student Malayendu Stiri’s commentary
on it (in 1382), is the earliest and most recognised of such works (Plofker 2000).

4 Appendix A includes the mathematical
expressions (using modern notations) of
the three algorithms to compute the true
declination of a celestial object commonly
attested in Mulla Farid’s Zij-i Shah Jahani
Discourse II.6 and Nityananda’s Siddhanta-
sindhu, Part 11.6.

5 For example, see Pingree (1978), An-
sari (1995), Pingree (1996), Ansari (2005),
and Ohashi (2008) for historical accounts
of Sanskrit and Persian astronomy in In-
dia; Choudhuri (2009) and Minkowski
(2014) for surveys of Sanskritic (Hindu and
Jain) scholars under Muslim patronage; and
Minkowski (2002; 2004), Truschke (2016),
and Nair (2020) for linguistic and philo-
sophical reforms affecting Sanskrit jyotihsas-
tra in early-modern India.

6 The word Persianate refers to a sociocul-
tural association with the Persian language

(Farsi) extending beyond the ethnic iden-
tity and geographical boundaries of Per-
sia (much like the word Islamicate dis-
tinguishes itself from Islamic, see foot-
note 2). I use the expression ‘Persianate
India” to refer the geographical regions
of late-medieval and early-modern India
where Persian culture (expressed in its
art, language, literature, and science) dir-
ectly influenced society (see Eaton 2019).
7 Sanskrit tajika texts are Indian adaptations
of Islamicate astrology that were composed
from the thirteenth century ce. Pingree
(1997) provides a historical summary of the
tajika literature in Sanskrit, while Gansten
(2019) studies the transmission of Perso-
Arabic tazig-astrology in the Karmaprakasa
(c.1274) of Samarasimha, the earliest pre-
served Sanskrit tajika work.
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34 PERSIAN ASTRONOMY IN SANSKRIT

Mahendra Siiri was a Jain monk-astronomer at the court of Sultan Firtiz Shah
Tughlaq (r. 1351-88), a Turko-Indian ruler of the pre-Mughal Sultanate of Delhi,
and is thought to have worked in close association with ‘unnamed Muslim astro-
nomers at Firtiz’s court” (S. R. Sarma 1999:148). S. R. Sarma qualifies him as a
‘mediator between the Islamic and Sanskritic tradition of learning’ (p. 149). This
is perhaps justly so, as three hundred years later, the language and structure of
Mahendra Stiri’s Yantrardja continues to echo in the works of several seventeenth-
century authors. The Yantrasiromani (c.1612/15) of Visrama of Jambiisara, the
Vasanavarttika (1621) of Nrsimha Daivajiia of Kasi, and the Sarvasiddhantarija
(1639) of Nityananda are three such examples.®

1.1.2 At the Mughal court

During the Mughal rule of India, the practice of translation became an adminis-
trative activity under the patronage of the Mughal emperors. Various kinds of lit-
erary, historical, religious and scientific texts in Sanskrit were chosen to be trans-
lated into Persian. As Alam and Subrahmanyam (2011) and Truschke (2016)
have astutely observed, these translations served, more than anything else, to
help the Mughal crown conceive and consolidate its self-identity as a ruling es-
tablishment harmonious with locally existing notions of kingship.? For a small
group of professionals, however, these translation projects offered more imme-
diate opportunities for employment at the Mughal court and with it, a chance
for social recognition.

We learn from the sixteenth-century Mughal historian ‘Abd al-Qadir
b. Multik Shah Bada®tni that Emperor Akbar (r. 1556—1605) established a scrip-
torium (maktabkhana) where secretaries, scholars, and scribes worked collabor-
atively to produce Persian editions of Sanskrit texts.'® According to Bada®tni,

8 Mahendra Sari’s Yantrardja, along with
Visrama’s Yantrasiromani is edited by Raikva
(1936). Nrsimha Daivajiia’s Vasanavarttika,
a commentary on Bhaskara II's Siddhanta-
siromani (1150), is edited by Chaturvedi
(1981). There are no known editions or
translations of Nityananda’s Sarvasiddhanta-
raja in its entirety. S. R. Sarma (1999:149)
describes how the structure of the yantra-
dhyaya ‘chapter on instruments’ from the
Sarvasiddhantaraja mimics that of Mahendra
Suri’s Yantraraja on the basis of MS 264 from
the Asiatic Society of Bombay.

9 Haider (2011) offers an excellent study
on the role of language and translations in
the context of intercultural communication
and Mughal state-building. Israel (2018)

builds on this to examine the complex ways
in which translation processes and political
discourses are mobilised to shape cultural
and national identities. In talking about the
scientific activities at the Mughal court of
Emperor Humayan(r. 1530-56), Anooshahr
(2017) notes that ‘the court’s network of
patronage reflected the cosmopolitan (and
cosmocratic) ambitions of the emperor, ex-
tending to intellectuals from Shiraz, Herat,
Istanbul, Gwalior and Samarqand. The
changes continued and intensified as the re-
maining decades of the century unfolded’
(p- 315).

10 See Badauni’s Muntakhab al-Tawarikh,
Lees and Ali (1865: Vol. II, p. 344) for the
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ANUJ MISRA 35

Sanskrit interpreters (mu‘bbiran) and Persian translators (mutarjiman) worked
separately at different stages of the translation process."" Starting with a vernacu-
lar paraphrasing of the Sanskrit text by Hindu/Jain scholars (panditas or Sastrins),
perhaps in a colloquial dialect of Hindavi, Khariboli, or Brajabhasa,"> a pre-
liminary Persian translation was prepared by Muslim clerks/secretaries (muhar-
rirs). This was then refined by more accomplished Persian scholars (ustadhs or
mutamarrises) into its final form over several revisions (Hodivala 1939: 564-566).

It is reasonable to think that this process also occurred in reverse as Per-
sian texts were translated into Sanskrit. In his A%n-i Akbari, Akbar’s chronicler
Abu °1-Fadl cAllami mentions at least one instance where a Persian astronomical
text was translated into Sanskrit: the Zij-i Jadid-i Mirzat (alias Zij-i Ulugh Beg)
was translated into Sanskrit (Jica Ulugbeg?) under the superintendence of Amir
Fathallah of Shiraz with the assistance of Kishan Joshi, Gangadhar, and Mahesh
Mahanand (Phillott 1977:110)."3

In Shah Jahan’s reign, beginning in 1628, we find a Persian translation
Tarjuma-yi Bijganit (c.1634/35) of Bhaskara II's Bijaganita, a celebrated twelfth-
century Sanskrit treatise on Algebra, written by the Mughal architect ‘Ata®> Allah
Rushdi and dedicated to Emperor Shah Jahan (Ansari 2019:384—-386). This is
also around the same time when Nityananda translated Mulla Farid’s Persian
Zij-i Shah Jahani into his Sanskrit Siddhantasindhu. Although there are no inter-
mediaries (interpreters/translators) that are explicitly named in either of these
works, there are historical precedents from the literary traditions, particularly
those patronised by the Muslim nobility of early-modern India, to suppose the
presence of bilingual interlocutors.*#

Persian text; its English translation can be
found in Lowe (1884:Vol. I, p. 356). Also
see Rizvi (1975: Chapter 6, pp. 203—222) for
a descriptive list of the Sanskrit works trans-
lated at Akbar’s maktabkhana, including Abu
°l-Fayd Faydi’s Persian translation Tarjuma-
yi Lilawatt of Bhaskara II's Lilavati (c. mid-
twelfth century ce) from 1587.

11 Muntakhab al-Tawdrikh: Persian text in
Lees and Ali (1865: Vol II, pp. 320-321) and
its English translation in Lowe (1884: Vol. II,
PPp- 329-330).

12 As Alam (1998) observes, ‘[h]indavi
was recognized as a semi-official language
by the Siir Sultans (1540-55) and their chan-
cellery rescripts bore transcriptions in the
Devanagari script of the Persian contents.
The practice is said to have been introduced
by the Lodis (1451-1526)" (p. 319). see Behl
(2012) for a study of the Hindavi literary tra-

ditions in pre-Mughal India; Bangha (2010)
for the emergence of Khariboli literature in
Northern India; and Busch (2010) for poetry
in Brajabhasa at the Mughal courts.

13 H. Blochmann translated the first two
books of the A%n-i Akbari into English
in 1873 (published by the Asiatic Society
of Bengal). Phillott edited and revised
the second edition in 1927, which was
then reprinted in 1977. As S. R. Sarma
(2000: footnote 20 on p. 367) points out,
Blochmann'’s statement on translating the
Zij-i Ulugh Beg by a consortium of Sanskrit
scholars is indeed ‘hopelessly garbled” in his
English translation in all three editions.

14 For instance, based on her study of the
vernacular literary culture of early-modern
North India, Orsini (2012) remarks that ‘it
is better to understand the literary culture
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36 PERSIAN ASTRONOMY IN SANSKRIT

Beyond these literary traditions, we learn from Alam (1998:327-328) that
by the middle of the seventeenth century, most administrative positions in the
Mughal chancellery were occupied by Persian-speaking Hindu munshis, many
of whom made significant contributions to Persian literature.”> The power and
prestige associated with being literate in Persian extended beyond the circles of
Hindu imperial administrators—including, of course, Hindu nobility like the Raj-
put kings—and even reached low-ranking officials in smaller towns and villages.
By the time of Shah Jahan’s reign, Persian classics like Akhlag-i Nasiri of Nasir
al-Din al-Ttis1 or Masnavi-yi Ma‘navi of Jalal al-Din Rimi became regular read-
ing material even among the less-prominent Hindus associated with the Mughal
state (Alam 1998: 328).

Alam’s observations allow us to see how Persian became a tool of socioeco-
nomic mobility for the professional classes in seventeenth-century Mughal India.
The Sanskrit jyotisis (and perhaps, even the Muslim munajjims) served as astrolo-
gers for various high-ranking Hindus in the Mughal realm.'® These Hindus, as
Truschke (2016) describes them, ‘joined the Mughal administration and became
absorbed into Persian-speaking communities” (p. 8). Essentially, they were now
a part of the Mughal Persianate elite. As their consultant astrologer, the ability
to be reasonably bilingual (fluent in vernacular Hindi and conversant in Persian)
would have been a competitive advantage and social distinction for any Hindu
jyotist schooled in Sanskrit.

From the seventeenth century, the linguistic hegemony of Persian that served
the political ambitions of the Mughal crown was met with the rising popularity
(and patronage) of vernacular literature among the Persianate elite, (e.g., see
Busch 2011: chapters 3—4). The prominence of Hindavi/Brajabhasa literature,
coupled with a politico-cultural shift towards the vernaculars (in other words,

in fifteenth-century north-India as a multi-
lingual and multilocation literary culture—
with a trend towards Persian-Hindavi bilin-
guality in the domains of politics and lit-
erature of the various regional Sultans and
in the Sufi religious and literary practices’
(pp- 238-239).

15 Many Hindu munshis at the Mughal
courts wrote epistolary prose (insha) and
composed poetry in Persian. The story
of Chandar Bhan Brahman (d. c.1666-70),
a Brahmin munshi who lived through the
reign of four Mughal emperors, is a fascin-
ating tale of how a Hindu secretary came to
be regarded as one of the great Persian prose
stylists and poets of his era. Kinra (2015) of-
fers a particularly compelling account of the
literary, social, and political worlds of Shah

Jahan’s Mughal India through the life and
works of Chandar Bhan Brahman.

16 For example, Malajit Vedangaraya
(fl. 1643, also known as Srimalaji) was a
Hindu jyotisi at Shah Jahan's court. His
admittance to the imperial court was
presumably mediated by his immediate
patron Raja Giridhara Dasa, the Rajput King
of Ajmer, to whom, Srimalaji dedicated
his Giridharananda ‘The joy of Giridhara’
(Minkowski 2014:121-122). As Minkowski
remarks, ‘the presence of a jyotisa at a
particular court appears in some cases to
have been rather notional. The Banarsi
pandits, in particular, received gifts, honors,
or patronage simultaneously from several
courts, large and small’ (p. 116).
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treating vernacular texts as sources of cultural history instead of those written
in Sanskrit) led to renewed ways in which Persian writers engaged with the ver-
nacular cultures.'”

Sanskrit poets also learned to adapt to this shift towards the vernaculars.
Many scholars maintain that the literary eminence of Sanskrit at the Mughal
court began to wane in the reign of Shah Jahan (e.g., Pollock 2001; Truschke
2016)."% The accounts of two Hindi-speaking Brahmin poets at Shah Jahan’s
court, Kavindracarya Sarasvati Vidyanidhana (fl. c.1600/75) and Jagannatha
Panditaraja (fl. c.1620/60), describe how two eminent Sanskrit scholars ingra-
tiated themselves with the emperor and his retinue by composing panegyrics in
Brajabhasa and singing Hindustani dhrupad songs at the Mughal court (Truschke
2016:50-53).

For lesser-known Sanskrit jyotisis like Nityananda, however, one can ima-
gine that the changing tides of patronage and the competition to find patrons,
would have presented very different challenges to those faced by courtly bards
singing encomiums. Nityananda’s name appears in the annals of Sanskrit jyo-
tihsastra as the author of Siddhantasindhu—a Sanskrit translation of a Persian ori-
ginal sponsored by Asaf Khan, the prime minister (vazir-i 2%zam) of Shah Jahan
and a highly influential Mughal elite. It is, therefore, not inconceivable that
Nityananda might have had some basic level of Persian literacy to begin with,
or at the very least, developed it through his interactions with Mulla Farid (in
vernacular Hindi) over the course of his commission. The grammatical affinity
between Mulla Farid’s Persian passages and their Sanskrit translation in Nitya-
nanda’s Siddhantasindhu supports this belief to a certain extent (more on this in

§2.3.2).

Sanskrit manuals on learning Persian  Between the fourteenth and eighteenth cen-
turies, several Sanskrit compendiums were authored to teach Persian to Sanskrit-
speaking audiences (e.g., see S. R. Sarma 1995; Truschke 2012). Typically, these

17 For instance, Mirza Khan b. Fakhr al-
Din Muhammad wrote his encyclopedic
Persian digest Tuhfat al-Hind (c.1674/75)
‘Gift from India” on the ‘current Indian sci-
ences’ (‘uliim-i mutadawila-yi hindiya) dur-
ing the reign of Mughal Emperor Awrang-
zib ‘Alamgir (r. 1658-1707). His book in-
cludes discussions on various topics of or-
dinary and academic interests peculiar to
the people of who spoke Braj Bhakha (Bra-
jabhasa). See Ziauddin (1935) for an Eng-
lish translation of Mirza Khan's elaborate ex-
position of the grammar of Braj Bhakhd; and

more generally, see Alam (1998:342-348)
for a historical summary of the relationship
between Persian and Hindav1 at the Mughal
courts.

18 In contrast, Sanskrit poetry (kavya) com-
posed outside the central Mughal court
played a critical role in elaborating the ver-
nacular cultures and identities. As Bron-
ner and Shulman (2006) elaborate in their
study, Sanskrit was employed to articulate
regional distinctiveness instead of occluding
it.
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compendiums comprised of two sections composed in metrical Sanskrit verses:
namely, the kosa prakarana, a bilingual Persian-Sanskrit lexicon, and the vyakarana
prakarana, a section on the rules of Persian grammar. The Parasiprakasa (c. 1575) of
Bihari Krsnadasa Misra dedicated to Akbar and the Samskrtaparasikapadaprakasa
(1643) of Malajit Vedangaraya sponsored by Shah Jahan are two prominent exem-
plars (see S. R. Sarma 2009). The former contains a general collection of Persian
words, whereas, the latter includes a specialised lexicon on technical terms in
Islamicate astrology/astronomy. It is doubtful if either of these manuals were
ever sufficient to learn Persian. However, their value in promoting Persian as a
language of sociopolitical influence in Mughal India is certainly conceivable.”

1.1.3 Away from the Mughal court

By the turn of the eighteenth century, the locus of Sanskrit patronage shifted
from the Mughal court to the courts of the vassal states under Mughal suzer-
ainty. Among these subimperial sponsors, the royal patronage of Maharaja Savat
Jayasimha of Jayapura (Jaipur) is particularly pertinent to the history of Sanskrit
astronomy. Saval Jayasimha II (r. 1699-1743) was the Kachvaha Rajput King of
Amera (and later Jayapura) who invested in Sanskrit astronomy both academic-
ally and economically. He not only paid for the construction of five astronomical
observatories in India but also instituted an ambitious project to translate Islam-
icate scientific works into Sanskrit; in particular, Arabic and Persian version of
Greco-Islamicate mathematics and astronomy—and to a lesser extent, even the
European astronomical tables brought to him by the Jesuits (S. R. Sarma 1998;
Pingree 1999).>°

19 A statement in support of this idea is
found in the words of the Sanskrit scholar
Pandita Stiryadasa Daivajiia (b.1508).
Stiryadasa wrote a versified glossary of
Perso-Arabic astrological terms as a section
of the fifth chapter in his Siddhantasamhita-
sarasamuccaya (1583). He begins the section
by claiming (in v. 56) that the knowledge of
the ‘technical terms stated in the science of
the foreigners’ (yavana-sastra-ukta samjiia)
will be ‘useful in the royal court’ (narapati-
sabha-upayogya) and will also be ‘beneficial
to astrologers’ (upakara-artha daivavidam);
see Minkowski (2004:p. 329-330) for the
Sanskrit text of this verse, and also an
overview of Siiryadasa’s contributions in
promoting Islamicate astrology in Sanskrit.
More generally, see Alam (2003) for an
excellent study on the cultural and political

role of Persian in the polity of Mughal
India.

20 In her doctoral dissertation, Johnson-
Roehr (2011) describes the sociopolitical im-
pact of Savai Jayasimha’s urban observator-
ies, in particular, the emplacement of an-
cillary knowledge-systems (like accounting,
masonry, etc.) within the local landscape
of his newly built city of Jayapura (Jaipur).
Her observations locate these subsidiary
activities within Jayasimha’s programme of
assimilating Islamicate and European as-
tronomy, and in that capacity, offer an
interesting parallel to the patronage of
professional interpreters, scribes, account-
ants, and clerks in early-modern society of
Mughal India (e.g., see Alam and Subrah-
manyam 2011: Chapter 7 “The Making of a
Munsht’).
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V. N. Sharma (1993) provides a descriptive account of the Hindu astro-
nomers, astrologers, observers, and scribes recruited under Savai Jayasimha’s
programme. Among these names, Jagannatha Samrat (fl. c. 1720/40), Nayana-
sukhopadhyaya (fl. 1729), and Kevalarama Jyotisaraya (fl. c. 1730/80) are three
notable Hindu jyotisis who translated the science of the yavanas (foreigners) into
Sanskrit.*" Table 1 lists some of the more prominent Sanskrit translations of Ar-
abic and Persian works, particularly, those that were commissioned by Savai Jaya-
simha in the early eighteenth century (Pingree 20034:131-151).>*

It is worth noting that Savai Jayasimha possessed a copy of Nityananda’s
Siddhantasindhu (c. early 1630s).?> It is very likely he also possessed a copy of
Nityananda’s Sarvasiddhantaraja (1639). As Pingree (1999:79) notes, the earli-
est version of Jagannatha Samrat’s Samratsiddhanta (i.e., the Samratsiddhanta-
kaustubha from 1726; the third entry in Table 1) includes the astronomical para-
meters of Ulugh Beg derived from Nityananda’s Sarvasiddhantaraja. Pingree con-
tinues on to say: ‘From Jagannatha’s use of [the astronomical parameters| we
come to realize what has long been suspected, that Nityananda’s arguments,
originally advanced in 1639, finally found a receptive audience, nearly a cen-
tury later, at Jayasimha’s court” (p. 79). In fact, Nityananda’s technical vocab-
ulary also provides some of the terminology with which Kevalarama (see foot-
note 21) translates European astronomy into Sanskrit around the mid eighteenth
century ce (Pingree 2003b: 283).

The method of translation at Savai Jayasimha’s court becomes evident with
one of his astronomers’ own statement on the process. Nayanasukhopadhyaya,
in his Ukara and his Sarahatajkira Virajandi (the fourth and fifth entries in Table 1),
expressly mentions Muhammad Abidda dictating the Arabic passages while he
composes them into Sanskrit (S. R. Sarma 1998: 73-74). As Kusuba and Pingree

21 Kevalarama authored several works at
Jayasimha’s court; one of them is believed
to be the Drkpaksasarani (c.1733), a Sanskrit
adaptation of Philippe de La Hire’s Tabulae
Astronomicae (1702) based on its 1727 Latin
edition (Pingree 1998). There is at least
one other Sanskrit text, the Phirangicandra-
cchedyopayogika (c.1732/24), also inspired
by La Hire’s work but collectively authored
by the jyotisis at Jayasimha's court (Montelle
and Plofker 2018: 248—249; Pingree 2002).

22 These works are translations in an
explicit sense; there are other works,
mostly Siddhantas composed in the
late seventeenth- and early eighteenth-
century Mughal India, that implicitly
engage and discuss Islamicate astronomy.

Nityananda’'s  Sarvasiddhantaraja  (1639),
Muniévara’s Siddhantasarvabhauma (1646),
and Kamalakara’s Siddhantatattvaviveka
(1658) are three canonical examples of
Sanskrit texts that discuss Islamicate
mathematical astronomy. More on this in
§ 2.

23 MS Museum 23 (444 folia) of the
Siddhantasindhu held at the Maharaja Sawai
Man Singh II Museum at the City Palace
of Jaipur attests that it was copied by
Gangarama of Kasmira for Maharaja Jaya-
simha on Thursday 6 April 1727 cE (stated
on f.443). A second note (in Hindi) ap-
pears on f. 444v indicating it copied (from
an earlier copy?) by Gangayaratna on c.24
May 1726 cE (Pingree 20034:142-143).
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Date of composition Sanskrit text

ante 1694

1726

C.1726-1732

1729

1729

C.1730

the Hayatagrantha, an anonymously authored Sanskrit trans-
lation of ‘Ali Qushji’s Persian text Risala dar ‘Ilm al-Hay’a
(1458) ‘Treatise on Astronomy ( “ilm al-hay’a)’, edited by V. B.
Bhattacarya (1967)

the Rekhaganita of Jagannatha Samrat (1652-1744), a Sans-
krit translation of Nasir al-Din al-TasT’s Arabic text Kitab
Tahrir Usiil li-Ugqlidus (c.1248) ‘The recension of Euclid’s Ele-
ments’, edited by Trivedi (1902)

the Samratsiddhanta of Jagannatha Samrat, a Sanskrit trans-
lation of Nasir al-Din al-TtsT’s Arabic recension Tahrir
al-Majisti (1247) ‘Commentary on [Ptolemy’s]| Almagest’;
three versions of this text are attested: the earliest, called
Samratsiddhantakaustubha, is from 1726, while the two later
expanded versions are from 1730 and 1732 respectively; the
text dated 1732 is edited by R. S. Sharma (1967)

the Ukara of Nayanasukhopadhyaya (with the assistance of
Muhammad Abidda), a Sanskrit translation of Nasir al-Din
al-Tast’s Arabic recension Tahrir al-Ukarr (1253) ‘Commen-
tary on [Theodosius’| Sphaerica’, edited by V. B. Bhattacarya
(1978)

the Sarahatajkira Virajandi of Nayanasukhopadhyaya (with
the assistance of Muhammad Abidda), a Sanskrit transla-
tion of Chapter 11 from Book II of Nasir al-Din al-Ttis1’s
al-Tadhkira ft “Ilm al-Hay’a ‘Memoirs on Astronomy’ (1261—
1274) with Nizam al-Din al-Birjandi’s Sharh al-Tadhkira
(1507) ‘Commentary on the Tadhkira’, edited by Kusuba and
Pingree (2001)

the Yantrarajasya Rasala aliases Visavava, Yantrarajavicara-
vimsadhyayi of Nayanasukhopadhyaya (suspected), a Sans-
krit translation of Nasir al-Din al-Ttis1’s Persian text Risala-yi
Bist Bab dar Ma‘rifat-i Usturlab ‘Treatise in Twenty Chapters
on the Knowledge of the Astrolabe’ (c.1240), edited by V. B.
Bhattacarya (1979)

Table 1: Major Sanskrit translations of Arabic and Persian astronomical texts
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(2001) remark, Nayanasukhopadhyaya ‘did not simply render the Arabic com-
mentary together with the original into Sanskrit literally, but expanded those
passages that he found particularly difficult’ (p. 7). This suggests that between
Muhammad Abidda’s dictation of the Arabic passages and Nayanasukhopa-
dhyaya’s translation of those passages into Sanskrit, they communicated directly
or through an intermediary in a common link language (perhaps, a colloquial
dialect of Hindavi, Brajabhasa, or Rajasthani).

Bidirectional translations of texts between Sanskrit and other languages (e.g.,
vernaculars like Hindustant or Bangla, or even European languages like English
or German) continued beyond the eighteenth century, with different methods
and motivations (e.g., see Dodson 2005; Raina 2010; Gallien 2019). Texts in the
exact sciences were included in many translation projects, and undoubtedly, they
were repurposed to serve the ambitions of the benefactor and the beneficiary
alike.

1.1.4 Why Nityananda?

It is uncertain why Nityananda was chosen to translate Mulla Farid’s Persian Zij-i
Shah Jahani into Sanskrit. Based on what we know, Nityananda was not a dec-
orated astronomer: he did not hold any titles like Jotik Rai or Vedangaraya, even
though Shah Jahan conferred such a title on Malajit Vedangaraya (fl. 1643) (see
footnote 16). Nityananda identifies himself in the colophon of his Sarvasiddhanta-
raja (1639) as a Gauda Brahmin of Mudgala gotra (patronymic) from Indrapuri
(Old Delhi), and provides a genealogy of his Brahmin ancestors beginning with
his father: Nityananda, son of Devadatta, son of Narayana, son of Laksmana son
of Iccha Dulinahatta (e.g., see Peterson 1892:228). Beyond this register of names,
we have no reliable information on who these other Brahmins were, where they
came from, or what works they wrote (if any).

Until any new evidence suggests otherwise, we believe Nityananda’s associ-
ation with the Mughal court begins with Asaf Khan employing him in c. post
1628.>4 As I describe below (in § 1.3), a royal decree (farman) was issued to
bring Muslim and Hindu astronomers together to prepare the Zij-i Shah Jahani
under Asaf Khan's supervision. This may have been the ticket for Nityananda’s
entry to the Mughal court. His fluency in vernacular Hindi (as a resident of
Delhi) and competency in Sanskrit astronomy (presumably, attested through
testimony) might have brought him to Shah Jahan’s court seeking patronage as
a Sanskrit jyotisi.

24 In contrast, Mulla Farid first joined as well as of the pen’ (Lefévre 2014:75)—
the service of Mirza ‘Abd’l-Rahim Khan-i in 1597 and remained in his service till
Khanan—a prominent Mughal nobility dur- he joined the court of Shah Jahan in 1628
ing the reigns of the Mughal emperors Ak- (Ghori 1985:34).

bar and Jahangir, ‘a man of the sword
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We do not know whether Nityananda continued to remain at the Mughal
court after composing the Siddhantasindhu, or even if his association was ever
exclusive to begin with. His second book, the Sarvasiddhantardja (1639), is a com-
plex syncretism of Sanskrit siddhantic astronomy and Islamicate theories. To my
knowledge, there are no explicit references to any patrons in this work; however,
judging by the scale and scope of the work, it seems very likely that he had con-
tinued access to intellectual and financial resources throughout its production
(more on this in Misra forthcoming).>>

1.2 ISLAMICATE ZIJES IN MUGHAL INDIA

Y THE SEVENTEENTH CENTURY, Arabic and Persian astronomical texts were regu-
larly studied at Islamic institutions of higher learning (madrasa) in Mughal
India; particularly, at those institutions that focused on teaching the rational sci-
ences (uliim al-‘aqliyah).?® Ansari (1995: Table 1 on p. 278) lists the names of
prominent Islamicate scholars whose works are extant in several copies in Indian
libraries. It includes the works of Abéi Nasr Manstr b. “Ali b. “Iraq (d. 1036),
Kiashyar b. Labban al-Jili (d. 1029), Hasan b. al-Haytham (965-1041), Abu’l-
Rayhan al-Birtini (973-1048), Mahmiid al-Jaghmini (c. early thirteenth century),
Nasir al-Din al-Tasl (1201-1274), Qutb al-Din al-Shirazi (1236-1311), Jamshid
Mas‘td al-Kashi (d. 1436), Sultan Ulugh Beg (1394-1499), and many others; also
see Ansari (1995: Section IIl on pp. 279—281 and Appendix I on pp. 288—294). The
large numbers of manuscript witnesses suggest the prevalence of these works in
the repertoire of Muslim scholars (“ulama® or fudala®) in early-modern India.
The lists of zijes enumerated in the A%n-i Akbari of Abu’l-Fadl ‘Allami (1551—
1602), the chronicler of Akbar, and the Zij-i Shah Jahant of Mulla Farid composed
during the rule of Shah Jahan provide further information on the astronomical
tables in the imperial library (kitabkhana) of early seventeenth-century Mughal
India (Ghori 1985: Appendices A and B on pp. 45-48).77

25 A single extant manuscript of a text astic rule of the Ghaznavids, the Ghurids,

called the Sahajahamganita, allegedly au-
thored by Nityananda, is currently held
at the Anup Sanskrit Library in Bikaner
(MS 5291, Serial Noy87, 12 folia, injured, see
Pingree 1970—94: CESS A3, p. 174a; Raja and
M. K. Sarma 1993: 393).  have not been able
to consult this manuscript to verify its pro-
fessed authorship.

26 Sufi (1941:1-88) provides an extensive
chronological study of the evolution of cur-
riculum in Indian madrasas through the dyn-

the Delhi Sultanates, and eventually the
Mughals.

27 Seyller (1997) provides a comprehens-
ive description and valuation of the manu-
scripts in the collections of the Mughal lib-
rary. The paper begins by observing that
‘[s]hortly after the death of Emperor Akbar
in 1605, an inventory of the vast holdings of
the imperial Mughal library recorded a total
of 24,000 volumes with a value of 6,463,731

rupees.” (p. 243).
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An important zij in these accounts is the Zij-i Jadid-i Sultani (alias Zij-i Ulugh
Beg or Zij-i Sa“id-i Jadid-i Guirgant) of Sultan Ulugh Beg composed by a collabor-
ative team of astronomers (al-Rtimi, al-Kashi, Ulugh Beg, and Al Qishj1) at the
Observatory of Ulugh Beg in Samarqand in 1438/39.2% As Ansari (2015: p. 581a)
notes, the Zij-i Ulugh Beg was translated into Sanskrit (Jica Ulugbegi>9) by a con-
sortium of Muslim and Hindu scholars led by Shah Fathallah Shirazi (d. 1589)
during the reign of Akbar. From the sixteenth century, the preeminence of the
Zij-i Ulugh Beg in Mughal India made its structure the standard with which sub-
sequent zijes were composed. The Zij-i Rahimi and the Zij-i Shah Jahani, both
composed by Mulla Farid, are two such examples.3°

1.3 THE ZIJ-1 SHAH JAHANT (C.1629/30) OF MULLA FARID

ULLA FARID’S KARNAMAH-I SAHIB QIRAN-I THANI, ZIJ-I SHAH JAHANI>" (Zij-i Shah
Jahant for short) is a set of astronomical tables written at the behest of
Abuv’l-Hasan Asaf Khan (d. 1641), the prime minister (vazir-i %am) and father-
in-law to Shah Jahan. It was commissioned to institute a new calendar of Shah
Jahan, the Ta°rikh-i Ilahi Shahishani, beginning on the first day of Farvardin in
his ascensional year 1037 AH (21 March 1628). This was in keeping with pre-
vious regnal year calendar like Jalali era (epoch 21 March 1079) of the Seljuk
Sultan Malik Shah or the Ta’rikh-i Ilahi ‘Divine Era’ (epoch 20 March 1555/56)
of Shah Jahan’s grand father Akbar. Ansari (2015: Section 3.2 on pp.583-585),
Ghori (1985: 34-36), Rosenfeld and Thsanoglu (2003: 357-358), and Rahman et
al. (1982:307) survey the context, the structure, and manuscripts of the Zij-i Shah
Jahani. For our present purpose, we note the following points from these surveys:

28 see Rosenfeld and Thsanoglu (2003: 277~
279), King et al. (2001:54), and Kennedy
(1956: pp. 127b—128a and pp. 166b-167b) for
a descriptive survey of the contents and
manuscripts of the Zij-i Ulugh Beg.

29 The Jica Ulugbegi (or Ulakabegijica) is ex-
tant in a few fragmentary manuscripts con-
taining only tables and star catalogues. The
largest (and most complete) manuscript ap-
pears to be MS Museum 45 held at the Ma-
haraja Sawai Man Singh II Museum at the
City Palace of Jaipur. According to Pingree
(20034a:135) it contains 100 folia measuring
17 X 28% cm, contains only tables written
in NagarT numerals, and was acquired from
Stirata by Nandarama Jo$i for 20% rupees.
30 Ansari (2015: Section 3.2 on pp. 582-583)
reviews the structure and contents of Mulla

Farid’s Zij-i Rahimi (c.1615/17) dedicated
to his patron Mirza °‘Abd°l-Rahim Khan-i
Khanan, a prominent Mughal nobility dur-
ing the reigns of the Mughal emperors Ak-
bar and Jahangir.

31 The Karnamah-i Sahib Qiran-i Thani, Zij-i
Shah Jahani ‘Grand Accomplishment of the
Second Lord of the Conjunction, the Zij of
Shah Jahan' uses the royal epithet of Shah
Jahan as the ‘Second Lord of the Conjunc-
tion” born on the auspicious conjunction
(giran) of Jupiter and Venus at his natal hour
on 5 January 1592 ct. The use of ‘second’
in the title is to establish a direct descent
from the first Lord of Auspicious Conjunc-
tion, Sultan Amir Timr (Chann 2009: 1105-
1106).
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. The Zij-i Shah Jahant (like the Zij-i Ulugh Beg) consist of a detailed proleg-

omenon (mugaddima) consisting of five sections (gism, pl. agsam) followed
by four discourses (magqala, pl. magalat) on four different subjects, each con-
taining several chapters (bab, pl. biban) that are further divided into sec-
tions (fasl, pl. fusiil).

table that revises and updates the parameters’ of the Zij-i Ulugh Beg (and

different from a zij-i rasadi or an ‘observational table based on findings from
direct observations’).

. A lack of time to conduct newer observations, in part due to the advance-

ment of age and the ailing health of Mulla Farid, meant that large parts of
the Zij-i Shah Jahani were reproductions of corresponding parts of the Zij-i
Ulugh Beg. However, as Ansari (2015: 585) notes, the tables in the Zij-i Shah
Jahani outnumber those in the Zij-i Ulugh Beg. Mulla Farid includes the aux-
iliary tables for simplification (tashil) so that the true longitudes (taquim)
of celestial objects can be computed directly (without any interpolation).

. By a royal decree of Shah Jahan, the Zij-i Shah Jahant was to be translated

into ‘the language of Hindustan by Indian astronomers in consultation
with Persian astronomers, for the sake of public utility’.3*> Ghori (1985:34)
also observes that the Zij-i Shah Jahani was prepared by Mulla Farid in “col-
laboration of his brother Mulla Tayyib and other scholars of Muslim and
Hindu astronomy under the over-all supervision of the Vazir Asif Khan
[sic]’.

1.3.1  Manuscripts of the Zij-i Shah Jahani

In this study, I outline the twenty-two chapters (biban) in the second discourse
(magala-i duvum) of the Zij-i Shah Jahani, and among these, I examine the sixth
chapter. To this end, I have consulted (parts of) the two manuscripts of the Zij-i
Shah Jahani that were available to me. Table 2 provides a description of these
manuscripts and their assigned sigla.

To my knowledge, the Zij-i Shah Jahani (or any part of it) has never been ed-

ited or translated into any major European or Indian (vernacular) language in
modern times. Historically, the only translation of the Zij-i Shah Jahant is Nitya-
nanda’s Siddhantasindhu described in the next subsection.

32 Excerpted from the Mulakhkhas-i Shah- alias ‘Inayat Khan, see Ansari (2015) for
jahan Nama, an abridged history of Shah Muhammad Tahir Khan’s Persian text (Ap-
Jahan written by his seventeenth-century pendix II. A4 on p. 597) and its English
court chronicler Muhammad Tahir Khan, translation (p. 584a).
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Siglum Manuscript description

Sja MS Ind. Inst. Pers. 12 from the Bodleian Library Oxford, entitled

Sis

Karandma i sahibkirdn thini zij i shahjahini, 380 folia (incomplete) with
25 lines per folio, 13 % X 9% inches, Persian Nasta‘liq, written with red
and black ink, c. seventeenth century ce (Beeston 1954: p. 61b, no. 2735).

Mr Alasdair Watson, the Bahari Curator of Persian Collections at the
Bodleian Library, very kindly provided me with photographs of folia
that include the sixth chapter of the second discourse. The folio num-
bers do not appear on the images; Mr Watson identified them as ff. 21b—
22a (personal communication). I have not had the opportunity to in-
spect the other folia of this manuscript. The summary of the Persian
chapter-titles in § 4 rely entirely on the reading in MS Sjg.

MS Or. 372 from the British Library London, labelled Farid
Ibrdhim Zij E Shdhjahdni Persian (on the microfilm cover), entitled
Slr L m Gb oLasle wb L, Karnamah-i Sahib Qiran-i Thani,
Zij-i Shah Jahani, 419 folia with 31 lines per folio, 13% X 8% inches,
Persian Nasta“liq, treble-ruled text frame, c. seventeenth century cE
(Rieu 1881: pp. 459b—460Db).

Folio numbers are written at the top left corner of folium rectum
(b-side) in western Arabic numerals, (possibly) by a European
owner/cataloguer/librarian.

I am grateful to Dr Benno Van Dalen (from the Ptolemaeus Arabus et Lat-
inus project at the Bayerische Akademie der Wissenschaften Miinchen)
for providing a digitised black-and-white photocopy of this manuscript
to me.

Table 2: Description of the manuscripts of the Zij/i Shah Jahani

1.4 THE SIDDHANTASINDHU (C. EARLY 1630) OF NITYANANDA

ANDITA NITYANANDA MI$RA completed his translation of Mulla Farid’s Zij-i
Shah Jahani in the early 1630s and named it Siddhantasindhu ‘the Ocean of
Siddhantas’. This enormous work occupied around 44o folia measuring 45 X 33
cm (approximately). At the time, ten copies of this work were made and dis-
tributed among the Muslim nobility of northern Mughal India (more on this in
§ 1.4.2). Today, however, only a handful of near-complete manuscripts of this
work survive. And among these, the four manuscripts at the Maharaja Sawai
Man Singh I Museum at the City Palace of Jaipur (India) are the best preserved
copies. One of these manuscripts (Khasmohor 4960, part of the khas muhr or
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Siglum Manuscript description

Kh MS 4962 from the Khasmohor Collection at the City Palace Library
of Jaipur, entitled (in Hindustani) 9 Rrefaiiyg @ ‘Book (potht) of
Siddhantasindhu’, 436 folia (incomplete: missing ff.1 and 3; tears and
damages on f. 2) with 21-30 lines per folio, 37 X 25 cm, Sanskrit Nagari,
written with red and black ink parallel to the shorter edge, double-
ruled text frame, left-binding with side-sewing stitches, red-and-blue
striped cloth-covered boards and book flap, belonging to Jagannatha
Jost and acquired for 100 rupees, c. early eighteenth century ce (Pin-
gree 20034:143).

Folio numbers are written at the bottom left corner of folium versum in
Nagari numerals by the same hand as the scribe.

Remark  The metrical verses are often introduced by the word ¥<:
(chamdah) ‘metre’, e.g., f. 4v: 4, 15 Kh. Its abbreviated form & (cham)
also appears in several places, e.g., on {. 5v: 7 Kh. Overall, Kh uses the
double-danda “ 1’ to indicate half-stanza breaks, and frequently places
the verse number, each time beginning with one, between two sets of
double-dandas, e.g., | 2 Il. The prose passages are unnumbered.

I gratefully acknowledge Dr Chandramani Singh, (retired) head curator
of the Maharaja Sawai Man Singh II Museum Library, for her assistance
in helping me get a digital copy of this rare and private manuscript.

Table 3: Description of the manuscript of the Siddhantasindhu

‘special seal” collection) bears the royal insignia of Shah Jahan himself. Pingree
(2003a:138-143) describes these four manuscripts at the City Palace Museum
Library in Jaipur. The catalogue references of the other (fragmentary) manu-
scripts located elsewhere can be found in Pingree (1970—-94: CESS A3, p. 173b,
and CESS Ag, p. 184a).

1.4.1  Manuscript of the Siddhantasindhu
Parallel to the selection from the Zij-i Shah Jahani, 1 outline the twenty-two
chapters (adhyayas) of the second part (dvitiya-kanda) of the Siddhantasindhu, and
among these, I focus on the sixth chapter. I have consulted the only copy of the
Siddhantasindhu made available to me for this purpose by the City Palace Mu-
seum Library in Jaipur. A description of the manuscript, and its assigned siglum,
is given in Table 3.
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There are no published editions, translations, or studies of Nityananda’s
Siddhantasindhu to my knowledge.33 At a very minimum, a comprehensive de-
scription of the structure and contents of the entire Siddhantasindhu is certainly
needed; however, such a task lies well beyond the scope of this study. Instead,
I present below a few salient remarks from the Siddhantasindhu that relate to the
Zij-i Shah Jahant.

1. On the content of MS Kh  The Siddhantasindhu also begins with a detailed
prolegomenon (grantharambha, synonymous with mugaddima) consisting of
five sections (prakara, synonymous with gism) on ff. 3r—11v Kh34 (incom-
plete). Thereafter, it follows the structure of the Zij-i Shah Jahani with each
part (kanda, identified with magala) addressing a different subject and con-
taining several chapters (adhyaya, synonymous with bab). However, only
the first three magqalat of the Zij-i Shah Jahani appear to have been translated
in the Siddhantasindhu (as the three kandas); the fourth magala on miscel-
laneous astronomical calculations does not appear in Kh. A brief descrip-
tion of the content of Kh is as follows:

e The first part (prathama-kinda) with seven chapter describing the
different calendrical eras ($ika), viz. Arabic or Hijri (arbiya),
Shah Jahan’s (shahjaharmniya), Roman (raumiya), Persian (pharasiya),
Malaki/Jalali (malakiya), Samvat (Hindukiya), and Chinese-Uightir
Animal (khitayiya-turkiya) on ff. 12r-16v Kh.

e The second part (dvitiya-kanda) with twenty-two chapters describing
various topics on finding the desired time (abhimata-samaya) and the
ascendant at that time (tatkalika-lagna), as well as other topics related
to it, on ff. 17r—28v Kh. More on this in § 4.

e Tables (kosthakas) from ff. 29r-g7v Kh.

o The third part (trtiya-kanda) with fifteen chapters describing the true
(sphuta) position and motion of celestial objects, and other topics re-
lated to it on ff. 98v—111v Kh.

33 Peterson (1892:231-232) provides an
excerpt containing the first thirty-two
verses (from the prolegomenon) and the
colophon (from the end of the second part)
of Nityananda’s Siddhantasindhu. This is
presumably transcribed from MS RORI
(Alwar) 2627 = MS 2014 Alwar, 441 folia,
copied in 1855 ce (Pingree 1970-94: CESS
Az, p. 184a); however, Peterson does not
identify the shelf mark of the manuscript.
Minkowski (2014:128-129) makes a few
remarks on Nityananda's Siddhantasindhu

(based on Peterson’s extract), while Pingree
(2003b:269—27) summarises (very briefly)
his observations on the Siddhantasindhu
based on the manuscripts held at the
Maharaja Sawai Man Singh II Museum at
the City Palace of Jaipur.

34 Icite manuscript references in the format
(f.folioy Siglum) or (f.folioy:line, Siglum)
throughout this paper. For instance, ‘f. 22r:
9-11 Kh' indicates lines g to 11 on f. 22r in Kh.
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e Tables (kosthakas) from ff. 112r-436v Kh.

2. On Shah Jahan In the preamble, Nityananda extols Shah Jahan with his
encomiastic poetry (e.g., see Minkowski 2014:129) and transliterates his
Persian regnal epithet into Nagari (on f. 5v: 15-16 Kh) as

S-S TR G - abala-mujaphara-sahibbadina-
HEre-aTed-fhe- mahammada-sahiba-kirana-
-2 STE- TR Tl sani-sahajaha-badisaha-gaji

In his Padshahnama, the seventeenth-century Mughal chronicler ‘Abd
al-Hamid Lahrt states that upon ascending to the throne, Prince Shahab
al-Din Muhammad Khurram (Shah Jahan) assumed the regnal name
‘Abw°’l-Muzaffar Shahab al-Din Muhammad Sahib-i Qiran-i Thani” (Elliot
2013:6). Among several other imperial epithets, Shah Jahan was called
6 013 —>le (sahib-i giran-i thant) ‘Second Lord of the Conjunction’,
Sl oLisb (padshah-i ghazi) ‘Conqueror of Emperors’ and olg> oL (shah-i
jahan) ‘King of the World".

Nityananda traces the male ancestors of Shah Jahan from Timr (taimiira),
Miran Shah (mira-saha), Sultan Muhammad (sulla-mahamma), Abta Sa‘id
(abiisayida), Umar Shaykh (umara-Sekha), Babur (babara), Humayin
(humaii), Akbar Shah Jalal al-Din (akabarah S$ahajallalading), Jahangir
(8r1-jahamgira), and finally, Shah Jahan (Sriman-sahajaham) (Peterson
1892: vv. 5-11 on p. 230).35

3. On Asaf Khan ~ Abu °l-Hasan Asaf Khan, the prime minister (vazir-i azam)
of Shah Jahan, is mentioned by name in the Siddhantasindhu. On f. 2v: 10—
11 Kh, we find the name H=It arETH@f (mantri-vasapha-khani) ‘Minister Asaf
Khan"
Through vv. 21-23 on the same folio (lines 8-18), Nityananda gener-
ously praises him as 1 TAEIHISTH Fed: &R (line 15) ‘he who is
the steadfast pillar (sudrdha-stambha) of [this] pavilion called the Empire
(rajyahvaya-mandapa)’ and OIS, (lines 17-18) ‘[he who is] protect-
ing the [Hindu social system of | varnasrama’.

4. On Mulla Farid Nityananda identifies Mulla Farid by his name. On
f.6r: 2 Kh, Nityananda calls him G@THlq SeRAYS fegit-amas ‘Mulla

Farid (mulld-pharida), the son of Ibrahim (ibarahima-putra) [and | resident of
Delhi (dhilli-nivasin)’. This description agrees with ibn [Hafiz| Ibrahim ‘son

35 MSKhbegins onf. 2r in the middle of de- the second, I have relied on Peterson’s tran-
scribing the genealogy of Shah Jahan. With scription (see footnote 33) to fill in the miss-
the first folio missing and heavy damage to ing parts.
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of Ibrahim, [a man who has memorised the Qur’an]” and Dehlavi ‘resident
of Delhi” in Mulla Farid’s full name.

5. On the “Zij-i Shah Jahani” Further along, on f.6v: 19—20 Kh, we find the
name of Mulla Farid’s text, transliterated into Nagarl from the Persian
Karnamah-i Sahib Qiran-i Thani, Zij-i Shah Jahani, as

FHRAH-AMEd-Fru=-ari karanamai-sahiba-kirana-sani
STra-2mE-STE jica-$aha-jahant

6. On zij" and its types Nityananda first distinguishes between the terms zij,
tashil, and taquim on f. 7r: g—10 Kh. According to him,

ST gfdl fagr=a: | aEEle 3fa aReT | dRd | S Tevhedd. |

‘zij (jica) is Siddhanta (canon); tashil (tasahila) is sarani (table);
taquim (takavima) is the true position of a celestial object (graha-
sphutatva) [in other words, an ephemeris].’

On f. 8v: 2—3 Kh, he defines a zij as
YRAS TISHETUTAN Hafed a6 A T4 i |
‘The book (grantha) in which both gross (sthiila) and subtle
(sitksma) computations (ganita) are found, that is called a zijj
(jica)'.
Nityananda, like Mulla Farid, also classifies zij into the two categories of
zij-i rasadi and zij-i hisabi:

e On f.7v: 4-5 Kh, he defines SH-TTG! (jica-rasadi) as that work (tan-
tra) which is well-established (drdhi-krtya) by the rules of observations
(rasada-vidhana) and state the motion of celestial objects (graha-bhukti)
with tables (kosthakas); and

e On f.7v: 27-19 Kh, he defines STr-REEWEN (jica-hisabi) as the work con-
taining tables (kosthakas) that correct (Sodhyate) previous tables in the
table-writing tradition (kosthaka-lekhaka-parampara) or those that bring
out the genuine result (vastava-phala) by simple procedures (sugama-
prakara) of computations (ganita).

7. On Ulugh Beg and other Islamicate astronomers, and their zij’ Nityananda
identifies Ulugh Beg by name in several places in the preamble. For in-
stance, on f. 7r: 26 Kh, he refers to Ulugh Beg as o & 1391 (miraja ulaga-
bega), and on the very next line, informs us of Ulugh Beg’s demise with
e TR AT F10g ‘May God (paramesvara, lit. ‘supreme lord”) grant
him residence in heaven (svargavasa)’. The Zij-i Ulugh Beg is translated as
S-S -1 (jica-ulaga-begi) on f.7v: 5 Kh.
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Along with Ulugh Beg, Nityananda also described the names and works of
several Islamicate astronomers (on ff. 7v—8v Kh). For example:

o the SI¥-STH and S-S of INRER
al-Zij al-Jami® (jica-jame) and al-Zij al-Baligh (jica-valiga) of Kashyar
b. Labban al-Jil1 (gosiyara), or

o the STE-THHI-THHIS-STE-HSEF of FISHI STHRIG H12M
Zij al-Khagani fi Takmil al-Zij al-llkhani (jica-khakani-takamila-jica-
yilakhant) of Jamshid Mas®ud al-Kashi (maulana-jamaseda-kast).

The names of these zij, and the order in which they are listed, appear to be
identical in both the Zij-i Shah Jahani and the Siddhantasindhu.3°

Motivation and purpose of composition The twenty-fourth verse from the pro-
legomenon of Nityananda’s Siddhantasindhu is barely legible on the damaged
second folio (verso) of MS Kh; however, it is attested in Peterson (1892:231) from
the Alwar manuscript. The verse (in the sardiilavikridita metre) describes how
Asaf Khan, having derived this inspiration (prerand) from Shah Jahan, ordered
Nityananda to compose a proper treatise (su-tantra-karane) for the benefit of
people (loka-upakara).37 Therefore, as Nityananda says, he endeavoured to com-
pose (kartum samihe) to compose the Siddhantasindhu, a pure (amala) and clear
(sphuta) Ocean of Siddhantas (siddhanta-sindhu), resembling the illustrious Zij-i
Shah Jahani ($rimat-sahdjaham-prakasam).

Style of composition Nityananda’s Siddhantasindhu is a mixture of prose-
sentences (gadya) and metrical verses (padya). The transition from prose to po-
etry is ubiquitous throughout the text. It is worth noting that most explicit Sans-
krit translations of Islamicate astronomical texts (e.g., the texts listed in Table 1)
are entirely in prose. I discuss a few aspects of Nityananda’s choice of using
prose and poetry in relation to Part I1.6 in § 2.3.1.

1.4.2  Circulation of the Siddhantasindhu
According to two of the four manuscripts of Nityananda’s Siddhantasindhu held
at the Maharaja Sawai Man Singh II Museum at the City Palace of Jaipur, there
were nine copies of the Siddhantasindhu prepared for distributing among not-
able seventeenth-century Mughal elites (mostly, Mughal Stibadar s or Provincial

36 Ghori (1985: 48) provides the list of zjj (nrpala-mukuta-alankara-cidamani)—an  epi-
in Mulla Farid’s Zij-i Shah Jahani, see discus- thet he repeats in the colophons of every
sion in § 1.2. part of the Siddhantasindhu, e.g., see Part II
37 Nityananda eulogises Shah Jahan as the colophon on p. 84.

‘crest jewel of the ornamental crown of kings’
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Governors), and an author’s copy for Nityananda (Pingree 2003a:142). A note,
in vernacular Hindi, on f. 443v of MSS Khasmohor 4960 and Museum 23,3 be-
gins by stating that the original Sanskrit text (jicamiilakari) remains in the library
(kitabkhamna) of the emperor (patisaha, Padishah). Individual copies of the text
were given to the following recipients:

1.

¢Azam Khan (ajama kham) of Bengal (ba[m]gala), the governor of Bengal
from 1632 to 1635;

‘Abdallah Khan Firtiz Jung (avdullaha kham) of Patna (patana), the governor
of Bihar from 1632 to 1639;

3. Sahib Suba[dar?] of Benaras (bandrasi sahava siiva/miiva), unidentified;

Itigad Khan (itakada kham) of Delhi (dillr), also known as Mirza Shapur
(d. 1650), the brother of Asaf Khan;

. Khwaja Sabir Khan-i Dauran (kham nadora) of Ujjain (ujjayana), also known

as Nasirt Khan (navaseri kham), governor of Malwa from 1631 to 1638;

Mahabat Khan Khan-i Khanan (mahavata kha[ m | khamnakhamna) in Burhan-
pur (burahanapura), c. post 1633;

Vazir Khan (ujira kham), also known as Hakim Shaykh “Ilm al-Din Ansari,
of Lahore (lahora), governor of Lahore from 1628 to 1639;

Zafar Khan Ahsan (japhara kham) of Kashmir (kasmira), the governor of
Kashmir from 1632 to 1639 and from 1642 to 1646; and

. an unnamed recipient in Multan (mulatana).

38 MS Khasmohor 4960 belonged to
Pithinatha in 171y; the horoscope of his
son (dated Thursday 10 October 1717) is
written on f.443. It is said to have been
previously purchased from Manasarama

in 1696 for 250% riapas (f.444). Both
these notes appear in vernacular Hindi
(Pingree 2003a:138-142). The provenance
of MS Museum 23 is previously described
in footnote 23.
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2 THE SANSKRIT TRANSLATION OF A PERSIAN ZI]
2.1 CHRONOLOGY AND INFLUENCE

ITYANANDA'S SIDDHANTASINDHU Was completed in the early 1630s, making it
N one of the earliest Sanskrit translations of a Persian zij. The Jica Ulugbegi, a
Sanskrit translation of Zij-i Ulugh Beg commissioned during Akbar’s reign (ante
1605), is perhaps the earliest example. However, the extant fragmentary man-
uscripts only contain tables and star catalogues (see footnote 29) and not the
canon (the text associated with the tables, often describing the theory and use of
the tables).3°

In contrast, as § 1.4 describes, the Siddhantasindhu includes tables as well as
three (out of the four) distinct portions (kanda ‘part’ in Sanskrit or magalat *dis-
course’ in Persian) of the canon of Zij-i Shah Jahani. The full extent of similarity
between the content of these two texts can only be determined by an extensive fu-
ture study; for our present discussion, however, we note that the Siddhantasindhu
expressly declares itself to be a Sanskrit version of the Persian original. Other San-
skrit texts in mathematical astronomy, e.g., the three Siddhantas mentioned in
footnote 22, discuss or dismiss Islamicate ideas but they are not translations of
any particular text.

The only other Sanskrit ‘translation’ that could predate Siddhantasindhu (early
1630s) is the anonymously authored Hayatagrantha written sometime before 1694
(see Table 1). Pingree (1978: 327) correctly identifies the Hayatagrantha as a trans-
lation of “Ali Qtishji’s Persian Risala dar “Ilm al-Hay’a (dedicated to the Ottoman
Sultan Mehmed II, r. 1451-1481). “Al1 Qshji’s work was known to the Mughal
court of Humayn (r. 1530-56) via a commentary on it, the Sharh-i Risala dar “llm
al-Hay’a written by Muslih al-Din Muhammad al-Lar1 (d. 1572) and dedicated
to his patron Humaytiin (Pourjavady 2014:296).

39 The Jica Ulugbegi was prepared by a
consortium of astronomers led by Amir
Fathallah of Shiraz, with the assistance of
Sanskrit interpreters (see § 1.1.2). As S. R.
Sarma (2000: 367) has pointed out, some of
these interpreters were Sanskrit jyotisis: e.g.,
Kishan Joshi is identified as Krsna Daiva-
jna (fl. c.1600/25). If the authors’ version of
Jica Ulugbegi contained the canon of the Zij-i
Ulugh Beg, the following two reasons make
the loss of the Sanskrit canon a notable (and
regrettable) event:

a. Mulla Farid copied large parts of the Zij-i
Ulugh Beg (almost) verbatim in his Zj-i Shah
Jahani; these parts have been translated by

Nityananda in his Siddhantasindhu. The San-
skrit canon in the Jica Ulugbegi may have
served as Nityananda’s model text to recopy
just as easily as the Zij-i Ulugh Beg served
Mulla Farid.

b. Mulla Farid was a direct pupil of
Amir Fathallah of Shiraz, and is believed to
have ‘learned the rational sciences (°Uliim-i
Agliyah) including astronomy and astro-
logy’ from him (Ansari 2016:720). This sug-
gests that, at the very least, Mulla Farid (and
by association, Nityananda) would have
been familiar with a version of the Jica Ulug-
begt closer to the original than what is cur-
rently extant.
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Following the Sharh-i Risala dar “Ilm al-Hay’a, the Hayatagrantha also discusses
an assortment of topics (prakarana) on planetary motion (graha-gati-nirupana)
and the Earth-sphere (bhiigola-varnana) in two chapters (adhyaya). In each topic,
it explains Islamicate astronomical terms and provides equivalent Sanskrit ex-
pressions for them. V. B. Bhattacarya (1967: p. 3 of the preface) thinks the Haya-
tagrantha is either a translation (anuvada) of the Arabic text (arabi-desasya grantha)
or a paraphrase of its summary (saram grhitva likhita); Pingree (1996) adds to that
by suggesting the author was ‘helped by a collaborator who was versed in Per-
sian and Islamic astronomy, at least at a level sufficient for understanding the
Risalah’ (p. 475).4°

Beyond these speculations on the nature of the Hayatagrantha, its influence
on Nityananda’s Siddhantasindhu is what concerns us here, and this is a difficult
thing to ascertain at the present time. At the very outset, the anonymous author-
ship and vague timeline of the Hayatagrantha make it problematic to situate it in
relation to the Siddhantasindhu. The Sanskrit words for Islamicate astronomical
terms in both these texts are quite similar; however, their presentations often
differ. The Hayatagrantha includes transliterations of Arabic/Persian technical
words along with their equivalent expressions in Sanskrit, whereas the Siddhanta-
sindhu translates Islamicate terms into Sanskrit without (always) transliterating
the original Arabic/Persian word.**

For example, the Hayatagrantha glosses the Persian word agHIFa (baad-
kokiba) and the Sanskrit word ®I8-Tied (spasta-kranti) as the ‘true declination’ of
a celestial object (V. B. Bhattacarya 1967: p. 19, lines 2—4). Nityananda also refer
to the “true declination’ (of celestial objects) with the Sanskrit word TIg-hTfed
(spasta-kranti); however, he does not transliterate the corresponding Persian tech-
nical expression used by Mulla Farid, namely 5l Joxs 31 <S1S™ s (bufd-i
kawakib az mu‘addil al-nahar) the ‘distance of a celestial object from the celestial
equator’. (See the chapter-titles of Discourse I1.6 and Part 1.6 in § 4, page 75).

Nevertheless, the use of the same Sanskrit words to translate Islamicate astro-
nomy does not establish an interdependence between these texts per se. It could

40 According to Pingree (1970—94:CESS
A4, p. 57ab), there are seven extant man-
uscripts of the Hayatagrantha, the earliest

41 It is worth noting that Nityananda’s
Siddhantasindhu is not sanitised of all Ar-
abic or Persian words. There are sev-

of which was copied in Oudh (Uttar Pra-
desh) in 1694. V. B. Bhattacarya’s editions
is based on three manuscripts held at the
Sarasvatl Bhavana Granthalaya in Varanasi.
In his preface (p. 12), he cites internal evid-
ence from the manuscripts to suggest (er-
roneously) that the Hayatagrantha was com-
posed in Kasi in the eighteenth century (see
Pingree 1978: 326-327).

eral instances where Islamicate names of
authors, works, calendrical elements, etc.
are transliterated in Nagari (e.g., the ex-
cerpts in § 1.4). The text from the second
part (dvitiya kanda) indicates that Nitya-
nanda translates Arabic/Persian astronom-
ical terms into equivalent (or original) Sans-
krit expressions without referring to the ori-
ginal words.
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also indicate a common written source (e.g., a bilingual technical lexicon) or
point towards a more institutionalised setup (like at the scriptoriums or maktab-
khanas) where these translations were produced. The emergence of a common
technical vocabulary is then another aspect of cross-traditional discourses that
occurred in the seventeenth century, making this a topic of exploration for fu-
ture studies.

2.2 THE SIDDHANTASINDHU PART II: CONTENT AND CONTEXT

HE SECOND PART (DVITIYA-KANDA) OF NITYANANDA'S SIDDHANTASINDHU includes
twenty-two chapters on various topics that help determine the time of rising
(udaya-samaya) and degrees of ascension (udaya-amsa) of the zodiacal signs at
one’s local latitude. The arrangement of the chapters in the Siddhantasindhu
follows the order of the twenty-two chapters in the second discourse (magala-i
duvum) of the Mulla Farid’s Zij-i Shah Jahani identically. Table 4 provides
a chapter-wise list of topics covered in the Zij-i Shah Jahani Discourse II and
Siddhantasindhu Part II.

The Persian and Sanskrit chapter-titles from these two texts, along with my
English translations of the titular text, are presented in parallel in § 4. A full list of
Persian and Sanskrit technical expressions in the respective chapter-titles of Zij-i
Shah Jahani Discourse Il and Siddhantasindhu Part I is included in the glossary
(beginning on page 115) grouped under their common English translations. I
offer below a few general remarks on the language and scope of these chapters.

1. Mulla Farid’s Persian text describes the computations without necessarily
defining the terms first. In contrast, Nityananda’s discussions often begin
with definitions (laksanas) of technical terms before describing the compu-
tational methods. The Zij-i Shah Jahani is written in the format of a tradi-
tional zi7j, and accordingly, it assumes its readers are familiar with technical
expressions in Arabic/Persian. Nityananda’s Siddhantasindhu, however, de-
scribes Islamicate astronomy in Sanskrit to readers largely unfamiliar with
the form or the language of the text. The prefatory definitions, along with
the use of typical Sanskrit deictic words (like atha ‘now’, tat ‘its/their’, tatra
‘there’, etc.) to introduce them, suggest an emphasis on communicating
ideas effectively rather than simply translating the Persian text.

2. A salient aspect of Nityananda’s translation is localisation; in other words,
adapting the foreign content to suit the local context. The passages in
his Sanskrit translation (of the second part) explain technical terms in
greater detail, while his Sanskrit vocabulary preserves the meaning of Ar-
abic/Persian words without referring to them expressly. Beyond these com-
municative and semantic measures, Nityananda also changes the context
in which these foreign computational methods are applied.
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Chapter List of topics

Il.1  Sexagesimal place-values of digits

II.2 Method of interpolation between successive entries in a table

II.3  Calculating Sine and Versed Sine values

II.4  Calculating the shadow of a gnomon (i.e., Cotangent values)

I.5  Declination of the zodiacal signs

1.6 Calculating the true declination of a celestial object

I.7  Calculating the maximum elevation and depression of a celestial object

I.8  Right ascensions of the zodiacal signs at the terrestrial equator

I.g  Calculating the equation and hours of daylights at a terrestrial location

Ilio  Calculating the oblique ascensions of the zodiacal signs

Il11  Inverse calculation of the right ascensions of the zodiacal signs from
their oblique ascensions

Il.12  Calculating the right ascension and ecliptic longitude of a zodiacal sign
culminating at the time of rising of a celestial object

I.13  Calculating the right ascension of celestial objects at the time of their
rising and setting (at the local horizon)

I.14  Calculating the azimuth from the altitude of a celestial object

I.15  Calculating the altitude from the azimuth of a celestial object

I1.16  Determining the line of the local meridian

Il.17  Determining the latitude and longitude of a terrestrial location

1118  Calculating the zenith-distance of the nonagesimal point

II.1g  Calculating the distance (in degrees) between two celestial objects

II.20  Determining the direction of Mecca/Kasi from a terrestrial location

II.21  Determining the ascendant zodiacal sign (at the local horizon) corres-
ponding to the altitude of a celestial object

II.22  Determining the altitude of a celestial object corresponding to an as-
cending zodiacal sign (at the local horizon)

Table 4: List of topics commonly discussed in the twenty-chapters of the Zij-i

Shah Jahani Discourse Il and the Siddhantasindhu Part 11
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For example, the twentieth chapter in the second discourse of the Zij-i Shah
Jahani describes the method to determine the azimuth (and inclination) of
qibla; in essence, the direction of Mecca. Nityananda translates this chapter
as the method to determine the direction of Kasi. Having first discussed
the mathematics of finding the direction of Kast from one’s own location,
he then goes on to apply the method to find the directions of other cities
like Agra (argalapura) and Mecca (makkaapura) as illustrative examples (ud-
aharana). His translation not only captures the mathematical essence of the
chapter from the Zij-i Shah Jahani but also translates the cultural context of
locating sacred and imperial cities.

. The ability to translate Arabic/Persian technical terms into Sanskrit re-

quires a conceptual understanding of both Islamicate and Sanskrit astro-
nomy, as well as a linguistic competence in navigating between these lan-
guages. Nityananda’s translations, presumably mediated through ver-
nacular Hindi, reflect his command on the language of Sanskrit astronomy.
In some instances, his expressions are literal translations ($abda-anuvida)
of Arabic/Persian words; for example, ascendant dklo (tali¢) as &4

(lagna), genus [of digits] > (jins) as STl (]atz) 42 or line of midday

Sl i b (khatt nisf al-nahar) as AHTG- @ (madhyahna-rekha). In
other instances, they appear to be figurative translations (bhava-anuvada)
based on an implied equivalence of technical meaning; for example,

e distance of a celestial object from the celestial equator <S1,S  dn
(bud-i kawakib) as true declination TIE-FIfed (spasta-kranti),

e equation of daylight )¢l a5 (ta“dil al-nahar) as ascensional differ-
ence = (cara), or

e latitude of the visible climate <3, o8I 2o (%ard-i iglim-i ru’yat) as
zenith distance of the nonagesimal point T#d (drkksepa).

. In the colophon, Nityananda states that the second part contains discus-

sions ‘accompanied by many statements and rationales on the “three ques-
tions”” (triprasna-pracura-ukti-yukti-sahita). The triprasnadhikara is a separ-
ate chapter (adhyaya or adhikara) in Sanskrit siddhanta s that discuss meth-
ods to find the cardinal directions (di$), the local latitude (desa), and the
times (kala) of various celestial and terrestrial phenomena. By referring to

42 The Persian word > (jins) derives hence applied to identify digits (in a num-
from the Greek word yévog (genos) that in- ber) that belong to a particular class, see
dicates a social group of common descent; Rosenfeld and Hogendijk (2003: footnote 29
the Sanskrit words STrt (jatr) and 19T (gana) onp. 37).

are semantically equivalent to genus, and
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the triprasna, Nityananda again bring a familiar context to situate an other-
wise curious collection of chapters. In fact, the practice of writing benedic-
tion verses (mangalacarana) at the beginning of every part of the book and
a closing colophon at the end of each part is a Sanskrit siddhantic trait not
seen in in Islamicate zijes.

2.3 THE SIDDHANTASINDHU PART I1.6: STRUCTURE AND LANGUAGE

HE SIXTH CHAPTER (sasthadhyaya) from the second part of Nityananda’s
Siddhantasindhu describes three methods to compute the true declination
of a celestial object. A celestial object is variously understood as a planet, a star,
or an asterism that moves in the celestial sphere. Typically, this object posses a
non-zero ecliptic latitude and hence its declination is different from the Sun that
moves on the ecliptic. Nityananda methods to compute the true declination of
such an object are identical to those stated by Mulla Farid in the sixth chapter
of the second discourse of his Zij-i Shah Jahani. An edition of the original text
from Mulla Farid’s Zij-i Shah Jahani Discourse 1.6 and Nityananda’s Siddhanta-
sindhu Part I1.6, along with my English translations of corresponding Persian and
Sanskrit passages, are included in §§ 5 and 6 separately. The technical glossary
(beginning on page 115) also includes a list of technical expressions found in the
Persian and Sanskrit passages of this chapter.

These methods rely on astronomical quantities that are distinctly Islamicate
in their origin, e.g., the second declination of a celestial object or the arc of max-
imum argument of the distance. However, Nityananda’s exposition of these Is-
lamicate methods is uniquely original in its presentation and style. In the fol-
lowing paragraphs, I present a few remarks on the structure and the language of
Nityananda’s Sanskrit text in comparison with Mulla Farid’s Persian. A detailed
mathematical analysis of these methods is to appear in Misra (forthcoming).

2.3.1  Structure of the text

The methods to compute the distance of a celestial object from the celestial
equator (bu‘d-i kawkab az mu‘addil al-nahar) in the Zij-i Shah Jahani Discourse I1.6
are translated in the Siddhantasindhu Part I1.6 as methods to compute the true
declination (spasta-kranti). In §§ 5 and 6, I have grouped the Persian and Sans-
krit text of this chapter into comparable passages (numbered ‘[1]’, ‘[2]’, etc.) to
highlight their grammatical and mathematical likeness. (see my editorial con-
ventions in § 3.4.2.) Table 5 provides an outline of the passages in the two texts
with a brief description of their content.

As Table 5 shows, Nityananda’s third method includes four additional pas-
sages [x—0] in metrical verses that are not found in Mulla Farid’s Persian text.
The mathematics of the third method requires a knowledge of several astronom-
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Passages in 11.6

Description

Zij-i Shah Jahani Siddhantasindhu

[ 1 ] prose
[ 2 ] prose

[3] prose
[4] prose

[5] prose
[6] prose

[ 7 ] prose

[8] prose

[9] prose

[10] prose

[11] prose

[ 1] verse

[ 2 ] verse

[ 3 ] verse
[ 4] prose

[5] prose
[6] prose

[ 7 ] prose

[0(] verse
[ﬁ] verse

[rY] verse
[ 5 ] verse

[ 8 ] verse
[ 9 ] verse
[ 10] verse

[11] verse

First Method
Definition of argument of the distance

First method to compute the Sine of the true
declination

Second Method

Second method to compute the Sine of the
true declination

Alternative second method to compute the
Sine of the true declination (using tables)

Case one: no [ecliptic] latitude

Case two: [ecliptic] latitude with no [first]
declination

Case three: [first] declination equals the ob-
liquity of the ecliptic
Third Method

Definitions of the solstitial colure and the
circle congruent to the ecliptic

Definition of the arc of maximum true declin-
ation

Definition of the arc of maximum latitude

Definitions of the congruent arc and the con-
gruent complementary arc

Calculating the Sine of the distance along the
‘circle congruent to the ecliptic” from the sol-
stice

Calculating the arc of maximum latitude

Calculating the arc of maximum argument of
the distance

Third method to compute the Sine of the true
declination

Table 5: Description of the passages in Zij-i Shah Jahani Discourse I1.6 (in § 5) and

Siddhantasindhu Part I1.6 (in § 6)
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ical concepts that are not very commonly known in Sanskrit astronomy. Nitya-
nanda defines these Sanskrit terms in the four passages before using them in the
third method of computation. His style of interspersing the (miila-like) transla-
tions with (bhasya-like) commentarial passages, in metrical Sanskrit, is as unique
as the content of these passages themselves. These extra verses reveal his in-
tentions (and ability) to communicate this new astronomy systematically and
not slavishly translate the Persian into Sanskrit. Nityananda’s Siddhantasindhu
is among the earliest texts to Sanskritise Islamicate astronomy; and in doing so,
conceive several original (or equivalent) Sanskrit expressions for Islamicate tech-
nical terms.

Mixture of prose and poetry  Nityananda’s Sanskrit translation of the sixth chapter
is a mixture of prose sentences and metrical verses. As Table 5 indicates, Mulla
Farid’s Persian passages are written entirely in prose while the Sanskrit text in-
cludes eleven passages in metre [1-3, a—0, and 8-11] and four passages in prose
[4—7]. The metrical verses are numbered while the prose passages are are not.*3
These poetic verses are composed in a range Sanskrit metres:

Passages [2, 8]: eight-syllabled pramanika
. Passage [3]: eight-syllabled anustubh
. Passage [9, 10]: eleven-syllabled rathoddhata

. Passages [P, 77]: twelve-syllabled drutavilambita

1.
2
3
4. Passages [1, 11]: twelve-syllabled vamsasthavila
5
6. Passage [« ]: seventeen-syllabled prthvi

7

. Passage [0]: arya jati-metre

The Siddhantasindhu is the first explicit translation of an Islamicate astronom-
ical text to use metrical Sanskrit (see remark on the style of composition on
page 50). Its intention to Sanskritise the content for local jyotisis may explain the
use of metrical verses; however, it is not entirely clear why Nityananda chooses
to then translate certain Persian passages in prose. I list below my observations
on these prose passages.

1. All three methods described in the text are prescriptive: they outline the
constituent terms and then suggest a computational formula using these
terms. There are no mathematical derivation or explanations given. The
prose passages include an interpolative method of computation (in pas-
sage [4]) and three special cases (in passages [5-7]), both based on the
formula of the second method (in passage [3]). They appear to illustrate
the (use of the) formula rather than being ancillary to it.

43 The numbering scheme restarts at one
for every metrical part following a prose in-
terlude, see Remark in Table 3.
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2. The interpolative method in passage [ 4], and again in passage [6], refers to
the table of the Cosine of the greatest declination. MS Kh of the Siddhanta-
sindhu includes the text of these passages but not the table itself. In com-
parison, MSS Sj 5 (f. 21b) and Sjg (f. 16a) of the Zij-i Shah Jahani present the
table alongside the Persian text of the chapter.

3. The Sanskrit verses from the Siddhantasindhu Part I1.6 are also found in
the Sarvasiddhantaraja, ganitadhyaya ‘chapter on computations’. Nityananda
copies these metrical verses verbatim into the spastakrantyadhikara ‘section
on true declination” of his Sarvasiddhantaraja but leaves out the four prose
passages from the Siddhantasindhu. A critical edition and technical transla-
tion of the spastakrantyadhikara is to appear in Misra (forthcoming).

2.3.2 Language of the text
Nityananda’s Sanskrit passages of the sixth chapter follow Mulla Farid’s Persian
text in more than their mathematical content. In the following remarks, I note
some of the linguistic features of Nityananda’s compositions in comparison to
Mulla Farid’s Persian sentences. All grammatical terms are abbreviated in these
remarks, with an expanded list of abbreviations included on page 114.

1. Grammatical similarity

(a) Subject-fronting The inflected grammar of Sanskrit allows a flexible
word-ordering in most prose sentences, and even more so, in met-
rical verses. Nityananda utilises this syntactic freedom and composes
some of his verses to resemble Mulla Farid’s Persian statements quite
closely. For example, the Persian text in passage [1] is a typical con-
ditional sentence where the subjects precede the conditional proposi-
tion, viz.

[Given] X &Y :if C(X,Y) — then A, (X,Y), else A, (X,Y)

subject-fronted events if-clause then-clause

where C (X, Y) is the condition involving events ‘X" and “Y” in the if-
clause, A, (X,Y) is the first action of the two events in the then-clause,
and A, (X,Y) is the second alternative action of the two events in the
then-clause.

Persian grammar specifies various kinds of conditional sentences,
and accordingly, the verbs in the if-clause (protasis) are in differ-
ent verbal moods, e.g., if the condition is a proposition to be ful-
filled, like in passage [1], the verb in the protasis is in the subjunct-
ive mood: LU (bashand) PRES-SBJV ‘should be’. The consequent
then-clause (apodosis) can chose between indicative or subjunctive
moods of verbs according to the context of the sentence. Nityananda’s
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Sanskrit verse in passage [1] mirrors this subject-fronted conditional
construction with the verb in the protasis in the optative mood: ¥ed,
(bhavet) OPT-ACT “should be” (conditional possibility). The apodosis
that follows states the consequent actions as statements to be under-
stood as implicit instructions, viz. then [we take/do] A, (X, Y), other-
wise [we take/do] A, (X, Y).

(b) Implied modality The realis mood of a present indicative statement
in Persian also implies an irrealis future potential. For example, pas-
sage [2] includes two statements in the following form:

First (instructive) implied Second (declarative)
—
statement consequence statement.

The second (declarative) statement uses the verb s (buvad) PRES-
IND “is’ to indicate ‘the result is [something]’; this, in effect, also con-
vey the meaning ‘the result will be [something]’. Nityananda’s Sans-
krit translation of this passage retains the form, and uses the verb ed,
(bhavet) OPT-ACT ‘will be” (future probability) to indicate a similar
meaning: ‘the result will be [something]’.

2. Semantic equivalents Nityananda translates Islamicate astronomical terms
using equivalent Sanskrit expressions, some of which, are literal transla-
tions; for example,

e circle passing through the four poles sl CUasl oyle 3 ols (dayiri-yi
marri bi agtab-i arba%) as 9I-AJR-ATA-IA (dhruva-catuska-yata-vrtta)
e latitude of a celestial object <SS & ,¢ (%rd-i kawkab) as @I =0T
(khagasya bana), or
e one direction <> SG (yik jahat) as Th-TGAL (eka-dis).
In other instances, his translations use novel (seemingly, didactic) Sans-

krit expressions to capture the implied mathematical meaning of Islamicate
terms; for example,

e Cosine of the inverse declination of the degree of a celestial object
CSS arps wsSie Joo plad o (jayb-i tamam-i mayl-i mankiis-i daraji-
yi kawkab)44 as day-Sine [ of the longitude] increased by three zodiacal
signs B-A-TA-GSTET (sa-bha-traya-dyujiod),

44 The use of the term ‘inverse declination’ astronomers, e.g., Zij-i Ilkhanit of al-Ttsl
(al-mayl al-ma‘kiis) to indicate the [first] de- (Hamadani-Zadeh 1987:188) or Taj al-Azydj
clination of the ecliptic longitude of a celes- of Muhy1 1-Din al-Maghribi (Dorce 2002-
tial object increased by ninety first appears 3:196).

in the works of thirteenth-century Maragha
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o distance of a celestial object from the ‘circle passing through the four
poles” ass;l SUadl o)le &puls 31 S dn (bud-i kawkab az «dayiri-
yi marri bi aqtab i arbati») as congruent complementary arc HEL-FIlE
(sadrs-koti),

o firstarc 3l w8 (gaws-i avval) as maximum latitude -8 (para-isu),
or

e second arcpys w8 (qaws-i duvum) as maximum true declination 9-
TRES-AYH (para-sphuta-apama).

3. Hybrid translations ~Certain Sanskrit words appear to be a mix of literal and

figurative translations, e.g., the ‘argument of the distance’, understood as
the arc of the great circle passing through the two ecliptic poles and a ce-
lestial object, and lying between a celestial object and the celestial equator,
is called Jd~ &a> (hissi-yi bu‘d) ‘share of the distance’ in Persian. Nitya-
nanda translates this Persian expression as ®H&-SIH-31 (sphuta-apama-
amsa) ‘share of true declination’ in passage [1], but then goes on to trans-
late it as THE-IUH-ITE, (sphuta-apama-anka) ‘curve of the true declination’
in subsequent passages [2—4].#> The change from the semantic equival-
ent (amsa ‘share’) to the pragmatic (anka ‘curve’) can either be a simple
(and serendipitous) artefact of the single manuscript witness, or it may be
a more volitional change meant to emphasise the didactic meaning in using
the word.

. Original expressions As noted earlier, Nityananda composes four pas-

sages [x—0] in his Sanskrit text to explain the terms involved in the third
computational method. These terms are not directly expressed in the Per-
sian text, and hence, Nityananda’s expressions are original in their lan-
guage and their substance. For example, passage [«] defines the circle
congruent to the ecliptic W¥sh-GeR-I (bhacakra-sadrsa-vrtta), a great circle
passing through the two equinoctial points and a celestial object, and re-
sembling the ecliptic. For planetary objects, this is the orbit of the planet
with the longitude of its node being zero; or as Nityananda later indicates
in passage [y], when the conjunction of the equinoctial point and the node
of the orbit of a celestial object FIYa-qTa-G (visuva-pata-yuga) is being as-
sumed.

. Synonymy and ambiguity Inrendering Mulla Farid’s Persian sentences into

Sanskrit, Nityananda employs a variety of Sanskrit synonyms (or near-
synonyms) to translate Persian technical terms. For example, a celestial

45 Typically, the word 37§ (arika) refers to
a ‘digit/number’, or more literally, a ‘mark/
sign’. Nityananda uses the word to signify a

geometrical ‘arc’ or ‘curve’ of a great circle.

There are several geometrical explanations

in the Siddhantasindhu as well as the Sarva-
siddhantardja that validate the interpretation
of the word anka as ‘arc/curve’ (e.g., see
Misra 2016: 279).
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object is called S’sS (kawkab) in Persian, whereas Nityananda variously
uses the words &1 (khaga), T& (graha), =R (dyucara), A& (naksatra), AT
(nabhoga), and A (bha) to describe such an object. The abundance of Sans-
krit synonyms allows him to choose words that suits the metre of his verse;
however, the metrical constraints also makes his translations a little vague
in some instances. For example, the Persian text in passage [1] refers to the
s Lo g (jahat-i hissi-yi bu‘d) ‘direction of the share of the distance’ as
being in the § yoxes gz (jahat-i majmii®) ‘direction of the sum’ or the <=
S22 (jahat-i fadla) ‘direction of the difference/residue’; in other words, de-
pendant on the directions of the two quantities that make up the ‘share of
the distance’. In his Sanskrit translation in passage [1], Nityananda simply
states that the ‘share of the true declination’ is in its ¥-I&I (sva-dis) ‘own
direction’.

. Lowering a sexagesimal number Of particular note is an Islamicate arith-
metic operation that, to my knowledge, does appear in any Sanskrit astro-
nomical or mathematical text till the Siddhantasindhu.

Islamicate texts often include the operation lk>w munhatt ‘lowering’ a
sexagesimal number before multiplying (low-multiplication) or before di-
viding (low-division). In effect, shifting the fractional point leftwards to
lower the value of the sexagesimal number before operating on it; or in other
words, dividing a number by the Radius (sinus totus) of 60.4° Nityananda
uses the verb /STa8-F (y/adhari-kr) ‘to make [something] low” or ‘lower’ to
indicate a division by 60.47 His translation of the term is more literal com-
pared to later authors like Nayanasukhopadhyaya who, in his Sarahatajkira
Virajandi (1729), translates munhatt from Nizam al-Din al-Birjand1’s Sharh
al-Tadhkira (1507) as sastyapta/sastibhakta ‘divided by sixty” (Kusuba and
Pingree 2001: 265).

2.4 GRAMMATICAL NOTES ON TRANSLATION

IN TRANSLATING THE PERSIAN TEXT from Mulla Farid’s Zij-i Shah Jahani Dis-
course II.6 and Nityananda’s Siddhantasindhu Part 11.6 into English, I have in-
terpreted the verbs (and verbal derivatives) based on their implied modality in

46 For instance, al-Kashi uses the word
munhatt ‘to depress’ a sexagesimal number,
i.e., divide it by the Radius of 60, in relation
to his Sine computations in his Zij al-Khagani
(c.1413/1414) (Hamadani-Zadeh 1980: 40).

47 MS Benares (1963) 37079 of the Sarva-
siddhantaraja from the Sarasvati Bhavana
Granthalaya (Varanasi) parses the word

R adhara in relation to the divisor (in the
last pada of verse 6) as STIR-HEIE-Hh-HITH-
W -3t 394 | (£, 631 11)
‘adhara is the sixtieth part [lit. with sixty di-
vided] of the divisor of the division; here
it is referred to as the adhara-division by
name.’
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the sentence. Hence, a particular form of a verb (e.g., an optative active in Sans-
krit) is sometimes translated differently in different sentences. I list below some
of the main aspects of my translations.

Persian to English

1. The Persian subjunctive mood expresses a variety of meanings based on
the context of the sentence. Mulla Farid’s Persian text of the sixth chapter
uses the present subjunctive form of verbs quite commonly. Translating
these verbs using English indicative forms does not fully capture the sub-
junctive mood of the original sentences. Hence, I translate the Persian
subjunctive verbs in my English translations with the modal verb ‘should’,
e.g., Jib (bashad) PRES-SBJV-SING-3™ ‘[he/she/it] should be’ instead of
‘[he/she/it] is’ or ‘[he/she/it] is to be’. This helps distinguish between the
Persian indicatives (realis) and subjunctives (irrealis) in the passages, par-
ticularly, in the case of conditional clauses.

2. Animpersonal passive sentence may be constructed in Persian with a third-
person plural conjugation of the verb and a dismissive (or vague) subject.
For example, the Persian text in passage [4] uses the verbs 1,5 (dar arand)
PRES-IND-PL-3™ ‘[they] extract’, along with a direct object (identified by
the |, (r@) marker) and no specific subject. The only indication of the sub-
ject is found in the enclitic conjugation of the verb. A syntax-preserving
translation of this sentence reads ‘they extract [the object]’; however, it can
also be understood as the impersonal passive sentence ‘[the object] is ex-
tracted’. As grammatical opinions on passive constructions in Persian vary
(e.g., see Nemati 2013:261—264), I choose to retain the syntax-preserving
form in my English translation in passage [4].

Sanskrit to English

1. The subjunctive mood is obsolete in classical Sanskrit and is replaced by
the use of the optative. Like the subjunctive, the optative mood also indic-
ates various meanings depending on the context of the verb. Nityananda’s
Sanskrit passages from the sixth chapter use several verbs in their optat-
ive active form. I translate these forms according to their syntactic loca-
tion (i.e., whether they occur in principal realis sentences or subordinating
irrealis clauses) and their modal intention. For example, as I previously
alluded in remarks 1a and 1b in § 2.3.2, the verb ¥ad. (bhavet) OPT-ACT-
SING-3'! implies both ‘[he/she/it] should be’ (in conditional clauses) and
‘[he/she/it] will be” (in potential statements) depending on the context.
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2. More generally, I use the the English modal verb “should’ to translate most
Sanskrit optative forms to distinguish them from the indicative forms in
English e.g., ®Td_ (syat) OPT—ACT-SING-3rcl ‘[ he/she/it] should be/exist’
instead of ‘[he/she/it] is/exists’. In such translations, the English modal
verb ‘should’ is more epistemic than deontic in conveying the irrealis mood
(in other words, should conveys the sentiment of possibility or inference and
not a directive or exhortation). Also, the use ‘should” to mark the Persian
subjunctive and the Sanskrit optative in the English translations reveal a
syntactic similarity in the Persian and Sanskrit passages of the sixth chapter.

A complete list of the Persian verbs in the Zij-i Shah Jahant Discourse I1.6 and
the Sanskrit verbs (and verbal derivatives) in Siddhantasindhu Part I1.6 can be
found in Appendices B.1 and B.2 respectively.
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3 EDITORIAL NOTES

piscuss BELOW the orthographic standards and transcription/transliteration
I schemes I have adopted in editing the Persian text (from Sj, & Sjg) and the
Sanskrit text (from Kh) in §§ 3.1-3.3. A description of the typographic conven-
tions in §§ 4, 5, and 6 of this study follows that in § 3.4. Therein, I explain with
examples the various symbols and abbreviations used in the critical footnotes of
these sections. Lastly, § 3.5 describes the format of the Glossary (on page 115)
and the Appendix B (on page 111).

3.1 REMARKS ON PERSIAN ORTHOGRAPHY

The Persian text presented in this study follows the orthography of Classical Per-
sian in which the manuscripts were written. It does, however, use modern punc-
tuation marks for added clarity.

Arabic loanwords are transcribed with their original spelling when they are
attested as such, e.g., the Arabic letter . (ya°) is retained in the spelling of the
word oG (thani) following Sj (f. 21b: 51) In other instances, Persian spellings
are used, e.g., 4>, (daraji) instead of the Arabic i>,> with the Arabic letter & (7%
marbiitah). Persian words are presented in their unligated forms: e.g., | 51 on
f.21b: 23 Sj , is transcribed as |, of.

A few minor orthographic irregularities are seen in the Persian text of 5j, and
Sjg. I note these below and emend them silently. However, when the reading of
the text is affected by a grammatical ambiguity, I discuss my interpretation in
corresponding footnotes. Scribal alterations, cancellations, copying errors, and
marginalia are also noted in the footnotes.

1. Vocalisation marks are often omitted, in particular, on the syllable-initial
i (alif madda). For example, ol (an) is simply written as 0 on f. 22a: 2 §j
and f. 16b: 1 Sj.

2. Arabic loan words are generally written without any diacritics. For ex-
ample, the words Jdas (mu‘addil) (on f. 21b: 21 Sj,) and J3! (avwval) (on
f. 14a: 1 Sjg) are written without the over-letter diacritic (shadda/tashdid).
Sja sometimes uses supplementary diacritics (tashkil) to differentiate ho-
mographic words, e.g., on f. 22a: 8, the word ,s3, understood as ‘dis-
tant/remote’, is explicitly written as , ;é (ditr, eA /du:ic/) with the over-
letter diacritic 0 (damma/pish) to differentiate it from ;33 (dawr, pa /dawr/)
‘cycle/revolution’.

3. Sja also has occasional diacritic points that are misplaced, for instance, the
word <> (jahat) is spelt as «—=- on f. 21b: 23. The overdot over the word-
initial letter = (jim) is meaningless.
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Sjp sometimes lacks diacritic points to indicate the phonetic distinction of
consonants (i%am). For example, the word-initial letter = (be) in » (bar)
appears without the underdot (on f. 16a: 30 Sjp).

3.2 REMARKS ON SANSKRIT ORTHOGRAPHY

The Sanskrit text of Kh is fairly regular with occasional orthographic irregularit-
ies. Most of these are common scribal oversights seen in Nagari palaeography,
and hence, I emend these silently. They include

1.

using the over-letter diacritic ©* (anusvira) for all conjoined nasal conson-
ants;

omitting the diacritical marks <:: (visarga) for the terminal aspirate, <
(virama) for inherent-vowel suppression, and S (avagraha) for prodelision
ofa/a;

using/omitting punctuation marks like the | (double-danda) irregularly;

. using irregular (vernacular?) Nagari letters (e.g., & for ¥) for Sanskrit, and

retaining ill-formed vocalic signs (e.g., IsT);

. using doubled consonant irregularly, e.g., ¥ in T (after a vowel-

suppressed r-consonant) or across line (pada) breaks in a stanza;
reversing conjunct-consonant pairs (e.g., ¥ for 3 or =& for &); and

confusing consonants like ¥ and 9, 9 and ¥, # and §, ¥ and @, etc., and
certain ligatures like € for 8, ™ for <, etc.

However, I discuss in footnotes the structure of those orthographic irregu-
larities (mainly, morphosyntactic errors) that affect the reading of the text even
as I emend the words accordingly. Other scribal errors like haplography (inad-
vertent omission) and dittography (inadvertent repetition) are also described in
footnotes.

3.3 TRANSCRIPTION AND TRANSLITERATION SCHEMES

I adopt the following transcription/transliteration schemes to render Arabic, Per-
sian, Sanskrit, and Hindi characters into the Roman (Latin) script.

e Arabic and Persian texts are transcribed with the EI3 standard of phonetic

transcription in Brill’s Encyclopedia of Islam, third edition (Fleet et al. 2007—
20).

e Sanskrit and Hindi texts are transliterated following the International Al-

phabet of Sanskrit Transliteration (IAST) scheme. For vernacular Hindi
words, as well as Devanagari-spellings of transliterated Persian words, I
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use the International Organisation for Standardisation (ISO) 15919 exten-
sion to transliterate certain characters, e.g., €l is rendered as 1, @l as khari,
etc. Commonly attested words of Indian origin (e.g., Hindu, Brahmin,
Mughal, Varanasi, etc.) are presented without diacritics.

3.4 TYPOGRAPHIC CONVENTIONS

3.4.1 Chapter-titlesin § 4

. Layout The chapter-titles from Discourse II (magala-i duvum) of the Zij-i

Shah Jahani and Part II (dvitiya-kanda) of the Siddhantasindhu are placed in
parallel columns in § 4. The Persian title-text (to the left) and the Sans-
krit title-text (to the right) can be identified by their corresponding chapter
numbers in the left and right margins respectively, e.g., ‘Disc II.2" (in the
left margin; ‘Discourse’ abbreviated to ‘Disc.”) and ‘Part II.2” (in the right
margin) corresponding to the second chapter at the top of page 74. Iin-
clude the folia and line numbers of the manuscripts at the end of the text
in parentheses.

. Format of the translations My English translations of the chapter-titles are

placed right below the corresponding Persian and Sanskrit text, parallel
to each other. The technical terms in the translations are typeset in bold,
and are accompanied by a Roman transcription/transliteration (in paren-
theses) of corresponding Persian and Sanskrit expressions. I indicate any
additional words/expressions supplied for grammatical clarity by enclos-
ing them in square brackets ‘[ ]” in my translations.

3.4.2 Chapter VIin§§5& 6

. Layout The Persian and Sanskrit text of the sixth chapter from Discourse II

of the Zij-i Shah Jahani and from Part II of the Siddhantasindhu are presented
in § 5 and § 6 respectively. In both these sections, I place corresponding
passages from the original text and their English translations on successive
pages; see § 2.3.1 for my division of the text into comparable passages.

. Ordering of the passages The passage-markers are enclosed in square brack-

ets, e.g., ‘[2]" or ‘[«]’, and placed at the beginning of the passages. They
appear in the right margin for the Persian text, and in the left margin for
the Sanskrit text and English translations.

. Roman transcription/transliteration The technical expressions in the Eng-

lish translations are typeset in bold, and are accompanied by a Roman tran-
scription/transliteration (in parentheses) of corresponding Persian and
Sanskrit expressions. The Roman transcriptions of Persian compound
verbs that indicate arithmetic operations are indicated in their infinitive
form and are prefixed with an asterisk. For example, sum (*jam*® kardan)
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‘to sum’ in passage [1] on page 86. See footnote 3 in the Appendix B (on
page 111).

. Verse numbering in § 6 The numbering of the metrical Sanskrit verses is
different from the ordering of the passages. I follow the Sanskrit text in
placing the verse numbers at the end of the stanzas in my translations. For
instance, the verse-number ‘Il ¢ 1" at the end of a stanza in passage [« ]
(on page 93) also appears as ‘1" at the end of my English translation (on
page 94).

. Poetic meters in § 6 The Sanskrit names of the poetic meters are indicated
(in Roman transliteration) in the right margin alongside the Sanskrit verses,
e.g., verse number ‘Il R I’ (in passage [2]) is in the pramaniki-meter indic-
ated in the right margin margin (in-line with the verse) on page 91.

. Folio breaks

e For the Persian text in § 5, [ indicate a folio break with ‘1" (in-line with
the text) and state the manuscript reference in the left margin. For
instance, passage [2] on page 85 has “...4x7] —.>...” on its second line
and corresponding to it, ‘f. 22a: 1 5j, 1’ is written in the left margin.
This indicates the words “...d=" begin on line 1 of f. 22ain Sj 4.

e For the Sanskrit text in § 6, folio breaks are shown with ‘[" (in-line
with the text) and manuscript references are in the right margin. For
instance, the first line of passage [B] on page 95 has *...fF=R[31 aq.../,
and correspondingly, ‘[ f. 20v: 1 Kh' is in the right margin. This im-
plies the words ‘31 ¥9..." begin on line 1 of f.20v in Kh.

3.4.3 Critical footnotes in §§ 4, 5, & 6

. Footnotes in § 4 are numbered 1, 2, 3 etc., whereas, those in §§ 5 & 6 are
numbered [i], [ii], [iii] etc. The numbers are reset at the beginning of each
section.

. I use repeated footnote marks for longer footnotes in the Persian text (in
§5), e.g., footnote ‘[ vi|—[vi]|” on page 87 where ‘[vi]-" and ‘—[vi] enclose
the commented text in passage [9].

. An edited reading is separated from a variant (attested) reading by a right

square bracket ] like, for instance, AT HATRRE ] AW =R Kh (foot-
note 6 on page 80) or ;> L ])s L Sjp (footnote [iii| on page 87).

. Iuse abbreviated forms of grammatical terms in the critical footnotes. For
example, the MOD (modifier) 99H in the nominal compound TIHTAN is
indicated as 9¥H ;op in footnote 1 on page 73. An expanded list of all
grammatical abbreviations used in this study can be found on page 114.
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5. The truncation (of letters) in long Sanskrit words is indicated by the Nagari
abbreviation symbol ‘e’ (laghava-cihna), comparable in its use to an ellipsis.
For example, TTfTde for IMUTAAHATY or oHIRIEA for TLITIHIRIRA.

6. I emphasise the letters in Persian and Sanskrit words by underlying them,
e.g., <wwd or I9d. The emphasis is used in the critical footnotes to signify
an orthographic feature or a scribal error that is overt.

3.5 FORMAT OF APPENDIX B AND THE GLOSSARY

All Persian and Sanskrit words in Appendix B and the glossary are written
with Perso-Arabic and Nagari letters respectively, and are accompanied by cor-
responding Roman transcriptions/transliterations enclosed in parentheses. The
grammatical terms are abbreviated in Appendix B and the glossary; their expan-
ded forms are listed on page 114.

Appendix
Appendix B includes a list of the Persian and Sanskrit verbs seen in the Zij-i Shah
Jahant Discourse 11.6 and the Siddhantasindhu Part I1.6 respectively.

e The Persian verbs are listed on page 111 in their infinitive form along with
their corresponding present stems. I group together the attested (inflected)
forms of these verbs and provide passage-markers (in square brackets at the
end) to locate them in the text in § 5. For example,

LU (bashad) PRES-SBJV-SING-3™ ‘[ he/she/it] should be’ [1,
3-8, 10, 11].
o The Sanskrit verbs are indicated in their root-form beginning on page 112.
The verbal roots (of different verb-class numbers) are grouped together
based on their common meaning. The attested (inflected forms) are listed

under their respective verbal root, and are accompanied by passage-markers
(in square brackets at the end) to locate them in the text in § 6. For example,

©0d (syat) OPT-ACT-SING-3" ‘[he/she/it] should be/exist’
[3-7].

Glossary
Persian and Sanskrit technical expressions are listed in the glossary (beginning
on page 114). They are derived from 8§ 4, 5, and 6 where they appear as high-
lighted entries in corresponding English translations.

e Equivalent Persian and Sanskrit terms are grouped together under their
common technical translation in English, separated from each other by a
semicolon. Synonyms are separated by commas. For example,
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latitude 2,¢ (%ard) [5, 6, 10]; A (dara) [6], SO (bana) [10].

At the end of each entry, I provide the chapter-numbers and/or the passage-
markers in square brackets to identify its location in the text. The identifiers
refer to apposite passages or chapter-titles corresponding to the language
of the entry. For instance, in the example above, 2, (%rd) appears in
passage [6] of § 5 (page 88); whereas, R ($ara) can be found in passage [6]
of § 6 (page 94).

References to multiple chapter-numbers are separated by commas
(without repeating ‘II"). For example,

ascendant dU’ (tali€), pl. d\}la (tawali®) 11.11, 21, 22; B9 (lagna)
II.21

indicates that &I b (tawali®) appears in the chapter-titles of the Persian
chapters II.11, I1.21, and I1.22 in § 4.

Successive chapter-numbers or passage-markers are sometimes shown as
a range to save space, e.g.,

definition S&UT (laksana) 11.2, 8-13, 17—-19, 22.

Mutually related technical translations in English are grouped together
based on their linguistic or mathematical similarity. For instance, the head-
ing distance from the celestial equator or true declination— (on page 119)

includes the expressions < distance, < distance of a celestial object from
the celestial equator, and < true declination.

The glossary entries are arranged following the English alphabetical order.
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4 CHAPTER-TITLES FROM THE ZIJ-I1 SHAH JAHANI
DISCOURSE II AND THE SIDDHANTASINDHU PART II:
TEXT AND TRANSLATION

r)) 4.“.3.0
Q&T‘j (‘.JJJA dU:j aLS)\ C;.éj’u P

.g.JL.’jbj Cony JAI«LA Syls Q‘J.a L}LC:
(f. 14a: 1 Sjp)

Second Discourse

On the knowledge (ma‘rifat) of [find-
ing] the times (avgat) and the ascend-
ant at each time (tali¢ har vaqt), and
whatever belongs to it [i.e., all things
related to this topic], including twenty-
two chapters.

e aREagad |l
AfEa™ e sa=aTg sT&Tul 7 8: |
Y o =~
o . a_
= 1 (f. 171: 1-3 Kh)

[ N\
= o

AGIERT=AY

Obeisance to Brahman (brahman) who
is the embodiment of eternal bliss
(nitya-ananda-svariipa), who is the form
of both existence and thought (sat-cit-
dvaya-miirti), who is [the One ] without
a second (advitiya), who is omni-
present (vibhii), [and] who is infinite
(ananta).

Now, in the second part, [finding] the
desired time (abhimata-samaya) and the
ascendant at that time (tatkalika-lagna),
as well as [things] using that, are un-
derstood with twenty-two chapters.
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I b

Jol 5 S p e S Ol o
Gels o Oder 5 Cad 2 5 O
Hr b cwnd L oo Jols T
5 Sl O Sl cl a3 elis )
Fo ;;"j:’ 9 &b J:.a z» sl z»
(f. 14a: 3-1Sjg) -0

First Chapter

On the expression of the knowledge
(ma‘rifat) of each genus (jins) [of di-
gits] from the result of multiplication
(hasil-i darb), and the quotient of divi-
sion (kharij-i gismat), and the square
root (jadr). In other words, to know
what is the position (martaba) of [the
digits in] the result of multiplication
(hasil-i darb), or the quotient of divi-
sion (kharij-i gismat), or the square root
(jadr), from the positions (maratib) of
elevated [ranks| (marfiiat) [sc. integer
number of revolutions ], and the degree
(daraj), and the fractional parts of a de-
gree (ajza®-idaraj) like minutes (daqa’iq)
and seconds (thawani) and so on.

1 U™ ] 9o Kh. A regular sandhi

of the words I&H ;) + ST | oG gen-
erates the compound FSHTE™. The omis-
sion of the long vowel (a-diacritic in AT looks
like a scribal oversight.

2 TI'I%'I?IO] mufide Kh. There are no mor-

phological divisions of 7T that are syn-

GEREL RIS DR
wiefa FEd | aF e g9

4 - . . ‘\: H’a‘l’
FeHd I (f. 17r: 3-5 Kh)

There, in the first chapter, with [di-
gits in] the positions (sthana) of revolu-
tion (parivarta) etc. or with [digits in]
the positions (sthana) of minute (kala)
etc. in the result of multiplication and
division (gunana-bhajana-phala), and
the square root (miila), what [digits]
should belong to a particular genus
(jatiya): this is understood. Therein,
for the purpose of facilitating ease
in computations (ganita-saukarya-artha)
with the method famous amongst the
foreigner (yavana-prasiddha), the name
of the positions (sthana) of digits (arnka)
is considered with Sanskrit words.

tactically admissible in the larger compound
Tmofiaei®aTY, whereas the word ITUT is both
grammatically well-formed and contextu-
ally apposite. I suspect the use of the
long vowel (the 7-diacritic in ufi) is either
a scribal hypercorrection or an inadvertent
misspelling.
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e3> b
el e L S fes o
(f. 14b 6 Sjp)
Second chapter

On the method of interpolation (‘amal-i
tadil) between two lines (ma bayn
al-satrayn) [of a table].

oo 2L
(f.152: 8 Sjp) o 5 o Sdme 3

Third chapter
On the knowledge (ma‘rifat) of the Sine
(jayb) and the Sagitta (sahm) [i.e., the
Versed Sine].

g’)LP: <t
(f.15b:1Sjp) - Jb <dme 53
Fourth chapter

On the knowledge (ma‘rifat) of the
shadow (zill) [of a gnomon].

PERSIAN ASTRONOMY IN SANSKRIT

Y e fEF e wSara=d. |
T S FORWH N = FEem:
RS TAqUREd || dgetot

= 1 (f. 18r: 2—4 Kh)

Now, in the second chapter, the demon-
stration (sadhana) of the result (phala)
derived from the difference between
two cells (dvi-kostha-antara). The basis
of this is the rule of three (trai-
rasika). Here, the foreigner (yavana)
take into account four correlated num-
bers (paraspara-sambandhi-rasi). And
their definitions (laksana) [are first
stated ].

T JAATA SRR, ||
(f. 18r: 23—24 Kh)

Now, in the third chapter, the knowl-
edge (jiiana) of the Sine (jya) and the
Versed Sine ($ara).

1 T BT |
(f. 191: 13 Kh)

Now, in the fourth chapter, the knowl-
edge (jiana) of the shadow (chaya) [of
a gnomon|.
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pry 2L
Jans 51 gl S ezl o b pne )
(f.16a: 4 Sjp) -,

Fifth chapter

On the knowledge (ma‘rifat) of the de-
clination of parts of the ecliptic (mayl-i
ajza®i falak al-buriij) from the celestial
equator (mu‘addil al-nahar).

-t b
Sledl Jame 3 CS1S dm b yme s
(f. 16a: 26-25 Sjp)

On the knowledge (ma‘rifat) of the dis-
tance of a celestial object from the celes-
tial equator (bu‘d-i kawakib az mu‘addil
al-nahar).

san ol
(f. 16b: 11-10 Sjp)
Seventh chapter

On the knowledge (ma‘rifat) of the
maximum elevation and depression of
a celestial object (ghayat-i irtifa® va
inkhifad-i kawakib).

75

3T GFHTATY THTfedTH, | I dTdchlied-
gATGEs=Ad 1| (f. 19v: 18-19 Kh)

Now, in the fifth chapter, the knowl-
edge (jiiana) of the declination (kranti).
There, firstly, a [technical] term begin-
ning with circle of declination (kranti-
stitra) is stated.

Y Wm [
(f. 20r: 16 Kh)

Sixth chapter

Now, the knowledge (jiiana) of the true
declination (spasta-kranti) in the sixth
chapter.

31 THATAN™ Te . GCHISIIRIT : €
QUHETET = FE N (. 20v: 12-13 Kh)

Now, in the seventh chapter, the knowl-
edge (jiiana) of the degrees of the max-
imum elevation (parama-unnata-amsa)
and the degrees of the maximum de-
pression (adhahstha-parama-bhaga) of a
celestial object (graha).
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i b

Slas 15T 5 lpad T dlas Cdpms

(f.16b: 17 Sjp) A8 35 ks S
Eighth chapter

On the knowledge (ma‘rifat) of ascen-
sions [of the ecliptic] at the line of the
terrestrial equator (matali®khatt-i istiva)
[i.e., the right ascensions of the zodi-
acal signs]. And that is also called the
ascensions [of the ecliptic] in the right
sphere (matali€ falak-i mustaqim).

5 ol

5o el s Ll fd S a0
Sl el sl 5 L s
(f. 16b: 25 Sjp)

Ninth chapter

On the knowledge (ma‘rifat) of the
equation of daylight (ta’dil al-nahar);
and the arc of daylight (gaws al-nahar)
and the arc of night (gaws al-layl); and
the hours of daylight (sa%t al-nahar)
and hours of night (sa‘t al-layl).

o b

(f 17a26S]B) J.LJ dLE.A CJJ*.A Br

Tenth chapter

On the knowledge (ma‘rifat) of the as-
censions [of the ecliptic] of a locality
(matali®i balad) [i.e., the oblique ascen-
sions of the zodiacal signs].

PERSIAN ASTRONOMY IN SANSKRIT

Y STTHATAE HAAREEH, | a9l SgI-

TARETTAA || TGUTHE
(f. 20v: 2425 Kh)

Now, in the eighth chapter, the knowl-
edge (jiana) of the rising [of the zodi-
acal signs] at the terrestrial equator in
degrees (vyaksa-udaya-amsa) [i.e., the
right ascensions of the degrees of the
ecliptic]. All of them are also called the
rising [of the zodiacal signs] at Lanka
in degrees (lanika-udaya-amsa) by name.
Their definitions (laksana) state [as fol-
lows].

Y ATHTANE TAUEEEE fGaatE-
Tl 9 F9H | a9 arEast e
(f. 21r: 5-6 Kh)

Now, in the ninth chapter, the knowl-
edge (jiiana) of the ascensional dif-
ference (cara) of the oblique diurnal
circle (dina-ratri-vama[-vrtta]) and of
the hours of day and night (dina-ratri-
hora) etc. There, firstly, the definitions
(laksana) of those [are stated .

Y FETAR Alied=g=E, | Jgeot
= (f. 21v: 23 Kh)

Now, in the tenth chapter, the knowl-
edge (jiiana) of the rising [of the zo-
diacal signs| in one’s own location
in degrees (nija-udaya-amsa) [i.e., the
oblique ascensions of the degrees of
the ecliptic]. And their definitions
(laksana) [are first stated ].
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Disc. 550 ol FSREETEE @iegRnEl f9dg Part
225k Sl
L1t digh coome o Wlas oSo fos > HEHESMHRAT freatmaeE ) L

(f.17b: 5 Sjp) . Jor 38Ua.a 51 fISEERISHUE 1 (f. 221 9-11 Kh)

Eleventh chapter Now, in the eleventh chapter, the
On the inverse method (‘amal-i %ks) knowledge (jiiana) of the [ecliptic]|
[of] ascensions (matali®); in other degrees of the ascendants (vilagna-
words, the knowledge of the [ecliptic amsdaka) from the rising [of the zodi-
degrees of the] ascendants (tawali®) acal signs]|in one’s own location in de-
from the [local] ascensions (matali®) grees (sva-udaya-amsa) [i.e., from the
[i.e., from the oblique ascensions of the oblique ascensions of the ascendants]
ascendants | by direct calculation. without [using] the tables (kosthaka)

[and] by using the inverse procedure

(viloma-kriya). The definition (laksana)

of the inverse procedure (viloma-kriya)

[is first stated].
3 The words dU:.a J) are a marginal ad- terminal number-like mark ¥ which, accord-
dition. They appears in the exterior (left) ing to Gacek (2009:117), is an abbreviation
margin of f. 17a Sjp alongside line 5 of the for A5 el3 tamam shud ‘ended/finished” of-
text. The main text has an interlinear in- ten seen in manuscripts of Indian/Iranian
sertion mark Vv’ at the end of the preced- origins.

ing | sb. The marginal text ends with a
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(,.M)’b: <L
L.'S;;.Q-A 3};):‘3:.“ 8\.)2.0 C,stu DL
(f. 17b: 30-29 Sjp)

Twelfth chapter

On the knowledge (ma‘rifat) of the as-
censions of [the degrees] of [meridian ]
transit (matali®-i mamarr) [i.e., the right
ascension of the zodiacal sign culminat-
ing with a celestial object] and the [ec-
liptic] degree of the [meridian| transit
[at the time of rising] of a celestial ob-
ject (daraji-yi mamarr-i kawkab) [i.e., the
ecliptic longitude of the zodiacal sign
culminating with a celestial object].

PERSIAN ASTRONOMY IN SANSKRIT

Y FEITHA™ AR W Sd Part
iegouaAaeaznicasam - 112

Fﬂa
. || T, (f. 22v: 15-17 Kh)

Now, in the twelfth chapter, when a
celestial object (naksatra) rises (udaya)
at Lanka (the terrestrial equator), the
knowledge (jiiana) of the degrees of
equatorial ascension of the [meridian|
ecliptic point at the [time of ] rising of a
celestial object (bha-udaya-lagna-vyaksa-
udaya-amsa) [i.e., the right ascension
of the zodiacal sign culminating with
the celestial object] and the degrees
of the [meridian] ecliptic point at the
[time of] rising of a celestial object (bha-
udaya-lagna-amsa) [i.e., the ecliptic lon-
gitude of the zodiacal sign culminating
with the celestial object]. Their defini-
tions (laksana) [are first stated].
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(B 2L
J‘; U}J“} d& de.a DL
(f. 18a: 12—11 Sjp)

Thirteenth chapter

On the [right] ascensions (matali®) of
the rising (tali¢) and setting (ghuriib) of
celestial objects (kawakib).

el <L
A L ) ) e Sdme
(f. 18a: 20 Sjp)

Fourteenth chapter

On the knowledge (ma‘rifat) of the azi-
muth (samt) from the elevation (%irti-
fa©) or the depression (inkhifad) [of a ce-
lestial object].

4 ‘1{:!'?\5'5[\33 ] @Wﬁ Kh. The compound
CETCI\'ZI'H??I in Kh can be segmented as E[Q’MOD
+ 3 0p + T g, however, this read-
ing is neither syntactically nor contextually
coherent with the rest of the sentence. The
omission of over-letter r-diacritic (repha) in
Jand confusing the glyph 3 for the ligature
o are fairly common scribal mistakes.

5 sviftadrerEmRizRa: | svftadmecamar-
g Kh. A regular sandhi of the words
sfiftad,, o, + Seduop + ®yop A+

79

Y AAEMATE ALTHEGTTH ST

9 feelicaiRma=, | Jgeut qanams 4
gieFd | (f. 23r: 67 Kh)

Now, in the thirteenth chapter, at the
time of rising (udaya-samaya) and time
of setting (asta-samaya) of a celestial ob-
ject (naksatra), the knowledge (jfiana)
of the rising [of the zodiacal signs]
in one’s own location in degrees (nija-
udaya-amsaka) [i.e., the oblique ascen-
sions of the degrees of the ecliptic].
The definition (laksana) of that has
already been declared in the first half
[of Part IT].

31?;[ < haS S ﬂr\ > S PN :5
QieTiEE=E. I (f. 23r: 24 Kh)

Now, in the fourteenth chapter, the
knowledge (jiiana) of the degrees of
azimuth in one’s own location (sva-
dis-améa) from the desired degrees of
elevation (abhipsita-unnata-amsa) and
the degrees of depression (adharid-amsa)
[of a celestial object].

SRy op  + SRR .5 generates
the contextually apposite compound
sytftadrsaiEmRizn:. Kh attests TR 0,
‘support/base’ instead of ¥R yop ‘lower’
in the chapter-title, but then uses 3T&y,op
in several other places in this chapter. I
suspect the irregular vowel-marks (the
a-diacritic in d and 4-diacritic in ) in
SHIfAAAGEMIIENA are scribal mistakes
(just like the missing anusvara over U or the
missing visarga in ¥).
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b ot
CLGJ)\ gldjsu 2
(f. 18b: 8-7 Sjp)

Fifteenth chapter

On the knowledge (ma‘rifat) of the el-
evation (irtifi¢) [of a celestial object]
from [its] azimuth (samt).

Rl b
)L@.J‘ &-ﬂ-a.é-’ 32.7- MJM o
(f. 18b: 16—15 Sjp)

Sixteenth chapter

On the knowledge (ma‘rifat) of the line
of midday (khatt nisf al-nahar) [i.e., the
local meridian line].

paar b

A yoe s dsb Chme o
(f. 18b: 29 SjB)

Seventeenth chapter

On the knowledge (ma‘rifat) of the [ter-
restrial | longitude and latitude of a loc-
ality (tul va ‘ard-i balad).

N SN

6amum1awm]ﬂmw1ai@%1<h. The

technical word ¥WHRY@T is grammatically
well-formed and contextually apposite to
the discussions in this chapter. The words

PERSIAN ASTRONOMY IN SANSKRIT

1Y THRTAN feTiRnal syieeaEma-
T || A EIHRIard: |l
(f. 23v: 21—22 Kh)

Now, in the fifteenth chapter, the
knowledge (jiana) of the desired de-
grees of elevation (abhista-unnata-amsa)
and the degrees of depression (adhara-
amsa) [of a celestial object] from the
degrees of azimuth in one’s own loc-
ation (sva-dis-amsa). There, a demon-
stration (upapatti) by method of iden-
tity (ananyatva-prakara) [is stated].

3T SISRTAE IAFTAEETTY || a8 9

A AR 1 (f. 241: 14-15 Kh)

Now, in the sixteenth chapter, the
knowledge (jiiana) of the line of the me-
ridian (yamya-uttara-rekha). It is even
called the line of midday (madhyahna-
rekhi).

Y TEGRMAE  SRMURTREE. |l
qAZEi = 1 (f. 24v: 4 Kh)

Now, in the seventeenth chapter,
the knowledge (jiiana) of degrees of
[terrestrial] longitude and latitude
(desantara-aksa-amsa) [in one’s own loc-
ation]. And their definitions (laksana)
[are first stated ].

A and @@ occurs across a line break
(lines 14 and 15) in Kh. This appears to be
a haplography: the scribe inadvertently left
out the second H while copying.
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5 b
(f. 19a: 2019 SjB)

Eighteenth chapter

On the knowledge (ma‘rifat) of the latit-
ude of the visible climate (‘ard-i iglim-i
ru’yat) [i.e., the zenith distance of the
nonagesimal point].

(22 2L
SS9 Ol A gl o
(f. 19a: 28 SjB)

Nineteenth chapter

On the determination (istikhraj) of the
distance between two celestial objects
(bu‘d-i miyan-i duvum-i kawkab).

p N SN

7 FIRAEETAT | SEFAERAE Kh. The

locative adverbial phrase S CATER o)
in Kh can be segmented as 3™ \ppcr, +
TR yovsie_+ WLOC sing.  How-
ever, the word THIAERT: ‘nineteen’ is a car-
dinal number, and if used as an ordinal ad-
jective, it should be in concord with the sub-

81

SAATTERMAT THITEI (T, || JgeIot
= W (f. 251: 12-13 Kh)

Now, in the eighteenth chapter, the
knowledge (jiana) of zenith distance
of the nonagesimal point (drkksepa)
and the zenith distance of the ecliptic
pole (drggati). And their definitions
(laksana) [are first stated ].

NN e

QW7 |8‘1§‘|>||"(‘|(|Q|°|‘1S1|‘1"L I
dg&uE N (f. 25v: 67 Kh)

Now, in the nineteenth chapter, the
knowledge (jiana) of degrees [of sep-
aration| between two celestial objects
(dvi-naksatra-antara-amsaka). The defin-
ition (laksana) of that [is first stated ].

stantive @M. The meaning of the phrase
‘in the nineteenth chapter’ is preserved in
the compound TRFHETEN as well as the
words WM SHAM™ (with a locative con-
cord). I select the compounded form as it
is consistent with the previous chapter-titles
in Part I
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- b
41:\3 Cow CJJM L
(f. 19b: 22—21 §jB)

Twentieth chapter

On the knowledge (ma‘rifat) of the azi-
muth of gibla (samt-i gibla) and its in-
clination (inhiraf[-i samt-i qibla]).

0N 5 e 2l
(f. 20a:315jB) .¢L&,! ) dl.la Cdxe

Twenty-first chapter
On the knowledge (ma‘rifat) of the as-
cendant (tali®) from the elevation (%rti-

1°).

8 ffed s | frfors™ Kh. The at-
tested form is morphologically defectlve A
regular sandhi of the words f&&fd o +
51521 > P generates H'Q'IFJWFJ a locat-
ive adverbial phrase meaning ‘in twenty
chapters’. T correct this to =T S ‘in
the twentieth chapter’ (using the ordinal
form f=IfcH “twentieth’ instead of the car-
dinal number =TT ‘twenty’) as it is consist-
ent with the next two chapter-titles in Part II.

9 FRN R ]ﬁ?ﬁﬂﬁlc:zﬁ/@e::ﬁl Kh, (conjec-
ture). There are no visible signs of scribal
corrections or lacunae, but the writing (in
red ink) is partially faded making it dif-
ficult to identify the letters with certainty.
Nevertheless, there are no combinations of
these letters that provide a grammatically
valid and contextually apposite reading. I
emend the words to FT2ll HR, lit. the

PERSIAN ASTRONOMY IN SANSKRIT

3:[2] [ NN S X8 =~ o o
fomiat: wmi Sria FEd
(f. 26v: 17-18 Kh)

Now, in the twentieth chapter, [the dir-
ection of | Kasi is understood with de-
gree of azimuth (dis-amsa) [measured ]
from both the northern and southern
directions (saumya-yamya-dis) in one’s
own city.

Y THGRMGH SHE SIS °
SUAH N (f. 271: 2627 Kh)

Now, in the twenty-first chapter, the
knowledge (jiiana) of the ascendant
(lagna) from the desired degrees of el-
evation (abhista-unnata-amsa).

question “Where is Kasi?”, that serves as
the subject of the main sentence. (In other
words: “Where is Kasi?”, this is [understood
with ...]). I suspect the scribe unwittingly
copied the glyph Hi/QW for the ligature &
as they often appear very similar in Nagarl
palaeography.

10 s¥iE@rRRal | sieeERrEl Kh. The
compound S¥EEERFT in Kh can

be segmented as s vMop + S99, +
SRR paT/aBLpL; however, 399 is neither
a valid morphophonemic compound nor
a standard lexical entry. The word 39 is
contextually relevant and also variously
attested in this chapter, e.g., IHISIMEI:
(f. 27r: 27 Kh) or €=aAT (f. 27v: 14 Kh). I
suspect the scribe inattentively copied the
glyph di for @i in the chapter-title.
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Disc. £33 5 Sy <L
II.22 )\ J\; ‘qu}u‘ L: CLAL:)\ g_djsu 2
(f. 20b: 2524 SjB) dLI:

Twenty-second chapter

On the knowledge (ma‘rifat) of the elev-
ation (%rtifa®) or depression (inkhifad)
of celestial objects (kawakib) from the
ascendant (tali®).

11 SR ] @igaamal Kh. A regular
sandhl of the words & y,op + S yop

+ SRR app  generates TEGHARNAT
where the terminal consonant -3 (of 3f2T)

Y gIRIay S TR SEieaiRn
swﬂwmmmmm T @l
WWWII (f. 28r: 16-17 Kh)

Now, in the twenty-second chapter,
the knowledge (jiiana) of the desired
degrees of elevation (abhista-unnata-
amsa) and of the degrees of depression
(adhara-amsaka) from the rising [of the
zodiacal signs] in one’s own location in
degrees (sva-udaya-amsa) of a celestial
object (khaga). The definition (laksana)
of this has already been declared in the
first half [of Part II].

changes to Al (and not -a) before the
dative/ablative case ending -¥:. The
o-diacritic in 20 appears to be a scribal
hypercorrection.
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The Zij-i Shah Jahani: Discourse Il does 3: SfrREEl 2 EQEWT'@T Part II

not have a colophon. F 21r: 21 Sjg ends W gv;m:ng W colophon
with the last line of chapter twenty-two: aE N

.b\ J..AL>- uj,\.b.o B ojc\j.c O

> SfEmESEl ] sfameel Kh. 1 suspect the
scribe unwittingly left out the letter ST while
copying; most other occurrences of Shah
Jahan’s name in the text read ST=TEswEl
(sometimes without the terminal nasal
diacritic candrabindu), e.g., folia 3v: 1, 5r: 15,
or 6v: 22 of Kh. Also, this verse is in the
nineteen-syllabled 3ardiilavikridita meter
which would require a five-syllabled word
like sfamESEfe for metrical completion
(pada-piirti).

13 The appositive nominal compound
fEiawET: is grammatically irregular. The
terminal word ®H9: \opgne IS attested as

f&dit &R 1 (f. 28v: 15-18 Kh)

Nityananda, who crosses over this un-
conquerable ‘Ocean of the Siddhantas
[sc. composes the Siddhantasindhu]
[by] holding onto the command of Sri
Shah Jahan who is the crest jewel of the
ornamental crown of kings, [the man
who is worthy of | the mercy of the best
Brahmanas, the son of Sri Devadatta,
has just finished the second part ac-
companied by many statements and
rationales on the triprasna.'4

the sage Krpacarya (from the Mahabharata)
in Sanskrit lexicons. In this case, however, I
suspect f&ST=®a: is a metrical contraction
(pada -anatireka-karana) that can be parsed
as fesTmmOT FAEE: ‘[the one] worthy of
the mercy (krpa) of the best Brahmanas’
In the colophon of Nityananda’s Sarva-
siddhantardja (1639), we find a related
phrase ‘one who executes the
commands of the Brahmanas’ (i.e., obed-
ient of the authority of Brahmanas) as
an epithet of Nityananda (see Peterson
1892: 228; Dvivedi 1933:102).

14 See § 2.2, remark 4 on page 56.
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5 ZIJ-1SHAH JAHANI DISCOURSE I1.6:
TEXT AND TRANSLATION
f. 21b:20 Sj, ] s 2l
f. 16a: 25 Sjp Sl Jame 1SS s b me o

Y\jﬁfﬁﬁb&?&))))ﬁﬁ\cj\d?)b%éut}f‘sz;;yf [1]
Wktwwm@wjmﬂfwdjpbd\jﬁﬂfayw

=S b he (S s peSe e plS o 5 L dn dax oo o [2]
f.22a:15j, | By ] o el

2l del 5 S e I e plS r s b A e o S [er s [3]

f. 16b: 1 Sjg] )MLMWW] C)bhWij QTA;-): L”5;\.'3 [H]J:.A (:Lo.'}g_,:a-
o 2 b ol s )T IS e pls o sl 5 L A e o 05z 5 (4]

AL e e ) S a3 LSS O 4 B e ples

Al ey ) e e Bl e b oSS S5 [5)

[i] s ] ;;‘; Sja. The overline ‘—«’ or alternatively, the abbreviation —é (fata—)
over the word _¢> s is used to indicate a of the phrase Lebols (fata®’mmalha) ‘reflect on
notable pause in the reading. As Gacek it’.

(2009:173) explains, it is most likely a lo- [ii] Joe ] % J=» Sja, cancellation intra lin-

gograph (word-symbol) of the Arabic word

o S ) , eam.
43 (gif ) ‘stop’ to indicate a pause in reading;
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Sixth chapter
On the knowledge (ma‘rifat) of the distance of celestial objects from the celestial
equator (bu‘d-i kawakib az mu‘addil al-nahar).

[Given] the latitude of a celestial object (“rd-i kawkab) and the second declina-
tion of its degree (mayl-i thani-yi daraji-yi u), if both should be in one direction
(yik jahat), we sum (*jam*® kardan) [them]; otherwise, we should take the differ-
ence (fafadul). And we call that [result] the share of the distance (hissi-yi bu‘d).
And the direction of the share of the distance (jahat-i hissi-yi bu‘d) should be
the direction of the sum (jahat-i majmii€) or the direction of the residue (jahat-i
fadla).

Then, we low-multiply (*munhatt-i darb kardan) the Sine of the share of the
distance (jayb-i hissi-yi bud) in the Cosine of the inverse declination of the
degree of a celestial object (jayb-i tamam-i mayl-i mankiis-i daraji-yi kawkab). The
result (hasil) is the Sine of the distance (jayb-i bu‘d).

In another way, we multiply (*darb kardan) the Sine of the share of the distance
(jayb-i hissi-yi bu“d) in the Cosine of the greatest declination (jayb-i tamam-i mayl-i
kullr) [i.e., in the Cosine of the ecliptic obliquity | and we divide (*gismat kardan)
the result (hasil) over the Cosine of the second declination of the degree (jayb-i
tamam-i mayl-i thani-yi daraji) of that celestial object (kawkab). The quotient of
the division (kharij-i gismat) should be the Sine of the distance (jayb-i bud), and
its direction (jahat) should be the direction of the share of the distance (jahat-i
hissi-yi bu‘d).

And since they extract (*dar ardan) [the product of the multiplication with] the
Sine of the share of the distance (jayb-i hissi-yi bu‘d) from the table of the Cosine
of the greatest declination (jadval-i jayb-i tamam-i mayl-i kullt) [i.e., in the table of
the Cosine of the ecliptic obliquity | and they divide (*gismat kardan) the result
(hasil) over the Cosine of the second declination of the degree (jayb-i tamam-i
mayl-i thani-yi daraji) of that celestial object (kawkab), the quotient of the division
(kharij-i gismat) should be the Sine of the distance (jayb-i bud).

And if a celestial object (kawkab) should have no latitude (%rd), the declination
of its degree (mayl-i daraji-yi u) should be the distance (bud).
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oo ol o 03 L sl ae cer AL e ) sl e Ll 3L ae ST
%)MQ@%ybﬁjjs ol Jsd [iii])b\:’ﬁfgﬂbwg;lf

St )

S Ay aem Al Da> Eb S e sl 4y e ST

S S s e 53 G OB SIS s de o S Y e
J.J:L:_[VJ ax )l uUa_BL’ oyle 3J::\.> 31 ij R N J.»pb— fo ) T

el Qb ole b 5 dn pld o LSS 2 e
b QT 9 Vfﬂi’ w)-; e J)J&- )\ [Vi]_w C)b— @ )_[Vi] m«f Ctonnd L}w

[iii] ,» L ])J sL Sjg, dittography of the
first 5.

[iv] s ] w2 3 Sja, with emphasis.
See footnote [i].
[V]—[v] )l SUasl... s J.Jb]

M
a. B anyl Olasl L . AL Gj,, inserted
in the exterior margin by the same hand.
The penultimate word of passage [8] on
f. 22a: 6 has an insertion mark ‘A\" (signe-

. M
de-renvoi) placed above it, sc. ... kows 4]
—lksl ... The first word of the marginal
text also bears the same mark, supra verbum,

M
SC. ... o~ *5b. The marginal text ends with
‘B’: this could be a calligraphic variant of
the abbreviation _» (hi€) of the Arabic word
5| (Pintihd) meaning ‘it is finished’, see
Gacek (2009:117);

b as)l OUadl . e .ASL omitted Sjg, per
homeoteleuton. The penultimate word 4= !
of passage [8], before the missing text, is
identical to the last word of the missing text

o b 4 )l in passage [9].

Remark: MS Or. 566 of the Zij-i Ulugh
Beg from University Library (Cambridge) is
also missing the same amount of text. The
missing words 4~ | ... 15U span the length of
a line between the end of line 18 (at 4x)!)
and the beginning of line 19 (at wiaz.'w) on
folio 16r of this manuscript.

Vil —[Vi] cwmd b & 5] 2 o s
Caond ) 4 5 oS Cuad Sj, dittography
of the second o C)Lﬁ- 4 . Isuspecta
parableptic error as the word w3 appears

twice on the line in close proximity: ... cwod
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And if the latitude (%rd) [of a celestial object] should exist but its degree
(daraji-yi u) should have no declination (mayl), we low-multiply (*munhatt-i darb
kardan) the Sine of its latitude (jayb-i ‘ard-i u) in the Cosine of the greatest declin-
ation (jayb-i tamam-i mayl-i kullt) [i.e., in the Cosine of the ecliptic obliquity], or
we extract (*dar ardan) [the product of this multiplication] from the preceding
table (jadval) [i.e., in the table of the Cosine of the greatest declination]. The res-
ult (hasil) should be the Sine of the distance (jayb-i bud), and its direction (jahat)
should be the direction of the latitude (jahat-i “ard).

And if the declination of its degree (mayl-i daraji-yi u) should be the total
declination (mayl-i kullr) [i.e., the obliquity of the ecliptic], the share of the
distance (hissat al-bud) itself should be the distance (bu‘d).

And in another way, we low-multiply (*munhatt-i darb kardan) the Sine of the
distance of the degree of a celestial object from the nearest solstice (jayb-i bu‘d-i
daraji-yi kawkab az ingilab-i agrab) in the Cosine of the latitude of the celestial object
(jayb-i tamam-i ‘ard-i kawkab). The result (hasil) should be the Sine of the distance
of the celestial object from the ‘circle passing through the four poles’ [i.e., from
the “solstitial colure’] (jayb-i bud-i kawkab az «dayiri-yi marri bi aqtab-i arba‘i»).

Then, we low-divide (*munhatt-i gismat kardan) the Sine of the latitude of a celes-
tial object (jayb-i ‘ard-i kawkab) over the Cosine of the distance [of the celestial
object] from the ‘circle passing through the four poles’ (jayb-i tamam-i bu‘d[-i
kawkab) az «dayiri-yi marri bi aqtab-i arba»). And for the quotient of the division
(kharij-i gismat), we should take the arc (gaws) from the table of Sine (jadval-i
jayb). And we call it the first arc (gaws-i avval) and its direction (jahat) is the
direction of the latitude of a celestial object (jahat-i “ard-i kawkab).
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S e 5 T3 B AL g K3 0 A OSS a5 o ST
2SS a3 ial b paazes plad sl ol s M, 51 ST LS ke )
5L s B Jols K s a0k Jolis il Cibse cgr s 51
Al ad Cgr b opgene Cgr e

=S o pd lamie anyl QUL 5l 0l 5l dm plS o 3 L pss B o
AL s e g g s ML LSS A o Jo

[vii] & ] ber four sl (arba) respectively.  The
mathematical context of the passage sup-
ports the fractional meaning ‘one-fourth’ or
a ‘quarter’. The reading in Sjy could be a se-
mantic mistake by the scribe in copying Ar-
abic loanwords (mu‘arrab).

a. 6/ 5 Sja, erasure intra lineam;

b. CE"J Sjs. The Arabic words s, (rub®) and
&l (rabi€) are the fractional (‘one-fourth’)
and ordinal (‘fourth’) forms of the num-
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Then, if the latitude (“%rd) and the declination of the degree of a celestial object
(mayl-i daraji-yi kawkab) both should be in one direction (yik jahat), we sum (*jam*
kardan) the first arc (gaws-i avval) and the total declination (mayl-i kulli) [i.e., the
obliquity of the ecliptic]. And if [the sum] exceeds (*ziyadi shudan) one-quarter
(rabi) [i.e., is greater than 9o°], we should take the whole sum (tamam-i majmiic)
up to one-half (nisf) [i.e., up to 180°]. And if they should be in different direc-
tions (jahat-i mukhtalif’), we should take the difference (tafadul) between the two;
the result (hasil) [in both cases] should be [called ] the second arc (gaws-i duvum)
and its direction (jahat) should be the direction of the sum (jahat-i majmii€) or the
direction of the residue (jahat-i fadla).

Then, we low-multiply (*munhatt-i darb kardan) the Sine of the second arc (jayb-i
gaws-i duvum) in the Cosine of the distance [of a celestial object]| from the ‘circle
passing through the four poles” (jayb-i tamam-i bud az «dayiri-yi marri bi aqtab-i
arba‘i»). The result should be the Sine of the distance of the celestial object (jayb-i
bu‘d-i kawkab) and its direction (jahat) should be the direction of the second arc
(jahat-i qaws-i duvum).
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6 SIDDHANTASINDHU PART I1.6: TEXT AND TRANSLATION

[l 27 ST SRl

T AT S+AaaH: i g4-
q(aw;‘a .f\: o . :\ “
SEARRI SR IR DIC I

TReTaHRREA ] FE=ad @ieE Il ¢ |

TR TIHTE AT EHsgSTiaan |l

fe=ad SuNiTal TRETIHEHT Wad, Il R |l

o Nl

H{Hsldnllc | (‘j}d’hlfth;\!"i\lqm I

o o

AR TESATAT TATHEIHSIRT 1 R 1l

fehall qHETea TR S : 1Y) TR g s adl UTahRSHe™

e Rl e STl Weiged TISshTfedsdl &1d |

1Y | i, W TN A SAE] T FHlfead TTRTad ||

[i] Looking at the orthography of the other
chapter-titles (in Part Il of Kh, see § 4), T
TEehlf~dm=™. would be more consistent
than SSTAEEISI~dsT=H, Nevertheless, I
maintain the reading attested in Kh in the
absence of a second manuscript witness.
Besides, the locative sense (adhikarana) of
the modifier ¥8-[S]¥A™ in the tatpurusa com-
pound  H8-[S]SHE-EIE-Id-TTH \ or oG
is identical to the use of the preposi-
tional phrase T9-[S[¥H | oegne  in the
sentence WB-[S|E TIE-FHITed-FTH .\ oprsinG-
[ii] STOSTFRTH: | aToe=raea@: Kh. The con-
joined word AMUFIERTH: in Kh can be mean-
infully segemnted as A g + AT
ST9H: \opvsing. However, this reading (the
second noun in the first) is contextually
and semantically incoherent. The syntactic
structure of the Sanskrit text mimics the syn-

tax of the Persian text in passage [1], see
§ 2.3.2, remark 1a on page 60. This sug-
gests that the emendation &M g is
better suited than 9T, oo as it agrees
with T9H: \opgmg In the subject-fronted
noun phrase WIEI-TAH:-SHA-TGH: GH:.
[iii] owiaTeA | oWiaTE R Kh, dittography
of the second ¥H.

[iv] An apposite reading of the compound

N e

G- FHTd-SAT-HIGE: should be TH-FHTfd-
<@RIE>T-FHWHFA: . This would agree with
an identical construction in passage [6]
construed in the same mathematical con-
text. There is, however, no visible evid-
ence (e.g., interlinear lacunae or scribal
corrections) on f2or: 20 Kh to suggest an
omission. Therefore, I leave the attested
reading unaltered in Sanskrit but include
an emendation in my English translation.
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Now, the knowledge (jiiana) of the true declination (spasta-kranti) in the sixth
chapter.

[Given] the latitude of a celestial object (khagasya bana), [and] again, the other
declination (anyatara-apama) [i.e., the second declination]: if indeed both should
be situated in one direction (eka-dis), then [we take] the sum (samyuti) of both
of them; otherwise, [we take their| difference (antara). [The result] is known as
the share of the true declination (sphuta-apama-amsa). Here, [it is] said to be [in]
its own direction (sva-dis). 1

been lowered (adhari-krta), is multiplied (ni-hanyate) by the day-Sine [of the
longitude] increased by three zodiacal signs (sa-bha-traya-dyujiva) [i.e., Cosine
of the first declination of the longitude increased by 9o°]. [The result] will be
the Sine of the true declination (sphuta-apama-jyaka). 2

The Cosine of the greatest declination (parama-kranti-kotijya) [i.e., Cosine of the
ecliptic obliquity], having been multiplied (hata) by the Sine of the curve of true
declination (sphuta-kranti-anka-jioa) [and | having been divided (apta) by the Co-
sine of the other declination (anya-kranti-kotijya) [i.e., Cosine of the second de-
clination], should be the Sine of the true declination (spasta-apama-jyaka). 3

Or, having extracted (utthaya) the product of the multiplication (gunita-phala)
with the Sine of the curve of true declination (sphuta-kranti-arika-jya) from the
tables of the <Co>sine of the greatest declination (parama-kranti-<koti>jyai-
kosthikas) [i.e., from the tables of the Cosine of the ecliptic obliquity], [one]
should divide (bhajet) [that product] by the Cosine of the second declination
(dvitiya-kranti-kotijya). The [result] obtained (labdha) [i.e., the quotient of the
division] should be the Sine of the true declination (spasta-kranti-jya).

And now, if the latitude of a celestial object (khagasya bana) should not exist, then
its [first] declination (kranti) alone should be the true declination (spasta-kranti).
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[v] The word fa"a (as a part of a com-
pound) appears several times in Kh. I sus-
pect this is an 1rreg\ular (vernacular?) vari-
ant of the word &Yd/f9ad, that denotes
the ‘equinox/equinoctial point” in Sanskrit
astronomical literature. See T. T. Bhatta-
carya (1962 p- 4934a) for the etymology of
the word @98 (upapada tatpurusa) or FEgEa.
(matvarthiya taddhitavrtti or secondary nom-
inal derivative from &9 prc; ‘in both dir-
ections’). In a lager tatpurusa compound,
foga/fagad refers to the equatorial reference
frame, e.g., in the genitive—compounds faga-
g ‘circle of the equinox’ (i.e., the celestial
equator) and f9ad-54 ‘pole of the e(;[\umox
(ie., the celestial pole). The word &9 is
not an attested form in any Sanskrit lexicon;
however, it is consistently and frequently
used throughout Kh. Therefore, I maintain
99 ric (as attested in Kh) in the Nagar1
text but transliterate it using {9 . in my
English translations. Both fay@ and =
have the same metrical signature (v - v).

ogAHd ] OKCIEEH% Kh. In the (emen-
ded) conjoined word om-afﬁ%l, the ter-
minal verb J9Id pres np.givg.y 1S derived

from gacow-ws- A regular sandhi of the
words SYpyprp (indeclinable upasarga) +
q%pRES_]ND_S]NGGrd produces SAfd and not
IUfd (Panini’s Astadhyayi: 6.1.89). The con-

jugated form Tfd derives from either /3 CL,
or its intensified version \/QCLZ (ST pyers
+ \/3(12) Any interpretation of UM (in
Kh), e.g., UM oun, is morphosyntactic-
ally inadmissible here. The choice of using
the guna vowel (e-diacritic in 9) instead of
the vrddhi vowel (ai-diacritic in ‘3) is either
a grammatical error or a scribal mistake.
[vii] ‘Jﬂ'ﬁ?ﬁ'l'{?l ] ‘Jﬂ'ﬁ?ﬁﬁﬁ Kh. In the
(emended) conjoined word e[SS]ITH-
Baﬁ?l‘:[, the terminal compound verb
3g- \/é&a takes the affix -1 to form
chU% past-pass-prcp  (used as  an
adjective). The word IENIH. (in Kh) is
grammatically ill-formed; I suspect the
i-diacritic in ¥ is a scribal hypercorrection.
[viii] ofd®do pprc is identical to ofd¥de .
or ofd§ddo.., see footnote [v].
[ix] 9acgg ] dcgg< Kh. The third quarter
TFTo...0d g of the verse in passage [«]
is metrically short by one syllable (hy-
pometric): the verse otherwise follows a
regular atyasti samavytta metre called prthoi
with seventeen-syllables per quarter. The
context of the verse, and its repetition in
Nityananda’s  Sarvasiddhantaraja  (spasta-
krantyadhikara: verse 4, Misra (forthcom-

ing)), suggest g should be FAGI.
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Now, if the [first] declination (kranti) should not exist but the latitude (Sara)
should, then the Sine of the latitude (bana-jya) that must be multiplied (sam-
gunyad) by the Cosine of the greatest declination (parama-kranti-kotijya) [i.e., by
the Cosine of the ecliptic obliquity], should [be made]| lower (adhah kuryat). Or,
[one| may [again| extract (utthapayet) the product of the multiplication (gunita-
phala) with the Sine of the latitude (bana-jya) from the tables of the Cosine of
the greatest declination (parama-kranti-kotijya-kosthakas) [i.e., from the tables of
Cosine of the ecliptic obliquity]. [The result] should be the Sine of the true de-
clination (spasta-kranti-jya) in the direction of the latitude (bana-dis).

If the declination of a celestial object (khagasya kranti) should be equal to the
greatest declination (parama-kranti) [i.e., the obliquity of the ecliptic], then the
very curve of true declination (spasta-kranti-arika) becomes the true declination
(sphuta-kranti).

Now, in another way.

And what circle (vrtta) reaches both the pair of ecliptic pole (kadamba) and the
celestial pole (visuvat gp-dhruva), that has been stated to be the solstitial [ colure]
(ayana[-vrtta]), and also, the [circle]| passing through the four poles (dhruva-
catuska-yata[-vrtta]). And passing over a celestial object (nabhoga) and the pair
of equinoctial points (visuvat gp-dvaya), what [circle] is well rounded (su-vrtta),
that the knower of spheres (gola-vid) should consider as the [circle| congruent
to the ecliptic (bhacakra-sadysa[-vrtta]) by name. 1
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identical to

[x] ]%'-W" IRREG is

fagaegTio ke, see footnote [v].
[xi] [ — is identical to
forgo pec, see footnote [v].

[xii] The word f¥ad is an attested sec-
ondary nominal derivative (from ¥ youn
‘poison’) meaning ‘poisonous’. However,
in the tatpurusa compound fad-AHRT- A,
I believe fawado pype, like 8™ ppre, is
identical to e fYddo ., see footnote [v].
[xiii] &A1 Sapal | garaieaar Kh. The
conjoined words EATaadT in Kh can be seg-
mented as & pysr_pass-prep (from \/ &) +
S'El'a-_cl?lT; however, the compound S
is etymologically defective by the rules
of Paninian grammar.  The adverbial

Col-suffixation to ST oynstey (Making
it 3Tt pverp) can only occur with terminal
verbs \/Q;CLS/ \/‘:I\CLT/ and \/WCLZ when
forming factitive compound verbs like
J-F  (Panini’s Astadhyayr: 5.4.50),
see  Whitney (1879:1094, p. 357).
sandhi of the words
M pasrpassrrcr +  SEOBA pysrpassprce
(from \/ W—%CLS) generates E‘dﬂﬂﬂﬁ
that is morphologically correct and con-
textually apposite.  Also, S‘Jﬁ?cw is
variously attested in this chapter, as well as
in Nityananda’s Sarvasiddhantaraja (Misra
forthcoming), in the same mathematical
context. See glossary entry: lowering.

A regular
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What arc (dhanus) produced on the solstitial colure (ayana-vrtta) becomes situ-
ated in the difference (vivara) between the celestial equator (visuva gpg-vrtta) and
the [circle| congruent to the ecliptic (bhavrtta-sadrsa[-vrtta]), that is the stated
[arc of] maximum true declination (para-sphuta-apama) of the celestial object
(dyucara) just at that present moment. 2

What arc (dhanus) produced on the solstitial colure (ayana-vrtta) becomes situ-
ated in the difference (vivara) between the ecliptic (bhavana-cakra) and the [circle]
congruent to the ecliptic (bhacakra-sadrksa[-vrtta]), in this case, that is the de-
clared [arc of | maximum latitude (para-isu) when the conjunction of the equinoc-
tial point and the node of the orbit [of the celestial object] (visuva ggg-pata-yuga)
has been supposed. 3

What arc (kodanda) of the [circle] congruent to the ecliptic (bhavrtta-sadrsal-
vrtta]) is between the equinoctial point (visuvatzp;) and the celestial object
(nabhoga), that [arc] should be known as the congruent arc (sadrs-bhuja); [and
what is] between the celestial object (bha) and the solstitial colure (ayanal-
vrtta]), [that should be known as] the congruent complementary arc (sadrs-koti)
[i.e., complement of sadrs-bhuja]. 4

The Sine of the complement of the arc of ecliptic longitude of a celestial object
(khagasya koti-sifijint), having been multiplied (hatd) by the Cosine of its latitude
(sva-bana-kotijivd) [and ] having been lowered (adhari-krta), should be the Sine of
the congruent complementary arc (sadrksa-koti-sifijin) [i.e., Sine of the comple-
ment of the sadrs-bhuja]. 5

When [the measure of] its arc (dhanus), having been reduced from ninety [de-
grees| (navatitas-cyuta), is determined, [it] has the name congruent arc (sadrsa-
bahu). Or, what is the Sine of the latitude of a celestial object (nabhoga-visikhasya
(adhara-sadrksa-dor-jya), 6...

...its arc (dhanus) should be [called] the maximum latitude (para-sara) by
name.—
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—There is the sum (samyuti) or the difference (viyuti) of the two [quantities|
known as the maximum latitude (para-isu) and the greatest declination (parama-
apama) [i.e., the obliquity of the ecliptic| with the latitude (bana) and the celestial
hemisphere (gola) [i.e., the declination of the celestial object] in the same or dif-
ferent directions (sama-bhinna-dis) respectively. 7

That [result], being situated in the direction of the conjunction or the disjunc-
tion (yuti-viyoga-dis), becomes the maximum true declination of a celestial ob-
ject (grahasya parama-sphuta-apama). Thus, when [its measure is| greater (adhika)
than ninety [degrees| (abhra-nava), [it is| made to be subtracted (visodhita) from
a measure of one hundred and eighty [degrees] (kha-asta-bhit). 8

The Sine of the maximum true declination (para-sphuta-kranti-bhava-jyaka), hav-
ing been multiplied (hatd) by the Sine of the congruent arc (sadrksa-bahu-jyaka)
[and ] having been lowered (adhari-krtd), its arc (capa) becomes the true declina-
tion (sphuta-apama). Its direction (di$) is the same (sama) as the direction of the
conjunction or the disjunction (samyoga-viyoga-dis). 9
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APPENDICES

A GEOMETRY ON THE CELESTIAL SPHERE

solstitial
colure R’ (@)

R
T (
celestial
eql/lator
_\
®T F circle of

ecliptic

declination

The celestial sphere with the various spherical triangles inscribed by the celestial
equator, the ecliptic, a great circle congruent to the ecliptic and passing through
the celestial object, and their different secondary circles.
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Object Description
O centre of the celestial sphere
S celestial object

P&P celestial poles

P’ &P ecliptic poles

T & Q equinoctial points

R" (&) & T’ (6) solstitial points

O TRAT celestial equator

O TR’ QT"  ecliptic

O TSHON  circle congruent to the ecliptic
© PP'PP solstitial colure

O PSAPAT  circle of declination

S PRYTQ  north celestial hemisphere

o PTQRY  south celestial hemisphere

DS latitude of a celestial object

BD first declination of the ecliptic degree of a celestial object
RR’ obliquity of the ecliptic

CD second declination of the ecliptic degree of a celestial object
AS true declination of a celestial object

cs curve of true declination of a celestial object

D ecliptic longitude of a celestial object

DR’ complement of the ecliptic longitude of a celestial object
TS distance of a celestial object from the equinox

SH distance of a celestial object from the solstice

R'H maximum latitude of a celestial object

RH maximum true declination of a celestial object

GF inverse declination of the ecliptic degree of a celestial object
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The three methods to compute the true declination of a celestial object, described
in Mulla Farid’s Zij-i Shah Jahani (ZS]) Discourse I1.6 and Nityananda’s Siddhanta-
sindhu (SS) Part I1.6 (see Table 5), can be mathematically expressed as follows:"

FirsT METHOD, described in ZS]:[2] prose and $S:[2] yerse

 — SinCSx CosGF . Sin[8,(A) + B x Cosd,(90° + A)
Sin AS = - or Sin d =
Sin 9o0° R

where CS = CD + DS = S, (N) + [SandC/}T: =06,(90°-A) =8,(90° + A).

SeconD MEetHOD, described in ZS]:[3] prose and SS:[3] verse

_ RR’ x SinCS Cose X Sin [5,(A) +
in 75 = COSRR'xSinCS . . [8.(\) + 8]
CosCD Cos d,(N)

Trrp METHOD, described in ZS]:[11] prose and SS:[11] verse

SinAAS = Sin@ X Sin CY/?S or Sind = Sin (e + ﬁmax) X Sin\’
Sin go° R

where RH=RR +RH=¢ + P max-

1 I capitalise trigonometric functions to in- sinus totus or sine of 90°, taken as 60 in Mulla
dicate a non-unitary radius, i.e., Sin = R sin Farid’s Zij-i Shah Jahani and Nityananda’s
and Cos = R cos where the radius R is the Siddhantasindhu.
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B PERSIAN AND SANSKRIT VERBS

The attested forms of Persian verbs from the Zij-i Shah Jahani Discourse I1.6 (§ 5)
and of Sanskrit verbs from the Siddhantasindhu Part 11.6 (§ 6) are listed below
separately. At the end of each entry, passage-markers in square brackets point to

its location in § 5 or § 6 accordingly.

B.1 PERSIAN VERBS IN THE ZIJ-1 SHAH JAHANI DISCOURSE II.6

1. O3 (budan) ‘to be’

b (bash); > » [PRES-STEM] (buvad)>

e . (bashand) PRES- SBJV-PL-3™ ‘[they] should be’ [1, 10]
e L (bashad) PRES- SBJV-SING-3™ ‘[he/she/it] should be’ [1, 3-8, 10,

11]

o .U (nabashad) PRES- SBJV-SING-3™ (NEG) ‘[he/she/it] should not

be’ [5, 6]

e > (buvad) PRES-IND- SING-3™ ‘[he/she/it] is’ [2, 9]

2. oLl (khandan) ‘to recite’

Ols> (khan) [PRES-STEM]

o «ily> (khanim) PRES- IND-PL-1* ‘[we] call’ [1, 9]

3. 03,513 (dar dvardan) ‘to remove/produce/ extract
sl s (dar avar) [ VARIANT: s (dar ar)] [PRES-STEM]
o X,50,3 (dar varand) [variaNT: % )1,s (dar arand)] PRES-IND-PL -3
‘[they] remove/produce/extract’ 4]

* v e (dar avarim) [ VARIANT: = 153 (dar arim)] PRES-IND-PL-1%
‘[we] remove/produce/extract’ [6]

4. &35 (kardan) ‘to do/make’3

oS (kun) [PRES-STEM]

o oS (kunim) PRES-IND- PL-1*" ‘[we] do/make’ [1~ 3, 6, 8-11]
o .S (kunand) PRES-IND- PL-3™ ‘[they] do/make’ [4]

5. =8 (giriftan) ‘to take/grab’

S (g7r)[PRES-STEM]

° = S (bigirim) PRES- SBJV-PL-1% ‘[we] should take’ [1, 9, 10]

2 See Chapter XI in Lenepveu-Hotz
(2012:251—268) for a diachronic study of
the third singular present form of the verb
‘to be’ from the indicative > (buvad) to

the subjunctive 4iL (bashad) in the Persian
verbal system (1016 cE).

3 The action verb 0s,S (kardan) is often
used to construct compound verbs, e.g.,
;p; o (jama® kardan) ‘to sum/add’ or
=S &5 (darb kardan) “to multiply’”.
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B.2 SANSKRIT VERBAL FORMS IN THE SIDDHANTASINDHU PART I1.6

1. (a) /3. (yas) CL, “to be/exist’
e 3RA (asti) PRES-IND-ACT-SING-3™ ‘[he/she/it] is’ [10]

e Hd (sat) PRES-ACT-PTCP ‘being’ [Y]

e &M (syat) OPT-ACT-SING-3™ ‘[he/she/it] should be/exist’ [3-
71
- d @, (na syat) OPT-ACT-SING-3™@ (NEG) ‘[he/she/it]
should not be/exist’ [5, 6]
(b) \/GFL(\/jan) CL, "to be born/determined’
o SITId (jayate) PRES-IND-MID-SING-3" ‘[he/she/it] comes to
be’/‘[he/she/it] is determined’ [9, 10]
(c) VA.(ybhii) CL, “to be/become’
o ¥ad, (bhavet) OPT-ACT-SING-3™ ‘[he/she/it] should/will be’ [1,
2,5,6,8,9]
e ¥ald (bhavati) PRES-IND-ACT-SING-3™ ‘[he/she/it] becomes’ [7,
B, v, 11]
(d) &= (ysthia) CL, ‘to stand /situate’
o Ra (sthita) PAST-PASS-PTCP ‘being stationed/situated’ (ACT-
sense) [1,10]
2. (a) SER (yudir) CL, “to state/utter’
o IGIRA (udirita) CAUS-PAST-PASS-PTCP ‘has been stated to be’
[o]
(b) & (ykath) CL,, “to declare/tell’
o FA (kathita) PAST-PASS-PTCP ‘declared/told’ (ADJ-use) [B]
(c) @4 (JJvac) CL, ‘to say’
o I=Ad (ucyate) PRES-PASS-SING-3™ ‘[he/she/it] is said [to be]’
[1]
(d) ag (yuad) CL, “to declare/state’
o 3fed (udita) PAST-PASS-PTCP “declared/stated’ (ADJ-use) [v]
3. (a) /o4 ({/ap) CL; “to reach’ (in arithmetic, ‘to divide’)
e 3T (apta) PAST-PASS-PTCP ‘having been reached/divided’ 3]
(b) ¥ (y/bhaj) CL, “to divide’
o ¥oid_ (bhajet) OPT-ACT-SING-3' ‘[he/she/it] should divide’ [4]
o MIRTA (bhajita) CAUS-PAST-PASS-PTCP ‘having been divided’ (in
a causal sense) [9]
4. (a) /-8 ({/ni-han) CL, “to strike in’ (in arithmetic, ‘to multiply’)
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o M-&=d (ni-hanyate) PRES-PASS-SING-3'd ‘[he/she/it] is
struck/multiplied” [2]

o &d (hata) PAST-PASS-PTCP “having been struck/multiplied” [3, 8,
11]

(b) 3L (y/sam-gun) CL,, “to multiply’
o G309 (sam-gunya) GDV ‘to/must be multiplied’ [6]
5. (a) /= (yeyu) CL, ‘to deviate’/*be deprived of’ (with ABL-use)

o =Ad (cyuta) PAST-PASS-PTCP ‘having deviated from’/’having

been deprived of’ [9]

(b) &304 (/vi-sudh) CL, “to purify/subtract’
o fa-anfaa (vi-odhita) CAUS-PAST-PASS-PTCP ‘made to be puri-
fied /subtracted’ [10]

. VS (upe) CL, ‘to reach’
o I (upaiti) PRES-IND-SING-3' “[he/she/it] reaches’ [«]
. /S (Juttha) CL, “to rise/extract’

o SMIA. (uthayet) CAUS-OPT-ACT-SING-3'¢ ‘[he/she/it] may
raise/extract’ [6]

o I (utthaya) GER ‘having risen/extracted’ [4]

. V& (Vkr) CLg “to do/make’*
° ?flﬂ(kurydt) OPT-ACT-SING-3™ ‘[he/she/it] should do/make’ [6]
e &d (krta) PAST-PASS-PTCP ‘having been done/made’ [2, 8, 11]

. V&4 (Vklp) CL, “to consider/suppose’

o Feqdd, (kalpayet) CAUS-OPT-ACT-SING-3" ‘[he/she/it]’ should con-
sider/suppose” [« |

o Heqd  (kalpita) CAUS-PAST-PASS-PTCP ‘has been con-
sidered /supposed’ [7]

. 9 (ypat) CL, ‘to fall/pass’
e 9dd (patat) PRES- ACT-PTCP ‘falling/passing” [« ]
. V& (Vjiia) CL, "to know/understand’
e 3 (jiieya) GDV ‘to be known’/to be understood’ 5]

o)

N

oo

]

1

o

1

[

4 The action verb & (kr) is often com- hatu), e.g., JE-F (yJadhari-kr) ‘to make
pounded with an inflected nominal word to [something] low’, i.e., “to lower’.
form a denominative verb (CAUS, namad-
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LIST OF GRAMMATICAL ABBREVIATIONS

1%t first person
3™ third person

ABL ablative case
ACT active voice
ADJ adjective

CAUS causative verb
CL class
COMP compound

DAT dative case

GDV gerundive
GER gerund

IND indicative mood
INDECL indeclinable
IRREG irregular form

LOC locative case

MID middle voice

MOD modifier

NEG negative form (negation)
NOM nominative case
NOUN noun

OPT optative mood

PASS passive voice
PAST past tense

PL plural

PRES present tense
PTCP participle
PVERB preverb

REG regular form

SBJV subjunctive mood
SING singular
STEM stem

VB verb
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GLOSSARY

This glossary lists Persian and Sanskrit technical expressions from (i) the chapter-
titles of Zij-i Shah Jahani Discourse Il and Siddhantasindhu Part 1T in § 4, (ii) the
Persian text of Zij-i Shah Jahani Discourse 11.6 in § 5, and (iii) the Sanskrit text
of Siddhantasindhu Part I1.6 in § 6. Individual entries are grouped together un-
der their common English translation. At the end of each entry, appropriate
chapter-numbers and /or passage-markers in square brackets indicate its location in
8§ 4, 5, or 6. See § 3.5 for a more detailed description of the format of the gloss-

ary.
altitude of the ecliptic pole or nonagesimal point—
< latitude of the visible climate <3, o8I 2,¢ (‘ard-i iglim-i ru’yat) 11.18
< zenith distance of the ecliptic pole (A (drggati) 11.18
< zenith distance of the nonagesimal point E#I9 (drkksepa) 11.18
arc 55 (qaws) [9]; 98 (dhanus) [B, v, 9], &L (kodanda) [0], =9 (cdpa) [11]
arc of daylight v (qaws al-nahar) 1.9
arc of maximum argument of the distance—
< maximum true declination I-EHS-3T9H (para-sphuta-apama) [P ]

< maximum true declination of a celestial object
e W-TRE-A9H (grahasya para-sphuta-apama) [10]

< second arc  pys w58 (qaws-i duvum) [10]
arc of maximum latitude—

< firstarc J3 8 (gaws-i avoval) [9, 10]

— maximum latitude W-SY (para-isu) [y, 10], WX (para-Sara) [9]
arc of night W w8 (qaws al-layl) 11.9
argument of the distance—

< curve of true declination FIS-FHIl~d-3Tg, (spasta-kranti-arika) [7]

< share of the distance s &a> (hissi-yi bud) [1], dadl La> (hissat al-bud)

[7]

< share of the true declination E5HE-TH-RT (sphuta-apama-amsa) [1]

ascendant or rising zodiacal sign—

— ascendant 8& (tali€), pl. d‘jL (tawali®) 1111, 21, 22; & (lagna) 11.21
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< ascendant at each time <35 ,» dUa (tali® har vaqt) 11 incipit

< ascendant at that time ~dTchI{SH-SH (tatkalika-lagna) 11 incipit

< ecliptic degrees of the ascendants SH-31&® (vilagna-amsaka) 11.11
ascension or rising —

— [measure of] ascension dJa.a (matla®), pl. SUGJ) (matali€) 11.11, 13

< rising S (fali€), pl. Wb (tawali€) 11.13; 35T (udaya) 112

= time of rising ITI-THYA (udaya-samaya) 11.13
azimuth—

< azimuth e (samt) 1114, 15

< degree of azimuth f&@I-31&1 (dis-améa) 11.20

< degrees of azimuth in one’s own location F-fG&I-3f1 (sva-dis-améa) 1114,

15

azimuth of gibla 4.3 <—ww (samt-i gibla) 11.20

celestial equator gl Jdas (mu‘addil al-nahar) 11.5; Y- (visuva-vrtta)5 [p]

celestial hemisphere ¥1ie (gola) [10]

celestial object <SS (kawkab), pl. <S8 (kawakib) 11.13, 22, (3 4, 5]; 5% (graha)
L7, &= (naksatra) 11.12, 13, @1 (khaga) 11.22, [1, 5, 7, 8] SR (nabhoga) [,
5, 9], T (dyucara) [p], ¥ (bha) [0]

celestial pole EYad-¥a (visuvat-dhruva)® [«]

circle 9 (vrtta) [«]

circle of declination Ifed-G (kranti-siitra) 115

circle passing through the equinoctial points and the celestial object—

< circle congruent to the ecliptic WHH-HERA-I (bhacakra-sadrsa-vrtta) o,
0], AFA-\EA-I (bhavrtta-sadrsa-vrtta) [P], AIh-Ged-I (bhacakra-
sadrksa-vrtta) [7y]

conjunction of the equinoctial point and the node of the orbit of a celestial object

fa9a-qa-g9 (visuva-pata-yuga)7 []

5 Kh attests ¥a@-d< (visava-vrtta), an ir- see § 6: footnote [v]. Another REG-form is
regular form of fIga-ga (_visuva—vrtta), see fag-ga (vi.suz;\a—dhruva).

§ 6: footnote [x]. 7 Kh attests =¥a-91G-F71 (visava-pata-yuga),
6 Kh attests f9a-9a (visava-dhruva), an ir- an irregular of fYE-IA-FN (visuva-pata-
regular form of 1%33?[—3\1; (visuvat-dhruva), yuga), see § 6: footnote [xi].
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correlated numbers IEIR-FEI-TRT (paraspara-sambandhi-rasi) 11.2

Cosine of the distance of a celestial object from the ‘circle passing through the
four poles’ sy, CUadl o)be pls 1 dns plaS o (jayb-i tamam-i bu‘d az
«dayiri-yi marri bi aqtab-i arba») [9, 11]

Cosine of the first declination of the longitude increased by ninety degrees—

= Cosine of the inverse declination of the degree of a celestial object
S8 A esSe e el o (jayb-i tamam-i mayl-i mankiis-i daraji-yi
kawkab) [2]

< day-Sine [of the longitude] increased by three zodiacal signs #|-¥-39-
ST (sa-bha-traya-dyujioa) [2]
Cosine of the greatest declination JS Jee el o (jayb-i tamam-i mayl-i kull7)
[3, 6], TH-Td-RIESAT (parama-kranti-kotijya) [3, 6]
Cosine of the latitude—
< Cosine of its latitude ~E-STUI-RIESTET (sva-bana-kotijiva) [8]

< Cosine of the latitude of a celestial object <S5 2,5 plas o (jayb-i
tamam-i “ard-i kawkab) [8]

Cosine of the second declination—

< Cosine of the other declination 3T-=hTi~d-Fllea (anya-kranti-kotijya) [3]

< Cosine of the second declination  f&dia-ll~a-HitesaT (dvitiya-kranti-kotijya)
[4]

< Cosine of the second declination of the degree 4>,> S0 Joo pled o
(jayb-i tamam-i mayl-i thani-yi daraji) 3, 4]
declination—
< declination s (mayl) [6]; =lied (kranti) L5, [5, 6]
< declination of a celestial object T =hll~d (khagasya kranti) [7]
< declination of its degree 5| a>,5> | (mayl-i daraji-yi u) [5, 7]

< declination of the degree of a celestial object <SS ax)> | (mayl-i
daraji-yi kawkab) [10]

declination of parts of the ecliptic zo,Jl < =l Lo (mayl-i ajza*i falak
al-buriij) 1.5

definition &Y (laksana) 1.2, 8-13, 17-19, 22
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degree—
< degree > (daraj) 111
< fractional parts of a degree > ¢\ (ajza>i daraj) 111

degrees of the maximum depression STH:¥I-GLH-AWT (adhahstha-parama-bhaga)
.7

degrees of the maximum elevation IH-IFA-3 (parama-unnata-amsa) 1.7
demonstration &G (sadhana) 11.2, IAA (upapatti) .15
depression—

< degrees of depression STR-3 (adhara-amsa) 11.14, 15, -0+ (adhara-
amsaka) 11.22

< depression ol (inkhifad) 1114, 22
descension or setting—

< setting <, (ghurib) I1.13

= time of setting AEI-HHIA (asta-samaya) 11.13
determination |5l (istikhraj), lit. bringing out or extraction IL.19
difference—

< difference oW (tafadul) [1, 10]; A=< (antara) [1], =R (vivara) [B, ],

fagfa (viyuti) [10]

< made to be subtracted fa=MId (visodhita) [10]
difference between successive rows—

< between two lines el o W (ma bayn al-satrayn) 11.2

s difference between two cells T&-FI8-F (dvi-kostha-antara) 11.2
digit 3Tg (arka) I1.1
direction <> (jahat) [3, 6, 9-11]; ﬁil(dis’) [11]
direction of the difference—

< different directions &k gz (jahat-i mukhtalif ) [10]

< direction of the residue 2% <> (jahat-i fadla) [1, 10]
direction of the latitude—

< direction of the latitude &,s <> (jahat-i ‘ard) [6]; AR (bana-dis)
[6]
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< direction of the latitude of a celestial object <SS ,&,¢ Cgz (jahat-i ‘ard-i
kawkab) [9]

direction of the second arc s3> ws® < (jahat-i gaws-i duvum) [11]
direction of the share of the distance Jx &a> <z (jahat-i hissi-yi bud) [1, 3]
direction of the sum—

< direction of the sum ¢ soxxe gz (jahat-i majmii®) [1, 10]

< one direction <> S (yik jahat) [1, 10]; Th-Ta=1 (eka-dis) [1]
direction of the sum or the difference—

< direction of the conjunction or the disjunction ~Jfd-FEFT-GAL (yuti-viyoga-
dis) [10], EEAN-FRE-GAL (samyoga-viyoga-dis) [11]

< own direction -1 (sva-dis) [1]

< same or different directions TH-RTA-GAL (sama-bhinna-dis) [10]
distance along the “circle congruent to the ecliptic’ from the equinox—

— congruent arc HEA-ISA (sadrs-bhuja) [d], @EN-E (sadrsa-bahu) [9]
distance along the “circle congruent to the ecliptic’ from the solstice—

< congruent complementary arc FEZI-HIE (sadré-koti) [3]

< distance of a celestial object from the ‘circle passing through the four poles’
angyl OUaBl oyl b s 31 S s (bud-i kawkab az «dayiri-yi marri bi
aqtab-i arba%») [8, 9, 11]
distance between celestial objects—

< degrees [of separation] between two celestial objects f&-A&=-eT=-3faTH
(dvi-naksatra-antara-amsaka) 11.19

< distance between two celestial objects <SS 33 Olw dn (bud-i miyan-i
duvum-i kawkab) 11.19

distance from the celestial equator or true declination—
— distance Jx (bu‘d) [5,7]

— distance of a celestial object from the celestial equator Jane 31 CSS um
eV (bud-i kawkab az mu‘addil al-nahar) 11.6

< true declination ®I8-RIfed (spasta-kranti) 11.6, [ 5], TheE-=led (sphuta-kranti)
[7], T (sphuta-apama) [11]
division
to divide 05,5 < (gismat kardan) [3, 4]
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having been divided 3@ (apta) [3]
[one] should divide Wi (bhajet) [4]
having been divided AT (bhajita) [9]
ecliptic ¥IA-==h (bhavana-cakra) [7y]
ecliptic longitude—

< its degree 3| ax,> (daraji-yi u) [6]
in other words, <SsS 4>, (daraji-yi kawkab) ‘degree of a celestial object

7

ecliptic longitude of the meridian ecliptic point—

— degrees of the [meridian| ecliptic point at the [time of] rising of a celestial
object W-ITHA-FA-HR (bha-udaya-lagna-amsa) 1112

= [ecliptic] degree of the [meridian] transit [at the time of rising] of a celestial
object <SS es d>,5 (daraji-yi mamarr-i kawkab) 11.12

ecliptic pole =a¥ (kadamba) [« ]
elevation—

< desired degrees of elevation STHICHA-SWA-S= (abhipsita-unnata-amsa)
II.14, \"Héliﬁ-?ﬁlﬁ-w (abhista-unnata-amsa) 11.15, 21, 22

— elevation CL‘“ Ol (Girtifac) 1114, 15, 21, 22
equation of daylight—
— ascensional difference =X (cara) Il.9
< equation of daylight | i (ta“dil al-nahar) 1.9
equinoctial point  f9ad (visuvat)® [3]
exceeds—
— exceeds toexceed oL (5L (zivadi shudan) [10]
< greater 3 (adhika) [10]

extract
to extract/bring out > SUS (dar ardan) [ 4, 6]
having extracted 3™ (utthaya) [4]
may extract ST, (utthapayet) [6]

having been reduced from ninety —Hafdd®Hd (navatitas-cyuta) [9]

8 Kh attests fa¥ad, (visavat), an irregu-

lar form of FNad. (visuvat), see § 6: foot-
note [xii].
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hours of day and night A-TR-8RT (dina-ratri-hora) 1.9
hours of daylight gl wlels (sa%t al-nahar) 11.9
hours of night | wlelw (sat al-layl) 11.9

inclination of the azimuth of gibla 4.3 < 3l 231 (inhiraf-i samt-i qibla) 11.20
integer-numbers of revolution—

< elevated [rank] ¢+ (marfi®), pl. e s o (marfuat), lit. raised up 1.1

< revolution 9Rad (parivarta) 11.1
inverse method S Joe (‘amal-i ‘aks) I1.11
inverse procedure I&SM-FRAT (viloma-kriya) 1L.11

knower of spheres I&-fag (gola-vid) [«]
knowledge < s (ma‘rifat); 4 (jiana)
passim, seen in almost all chapter-titles of Discourse II and Part II
latitude—
< latitude _&,¢ (%ard) [5, 6, 10]; I (dara) [6], AT (bana) [10]

< latitude of a celestial object <SS 2,¢ (%rd-i kawkab) [1]; T M
(khagasya bana) [1, 5]

local meridian—

< line of midday L)l e Tos (khatt nisf al-nahar) 11.16; HATE-LEl
(madhyahna-rekha) 11.16

< line of the meridian ~AFI-ITR-GEAT (yamya-uttara-rekhi) 11.16
local terrestrial coordinates—

< degrees of [terrestrial] longitude and latitude <RT+IR-T&-3HT (desantara-
aksa-amsa) 1.1y

< longitude and latitude of a locality b ,5,e 5 Jsb (til va ard-i balad)
M1y

low-division to low-divide 05,5 Caond Lo (munhatt-i gismat kardan) [9]
lowering—

= having been lowered ﬂﬂff-ﬁ (adhari-krta) [2, 8, 11]

< should [be made] lower 3T9: @h(adhuh kuryat) [6]
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low-multiplication
to low-multiply 035 < 6 s (munhatt-i darb kardan) [2, 6, 8, 11]

maximum elevation and depression of a celestial object
S pelssl &u: Ol <ole (ghayat-i %irtifa® va inkhifad-i kawkab) 11.7

method of identity 3T IA-U%RR (ananyatva-prakara) 11.15
tacitly, an argument following a method identical to one previously stated.

method of interpolation x5 Jes (amal-i ta“dil), lit. operation of adjustment
II.2

minute 4435 (dagiga), pl. 528> (daga®ig) 11.1; AT (kala) 11.1

multiplication
to multiply 05,5 < 5 (darb kardan) [3]
is multiplied fA-8=4d (ni-hanyate) [2]
having been multiplied &d (hata) [3, 8, 11]
to/must be multiplied &9 (samgunya) [6]

ninety degrees—
< ninety 3TH-Ad (abhra-nava) [10]

< one-quarter  ~, (rub®) [10]

north-south direction ~HF-AWA-GZL (saumya-yamya-dis) 11.20

oblique ascension zodiacal signs in degrees—
< ascensions [of the ecliptic] of a locality 4L SUa.a (matali®i balad) 11.10
< rising [of the zodiacal signs] in one’s own location in degrees ~ <1-3ga-3ta
(nija-udaya-amsa) 1110, ©-39-312 (sva-udaya-amsa) 1111, 22, f1-353-
R (nija-udaya-amsaka) 11.13
oblique diurnal circle fGA-UR-aM-g (dina-ratri-vama-vrtta) 1.9
obliquity of the ecliptic—

< greatest declination WH-FI~d (parama-kranti) [7], TE-TGH (parama-
apama) [10]

w

< total declination S | (mayl-i kullt) [7, 10]
one hundred and eighty degrees—

9 bhiitasamkhyi word-numerals: abhra ‘o’
and nava ‘9’ forming ‘90’”.
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< one hundred and eighty @-318-¥ (akha-asta-bhii)'° [10]

< one-half iz (nisf) [10]

pair of equinoctial points fI9Id-84 (visuvat-dvaya)™ [«]
place-value of sexagesimal digits—

< belong to a particular genus A (jatiya) 111

< genus > (jins) Il.1
position 43 ,e (martaba), pl. <5\ (maratib) 11.1; €€ (sthana) 11.1

quotient—
— obtained & (labdha) 4]
< quotient of division <eed C)L.’ (kharij-i gismat) 111, [3, 4, 9]

result o> (hasil) [2-4, 6, 8, 10]; 5 (phala) 11.2
result of multiplication and division — IUE-ASI4-% (gunana-bhajana-phala) 11.1
result/product of multiplication—
< product of multiplication IUTA-% (gunita-phala) [4, 6]
< result of multiplication < &  Jo\> (hasil-i darb) 11.1
right ascension of the meridian ecliptic point—

< ascensions of [the degrees] of [meridian] transit s dUa.a (matali®i
mamarr) 11.12

— degrees of equatorial ascension of the [meridian| ecliptic point at the [time
of | rising of a celestial object -339-FH-A-339-31 (bha-udaya-lagna-
vyaksa-udaya-amsa) 11.12

right ascension of zodiacal signs in degrees—
— ascensions [of the ecliptic] at the line of the terrestrial equator

ol T Ues (matali® khatt-i istiva) 11.8

< ascensions [of the ecliptic] in the right sphere e U3 duu (matali®
falak-i mustagim) 11.8

10 bhiitasamkhya word-numerals: kha ‘0, 11 Kh attests f499-89 (visava-dvaya), an ir-
asta ‘8', and bhit “1” forming “180". regular form of FYEd-8a (visuvat-dvaya),
see § 6: footnote [viii].
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< rising [of the zodiacal signs] at Lanka in degrees gI-3€3-31 (lasika-
udaya-amsa) 11.8

< rising [of the zodiacal signs] at the terrestrial equator in degrees H&-339-
321 (vyaksa-udaya-amsa) 11.8

rule of three 3-TRTE (trai-risika) 112

same ©H (sama) [11]
second 45U (thaniya), pl. o\ (thawant) 11.1
second declination—

— other declination AAA-ITIH (anyatara-apama) [1]
synonymous with S=a-a«d (anya-kranti) and identified with the f&dia-
i~ (dvitiya-kranti) ‘second declination’

< second declination of its degree sl ax,5 SU Joo (mayl-i thani-yi daraji-yi
u) [1]
shadow of a gnomon b (zill) IL.4; BT (chaya) 11.4
Sine > (jayb) IL3; S (jya) 113
Sine of the argument of the distance—

<> Sine of the curve of true declination THE-STIH-Tg- AT (sphuta-apama-
arka-sifijint) [2], The-Ta-AG-TaT (sphuta-kranti-anka-jroa) [3], The-
-GS (sphuta-kranti-arka-jya) [4]

< Sine of the share of the distance Jx~ &a> > (jayb-i hissi-yi bud) [2, 3,
4]

Sine of the complement of the ecliptic longitude—

< Sine of the complement of the arc of ecliptic longitude of a celestial object
T Flfe-RA (khagasya koti-sifijini) [8]

< Sine of the distance of the degree of a celestial object from the nearest solstice
o3 Ol I LSS axmys d o (jayb-i butd-i daraji-yi kawkab az
ingilab-i agrab) [8]

Sine of the distance along the ‘circle congruent to the ecliptic’ from the equinox—

< lowered Sine of the congruentarc ~3TER-FEH-G-AT (adhara-sadrksa-dor-jya)
[9]
< Sine of the congruent arc HE&-I@-SARI (sadrksa-bahu-jyaka) [11]

Sine of the distance along the ‘circle congruent to the ecliptic” from the solstice—
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< Sine of the congruent complementary arc FE&-FHIE-FATA (sadrksa-koti-

< Sine of the distance of a celestial object from the “circle passing through the
four poles’  ass,l CUadl oyle 8 pls 31 LSS dn oz (jayb-i bud-i kawkab
az «dayiri-yi marri bi aqtab-i arba‘i») [8]

Sine of the latitude—
< Sine of its latitude 3| 2, <> (jayb-i ‘ard-i u) [6]
< Sine of the latitude SUI-SAT (bana-jya) [6]

< Sine of the latitude of a celestial object S 5,e <> (jayb-i “ard-i
kawkab) [o]; TAR-FARREEa R (nabhoga-visikhasya sifijinii) [9]

Sine of the maximum argument of the distance—

< Sine of the maximum true declination W-FEE-FHlfed-Ha-THI (para-sphuta-
kranti-bhava-jyaka) [11]

< Sine of the second arc  ps3 wsd o (jayb-i qaws-i duovum) [11]
Sine of the true declination—
= Sine of the distance Jx > (jayb-i bud) [2, 3, 4, 6],

< Sine of the distance of the celestial object <SS Jn > (jayb-i bud-i
kawkab) [11],

< Sine of the true declination ®HS-AIH-STARI (sphuta-apama-jyaka) [2], TIE-
SAIH-STHT (spasta-apama-jyaka) [3], THE-FHI~A-SAT (spasta-kranti-jya) [4,
6]

solstitial colure—

= circle passing through the four poles Yd-AJSR-Ad-IA (dhruva-catuska-
yata-vrtta) [o]
identified with the x| Wl o, & ols (dayiri-yi marri bi agtab-i arba®)
‘circle passing through the four poles’

< solstitial colure AEA-IA (ayana-vrtta) [, P, 7, 0]
square root Jd> (jadr) 1L.1; 9 (miila) 111

sum
tosum 055 & (jam€kardan) [1, 10]

sum E3fd (samyuti) [1,10]

table Jsd> (jadval) [6]; ®SF (kosthaka) [varia lectio: FTSH (kosthika)] IL.11
table of Sine > Jsd> (jadval-i jayb) [9]
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table of the Cosine of the greatest declination ‘_;15 Jee b o o (jadoal-i
jayb-i tamam-i mayl-i kullf) [4]; TCA-Hl~a-RIESA-RICF (parama-kranti-
kotijya-kosthika) [4], QUH-HI~d-RI[EAT-HRISH (parama-kranti-kotijya-kosthaka)
[6]
time—
< desired time ANTHA-TTD (abhimata-samaya) 11 incipit
= time <33 (vagt), pl. @Bl (avgat) 11 incipit

Versed Sine—
< Sagitta g (sahm) 113
— Versed Sine 2W ($ara) 11.3

well rounded G-I« (su-vrtta) [«]
whole sum ¢ yozes els (tamam-i majmii€) [10]
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