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Chapter 1
Introduction

The history of computational algorithms, numerical methods, and data analysis has
long been understudied in the history of mathematics, particularly outside the area
of early modern and modern Western mathematics. Many founders of the modern
discipline of history of mathematics in the nineteenth and twentieth centuries shared
a professional bias in favor of identifying the essence of mathematics with elegant
and rigorous demonstration of abstract propositions, which was viewed by most of
their contemporaries as the highest form of mathematical endeavor. They largely
disregarded the evolution of more plebeian or mechanical mathematical activities,
such as approximating numerical parameters, constructing tables of function values,
and optimizing computational performance. It has only recently started to become
apparent how much interesting material the pioneers of history of mathematics
overlooked when they neglected the arts of “number-crunching.” The distorting
impact of this historiographic bias on our understanding of the development of
mathematics has been particularly severe in the case of non-Western mathematical
traditions that emphasized computational methods over proof structures.

The historical role of numeric-array tables in texts treating quantitative sciences
and the computational methods used to generate such tables have begun to receive
increased scholarly attention in the last few decades, particularly from historians
of mathematics and astronomy. Edited collections such as Campbell-Kelly et al.
(2007), Husson and Montelle (2014), and the forthcoming Husson et al. (Forth-
coming) and Tournès (Forthcoming) bring together specialized studies on scientific
tables in various periods and cultures of inquiry ranging from pre-classical antiquity
to the twentieth century and from East Asia to North America.

Our knowledge of the role and nature of numerical tables within scientific
traditions is farther advanced in some areas of specialization than in others. For
instance, research on construction and use of tables in the Islamic world has
benefited from both broad surveys and investigations into specific aspects, but
there remains an enormous amount of unstudied and unpublished material: of
the approximately 200 extant Islamic astronomical handbook/table texts (zı̄jes),
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2 1 Introduction

only a handful have been scrutinized in detail. The study of numerical tables
in European manuscripts and early printed works is another “growth field” just
beginning to tackle its immense store of resources. Likewise, the use of tables in
ancient Mesopotamia, Greece, Egypt, and China has recently been addressed, but
on the whole the genre remains extremely understudied.1

Like other types of scientific texts, numerical tables in Sanskrit and other Indic
languages tend to be more numerous, and even more neglected, than their coun-
terparts in non-Indian textual traditions. Some early Indologists lumped together
all Sanskrit astronomical texts as “tables,” while others distinguished more care-
fully between tabular and theoretical works but deplored contemporary Indian
astronomers’ preference for the former over the latter. Well into the twentieth
century, this disapproving attitude kept the study of Indian exact sciences somewhat
on the defensive. Research tended to focus on the many aspects of Sanskrit texts
attesting to theoretical rigor, brilliant discoveries, geometric models, and other
qualities conforming to the idealized depictions of Hellenistic and early modern
European intellectual traditions that shaped modern conceptions of “science.”
Sanskrit treatises with a strongly computational bent, and the creative numerical
techniques used to produce them, received far less attention from historians.2

1For Islamic tables, besides the publications cited above, overviews of the corpus or parts of
it can be found in Kennedy (1956), King and Samsó (2001), and Samsó (2011): a revised and
greatly expanded version of the former is currently in preparation by Benno van Dalen, building
on van Dalen (1993). Studies of individual zı̄jes or their features include, among many others,
Nallino (1899–1907), Debarnot (1987), Van Brummelen (1991, 1998). Many more such studies
are underway, particularly in the ongoing Ptolemaeus Arabus et Latinus project (ptolemaeus.
badw.de), which also explores a number of Greek table texts. By far the most important of these
Greek works, the Handy Tables of Ptolemy, has been analyzed most recently in Tihon (2011) and
Mercier (2011); the somewhat fragmentary remainder of the Greek table corpus is discussed in,
e.g., Jones and Perale (2013), Jones (1999), Sidoli (2014), and Van Brummelen (1993). Much
of the very prolific genre of cuneiform astronomical tables has been examined in Neugebauer
(1983) and Ossendrijver (2018), and their investigation continues in works such as Steele (2006,
2010). Egyptian tables were first systematically surveyed in Neugebauer and Parker (1960–1969);
much of this information, along with a great deal of related research—e.g., Symons (2016)—is
summarized and organized in the Ancient Egyptian Astronomy Database (aea.physics.mcmaster.
ca). Some of the sources treating Chinese tables include Martzloff (2000, 2006, 2016), Yabuuti
Kiyosi (1974/1994), and chen (1992). The vast genre of Latin and other medieval/early modern
European astronomical tables is not discussed at all here due to lack of space; but see, for example,
Chabás and Goldstein (2012) and the analyses of many of their trigonometric and logarithmic
tables at the LOCOMAT project (locomat.loria.fr).
2The indiscriminate assignment of all Sanskrit astronomical works to the category of “tables” is
partly due to earlier scholars’ use of that term to refer to any astronomical system, and partly to
the ignorance of many of them about this genre (as when H. Poleman in his catalogue of Indic
manuscripts in North America describes (Poleman 1938, p. 246) the “Miscellaneous Bundle” at
Columbia University, containing several complete handbooks and table texts as well as individual
tables, as “[a] collection of several hundred miscellaneous folios, mostly tables not important
enough and not bearing sufficient information to identify at all”). Even some Indologists who
avoided such errors and were otherwise quite sympathetic to Sanskrit jyotis. a maintained a rather
dismissive attitude towards table texts; consider, for example, the remark of the early nineteenth-
century student of siddhāntas Lancelot Wilkinson to the effect that “the foundation of such little
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Not until the work of David Pingree (occasionally in collaboration with Otto
Neugebauer) beginning in the mid-1960s did Indological scholarship undertake
systematic and comprehensive analysis of Sanskrit astronomical tables. After the
initial groundbreaking catalogues and studies, this subject was to some extent
displaced by more general projects for the documentation and study of manuscripts
in all fields and genres of the exact sciences in Sanskrit. In the meantime, recognition
of the importance of the astronomical tables genre as a witness to the aims and
activities of Sanskrit science in the second millennium has continued to grow,
along with the propagation of ever more powerful and versatile digital tools for
analyzing tables.3 If the ongoing and emerging successors to Pingree’s endeavors
are to continue progressing in their mammoth task of mapping and rationalizing
the vast corpus of Sanskrit scientific manuscripts, they will need an up-to-date,
more accessible guide to Sanskrit astronomical tables as far as they are currently
understood. Such a guide is what the present work seeks to provide.

We begin in Chapter 1 with an overview of Indian mathematical astronomy
and its literature, including table texts, in the context of history of pre-modern
astronomy in general. Chapter 2 discusses the primary mathematical astronomy
content of table texts and describes the various attempts at a taxonomy of this
genre. Chapter 3 sketches the broad outlines of their representation in the Sanskrit
scientific manuscript corpus, based on estimates and extrapolation from sampled
manuscript repositories. In this chapter we also address the characteristics of table
manuscripts as physical documents within established scribal traditions, as well as
their notation conventions and specialized technical vocabulary. In Chapter 4 the
major categories of individual tables compiled in these texts are surveyed, with brief
analyses of some of the methods for constructing and using them. The chronological
evolution of the table-text genre over the course of the second millennium, and
the impacts of its changing role on the discipline of Sanskrit jyotis. a, are treated in
Chapter 5, while Chapter 6 extends these investigations to related topics in current
and future research. Finally, Appendix A inventories all the identified individual

knowledge as they display in predicting eclipses and the like, has, from [. . .] the almost universal
practice amongst the jyotishís, of making all their calculations from tables and short formulae,
couched in enigmatical verses, been allowed to fall into a state of utter oblivion” (Wilkinson 1834,
p. 507). Emphasis on the achievements of Sanskrit mathematical astronomy according to modern
criteria of precise geometric models, etc., is a constant theme in analyses of the corpus; see, for
instance, Dikshit (1981, pp. 119–120) and Arkasomayaji (1980, p. xxi).
3The primary studies and surveys of Sanskrit table texts by Pingree are Pingree (1970), Neugebauer
and Pingree (1967), and Pingree (1968, 1973, 1987b, 1989). Much additional information about
them appeared together with data on other jyotis. a works in his manuscript catalogues such as
Pingree (1984, 2003, 2004), and above all the immense Census of Exact Sciences in Sanskrit
(Pingree 1970–94). Manuscripts on jyotis. a are also described in Sarma and Sastry (2002) as
well as innumerable catalogues of Sanskrit manuscripts in general in collections all over India,
especially the magisterial New Catalogus Catalogorum project (Raghavan et al. 1968–2007).
Various digital tools for storing and analyzing tabular data have been developed by Benno van
Dalen (www.bennovandalen.de/Programs/programs.html). More recent database projects include
“Table Analysis Methods for the history of Astral Sciences” (TAMAS) (tamas.hypotheses.org) led
by Matthieu Husson and CATE (Computer Assisted Table Editing) (uc.hamsi.org.nz/cate/), which
automates parts of the critical editing process.

www.bennovandalen.de/Programs/programs.html
tamas.hypotheses.org
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works in this genre currently known to us, while Appendix B provides reference
information about the details of all the notational, calendric, astronomical, and
other classification systems that we invoke in this study. Appendix C is a glossary
of the relevant Sanskrit terms, and Appendix D supplies a list of abbreviations,
reference works and image credits for the manuscript collections containing the
source materials discussed herein.

1.1 Overview of pre-modern astronomy

None of the major literate traditions of mathematical astronomy within the pre-
modern Afro-Eurasian “Ecumene” can be fully understood in isolation from its
neighbors.4 In fact, it would be over-optimistic to describe any of these highly
complex and incompletely preserved scientific disciplines as fully understood by any
modern scholar. But much of what we do know about them is derived from piecing
together the evidence of their interactions in encounters between trading partners,
political rivals and allies, etc. Although each of these traditions devised its own
unique concepts and methods for interpreting and predicting the appearance of the
heavens, they all communicated at least to a limited extent with their counterparts
elsewhere, as well as with other knowledge systems in various languages in
their local culture areas. They all likewise drew on a common stock of observed
fundamental astronomical facts. Hence we begin this introduction with a very rough
sketch of the interlocking structure of the most influential traditions of mathematical
astronomy in the pre-modern “Old World.” (For those traditions where neither their
regional extent nor their textual corpus fits neatly into a single familiar geographic
or linguistic category, we have somewhat awkwardly identified them using both
their core cultural/regional identity and the dominant language of their scientific
literature.)

1.1.1 Mesopotamian and Egyptian

Thanks to its wealth of surviving original documents in the form of clay tablets
incised with cuneiform writing, the Akkadian-language astronomy of Mesopotamia
in the last two millennia BCE is probably the best attested science of antiquity. By

4“Mathematical astronomy” here means computational systems that rely on the (observed and
assumed) periodicity of various celestial phenomena and some form(s) of spatial reference system
and standardized time-units to predict quantitatively the approximate future course of (some)
astronomical events. Some other studies restrict the term to systems of astronomical computation
meeting particular criteria for abstraction, accuracy, mathematical complexity, etc. In this narrower
sense, mathematical astronomy is generally held to begin with Late-Babylonian arithmetic models
around the middle of the first millennium BCE; see, e.g., Neugebauer (1975, vol. 1, p. 1) and
Ossendrijver (2012, p. 1). According to these criteria, many simple algorithms from earlier
centuries such as those relating seasonal length of daylight to the lengths of gnomon shadows
would not count as “mathematical” astronomy.
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the early second millennium, scribes and diviners relied on a luni-solar calendar
cycle with a year of 12 synodic (lunar) months. The day began at sunset, the month
at the first visibility of the new lunar crescent, and the year at the start of the
month associated with the vernal equinox. A “leap month” would be sometimes
intercalated by administrative fiat to keep the first month more or less aligned with
the start of the seasonal year. Each calendar month contained either 29 or 30 days
depending on when the following new crescent was sighted at the end of it. A
simpler scheme for administrative calculations assumed a more regular “ideal year”
of twelve 30-day months (Brack-Bernsen 2007).

Shorter time-units could be of seasonally varying length, such as the “watch”
equal to one-third of the interval between sunset and sunrise on a given night, or
of constant length, such as the uš equal to one-sixtieth of an average day-and-
night period. Time was measured by the outflow of a standard volume of water
from a perforated container, by the lengths of gnomon shadows, or by the motion
of designated stars across the night sky. The changing length of day and night
over the course of the year was modeled by increasing and decreasing arithmetic
progressions (“linear zigzag functions”) that determined the length of shadow or
volume of clock-water appropriate to a particular time in a given month. The ratio
in constant time-units of the year’s longest and shortest days was conventionally
taken to be 1½ (Hunger and Pingree 1999, pp. 81–83; Ossendrijver 2012, pp. 32–
33). Timekeeping computations were apparently handled, like other complicated
arithmetic, with the standard Babylonian base-sixty (“sexagesimal”) place-value
cuneiform number system including sexagesimal fractions (see, e.g., Hunger and
Pingree 1999, pp. 44–45).

Beyond its immediate practical purposes of calendar regulation, mathematical
astronomy was rooted in Mesopotamian society’s view of the cosmos and its
systems of divination. The traditional cosmology of Akkadian literature depicted a
flat earth which the struggles of the gods had separated from the overarching heaven
and the watery depths below. The sun, the moon, and the five visible star-planets
(called the “wild sheep,” from their shifting positions among the fixed stars), along
with some stars and constellations, were associated with particular deities in the
Akkadian pantheon. For instance, Venus was assigned to the fertility goddess Ishtar
and Jupiter to Marduk, the patron deity of Babylon.

Foretelling future events from observed ominous phenomena was a central
concern (see, e.g., Reiner 1995, pp. 3–14 and Rochberg 2004, pp. 44–97). The
appearance and movements of human beings, animals, household objects, weather
events, and celestial bodies were all considered fateful. The configurations of
the sun, moon, and planets, being observable on the grand scale of the heavens
and directly linked with the personae of the gods, were held to be especially
significant, bearing divine messages about the fate of kings and realms. Although
increasing theoretical power over time made their complicated periodic recurrences
more precisely predictable, their importance as omens does not seem to have
diminished. Observing, recording, interpreting, predicting, and neutralizing astral
portents continued for many centuries to be a specialized profession underwritten
by the governing apparatus of palace and temple. Of primary interest were the
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following events: planetary “synodic phenomena” including the moments when they
“retrograde” or change direction in the sky, their first appearance after sunset and
last appearance before dawn; conjunctions of planets with one another or with the
sun or moon or certain stars; and most important of all, the dreaded lunar and solar
eclipses.

A basic celestial reference system from the second millennium BCE combined
the four cardinal directions with three parallel “paths” or bands running east to west
across the sky: the central path associated with the god Anu, the northern “Path
of Enlil,” and the southern “Path of Ea.” It was recognized that the sun and other
planets periodically swung north and south in a roughly regular track through these
three paths as they traveled eastward relative to the fixed stars. The sequence of
asterisms lying along the planets’ track was known as the “Path of the Moon”
(which later became the standard western zodiac, see, e.g., Rochberg 2010, pp. 41–
42) including such familiar constellations as “Twins,” “Crab,” “Lion,” “Scorpion,”
and “Fishes.” Several dozen other stars and constellations were also assigned names
and approximate locations within the three heavenly “paths.” Observed distances
between celestial objects in this “sidereal” or star-based reference system were
specified in linear units such as cubits (forearm lengths) and digits (finger-breadths).
(See, for example, Hunger and Pingree 1999, pp. 57–63 and 148–151.)

In the eighth century, the Babylonian bureaucracy instituted a program of
daily observations that recorded lunar phases, planetary positions and synodic
phenomena, meteorological and economic data, and other information relevant
to calendrics and astral omens. This practice, continuously maintained until near
the beginning of the Common Era, was accompanied by a number of technical
developments that made Akkadian astronomy of the last few centuries BCE much
more comprehensive and predictively powerful (Steele 2015a). Leap months were
determined in accordance with a regular schedule of seven intercalations in 19 years
(nowadays widely known as the “Metonic cycle”), rather than as an ad hoc fix for
calendar slippage (Steele 2015b). For computational convenience, all months were
uniformly divided into 30 notional “days” each equal to one-thirtieth of an average
synodic month (Ossendrijver 2012, p. 33). Cycles of recurring phenomena were
combed out of observational records to construct period parameters for planetary
motion, and scribes recorded predicted as well as observed positions and times of
astronomical events. By the mid-fifth century, the “Path of the Moon” had been
schematized to 12 equal fixed intervals named after 12 of its original constellations
and subdivided into 30 equal parts apiece, which we now call the signs and
degrees of the zodiac. Planetary positions were specified by a combination of
these zodiacal degrees and a perpendicular measurement roughly corresponding to
celestial latitude: this combination was the forerunner of the well-known orthogonal
coordinate systems of spherical astronomy (Steele 2007).

The mathematical models that enabled the Late-Babylonian quantitative predic-
tion of celestial events included some very sophisticated algorithms for determining,
e.g., the occurrence and appearance of eclipses, or whether and when the new-month
crescent would be visible when the moon was in a given part of the zodiac at a
given time of year. Such algorithms were built up from various piecewise linear
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functions (zigzag or step functions) derived from the period parameters for the
planetary phenomena, particularly their synodic phenomena. All these techniques
relied on cuneiform sexagesimal place-value arithmetic procedures, often carried
out to many fractional places. Surviving cuneiform texts do not address any physical
or geometric theory for their computational models, such as the rotating spheres
familiar from classical and medieval astronomy.5

The Late-Babylonian astronomical corpus consists of so-called procedure texts
(Akkadian epūšu), specifying algorithms for astronomical computation, and table
texts (tērsı̄tu), listing in numerical row-and-column format various computed
astronomical quantities, such as the dates and positions of occurrences of a given
type of celestial event.6 Synodic phenomena of the moon and planets, including
first and last visibilities, syzygies, eclipses, etc., remained the most important types
of event, though tables of planetary positions for consecutive days, or ephemerides,
were also computed based on interpolation between successive synodic phenomena.
The various numeric-array tables constructed by Babylonian astronomers appear to
have been the ancestors from which many later genres of astronomical tables are
directly descended.

This ability to specify and calculate positions of the celestial bodies at any
arbitrary moment, combined with the ancient heritage of celestial divination
literature, gave rise to the Late-Babylonian notion of the individual horoscope
or birth omens. This discipline expanded the practitioners’ objectives from the
traditional task of determining the time of an expected ominous event to include
analysis of the ominous significance of the planets’ configuration at an arbitrary
time. Such analyses later became the core of genethlialogy or nativity astrology in
post-Babylonian astral sciences (Rochberg 2004, Chapters 3–5).

Other ancient West Asian calendars, including Hebrew and (pre-Islamic) Per-
sian ones, shared and subsequently perpetuated some characteristics familiar in
Akkadian calendrics, e.g., sunset day-reckoning and schemes for leap-month
intercalation.7 The Babylonian deities and celestial omens compiled by their priests
survived for centuries as part of the astrology and ritual of the polytheistic Sābians.
But the most enduring and prominent legacy of Mesopotamian astronomers, besides
the now-universal sexagesimal units they devised for measuring time and celestial
position, lay in their transformation of astronomy and astrology in Hellenistic
science.

The neighboring culture of Egypt from the Middle Kingdom to the Late Period
also adopted and transmitted some aspects of Mesopotamian astronomy, as well as
devising concepts and techniques of its own. The ancient Egyptian lunar calendar

5An analysis of a geometric interpretation used to motivate arithmetic computations of orbital
velocity, albeit not involving a geometric model of the orbits themselves, is discussed in
Ossendrijver (2016).
6For discussion of the term tērsı̄tu, see, e.g., Neugebauer (1983, vol. 1, pp. 12–13), Evans (1998,
pp. 318–320) and Ossendrijver (2012, p. 599).
7For the origins of Hebrew calendars, see, e.g., Kelley and Milone (2011, pp. 219–220). For the
origins of Iranian calendars, see, e.g., Panaino et al. (1990) and Sołtysiak (2015).
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reckoned synodic months from the last sighting of the pre-dawn crescent rather than
from the first appearance of the post-sunset one, and its intercalation schedule was
regulated according to the dawn rising of the star Sirius. In the third millennium
BCE this seasonal calendar was supplemented, and for administrative purposes
replaced, by a civil calendar with a uniform 365-day year containing twelve
notional “months” of 30 days or three ten-day “decades” apiece, plus five extra
“epagomenal” days at the new year. By the late second millennium the daylight
and nighttime periods were conventionally divided into 12 parts each, the origin of
the 24 “seasonal” or unequal hours in a nychthemeron that gave rise to our present
universal system (Rochberg 1989, p. 147). Time was measured by means of water-
clocks and gnomon shadows (Symons and Khurana 2016).

A system of stellar calendric timekeeping was devised by the early second
millennium which employed the risings of 36 stars or small asterisms (called by
modern scholars “decans”) lying more or less equally spaced near the sun’s path
through the sky over the course of the year. Because the sun appears to move
eastward through the stars from one day to the next, these decans gradually shift
their position from night to night. That is, if one decan is located, say, at the eastern
horizon just before sunrise at the start of decade 1, the following night it will be
slightly above the horizon just before sunrise, and so on until the next decan to the
east in its turn sits on the eastern horizon just before the first sunrise of decade 2.
Thus the changing positions of the chosen decan stars through the night and through
the year roughly quantify the passage of time.

1.1.2 Hellenistic: Greek-primary discourse

Hellenic cosmology as late as the early first millennium BCE appears to have resem-
bled worldviews found elsewhere in the ancient Mediterranean region. The known
world was separated by the great “river” Ocean from legendary or supernatural
realms beyond it, and above it the gods dwelling in Olympus ruled the planets and
arranged the stars. More prosaically, the seasonal and monthly cycles were described
with a variety of agrarian and administrative calendars. Ancient Greek calendars
considered the equinoxes and solstices (“tropics”) key moments in the year. But
there was no standard administrative calendar in place throughout the Greek world
and no centralized bureaucratic apparatus in support of astral sciences to impose
one; its diverse collection of eras, intercalation schemes, and calendar formats was
ultimately subordinated to (but not eradicated by) the official Julian calendar under
Roman rule (see, e.g., Hannah 2005; Jones 2007).

The intersection of calendrics problems with philosophical and cosmological
speculations in ancient Greece starting around the middle of the first millennium
BCE produced the first known systems of spherical astronomy. It is not clear how
these heavily geometrized models first emerged, but certainly by the time of Plato
in the fifth century philosophers were familiar with the fundamental concepts of
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the spherical form of the geocentric cosmos and the circularity of the motion of
heavenly bodies, as well as the sphericity of the earth itself.8

In the work of Aristotle about a hundred years later, the assumptions of
geocentrism, geostability, and the uniformity of circular celestial movements appear
as part of a physical theory that derives them from essential characteristics of the
nature of matter and motion. The philosophical concept of the “perfection” of the
superlunary universe, as an innately and supremely regular system approximated
by the imperfect (but improvable) models of astronomy, became a core principle of
scientific thought. The development in the last few centuries BCE of a mathematical
system of rigorous deductive demonstration, crowned by the geometrical treatises of
Euclid, Archimedes, and others, vindicated Hellenistic scholars’ praise of the power
of geometric models.

This does not imply that scholars were able to agree on the exact form of the
geometric models that best represented the motion of the heavens. In fact, all
such models remained quite unsatisfactory in their descriptive accuracy or their
physical consistency or both. Eudoxus in the fourth century, followed by some
others including Aristotle himself, attempted to construct “homocentric” systems
of multiple nested spheres exactly centered on the earth and revolving in different
directions to qualitatively reproduce planetary patterns of pausing and reversing.
Such mechanisms, however, were not quantitatively accurate enough to be usefully
predictive. Physically unorthodox and counterintuitive hypotheses proposed by
Aristarchus in the third century reassigned the daily revolution of the stars to the
earth itself, and even suggested the possibility of doing the same with the yearly
cycle of the sun, but these far-fetched notions were taken seriously by only a very
few ancient astronomers (Heath 1981).

In the meantime, the absorption of Babylonia and Egypt into the empires
of Alexander and his successors brought into Greek science some of the astral
knowledge from Akkadian and Egyptian sources. This included the 12-sign and
360-degree division of the ecliptic circle of longitude, with its perpendicular
coordinate latitude; numerical parameters and arithmetic methods for computing
planetary positions and various ominous events; the 365-day Egyptian adminis-
trative calendar and day of 24 seasonal hours (later modified to “equinoctial” or
equal hours); and nativity divination from planetary positions, which evolved into
Hellenistic horoscopic astrology. Place-value sexagesimal fraction notation was
used for astronomical calculations, although the sexagesimal digits themselves were
represented by “Ionian” alphabetic numerals (α = 1, β = 2, . . . ι = 10, κ = 20, . . .

etc.), as were integers. These calculations included determination of key parameters
such as the length of the “tropical” year measuring the time from one vernal equinox
to the next (which is slightly shorter than the sun’s “sidereal” year or annual return
to the same fixed star because of the precession of the equinoxes, i.e., the slow
shifting of the ecliptic relative to the equator). The 7-day week and the 24 Egyptian

8For a survey of the emergence of this cosmological conception, see, for instance, Heath (1991),
Dicks (1960) and Evans (1998, esp. 289–392).
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hours were assigned for astrological purposes to the sequence of the seven planets
in order of their orbital distances, i.e., Saturn, Jupiter, Mars, Sun, Venus, Mercury,
and Moon. That is, the first of the 168 hours of the week was allotted to the sun, the
second to Venus, and so on cycling through the sequence so that the moon ruled the
25th hour, Mars the 49th, etc.

The complex process of synthesizing various Babylonian observational records
and quantitative techniques with Greek spherical geometry and physics is not very
thoroughly documented in surviving texts, but certain developments mark its general
path (Jones 2015, 1991). Spherical reference systems with respect to the horizon
and the celestial and terrestrial equators measured their coordinates in the same
sexagesimally divided degrees known from ecliptic latitude and longitude (Evans
1998, pp. 99–105). Angles between great circles on the sphere (e.g., the ecliptic and
the celestial equator, the ecliptic or equator and the observer’s horizon, etc.) created
various spherical and plane triangles to be solved by a combination of geometric
and numeric methods known as trigonometry. (The trigonometric relation of triangle
angles or arcs to their sides for Hellenistic astronomers was based on the concept
of the chord of the arc, rather than its sine (Van Brummelen 2009).) In particular,
trigonometric methods refined practical arithmetic schemes for calculating “rising
times” or “ascensions,” the intervals required for certain arcs of the ecliptic to rise
above the local horizon.

Modified orbital models attempted to account for the wealth of observational data
about celestial motions while remaining physically comprehensible and consistent,
at least insofar as possible. Babylonian astronomy’s period relations specifying
so many returns of a celestial body to the same star in so many years could
be very naturally represented by Aristotelian uniform circular motion, producing
good estimates for the planets’ average or “mean” motions. But since constant
mean motion on a simple geocentric circular orbit is a rather crude approximation
of a planet’s actual progress on an elliptical orbit with the sun at one focus,
Hellenistic astronomy added more circles to account for observed fluctuations in
velocity, retrogradation, variation in latitude, and other apparently non-uniform
“true” motions.

The main types of circular mechanism used for this purpose were the eccentric
(a circular orbit whose center is displaced from the center of the earth by a distance
called the eccentricity) and the epicycle (a small circle whose center revolves on
a concentric circular orbit, and upon which the planet itself revolves). They can
be used in equivalent ways for modeling a planet’s apparently non-uniform speed
in its revolution. This non-uniformity is known as the ecliptic anomaly and arises
from the fact that the revolution actually occurs on an ellipse with its orbital focus
displaced from its center, rather than on a circle. The orbit’s heliocentricity produces
the more noticeable synodic phenomena such as retrogradations, explained by the
so-called synodic anomaly represented by an epicycle device synchronized with the
sun’s motion.

Using these concepts, the fundamental uniform circular motion demanded by
Aristotelian principles could be displaced from an unsatisfactory geocentric circular
orbit onto some non-homocentric circle. Then the mean position predicted by a
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planet’s simple period relation could be corrected by some slight adjustment based
on the trigonometry of the configuration formed by the planet, the earth, and one or
more reference points on its combination of circles. These corrections from mean to
true positions are generally called “equations,” in the sense of a term that equalizes
or makes accurate an approximate value.

The middle of the second century CE generated the most detailed and compre-
hensive sources we possess about Hellenistic astronomy, partly due to their having
driven most of their predecessors and contemporaries to extinction: namely, the
works of Ptolemy of Alexandria. Ptolemy’s Mathematical Syntaxis or Almagest on
theoretical mathematical astronomy, his Handy Tables for astronomical calculation,
his Tetrabiblos “Four Books” on astrology, and his Geography all dominated their
respective fields in Greek and subsequently Latin astral sciences for hundreds of
years.

The Almagest is the first surviving treatise to explain in detail (though not without
numerous quantitative inaccuracies and physical inconsistencies) the observed
motions and appearances of the planets by means of a reasonably self-consistent
though highly complicated combination of orbital circles placed between the
spherical earth and the spherical cosmos. Its chief importance for our present
purpose, however, is in its enabling the creation of Ptolemy’s equally magisterial
Handy Tables (Procheiroi kanones), a comprehensive set of astronomical tables
for facilitating the computation of the astronomical quantities whose theory he
explained in the Almagest. The Handy Tables (see, e.g., Tihon 2011 and Mercier
2011) were largely responsible for the propagation of Hellenistic spherical astron-
omy models and trigonometric methods throughout the Byzantine, Islamic, and
Latin worlds.

1.1.3 East Asian: Chinese-primary discourse

The classical Chinese science of astronomy, like its Babylonian counterpart, is
known today mostly through records of the governmental institutions that sponsored
it and preserved its collections of observational data. Although originating indepen-
dently of Babylonian astral sciences, Chinese astronomy was similarly supported
by state interest in the maintenance of an official luni-solar calendar and prognosti-
cation from celestial phenomena, and it similarly based its predictive mathematical
models primarily on arithmetic schemes rather than geometric constructions. Over
the centuries of the Common Era many aspects of these models spread with other
elements of Chinese culture to, e.g., Japan, Korea, and parts of Southeast Asia.9

9For the most ancient known Chinese astronomy, see Pankenier (2013), Raphals (2013, ch. 2),
Smith (2011), and Cullen (2006). The imperial Chinese lifa models are discussed in, e.g., Sivin
(2011) and Martzloff (2000).
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Astral sciences in imperial China were descended from a long tradition
of sky-watching and calculation about timekeeping. Celestial observation
practices for determining solstices appear to have been codified as early as
the late third millennium BCE. Even before a bureaucratic apparatus existed
for calendar maintenance—at least since the late second millennium BCE—
a standard cycle was employed to keep track of the passage of days. This
“sexagenary” cycle was compounded from the simultaneous progress of one smaller
cycle with ten elements and another cycle with twelve: thus the day-numbers
proceeded through all sixty elements of the sequence (1, 1), (2, 2), . . . , (10, 10),
(1, 11), (2, 12), (3, 1), . . . , (9, 11), (10, 12), before recommencing with (1, 1).
Surviving records from the first millennium BCE attest to observations of more
extraordinary phenomena such as eclipses and comets. The application of the
sexagenary cycle to years provided a consistent system of chronological reckoning
with a 60-year period that coexisted with later regnal and dynastic epochs.

Political unification under the Han dynasty resulted in imperial administrative
support for a complex official system of astronomical and astrological practices. The
ideology of the emperor as the “son of heaven” or direct link between earthly and
celestial realms made it crucial for the state bureaucracy to correctly forecast and
interpret celestial events. This requirement along with the principle that heavenly
patterns of recurrence were constantly though slowly changing over time made
it necessary to periodically revise the mathematical models used for astronomical
prediction. About 50 such revisions were effected at irregular intervals from the Han
through the Qing dynasties, sometimes based more on political imperatives than
on empirical verification. The lifa or calendar-system texts describing the models
were incorporated into imperial archives, and the yearly ephemerides or almanac
produced according to them, with its predictions of various luni-solar and planetary
phenomena and their ominous implications, was officially presented to the emperor
in an annual ceremony.

These models mostly employed a common standard metrology and structure
underlying their respective modifications of some computational procedures. The
winter solstice marked the beginning of the cycle of seasons, and the (invisible)
conjunction of sun and moon indicated the start of the month. The new year of
the civil calendar began from the new moon of some month designated in relation
to the winter solstice: initially this was the month in which the solstice actually
fell, but by the start of the Common Era it was conventionally assigned to the
second month following the solstice (although astronomers continued to calculate
years using the earlier convention). Celestial positions were marked with reference
to 28 canonical lunar constellations and later also with respect to 12 “zodiac”
constellations. Reference circles were divided into 365.25 units corresponding to
the days of the year, signifying (solar) time rather than angle measurement.

Various cycles used in the predictive models were combined into a nominal
“greater epoch” or temporal zero-point of the system, which could extend as much
as millions of years into the past. These relations were adjusted algebraically
to produce fine-tuned algorithms equivalent to astronomical functions that could
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be represented either by computational procedures or by tabulated values of
astronomical quantities such as solar position and day-night length.

Spherical geometric models and the trigonometric tools for using them appeared
after the middle of the first millennium CE in some systems influenced by Indian
spherical astronomy, and in the early second millennium in lifa works on Greco-
Islamic astronomy. A separate astronomical bureau was even established for the
use of Muslim astronomers and the Chinese officials who worked with them in the
Ptolemaic tradition. But all these “foreign” innovations remained secondary to the
traditional Chinese lifa systems until the introduction and gradual assimilation of
heliocentric models starting with the arrival of Jesuit missionaries in the sixteenth
century.10

1.1.4 South Asian: Sanskrit-primary discourse

The orally transmitted Old Indo-Aryan Vedas contain the first verbal record of
Indian ritual practices requiring the maintenance of a luni-solar liturgical calendar:
namely, half-yearly and monthly oblations at solstices and syzygies, as well as
daily rituals at twilights.11 This tropical-year cycle is schematized as containing
12 synodic months of 30 days each, with occasional intercalation of a 13th month
to keep seasons and months aligned. Standard names for the 12 months are derived
from 12 of the 27 lunar constellations or naks. atras marking the moon’s path through
the stars; each month is named after the naks. atra occupied by the full moon during
that month.

Occasional appearances of terms such as “naks. atra-observers” indicate that
regulating the calendar to conform to observed celestial positions was a recognized
part of liturgical practice. The five star-planets play no role in the luni-solar calendar
and there are no unambiguous references to them in the Vedic sam. hitās “collections”
of sacred texts.12 Various natural phenomena including eclipses are perceived as
having ominous significance but explicit systems of celestial divination or astrology
are not attested. Occasional references to numbers indicate an exclusively decimal
system of integers with terms for common fractions such as the half and the third
(see, e.g., Plofker 2009, pp. 13–14).

The Vedic Sanskrit word jyotis “light,” especially “celestial light, luminary,” gave
rise to the standard Sanskrit term jyotis. a for astronomy and calendrics, notably

10See Ōhashi (2008) and van Dalen (2002b) for overviews of Chinese adaptations of Indian and
Islamic astronomy, respectively, and Martzloff (2016) for the impact of Jesuit astronomy.
11A survey of the origins and aspects of calendar in this context is discussed in Yano (2003).
12Some Vedic narratives of deities and sages have been proposed by historians as mythologized
descriptions of planetary phenomena (Kak 2005). But the persistent uncertainty about specifics of
the chronological, historical, and geographic context of the Vedas makes it impossible to establish
a definitive interpretive framework for such readings (Plofker 2009, pp. 33–35).
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as one of the six vedāṅgas “supports of the Vedas” or sciences for maintaining
Vedic rites. A late Vedic or post-Vedic verse composition called Jyotis. avedāṅga or
Vedāṅgajyotis. a contains the earliest known quantitative description of this liturgical
calendar. Its official year of 366 days is equated to twelve solar months or two
ayanas (tropical courses of the sun), and commences at the new moon around the
winter solstice; the abovementioned sequence of naks. atras serves as the reference
system for the positions of sun and moon. Five of these calendar years constitute
the period of the yuga “yoking, conjunction” or intercalation cycle containing two
extra synodic months. Each synodic month is divided into 30 “lunar days” or tithis,
a time-unit of crucial significance throughout the history of classical jyotis. a.

Thus 5 years or 366×5 = 1830 civil days correspond to 62×30 = 1860 tithis, a
fairly rough approximation that was doubtless empirically adjusted as successive
yugas gradually slipped out of moon/sun/season alignment. Simple arithmetic
approximations quantify intercalation rules and the seasonal variation in length of
a day, attesting to various smaller time-units including the muhūrta, one-thirtieth
of a nychthemeron, and the ghat.ikā, one-half muhūrta. The name ghat.ikā, from
ghat. ı̄ “pot, water-jar,” indicates the use of some sort of water-clock for timekeeping
purposes.13

Several Indian works on subjects ranging from civil administration to cosmology
dating from the late first millennium BCE, in the “second urbanization” period when
writing had become well established in both Indic vernaculars and Sanskrit, shed
some light on contemporary astral sciences. The jyotis. a-related topics they touch
on include systems of time metrology, involving variable (seasonal) units such as
the bhāga, one-eighth of a daylight or nighttime period, as well as constant units
like the ghat.ikā and muhūrta. Synonyms for ghat.ikā such as nād. ikā, nālikā “tube,
stalk” also suggest water-clock devices; indeed, mention is made of timekeeping
schemes using water-clocks, as well as gnomon shadows, with linear approximation
algorithms to relate their observed measures to time-units. Complex and diverse
systems of sub-units are employed in the metrology of time (and other quantities),
e.g., ks. ana “instant” for 1/6 ghat.ikā, kalā “fraction” for 1/40 ghat.ikā, and so on
(Hayashi 2017). The written numerals used to keep track of all these equivalences in
practical computations are non-place-value glyphs retaining the traditional decimal
base.

There are also allusions in this literature to the star-planets and to very long cycles
of cosmic creation and destruction, sometimes called yuga like the aforementioned

13It has long been debated whether the similarities between first-millennium Babylonian math-
ematical astronomy and some concepts in the Jyotis. avedāṅga—e.g., the 30-fold division of the
synodic month, the 60-fold division of the day, arithmetic schemes to express length of daylight
variation, etc.—may indicate some transmission of Babylonian astral sciences to South Asia,
possibly via the Achaemenid Empire in the sixth or fifth century. But since no direct evidence
of such transmissions has been found, and there is no way of conclusively determining when the
existing Jyotis. avedāṅga was composed or what parts of it may record astral knowledge acquired
in earlier periods, these hypotheses remain uncertain.
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shorter calendric periods and sometimes kalpa “creation.” The kalpa was eventually
codified as 4,320,000,000 years, composed of mahāyugas of 4,320,000 years. Each
mahāyuga in turn comprises four successively degenerating lesser yugas, similar
to (and perhaps a source for) the Golden, Silver, Bronze, and Iron Ages of the
classical world. All identifiable human history is encompassed by the most recent
iteration of the last and least of these ages, called the Kaliyuga (González-Reimann
2009). Quantitative cosmological models in sacred literature are spatially as well
as temporally huge, with Mount Meru, the dwelling of the gods, in the midst of
concentric rings of continents and oceans on the immense flat disk of the earth
suspended in the “cosmic egg” between heavens and underworlds.

Other features of contemporary jyotis. a were developed through interaction with
the Indo-Greek and subsequently Indo-Scythian (Śaka) cultures following Alexan-
der’s incursions in the northwest of the subcontinent. Several surviving Sanskrit
works produced in the centuries around the start of the Common Era reflect a
synthesis of traditional Indian astronomy, especially in calendrics and timekeeping,
with some features of Hellenistic astronomy, trigonometry, and astrology.

Their computational models assume a spherical earth at the center of a spherical
universe with a unified system of sun, moon, planets, and stars revolving in circular
orbits. The models’ geometry and numerical parameters determine the predicted
motions of these bodies (including eclipses and other synodic phenomena) by
their trigonometric relations, expressed not in the chords of Greek trigonometry
but in more computationally efficient sine-based quantities. Celestial positions are
denoted using Babylonian-Hellenistic systems of spherical coordinates with 360
sexagesimally divided degrees in a circle, e.g., latitude and longitude with respect to
the earth’s equator and with respect to the celestial ecliptic marked out by twelve 30◦
zodiacal signs. The ecliptic obliquity or angle between ecliptic and celestial equator
is assigned a standard value of 24◦ = 1440′. The time-unit ghat.ikā or sixtieth of a
day is now conventionally subdivided into sixtieths called vighat. ı̄s, vinād. ı̄s or palas,
which in turn contain sixty vipalas.

Predictive schemes of celestial divination, strongly influenced by the horoscopy
of the Babylonian-Greek tradition, became a main field within jyotis. a (or jyotih. -
śāstra, a term reflecting the discipline’s status as one of the Classical Sanskrit
śāstras or didactic sciences as well as an ancient vedāṅga). The rise of astrology
sparked increased attention to the five star-planets in astronomical calculation, as
did the accompanying adoption of the seven planetary weekdays in their Hellenistic
order. In fact, the Greek influence on Indian exact sciences, probably reflecting the
knowledge and interests of the Indo-Greeks who transmitted it, seems to have been
strongly weighted towards the practical mechanisms of astrological computation.

None of the elaborate geometry edifices of Euclid, Archimedes, Menelaus, etc.,
have left identifiable traces in early Common Era Sanskrit texts, and neither have the
astronomical systematizations due to Ptolemy. Hellenistic formats of prose treatises
and numeric-array tables remained either unknown or unappealing as a medium
for Indian astral sciences, which continued to be documented, like other śāstras, in
Sanskrit metrical verse.
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The Greek alphanumeric number system likewise did not transfer to the Indian
milieu: instead, Indian astronomers at some point before the mid-first millennium
CE modified their existing decimal integers to a fully place-value system, including
the use of a zero symbol. They employed these same numerals to represent the
sexagesimal divisions of Babylonian-Greek metrology, much as we use the modern
decimal place-value descendants of them for sexagesimal hours, minutes, and
seconds (Plofker 2008). Composing scientific literature in metrical verse required
more flexible ways of expressing numerals, the most common being the so-called
object-numeral (bhūtasam. khyā) encoding in which a standard number-word can
be replaced by a word for any object or concept conventionally associated with
that number, such as “moon” or “earth” for “one,” “eye” or “hand” for “two,” etc.
South Indian astronomers in particular often preferred the alphabetic or kat.apayādi
system in which the 33 consonants of the nāgarı̄ alphabet are mapped onto the
ten decimal digits, so that actual Sanskrit words and sentences can be read as
numeral sequences (see, e.g., Plofker 2009, pp. 43–48, 72–77). The dependence
of Hellenistic astronomy techniques on some identifiable epoch point of time
may have influenced the adoption of historical eras, as opposed to the traditional
endlessly cyclic yuga of the liturgical calendar, in Sanskrit astronomy texts. Two
such epochs in particular became standard in later jyotis. a: the Śaka or Śālivāhana
era corresponding to 78 CE, named for its (unclear) associations with Śaka/Indo-
Scythian rulers and/or the legendary king Śālivāhana; and the (Vikrama) Sam. vat
(sam. vatsara “year”) era of 57 BCE, associated with another king of ancient legend,
Vikramāditya.14 At this point in its development, Indian mathematical astronomy
begins to take shape as the full-fledged “classical jyotis. a” or “siddhānta astronomy”
to which most of the technical literature discussed in this book belongs, and which
is described in more detail in Sections 1.2 and 2.1. Its influence on the Pahlavi-
language astronomy and astrology of Sasanian Iran was profound, although most
of the historical details are now unrecoverable. Features of this Sanskrit śāstra also
subsequently appeared in the exact sciences as practiced in the Islamic world and
many other cultures in the central, southeastern, and eastern regions of Asia.

1.1.5 Islamicate: Arabic-primary discourse

The rapid spread of Islam from the Arabian peninsula throughout much of western
Asia and the Mediterranean region in the seventh and eighth centuries brought
Arabic-speaking scholars into contact with several “foreign” scientific traditions.
The branch of astral science that emerged from these contacts is generally desig-
nated “Islamicate” rather than “Arab” or “Islamic,” since its practitioners included
many non-Muslims and non-Arabs. Muslims across the world from Spain to China
along with, e.g., Christians, S. ābians and Jews contributed to it books written not

14For the possible astronomical significance of these epoch choices, see, e.g., Falk (2004).
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only in Arabic but also in Persian, Hebrew, Syriac, Turkish, and other languages.
However, the political and cultural dominance of Islam was a common feature to
most of the areas where this corpus was created, and Arabic persisted as its shared
language of learning. Other specifically Islamic features of this science included the
strictly lunar calendar of 12 synodic months, shorter than a solar year, whose cycles
were counted from the Hijrı̄ epoch at the start of the month Muh. arram in 622 CE
and whose days began with sunset. The 7-day week was marked as a religious cycle
for Muslims, as for Jews and Christians.

The first Arabic works on astronomy and astrology in the Islamic period reveal
the influence of Hellenistic, Sasanian Persian, and Indian sources. The Pahlavi
zı̄k, or set of tables for astronomical computations accompanied by explanatory
instructions, became the model for the standard zı̄j genre of Islamic astronomy
(King and Samsó 2001). Sanskrit sources were known both through the medium of
Pahlavi texts and in some directly transmitted works. Forms of the decimal place-
value “Indian numerals” and arithmetic techniques for using them spread throughout
the Islamic world. But the non-place-value abjad numerals expressed in the letters
of the Arabic alphabet, akin to the Greek alphabetic numerals although probably
adopted from Aramaic ones, remained the standard representation of, e.g., tabulated
numbers in zı̄jes (Glick 2011, p. 49).

The so-called translation movement of the eighth and ninth centuries centered
in the ‘Abbāsid capital of Baghdad made much of the Hellenistic corpus of
exact sciences accessible to Arabic-literate astronomers (Gutas 1998). Hellenistic
mathematics and the orbital models of Ptolemy became the foundation of the prolific
mathematical astronomy tradition commonly known as “Greco-Islamic,” mostly
supplanting earlier works adapted from Sanskrit and Pahlavi originals (Takahashi
2010) (although the Indian trigonometry of sines was still generally preferred to the
original Greek chords).

The pagan origins of these foreign treatises, along with the theologically suspect
pretensions of the astrological doctrines that accompanied them, generated some
controversy in Islamic intellectual circles. In consequence, between about the tenth
and twelfth centuries Muslim astronomers tended to emphasize the rational, material
nature of their discipline and its usefulness in orthodox religious applications, such
as determining prayer times (mı̄qāt) and the local direction towards Mecca (qibla),
or predicting the first visibility of the crescent moon that commenced each month.
Such rebranding, coupled with strong critiques of astrology as blasphemous and
fraudulent, established astronomy on a firmer doctrinal footing in Muslim contexts
(see, e.g., Saliba 1982 and Ragep 2001).

Certain assumptions originating in Aristotelian physics, such as the natural
uniformity and circularity of celestial motion, survived this “de-paganization” of
Greco-Islamic astronomy. Attempts by astronomers to make their models more
physically consistent with these assumptions required eliminating the geometric
kluges employed by Ptolemy and replacing them with truly homocentric alterna-
tives, in some cases very theoretically sophisticated ones.

During these developments the Islamic world overall kept expanding, geo-
graphically, economically, and culturally. Astronomical professions ranged from



18 1 Introduction

the design and production of observational and navigational instruments through
instruction of students and religious timekeeping to theoretical research and text
production at observatories or courts—and inevitably, despite religious disapproval,
a wide variety of astrological forecasting. Exponents of Greco-Islamic astronomy
worked at institutional observatories in, e.g., Beijing and Maragha in the thirteenth
century and Samarqand in the fifteenth, as well as innumerable schools and courts.
Consequently, the conversion of dates in the Islamic calendar to corresponding ones
in the Jewish, Christian (Julian), Persian, and Indian calendars was one of the major
topics in zı̄jes. The cosmopolitan nature of this science meant that over a period
extending from roughly the twelfth through the seventeenth century, various parts
of it were encountered, translated, and adopted by a number of western European,
Byzantine, Chinese, and Indian scholars. It is the interaction of this Islamicate
learning with Sanskrit jyotis. a in the Indo-Islamic empires of the second millennium
that will be treated in Section 1.5.2.

1.2 Overview of classical Indian mathematical astronomy

This description is centered on what are sometimes called the “classical” and
“early medieval” periods of Indian history, beginning around the middle of the first
millennium CE with the composition of some of the earliest comprehensive treatises
on jyotis. a that still survive in full. The Gupta and Pallava dynasties controlled
much of northern and southern India, respectively, side by side with numerous
smaller kingdoms. Modified forms of the Vedic rites and their exegesis in various
philosophical schools of thought had coalesced into the wide array of practices
and beliefs now generally called “Hinduism,” whose brāhman. a priests formed
hereditary groups of scholars and ritual officiants. Learned and literate exponents
of other belief systems rejecting the authority of the Vedas, most prominently
Buddhism and Jainism, worked chiefly in the great monastic schools of their faiths.

Courts, communities, temples, schools, etc., all required calendars and other
forms of administrative computation provided by their scholars. And almost every-
one took for granted the importance of being able to identify and calculate the times
of auspicious and inauspicious events in the heavens. These requirements, together
with ancient traditions of divination from random observed events or characteristics,
nourished the three intertwining skandhas or branches of jyotih. śāstra: sam. hitā
“collection” or interpretation of omens (not necessarily celestial in nature) according
to some taxonomic authority on their interpretation; gan. ita “calculation” or the
mathematical models and methods used in astronomical and astrological prediction;
and horā “horoscopy” (from the Greek word for “hour”), the astrological principles
and conventions for identifying and interpreting celestial phenomena as predictors
of human fortunes (Pingree 1981, pp. 1–2).
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1.2.1 Astronomy and mathematics

Mathematical astronomy and mathematics “proper” are closely linked in the
Classical Sanskrit śāstras. As noted above, the computations required for astro-
nomical prediction and calendar maintenance in jyotih. śāstra are called gan. ita
“calculation,” a word also used for quantitative reasoning in almost any context.15

Non-astronomical gan. ita topics are generally classified either as pāt. ı̄ “board[-
computation], arithmetic,” dealing with fundamental arithmetic operations, series,
proportions, geometry formulas, and so on, or as bı̄ja “seed, algebra,” concerning
positive and negative quantities and the solution of equations for unknown quantities
(see, e.g., Hayashi 1997b, 2008a,b). Both pāt. ı̄ and bı̄ja are treated in individual
works in Sanskrit didactic literature, but some astronomy texts also contain chapters
dedicated to one or both of them.

The mathematical topic of trigonometric relationships between angles and sides
of triangles (usually designated by jyā “sine” or some other Sanskrit term for
a particular trigonometric quantity) appears to occupy a sort of hybrid position
between astronomy and mathematics in Sanskrit science. Formulas and tabulated
values expressing such relations are presented, with or without some amount of
demonstrative exegesis, in almost all jyotis. a treatises, but not in pāt. ı̄ or bı̄ja works
(see Section 2.1.8 for more detail).

1.2.2 The topics of astronomical computation

The oft-quoted closing verse of the ancient Jyotis. avedāṅga of Lagadha (see
Section 1.1.4) explains the sacred ultimate aim of astronomical calculation (Sarma
and Sastri 1985, p. 26):

vedā hi yajñārtham abhipravr. ttāh.
kālānupūrvā vihitāś ca yajñāh. ||
tasmād idam. kālavidhānaśāstram.
yo jyotis. am. veda sa veda yajñān ||
The Vedas came forth for the sake of the ritual oblations, and the ritual oblations were
ordained in accordance with the times [of their performance]. Therefore, one who has
understood jyotis. a, this science of regulating time, has understood the ritual oblations.

15Mahāvı̄ra (mid-ninth century) discusses the scope and applicability of gan. ita in the
Gan. itasārasaṅgraha (Plofker 2007, p. 442, verses 1.9–17). Bhāskara I lists subdivisions of gan. ita
in his commentary on the Āryabhat. ı̄ya (Keller 2006, vol. 1, p. 8). In particular, some authors
draw a distinction between computation with avyakta “unmanifest” quantities, i.e., algebra, and
with vyakta “manifest” ones; see below (Dhammaloka Forthcoming). There seems to be no clear
consensus as to whether gan. ita counts as a śāstra in its own right or even a supercategory of jyotis. a.
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As noted previously, this luni-solar calendric foundation eventually supported
a vast superstructure of quantitative astronomical prediction and/or astrological
interpretation of events ranging from eclipses to planetary conjunctions to nativities.
But the underlying purpose of tracking and regulating a complex system of time-
units remained fundamental to the practice of jyotis. a.

Classical Sanskrit verse astronomy texts generally followed more or less the
following sequence of topics in their first few chapters explaining their core
calculations.16

Mean motions. Both the ancient liturgical yuga and Hellenistic mathematical
astronomy utilized the fundamental concept of astronomical cycles, in which a
given configuration of celestial bodies recurs after a given amount of time. This was
combined in classical jyotis. a with the immensely long eons from sacred legend, such
as the kalpa of 4,320,000,000 years or the mahāyuga of 4,320,000 years. That is,
the mean angular velocities of the planets and stars were formulated as ratios of an
integer number of revolutions about the earth to the number of years in a mahāyuga
or kalpa. These revolutions were geometrically conceived as uniform motion upon
a geocentric circular orbit, starting from the sidereal zero-point of longitude on
the ecliptic among the stars. For computational convenience, these ratios could be
reduced to approximate values of mean velocity in units of arcminutes per day.

The astronomer needed to know the mean positions of the planets at some
specified initial moment—either the very beginning of the eon or some more recent
epoch—as well as the interval between that epoch and some desired time. Usually
that interval was expressed in days, the so-called ahargan. a “day-accumulation,”
which could be multiplied by a planet’s mean daily velocity and then added (modulo
complete revolutions) to the epoch longitude to obtain the mean longitude at the
desired time. That mean longitude also had to be adjusted for the deśāntara “place-
difference,” or time interval corresponding to the terrestrial longitude of the user’s
locality east or west of the prime meridian.

True motions. The slightly irregular cycles of sun and moon can be successfully
represented with one eccentric or epicyclic motion (similar to the Hellenistic
concept of ecliptic anomaly and called manda “slow” in Sanskrit), but the apparent
vacillations of the star-planets require a second one as well (the śı̄ghra “fast”
inequality corresponding to the synodic anomaly).

Each of these orbital inequalities is represented in jyotis. a as a celestial entity in
its own right (the apogee or ucca of its circle) with its own revolution-number and
velocity. The relative positions of the mean planet, the apogee, and the earth at a
given time determine a right triangle whose solution gives the appropriate phala

16Some of the technical details of these fundamental calculations as well as some of the subsequent
ones in the following list are discussed in Chapter 4. Comprehensive explanations of all or most
of these topics are provided in the commentaries accompanying many editions and translations of
Sanskrit astronomical texts, such as Dvivedı̄ (1901–1902), Shukla (1976), Arkasomayaji (1980),
Shukla (1986), Chatterjee (1981), and Ramasubramanian and Sriram (2011).
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“result” or equation, i.e., correction to the planet’s mean longitude. The sizes of
the planet’s orbit and eccentricity or epicycle radius fix the maximum value of
the equation. For the star-planets, their two equations are numerically combined
to produce the total adjustment resulting in the true longitude. Corresponding
adjustments to the planet’s mean velocity are determined in order to obtain the true
velocity.

These procedures require this second chapter of an astronomical work to provide
the numerical parameters of the orbital models as well as one or more versified
tables of trigonometric function values to use in solving triangles.

‘Three questions.’ When the geocentric true positions of celestial bodies are
known for a specific time at a specific locality, determining their appearance in the
local sky requires trigonometric conversions involving terrestrial latitude and the
horizontal coordinate system of altitude and amplitude. So does the computation
of true local time from the shadow of a gnomon. The related problems of finding
direction, place, and time for a given event at a given locality constitute the tripraśna
“three questions” topics typically assigned to the third chapter of a jyotis. a work.

Eclipses. Predicting the occurrence and appearance of an eclipse, one of the most
ominous events in Indian astrology, requires knowledge of the sun and moon’s true
celestial positions and their conversion to horizontal coordinates, as well as the lunar
latitude and the luminaries’ true velocities. From these data the apparent diameters
of their disks and of the earth’s shadow are found. And from those in turn the
astronomer calculates the amount of obscuration, the duration of the eclipse and
of its totality (if any), and the valana “deflection” or inclination of the eclipse path
to the cardinal directions.

For a lunar eclipse (usually treated in the fourth chapter), the color of the eclipsed
orb is determined by the amount of obscuration. For a solar eclipse (fifth chapter),
the user of the text also needs to find the components of lunar parallax due to the
size of the earth and the closeness of the moon. The parilekha “drawing” or diagram
of an eclipse’s appearance is also explained in eclipse chapters.

The subsequent several chapters of a comprehensive work on jyotis. a generally
discuss some or all of the following subjects, though their sequence is less clearly
defined.

Synodic phenomena. This topic treats the risings, retrogradations, stations, etc.,
of the star-planets that depend on their positions with respect to the sun. Canonical
values for the planets’ approximate synodic elongations associated with the various
phenomena are refined by more precise calculations of their true longitudes with the
requisite constraints. The importance of this inquiry, as of the ones in the remaining
chapters, is primarily owing to its astrological significance.

Orientation and projection of the moon’s crescent. This relates to the orientation
and dimensions of the illuminated portion of the moon during its changing phases,
and techniques for setting up a diagram or a sighting-tube based on its predicted
position and appearance, in order to impress a viewer.
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Non-solar shadows. The calculation of the shadow cast by the moon, and in theory
even those of other planets, may be described. It is essentially equivalent to the
corresponding procedures for the shadow of the sun in the third chapter, and is
suggested for nocturnal timekeeping.

Planetary conjunctions. The definition of “conjunction” in the case of planets is a
matter of importance in the ninth chapter; simply computing the time of equality of
the planets’ longitudes is apparently not enough to identify a conjunction, which
requires the planets to be on the same secondary to the ecliptic. As in Western
astrology, conjunction is considered to have a profound effect on the influences of
the celestial bodies, so it is crucial to identify the event correctly.

Conjunctions of planets and stars. This chapter identifies the positions of
some fixed stars (generally the junction-stars of the naks. atra constellations) in
polar coordinates and gives a rule for the computation of their declinations. The
conjunction of a planet with a star is computed as for that of two planets.

Computation of mahāpātas. The ominous events known as pātas, which depend
on the relationship between the declinations of the two luminaries, are predicted in
a fashion similar to that for the conjunction of planets.

The arrangement of the topics described above, while fairly representative, is by
no means uniform or complete. Often the given topics are presented in a different
arrangement (although the order of the first five chapters is more or less standard);
often other subjects are included among them, and alternative formulas provided;
and often an additional section, with additional chapters on a variety of subjects, is
appended. Some of the most frequently encountered supplementary topics are the
following.

Instruments. The text may describe the construction and use of various instru-
ments for time-keeping, such as a gnomon or different forms of water-clocks or
sundials; for observation, such as a perforated sighting-ring; or for theoretical study,
such as an armillary sphere.

The sphere. A summary of the technical computations for the celestial and/or
terrestrial sphere, often including questions of geography and cosmology, may be
included as a separate chapter.

Objections to opposing theories. An author may devote a chapter to contradicting
or refuting assertions that differ from his own, whether they originate with other
astronomers or in traditional Purān. ic cosmology. Physical considerations, irrelevant
to the computational procedures that constitute most of the treatise, are sometimes
discussed here, e.g., in demonstrations that the earth does not rotate or that the moon
is below the sun.

Problems. A selection of sample problems may be provided to test the reader’s
knowledge of the procedures explained in the text.
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Arithmetic and algebra. The non-astronomical mathematical categories of pāt. ı̄
and bı̄ja, dealing respectively with procedures for operating with known and
unknown quantities, are sometimes allotted an individual chapter or chapters in a
jyotis. a work.

1.2.3 The paks. as or parameter schools

The general similarities of model and method described here did not prevent
classical jyotis. a works from significantly diverging in some aspects of their content.
In particular, different choices about their fundamental parameters, mostly in the
values of the celestial bodies’ revolution-numbers and consequent mean velocities,
streamed most such works into one of the following few categories, generally called
paks. a “wing, side” or more loosely “school.”17

Brāhmapaks.a. The “astronomy of Brāhma” is mentioned as a source at the close
of the Āryabhat. ı̄ya of Āryabhat.a, composed about 500 CE. We have no definitively
identified earlier text specifying the Brāhmapaks.a’s parameters; the somewhat
fragmentary Paitāmahasiddhānta has been dated to the fifth century in Pingree
(1967–8), but a later date is argued for it in van der Waerden (1980). The seminal
surviving exponent of this system, in which time begins at sunrise at the start of
the kalpa, is the Brāhmasphut.asiddhānta of Brahmagupta composed in 628; the
canonical Siddhāntaśiroman. i of Bhāskara II in the twelfth century also follows it.
Its main region of influence appears to have been northern and western areas of
India, although the Siddhāntaśiroman. i was famed throughout the subcontinent.

Āryapaks.a. The abovementioned author of the Āryabhat. ı̄ya developed in it his
own set of parameters, like the Brāhmapaks.a using a sunrise epoch, but with a
different division of the mahāyuga. This became the dominant paks. a in southern
India.

Ārdharātrikapaks.a. The same Āryabhat.a in the sixth century also developed in a
different siddhānta another parameter suite known as the “midnight” (ardharātra)
paks. a, from its choice of epoch. No canonical treatise for this system survives, but it
is partially documented in the Khan. d. akhādyaka of Brahmagupta, notwithstanding
his emphatic critiques of many aspects of Āryabhat.a’s astronomy. Especially in

17These canonical “school” divisions in jyotis. a are discussed in Plofker (2014, pp. 1–2) and Pingree
(1978a, pp. 534, 629–630). To the best of our knowledge, the earliest references to them in Sanskrit
sources include Dinakara’s Candrārkı̄ (verse 2) as well as Mallāri in his commentary to Gan. eśa’s
Grahalāghava (Jośı̄ 1994, pp. 44–45, verse 1.16). The terms paks. a and pratipaks. a are well-known
terms in philosophy, meaning opposing positions in an argument or a debate, but the etymological
path for the evolution of the general concept of a paks. a as a school of opinion and/or intellectual
lineage in Sanskrit remains to be explored. The paks. a identities of individual table texts, where
known, are specified in Appendix A, and the characteristic parameters of the various schools in
Appendix B.
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northern India some astronomy manuals were composed within the Ārdharātrika-
paks.a.18

Saurapaks.a. Another midnight-epoch system, the Saurapaks.a or “sun (sūrya)
school” is embodied in a recension of the Sūryasiddhānta dating to around the
eighth century. It gave rise to many works especially in central and eastern India,
and like the Brāhmapaks.a seems to have been the basis of many table texts.

Gan. eśapaks.a. This parameter system was set out in the handbook Grahalāghava,
which was composed by Gan. eśa in 1520 and was widely adopted in northern and
central India. It is a modified combination of parameters from other paks. as based
on Gan. eśa’s own observational tests of their accuracy.

1.3 Astrological aspects of jyotis. a

Astral omens about eclipses, the appearance and position of the moon, and other
celestial phenomena appear in Sanskrit texts as early as the first millennium BCE.
As discussed in Section 1.1.4, the spread of Hellenistic genethlialogy near the turn
of the millennium added to these omen corpora highly mathematized predictions
about planetary positions and their impacts on terrestrial events, which became
inextricably linked with ritual calendrics as part of the fundamental purpose of
jyotis. a.19

1.3.1 Divination from omens or sam. hitā

Terrestrial omens, such as the movements of animals and birds, bodily traits and
markings, and everyday incidents and accidents (including dreams) dominate the
tradition of divination from omens. But many meteorological and celestial events
too, most significantly eclipses but also more routine phenomena like planetary
risings and settings, the moon’s occupation of a particular naks. atra, and the
orientation of the lunar crescent, are identified as auspicious or inauspicious in omen
texts.20

18This school is represented in southeast Asian calendric traditions as well; Ōhashi (2008, p.
323) suggests that its diffusion may reflect a particular affinity for the Ārdharātrikapaks.a among
Buddhists.
19For an account of the development of celestial omens in the ancient near east and their spread to
other early cultures of inquiry, see Pingree (1997). For general surveys of astral omens and other
branches of astrology, see Gansten (2010, 2011).
20The classical authority for astral omens in Sanskrit is Varāhamihira’s Br. hatsam. hitā (Kern 1865).
A detailed list of editions and translations is given in Pingree (1981, pp. 72–73, note 36).



1.3 Astrological aspects of jyotis. a 25

1.3.2 Celestial forecasting and horoscopes

The basic notion of a horoscope or prediction of life outcomes from the configura-
tion of stars and planets at the native’s birth, and its relation to the terrestrial location
of the birth via the ascendant or point where the ecliptic crosses the local eastern
horizon, was fundamental to Hellenistic astral sciences. It merged with Indian
divination traditions in the early first millennium CE to launch the complicated
genethlialogical systems known as jātaka “nativity.”

The predictive capacities of horoscopes were speedily sought in many situations
other than nativity forecasting. The practice of casting a horoscope for the moment
when a questioner inquires about a particular matter of uncertainty (such as a
lost object or an imminent danger), and predicting its resolution based on that
horoscope, was called praśna “question,” i.e., the astrology of interrogations. The
reverse practice of identifying auspicious moments to perform particular actions,
inspired by Hellenistic catarchic astrology, was known as muhūrta “moment,” a
blend of horoscopy with omen interpretation. Two very common subjects of inquiry
in muhūrta were marriage (vivāha) and military expedition and travel (yātrā), which
evolved into astrological subfields in their own right.

1.3.3 Fundamental astrological concepts

The single most important entity in Indian astrology is the horoscope or forecast
derived from a complex of celestial data, particularly the nativity birth-chart or
janmapattra.21 The horoscope’s fundamental basis is the positions of the planets
in the zodiac at the moment of the native’s birth or some other crucial time. A
planet (graha) is one of the nine celestial bodies including the luminaries, the five
star-planets, and the moon’s nodes. The luminaries and star-planets are assigned
pairwise relationships as friends (mitra), neutral (sama), or enemies (śatru), e.g.,
the sun is in friendship with the moon, Mars, and Jupiter, in enmity with Venus and
Saturn, neutral with respect to Mercury, and so forth.

These seven planets are allotted special “lordship” over one or two individual
zodiacal signs (rāśis or 30◦ arcs of the ecliptic) considered to belong to them. In
addition, each of these seven has an “exaltation” (ucca) or sign in which its power
is intensified, especially in a particular degree of that sign, as well as a sign and
degree of “dejection” (nı̄ca) diametrically opposite the ucca. The 12 signs with their
planetary lords and their degrees of exaltation for a designated planet are shown in
Table 1.1.

21Various astrological concepts are covered in Br. hajjātaka (Jhā 1934) including divisions of
zodiacal signs (1.6–12), exaltation/dejection (1.13), friendships/enmities of planets (2.15–18),
daśās/antardaśās (chapter 8), as. t.akavarga (chapter 9), moon in naks. atras and zodiacal signs
(chapters 14–15), dr. s. t.is (chapter 19), bhāvas (chapter 20), and vargas (chapter 21).
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Table 1.1 Zodiacal signs with their planetary lords and degrees of exaltation (ucca) (Jhā 1934,
pp. 15–16).

Sign 1 Aries 2 Taurus 3 Gemini 4 Cancer

Lord Mars Venus Mercury Moon

ucca 10◦ Sun 3◦ Moon 5◦ Jupiter

Sign 5 Leo 6 Virgo 7 Libra 8 Scorpio

Lord Sun Mercury Venus Mars

ucca 15◦ Mercury 20◦ Saturn

Sign 9 Sagittarius 10 Capricorn 11 Aquarius 12 Pisces

Lord Jupiter Saturn Saturn Jupiter

ucca 28◦ Mars 27◦ Venus

Planetary influences were held to depend not just on their positions with respect
to the zodiac and one another, but also on the terrestrial locality from which they
were perceived. The core concept in this regard is the ascendant or horoscopic point
(lagna), where the ecliptic intersects the eastern horizon of the locality. This point
determines the division of the ecliptic into 12 houses (bhāva or gr. ha). The first
bhāva is usually equated to the entire sign containing the ascendant. Alternatively,
it may be considered as a 30◦ arc of the ecliptic measured east from the ascendant, or
the first one-third of the ecliptic arc between the ascendant and the prime meridian,
etc. Consequently, the tenth bhāva, around 270◦ from the house of the ascendant,
will be the house containing midheaven.

The nature and power of a planet vary greatly depending on which house, sign,
and/or part thereof they occupy. These variations include “aspect” or dr. s. t.i, in which
a planet affects a house standing at a certain angle from its own. (A planet may
also aspect another planet depending on their relative positions.) A planet’s transit
(gocara) from one house or sign to another is also considered significant. Moreover,
various combinations of planet, house, and aspect configurations are designated yo-
gas (literally “conjunction” or “combination”), which have special impacts of their
own.

Along with its division into 12 signs, the ecliptic is apportioned among the
27 naks. atras or lunar constellations (see Table B.3). Each of these can affect the
influence of the moon or some other body that occupies it, as well as interacting
with the configuration of the houses to modify their effects. The zodiac is further
complicated by the schemes known as vargas or rāśi-bheda “dividing of signs,”
which partition each sign into a certain number of equal parts or am. śas. There are
traditionally 16 such vargas based on the divisors 1, 2, 3, 4, 7, 9, 10, 12, 16, 20, 24,
27, 30, 40, 45, and 60, but other divisors may also be used.22 These “micro-zodiacs”
impart ominous characteristics of the zodiac as a whole to subdivisions of a single
sign. A few of the most important vargas, which together with the base category of
rāśi or sign make up the “six vargas” (s. ad. varga), are shown in the table below.

22See Br. hajjātaka 1.6–7, 1.9 (Jhā 1934) and Horāśāstra (chapter 6) (Kapoor 1991).
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horā dres. kān. a navām. śa dvādaśām. śa trim. śām. śa

2 × 15◦ 3 × 10◦ 9 × 3◦; 20 12 × 2◦; 30 30 × 1◦

The so-called as. t.akavarga or “varga of eight” is somewhat different from these
rāśi-division vargas. It is a sort of point-scoring system for assessing the cumulative
effects of the planets’ positions on one another and on that of the ascendant.
Each planet is held to have special benefic or malefic influences in certain houses
separated by given intervals from the house occupied by some other planet, by the
ascendant, or by itself. The assignment of these auspicious or inauspicious house-
intervals for a given planet changes depending on which object it is influencing. So
each planet has its own as. t.akavarga chart listing its house-interval effects for each
of the seven planets and for the ascendant (hence the “eight” in its title; an example
of such a chart is shown in Figure 4.72). Malefic and benefic impacts are designated
“points” (bindu) and “lines” (rekhā), though sources do not always agree on which
is which.23

The diverse features of a planet’s circumstances at a given moment determine
its avasthā or “situation/status,” one of a group of states such as “power” or “hap-
piness” or “misery” that have corresponding impacts upon the horoscope. Further
complexities are added to the system by the concept of planetary “conditions” or
“life stages” that correspond to, and exert influence on, the lives of humans. All
the planets’ effects are further modified by being filtered through the system of
daśās or life stages. Various terms of years in a native’s life are assigned to different
planets depending on the naks. atra occupied by the moon at the moment of birth.
Then the predictions of the horoscope are allocated to the appropriate life stage(s)
based on the daśā result. Since there are also numerous subdivision schemes for
the daśās (antardaśās or “inner daśās”), each with its own modifications of the
predicted influences, the system is sufficiently intricate to accommodate virtually
any apparent discrepancy that may arise in predictions.

1.4 Text genres in classical jyotis. a

Any type of Sanskrit jyotis. a work may be generally designated grantha or pusta-
ka, “book, composition.” Additionally, in the classical and late medieval periods
there developed several distinct textual genres for various practical and pedagogical
purposes which have lent their names to the titles of many works representing them.
The following sections briefly survey the main characteristics of these genres.

23While Bhat.t.otpala explains in his commentary on the Br. hajjātaka (verse 2.9) that points are
benefic and lines are malefic (Jhā 1934, p. 143), in his Horāśāstra (verse 66.14–15), Parāśara
associates points with malefic effects and lines with benefic effects (Kapoor 1991, p. 844).
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1.4.1 The comprehensive treatise or siddhānta

The Sanskrit word siddhānta (literally “doctrine,” “treatise”) appears to be the
earliest standard term for detailed verse expositions of mathematical astronomy. It is
characterized especially by the convention of stating its mean-motion parameters in
terms of immense numbers of integer revolutions during a very long period, usually
a kalpa or lifetime of the universe. Some sources distinguish the tantra (“model”
or “system”) as a similar but separate genre or subgenre typified by the use of the
shorter eon or mahāyuga instead of the kalpa.24 Using one of these eons instead of a
historical epoch date as its zero-point of time, a siddhānta or tantra is theoretically
equally applicable to any time from the remote past to the far future. In fact, this
characteristic of timelessness can make it difficult to identify the date of composition
of such treatises to within a few decades or even centuries, especially ones ascribed
to a divine author.

The siddhānta is usually divided into about one or two dozen chapters (adhyāya
or adhikāra) on various topics, beginning with the fairly canonical sequence
described in Section 1.2.2 for the fundamental astronomical computations. These
initial chapters are frequently lumped together as a main section or “volume”
(also conventionally called an adhyāya) under the name gan. ita “calculation.”
Their approach generally prizes comprehensiveness over concision, for example, in
supplying multiple techniques for computing the same quantity in mathematically
exact or conveniently approximate form.

Later chapters may be devoted to any of a wide variety of astronomical and/or
mathematical topics, ranging from non-astronomical arithmetic and algebra to the
construction and use of observing instruments to the combinatorics of Sanskrit
prosody. In particular, a siddhānta often contains an expository chapter or multi-
chapter adhyāya called gola (“sphere” or “spherics”) discussing the mathematical
rationales for spherical cosmological models and the algorithms based on them.

The pedagogical nature of the siddhānta is highlighted by its emphasis on
understanding such mathematical rationales and theoretical aspects of astronomy
in general. Exhortations to students about the importance of studying gola explana-
tions as well as just memorizing gan. ita algorithms, in order not to be found wanting
in “assemblies of the learned,” will be recognized by mathematics teachers across
the centuries.25

Prominent works in this genre include what are probably the three most
famous Sanskrit mathematical works within modern history of mathematics: the
Āryabhat. ı̄ya of Āryabhat.a composed around 500 (Shukla 1976), the 628 Brāhma-

24For the distinction of the tantra based on the period, see Chatterjee (1981, vol.II, p. 3) or Pingree
(1981, pp. 48–51).
25For passages by Sanskrit authors which underscore the importance of studying the gola, see,
for instance, Brahmagupta in his Brāhmasphut.asiddhānta (verse 21.1) (Dvivedı̄ 1901–1902,
p. 359), Vat.eśvara in his Vat.eśvarasiddhānta (Gola verses 1.1–6) (Shukla 1986, vol.II, pp. 613–4),
Nityānanda in his Sarvasiddhāntarāja (Gola verse 2) (Misra 2016, pp. 105–106).
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sphut.asiddhānta of Brahmagupta (Dvivedı̄ 1901–1902), and the 1150 Siddhānta-
śiroman. i of Bhāskara II (Śāstrı̄ 1989) (see Section 1.2.3). The Śis. yadhı̄vr. ddhida-
tantra of Lalla around the eighth century (Chatterjee 1981), the Siddhāntaśekhara
of Śrı̄pati in the mid-eleventh century (Misra 1932, 1947), and the 1500 Tantra-
saṅgraha of Nı̄lakan. t.ha in the south Indian school of Mādhava (Ramasubramanian
and Sriram 2011) are also important exponents of the siddhānta/tantra tradition. A
group of texts composed probably in the late first up to the early second millennium
is known as the “divine (apaurus. eya) siddhāntas” from the ascription of their
authorship to various deities (Dikshit 1981, pp. 26–27; Pingree 1981, pp. 26, 30).

1.4.2 The astronomical handbook or karan. a

An equally important type of Sanskrit verse astronomy text, apparently developed
contemporaneously with the siddhānta and in many cases by the same authors, is the
more practically convenient genre called karan. a “doing,” “making,” “calculation.”
Almost always attributed to a human rather than divine author, a karan. a employs
a contemporary epoch date and approximate parameter values in place of the
“universal” parameters of the siddhānta genre, and its trigonometry uses cruder
sine values and/or algebraic approximation formulas to simplify calculations.
Descriptions of karan. a texts frequently emphasize their ease of use and compact
size.26

Significant examples of this genre include the Khan. d. akhādyaka by the above-
mentioned Brahmagupta (Chatterjee 1970) and the Karan. akutūhala of Bhāskara II
(Mishra 1991), as well as the Laghumānasa of Muñjala composed in the tenth
century (Shukla 1990) and the 1092 Karan. aprakāśa of Brahmadeva (Dvivedı̄ 1899).
Probably the most renowned work in this category besides the Karan. akutūhala is
the 1520 Grahalāghava of Gan. eśa (Jośı̄ 1994).

1.4.3 The annual calendar or pañcāṅga

The annual calendar or pañcāṅga “fivefold” synthesizes essential aspects of the
ancient ritual timekeeping, historical eras, astronomical models, and astrological
purposes described above into a unified though complicated system. A complete
calendar for a given year would list the sequence of all the days in the year, along
with the specific times during each day marking the transitions of the other time-

26This is exemplified by the criteria laid down in Vat.eśvara’s early tenth-century siddhānta for
composing a karan. a work: “A karan. a is to be made quite concise, not apparent to others, easily
used by the stupid.” (Shukla 1986, vol. I, p. 56).
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units, and the occurrence of prescribed religious rites and festivals along with
particularly auspicious or inauspicious celestial events such as eclipses.

The name of this ephemeral genre refers to the five chief time-units whose
passage the calendar tracks. All of these can be approximated by mean or average
versions based on assumptions of uniform angular motion for the sun, moon,
and lunar node. But the construction of a calendar generally requires taking into
account their deviation from uniform motion, so that, e.g., sunrise or full moon will
correspond (more or less) to the observed moment of the astronomical phenomenon
in question, and not just to the passage of an average time-unit. The calendar
typically references all of the following time-units in addition to the familiar māsa,
(synodic) “month,” and sam. vatsara, (solar) “year”27:

tithi This is the fundamental unit of the Hindu ritual calendar, equal on average to
one-thirtieth of a synodic month. Natal anniversaries, pūjā (worship) ceremonies,
and so forth are typically celebrated with reference to a given tithi of a given
month rather than to a civil day. The astronomical definition of the tithi is
the time period during which the elongation or angular separation between the
longitudes of the sun and moon increases by exactly 12◦. Since the irregularities
of the sun’s and moon’s motion cause variations in their apparent speed, the
length of a true tithi is constantly changing, generally falling a little short of but
sometimes exceeding the length of a mean civil day. A professional pañcāṅga-
maker is required to determine at exactly which times in which successive days
a given tithi starts and ends, and which tithis fall entirely within a single civil
day (“omitted” tithis) and which extend beyond a given civil day on both sides
(“additional” tithis).

vāra The vāra or weekday indicates a given date’s position in the familiar regular
7-day cycle. It is never (deliberately) interrupted or intercalated.

naks. atra This is a purely lunar time-unit, indicating the time required for the
moon to traverse an arc of 13◦ 20′ in longitude or 1/27 of the ecliptic. Again,
its true value depends on the varying speed of the moon and requires more
complicated calculation than the uniform interval of the mean naks. atra.

yoga The yoga (distinct from the astrological yoga or conjunction mentioned
in Section 1.3.3) is the interval during which the sum of the sun’s and moon’s
longitudes increases by 13◦ 20′. There are 27 of these units in a month.

karan. a A true karan. a (here distinguished from the handbook/manual genre of the
same name) is exactly one-half of the true tithi within which it falls. There are
four fixed karan. as in a lunar month, which occur in the last tithi of one month
and the first of the next; after the first tithi comes a sequence of eight repetitions
of the seven “moveable karan. as.”

paks. a The paks. a “side, half” (not in the previously mentioned sense of “astro-
nomical school,” sometimes translated as “fortnight”) is half a synodic month or

27See more detailed descriptions of these quantities and the calendars that unite them in Plofker
and Knudsen (2011), Sewell and Dikshit (1896), and Chatterjee and Chakravarty (1985).
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15 tithis. The waxing or “bright” paks. a begins at new moon and the waning or
“dark” paks. a at full moon.

sam. krānti, solar transit This refers to the moment of entry of the sun into a
zodiacal sign, whose successive recurrences constitute the 12 solar months. As
with days and tithis, solar months and lunar months proceed roughly in one-to-
one correspondence most of the time, but sometimes an interval of one kind will
fall completely within an interval of the other kind.

śuklapratipad This refers to the instant of new moon which begins the first tithi of
the synodic month (in the amānta convention; the pūrn. imānta alternative starts
the lunar months at full moon at the beginning of the waning paks. a).

1.4.4 Astrological and miscellaneous works

Although the immensity of Sanskrit astrological literature—mostly written in
metrical verse, like other didactic texts—precludes describing it in detail here, we
enumerate a few characteristic elements helping to identify it within jyotis. a in
the larger sense. Section 1.3.3 mentions many astrological technical terms which
often appear in the titles of works treating them. In particular, because the nativity
horoscope is the chief desideratum of Sanskrit astrological practice, any text whose
title contains janma or jātaka probably relates to it. The foremost early classic of
this genre is the Br. hajjātaka of Varāhamihira composed in the sixth century. A form
of horoscopy inspired Persian/Arabic sources is called tājika, which includes the
popular topic of annual horoscopes or hāyana.

Interpretation of omens (sam. hitā), whether celestial or mundane, always
remained a key component of jyotis. a divination practices, as illustrated by the
seminal work Br. hatsam. hitā by the aforementioned Varāhamihira. Some prominent
subdivisions of this topic relate to animal and bird signs (śākuna), bodily marks
(sāmudrika, especially hasta-sāmudrika or palmistry), jewels (ratna), breathing
(svarodaya), physical sites and buildings (vāstu), and dreams (svapna). A later form
of divination derived from Islamic geomancy is called ramala.

Propitiatory and magical practices often involve concepts and methods from
astrological and omen-related forecasting. Apotropaic rituals called śānti are often
addressed to the planets (graha), sometimes specified as nine in number including
the lunar nodes (nava-graha). Diagrams for magical effect or divinatory interpreta-
tion may be called cakra or yantra.28

Several of the topics typically treated in the later chapters of a siddhānta
work may also have independent texts devoted to them. This is especially true of
non-astronomical gan. ita applications. A standalone work may also be concerned
with the exposition of a particular observational instrument or yantra, which

28For the history of these topics, see the general surveys in Pingree (1978c, 1981, 1997), as well
as the canonical Br. hajjātaka (Aiyar 1905).
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can sometimes be difficult to distinguish in a list of titles from works on the
abovementioned magical or astrological yantra.

1.4.5 The astronomical table text

At some point probably in the early second millennium, the canon of Sanskrit math-
ematical astronomy expanded to include many texts consisting solely or primarily
of two-dimensional arrays of numerical values. They are generally accompanied by
instructions on how to use the values to perform simplified versions of astronomical
calculations, in place of the more laborious parameter-and-algorithm procedures in
siddhāntas and karan. as (Rupa K. 2014, p. 37)

Such two-dimensional arrays acquired the technical names kos. t.haka, literally
“granary, treasury, compartments” and sāran. ı̄, literally “stream, path, line,” echoing
the etymology of its classical synonym “canon”; see Appendix C.2.1 for a discus-
sion of the use of such terms. The rest of this book is devoted to describing the
emergence, development, and legacy of this genre of astronomical tables in Sanskrit
jyotis. a.

1.5 Tables and Sanskrit astral sciences in the second
millennium

Indian astronomy in the first few centuries of the second millennium, like its
counterparts in the Islamic and European worlds, was firmly situated in a geocentric
spherical universe whose fundamental models and parameters had been worked
out centuries ago, but whose complexity still inspired ceaseless variation in
astronomical techniques. However, this variation was not primarily displayed in the
genre of comprehensive treatises. After the composition of the hugely influential
Siddhāntaśiroman. i and the approximately contemporaneous “divine siddhāntas”
with no attributed historical human author, only a few major siddhāntas were
composed in north India before the twentieth century. During the same time, the
school of Mādhava in south India continued the siddhānta tradition with some
remarkable works such as Nı̄lakan. t.ha’s Tantrasaṅgraha. This section explores some
of the other developments, primarily in the literature from the northern half of the
subcontinent, that help fill in the blanks of the story told by the surviving traditional
siddhānta works.

1.5.1 Origins and development of Sanskrit tables

Table texts in ancient astronomy are familiar as a continuous descent with modifica-
tion extending through the Babylonian, Greek, and Islamic traditions successively,
and eventually issuing in the manifold tables of modern astronomy in its pre-
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computer period. The genesis of the Indian kos. t.haka/sāran. ı̄ or astronomical tables
appears to be collaterally related to this lineage, but with a substantial amount of
independent development.

Sequences of astronomical data in Sanskrit texts go back as far as the lists
of constellations, months, etc., in some Vedic texts, whose date is very uncertain
but which almost certainly cannot be younger than the late second millennium
BCE. In the earliest surviving quantitative astronomy texts, computations relied
on versified algorithms rather than extended sequences of tabulated data. Lists of
key function values for astronomical/calendric calculations, such as daylight lengths
corresponding to given times of the year or gnomon-shadow lengths corresponding
to given times of a day, were also worked into the verses of metrological texts in the
late first millennium BCE (Kangle 1960–1965, vol. 2, pp. 138ff). A few hundred
years later, treatises on spherical astronomy routinely included brief sequences of
stellar celestial coordinates and values of trigonometric functions, planetary orbital
parameters, etc. (Plofker 2012). Such “versified tables” persist throughout the later
history of jyotis. a literature as the primary means of incorporating numerical data
into verse texts. Scribes often repeated such data in displayed numeric-array tables
accompanying the verses. Since most surviving Sanskrit manuscripts date from the
last few centuries of the second millennium, we cannot trace the history of this
scribal convention very far back, although there are examples of other displayed
numeric data formats in a mathematical manuscript from several centuries earlier
(Hayashi 1995).

It seems highly likely that most astronomers constructed much more detailed lists
or tables of function values for their own use, without reproducing them in full in
compositions meant for dissemination, see, e.g., Shukla (1986, vol.II, pp. 227–228,
verse 2.5.2). The compilation of such tables for distribution to others was perhaps
in part a response to the spread of paper technology in early second-millennium
northern India (Ghori and Rahman 1966; Rezavi 2014). In this way the chief locus of
astronomical computation began to shift from the astronomer’s pāt. ı̄ or other erasable
working surface to the cells of the row-and-column grids permanently inked on a
page (or as permanently as the typical life expectancy of a manuscript allowed, at
least).

South Indian jyotis. a and the vākya system

A different type of verbally encoded table data is found in the South Indian vākya
or “sentence” texts, whose first explicitly dated surviving examples go back to the
early second millennium but which are traditionally ascribed to an inventor several
centuries earlier. They record celestial positions of the planets not by means of
number words as in the Brāhmasphut.asiddhānta verse table cited above, but rather
by assigning each of the consonants of the Sanskrit nāgarı̄ alphabet to one of the
ten decimal digits, and then making up a short Sanskrit sentence for each given
data value that contains consonants chosen and ordered to correctly represent its
numerals. (See Pai et al. 2017 for a detailed discussion of one such vākya text.)
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1.5.2 The influence of Islamic tables

A detailed portrait of what Indian astral sciences looked like to a non-Indian
observer at the very beginning of the second millennium is provided in the India
of the Muslim scholar-scientist al-Bı̄rūnı̄. Not being an accomplished Sanskritist
(perhaps not at all literate in the language) (Pingree 1975), al-Bı̄rūnı̄ was dependent
on commentaries and local pandits to explain the contents of the texts he discussed.
Though the impressions he received of this material were almost certainly somewhat
garbled and his comprehension of them was never complete, his descriptions of
them constitute a unique and highly valuable survey of a textual corpus still very
imperfectly known.

In al-Bı̄rūnı̄’s depiction (which of course is further constrained by the character-
istics of the particular regional variant of Sanskrit astronomy that he encountered
in the northwest of the subcontinent), the Indian exact sciences are still profoundly
engaged with “classic” treatises from several centuries earlier. The most notable of
these are the works of Āryabhat.a and Brahmagupta, from the early sixth and early
seventh centuries, respectively.

No identifiable Sanskrit numeric-array tables are described by Bı̄rūnı̄, who was
of course thoroughly familiar with such tables in the zı̄jes of his own Greco-Islamic
astronomy, and even constructed several in the India to aid his systematic explana-
tions of features of Indian astrology.29 He does refer in the India to “a leaf of a canon
(zı̄j) composed by Durlabha of Multân [warqa. . . min zı̄j ‘amalahu Durlaba al-
Mūltānı̄] which I have found by chance.” But it seems highly unlikely that this work
of Durlabha actually included any sāran. ı̄-style numerical tables of astronomical
function values computed for, say, each degree of argument, after the fashion of
a typical zı̄j text. The only indication to that effect is al-Bı̄rūnı̄’s application of
the term zı̄j to Durlabha’s composition, and he uses the same word in exactly
similar ways to refer to, e.g., the sixth-century Pañcasiddhāntikā, the seventh-
century Khan. d. akhādyaka, and other karan. a works that apparently contain no such
tables (Pingree 1981, pp. 32–34). That is, these karan. as resemble the (mostly later)
Islamic zı̄j texts only in being handbooks for astronomical computation, not in
providing extensive tables of pre-calculated values as a substitute for astronomical
computation. Consequently, the so-called canon of Durlabha should be presumed
to have been a typical karan. a text rather than an early form of kos. t.haka/sāran. ı̄
work. By the same token, these same works described on al-Bı̄rūnı̄’s authority as
“Sanscrit” zı̄j texts (Kennedy 1956, p. 138) should not be mistaken for table texts.

29Kennedy’s classic introductory survey of such texts defines them as follows (Kennedy 1956, p.
123): “A zı̄j consists essentially of the numerical tables and accompanying explanation sufficient to
enable the practising astronomer, or astrologer, to solve all the standard problems of his profession,
i.e., to measure time and to compute planetary and stellar positions, appearance, and eclipses.”
Originally derived from the “Handy Tables” of Ptolemy, they were called zı̄j from Persian zı̄g or
“cord,” a name which apparently associates the rows and columns of numerical tables with the
warp and weft cords of a loom (and which may or may not have inspired the somewhat similar
Sanskrit name sāran. ı̄).
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In fact, the first Indian works fully corresponding to our usual notion of an astro-
nomical table text are thought to have been initially inspired by Islamic zı̄jes like
those known by al-Bı̄rūnı̄.30 The inference is supported by fundamental similarities
between some Indian and Islamic table types, along with the presence of many
Islamic zı̄jes in second-millennium India. The chronology of this presumed cross-
cultural adaptation of the zı̄j into the kos. t.haka, however, remains very uncertain.

As with the origins of the siddhānta and karan. a genres nearly a millennium ear-
lier, there is no textual evidence documenting the initial steps of this development:
the earliest surviving kos. t.haka/sāran. ı̄ works already exhibit mature specimens of the
Sanskrit table-text format, although some of them combine it with characteristics of
the karan. a (see Chapter 5). Most of the surviving works in this genre date from the
sixteenth and seventeenth centuries.

1.5.3 Concurrent developments in jyotis. a

In the couple of centuries following Bı̄rūnı̄’s account, Indian jyotis. ı̄s began employ-
ing the so-called bı̄jas (not exactly the same as, though not unrelated to, bı̄ja in the
sense of “algebra”) or sets of parameter modification constants. The construction
and application of these adjustments is still not fully understood, but they seem
to have been designed both to update the values prescribed in old texts for better
agreement with current results and to convert results obtained using one set of
paks. a parameters to values consistent with a different paks. a. Although they are
first explicitly attested in an eleventh-century table text (see Section 5.1), they are
firmly entrenched in north Indian jyotis. a works of all kinds by the twelfth century.31

The previously mentioned group of “divine siddhāntas” also emerged approx-
imately during the early second millennium. This timing suggests the tentative
speculation that their re-centering of the view of jyotis. a as a sacred tradition in
the Indian universe of dharma may have been conceived partly as a response to
foreign influences from outside that universe, i.e., in Islamic astronomical texts
and also the adoption of Islamic branches of astrology/divination such as ramala
and tājika. However, a far more powerful force for the perpetuation of classical
jyotis. a in its traditional form was a decidedly human siddhānta, the magisterial
Siddhāntaśiroman. i of Bhāskara II composed around 1150.32

30See Pingree (1981, pp. 41–46) and Plofker (2009, pp. 274–277).
31The use of bı̄ja-corrections in Sanskrit astronomy is surveyed in Pingree (1996a), Hayashi
(2008a) and Rao (2000, pp. 281–285). Such bı̄jas are found in, for instance, the Grahajñāna of
Āśādhara, the Mahādevı̄ of Mahādeva, works of Dinakara, and the Brahmatulyasāran. ı̄.
32Although it has been suggested in, e.g., Pingree (1978a, pp. 585–586) that this treatise may show
traces of Islamic influence in its trigonometric rules and tables, it seems more likely to represent a
parallel evolution within classical jyotis. a.
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The role of the verse-only handbook in the period from approximately the early
thirteenth century, by which time the canonical status of Bhāskara’s manual Kara-
n. akutūhala seems to have been well established, to the early sixteenth when the
Grahalāghava of Gan. eśa (Section 5.6.1) became the next standard karan. a work,
also raises some intriguing questions. The surviving textual corpus suggests that
in the meantime, kos. t.haka table texts successfully competed for the attention of
jyotis. ı̄s interested in practical computation. It may not be too far-fetched to view the
Karan. akutūhala itself as a deliberate “reclamation” by Bhāskara, the master of both
synthesis and innovative development in traditional jyotis. a, of the traditional karan. a
style consisting of verse algorithms without numeric-array tables. If true, this seems
to imply an equally deliberate rejection of earlier “hybridized” works with their
blend of familiar verse algorithms and unconventional (even partly foreign?) arrays
of pre-computed data in tabular form.



Chapter 2
Content and classification of table texts

In this chapter we outline two different aspects of the genre of Sanskrit astronomical
table texts: the mathematical models underlying their construction and the chief
approaches to their taxonomy. We begin by explaining in more detail the algorithms
and models that were briefly outlined in Section 1.2.2. The subsequent section
broadly surveys the numbers and distribution of manuscripts containing tables
in Sanskrit manuscript collections, and describes the conventional notations and
layouts that they exhibit. We then discuss various criteria for a rough taxonomy of
table texts.

2.1 Computing astronomical quantities

This section analyzes some fundamental elements of the quantitative models used to
solve astronomical problems in Sanskrit jyotis. a. The full range of model details and
variants is far too large to cover comprehensively here, but the following discussions
should enable the reader to understand the basic purpose and construction of a
majority of standard kos. t.haka/sāran. ı̄ tables.

2.1.1 Mean motions

The mean longitude λ̄ of a celestial body at a moment t time-units since the time of
epoch is given by

λ̄ = λ0 + �λ̄ · t
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where λ̄0 is its epoch mean longitude and �λ̄ its mean motion or mean velocity.
Conventionally the standard longitudes in Indian astronomy are sidereal, i.e.,
measured from a fixed starting-point among the stars. Astronomical treatises and
handbooks generally prescribe procedures for finding t in units of days (the
ahargan. a) and multiplying it by a mean daily velocity value ultimately derived
from period relations between integer numbers of years and revolutions in an eon.
Table texts’ versions of these procedures usually involve tabulating mean longitude
increments for various multiples of different time-units.

2.1.2 True motions: manda longitude/velocity corrections

A planet’s true longitude λ is obtained by applying to its mean longitude λ̄ one
or more correction terms (conventionally known as “equations”) derived from
the trigonometric relationships between the positions of the earth, the planet, and
its orbital apogee or ucca. The corrections may be produced directly from the
trigonometric formulas described below, or from various approximations to them
discussed in the later sections.

The “equation of center” or “eccentric correction” of celestial bodies in geocen-
tric spherical astronomy is the difference between their mean and true longitudes
produced by what is termed the “eccentricity” of their orbits. Qualitatively, it
accounts for the fact that an object on an elliptical orbit revolves about its focus
rather than its center. In Indian astronomy, this is called the manda or “slow”
correction, and is the only one required to find the true position of the sun or the
moon. Its effect can be modeled, as shown in Figure 2.1, by a circular orbit whose
center is displaced from the center of the earth or “eccentric” by the distance e (OC

in the figure). Equivalently, it can be represented by a concentric circle of equal size
bearing the center of a small circle or “epicycle” with radius rM = e (P̄ P in the
figure). In this model, the true planet moves uniformly on the epicycle with the same
period as the epicycle center’s motion in the opposite direction on the concentric
circle. Finally, abandoning the uniform-motion assumption, one can instead think
of the true planet schematically as moving on the concentric orbit with a point at
the apogee longitude exerting some kind of force at a distance to speed or slow its
progress.1

Due to this equivalence, the equation of center (denoted μ) or manda-equation,
called mandaphala in Sanskrit, is mathematically the same in both epicyclic and
eccentric models: an epicyclic version is shown in Figure 2.2. Its dependence upon
the so-called mean anomaly angle (mandakendra, κM ) between the body’s mean
longitude λ̄ at P̄ and the longitude λAM

of its apogee A is given by

κM = λ̄ − λAM
, sin μ = rM sin κM

HM

1The eccentric/epicycle equivalence forms part of the conventional description of the manda-effect
in, e.g., Siddhāntaśiroman. i 2.27–29 of Bhāskara (Śāstrı̄ 1989, p. 47). The non-uniform-motion
interpretation is described in, e.g., Sūryasiddhānta 2.1–10 (Pān. d. eya 1991, pp. 17–19).



2.1 Computing astronomical quantities 39

Fig. 2.1 Equivalence of
eccentric and epicycle
geocentric orbital models for
an observer at O, the earth.
Planet P may move with its
mean velocity on an eccentric
circle with eccentricity OC,
from the apsidal line OCAM

through the angle
AMCP = AMOP̄ . Or the
center P̄ of its epicycle may
move on a concentric circle
through angle AMOP̄ while
the planet P moves on the
epicycle with the same speed
in the opposite direction. In
both cases, the true planet
will appear to be on the line
OP instead of at its mean
position P̄ .

Fig. 2.2 Trigonometry of the
manda-equation μ

determined by the
manda-anomaly angle κM , its
scaled sine or bhujaphala
PQ, and its scaled cosine or
kot.iphala P̄Q.
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Table 2.1 Behavior of sequences of approximate values of the manda-equation

μ≈ arcsin(sin κM · rM/R), and of the manda-derived velocity correction
M

�v , depending on
the value of manda-anomaly κM .

κM quadrant Sequence of manda-equation values μ Sequence of velocity-correction values
M

�v

0–90◦ Positive increasing (0, . . . , μmax) Negative increasing

90–180◦ Positive decreasing (μmax, . . . , 0) Positive increasing

180–270◦ Negative decreasing (0, . . . ,−μmax) Positive decreasing

270–360◦ Negative increasing (−μmax, . . . , 0) Negative decreasing

where rM as before is the epicycle radius and HM is the distance between the
manda-corrected planet and the earth (OP in the figure). The equation μ is zero
when the body is at its apogee or perigee, where the mean and true longitudes
coincide.

The hypotenuse or karn. a HM can be expressed in terms of κM , R, and rM using
the Pythagorean theorem to give the equivalent expression

sin μ = rM sin κM√
(rM sin κM)2 + (R + rM cos κM)2

where the right triangle sides rM sin κM and rM cos κM in the epicycle are sometimes
called the bhujaphala and kot.iphala respectively. In practice, HM is frequently
assumed to be equal to R (Yano 1997). With this assumption, the above expression
for sin μ becomes merely a linear multiple of sin κM , so the same values of
manda-equation μ will occur symmetrically in the four quadrants of manda-
anomaly as shown in Table 2.1. The argument range of most manda-equation tables
consequently extends only up to 90◦, where μ is at maximum.

Because a planet appears to move faster or slower depending on where it is
on its orbit, the manda-equation adjustment in longitude involves a corresponding
modification to the planet’s mean velocity v̄, which is termed the manda-gatiphala

or angular velocity correction due to the manda-anomaly (here denoted
M

�v). If we
imagine the planet’s true velocity v as approximately the finite difference between
two successive true longitudes λ1 and λ2 with respective mean longitudes λ̄1 and
λ̄2, we obtain v = λ2 − λ1 and

M

�v = v̄ − v = (
λ̄2 − λ̄1

) − (λ2 − λ1) = (
λ̄2 − λ2

) − (
λ̄1 − λ1

) = μ2 − μ1

Consequently, algorithms for the manda-gatiphala will depend in some way on
change in the manda-equation. Bhāskara II’s Siddhāntaśiroman. i (2.36–38) pre-
scribes for the gatiphala at a given moment a relation equivalent to the following
formula:

M

�v = (
v̄ − vAM

) · cos κM · (rM/R)
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where vAM
, the velocity of the manda-apogee, is always taken as zero for all planets

except the moon. This relation ingeniously takes the cosine of the manda-anomaly
as the instantaneous change in its sine, which in turn is proportional to the change
in sin μ.2

Qualitatively, the gatiphala correction
M

�v is at its minimum (most negative)
value when the planet is moving most slowly, at apogee or 0◦ of anomaly. During
the first quadrant, it increases to zero so that at 90◦ of anomaly, the manda-
corrected velocity equals the mean velocity. The gatiphala continues to increase
to its maximum value when the planet attains its fastest motion at perigee, and then
symmetrically decreases through zero down to its minimum as the planet travels
back towards the apogee. These values are to be applied with appropriate order
and sign to the mean velocity, depending on the quadrant in which the value of the
anomaly κM falls (see Table 2.1).

2.1.3 True motions: śı̄ghra longitude/velocity corrections

In addition to the equation of center resulting from orbital eccentricity, the five star-
planets also require a second correction known as the “equation of conjunction”
or “synodic correction”. Namely, from the vantage point of an observer on earth
over weeks or months, the star-planets appear to periodically reverse direction while
changing their speed. In a heliocentric model, this can be explained by the fact that
the planets, in addition to the earth, are all revolving about the sun. The mechanism
that Indian astronomers employed to account for this “synodic anomaly” is an
epicyclic correction called śı̄ghra or “fast” (since the velocity of a planet’s śı̄ghra-
apogee is much faster than that of its manda-apogee).

This śı̄ghra-equation σ is a function of the so-called śı̄ghrakendra or śı̄ghra-
anomaly κS , measured between the mean longitude of the planet corrected by the
manda-equation, λ̄M , and the longitude λAS

of the śı̄ghra-apogee:

κS = λAS
− λ̄M

For superior planets, the śı̄ghra-apogee is taken to be the mean sun, and in the case
of inferior planets, the planet itself (see Figure 2.3). As explained in Section 2.1.4,
because the śı̄ghra-apogee AS rotates faster than the mean planet about the earth,
this model periodically produces apparent retrogradations of the planet when it is
near opposition (or inferior conjunction for an inferior planet).

The trigonometric derivation of the śı̄ghra-equation σ at any given moment is
similar to that of the manda-equation in the epicyclic model (see Section 2.1.2):

sin σ = rS sin κS

HS

2The “calculus” nature of such techniques has been frequently discussed, see, e.g., Arkasomayaji
(1980, pp. 110–111) and Rao (2017).
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Fig. 2.3 Configuration of śı̄ghra-anomaly κS for inferior planets (left) and superior planets (right).
For Venus and Mercury the mean longitude of the sun coincides with that of the (manda-corrected)
mean planet P̄ itself, while for the other planets the mean sun is at the śı̄ghra-apogee longitude
AS .

where rS is the radius of the planet’s śı̄ghra-epicycle and its true distance HS from
the earth is given by

HS =
√

(rS sin κS)2 + (R + rS cos κS)2.

But due to the much larger size of the planets’ śı̄ghra-epicycles as compared
to their manda-inequalities, the substitution of R as an approximation to the true
hypotenuse distance or karn. a H is not feasible in this case. Consequently, the
maximum śı̄ghra-equation value σmax will occur not at the end of the first quadrant
of śı̄ghra-anomaly κS , but rather at the value of anomaly equivalent to

κS = arccos
(
− rS

R

)
.

Depending on the śı̄ghra-epicycle size for the planet in question, this anomaly value
will fall somewhere between 90◦ and 135◦. So tabulated śı̄ghra-equation values will
be symmetric only about the ends of the second and fourth quadrants of anomaly,
not the first or third quadrant.3

The combination of manda and śı̄ghra corrections is usually prescribed in trea-
tises and handbooks as an abbreviated iteration process, sometimes with additional
modifications specific to Mars.4 Table texts that include these equation values may

3A modern analytical derivation of the σmax result involves setting the derivative of the above
expression for sin σ to zero and solving for the value of κS that satisfies it, see Montelle and
Plofker (2015, pp. 18–20).
4The historical process of development and refinement of these iterated combinations of correc-
tions is very obscure. Several versions used by Indian astronomers are described in Chatterjee
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provide instructions explaining how to combine them, or may leave it up to the user
to decide their application.

As in the case of the manda-correction μ discussed in Section 2.1.2, the śı̄ghra-
correction σ to a planet’s longitude likewise entails a corresponding correction to

its velocity due to the śı̄ghra-anomaly, the śı̄ghra-gatiphala or
S

�v . Tabulated values
of this quantity suggest that its computation frequently relies on approximating it
by the product �σ · vκS

of the śı̄ghra-equation difference and the anomaly velocity.
If we now call the mean velocity corrected by the manda-gatiphala the “manda-

corrected” velocity v̄M = v̄ + M

�v , then the additive combination of this v̄M with the
śı̄ghra-gatiphala produces the planet’s fully corrected true velocity v:

v = v̄M + S

�v ≈ v̄M + �σ · vκS

To understand the structure of this śı̄ghra-gatiphala in modern terms, we can
analytically represent instantaneous true velocity v as the derivative of true longitude
λ = λ̄M + σ 5:

v = d

dt
(λ) = d

dt

(
λ̄M + σ

) = d

dt

(
λ̄M

) + d

dt
(σ )

= v̄M + d

dκS

(σ ) · d

dt
(κS)

= v̄M + d

dκS

(σ ) · vκS

where vκS
= d

dt
(κS) is the rate of change of the śı̄ghra-anomaly κS = λAS

− λ̄M ,

or vκS
= vAS

− v̄M . The other derivative
d

dκS

(σ ) can be approximated by the finite

difference �σ between two successive values of the śı̄ghra-equation.

2.1.4 Synodic phenomena

In modern heliocentric terms, the earth in its orbit periodically overtakes the slower-
moving superior planets (Mars, Jupiter, and Saturn) and is overtaken by the faster
inferior Venus and Mercury. This produces the recurring apparent halts, reversals of
direction, disappearance in proximity to the sun, and reappearance that characterize
the “wandering stars.” From a geocentric point of view, the same phenomena are
explained by models in which the average apparent eastward motion in longitude

(1981, vol. 2, pp. 51–53); a specially modified variant for Mars is given in Siddhāntaśiroman. i 2.35
(Śāstrı̄ 1989, p. 52).
5See the discussion in Montelle and Plofker (2015, pp. 23–25) for a full derivation of the following

equations. Note in particular that the true velocity formula v = v̄M + d

dκS

(σ ) · vκS
≈ v̄M + �σ ·

vκS
is essentially equivalent to the Siddhāntaśiroman. i’s rule in 2.39.
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Fig. 2.4 Occurrence of
retrogradation of a superior
planet P as seen from the
earth at O. The location of
the mean sun (sampled for
three moments at S1, S2, and
S3) determines the direction
of the planet’s śı̄ghra-apogee,
which causes the planet’s
perceived ecliptic longitude at
P3 to fall behind where it was
previously at P2.

of the inferior planets is faster than that of the sun, which in turn is faster than that
of the superior planets. In these models, the śı̄ghra-epicycles superimpose apparent
smaller oscillations on the underlying net eastward motions. Figure 2.4 illustrates
such an oscillation for a superior planet.

An inferior planet seems to zigzag back and forth in the sky like a racer on a
distant oval track, never getting very far away from the sun. In heliocentric terms,
this is because the planet’s smaller orbit about the sun is confined within that of the
earth. A superior planet, on the other hand, orbits beyond the earth, and appears to
backtrack in the sky only when the earth passes it on the inside. All these motions
appear slightly tilted with respect to the ecliptic due to the planets’ small orbital
inclinations, i.e., the nonzero angle between the plane of the ecliptic and that of
the orbit. The following specific events produced by these motions are classified as
synodic phenomena.

Superior planet:

First station (vakra, “reverse”). The planet appears to slow down and then stop
in its eastward motion (as the faster-moving earth catches up to it).
Immediately after first station, the planet begins to “retrograde” or move
backwards, i.e., westward, in the sky (as the earth passes by it).

Opposition. In the middle of the retrograde arc, the planet and the sun are 180◦
apart in longitude: the overtaking earth is on the straight line between them. The
planet is visible in the night sky from sunset to sunrise.

Second station (mārga, “on course”). The retrograde motion appears to slow
and then stop as the earth rounds the curve of its own smaller orbit and the planet
is no longer falling behind in longitude.
After second station the planet’s apparent motion among the stars is eastward
once more, and will remain so until the next occurrence of first station. The
faster-moving sun continues to approach the planet from the west, decreasing
the nighttime interval in which the planet can be seen.
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Acronycal setting/last visibility in west (paścima-asta, “west setting”). The
planet is just far enough east of the sun to be briefly visible above the setting sun
on the western horizon. On subsequent nights it will be too close to the sun to be
seen.

Conjunction. The (invisible) planet has the same longitude as the sun, i.e., the
positions of the planet, sun, and earth are again collinear, but this time with the
sun in the middle.

Heliacal rising/first visibility in east (pūrva-udaya, “east rising”). As the
faster-moving sun pulls away to the east, the planet rising on the eastern horizon
will become visible just before sunrise. Until its next acronycal setting it will be
visible for at least some part of every night.

Inferior planet:

First station (vakra, “reverse”). As the planet reaches its greatest eastern elon-
gation from the sun (i.e., as it rounds the curve of its smaller orbit as seen from
earth) its eastward motion appears to slow and then stop.
Immediately after first station, the planet appears to move westward or retrograde
in the sky as its orbit takes it to the far side of the sun.

Acronycal setting/last visibility in west (paścima-asta, “west setting”). The
westward-moving planet as it approaches the sun is visible just above the setting
sun on the western horizon; this is the start of its first period of invisibility.

Superior conjunction. The planet has the same longitude as the sun, which lies
directly between the planet and the earth and hides the planet from view.

Heliacal rising/first visibility in east (pūrva-udaya, “east rising”). The
westward-moving planet passes the sun and becomes visible again on the eastern
horizon just before sunrise.

Second station (mārga, “on course”). The westward motion slows down and
stops as the planet reaches its greatest western elongation from the sun.
After rounding the western end of its orbit the planet moves east again on the
near side of the sun.

Heliacal setting/last visibility in east (pūrva-asta, “east setting”). The
eastward-moving planet, overtaking the sun, is visible for the last time on
the eastern horizon before sunrise, then enters its second period of invisibility.

Inferior conjunction. The (invisible) planet once more has the same longitude
as the sun, this time positioned between the sun and the earth.

Acronycal rising/first visibility in west (paścima-udaya, “west rising”). The
faster eastward-moving planet pulls away from the sun and becomes visible on
the western horizon after sunset.

The elongations for the following pairs of phenomena add up to 360◦, as illus-
trated in Table 2.2: first and second station, east rising and west setting, west rising
and east setting. This is because each of these pairs of phenomena is symmetric
about opposition, superior conjunction, or inferior conjunction, respectively, where
the synodic elongation is either 180◦ or 0◦.
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Table 2.2 Degrees of synodic elongation where the various synodic phenomena occur, as specified
in, e.g., Brāhmasphut.asiddhānta 2.48, 2.52–53, Siddhāntaśiroman. i Grahagan. itādhyāya 2.41–44.
Other authors record slightly different values for some of them (Shukla 1986, vol. 2, p. 221).

Planet East rising West setting West rising East setting First station Second station

Mars 28 332 – – 163 197

Mercury 205 155 50 310 145 215

Jupiter 14 346 – – 125 235

Venus 183 177 24 336 165 195

Saturn 17 343 – – 113 247

Fig. 2.5 Projection of the visible celestial hemisphere onto the plane of the local meridian at
terrestrial latitude φ, showing the sun at true local noon on an equinox (i.e., at the intersection of
the meridian and the celestial equator). A vertical gnomon whose tip is imagined at the observer’s
position O makes the angle φ with the ray of the equinoctial noon sun, casting a horizontal shadow.

2.1.5 Times, ascensions, and shadows

Terrestrial latitude and longitude. The timing and appearance of celestial phe-
nomena at a particular location on the earth are dependent on the location’s latitude
and longitude. The terrestrial latitude φ is measured from zero at the earth’s equator,
conventionally designated Laṅkā. Latitude is frequently expressed in terms of the
“noon equinoctial shadow” s0, the shadow of a standard gnomon (usually 12 digits)
when the sun is on the intersection of the local meridian and the equator, i.e., at
noon on an equinoctial day. As shown in Figure 2.5, the angular distance from the
local zenith to the noon equinoctial sun is equal to the latitude, so the relationship
between φ and s0 for a 12-digit gnomon can be expressed as follows:

sin φ

cos φ
= s0

12

Terrestrial longitude is measured to the east or west of the prime meridian, which
in Sanskrit texts is generally represented by a list of localities including Laṅkā and
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Fig. 2.6 The sphere of the
earth, showing the latitude φ

of a locality as the arc on the
local meridian between its
parallel of latitude and the
equator, and the equatorial
arc of longitude from the
local meridian to Laṅkā on
the prime meridian.

Ujjain. Geometrically, as illustrated in Figure 2.6, a nonzero longitude corresponds
to the arc of the equator between the prime meridian and the local meridian. In
practical terms, this arc can be found from the local time difference �t in ghat. ı̄s
between observations of the same celestial event at the specified locality and at a
locality on the prime meridian (Sen 1975).

longitude

360◦ = �t

60

Alternatively, if the earth’s circumference CE is known along with the locality’s
latitude φ and its distance d due east or west of the prime meridian, then the length
of the equatorial arc between the prime meridian and the local meridian is equal to
d/ cos φ. So the local longitude in degrees can be determined from the following
proportion:

longitude = d

cos φ
· 360◦

CE

Since accurate values of longitude are in practice quite difficult to determine,
Sanskrit texts may employ simple approximations for �t based on estimates of d.

Ascensions. A fundamental concept in Indian astronomy is that of “rising” or
“ascension.” Qualitatively, mean time is related to the amount of arc of the celestial
equator that rises above the observer’s horizon in a given interval. As illustrated in
Figure 2.7, ascension is the time interval or equatorial arc corresponding to the rising
of a specified arc of the ecliptic above the horizon at a specified terrestrial latitude
φ. Since the inclination of the ecliptic to the equator causes ascensions to differ for
different arcs of the ecliptic, the longitudes used in computing them are tropical, i.e.,
measured eastward from the vernal equinox or ecliptic-equator intersection rather
than from the ecliptic’s sidereal zero-point.

Amounts of ascension at the terrestrial equator, where the celestial equator
intersects the local horizon perpendicularly, are called laṅkodaya “rising at Laṅkā”
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Fig. 2.7 The eastern half of the celestial sphere at sunrise on a summer day at northern latitude
φ = PN�, showing the cardinal points S, E, and N on the local horizon and the vernal equinox
V at the intersection (with obliquity ε) of the celestial equator and ecliptic. The rising sun at the
ascendant point A has longitude λ = VA� and declination δ = AB�. The sun’s right ascension α = VB�

is the sum of its oblique ascension ρ = VE� and the ascensional difference ω = EB�.

(i.e., where latitude is zero). In modern terminology they are known as “right”
ascensions and denoted α. At localities with nonzero latitude, the celestial equator
intersects the horizon at an angle equal to the complement φ̄ of the local latitude,
and the corresponding “oblique” ascensions are more broadly called udaya “rising”
(denoted ρ). The point of intersection between the ecliptic and the eastern horizon at
any given moment is called the ascendant or horoscope-point (lagna “intersection”).
Right or oblique ascension intervals themselves may be called lagna, as they
represent the amount of time elapsed between two specified ascendants.

Right ascension depends trigonometrically on tropical longitude λ, the ecliptic
obliquity ε, and the ecliptic declination δ as follows:

sin α = sin λ cos ε

cos δ

This declination (krānti “step,” denoted δ) is the angular distance in degrees between
the equator and a point of tropical longitude λ on the ecliptic, measured on a
great circle passing through the poles of the equator. Its maximum value equals
the ecliptic obliquity ε, which in Sanskrit jyotis. a has the standard value 24◦. A
declination arc north of the equator is conventionally treated as positive, and a
southern declination as negative. The trigonometric rules used to compute it are
variants of the following equation:

sin δ = sin ε · sin λ
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The radius of a “day-circle” or small circle lying parallel to the equator between the
equator and a tropic is proportional to cos δ.

Standard intervals of right ascension for the first three zodiacal signs are assigned
the values 278, 299, and 323 vighat. ı̄s respectively. Note that they sum to 900 or
equivalently 15 ghat. ı̄s, one quadrant of the celestial equator, for the entire first
quadrant of the ecliptic.6 By symmetry, the corresponding values of α for the three
signs in the third quadrant are also {278, 299, 323}, while those for the signs in the
second and fourth quadrants are {323, 299, 278}.

Corresponding intervals of oblique ascension for each zodiacal sign or some
subdivision thereof are useful for telling the time at night at the observer’s latitude,
as well as for astrological procedures. For any given terrestrial latitude φ and solar
declination δ, the difference between right and oblique ascension is known as cara
“variation” or “ascensional difference,” denoted ω. In Sanskrit texts the formulas
for ω reduce to the following general equation or some approximation of it:

sin ω = tan φ tan δ

A desired oblique ascension corresponding to a given right ascension is easily
computed as ρ = α ± ω (subtracted for signs in the first and fourth quadrants,
added in the second and third). When converted to time-units the ascensional
difference equals the difference between the length of half the current day and half
an equinoctial day or fifteen ghat.ikās (6 hours). This property is reflected in the
other common modern name of ω, “half-equation of daylight.”

The standard ascensional differences for the first three zodiacal signs are known
as their carakhan. d. as, denoted ω1, ω2, ω3. Since, as noted above, tan φ is just
the local noon equinoctial shadow s0 divided by 12, each carakhan. d. a can be
approximated as the product of s0 with some scaled coefficient representing tan δ for
the end of that sign.7 Intermediate ascension values are generally computed by linear
interpolation among the twelve symmetric values at the zodiacal sign boundaries.

Time corrections. As explained above, at localities with zero terrestrial latitude
the celestial equator is perpendicular to the horizon, whereas at northern or
southern latitudes these two great circles intersect at an oblique angle. This
inclination produces the ascensional differences or discrepancies between the
zero-latitude right ascension α and corresponding oblique ascension ρ, or local
rising time, for a given arc of the ecliptic. The time interval between sunrise

6The three standard values of α, generally presented in versified form, appear as early as the
sixth-century Pañcasiddhāntikā (4.23–25 and 29–31). The Khan. d. akhādyaka’s twelfth-century
commentator Āmarāja derives them using the following rule equivalent to the above equation for
sin α (Misra 1925, pp. 91–93):

sin α =
√

sin2 λ − sin2 δ

cos δ
7Karan. akutūhala 2.18 and Grahalāghava 2.5 use coefficients of 10, 8 and 10/3, respectively, while
Khan. d. akhādyaka 3.1 adjusts the first two to 159/16 and 65/8.
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and sunset on a given day at a given northern or southern locality corresponds
approximately to the total oblique ascension of the half-circle of the ecliptic
beginning with the sun’s current position. Consequently, this duration of daylight
becomes longer or shorter than 12 h (or thirty ghat. ı̄s) by some amount depending
on the time of year and the terrestrial latitude.

Half of the difference between the current day-length and thirty ghat. ı̄s is
conventionally called the “half-equation of daylight” or ω, approximately equal to
the total ascensional difference of the 90◦ arc of the ecliptic that began rising at
sunrise on that day. (These equalities are only approximate because the sun moves
about 1◦ on the ecliptic over the course of a day.)

The resulting change in the time of sunrise for a non-equinoctial day forms part
of a set of required corrections which are frequently tabulated together.8 These
corrections are necessitated by the fact that celestial phenomena are computed with
reference to mean solar time at zero terrestrial latitude and longitude, while local
time is typically based on true solar position as viewed from a place with nonzero
latitude and longitude. They consist of the following components:

deśāntara “place-difference,” corresponding to the time-degrees between the
zero-meridian of terrestrial longitude and the meridian of the given locality (see
Section 4.4).

udayāntara “rising-difference,” relating to the discrepancy between an arc of
mean solar longitude on the ecliptic and its right ascension or actual time required
for its rising.

bhujāntara “ [positional] arc-difference,” or right ascension of the solar equation,
i.e., the longitudinal difference between the mean sun and the true sun.

cara “variable,” the half-equation of daylight or time difference between sunrise
on the equator and sunrise at the latitude of the given locality.

Each of these components generates a time interval during which the celestial bodies
move from their computed positions. The amount of their motion must be calculated
and applied to their computed positions to determine their actual positions at the true
local time in question.

The combination of the udayāntara and the bhujāntara is sometimes called the
dvisam. skr. ti or “two corrections,” corresponding to the “equation of time” in western
astronomy. The dvisam. skr. ti combined with the cara is the traikya or “sum of three”;
the addition of the deśāntara produces the catus. t.ayaikya or “sum of four” (Pingree
1973, pp. 107, 111).

8Examples of such combined tables of corrections are described in Section 4.6; others appear in,
e.g., the Khet.asiddhi, the Grahaprakāśa of Devadatta, and the Makaranda (Pingree 1973, pp. 107,
147–148, 173).
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Fig. 2.8 The disk of the
moon in a lunar eclipse
moving west to east on its
orbit (approximated by the
dotted line parallel to the
ecliptic) with approximately
constant latitude β: at first
contact with the earth’s
shadow (right), and at the
eclipse midpoint (left). The
amount of obscuration at
mid-eclipse is
(dm + du)/2 − β.

2.1.6 Eclipses

The prediction and description of eclipses requires most of the previously discussed
techniques for establishing true celestial longitudes and times, as well as the
additional ones described below (refer to Figure 2.8).

Lunar latitude. Ecliptic latitude β is the angular distance from the ecliptic to a
given point on the celestial sphere, measured on the great circle passing through
that point and the poles of the ecliptic. The moon’s position on its own orbit has
a nonzero latitude everywhere except at the two points of intersection of the orbit
and the ecliptic, i.e., the orbital nodes, called in jyotis. a works Rāhu and Ketu. The
trigonometric derivation of lunar latitude β is analogous to that for solar declination,
producing the following formula:

sin β = sin βmax · sin(�λ)

where �λ is the lunar-nodal elongation, i.e., the angular distance measured along
the ecliptic from the moon’s longitude to the nearest node. The maximum latitude
βmax is the inclination of the lunar orbit to the ecliptic, commonly taken to be 4◦;30
or 90 digits (aṅgulas).9

Disk sizes and obscuration. The apparent sizes of the disks of the eclipsed and
eclipsing bodies, determined by the sun’s and moon’s distances from the earth and
consequently their apparent angular velocities vs and vm, are important because

9Latitude expressed in digits rather than degrees can be directly compared with apparent diameters
to determine quantities such as the magnitude of an eclipse. There is not complete unanimity in
the sources on digit/angle conversion ratios: one digit is equated to three arcminutes in, e.g., the
Karan. akutūhala of Bhāskara (Mishra 1991, pp. 51–52), but other authors vary the amount from
2.5′ on the horizon to 3.5′ on the meridian (Chatterjee 1981, vol. 2, pp. 127–128).
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Fig. 2.9 Succession of
phases (right to left) in a lunar
eclipse.

they determine the magnitude or obscuration extent of an eclipse. A desired disk
diameter d can be computed trigonometrically from the known orbital parameters
and sizes of the sun and moon, but is usually more simply approximated by a scale
factor applied to the value of true velocity. The following examples of such scale
factors are taken from Brāhmasphut.asiddhānta 4.6 (using the subscripts s, m, and
u to denote sun, moon, and shadow, respectively):

ds = 11vs

20
, dm = 10vm

247
, du = 8vm − 25vs

60

The mean angular diameters given by all such formulas are approximately 32′ for
the sun and moon and 81′ for the earth’s shadow. The amount of obscuration at mid-
eclipse is computed by simple geometry (treating the disk diameters and latitude as
line segments) as half the sum of the diameters of the eclipsing and eclipsed bodies,
diminished by the lunar latitude.

Durations. In the course of an eclipse (see Figure 2.9), the half-duration (sthi-
tyardha, commonly abbreviated to sthiti) is the time elapsed from the moment of
first contact between the disks of the eclipsed and eclipsing bodies to mid-eclipse,
or from mid-eclipse to release. The half-duration of totality (marda) is the time
elapsed from the moment of totality to mid-eclipse, or from mid-eclipse to the end
of totality. Both of these quantities are likewise found from simple linear geometry
models applied to the eclipse configuration. If r� and r� denote the radii of the
disks of the eclipsing and eclipsed bodies, respectively, and vm and vs are again the
true lunar and solar velocities, then the half-durations are computed as follows:

sthiti =
√

(r� + r�)2 − β2

vm − vs

, marda =
√

(r� − r�)2 − β2

vm − vs

The valana. An important feature in traditional eclipse description is the angle of
deflection related to the impact direction at the various eclipse phases. This angle,



2.1 Computing astronomical quantities 53

Fig. 2.10 The celestial sphere and the local horizon, showing the ascendant point A, the
nonagesimal V , and the sun S at the approximate conjunction point where the moon’s parallax
must be calculated. The elongation �λ = SV� determines the amount of longitudinal parallax
lambana, and the nonagesimal altitude VK� (or some combination of declination δ and latitude φ

approximating it) affects the latitudinal parallax component nati.

called valana “turning, deflection,” is divided into two components: the aks. avalana,
deflection due to local latitude, and the ayanavalana, deflection due to tropical solar
longitude. The individual components are computed by some form of the following
algorithms:

sin(aks. avalana) = sin(90◦ − ζ ) · sin φ

where ζ is the zenith distance and φ is the terrestrial latitude, and

sin(ayanavalana) = cos λ · sin 24◦

where λ is tropical solar longitude. The algebraic sum of the two components then
becomes the total deflection. This angle is important for constructing diagrams
(parilekha) of the predicted appearance of eclipses, something like Figure 2.9.

Parallax. The calculation of solar eclipses requires the additional task of finding
the moon’s parallax, which determines the eclipse’s local visibility. Lunar parallax
is treated in many astronomical traditions as a function of the moon’s altitude: it
becomes zero with the moon at the zenith and maximum when on the horizon. But
in the Sanskrit literature it is typically separated into two individually (although
not entirely independently) computed components, which are conventionally called
longitudinal and latitudinal (see Figure 2.10).

Longitudinal parallax (lambana) is generally treated as a correction to the time
of the eclipse rather than its celestial coordinates, so it is typically expressed in units
of ghat. ı̄s with a standard maximum of 4 ghat. ı̄s, the time it takes the moon at mean
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velocity to travel about 53′. The lambana depends upon the ecliptic arc of elongation
�λ between the sun and the nonagesimal, the point on the ecliptic 90◦ west of the
ascendant. (Although it is the moon rather than the sun whose parallax is sought,
the slower-moving sun is used to identify the celestial position where the eclipsing
conjunction will take place. Rules for solar parallax too may be prescribed in eclipse
procedures, but will have negligible effects on the result.)

The lambana varies sinusoidally from zero to its 4-ghat. ı̄ maximum as follows:

lambana = 4 · sin(�λ)

This quantity may be adjusted by a scale factor corresponding to the altitude of the
nonagesimal itself. That is, when the ecliptic hangs low in the southern sky and the
nonagesimal altitude is small, the amount of sun-nonagesimal elongation �λ will
not greatly affect the amount of parallax, whereas when the nonagesimal is at or
near the zenith, changing �λ changes the parallax considerably.

The latitudinal parallax (nati), on the other hand, accounts directly for the effects
of terrestrial latitude and declination on the altitude of the nonagesimal point and
whether it falls south or north of the zenith. Sometimes the nonagesimal δ and φ are
just combined arithmetically in nati formulas, and sometimes the zenith distance of
the nonagesimal, which combines them in a more trigonometrically exact way, is
used instead. The nati is usually expressed in digits and applied as a correction to
the lunar latitude β.10

The computation of the position and time of an eclipse and their modification
by parallax is typically prescribed as an iterated process. Table texts may include a
brief summary of its steps, see, e.g., Montelle and Plofker (2013, pp. 43–48).

2.1.7 The mahāpātas or luni-solar symmetries

The ominous events sometimes called “parallel aspects” of the luminaries (pātas
or mahāpātas) depend upon certain configurations of their tropical longitudes and
declinations. In their simplest form, these events require the tropical longitudes of
the moon and sun to add up to either 180◦ or 360◦. This means that the bodies will
be symmetrically placed equidistant from a solstice (with ecliptic declinations equal
in magnitude and sign: vyatipāta) or from an equinox (with ecliptic declinations of
equal magnitude but opposite sign: vaidhr. ti), respectively, see Figure 2.11.

In this form, the difference between a given time and the occurrence of the
nearest mahāpāta is quite simple to compute: it is the difference between 180◦ or
360◦ and the sum of the luminaries’ tropical longitudes, divided by the sum of their

10Computation techniques for the parallax components are discussed in, e.g., Rao and Uma (2007,
S205–S213), Śāstrı̄ (1989, pp. 126–134, verses 5.1–14), Montelle and Plofker (2013, pp. 39–45),
and Misra et al. (2016, pp. 28–30).
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Fig. 2.11 Configuration of the “mean” mahāpātas where the luminaries’ ecliptic declinations have
equal magnitude. Left: An occurrence of vaidhr. ti with the sun and moon symmetrically placed
about the autumnal equinox, so that their tropical longitudes sum to 360◦. Right: An occurrence
of vyatipāta with the sun and moon located at equal distances from the summer solstice, with
longitudes summing to 180◦.

velocities. This will be the time interval required for their combined motion to bring
their combined longitudes up to that ominous round number. Then the predicted
individual longitude of each body at the moment of pāta is found by multiplying
the time interval by its own velocity and adding the resulting increment to its own
current longitude.

The computation can be further simplified by employing the yoga time-unit,
which represents a longitudinal increment of 13◦ 20′ in combined luni-solar motion
(see Section 1.4.3). The tropical longitudes of sun and moon add up to zero at the
beginning of the yoga-cycle, and add up to 180◦ or 360◦ at the desired vyatipāta
or vaidhr. ti respectively. Since a body’s tropical longitude is merely its sidereal
longitude λ plus degrees of accumulated precession x, the conditions at the pātas
can be described by

180◦ = λ� + λ� + 2x (vyatipāta), 360◦ = λ� + λ� + 2x (vaidhr. ti).

The number n of yogas elapsed at this moment is computed for the case of vyatipāta
as shown:

n = λ� + λ�
13◦20′ = 180◦ − 2x

13◦20′ = 13;30 − 0;9x.

The corresponding computation for vaidhr. ti gives n = 27 − 0;9x. In either case,
when the fractional excess over integer yogas in n is converted to a time interval in
ghat. ı̄s, it is added to the time of the beginning of the current yoga to indicate the
moment of mahāpāta.

In most texts, the pātas are restricted by the more complicated requirement of
equality between the sun’s ecliptic declination and the moon’s “true” declination,
generally approximated by the algebraic sum of its ecliptic declination and its
latitude. As explained in Section 2.1.6, this nonzero latitude is produced by the
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Fig. 2.12 Configuration of the “true” mahāpātas where the luminaries’ true declinations have
equal magnitude. Left: An occurrence of vaidhr. ti asymmetrically configured about the autumnal
equinox with the ascending node � of the lunar orbit at the vernal equinox: the true declination of
the moon on its orbit has equal magnitude with that of the sun on the ecliptic, but their longitudes do
not add up to 360◦. Right: A configuration with the ascending node at the summer solstice, where
a “true” vaidhr. ti about the autumnal equinox is impossible no matter where in the surrounding two
quadrants the moon is located.

moon’s motion upon its own orbit inclined about 4◦;30 to the ecliptic, whose nodes
revolve upon the ecliptic at a rate of about 18◦ per year. The luminaries’ positions at
the pāta so defined will have a much less straightforward relationship to the sum of
their longitudes, see the left-hand diagram in Figure 2.12 for an illustration of this.

It appears that starting very early in the development of the mahāpāta concept,
the difference between the time t1 when the ecliptic declinations are of equal
magnitude and the moment of true-declination equality t was determined by a regula
falsi iterative computation. (The procedure outlined here is specified for vyatipāta,
but is exactly analogous to its counterpart for vaidhr. ti.)

Namely, after calculating the initial declinations δs1 and δm1 of the sun and
moon, respectively for time t1, the user determines from comparing their magnitudes
whether the true-declination mahāpāta is past or yet to occur. Depending on the
answer, some arbitrary time interval �t2 is chosen before or after t1, respectively,
and new positions of the sun and moon and their corresponding true declinations δs2

and δm2 are calculated for time t2 = t1 ∓ �t2. Then the next approximation �t3 to
the required time interval is given by the following ratio:

�t3 = �t2 · (δm1 − δs1)

(δm2 − δs2) ± (δm1 − δs1)
.

(The sign in the denominator is positive or negative depending on whether the mahā-
pāta occurs within the assumed time interval �t2 or outside it.) The procedure is
repeated until �t is fixed, identifying the moment of the true-declination mahāpāta.

There are some circumstances, however, in which such an event is astronomically
impossible. As illustrated in the right-hand diagram in Figure 2.12, if the nodes of
the lunar orbit are placed so that throughout two successive quadrants the moon’s
true declination is always greater in magnitude than the sun’s, the luminaries will
never attain a mahāpāta about the solstitial or equinoctial colure between them.



2.1 Computing astronomical quantities 57

2.1.8 Trigonometry

As briefly noted in Section 1.2.2, jyotis. a treatises almost always include compact
versified tables of trigonometric function values at the beginning of their chapters
on computing true positions and velocities of the planets. The primary trigono-
metric function is the sine scaled to some non-unity canonical radius (Radius or
R), denoted here by R sin and generally called jyā in Sanskrit. Trigonometric
calculations also may involve the corresponding scaled cosine R cos, generally just
treated as the R sin of the complement, and versine R vers (utkramajyā) defined
for some angle θ by R vers θ = R − R cos θ . Versified tables most frequently list
values of R sin for θ in the first quadrant or else the differences between successive
R sin values, which are smaller and thus easier to encode verbally as well as being
directly applicable to interpolation procedures. Occasionally a table of R vers or
its differences (which are just the R sin differences in reverse order) will also be
included.

These tables employ various values of the trigonometric Radius and function step
size depending on computational convenience. The most nearly “standard” Radius
value is 3438, which approximately equals 21,600 (the number of arcminutes in the
circumference) divided by π , and thus equates linear measure and arclength in much
the same way as modern radians. Likewise, it is more or less “standard” to divide
the quadrant of the argument θ into 24 multiples of 3◦;45. The numerous exceptions
to these conventions include the idiosyncratic laghu “light” or “simplified” R sin
tables, especially popular in karan. a texts, which use only a few values of θ and a
smaller round number as Radius.11

The construction of R sin tables was based on geometry of triangles and rectan-
gles, and in later works on an accumulated set of trigonometric identity formulas.
Numerous approximation methods were also employed to compute tabulated values,
to interpolate between them, or to avoid using them altogether. By the early seventh
century Indian astronomers had already developed a highly accurate algebraic
approximation to the R sin, and approximate versions of many trigonometric

11The first securely dated surviving Sanskrit trigonometric table, a list of 24 R sin-differences with
R = 3438, appears in the Āryabhat. ı̄ya circa 500 CE (Shukla 1976, p. 41, daśagı̄tikā, verse 12).
However, an R sin table in the sixth-century Pañcasiddhāntikā with R = 120 likely originated in an
earlier Sanskrit work, and may even have been ultimately inspired by a Greek table of chords with
R = 60 (Neugebauer and Pingree 1970–1971, part II, pp. 52–55, verses 4.6–12). The Brāhma-
sphut.asiddhānta of 628 tabulates both R sin and R vers values scaled to R = 3270, a number
chosen for reasons still not clearly understood (Dvivedı̄ 1901–1902, pp. 23–24, verses 2.2–9);
the same author’s karan. a text Khan. d. akhādyaka employs a laghu R sin table with R = 150 and
step size 15◦ (Chatterjee 1970, vol. 1, p. 59, verse 3.6). The twelfth-century Siddhāntaśiroman. i
of Bhāskara II contains “standard” tables of R sin and R vers with R = 3438 as well as a laghu
table of R sin-differences, repeated in Bhāskara’s handbook Karan. akutūhala, using R = 120 and
step size 10◦ (Śāstrı̄ 1989, pp. 39–41, verses 2.2–9; Mishra 1991, p. 21, verses 2.6–7). Perhaps
the most extreme example of a laghu table is the set of three R sines corresponding to the angles
30◦, 60◦ and 90◦ in the tenth-century Laghumānasa of Mañjula/Muñjala, with some prescribed
interpolation modifications to increase the accuracy of intervening values (Shukla 1990, p. 65,
verse 3.2).
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rules for specific astronomical quantities accumulated over subsequent centuries in
astronomers’ computational toolkit. The 904 treatise of Vat.eśvara emphasizes the
desirability of being able to solve various astronomical trigonometry problems with
or without tabulated function values (Shukla 1986, vol. II, pp. 272–273, verses 2.3–
4,10). Gan. eśa’s boast some six centuries later (quoted in Section 5.6.1), about his
having entirely eliminated the arc and sine in favor of non-trigonometric formulas
in his handbook Grahalāghava, indicates how burdensome many jyotis. ı̄s considered
these trig-table calculations to be.12

This multi-pronged approach to trigonometric problems may partly explain why
Sanskrit table texts, unlike those in Greek and Islamic astronomy, typically do not
contain tables of basic trigonometric functions. The Indian works tabulate instead
more complicated specialized functions for particular astronomical quantities,
in which the necessary trigonometry or equivalent approximations are already
incorporated. However, there do exist a handful of trigonometric tables in the table-
text corpus, primarily in works with explicit dependence on Islamic sources. Their
values are usually more numerous (generally stated for every 1◦ of argument) and
more precise than those in the traditional verbal R sin or R vers tables which have
to be composed in metrical verse by the author and then, ideally, memorized by the
learner. See the discussion and examples in Section 4.12.

Most such numeric-array trigonometric tables contain values of R sin, occasion-
ally of R vers. The tangent is not treated as a basic trigonometric function in classical
Indian jyotis. a, although the so-called shadow relation (chāyā; see Section 2.1.5), in
the form of the noon equinoctial shadow equivalent to the tangent of the terrestrial
latitude, is sometimes tabulated in geographical lists.13

2.2 Approximation of numerical values in table entries

Once a table-text author has chosen some algorithm to generate a table of some
astronomical quantity, there remains the issue of how to select, denote, and use the

12Geometric construction of R sin values is discussed in detail in Bhāskara I’s seventh-century
commentary on the Āryabhat. ı̄ya (Shukla 1976, pp. 77–85). Recursive procedures for producing
them without geometry are also known (though not always clearly stated) (Plofker 2009, pp. 79–80,
128; Hayashi 1997a). For the widespread algebraic R sin approximation also ascribed to Bhāskara I
and for various higher-order interpolation rules, see Plofker (2009, pp. 80–84), Hayashi (1991), and
Gupta (1969). The use of second-order interpolation in finding R sin values is illustrated in, e.g.,
Shukla (1986, vol. 2, pp. 170–172, verse 2.1.63). Some complicated approximations tailored to a
specific astronomical quantity in the work of Bhāskara II are discussed in Plofker (2016).
13The Indian “shadow” in fact appears to have been the inspiration for, and to have lent its
name to, the generalized tangent function in Islamic trigonometry; see Chalhoub and Rosenfeld
(1997). Such general functions for tangent and cotangent (under the names “shadow” and “reversed
shadow,” derived respectively from the computations for a horizontal and a vertical gnomon) are
occasionally found in Sanskrit trigonometric tables influenced by Islamic sources; see, e.g., Pingree
(2003, p. 102).
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particular values that will appear in the table. These questions generally involve
techniques for interpolating between values of a nonlinear function or the precision
with which the values are recorded.

2.2.1 Interpolation procedures

Authors of both versified and numeric-array tables often accompany them by
instructions for linearly interpolating between their entries. Technical terms for the
elements in the interpolation formula include gata, bhukta “past, previous” for the
table entry preceding the desired value, and es. ya, gamya, bhogya “future, next” for
the entry following it. The standard linear interpolation procedure is equivalent to
the following relation, given two successive tabulated argument values Abhukta and
Abhogya and a desired argument A falling between them:

desired amount = bhukta ± bhogya − bhukta

Abhogya − Abhukta
· (A − Abhukta)

The following diverse examples from both handbooks and table texts illustrate how
such instructions are typically presented.14

Khan. d. akhādyaka of Brahmagupta. In a table of R sin-differences for 15◦ inter-
vals of arc with trigonometric radius R = 150 (Misra 1925, p. 98, verse 3.7):

trim. śatsanavarasendujinatithivis. ayā gr. hārdhacāpānām.
ardhajyākhan. d. āni jyā bhuktaikyam. sabhogyaphalam || 7 ||
Thirty increased by nine, six, [and] one [respectively], twenty-four, fifteen, five are the
R sin-differences of half-sign (i.e., 15◦) arcs [namely, 39, 36, 31, 24, 15, 5]. The sum of the
past (bhukta) R sin[-differences] plus the proportional part (phala) of the next (bhogya) [is
the desired] R sin.

Tabulating the successive differences of the function values instead of the values
themselves not only reduces the length of the number-words spelled out in the verse,
but also saves the user the trouble of performing the subtraction of the bhukta from
the bhogya.

Brahmatulyasāran. ı̄. In a table of orbital equations with successive degrees of
anomaly (kendra) as the argument (Montelle and Plofker 2015, pp. 10–11, verse 4):

kendrasya doram. śamitiś ca kos. t.e
bhuktam. tadagram. parabhogyakam. ca ||
kalādikam. tadvivarāhatam. tu
s. as. t.yuddhr. tam. bhuktakamānakena || 4 ||

14Although the higher-order interpolation rules mentioned in footnote 12 are well attested in jyotis. a
treatises, we have never seen a nonlinear interpolation method prescribed in the instructions for
using a table text.
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And the amount of degrees of the [given] arc of anomaly [is] the bhukta in the table cell
before that [arc], and the bhogya [is] next. The [fractional part of the given anomaly in]
minutes etc. is multiplied by their difference, divided by sixty, [and then increased] by the
amount of the bhukta.

This formulation, taking A − Abhukta as just the fractional degrees of the given
argument A, is specific to tables with argument given for successive integer degrees.

Candrārkı̄ of Dinakara. In a table of lunar equations and accompanying dif-
ferences between successive table entries, with argument successive degrees of
anomaly. This rule takes into account the possibility that the sequence of tabulated
values may be decreasing instead of increasing (Kolachana et al. 2018, p. 334,
verse 16):

kendrarāśyam. śamānena phalam. grahyam. ca sāntaram ||
antaraghnam. kalādyam. ca s. as. t.yāptena yutonitam || 16 ||
The equation [whose argument is commensurate] with the amount of signs and degrees
of the [given] anomaly is to be selected [from the table] along with [its] difference. The
[fraction of the given anomaly in] minutes etc., multiplied by the difference and divided by
60, is added to or subtracted from [the bhukta-value as the successive entries are increasing
or decreasing, respectively].

Rājamr. gāṅka of Bhojarāja. A general interpolation rule is given for tables with
entries for every 2◦ of argument rather than for every successive degree (Pingree
1987b, p. 8, verses 2.29–30ab):

bhuktaśuddhām. śakos. t.has tu tadgatais. yāntarāhatam||
kalādyam. vikalpam. bhaktam. dvighnas. as. tyā phalānvitam || 29 ||
gatakos. t.haphalam. bhogye vr. ddhe hı̄ne tadūnitam ||
The [given] table-cell [argument has] the degrees of the bhukta [argument] subtracted.
[This] difference in arcminutes etc. is multiplied by the difference of [the table entries for
the arguments] preceding and following that, [and] divided by twice sixty. The previous
table entry is increased by the result when the following [table entry] is greater [than itself],
decreased by it when less.

This applies to tables of solar declination, planetary hypotenuse, and śı̄ghra-
equation all tabulated in the Rājamr. gāṅka with 2◦ argument intervals.

Linear interpolation was employed not only by table users to obtain intermediate
results within tables, but also sometimes by their compilers for convenience in
generating some of the table entries. Figure 2.13 illustrates this practice in a table
for Mars’s manda-equation with argument 1–90◦ of anomaly from a version of
the Grahalāghavasārin. ı̄ (see Section 5.6.2). The table entries at every integer 15◦
of argument are taken from the trigonometrically correct values of this nonlinear
function given in the Grahalāghava of Gan. eśa (Jośı̄ 1994, p. 79, verses 3.7–8).
But the entries in between these six key values have been produced by linear
interpolation, with constant differences between the successive entries in each 15◦
block.15

15Other instances seen in our sample tables of using linear interpolation to generate nonlinear
function values include the orbital equations in Figures 4.9, 4.15, and 5.6, the oblique ascensions
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Fig. 2.13 Excerpt from a manuscript of the Grahalāghavasārin. ı̄ (Plofker 24 ff. 24r–25r) showing
part of the table of the nonlinear manda-equation function for Mars, with most of the entries
computed by linear interpolation.

2.2.2 Precision of data values

The precision of numerical values in versified tables composed as part of Sanskrit
verse texts is obviously fixed by the author’s choice of meter and words. When
it comes to compiling or copying numeric-array written tables, on the other hand,
much more variability is possible. The issue of precision in computing and recording
results is not generally discussed in detail in siddhāntas and karan. as, although a

in Figures 4.23 and 4.27, the rising-difference corrections in Figure 4.28, the declinations and lunar
latitudes in Figures 4.34 and 4.47, and the valana in Figures 4.40, 4.41, and 4.42.
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basic understanding of the concept is clearly marked by the contrast of terms such
as sthūla “rough” for an imprecise value with, e.g., sūks. ma “fine, exact” for a precise
one.16

An example of computation techniques directly concerned with precision is seen
in the solar daily mean longitude increment formulas of Bhāskara II’s Karan. akutū-
hala. The first is stated in the following verse (Mishra 1991, p. 5, verse 1.7ab):

ahargan. o viśvagun. as trikhāṅkair
bhaktah. phalono dyugan. o lavādyāh.

The accumulated civil days are multiplied by 13 and divided by 903. [Then] the accumu-
lated civil days decreased by [that] result produces the [solar mean daily motion] in degrees
and so on.

In other words, if the accumulated days or ahargan. a is represented by a, the rule is
equivalent to

a − 13 · a

903
= 890

903
· a where

890

903
= 0;59,8,10,21,55, . . .

There is no specification of the precision to be used when converting that ratio into a
sexagesimal fraction approximation in “degrees and so on,” but several verses later
the same parameter is stated more directly with precision to arcseconds, as follows
(Mishra 1991, p. 11, verse 1.13a):

nandāks. ā bhujagā raveh. . . .

[The mean daily velocity] of the sun is 59;8 [minutes]. . .

For planets besides the sun, the Karan. akutūhala gives some additional correction
terms in units of arcseconds, which conforms to the common practice of treating
arcseconds as a useful precision limit.17

The Karan. akutūhala’s treatment of mean longitude increments has been vari-
ously interpreted by the compilers of table texts derived from it (see Section 5.3.1).
Figure 2.14 shows mean longitude increment values of the sun as presented in a
version of the Laghukhecarasiddhi. The daily value of the increment in the fifth
column is precise to arcseconds (0s0◦;59,8). But reconstructing the computation
indicates that the number actually used to produce these values must have been
0s0◦;59,8,10,22, presumably derived from the first Karan. akutūhala rule rounded
at the fourth sexagesimal place.

16Note that such terminology can also indicate a distinction between different levels of accuracy
rather than precision. Examples of the terms sthūla and sūks. ma used to differentiate between
approximate and geometrically exact formulas are seen in, e.g., the Brāhmasphut.asiddhānta
(Dvivedı̄ 1901–1902, p. 189, verse 12.21) and the Lı̄lāvatı̄ (Āpat.e 1937, pp. 197, 203, verses 199,
203).
17See Plofker (Forthcoming). Gan. eśa in the Tithicintāman. i follows a similar practice of breaking
out such corrections into separately (and perhaps optionally) applied components, in which the
smaller correction term fine-tunes the result of the larger (Ikeyama and Plofker 2001). This
“modularization” of successively finer adjustments to a computed result in Sanskrit astronomy
deserves further study.
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Fig. 2.14 Mean longitudinal
displacement tables from the
Laghukhecarasiddhi (IO
2408b f. 5v, Sun).

Fig. 2.15 Excerpts from the solar mean daily longitude increment table in manuscripts of the
Brahmatulyasāran. ı̄. Left: Argument 0–8 days (Smith Indic 45 f. 2r). Right: Argument 1–10 days
(Smith Indic MB LVIII f. 1r).

Fig. 2.16 Śı̄ghra-equation table from the Laghukhecarasiddhi (IO 2930 f. 7v, Jupiter) with an
apparent precision to arcthirds that is actually spurious since the final digits are all zero.

Figure 2.15 shows two versions of the solar mean longitude increment table from
different manuscripts of the Brahmatulyasāran. ı̄, differing slightly in their precision.
Reconstruction of the tabulated values shows that the scribe of the first version,
rounding to thirds of arc, appears to have used a number very close to 0◦;59,8,10,8
while the scribe of the second version has used 0◦;59,8,10 and has rounded to the
second sexagesimal place.

Not every sexagesimal digit appearing in a table can always be taken for a
reliable measure of computational precision, however. For instance, Figure 2.16
shows a table of the śı̄ghra-equation of Jupiter from the Laghukhecarasiddhi,
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Fig. 2.17 Table of nodal-solar elongation per avadhi from a manuscript of the Karan. akesarı̄
(Smith Indic MB XIV f. 4r). The entries in the bottom row approximately equal 1/14 of the
differences between successive entries in the middle row, and use dan. d. a-quarters to denote their
fractional part in quarter-units.

superficially precise to arcthirds but with all digits in the thirds place recorded
(mostly inaccurately) as zero. (See Section 5.3.3 as well as Figure 5.9, which
contains the śı̄ghra-equations of Venus and Saturn for the same phenomenon.)
Perhaps the scribe only intended values precise to two sexagesimal places and
simply added a row of zeros for completeness.

The ‘dan. d. a-quarters’. The table reproduced in Figure 2.17 illustrates the scribal
convention of strokes we have called “dan. d. a-quarters” used as a non-sexagesimal
notation for one-fourths of a unit. (Another version of the same table from a
different manuscript of the text is shown in Figure 3.5, and many other examples
of this notation are enumerated in Section 3.2.1.) This simple “tally-style” notation
represents each quarter-unit from 0 to 3 by a single vertical stroke: consequently
the numbers in the bottom row of the table are to be read with their sign-change
symbols (see Section 3.2.1) as 1;30

Ś

, 2, 2, 1, 0;30, 0;30
Ś

, 1 dha, 1, 1, 2. (This
reading is also consistent with the apparent generation of the numbers by dividing
by 14 the successive differences between the entries in the second row.)

The dan. d. a-quarters thus constitute a compromise between precision and con-
venience, enabling the scribe or compiler to avoid writing out the digits of nāgarı̄
sixtieths in a taller column while still not throwing away too much information
about the table entry value.18 This compromise is clearly on view in Figure 2.18
which compares the same table from two different manuscripts of the Makaranda,
one using dan. d. a-quarters in the entries in the second and fourth row and the

18The origin and history of this simple notation using vertical strokes to represent multiples of one-
quarter-unit appear to be somewhat obscure. There is an obvious resemblance to the now-standard
practice of writing a single dan. d. a after a quarter-verse and a double dan. d. a after a half-verse, but
we have not successfully traced the development of that practice from the more irregular use of
dan. d. a-marks occurring in early inscriptions (Bühler 1904, pp. 88–90). At present, the paleographic
study of Sanskrit manuscripts concerning prosody, metrology, and possibly music is our best guess
for pursuing the history of this notation.
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Fig. 2.18 Tithi-weekday/time tables for the beginning of each paks. a from two manuscripts of the
Makaranda. Top: Rows 2 and 4 using dan. d. a-quarters (Baroda 3225 f. 2r). Bottom: Rows 2 and 4
without the use of dan. d. a-quarters (BORI 546 f. 2v).

other instead writing out the digits of the corresponding sexagesimal place. This
difference strongly suggests that dan. d. a-quarters were employed at the discretion of
the scribe, who of course in many cases was also the user.

2.3 Classification schemata for table texts

After broadly surveying in the previous section the primary content of Sanskrit
astronomical tables presented in numeric-array format, we now attempt to clar-
ify their taxonomy. Three table-text classification systems were suggested and
employed by David Pingree: in Pingree (1970) he categorized such works by their
parameter sets or paks. as and also by their structural “arrangements” (discussed in
Section 2.3.2); in Pingree (1981) he also drew distinctions between the “classes”
of planetary tables, tables for computing tithis, naks. atras and yogas, and tables for
computing eclipses. Since the purposes and forms of these works are so diverse, and
in many cases still so poorly understood, none of these basic classification schemes
so far proposed for the genre is entirely successful in categorizing all the texts.
Nonetheless, we will describe and to varying extents rely on all of them for making
sense of this vast genre of technical literature.
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Table 2.3 The major named astronomical table texts belonging to the various schools or paks. as.Āryapaks.a (no known major table texts; probably best represented in vākya works)

Ārdharātrikapaks.a (no surviving complete table texts known)

Brāhmapaks.a Mahādevı̄ of Mahādeva (1316, Mahārās.t.ra?); various works of Dinakara
(ca. 1580, Bareja, Gujarāt); Jagadbhūs. an. a of Haridatta (1638, Mewar,
Rājasthān)

Saurapaks.a Makaranda of Makaranda (1478, Kāśı̄); Rāmavinoda of Rāma (1590,
Delhi)

Gan. eśapaks.a Various works of Gan. eśa (ca. 1525–1550, Nandigrāma, Gujarāt);
Grahalāghavasārin. ı̄ (various versions, based on Gan. eśa’s Grahalāghava)

2.3.1 Classification by table type or paks. a

Since table texts are generally compiled based on the algorithms prescribed in some
book belonging to one of the major parameter schools or paks. as, it is not surprising
that they tend to exhibit the same sort of paks. a affiliation, see Table 2.3 for a list
of some prominent exponents of the various paks. as in this genre, and Appendix A
for the paks. a identifications of all such works known to us. Caution is warranted,
however, since some compilers did not adhere exclusively to any one school. They
might combine in their works algorithms taken from books adhering to different
paks. as, or even supply multiple tables of the same astronomical function computed
for different paks. as. Moreover, there is at least one table text known under the same
name in two different recensions conforming to two different paks. as.19

The distinction between what we here term “calendric tables” (for computing
pañcāṅga elements such as tithis, naks. atras and yogas) and “planetary tables” is
also a broadly useful though not consistently reliable one. Although several table
texts do contain both calendric and planetary tables, there are enough such works
specializing in either one or the other type to indicate that many jyotis. ı̄s found it
convenient to deal with calendar production and planetary forecasting in separate
“volumes.” The same table-text author might compose two separate works with
different titles to treat these two topics (see the Candrārkı̄ and Khet.akasiddhi,
respectively, of Dinakara in Appendix A).

The category of “eclipse tables” is also validated by the eclipse-specific content
of several known table texts, as discussed in Section 4.8. But the list of specialized
subjects does not end there. For example, there is at least one existing set of tables
devoted exclusively to computing the mahāpātas (Section 4.11). Individual labelled
tables of geographical data, of ascensions, and related functions crop up as separate
items in many manuscript collections, inviting the question of what criteria might
consistently distinguish a particular “table” from a “table text.” The designation

19Namely, the Candrārkı̄ of Acalajit appears in both Brāhmapaks.a and Saurapaks.a versions.
Illustrating the other practices mentioned here are, e.g., the Śı̄ghrasiddhi of Laks.mı̄dhara which
includes both Āryapaks.a and Brāhmapaks.a versions of certain tables, and the Karan. akesarı̄
(Montelle and Plofker 2013) which combines algorithms from works in different paks. as. See
Appendix A for details on all these works.
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patra/pattra “leaf, page” in the name of such an item might be taken to indicate
a special textual category of individual tables; but then there are several works
consisting of deliberately compiled and arranged sets of tables that also use pattra
in their titles.

Also of interest is the distinct dearth of specialized astronomical tables for
computing many additional phenomena (elevation of lunar cusps, planet-star con-
junctions, etc.) that are explained in most treatises and handbooks, but which we
have not seen represented in table texts. The flourishing growth of the sāri.nı̄/ko-
s. t.haka genre seems to have been limited to the subset of astronomical topics that
were both frequently required and fairly straightforward to compute. But we should
not forget, even though they are only touched upon in this study, the prodigious
variety of types of specifically astrological tables which make up such a large part
of the total jyotis. a corpus.

2.3.2 Classification by computational structure

Pingree distinguished three basic “arrangements” used by jyotis. ı̄s in constructing
planetary tables, calling these “mean linear’‘ (for which we prefer the more descrip-
tive “mean with equation”), “true linear” (or “mean to true” in our discussions), and
“cyclic.” The following overview explains their main characteristics.

Mean with equation. This template, described by Pingree as “mean linear,”
somewhat resembles the standard structure of the astronomical tables of Ptolemy
and his successors in the Greco-Islamic tradition. It combines tables of increments
in mean longitude, produced by a planet’s mean motion over time periods of varying
length, with tables of equations or corrections for adjusting a given mean longitude
to the appropriate true longitude.

In the mean-with-equation scheme, all computations begin from the planet’s
specified epoch mean longitude, i.e., its mean position at the date and time
designated as the epoch or starting-point for that set of tables. A mean longitude
for a desired date is obtained by adding to the planet’s epoch mean position all the
mean longitude increments accumulated in the intervening time. Entering a table
of equation with the longitudinal anomaly corresponding to that mean longitude,
the user looks up the appropriate equation value and corrects the mean longitude
with it. For planets that have more than one orbital inequality, Ptolemaic-type
Greek and Islamic astronomical tables yield two equation components applied
simultaneously; in the Indian tradition, the eccentric anomaly (Sanskrit manda) and
the synodic anomaly (śı̄ghra) produce separate corrections that are tabulated and
applied sequentially.

Mean to true. Pingree denoted this type of table “true linear.” Like the preceding
mean-with-equation, this structure also relies on tables of the increments to a
planet’s mean longitude produced by its mean motion over various time intervals.
But it also tabulates pre-computed values of true longitude and velocity produced
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by specified combinations of mean longitudes of the planet and the sun. Since the
eccentric or manda anomaly depends only on the planet’s mean longitude and the
longitude of the orbital apogee which is considered fixed, and the synodic or śı̄ghra
anomaly depends only on the relative positions of the mean planet and mean sun,
these data are all that is required to find the true longitude. Thus once the desired
mean longitude is known, the user can just look up the corresponding true longitude
instead of calculating it by applying equations.

The mean-to-true template appears to be an Indian innovation, but the actual
operation of Indian mean-to-true tables is somewhat more involved than the above
brief description suggests. For one thing, the mean longitude increments are
recorded not in standard degrees of arc but in coarser arc-units consisting of some
number n of degrees which may or may not be an integer: these n-degree arc-
units (denoted “n◦ arc-units”), like regular degrees, are divided sexagesimally. Each
planet has one true longitude table for each successive n◦ arc-unit of its mean
longitude, or 360/n such tables per planet. And each true longitude table has for
its argument the naks. atra or 13◦;20 arc of the ecliptic occupied by the mean sun,
running from 1 to 27 (since 27 · 13;20 = 360). However, these argument values
are generally interpreted not as longitudinal arcs but as corresponding time-periods
known as avadhis: one avadhi is the time required for the mean sun to traverse
one 13◦;20 naks. atra in longitude, or a little less than 14 days, i.e., 1/27 of a year.
The table entries contain the planet’s true longitude and velocity at the start of each
avadhi.

To illustrate the process, let us suppose that a user wants to find the true longitude
of a given planet at a time equal to some fractional avadhi a after the lapse of A

integer avadhis in a particular year. The user determines from the mean longitude
increment tables that at the beginning of this year the mean planet has traversed P

integer arc-units plus some fractional arc-unit p. Consequently, the planet’s P th and
(P +1)th true longitude tables must be consulted. The user first interpolates with the
fraction p between the true longitude entries for avadhi A in tables P and P + 1,
and similarly between the entries for avadhi A + 1 in the same two tables. Then
interpolating with the fraction a between the two intertabular values thus found for
avadhi A and avadhi A + 1 gives the desired true longitude at the given time.

One final caveat on mean-to-true tables: Since true longitude increments and
velocities, unlike mean ones, occasionally change sign due to retrogradation,
straightforward linear interpolation between table entries for successive avadhis will
not always produce the correct value. Therefore the true longitude table entries are
marked in their margins with the times and locations of any synodic phenomena (i.e.,
start and end of retrogradation, heliacal rising and setting) that will occur during that
avadhi, so the user can adjust the interpolation accordingly.

Cyclic. This is a variant of the mean-to-true template which adjusts the chronolog-
ical extent of the tables for each planet to cover one full true-longitude “cycle”
or period for that planet. The “cyclic” structure likewise employs tables of a
planet’s true longitudes and velocities as the mean sun progresses from avadhi 1
to avadhi 27. But the number of such true longitude tables for each planet is not
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some common constant 360/n, but rather a number specific to that planet, equal to
the number of integer years over which the planet returns to nearly the same true
longitude at the start of the year, i.e., the length of its true-longitude “cycle.”

Thus, in a sense, these cyclic tables are perpetual. This arrangement is similar
to those underlying the Babylonian “Goal-Year” periods and Ptolemy’s cyclic
schemes, and may perhaps have been directly inspired by works composed accord-
ing to this arrangement that were circulating in the second millennium, such as that
by al-Zarqālı̄ (Montelle 2014).

The cyclic table-text arrangement did not appear on the scene until the mid-
seventeenth century. Despite their single-lookup feature and their perpetual scope,
such table texts seem never to have been as popular as their counterparts in the
mean-with-equation and mean-to-true categories.



Chapter 3
Table-text manuscripts

Hitherto we have discussed the content and structure of Sanskrit astronomical
tables abstracted from their physical embodiment in manuscripts. In this chapter
we consider the manuscripts themselves: their overall position within the corpus of
Sanskrit jyotis. a and the scribal conventions that characterize them.

3.1 Table texts in Sanskrit scientific manuscript collections

Compared to other forms of Sanskrit scientific texts in which authorial voice and
expository form are more strongly marked, table texts can be difficult to distinguish
and identify. Their modular structure as a compilation of multiple separate tables
means that they can be expanded, truncated, recompiled, or otherwise modified for
different users’ convenience. Their individual differences are often masked by their
superficially similar (and very dry) presentation as sequences of numerical grids,
generally without much accompanying explanatory text. It is not surprising that
early Western catalogues of Sanskrit scientific manuscripts, even some compiled by
highly learned Indologists, identified many such works merely as “tables” with no
attempt to analyze their contents in detail.1

1Examples include MS 984 in Aufrecht’s Leipzig catalogue, a 55-folio item listed simply
as Sāran. ı̄ with the description “tabellarische Berechnungen zum Behuf der Anfertigung von
Kalendern” (Aufrecht 1901, p. 304); several items in Eggeling’s India Office Library catalogue
(e.g., MSS 2049c, 1051f (Eggeling 1896, pp. 1053–1054)); and the items described in H. Pole-
man’s North American Census (Poleman 1938, p. 246) as “[a] collection of several hundred
miscellaneous folios, mostly tables not important enough and not bearing sufficient information
to identify at all” (an assessment contradicted by various interesting discoveries within this bundle,
a number of which are sampled in Chapter 4).
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Table 3.1 Topics in
(non-astrological) jyotis. a as
represented in the Sanskrit
manuscript holdings of
Columbia University (CU);
the India Office Library’s
Gaekwad Collection (G); the
Wellcome Library (W); and
the Bodleian Library’s
Chandra Shum Shere
Collection (CSS).

Topic CU G W CSS

Vedic 2

siddhānta 8 5 7 24

karan. a 15 10 39 25

kos. t.haka 150 15 48 28

pañcāṅga 3 19

Eclipses 4

Star charts

Geography

Instrumentation 6 2 5 8

Miscellaneous 4 9

Encyclopedias 1 9

Translations

Lexica 2

In the present state of our knowledge, around 50–60 distinct Sanskrit table texts
can be identified (see Appendix A).2 The ones whose location of composition can
be (even tentatively) identified are predominantly from the north and northwestern
parts of India. Although the full corpus of such works has not been definitively
quantified even to within an order of magnitude, the available evidence suggests
that it is very extensive. The total number of Indic manuscripts in the broadest
sense, both within and outside India, was estimated by David Pingree at (very
approximately) 30 million (Pingree 1988, p. 638; Wujastyk 2014, p. 160). More
conservative estimates for manuscript holdings in India itself have been placed
around five million as of 2007 (Goswamy 2007, p. 17) and seven million as of
2014; a recent and by no means exhaustive documentation project has recorded at
least two million items (Wujastyk 2014, p. 160). In the entire universe of surviving
Sanskrit manuscripts Pingree put the probable number of surviving jyotis. a works of
all types, including astrological genres, at around 10,000, and the number of extant
manuscripts containing them at perhaps 100,000 (Pingree 1978b, p. 364).

A rough assessment of the prevalence of kos. t.hakas among jyotis. a works can be
obtained from comparing the numbers of manuscripts treating kos. t.haka relative to
those addressing other astronomical topics in Sanskrit manuscript collections. A
sampling of such comparisons is displayed in Table 3.1. (Note that the topics listed
therein are restricted to those including aspects of technical astronomy or gan. ita
rather than purely astrological ones.)

These preliminary tallies suggest that a conservative estimate for the percentage
of table texts among all non-astrological jyotis. a material may be anywhere from
one-quarter to one-half. If these figures are accurate, then the manuscripts devoted
to kos. t.haka/sāran. ı̄ works number at least in the thousands if not tens of thousands.

2This list neglects works labelled “Anonymous” or otherwise lacking indication of their title or
author, which cannot be reliably assigned as variants of a named table text.
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This section attempts to probe the data further for additional details about the
representation and distribution of the table-text genre in diverse collections of
manuscripts.

3.1.1 General surveys in SATIUS and SATE

Systematic efforts to analyze the corpus of Sanskrit numerical tables commenced
with David Pingree’s surveys of collections at Columbia University, Harvard
University, and the University of Pennsylvania. Struck by the sheer magnitude of the
tables corpus, Pingree undertook to provide a guide for scholars engaged in similar
cataloguing efforts so that they would be better equipped identify the table texts they
encountered. The resulting catalogue including table descriptions and preliminary
analyses was published in 1968 as Sanskrit Astronomical Tables in the United
States (SATIUS) (Pingree 1968). SATIUS updates and expands the relevant material
from Poleman’s Census (Poleman 1938) of North American Sanskrit manuscripts,
retaining Poleman’s numbering. The Columbia collections’ jyotis. a holdings that
yielded the astronomical tables analyzed by Pingree comprise 194 individual
manuscripts, of which 66 are known to contain table texts and 5 pañcāṅgas,
as well as the so-called Miscellaneous Bundle of 105 complete or fragmentary
table texts in the Smith Indic collection (all apparently from Gujarāt, Rājasthān,
and possibly Uttar Pradesh). The 217 jyotis. a manuscripts at the University of
Pennsylvania, among which Pingree identified at least 18 items relating to tables,
likewise originated in western, northern, and central India, as did the Harvard
manuscripts used in SATIUS.

Following an introductory overview, SATIUS divides its survey into two parts: a
traditional catalogue of the manuscripts of table-text items including title, author,
scribe, date, and folio-by-folio content for each item, and a technical analysis of
each table-text represented, accompanied by background information about the
author (where available), important dates relating to the work, and a list of its
known manuscripts worldwide. This corpus contains 34 table texts, 19 of which
are identified by title; various similarities between the remaining unidentified texts
and known works are noted. SATIUS closes with an index of significant numerical
parameters from the astronomical systems used in the tables.

Soon after the appearance of SATIUS, the results of similar cataloguing efforts
in repositories in the UK were published in Pingree’s 1973 Sanskrit Astronomical
Tables in England (SATE) (Pingree 1973), drawing on various Sanskrit manuscript
collections in the British Museum, Oxford and Cambridge Universities, the India
Office Library (now incorporated into the British Library), the Bodleian Library,
and the Royal Asiatic Society. They include manuscripts from Bengal, Benares,
Kashmir, and south India in addition to many sources from western India. The
structure of SATE and many of the 34 table texts that it describes (including
its only anonymous work, Anonymous of 1638) are familiar from SATIUS. The
chronological range of these works extends from Āśādhara’s Grahajñāna (1132 CE)
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to the Pattraprakāśa of Viśrāmaśukla (1777 CE). The majority of the manuscripts
were copied in the seventeenth, eighteenth, and nineteenth centuries.

More than four decades later, SATIUS and SATE remain the only two manuscript
catalogues dedicated exclusively to astronomical numerical tables in Sanskrit
sources. Their descriptions of manuscripts, identifications of (some of) the authors
who composed the texts and the scribes who copied them, information about
dates and geographical locations, and technical analyses supply crucial informa-
tion concerning the practice, methodologies, and evolution of South Asian astral
sciences. Table 3.2 lists 39 such works described in SATE and/or SATIUS, along
with the combined numbers of their North American and UK manuscripts recorded
in those surveys. Two separate columns list the numbers of their manuscripts in two
individual collections discussed below. (Note that this list is not exhaustive: there are
a dozen or so other items included in Pingree’s lists that are sufficiently fragmentary
or derivative to suggest that they may represent recensions of other known works
or standalone reference tables not incorporated into a full kos. t.haka text. Where
possible, we have assigned these items and their recorded manuscripts as part of
the textual tradition of the known work that they seem to belong to, as in the case of
the work “Anonymous of 1520,” which we list with the Grahalāghavasārin. ı̄. Where
we have not felt confident in making such an assignment, we have simply omitted
the fragments from this table.)

In addition to these specialized surveys, a number of more general manuscript
catalogues and other bibliographic studies, especially ones by Pingree, include
sections on Sanskrit table texts.3 The abundance of the textual material fully
supports Pingree’s conviction that such catalogues and surveys are indispensable
to gaining a clearer understanding of the technical aims and methods of Indian
astronomers in the second millennium.

3.1.2 Smith Indic and Smith Sanskrit Collections, Columbia
University

The renowned historian of mathematics and pioneer of mathematics education
David Eugene Smith (1860–1944) acquired a substantial collection of nearly 350
Sanskrit manuscripts, as well as some in other South and Southeast Asian languages.
These materials constitute the Smith Indic and Smith Sanskrit collections in the
Rare Book Library of Smith’s home institution Columbia University, which also
holds a few Sanskrit manuscripts from other sources. Since Smith was primarily

3E.g., Pingree (1970–94), Raghavan et al. (1968–2007), Pingree (2004), Pingree (2003, pp.
44–102), Bhandarkar Oriental Research Institute (1990–1991, vols. 30–32), Rajasthan Oriental
Research Institute (1963–2007), and Sarma and Sastry (2002); still other Sanskrit manuscript
catalogues that pertain to astronomical tables are listed in our bibliography. A section in Pingree
(1981, pp. 41–46) lists author, title, and the identification of key features (such as epoch, table type,
and relationships to other tables) for 35 known kos. t.haka/sāran. ı̄ works.
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Table 3.2 Sampled manuscripts of major table texts: in collections analyzed in SATIUS and SATE
(S & S); in the India Office Library Gaekwad Collection (G); and in the Wellcome Library (W).

Work Epoch S & S G W

Anantasudhārasasārin. ı̄ of Ananta ca. 1525 1

Kalpalatā 1359 1 1 1

Kāmadhenu of Mahādeva 1357 1

<Khan. d. akhādyakasārin. ı̄> 1

Khecaradı̄pikā of Kalyān. a 1649 1

Khet.asiddhi of Dinakara 1578 1 1

Gan. itamakaranda of Rāmadāsa Dave 1618 1

Gan. itarāja of Kevalarāma Pañcānana 1728 1

Grahakaumudı̄ of Nr.sim. ha 1603 1 2

Grahajñāna of Āśādhara 1132 2 2

Grahaprakāśa of Devadatta 1662 1

Grahaprabodhasārin. i of Yādava 1663 3 1

Grahamañjarı̄ 2

Grahalāghavasārin. ı̄ I 1520 13 1

Grahalāghavasārin. ı̄ of Prema 1656 2

Grahalāghavasārin. ı̄ 1754 1

<Grahasāran. ı̄> 1

Grahasāran. ı̄ of Gaṅgādhara 1630 2

Grahāgama of Govindasūnu 1773 2

Candrārkı̄ of Dinakara 1578 23 1 4

Jagadbhūs. an. a of Haridatta 1638 6 1

Jayavinodasāran. ı̄ 1735 1

Tithikalpadruma of Kalyān. a 1605 1 1

(Laghu)Tithicintāman. i of Gan. eśa 1525 15 1

Tithidarpan. a of Murāri ca. 1665 1

Tithisāran. ı̄ of Dinakara 1583 2

Tithyādicintāman. i of Dinakara 1569 1

Pañcāṅgavidyādharı̄ of Vidyādhara 1643 2

Pañcāṅganayanasāran. ı̄ 1718 1

Pattraprakāśa of Viśrāmaśukla 1777 1

Br. hattithicintāman. i of Gan. eśa 1552 6

Brahmatulyasāran. ı̄ 4 3

Bhāgapañcāṅga 1

Makaranda of Makaranda 1478 24 13

Mahādevı̄ of Mahādeva 1316 32 1

Ravisiddhāntamañjarı̄ of Mathurānātha Śarman 1609 3 1

Rāmavinoda of Rāmacandra 1590 3 3

Laghukhecarasiddhi of Śrı̄dhara 1227 1 1

Laghutithidarpan. a 1665 1

Śı̄ghrasiddhi of Laks.mı̄dhara 1278 2

(continued)
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Table 3.2 (continued)

Work Epoch S & S G W

Anonymous 1594 3

Anonymous 1638 2

Anonymous 1704 12

Anonymous 1741 4

Unidentified tables 1

seeking documentation of the evolution of Indian place-value decimal numerals for
his research (Smith and Karpinsky 1911), his Sanskrit acquisitions were heavily
weighted towards mathematical and astronomical jyotis. a topics (around 318 of
the approximately 350 manuscripts collected). These jyotis. a items include over
180 treating various aspects of astronomy, of which nearly 150 represent numeral-
rich kos. t.haka/sāran. ı̄ works. Almost all seem to have been originally copied in the
western and northern regions of India.

3.1.3 Gaekwad Collection, India Office Library

A more organically developed Indic manuscript library is that of the Gaekwad
Mahārāja of Baroda in Gujarāt, Anandrao/Ānandarāja, who in 1809 donated to
the East India Company 507 manuscripts (primarily in Sanskrit) dating from the
late fourteenth to the late eighteenth century (Pingree 1976, p. 1). Now part of the
collections of the India Office Library, they include 95 items containing texts on
jyotis. a (Pingree 1976, Appendix A), which primarily represent the Brāhmapaks.a
and the Gan. eśapaks.a. Nearly two-thirds of these 95 manuscripts concern astrolog-
ical topics, while approximately thirteen of the 35 non-astrological items can be
confidently identified as table texts mostly well-known works: they are enumerated
in column G in Table 3.2. (Note that most of these manuscripts are counted also in
column S&S of the same table, as they were previously described in more detail in
Pingree (1973).)

As the following descriptions confirm, a distribution of this sort, in which
kos. t.haka/sāran. ı̄ material makes up about one-third of all non-astrological jyotis. a
manuscripts which in their turn constitute about one-third of general jyotis. a
holdings, appears to be much more representative of actual Indian technical libraries
in Sanskrit than the overwhelmingly tables-focused Smith collections at Columbia.

3.1.4 Wellcome Library

The Sanskrit holdings of the Wellcome Collection form part of the extensive
acquisitions by the pharmaceutical entrepreneur Sir Henry Wellcome (1853–1936)
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of artifacts, books, manuscripts, and art relating to the development of medicine
worldwide. In keeping with the main theme of the collection, most of the several
thousand Sanskrit manuscripts are medical in nature; but approximately one thou-
sand of them, representing around five hundred distinct texts, have been identified
as pertaining to astronomy, mathematics, astrology, and divination. Over the course
of about 20 years David Pingree and Dominik Wujastyk rationalized and catalogued
these materials (Pingree 2004).

Pingree notes (Pingree 2004, p. xviii) that the collection is comprised of many
rare works, including a number of table texts. The Tithikalpalatā, the Ananta-
sudhārasasāran. ı̄ of Ananta, the Gan. itamakaranda of Rāmadāsa Dave, and the
Devı̄vilāsasārin. ı̄ are among some of the manuscripts he highlights.

3.1.5 Chandra Shum Shere Collection, Bodleian Library

This is one of the largest Sanskrit manuscript collections ever brought to England,
containing no fewer than 6330 manuscripts, of which 575 treat jyotis. a topics. It
was acquired in the early twentieth century through the efforts of the chancellor of
Oxford University, Lord Curzon, and Mahārāja Chandra Shum Shere, then prime
minister of Nepal, who purchased the collection from an anonymous seller in India
and donated it to Oxford in 1909.

Pingree’s 1984 catalogue (Pingree 1984) of the jyotis. a manuscripts in this
collection, based on the initial lists compiled by T. Gambier Parry and E.H. Johnston
who accessioned it at the Bodleian, also includes some non-jyotis. a manuscripts
bound together with jyotis. a texts. The jyotis. a holdings were found to be for the
most part seventeenth- through nineteenth-century copies of standard works, with a
sprinkling of texts previously unknown to Indologists. Their contents range over the
genres of astronomy, mathematics, divination, astrology (genethlialogy, muhūrta
and praśna), reference/lexical works (encyclopedias and kośa), and rites (pūjā,
śānti and magic). The chief strength of this collection, according to Pingree, is
its documentation of Indian reactions to Islamic science in the Mughal period
(particularly in astronomical literature and the new astrological disciplines of
ramala and tājika), as well as the spread of muhūrta or catarchic astrology in
northern India.

The 96 manuscripts in the astronomy genre are divided into various subgenres,
shown with their corresponding numbers of manuscripts in Table 3.2. The kos. t.ha-
ka subgenre comprises the most manuscripts, accounting for around 30% of the
total; the works they contain are enumerated in Table 3.3. Notable items in this
category include the copy of the Śı̄ghrasiddhi by Laks.mı̄dhara accompanied by a
unique exemplar of Janārdana’s supplement, an autograph copy of Ks.emaṅkara’s
Subodhikā, the first known copy of Gan. eśa’s Pañcāṅgasiddhi, and the various tables
of consecutive lunar and solar eclipses.
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Table 3.3 Astronomical table texts in the Chandra Shum Shere collection.

Work No. of MSS

Abhinavatāmarasa of Purus.ottama Bhat.t.a, commentary on the Makaranda 1

Grahan. amālā (consecutive lunar and solar eclipses from 1836 to 1945) 1

Grahan. amālāsāran. ı̄ (consecutive lunar and solar eclipses from 1843 to 1909) 1

Grahalāghavasārin. ı̄ of Gan. eśa 2

Candrārkı̄ of Dinakara 1

Camatkārasiddhi of Vı̄rasim. ha 1

Tithicintāman. i of Gan. eśa 4

Dinacandrikā of Rāghavaśarman 1

Pañcāṅgasiddhi of Gan. eśa 1

Pañcāṅganayanasāran. ı̄ (1718) 1

Pātasāran. ı̄vivaran. a of Divākara, commentary on Gan. eśa’s Pātasāran. ı̄ 1

Prakat.agrahan. amālā (consecutive lunar and solar eclipses for 1666–1704) 1

Brahmāryopakaran. asiddhi of Janārdana, appendix to the Śı̄ghrasiddhi 1

Bhāvapattra 1

Makaranda of Makaranda 1

Makarandodāharan. a of Viśvanātha 2

Rāmavinoda of Rāma 1

Śı̄ghrasiddhi of Laks.mı̄dhara 1

Subodhikā of Ks.emaṅkara 1

Sūryasiddhāntarahasya of Rāghavaśarman 2

Consecutive lunar and solar eclipses 1779–1855 1

Various parts of kos. t.hakas 2

Unidentified tables 1

3.1.6 Mahārāja Man Singh II Museum, Jaipur

The library of the Mahārāja Sawai Man Singh II located in Jaipur contains three
substantial manuscript collections: Khāsmohor, Pun. d. arı̄ka, Pothikhānā, containing
a total of about 12,500 manuscripts. Some of their especially notable items are on
display in the so-called Museum collection. Of the approximately 276 manuscripts
identified as pertaining to astral science, 12 are in the Museum collection, which
also contains a further 14 astronomical works in Persian or Arabic. The astral-
science manuscripts in these collections were catalogued and analyzed by a team
of specialists led by Pingree, including S. Ikeyama, C. Minkowski, K. Plofker, S.R.
Sarma, and G. Tubb in the early 1990s. A descriptive catalogue based on their notes
was published as Pingree (2003).

As can be appreciated from Table 3.4, the kos. t.haka genre contains the most
manuscripts by far. Out of the 276 astronomical works catalogued, around 118 of
these are table texts of some kind, or a little over 40%. Some of the especially
important table texts included in this library are a unique manuscript of Moreśvara’s
Makarandat.ippan. a, a unique manuscript of Harinātha’s tithi, naks. atra, and yoga
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Table 3.4 Topics in
(non-astrological) jyotis. a as
represented in the Sanskrit
manuscript holdings of the
Mahārāja Man Singh II
Museum (MS); the Jaina
Vidya Sansthan (JVS); and
the Sri Ram Charan Museum
of Indology (SRC), all in
Jaipur; and in a set of
manuscripts purchased in
Jaipur (KP).

Topic MS JVS SRC KP

Vedic 2

siddhānta 43 5 3 3

karan. a 50 9 7 12

kos. t.haka 113 13 16 28

pañcāṅga 1

Eclipses 12 1 1 2

Star charts 5

Geography 3 3

Instrumentation 18 3 3 2

Miscellaneous 6 10 1 6

Encyclopedias

Translations 24

Lexica

tables, a unique manuscript of Goparāja’s Khagataraṅgin. ı̄, and two of the four
known manuscripts of Kevalarāma’s Pañcāṅgasārin. ı̄. In addition, the tabular work
of Philippe De La Hire’s tables and related Sanskrit translations of this work, and
a table comparing Jayasim. ha’s observed lunar positions with those computed using
De La Hire’s tables are contained in this library.

3.1.7 Some miscellaneous collections in north India

Several collections in Rajasthan and Bihar were examined by one of the authors
(Plofker) in 2003–2004.

Jaina Vidya Sansthan, Jaipur

The exact sciences manuscripts of this Jaina bhandar or institutional library range
in copying date from the sixteenth to the early twentieth century.4 According to the
register of around 5000 manuscripts total, among some 255 jyotis. a items in Sanskrit,
Hindi, Rajasthani, and other vernaculars, about 40 pertain to non-astrological topics;
these are broken down by subject in Table 3.4. Unsurprisingly, some of its notable
items include works by Jaina authors such as Mahendra Sūri and Dedacanda.

4For a general survey of Jaina manuscript libraries in India, see Cort (1995); for some details
about their history and holdings including jyotis. a, see Jain (1963) and Pingree (2001–2004, pp.
705–707).



80 3 Table-text manuscripts

Table 3.5 Table-text
manuscripts at SRCMI,
Jaipur.

Manuscript Title/subject

1.20 i.63 Mahādevı̄ commentary

1.20 i.94 Mahādevı̄

1.20 i.97 Mahādevı̄

1.20 i.115 Grahalāghavasārin. ı̄

1.20 i.145 Candrārkı̄ ?

1.20 i.207 sāran. ı̄

1.20 i.211 sāran. ı̄

1.20 i.212 Makaranda commentary

1.20 i.226 Grahalāghavasārin. ı̄

1.20 i.228 Mahādevı̄ commentary

1.20 i.250 vars. a sāran. ı̄

1.20 i.271 kos. t.haka

1.20 i.287 rāmabı̄ja sāran. ı̄

1.20 i.315 Tithicintāman. i

1.20 i.322 Candrārkı̄ ?

1.20 i.343 pañcāṅga sāran. ı̄

Sri Ram Charan Museum of Indology, Jaipur

This private collection may have begun as a family library but seems to have
been amassed largely by the efforts of the individual founder of the institution in
the twentieth century. The catalogue volumes (Sharma 1986–1994) treat gan. ita
and jyotis. a as separate categories, and distinguish geography/cosmology (bhūgola-
khagola) from both of them. Of the volumes that treat Sanskrit jyotis. a works proper,
volume 1 lists 46 such manuscripts of which none seem to relate to kos. t.haka/sāran. ı̄
works; volume 3 enumerates 329 jyotis. a manuscripts, volume 5 two, and volume 6
three, of which the following sixteen are known or guessed to be tables-related (see
Table 3.5).

Manuscripts in private commerce

An important though extremely irregular source of knowledge about tables as well
as other aspects of Sanskrit science is the variety of manuscripts offered for sale
by private owners and arts/handicrafts dealers. The provenance of these documents
is generally obscure, but it is speculated that they primarily represent the private
family libraries of hereditary practitioners of astral sciences, usually deaccessioned
by their descendants. A sample summary of jyotis. a-related manuscripts in one such
dealer’s collection seen in Jaipur in 2004 is shown in Table 3.6.

Many of these manuscripts, if not obtained by individual researchers or libraries,
are doomed to dismemberment at the hands of art dealers (if they contain visually
interesting diagrams or figures) or miniature painters who use their text as decorative
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Table 3.6 Primary topics
and works among
manuscripts on jyotis. a seen in
a dealer’s collection in Jaipur,
2004.

Topic Number of manuscripts

siddhānta 5 (Sūryasiddhānta, Siddhāntaśiroman. i)

karan. a 12 (Grahalāghava)

kos. t.haka 21 (Grahalāghavasārin. ı̄, Makaranda,
Candrārkı̄)

Instrumentation 4

Mathematics 6 (Lı̄lāvatı̄, Bı̄jagan. ita)

background for a painting. Scrap-paper commerce absorbs many manuscript folia
as well.5

3.1.8 Collections in Kerala and Tamil Nadu

The late K.V. Sarma published in 2002 an overview (Sarma and Sastry 2002)
of some 12,244 manuscripts containing at least 3473 texts on Sanskrit sciences
(of which about 9713 manuscripts and 2506 texts deal with astronomy, astrology,
and mathematics) located in approximately 395 public and private collections in
Tamil Nadu and Kerala. The category “I. Astronomy and mathematics” lists titles
1–889, plus 1–47 in a supplementary list, while “II. Astrology” includes titles 890–
2420 as well as 1–43 in a supplement. The remaining material deals with other
scientific disciplines: medicine, veterinary science, chemistry, music theory, botany,
and architecture. Sarma notes (Sarma and Sastry 2002, p. 15) that less than 7%
of the entire scientific corpus he surveyed, and about the same percentage of the
specifically astral/mathematical material, has been published.

The survey covers 247 manuscript repositories in Kerala and 148 in Tamil
Nadu, ranging from small personal libraries of no more than 4 or 5 manuscripts
to collections in university libraries and research institutes including those of
Calicut University, Kerala University, the Adyar Library, the Government Oriental
Manuscripts Library at the University of Madras, and the Tanjore Mahārāja
Serfoji’s Sarasvati Mahal Library in Thanjavur, preserving tens of thousands of
manuscripts in various languages and subject areas. We have not tried to determine
what percentage of their total Sanskrit holdings deal with the exact sciences of
mathematics, astronomy, and astrology (including divination). However, we have
roughly computed the percentage of the exact-sciences works that seem likely to
deal with tables, based on the occurrence of known sāran. ı̄ and kos. t.haka texts as

5It is extremely difficult to estimate the volume or nature of privately owned Sanskrit scientific
manuscripts circulating in this sort of commerce within India, much less the ones discarded and
destroyed. Some attempts have been made to study the documentation of such collections or to
record the activities of current collectors; see, for instance, Zysk (2012) and Nagarajan (2016). A
major project intended to create a database of all available manuscripts still maintained in existing
collections was launched in 2004–05 by the National Mission for Manuscripts (https://namami.
gov.in).

https://namami.gov.in
https://namami.gov.in
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well as ones that include variants of the terms kos. t.ha, cakra, and sāran. ı̄ in their
titles (the listed works are not described in detail, so in most cases the listed title is
the only indication of the subject matter).

As the following list indicates, the types of table texts most familiar from
northern collections, either well-known works such as the Tithicintāman. i or ones
explicitly titled -sāran. ı̄ or -kos. t.ha or some variant thereof, make up only about 15
distinct works and 17 manuscripts in the total corpus. The survey contains numerous
other works ending in “-phalāni” (“equations” or “results”) and other terms that may
well refer to tables of function values, which we have omitted from consideration
on grounds of uncertainty. Our current best guess, then, is that at a very conservative
estimate about one to two percent of these works reflect the row-and-column tabular
genre popular in north India in the same period.

When we turn to the specifically south Indian genre of the vākya, however,
we find 66 texts in this category (base-texts and commentaries, including ones
on the seminal vākya text Ven. vāroha of Mādhava), in 268 manuscripts relating to
both astronomical and astrological computations. There are an additional 63 items
in 360 manuscripts entitled simply pañcāṅga or calendar, and 33 others (six of
which overlap with titles in the vākya category and another with one in the sāran. ı̄
category) in 74 manuscripts whose names suggest they pertain to the computation
of pañcāṅgas. For lack of fuller information, we have simply lumped these into the
same category with kos. t.haka/sāran. ı̄ works, although some of them are probably
not in tabular form. A note by the author (Sarma and Sastry 2002, p. 21) identifies
at least 13 additional surveyed items in 15 manuscripts consisting of trigonometric
tables recorded in kat.apayādi compositions. Excluding the presumably ephemeral
pañcāṅga items themselves, this means that at a fairly conservative estimate, about
357 of 9713 manuscripts and 143 of 2506 distinct texts, or between 4 and 6% of all
the listed astral/mathematical material, represent some kind of table text. Over half
of those works (and well over three-quarters of their manuscripts) involve the verbal
rather than graphical tabular format of vākyas and similar kat.apayādi constructions.

Two features of this rough analysis stand out: the relatively low prevalence
of table texts compared to their representation in the collections and catalogues
described above, and the predominance within this group of the uniquely south
Indian kat.apayādi verbal-table structure. This is a salutary reminder that one cannot
draw general conclusions about Sanskrit astronomical/mathematical tables as a
textual genre without thoroughly investigating the ancient and prolific south Indian
vākya tradition and related compositions using kat.apayādi notation to construct
mnemonic tables.

Categories of (known or presumed) table works in Sarma and Sastry
(2002):

Title includes kos. t.ha. 3 works: I.116, I.205, I.300
Title includes sāran. ı̄. 8 works: I.260–263, I.268 (of Mahādeva), I.384, I.541,

II.1356
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Title includes vākya. 62 works: I.29, I.92, I.103, I.113, I.250, I.264, I.273–
274, I.283, I.301–304, I.311, I.357–358, I.419–420, I.429, I.528, I.534, I.549,
I.625, I.638, I.699–700, I.702, I.710, I.717–719, I.721–733, I.745, I.797, I.sup.7,
I.sup.9, I.sup.20–21, I.sup.39–41, II.934–935, II.1052, II.1098, II.1441, II.1642,
II.1656, II.1696, II.1707

Title includes pañcāṅga. 96 works: I.457–541, I.726–728, I.744, II.1167,
II.1490, II.1704–1708

Known kos. t.haka/sāran. ı̄ texts. 8 works: I.319 (Candrārkı̄ of Dinakara), I.380
(Tithicintāman. i of Gan. eśa), I.748–751 (Ven. vāroha of Mādhava), II.1499
(Tithyādicintāman. i of Gan. eśa), II.1892 (Br. hattithicintāman. i of Gan. eśa)

Identified kat.apayādi trigonometric tables. 14 works: I.20, I.25, I.119, I.321,
I.335, I.337–341, I.401, I.551, I.610, I.611

3.2 Spatial and graphical characteristics of table-text
manuscripts

Many conventions of Sanskrit scribal orthography—the pagination, titles and so
forth—are consistent across many Sanskrit technical genres including table texts.
Eventually, detailed comparison of kos. t.haka layouts with astronomical table formats
in non-Sanskrit scientific traditions may shed more light on possible connections
between them. In the meantime, the discussion in this chapter will focus on some
distinctive features of the way sāran. ı̄s and kos. t.hakas are written.

3.2.1 Notation and layout conventions

Argument values. Most Sanskrit numerical tables are oriented so that their
argument runs horizontally left to right across the width of a page.6 Throughout this
book, we refer to this sequence as the “argument row,” with no assigned row number.
Figure 3.1 illustrates this layout with argument values from 0 to 29 along the top of
the table and numerical entries placed in the corresponding rows underneath.

When a table has more argument values than the width of the page can
accommodate, the scribe simply continues the linear sequence by wrapping the table
back to the left edge of the page. A lengthy table can be wrapped several times over a
single page or even over several pages. See, for instance, the top image in Figure 3.2,
where the table is wrapped after argument value 60.

6The width of a Sanskrit manuscript page is typically greater than its height, in keeping with the
traditional “landscape” or pothi format derived from ancient use of birch bark and palm leaves as
a writing material (Goswamy 2007, pp. 20–23).
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Fig. 3.1 Excerpt from a page of a manuscript of the Karan. akesarı̄ (RORI 12792 f. 4r) (Montelle
and Plofker 2013; Misra et al. 2016), showing the arrangement of argument values and their
corresponding entries in the first and second table rows with vertically stacked sexagesimal digits.
The word dhanam. (positive) in the second row’s right margin indicates that the differences in this
row are to be applied positively to the entries in the first row.

Fig. 3.2 Numerals in manuscript tables rotated sideways to fit their cells. Top: Makaranda (BORI
546 f. 12r). Bottom: Smith Indic MB C f. 1r.

A table’s (single) argument may be split into two separate components laid out
in different dimensions, such as an argument of celestial longitude represented by
twelve rows of zodiacal signs and thirty columns of degrees within a sign, such
as splitting argument values given in degrees into zodiacal signs and degrees. This
commonly occurring layout appears in many examples within this book, including
Figures 4.24, 4.27, 4.29, 4.53, and 4.55. Presumably it was chosen as a more efficient
alternative to wrapping a table into multiple segments, each requiring a separate
argument row.

Occasional exceptions to the conventional horizontal sequence of entries include
the table shown in Figure 4.65, whose argument values run vertically down the page.
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Such tables, usually directly influenced by Islamic or European sources, are found
in manuscripts employing the (comparatively late and rare in the Sanskrit corpus)
“portrait” format with the height of the page greater than its width.

True double-entry tables, as opposed to the split-single-argument tables
described above, appear to be extremely rare in the Sanskrit corpus.7 The
only unambiguously double-entry table we have encountered therein occurs in
manuscripts of Gan. eśa’s Pātasāran. ı̄, for the purpose of computing mahāpātas
or parallel aspects of the sun and moon (Section 4.11); a copy is shown in
Figure 4.61. Its two independent arguments are the zodiacal half-sign of nodal
longitude (horizontal) and the current naks. atra (vertical). A worked example in a
commentary on the Pātasāran. ı̄ by Dinakara (fl. 1812, MS UPenn 390 697 f. 3r–v)
outlines procedures for double interpolation within it.

Decimal and sexagesimal numerals. Sanskrit numerical tables use standard
Indian place-value base-ten numerals to write both decimal and sexagesimal (or
quasi-sexagesimal) quantities.8 The integer part of a sexagesimally divided number
may be written in two places for zodiacal signs and degrees, as illustrated in row 1
of the table shown in Figure 3.1, or as a single decimal integer that may be greater
than 60 (see Figures 3.5, 4.33 and 4.50).

Sexagesimal table data are usually arranged vertically in their cells with the most
significant sexagesimal digit on top, as illustrated in Figure 3.1. Underneath the
argument are two “rows” of entries in table cells delimited by red lines. The first
row’s entries show the degrees, minutes, and seconds places stacked vertically, while
the entries in the second row, evidently in minutes and seconds alone, represent the
differences between successive entries in the previous row.

The orientation of numerals may be tilted to fit them into a table cell, as illustrated
by the examples in Figure 3.2 (see also Figure 4.48).

Digit separators or dan. d. as In ordinary text, vertical bars called dan. d. as are
generally used as dividers between the sexagesimal places in a number. This is
very rarely done within a table cell, perhaps because of the potential confusion
generated by vertical lines in a ruled environment. Figure 3.3 shows the use of
dan. d. a separators between sexagesimal digits representing zodiacal signs, degrees,
minutes, and seconds, in a table title and within table cells.

Fraction approximation with dan. d. a strokes As noted in Section 2.2.2, table
entries sometimes contain, in place of sexagesimal fractions, the approximations
one-quarter, one-half, and three-quarters indicated by a corresponding number of

7Pingree (1968, p. 46 (item 52)) describes a table found in some manuscripts of the Makaranda as a
“double-entry table of unknown purport” whose arguments run from 1 to 12 both horizontally and
vertically. As this table is not yet fully analyzed, we cannot definitively confirm its double-entry
structure.
8See Figure C.2. For more examples of scribal renditions and variant forms of the ten numeral
glyphs in nāgarı̄, see www.hamsi.org.nz/p/how-to-read-devanagari-numerals.html.

www.hamsi.org.nz/p/how-to-read-devanagari-numerals.html
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Fig. 3.3 Manuscript page excerpts showing sexagesimal number digits separated by dan. d. as.
Left: Karan. akutūhalasārin. ı̄ (BORI 501 f. 16v). The text reads: buddhamam. daphalam.
buddhamam. doccah. 7 | 15 | 0 | 0 | “The manda-equation of Mars: the manda-apogee is 7 [zodiacal
signs] 15 [degrees] 0 [arcminutes and] 0 [seconds]”. Right: Jagadbhūs. an. a (RORI 10192 f. 14v).
The cell entries read: va[kra] 4 | 2 ’[sta]-pa[ścima] 3 | 57 | and mā[rga] 9 | 42 | u[daya]-pū[rva]
6 | 27.

Fig. 3.4 Excerpt from a
manuscript of the
Br. hattithicintāman. i (Smith
Indic 151 f. 4r) showing a
table with “dan. d. a-quarter”
fractions in the entries in its
second row.

Fig. 3.5 Above mentioned manuscript of the Karan. akesarı̄ (RORI 12792 f. 2r) illustrating the use
of negative and positive symbols in table entries. The decrease or increase of solar velocity values
in arcminutes and arcseconds for successive avadhis in row 2 is tracked by the sign changes of the
daily velocity differences, in arcseconds with “dan. d. a-quarter” fractions, in row 3.

dan. d. as. This “dan. d. a-quarter” notation is demonstrated in Figures 3.4, 3.5, and 3.7;
see also Figures 4.11, 4.51, 4.57, and 2.18.

Symbols for negative and positive numbers Negative and positive signs often
appear in tabular data, sometimes accompanying zero quantities as well as nonzero
ones. A cross sign

Ś

, orthographical shorthand for the nāgarı̄ character “r. ”
standing for r. n. am. or “negative,” would be written following the number it modified.
So would the nāgarı̄ character for dha, short for dhanam. or “positive” (see
Figure 3.1).

The sign of a number in a table entry generally defaults to the last explicitly
indicated sign symbol. Consider, for instance, the table excerpt in Figure 3.5, whose
second row contains solar velocity values for successive avadhis or 14-day periods,
while the third row shows their approximate daily change: i.e., 1/14 of the difference
between consecutive velocity values, rounded to the nearest dan. d. a-quarter. The
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Fig. 3.6 Excerpt from a manuscript of the Laghukhecarasiddhi (IO 2408b f. 7r) showing the use
of the symbols for indicating when a function is increasing and decreasing.

Fig. 3.7 Excerpt from a manuscript of the Mahādevı̄ (RAS Tod 24 f. 27v) containing two different
negative-sign symbols as well as the “dan. d. a-quarter” strokes for approximating fractions.

change in velocity from column 6 to column 7 is negative and thus marked with
Ś

,
while the subsequent velocity increases from column 7 to column 20 are flagged
with a dha symbol, which is succeeded by another

Ś

as the values decrease again.
Figure 3.6, on the other hand, shows positive and negative sign symbols used to

mark a transition (in columns 13 and 14) between increasing and decreasing table
entries without explicitly recording their differences. Finally, the table in Figure 3.7
contains both the

Ś

and the nāgarı̄ character r. for r. n. am. to indicate negative
quantities.

3.2.2 Scribal errors, emendations and markup

Simple uncorrected scribal errors, primarily writing a wrong number or set of
numbers by mistake for the correct one, are ubiquitous in table manuscripts. In
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Fig. 3.8 Excerpt from Karan. akesarı̄ manuscript (RORI 12792 f. 7v) apparently showing the
effects of scribal distraction, with the numeral 3 repeated in column 24 by mistake for the intended
maximum value 4.

Fig. 3.9 Left: Excerpt from a different manuscript of the Karan. akesarı̄ (Smith Indic MB XXIV
f. 3v) showing the scribe’s uncorrected duplication of argument and entry in column 38. Right:
The previous page (f. 3r) of this same manuscript shows a mistaken duplication in entry 4 which
has apparently been noticed and flagged with light horizontal strikethroughs, but not corrected.

some cases, it is possible to infer what particular copying technique or feature of the
content probably led the oblivious scribe to produce the given error. For example,
Figure 3.8 shows an excerpt from a table whose values slowly increase from 3,40 to
a maximum of 4,0 at argument 24 and then slowly decrease again. But the scribe has
failed to notice the change from the long succession of 3’s in the most significant
sexagesimal digit to the single instance of 4, so he wrote 3,0 instead of 4,0.

In the manuscript table excerpt reproduced on the left of Figure 3.9, the scribe
has duplicated an entire table column, both argument and entry. This redundancy
does not affect the correctness of the table data, and no correction or erasure has
been made. In the table excerpt shown beside it, on the other hand, the scribe has
mistakenly duplicated the correct entry for argument 5 in the cell for argument 4.
Subsequently the scribe (or possibly a later reader?) noticed the error and struck
through the incorrect digits in column 4 with thin horizontal lines, but did not supply
the correct values in their place.

When a copying error is noticed, it may be retrieved either by writing the correct
figures more boldly over the mistaken ones, squeezing them into the table cell beside
the stricken-out erroneous values, copying them separately into a page margin with
insertion marks, or some combination of the above. Figures 3.9 and 3.10 display the
overwriting technique, which often makes the corrected glyphs blotchy and difficult
to read (see also Figure 3.16). The examples shown in Figure 3.11 illustrate the use
of marginal corrections in conjunction with other methods.

Figure 3.12 illustrates the insertion of marginal corrections without attempting
to change the incorrect data. The second row in the pictured table shows the
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Fig. 3.10 A page from a manuscript of the Makarandasārin. ı̄ (RORI 20231 p. 51) with overwritten
argument values corrected from 7’s to 8’s.

Fig. 3.11 Top: A manuscript of the Candrārkı̄ (RORI 7752 f. 8r) showing an incorrect entry struck
out and replaced with correct data in the left margin. Bottom: A manuscript of the Makarandasārin. ı̄
(Smith Indic 185, unfoliated) showing an incorrect entry overwritten as well as replaced with
correct data in the bottom margin.



90 3 Table-text manuscripts

Fig. 3.12 Excerpt from Karan. akesarı̄ manuscript (RORI 12792 f. 3v). Instead of crossing out or
overwriting the multiple mistakes in the second row, the scribe merely inserts the correct values
beside or beneath them.

successive differences between the function values tabulated in the first row. Where
the tabulated function is piecewise linear, the differences remain constant (although
the constant value is not always precise to the nearest second). The scribe has
incorrectly shifted his sequences of constant differences by one entry: i.e., the
difference between entries 29 and 30 which appears under entry 30 should have
had 38 in the minutes place, but 42 was written instead. As a result of this mistake,
the subsequent jumps to 45 minutes in column 35 and to 47 minutes in column 40
were also premature. The scribe has detected these errors and written in the correct
amounts of the differences, either in the same cell or as marginalia indicated with
small inverted caret marks.

Overwriting incorrect entries was often preceded by, or omitted in favor of,
painting them out with a colored pigment or paste, often made from turmeric.9

The application of correction paste may sometimes reveal something about the way
in which the scribe has originally copied the entries. For instance, the top image
in Figure 3.13 shows a horizontal sequence of painted-out and overwritten errors.
This configuration suggests that the scribe was copying the entries horizontally and
propagated an initial error through several successive values.

In contrast, the two bottom images show sequences of painted-out errors running
vertically down a column. The table on the left contains individual corrections to the
second sexagesimal digit of successive entries in column 20, while the scribe of the
table on the right has used paste to erase the entire contents of the column following
column 22 before continuing with a new column 23. The inference is that in this

9“In a context, letter/s or word/s may have to be omitted [. . .] sometimes, yellow pigment or
turmeric is smeared over such portion” (Murthy 1996, p. 109). See also Sircar (1965, p. 91) and
Goswamy (2007, p. 38).
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Fig. 3.13 Yellow turmeric paste used to paint over erroneous numbers. Top: Karan. akesarı̄ (RORI
12792 f. 5r). Horizontal sequence of erroneous final digits in entries in the third row, painted-out
and then overwritten. Bottom left: Karan. akesarı̄ (RORI 12792 f. 8r). Painted-out and overwritten
digits in column 20. Bottom right: Jagadbhūs. an. a (RORI 10192 f. 54r). Entire column 23 painted-
out and rewritten.
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Fig. 3.14 Excerpt from a manuscript of the Br. hattithicintāman. i (Smith Indic 151 f. 17v).
Top: A single strip of paper originally pasted over a miscopied table row. Bottom: A table
originally corrected with the above cut-and-pasted strip over its third row, which had initially been
erroneously filled in with the table entries for the fourth row.

case, the scribe was copying the entries vertically and had corrupted part or all of a
column before detecting his mistake. Other traces of correction paste elsewhere in
these excerpts indicate rectification of isolated errors in separate entries.

For extensive corrections, a scribe might resort to cut-and-paste techniques.
Figure 3.14 shows an example of such a correction applied to a miscopied row
in a table. As the figure shows, the third and fourth rows of the table as initially
written are identical, because the scribe too precipitately copied into row 3 the table-
argument values intended for row 4. The error was remedied by copying the correct
entries onto a separate small strip (shown in its present detached state in the figure)
and sticking it over the miscopied row using some sort of adhesive, whose whitish
traces are still evident in the image.

Besides sometimes writing numerical data incorrectly, scribes were prone to
misjudge the layout and arrangement of their table structure. Examples of such
errors are seen in the excerpts from three successive pages of a set of tables pictured
in Figure 3.15: not only has the right edge of the table in the top left image spilled
across the double-line marking the right margin, but entry 309 has been added on
beyond the bottom right edge. The row containing the next entries beginning with
310, in the top right image, has clearly been ruled before attempting to write in the
numbers: the scribe then found he did not have enough vertical room in the row, and
drew in another horizontal line below the previously ruled one. On the next page,
shown in the bottom image, the scribe evidently began to rule in more horizontal
lines but gave up when he realized how few remaining table entries he had to fill
them.

Figure 3.16 shows a similar miscalculation on the part of a tables scribe. He
apparently pre-ruled the grids for two adjacent tables, the first with numerical
argument values up through 67 and the second using syllabic abbreviations of
zodiacal sign names as its arguments, and separated the two tables with a double
vertical line. Then after writing entry 66 of the first table, he realized he had run
out of columns and was forced to cross the double-line border to put entry 67
in the space reserved for the next table. In all these examples, even though the
entries themselves are correct, the awkward layouts are potentially misleading and
confusing for the user.
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Fig. 3.15 A manuscript of the Candrārkı̄ (Smith Indic 29 ff. 2r–3r, clockwise from top left)
showing excerpts from images of three consecutive pages revealing table layout errors.

Fig. 3.16 A manuscript of the Karan. akesarı̄ (Smith Indic MB XXIV f. 4v) showing a table pre-
ruled to end with argument 66 but actually extending up to argument 67, forcing the scribe to add
the final entry in the next table’s first column.
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Fig. 3.17 A manuscript of the Mahādevı̄ (Plofker 23 f. 102r–v). Top: The incomplete first row of
a table that was pre-ruled but abandoned after being spoiled by the omission of an entry value.
Bottom: The first row of the completed recopied version of the same table on the next page.

Fig. 3.18 A manuscript of the Makaranda (Smith Indic 185 f. 10r) with a table that was never
completed.

Occasionally, individual tables are left incomplete after being deemed unsal-
vageable due to catastrophic copying errors. Figure 3.17 illustrates one such case,
where a scribe presumably noticed (top image) in the middle of writing numbers in
entry 15 that he had skipped the value proper to entry 5. He abandoned the table and
(bottom image) recopied it on the next page, this time correctly including the value
for entry 5 (although even in this recopied version he still omitted the correct value
for entry 7, instead duplicating the value in entry 8).

Finally, Figure 3.18 shows a table simply abandoned by the scribe before
completion, for no discernible reason. Such examples seem to be comparatively rare,
presumably because unfinished tables would be of little use to practicing jyotis. ı̄s,
and hence less likely to survive in manuscript form.



Chapter 4
Elements of table texts

The canonical structure and sequence of astronomical topics as represented in
most major siddhānta and karan. a works (see Section 1.4) are modified in the
table-text genre in a number of different ways. As described in Section 2.3.1, a
sāran. ı̄ or kos. t.haka is often dedicated to a particular astronomical task, such as
finding planetary positions for horoscopes, computing eclipses, or constructing
calendars. So individual tables containing values of specific astronomical functions
are constructed, combined, and ordered differently in different table texts. For
example, a work intended for making calendars or eclipse predictions will have
tables for the motions of the sun and moon but not of the five star-planets, while a
table text for planetary positions may omit tables for parallax, and so forth.

Because of this modular structure, we have undertaken in this chapter to describe
a “standard” selection of individual tables as separate elements or components of
diverse kinds of table texts. These tables represent the functions or algorithms most
commonly employed in kos. t.haka/sāran. ı̄ works, although as the following examples
indicate, their implementation and format vary widely depending on the intentions
and skill of their compilers. The descriptions of many such works in Chapter 5 and
Appendix A illustrate the variety of ways the individual tables can be combined to
make up a kos. t.haka customized for the compiler’s purposes.

4.1 Mean longitudinal displacement

Since mean motions with their various corrections are the fundamental concept
underlying most astronomical computations (see Section 2.1.1), almost all table
texts address them. Typically, each celestial body is furnished with a set of tables
of linear increments �λ̄ to mean longitude λ̄, or displacements from its epoch
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mean longitude, corresponding to successive integer multiples of various time-units.
These units range from civil days (or even ghat. ı̄s) to “ideal months” of 30 days,
“ideal years” of 360 days or actual (mean) years of 365+ days, and periods of 60,
100, or even thousands of years. Alternatively, longitudinal increments might be
tabulated in multiples of integer days from 1 to 9, 10–90, 100–900, and so on for
successive orders of magnitude.1

The user enters the mean longitude displacement tables for the desired planet
with a given amount of time elapsed since epoch, typically the so-called ahargan. a
or accumulated civil days. This time interval is broken down into integer multiples
of each of its component time-units t , such as multi-year periods and single years.
The appropriate entry �λ̄t corresponding to each of these components is found
in the tables, and all the entries are added up modulo 360◦ to produce the total
displacement from the planet’s epoch mean position at the desired date. The epoch
mean position itself, generally called ks. epaka “additive [offset]” or dhruva “fixed
[offset],” is frequently incorporated into one of these table entries. In such cases, the
sum of the entries gives the planet’s present mean longitude directly.

The tabulated mean longitudinal increments are usually computed from more
precise mean-motion parameters, as we can infer from comparing their successive
entries to corresponding integer multiples of their initial values. Nonetheless, such
mean longitude tables are still too approximate to remain useful for any great period
of time beyond their epoch date, even though their compact organization allows
their compilers to nominally extend them far into the future over many centuries,
millennia, or even more.2

Mean longitude tables: Rājamr. gāṅka

Figure 4.1 shows the mean longitudinal displacement tables for Jupiter from a
manuscript of the Rājamr. gāṅka of Bhojarāja (see Section 5.1). The mean longitude
increments or bhogas �λ̄t corresponding to successive multiples of each time-
unit t are tabulated as shown in Table 4.1. Thirteen numbered subtables for each
planet contain longitudinal increments for 1 to 9 days, 10 to 90 days, and so

1Such combinations of mean longitudinal increments for multiples of different periods had been
employed in Greek and Islamic astronomical tables at least since the Almagest of Ptolemy, in which
the increments are tabulated for 1–24 hours, 1–30 days, 1–12 30-day “months,” 1–18 years, and
1–45 18-year periods. As the following examples show, Indian mean longitude tables employ very
diverse combinations of time-units, usually in decimal multiples.
2See, for example, the multi-billion-year framework described in Table 4.1 in Section 4.1.
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Fig. 4.1 Mean longitudinal displacement tables for Jupiter from the Rājamr. gāṅka (Baroda 9476
ff. 5r–6r).

on, up to 9,000,000,000,000 days or over 24 billion years (!). The mean daily
longitudinal displacement used to generate these entries, given in a table earlier
in the manuscript, is 0s , 0◦;4,59,9,8,37,23,45.
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Table 4.1 Characteristics of
the mean longitudinal
displacement tables for
Jupiter in the Rājamr. gāṅka
(Figure 4.1).

Argument range Time-unit t �λ̄t (to arcseconds)

1–9 Single days 0s , 0◦;4,59

10 days 0s , 0◦;49,52

100 days 0s , 8◦;18,35

1000 days 5s , 23◦;5,52

10,000 days 3s , 20◦;58,44

105 days 0s , 29◦;47,20

106 days 9s , 27◦;53,15

107 days 3s , 8◦;52,34

108 days 8s , 28◦;45,35

109 days 5s , 17◦;35,52

1010 days 7s , 25◦;58,22

1011 days 6s , 19◦;43,41

1012 days 6s , 17◦;16,50

Fig. 4.2 Mean longitudinal displacement tables for Jupiter from the Brahmatulyasāran. ı̄ (Smith
Indic MB LVIII f. 4r). The table for single days is titled gurubhogyadināni “increments [for
successive] days of Jupiter,” while that for 20-year periods is titled guruks. epakāh. “additive [offsets]
of Jupiter”.

Epoch mean longitude: 3s , 16◦;0,30

Mean longitude tables: Brahmatulyasāran. ı̄

Figure 4.2 shows the mean longitudinal displacement table for Jupiter from a
manuscript of the Brahmatulyasāran. ı̄ (see Section 5.3), summarized in Table 4.2.
Here the successive daily increments are called bhogyas.
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Table 4.2 Characteristics of the mean longitudinal displacement tables for Jupiter in the Brahma-
tulyasāran. ı̄ (Figure 4.2).

Argument range Time-unit t �λ̄t (to arcseconds)

1–30 Days 0s , 0◦;4,59

1–12 “Ideal months” of 30 days 0s , 2◦;29,34

1–20 “Ideal years” of 360 days 0s , 29◦;54,53

1–30 Periods of 20 “ideal years” 7s , 28◦;17,48

Epoch mean longitude: 2s , 4◦;0,51 (from the Karan. akutūhala (Mishra 1991, p. 4,
verse 1.5)). This value is added as a one-time offset to �λt = 7s , 28◦;17,48 in the
first entry of the 20-year-period table. Consequently, mean longitude calculations
for any date 20 years or more after the epoch date will automatically include the
epoch mean longitude offset.

Paratext. The table headings include the following text:
ardhabhuktih. 2 | 30 “half-[daily] velocity 2;30 [minutes].”
rāmabı̄ja 190 kalā r. n. am. “rāmabı̄ja 190 minutes, negative.”
deśāntarakalā 1 dhanam. “minutes of longitudinal difference correction, 1,

positive.”
The procedure for computing a mean longitude is explained in the verse text

which accompanies the tables (Montelle and Plofker 2015, pp. 7–8, verse 2):

Firstly, computing the number of accumulated days as stated in the handbook, the learned
who are cheerful in nature are to divide [it] by the amount 30; again this quotient should
be divided by 12; one should divide the result by 20. Now, precisely these numbers called
the four remainder-numbers, [entered into] their respective tables [with the corresponding
entries] combined, are the [mean longitudes of the] planets at the city of Laṅkā [i.e., for
zero degrees of terrestrial longitude].

Mean longitude tables: Grahalāghavasārin. ı̄

A version of the tables commonly called Grahalāghavasārin. ı̄, based on the Graha-
lāghava of Gan. eśa (see Section 5.6.1), employs a somewhat similar mean longitude
table structure illustrated in Figure 4.3 and summarized in Table 4.3, again using the
example of Jupiter.

Epoch mean longitude: 7s , 2◦;16,0 (from the Grahalāghava (Jośı̄ 1994, p. 18,
verses 1.6–8)). This value is added as a one-time offset to the first entry of the
table of longitudinal increments for successive cakras or periods of 4016 days
(approximately 11 years). Note that all the entries in this table are effectively given
only to arcminutes, since the second sexagesimal place is constantly zero.

Paratext. The titles of the subtables in Figure 4.3, reading from bottom to top, form
a condensed guide to the mean longitude computation:
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Fig. 4.3 Mean longitudinal displacement tables for Jupiter in the Grahalāghavasārin. ı̄ (Plofker 26
f. 4r).

Table 4.3 Characteristics of the Grahalāghavasārin. ı̄’s mean longitudinal displacement tables for
Jupiter (Figure 4.3).

Argument range Time-unit t �λ̄t (to arc-thirds)

1–29 Days 0s , 0◦;4,59,8

1–11 “Ideal months” of 30 days 0s , 2◦;29,34,17

1–11 “Ideal years” of 360 days 0s , 29◦;54,51,25

1–30 Periods of 4016 days (cakras) 11s , 3◦;42,0

“Cycle” table: cakrām. kāh. “numbers [pertaining to] the cakras,” i.e., the periods of 4016
days. The first entry is the epoch mean longitude.

“Ideal year” table: dvādaśalabdhām. kāh. “numbers [pertaining to] the quotient [upon
division] by 12,” i.e., integer multiples of 12 30-day periods in the days left over from
the integer number of 4016-day cycles.

“Ideal month” table: dvādaśaśes. ām. kāh. “numbers [pertaining to] the remainder [upon
division] by 12,” i.e., the remaining number of 30-day periods when integer multiples of
12 of them have been removed.

Day table: gurumadhyamatrim. śacches. ā[ṅ]kāh. “Jupiter mean [longitude] numbers [per-
taining to] the remainder [upon division] by 30,” i.e., the remainder in single days when
integer multiples of 30 days have been removed.

Figure 4.4, summarized in Table 4.4, shows an additional table from the same
manuscript containing Jupiter’s mean longitudinal displacements for shorter time
increments. A different recension of the Grahalāghavasārin. ı̄, in a manuscript shown
in Figure 4.5, employs yet another set of time-units for its mean longitude tables.3

3See Table 5.11 for a summary of the varying systems of tabulating mean longitude increments
in different recensions of the Grahalāghavasārin. ı̄. These recensions illustrate how variously table
compilers might approach the task of recasting the same karan. a in table-text form.
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Fig. 4.4 Additional mean longitudinal displacement tables for Jupiter in the Grahalāghavasārin. ı̄
(Plofker 26 f. 14r). Note that the scribe has miscopied the first two entries in the second table, so
the initial entry appears different from the actual �λ̄t in Table 4.4.

Table 4.4 Characteristics of the Grahalāghavasārin. ı̄’s additional mean longitudinal displacement
tables for Jupiter (Figure 4.4) .

Argument range Time-unit t �λ̄t (to arc-seconds)

1–9 Single ghat. ı̄s 0◦;4,59

1–6 Intervals of 10 ghat. ı̄s 0◦;49,51

Fig. 4.5 Excerpts from the mean longitudinal displacement tables for Jupiter from a second
version of the Grahalāghavasārin. ı̄ (Smith Indic 26). Left (f. 1r): Increments of 10 days and single
days. Right (ff. 1v–2r): Decades beginning with Śaka 1676 and single years.

Mean longitude tables: Makaranda

A contrasting approach to arranging mean longitude displacement tables is used
by Makaranda in the Makaranda (Section 5.5). Each planet has only one table
containing sexagesimal entries called vāt.ikā, precise to 8 places, which can be read
in “floating-point” form to apply to any time-unit measured by successive powers of
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Fig. 4.6 Mean longitudinal displacement tables for Jupiter from the Makaranda of Makaranda
(Baroda 3225 f. 18r–v) arranged according to the vāt.ikā scheme.

Table 4.5 Characteristics of the mean longitudinal displacement tables for Jupiter in the Maka-
randa (Figure 4.6).

Argument range Time-unit t �λ̄t in “floating point form”

0–59 Any sexagesimal power of 10 ghat. ı̄s 0, 49, 51, 28, 5, 57, 56, 17

60, beginning with 10 ghat. ı̄s. Figure 4.6 shows the mean longitudinal displacement
table for Jupiter from a manuscript of the Makaranda, whose numerical data is
summarized in Table 4.5.

Under the argument value 0 appears the difference between successive entries,
given as 0;49,51,28,5,57,56,17. The mean daily longitudinal displacement can
be read off the sixth entry (= 10 × 6 = 60 ghat. ı̄s or 1 day): namely,
0◦;4,59,8,48,35,47,37. With the appropriate adjustment in units, this column can
also produce the mean longitudinal displacement for longer time intervals. For
instance, the same cell, read as 4◦;59,8,48,35,47,37, also represents the longitudinal
displacement for 10 × 6 × 60 = 3600 ghat. ı̄s, or 60 days. The table data is thus
entirely sexagesimal.

Paratext. The table heading reads guruvāt.ikāvallı̄ || deśām. tara 0 | 0 | 4 kāsyām.
r. n. am. || gatakalābdabhājaka 1500 am. śādiphalam. guruh. r. n. am. || bhagan. a | 3 | 5
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| 48 r. n. am. || “The vāt.ikā-increments of Jupiter; [its] longitudinal difference 0, 0, 4
in Kāśı̄, negative. The divisor of elapsed Kali-years [reading kalya for kalā], 1500;
correction [of] Jupiter in degrees etc., negative. The bhagan. a [?] 3, 5, 48, negative.”

Mean longitude tables: Grahajñāna

Figure 4.7 shows the mean longitudinal displacement table for Jupiter from a
manuscript of the mean-to-true table text Grahajñāna by Āśādhara (see Section 5.2).
The mean longitude increments corresponding to successive multiples of years are
tabulated as shown in Table 4.6, where the mean longitude increment is given not in
signs, degrees, minutes, and so on, but in units of naks. atras (13◦;20).

Epoch mean longitude: −3, 6;48,36,0 in 13◦;20 arc-units.

Paratext. The table heading reads simply br. haspati “Jupiter,” repeated in the table
footer. The first table column, labelled ko (presumably kos. t.haka) gives abbreviations
for each of the units of the numerical data: na· pam. ·, ghat. ı̄, pala, aks. a, vyaks. a. These
appear to denote naks. atra-paṅkti “naks. atra-arc-units” and the successive fractional

Fig. 4.7 Mean longitudinal displacement tables for Jupiter in the Grahajñāna (RAS Tod 36c f. 4r).

Table 4.6 Characteristics of the mean longitudinal displacement tables for Jupiter in the Graha-
jñāna (Figure 4.7) measured in 13◦;20 arc-units.

Argument range Time-unit t �λ̄t (in 13◦;20 arc-units)

1, 2, . . . , 9 Years 2, 16, 34, 58, 18

10, 20, . . . , 90 Years 22, 45, 49, 43, 0

100, 200, . . . , 900 Years 11, 38, 17, 10, 0

1000, 2000, . . . , 10000 Years 8, 22, 51, 40, 0



104 4 Elements of table texts

powers of the 13◦;20 arc-unit. The following two columns are headed ks. epa “epoch
longitude” and bı̄ja.

Paratext running through the center of the table reads atha śrı̄ āśādhare
brahmapaks. e ekā ’dau ayutapāryata ks. epakabı̄jasam. skāravinā gurukos. t.ā
vars. abhogā dhanam. || “Now [in the work of] Śrı̄ Āśādhara in the Brāhmapaks.a:
[from] one [year] in the beginning to ten thousand at the end, the annual-increment
table entries for Jupiter without the epoch mean position and bı̄ja correction,
[applied] positively.”

Mean longitude tables: Mahādevı̄

Figure 4.8 gives another example of a mean longitudinal displacement table in
the mean-to-true format from a manuscript of the Mahādevı̄ of Mahādeva (see
Section 5.4). The mean longitude increments corresponding to successive multiples
of each time-unit are shown in Table 4.7 where the mean longitude increment �λ̄t

per given time-unit t is measured in 6◦ arc-units. Each subtable is titled eka “one,”
daśaka “ten,” and śata “hundred,” respectively.

Epoch mean longitude: 0, 23, 22, 20, 0, 56 in 6◦ arc-units. This value is added
as a one-time offset in entry 0 of the table of single years. Consequently, mean
longitude calculations for any date computing using single years will automatically
include the epoch mean longitude offset. However, the 10-year period and 100-year
periods do not have the epoch mean longitudinal offset included in them. If a date
computation does not involve single years, the epoch mean longitude offset must be
included in the calculation.

Fig. 4.8 Mean longitudinal displacement tables for Jupiter in the Mahādevı̄ (BORI 497 f. 8v).

Table 4.7 Characteristics of the mean longitudinal displacement tables for Jupiter in the Mahādevı̄
(Figure 4.8) measured in 6◦ arc-units.

Argument range Time-unit t �λ̄t (in 6◦ arc-units)

1, 2, . . . , 9 Single years 5, 3, 31, 5, 7

1, 2, . . . , 9 10-year periods 50, 35, 10, 51, 10

1, 2, . . . , 9 100-year periods 25, 51, 48, 31, 40
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Paratext. The table heading reads guro kos. t.hakā saks. epā sabı̄jā “Tables of Jupiter
with the epoch mean longitude (ks. epa) and with the bı̄ja-correction.”

4.2 True longitudes and velocities

Almost all kos. t.haka works include some tables for converting mean motions to
true ones, for sun and moon alone in the case of the various luni-solar table
texts, or else for all the planets. The form of such tables depends on the work’s
basic structure, as described in Section 2.3.2. “Mean-with-equation” tables provide
additive corrections to mean positions and velocities based on the algorithms
discussed in Sections 2.1.2 and 2.1.3.

4.2.1 Correcting longitude and velocity for manda-inequality

Manda-correction tables: Brahmatulyasāran. ı̄

Figure 4.9 shows the table of the sun’s manda-equation and velocity correction or
gatiphala from a manuscript of the Brahmatulyasāran. ı̄. See Montelle and Plofker
(2015) for more details on the following description of its content.

Argument: 1 to 90◦ of manda-anomaly κM .

Table entries. The table contains the following three rows:

Row 1: Degrees, arcminutes and arcseconds of manda-equation.

Fig. 4.9 Solar manda-equation table from the Brahmatulyasāran. ı̄ (Smith Indic 45 f. 6v).



106 4 Elements of table texts

Row 2: Differences between successive entries in Row 1.
Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds.

Maximum manda-equation: 2◦;10,54.

Method of computation.

Row 1. The entries for the manda-equation are based on the Karan. akutūhala approx-
imation for μ discussed in Section 5.3.1. The data in the table in Figure 4.9 reveal
that the table compiler has computed the solar manda-equation according to this
algorithm for every integer multiple of 10◦ of argument. This mimics the structure of
the Karan. akutūhala’s R sin table (see Table 5.3), which similarly gives function values
only for integer multiples of 10◦ of arc. Intermediate values have evidently been found
by linear interpolation, as indicated by the entries in the differences row, which are
constant for each 10◦ block.

Row 3. For the velocity correction due to the manda-anomaly or gatiphala
M

�v, the
table compiler apparently employed the Karan. akutūhala’s gatiphala formula likewise
discussed in Section 5.3.1. The tabulated values in row 3 of the table in Figure 4.9
agree with the gatiphala numbers reconstructed in column 5 of Table 5.3, truncated at
arcseconds.

Paratext. The table heading reads mandaphalam. adho ’ntaram. tadadho gati-
phalam. || ravimandaphalāni || adho gatiphalam. || ravimandoccam. 2 | 18 | 0 | 0
kendravaśād dhanarn. am. || “The manda-equation, below [it] the difference, below it
the velocity correction. The solar manda-equations. Below, the velocity correction.
The solar apogee is 2s , 18◦; 0, 0. According to the anomaly [it is to be applied]
positively or negatively.”

We have not translated the note in a Sanskrit-related vernacular in the left margin.

Manda-correction tables: Grahalāghavasārin. ı̄

Figure 4.10 shows a table of the sun’s manda-equation and gatiphala, for each
degree, from a manuscript of the Grahalāghavasārin. ı̄ (compare the scaled values
in Table 5.8).

Argument: 1 to 90◦ of manda-anomaly κM .

Table entries. The table contains the following two rows:

Row 1: Degrees, arcminutes and arcseconds of manda-equation.
Row 2: Velocity correction due to the manda-equation, in arcminutes and arcseconds.

Maximum manda-equation: 2◦;10,45.

Paratext. The table heading reads sūryamandaphalam. sūryamandoccam. 2 | 18 | 0
| 0 “Manda-correction of the sun. Solar manda-apogee [longitude] 2s , 18◦;0,0.”

Figure 4.11 shows a differently constructed manda-correction table for the sun
in another version of the Grahalāghavasārin. ı̄.
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Fig. 4.10 Solar manda-correction table from the Grahalāghavasārin. ı̄ (Plofker 26 f. 5v).

Fig. 4.11 Solar
manda-correction table from
another version of the
Grahalāghavasārin. ı̄ (Smith
Indic 26 f. 3r). See
Section 3.2.1 for a discussion
of the vertical strokes used in
some of the cells as rounded
fractions.
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Argument: 0 to 18 five-degree increments (corresponding to 0–90◦) of manda-
anomaly κM .

Table entries. The table contains the following five rows:

Row 1: Degrees, arcminutes and arcseconds of manda-equation.
Row 2: One-fifth of the difference between the corresponding and next entries in Row 1

(equivalent to the increment in manda-equation between successive individual degrees
of anomaly).

Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds.
Row 4: Approximately one-fifth of the difference between the corresponding and next

entries in Row 3 (apparently intended to be equivalent to the increment in manda
velocity-correction between successive individual degrees of anomaly; but the compu-
tations are inconsistent).

Row 5: Correction to the moon’s position due to solar bhujāntara or equation of time
component due to sun’s manda-equation (see below).

Maximum manda-equation: 2◦;10,45.4

Method of computation. The manda-equation values and the differences and
velocity correction derived from them appear to be produced by the same algorithm
used to generate the table in Figure 4.10. The table’s last row, the so-called
bhujaphala of the moon (not to be confused with the trigonometric bhujaphala
described in Figure 2.2), is a correction to the moon’s position based on the
time discrepancy corresponding to the difference between the sun’s mean and
manda-corrected true positions. This difference is equivalent to the bhujāntara
component of the equation of time (see Section 2.1.5). The table compiler seems
to have employed a rough approximation to the algorithm for this quantity stated in
Grahalāghava 2.7, where the lunar bhujaphala is the solar mandaphala divided by
27.

Paratext. The table heading reads ravi cam. dra uca mam. daphala gatiphala bhu-
japhala ’m. taram. “Sun, Moon, apogee, manda-equation, velocity-correction, bhuja-
phala [i.e., bhujāntara, and] differences.”

The header for Row 5 reads bhujaphala cam. drasya “bhujaphala of the moon.”
The empty column at the end of the table contains in the argument row la (for lavāh. ,
“degrees [of anomaly]”?). In the cells beneath it are ravimam. u 2 | 18 “Sun’s manda-
apogee 2s18◦,” me dha (presumably for mes. ādi dhana “positive [manda-equation
when anomaly is in the six signs] beginning with Aries”), tu

Ś

(presumably for
tulādi r. n. a “negative [manda-equation when anomaly is in the six signs] beginning
with Libra”).

Figure 4.12 shows an excerpt for Jupiter from the same Grahalāghavasārin. ı̄
manuscript’s table of manda-equation and gatiphala.

4Although this appears to read 2 14 45, an overwritten correction by the scribe suggests it should
be read as 2 10 45.
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Fig. 4.12 Excerpt for Jupiter
from the manda-correction
table in the second version of
the Grahalāghavasārin. ı̄
(Smith Indic 26 f. 3v).

Argument: 0 to 5 fifteen-degree increments (corresponding to 0–75◦) of manda-
anomaly κM . (The scribe appears to have omitted the final column for the argument
interval 75–90◦.)

Table entries. The table contains the following three rows:

Row 1: Degrees, arcminutes and arcseconds of manda-equation.
Row 2: A fifteenth part of the difference between the corresponding and next entries in

Row 1 (equivalent to the increment in manda-equation between successive individual
degrees of anomaly).

Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds.

Method of computation. The manda-corrections employed here are borrowed
from the verse table of pre-computed scaled manda-equation values in the Graha-
lāghava (Jośı̄ 1994, p. 79, verses 3.7–8) (see Table 5.8).

4.2.2 Correcting longitude and velocity for śı̄ghra-inequality

Śı̄ghra-correction tables: Brahmatulyasāran. ı̄

Figure 4.13 shows excerpts from the śı̄ghra-equation tables from a manuscript of
the Brahmatulyasāran. ı̄, for Jupiter and Mercury.

Argument: 1 to 180◦ of śı̄ghra-anomaly κS .

Table entries. The tables each contain the following three rows:

Row 1: Degrees, arcminutes and arcseconds of śı̄ghra-equation.
Row 2: Differences between successive entries in Row 1.
Row 3: Śı̄ghra-hypotenuse HS : decimal integer and sexagesimal fractional (to two

places).

Maximum śı̄ghra-equation.

Jupiter: 10◦;59,1 at argument value 100◦.
Mercury: 21◦;36,58 at argument value 110◦.
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Fig. 4.13 Excerpt from śı̄ghra-equation tables from the Brahmatulyasāran. ı̄ (Smith Indic 45). Top:
Jupiter, arguments 61–120 (f. 13r). Bottom: Mercury, arguments 61–120 (f. 11r).

Method of computation. Reconstruction of these tabulated values using the
trigonometric formulas for HS and σ described in Section 2.1.3, with the Kara-
n. akutūhala’s R sin table reproduced in Table 5.3, agrees with the attested entries to
within a few arcseconds. So we infer that the table compiler used more or less the
same procedure that we have described to determine the śı̄ghra-equation.

Note that there is no table row for the śı̄ghra-gatiphala or velocity correction due
to the śı̄ghra. Instead, the author of the Brahmatulyasāran. ı̄ simply prescribes adding
to the manda-corrected mean velocity v̄M the product of the śı̄ghra-anomaly veloc-
ity and the appropriate śı̄ghra-equation difference from Row 2; see the discussion
of this approximation in Section 2.1.3 and Montelle and Plofker (2015, p. 23).
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Paratext. The table headings read as follows:

Jupiter: guruśı̄ghraphalānih. “Jupiter’s śı̄ghra-equations.”
Mercury: budhaśı̄ghraphalānih. “Mercury’s śı̄ghra-equations.”

Śı̄ghra-correction tables: Grahalāghavasārin. ı̄

The śı̄ghra-corrections employed by various versions of the Grahalāghavasārin. ı̄ are
borrowed from the verse table of pre-computed scaled śı̄ghra-equation values in the
Grahalāghava, see Section 5.6.1, particularly Tables 5.9 and 5.10.

Figure 4.14 shows an excerpt for Jupiter and Venus from the table of śı̄ghra-
equations and corresponding velocity corrections from a manuscript of the Graha-
lāghavasārin. ı̄.

Argument: 0 to 11 fifteen-degree increments (corresponding to 0–180◦) of śı̄ghra-
anomaly κS .

Table entries. The following three rows are tabulated separately for Jupiter and for
Venus:

Fig. 4.14 Śı̄ghra-correction tables from the Grahalāghavasārin. ı̄ (Smith Indic 26 f. 4v: Jupiter, top
three rows, and Venus, bottom three rows).
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Fig. 4.15 Excerpt from the śı̄ghra-equation table from a second version of the Grahalāghava-
sārin. ı̄ (Plofker 26 f. 11v, Jupiter), for arguments 91–180.

Row 1: Degrees, arcminutes and arcseconds of śı̄ghra-equation.
Row 2: One-fifteenth of the difference between the corresponding and next entries in

Row 1 (equivalent to the increment in śı̄ghra-equation between successive individual
degrees of anomaly).

Row 3: Velocity correction due to the śı̄ghra-equation, in arcminutes and arcseconds.

Maximum śı̄ghra-equation.

Jupiter: 10◦;48,0 at argument value 7 (= 105◦).
Venus: 46◦;6,0 at argument value 9 (= 135◦).

Paratext. The table heading reads śı̄ghrakem. dra da adhikam. tadā 12 śodhyam
“The śı̄ghra-anomaly [? when] greater [than 180◦], then subtracted from 12
[zodiacal signs, i.e., 360◦].” The header of the argument row reads rāśi “quantity”
(note the ambiguity of using this standard term for 30◦ zodiacal sign to mean a 15◦
arc).

Figure 4.15 illustrates a different form of śı̄ghra-correction table for Jupiter from
another version of the Grahalāghavasārin. ı̄.

Argument: 0 to 180◦ of śı̄ghra-anomaly κS .

Table entries.

Row 1: Degrees, arcminutes and arcseconds of śı̄ghra-equation.
Row 2: Velocity correction due to the śı̄ghra-equation, in arcminutes and arcseconds.

Maximum śı̄ghra-equation: 10◦;48,0 at argument value 105◦.

Method of computation: The śı̄ghra-equation and gatiphala table entries for
integer multiples of 15◦ of argument are borrowed from the Grahalāghava’s list.
Intervening values are computed by linear interpolation in the case of the śı̄ghra-
equation and by simple repetition for the velocity correction.

Paratext. The table heading reads guruśı̄ghraphalam. “Jupiter’s śı̄ghra-equation.”
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4.2.3 True longitude and velocity in mean-to-true table texts

As discussed in Section 2.3.2, table texts of the “mean-to-true” variety tabulate
values of the desired true longitude and velocity directly, instead of supplying
tables of phalas or additive corrections/equations to mean longitude and velocity.
Figure 4.16 shows tables of true longitude and velocity for the first three 6◦ mean
longitude intervals of Mars from a manuscript of the Mahādevı̄. The following
description applies to each of these individual tables.

Argument: 1 to 27 avadhis of mean solar longitude.

Table entries. Each table contains the following five rows:

Row 1: 6◦ arc-units (sexagesimal integer and fractional to two places) of true longitude.
Row 2: Differences between entries in Row 1 and the corresponding entries in Row 1 of

the next table.
Row 3: Arcminutes and arcseconds of true daily velocity.
Row 4: Differences between entries in Row 3 and the corresponding entries in Row 3 of

the next table.
Row 5: Positive or negative integer “divisor” whose purpose is still unclear to us.

Occurrences of synodic phenomena (see Section 4.3) are noted beneath the table
column of the avadhi in which they fall.

Paratext. Each table heading reads bhaumaghat. ı̄ “Mars, mean longitude interval”
followed by the table number. A note in the top margin reads śrı̄ gurur jayati “The
revered Guru is victorious.”

4.2.4 True longitude and velocity in cyclic table texts

Like mean-to-true table texts, cyclic ones tabulate true longitude and velocity
directly, assigning one table per year of the planet’s cycle. Figure 4.17 shows tables
of true longitude and velocity for the first three year-intervals of Mars from a
manuscript of the Jagadbhūs. an. a. The following description applies to each of these
individual tables.

Argument: 1 to 27 avadhis of mean solar longitude.

Table entries: Each table contains the following two rows:

Row 1: Zodiacal signs, degrees, arcminutes and arcseconds of true longitude.
Row 2: Arcminutes and arcseconds of true daily velocity.

Occurrences of synodic phenomena (see Section 4.3) are noted in the right margin
of the table in which they fall.

Paratext. The table heading reads jagadbhūs. an. e 1560 bhaumah. spas. t.apam. ktayo
likhyam. te bhaume cakrabhrame kalā 35 dhanam. grahya “In the Jagadbhūs. an. a,
[Śaka] 1560, Mars: the tables of true [longitude and velocity] are written. In the
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Fig. 4.16 Excerpt from the tables of true longitude and velocity for Mars from the Mahādevı̄ (RAS
Tod 24 f. 3v), for mean longitude intervals 0 (top left), 1 (right), and 2 (bottom left).
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Fig. 4.17 Excerpt from the
tables of true longitude and
velocity for Mars from the
Jagadbhūs. an. a (RORI 20253
f. 1r), for years 0–2.
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Table 4.8 Planetary cycle
data from the Jagadbhūs. an. a:
periods of revolution in true
longitude (years) and
excess/deficiency in longitude
over integer revolutions
(arcminutes).

Planet Cyclic period (years) Remainder (′)
Mars 79 +35

Mercury 46

Jupiter 83 −40

Venus 227

Saturn 59 +40

Lunar node 93 −25;44

turning of a cycle in the case of Mars, 35 minutes [excess longitude], positive, [are]
obtained.”

A note above the heading reads hı̄nah. śākaih. “diminished by the [accumulated]
Śaka [years].” A list of planetary cycle values in the upper left (see Table 4.8) reads
mam. 79 ka 35 dha bu 46 br. 83 ka 40 r. śu 227 śa 59 ka 40 dha rā 93 kalā 25 44

Ś

.

4.3 Synodic phenomena of planets

Mean-to-true table texts often include occurrences of retrogradation, heliacal rising,
etc. (see Section 2.1.4), in tables of planetary true longitude, especially for the
purpose of horoscope computations. Sometimes they merely tabulate the standard
values of the śı̄ghra-anomaly (i.e., the synodic elongation or distance between the
planet and the sun, see Section 2.1.3) at which the various phenomena occur.

Synodic phenomena: Laghukhecarasiddhi

Figure 4.18 shows a table of the abovementioned standard synodic-elongation
values (with occasional scribal errors) from a manuscript of the Laghukhecarasiddhi
of Śrı̄dhara. The entries are in zodiacal signs and degrees with zero values for
arcminutes and arcseconds.

Synodic phenomena: Jagadbhūs. an. a

Figure 4.19 shows occurrences of synodic phenomena for Jupiter and Mercury in
manuscripts of the Jagadbhūs. an. a of Haridatta (see also Figure 4.17 and Table 5.15.)
Each row lists true positions and velocities for avadhis 1–27 of the specified year or
years.

The manuscript image on the left side shows the synodic phenomena for Jupiter
at the end of the page, as the day and ghat. ı̄ within the specified avadhi that the
specified phenomenon occurs. Thus the entry column for the first occurrence reads
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Fig. 4.18 Signs and degrees of synodic elongation for synodic phenomena of Mars, Mercury,
Jupiter, and Venus (left), and of Saturn (right), from the Laghukhecarasiddhi of Śrı̄dhara (IO 2408b
ff. 8v–9r).

’ 8 [for ’vadhi, i.e., avadhi, number 8] ’ 9;36 [for ’sta or asta, acronycal setting,
day 9, ghat. ı̄ 36]. The subsequent phenomena are denoted in succession by u (uda-
ya, heliacal rising), va (vakra, first station), and mā (mārga, second station) before
returning to ’ for asta.

In the manuscript on the right, the entry with the day and time for each occurrence
for Mercury is inserted under the column for the appropriate avadhi. But the
sequence of abbreviations is ’ pa (asta-paścima, last visibility in west), mā (mārga,
second station), u pū (udaya-pūrva, first visibility in east), ’ pū (asta-pūrva, last
visibility in east), u pa (udaya-paścima, first visibility in west), va (vakra, first
station), and so on through the cycle again. We have not yet satisfactorily explained
the divergence of this ordering from the expected chronological sequence of synodic
phenomena described in Section 2.1.4.

4.4 Terrestrial latitude and longitude

Tables or lists of terrestrial longitude and/or latitude data for identified localities (see
Section 2.1.5) are not included frequently or systematically in Sanskrit kos. t.hakas.
They appear to have been constructed as a form of auxiliary reference materials
whose corpus still remains largely unexplored (Pingree 1996b). The following
examples illustrate some variants of the structure and appearance of latitude tables.
Terrestrial longitude data, as far as we are currently aware, is confined to occasional
lists of deśāntara values (see Section 2.1.5).

Terrestrial latitude tables: Grahan. asāran. ı̄

Figure 4.20 shows a table from a manuscript of an anonymous Grahan. asāran. ı̄
relating digits of the noon equinoctial shadow s0 cast by a 12-digit gnomon to
degrees of terrestrial latitude φ.
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Fig. 4.19 Synodic phenomena occurrences in the Jagadbhūs. an. a of Haridatta: for Jupiter (left,
LDI 5545 f. 32v) at the right end of the page; for Mercury (bottom, RAS Tod 59 f. 27r) inserted
beneath appropriate columns.



4.5 Ascensions and ascendant 119

Fig. 4.20 Conversion table
from digits of noon
equinoctial shadow length to
degrees of terrestrial latitude,
from a Grahan. asāran. ı̄
(Plofker 58 f. 6r).

Argument: 1 to 20 digits of noon equinoctial shadow length.

Table entries. The entries in degrees, arcminutes and arcseconds increase mono-
tonically from φ = 4◦;54,1 for s0 = 1 digit to φ = 60◦;0,40 for s0 = 20 digits.
These values depend ultimately on the relation

s0 = 12 tan φ

described in Section 2.1.5. Although the tabulated values approximately agree with
reconstructed values computed using the modern arctangent function, it is not
clear exactly what algorithm was used by the table compiler to produce them.
For example, obviously the trigonometrically exact φ value for a 12-digit noon
equinoctial shadow cast by a 12-digit gnomon ought to be 45◦;0, whereas the table
lists 45◦;37,0.

Paratext. The table heading reads aks. ām. śāh. daks. in. adiksthah. “Degrees of terres-
trial latitude [with argument digits of noon equinoctial shadow] standing in the
southern direction.”

4.5 Ascensions and ascendant

Tables of ascension values (see Section 2.1.5) are a standard feature in the spherical
astronomy sections of Islamic zı̄jes (Kennedy 1956, p. 140), but not in Sanskrit
kos. t.haka works. Instead, the various functions that incorporate ascension are usually
tabulated individually. When right and/or oblique ascension is given its own table, it
is often for the purpose of calculating parallax (Section 4.8.6) or information about
horoscopes.
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Fig. 4.21 Ascension values excerpted from manuscripts of a commentary on the Karan. akutūhala,
top to bottom: BORI 386 f. 14r, Jodhpur Fort 771 f. 15r, Leipzig 969 f. 12r, RORI 24027 f. 12r.

Ascension tables in karan. a manuscripts: Karan. akutūhala

The three standard values of right ascension for zodiacal signs (see Section 2.1.5)
sometimes appear in a numerical grid inserted in the text in manuscripts of
verse treatises or handbooks. Figure 4.21 shows a more precise form of these
ascension values written out in tabular form in manuscripts of a fourteenth-century
commentary on the Karan. akutūhala (Mishra 1991). All the manuscripts include
right ascensions and their successive differences for either six or twelve zodiacal
signs; the last two images also contain a table of the corresponding oblique
ascensions for the commentator’s locality, a place called Mahād. anagara (latitude
18◦).

Ascension tables: Grahalāghavasārin. ı̄

Figure 4.22 shows a set of ascension tables stacked vertically in a manuscript of the
Grahalāghavasārin. ı̄. The top row numbering the zodiacal signs from 0 to 11 is the
argument for all the tables. Immediately beneath it is the table of right ascensions,
and below that are tables of oblique ascensions for various localities. Samples of
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Fig. 4.22 Ascension tables from the Grahalāghavasārin. ı̄ (Smith Indic 26 f. 5r).
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Table 4.9 Right ascensions and related quantities recomputed from the Grahalāghava-
sārin. ı̄ (Fig. 4.22). The columns in boldface reproduce the corresponding table rows in the
manuscript.

�α per ◦ λ

Sign α(gh) α(vi) �α(gh) �α(vi) (vi) (vi/60)

0 0;0 0 4;38 278 9;16 556
1 4;38 278 4;59 299 9;58 598
2 9;37 577 5;23 323 10;46 646
3 15;0 900 5;23 323 10;46 646
4 20;23 1223 4;59 299 9;58 598
5 25;22 1522 4;38 278 9;16 556
6 30;0 1800 4;38 278 9;16 556
7 34;38 2078 4;59 299 9;58 598
8 39;37 2377 5;23 323 10;46 646
9 45;0 2700 5;23 323 10;46 646
10 50;23 3023 4;59 299 9;58 598
11 55;22 3322 4;38 278 9;16 556

Table 4.10 Oblique ascensions and related quantities for Gujarāt recomputed from the
Grahalāghavasārin. ı̄ (Fig. 4.22). The columns in boldface reproduce the corresponding
table rows in the manuscript.

�α − �ρ(vi/60) per ◦ λ

Sign ρ(gh) ρ(vi) �ρ(gh) �ρ(vi) �α(vi) �ρ(vi) (vi) (vi/60)

0 0;0 0 3;44 224 278 54 7;28 448
1 3;44 224 4;16 256 299 43 8;32 512
2 8;0 480 5;5 305 323 18 10;10 610
3 13;5 785 5;41 341 323 −18 11;22 682
4 18;46 1126 5;42 342 299 −43 11;24 684
5 24;28 1468 5;32 332 278 −54 11;4 664
6 30;0 1800 5;32 332 278 −54 11;8 664
7 35;32 2132 5;42 342 299 −43 11;24 684
8 41;14 2474 5;41 341 323 −18 11;22 682
9 46;55 2815 5;5 305 323 18 10;10 610
10 52;0 3120 4;16 256 299 43 8;32 512
11 56;16 3376 3;44 224 278 54 7;28 448

their reconstructed entries are shown in the bolded columns of Tables 4.9 and
4.10. The last table reorders the same right ascensions for what is called the “tenth
ascendant” (daśama lagna) or midheaven, i.e., the equatorial rising times for the
zodiacal signs to traverse midheaven, beginning with the tenth sign (when the first
sign is crossing the eastern horizon).

Argument: 0 to 11 zodiacal signs of tropical longitude.
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Table entries. Each table for a given locality contains the following three rows:

Row 1 (dhruva “fixed”): Cumulative ascension, in sexagesimal integer and fractional
ghat. ı̄s, for the arc of the tropical ecliptic ending at the start of the corresponding zodiacal
sign.

Row 2 (gati “motion”): Mean amount of ascension, in sexagesimal integer and frac-
tional vighat. ı̄s, per degree of the corresponding zodiacal sign (or equivalently, differ-
ences between successive Row 1 entries divided by 30).

Row 3 (bhājaka “divisor”): Row 2 entries converted to decimal (i.e., mean amount of
ascension, in integer sixtieths of a vighat. ı̄, per degree of the corresponding zodiacal
sign).

The recomputed values in Table 4.10 indicate that the ascensional differences
between right and oblique ascension were computed as usual by applying the
prescribed scale factors of 10, 8, and 10/3 to the noon equinoctial shadow.

Localities. Laṅkā, Gūrjaradeśa (Gujarāt), Pāt.an. apura (Pattan), Sthambhatı̄rtha
(Khambat/Cambay), and Amadāvāda (Ahmadabad) (Pingree 1968, p. 70). These
ascensions imply approximate latitudes for the last four localities of 24;14, 23;50,
21;48, and 23;2 degrees, respectively.

Paratext. The table heading reads yasmin tasmin deśe daśamalagnam “the tenth
ascendant in whatever locality.”

Ascension tables: Karan. akesarı̄

Figure 4.23 shows excerpts from tables of oblique ascension at latitude approxi-
mately 22◦;36 in a manuscript of the Karan. akesarı̄ (Montelle and Plofker 2013;
Misra et al. 2016). Values of ρ are tabulated separately for integer degrees of tropical
longitude and for integer minutes within a given degree.

Argument.

Degrees table: 0s , 0◦ to 11s , 29◦ of tropical ecliptic longitude. The argument is split
between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the horizontal
axis (degrees in each zodiacal sign from 0 to 29).

Minutes tables: 1 to 60 minutes within a single degree of tropical ecliptic longitude.

Table entries.

Degrees table: The entries are sexagesimal integer and fractional (to two places) ghat. ı̄s.
The values for the beginning of each tropical zodiacal sign (reproduced in boldface
in Table 4.11) were apparently produced using ascensional-difference values computed
by applying to a noon equinoctial shadow of 5 digits the scalar multipliers 10, 8, and
10/3 described in Section 2.1.5. The intermediate entries have been computed by linear
interpolation (with common difference one-thirtieth of the rising time �ρ for the given
zodiacal sign).

Minutes tables: There is a separate table for every pair of tropical zodiacal signs
that share the same rising time �ρ: e.g., Aries and Pisces, Gemini and Aquarius,
etc. The entries are sexagesimal integer and fractional (to two places) vighat. ı̄s, with
common difference equal to one-sixtieth of the ρ-increment for a single degree of the
corresponding sign in the degrees table.
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Fig. 4.23 Excerpts from tables of oblique ascensions in a manuscript of the Karan. akesarı̄ (RORI
12792). Left: Oblique ascensions for each degree of the first six tropical zodiacal signs (f. 5v).
Right: Cumulative increments of oblique ascension for each successive minute of a degree in
(tropical sign) Aries or Pisces (f. 6v).
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Table 4.11 Oblique
ascension values (in boldface)
for tropical zodiacal signs
from the Karan. akesarı̄ (RORI
12792 ff. 5v–6v), with their
equivalents and successive
differences in integer
sixtieths.

Sign ρ(gh) ρ(vi) �ρ(vi)

0 0;0,0 0 0

1 3;48,0 228 228

2 8;7,0 487 259

3 13;13,0 793 306

4 18;53,0 1133 340

5 24;32,0 1472 339

6 30;0,0 1800 328

7 35;28,0 2128 328

8 41;7,0 2467 339

9 46;47,0 2807 340

10 51;53,0 3113 306

11 56;12,0 3372 259

Locality. The values of ascensional difference used to construct the table imply
that the latitude φ is approximately 22◦;36, but no locality is explicitly identified.

Paratext. The table heading reads tatra tāvat prathamam. sāyanaravirāśyam. śo-
parilagnam. karan. ı̄yam. sāyanaravirāśyoparilagnakos. t.hakāh. “Then because the first
ascendant (lagna) [with its] above [argument] signs and degrees of precession-
increased solar [longitude] is to be determined, [here are] the tabular values of
ascension/ascendant (lagna) [with its] above [argument] signs [etc.] of precession-
increased solar [longitude].”

Ascension tables: Lagnasāran. ı̄

Figure 4.24 shows a table of cumulative oblique ascensions from a manuscript of an
otherwise unknown work entitled Lagnasāran. ı̄.

Argument: 0s , 0◦ to 11s , 29◦ of sidereal ecliptic longitude. The argument is
split between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the
horizontal axis (degrees in each zodiacal sign from 0 to 29).

Table entries: Sexagesimal integer and fractional ghat. ı̄s. The zero value occurs at
argument value 11/Pisces 9◦ rather than at 0/Aries 0◦, suggesting that the argument
is sidereal rather than tropical ecliptic longitude. This 21◦ difference between the
vernal equinox and sidereal Aries 0◦ indicates a date of 1783 CE for the table’s
construction.5 The ascensional differences of 61, 49, and 20 vighat. ı̄s evidently used
to create the table seem more or less consistent with the results of multiplying the
standard factors 10, 8, and 10/3 by a noon equinoctial shadow of approximately

5Using the standard Indian rule of one arcminute of precession per year, 21◦ corresponds to an
interval of 1260 years since the canonical precession zero-point of 523 CE. See Pingree (1972)
and compare the tables described in Pingree (1968, pp. 31–32).
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Fig. 4.24 Oblique ascensions in a Lagnasāran. ı̄ (Plofker 32 f. 1r).

6;6 digits. The individual tabulated values were possibly all computed trigono-
metrically, as they do not exhibit the constant differences associated with linear
interpolation.

Locality. The reconstructed noon equinoctial shadow of 6;6 digits or thereabouts
implies a latitude of approximately 27◦, but no locality is explicitly identified.

Paratext. The part of the page containing the table heading is somewhat broken but
the heading text can be approximately reconstructed as follows: [laṁ]kodayāh. [me]
278 [vr. ] 299 mi 323 ka 323 si 299 ka 278 lagnaśāran. [ı̄ x x] mabdam svadeśı̄yāh.
me 237 vr. 250 mi 303 ka 343 si 348 [ka] 339 “Risings at Laṅkā: Aries 278, Taurus
299, Gemini 323, Cancer 323, Leo 299, Virgo 278. Ascension table [. . .] year [?]
[ascensions at one’s] own locality: Aries 237 [error for 217], Taurus 250, Gemini
303, Cancer 343, Leo 348, Virgo 339.”

Ascension tables: Bhaugolikajyotis. a

Figure 4.25 shows a set of tables of oblique ascensions in vighat. ı̄s for a number of
Indian localities from a manuscript of an otherwise unknown work entitled Bhau-
golikajyotis. a.

Table entries. There are 24 simple tables or lists, each containing oblique ascen-
sion values in integer vighat. ı̄s for the first six zodiacal signs for the latitude of the
associated locality/ies.

Localities. The named localities are reproduced in order with their modern iden-
tifications (where possible), ascensional differences ω1, ω2, ω3 derived from the
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Fig. 4.25 Oblique ascensions for zodiacal signs at various localities, from a Bhaugolikajyotis. a
manuscript (SRCMI 120.i.335 f. 1r).

Table 4.12 Localities included in the oblique ascension tables of the Bhaugolikajyotis. a (SRCMI
120.i.335 f. 1r) with tabulated ascensional differences ω1, ω2, ω3 in vighat. ı̄s and reconstructed
approximate latitudes φ.

Locality ω1, ω2, ω3 φ (◦) Locality ω1, ω2, ω3 φ (◦)

Ujjain 50, 40, 17 23 Jodhpur 58, 47, 19 26

Laṅkā 0, 0, 0 0 Bikaner 60, 48, 20 26 ½

Merta (Med. ato) 59, 47, 19 26 Pali (Pālı̄) 58, 49, 19 25 ½

Jetpur (Jetāran. a) 57, 45, 19 25 Multan 63, 50, 21 27 ½

Allahabad (Prāgpur), Sojata [?] 57, 46, 19 25 ½ Chittorgarh (Cı̄tod. a) 55, 44, 18 24 ½

Agra, Bikaner, Ajmer 60, 48, 20 26 ½ Delhi (Dillı̄) 64, 52, 17 28

Udaipur 53, 43, 18 24 Agra 60, 48, 20 26 ½

Nāradapumām. [?] 57, 46, 19 25 ½ Lahore 45, 36, 15 20

Jalore (Jālora) 56, 45, 18 25 Mum. mai [Mumbai?] 41, 36, 14 19

Bhinmal (Bhinamāla) 56, 45, 19 25 Jaipur 60, 47, 20 26 ½

Sanchore (Sācora) 56, 45, 19 25 Delhi (Dillı̄) 65, 52, 21 28

Sirohi 55, 44, 18 24 ½ Kashmir 87, 64, 28 34

tabulated ascensions, and reconstructed approximate latitudes φ (to the nearest half-
degree) in Table 4.12.

The recomputed latitudes are only approximate because we do not know exactly
what value of the noon equinoctial shadow length or what degree of precision
the scribe employed for any locality to produce its tabulated ascension values.
Nonetheless, this reconstruction allows us to detect not only occasional scribal
errors in the numbers but also some more puzzling anomalies. For example, why
is Delhi listed twice with two slightly different sets of ascensions, and why do
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the ascensions for Lahore, presumably meaning the city of that name in modern
Pakistan, correspond to a latitude of only 20◦?

Ascension tables: Works of Nityānanda

Siddhāntasindhu

The 1628 Siddhāntasindhu of Nityānanda (see Section 6.1.2) is a Sanskrit recension
of the Indo-Islamic Zı̄j-i Shāh Jahānı̄, so its table structure is characteristic of
Islamic zı̄jes. Figure 4.26 shows an excerpt from a table of right ascensions in a
manuscript of the Siddhāntasindhu.

Argument.

Degrees table: 0s , 0◦ to 11s , 29◦ of tropical ecliptic longitude. The argument is split
between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the horizontal
axis (degrees in each zodiacal sign from 0 to 29).

Minutes table: 1 to 59 minutes within a single degree of tropical ecliptic longitude in
each zodiacal sign. The argument is split between the vertical axis (1 to 59 arcminutes
of a single degree) and the horizontal axis (degrees in each zodiacal sign from 0 to 29,
read right to left for signs in a quadrant beginning with an equinox or left to right for
signs in a quadrant beginning with a solstice).

Table entries.

Degrees tables.
Row 1: Time-degrees (rather than ghat. ı̄s) of cumulative right ascension: decimal

integer and sexagesimal fractional (to three places).
Row 2: Differences between successive entries in Row 1.

Minutes tables. The entries are sexagesimal integer and fractional (to three places) time-
degrees of cumulative right ascension for each arcminute of each single degree of a
zodiacal sign.

An accompanying table contains the same right ascensions data beginning with
the value for Capricorn 0◦ rather than Aries 0◦. The Siddhāntasindhu also tabulates
cumulative oblique ascension values and their successive differences for each degree
of tropical longitude for the latitudes of Samarqand (φ = 39◦;37,23), Argālapura
(Agra, φ = 26◦;43), and Lābhapura (Lahore, φ = 31◦;50), as well as for each
successive degree of terrestrial latitude from φ = 1◦ to 88◦.

Paratext. The minutes-table heading shown in Figure 4.26 reads lam. kodayasādha-
nārtham. śes. akalātah. phalam. “For the sake of determining right ascensions, result
[with respect] to the remainder [in] arcminutes.” The corresponding degrees-table
heading (f. 54v) reads lam. kāyām. mes. ādisvodayām. śāh. “Degrees of their own risings
for Aries etc. at Laṅkā.”6

6The structure and labelling of these tables are evidently strongly influenced by the corresponding
tables in the work that served as the model for the Siddhāntasindhu, the Zı̄j-i Shāh Jahānı̄.
Similarities between manuscripts of the two works that we have consulted (MSS British Library
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Fig. 4.26 Right ascensions for arcminutes 1–30 of degrees 0–29 for the signs Aries/Libra (read
right to left) and Virgo/Pisces (read left to right), from the Siddhāntasindhu of Nityānanda (Jaipur
Khasmohor 4962 f. 57v).
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Fig. 4.27 Oblique ascensions for terrestrial latitude (approximately 28 ½ degrees) corresponding
to a noon equinoctial shadow of 6;30 digits from the Amr. talahāri of Nityānanda (Tokyo MF13
f. 44v).

Amr. talahāri

Figure 4.27 shows an excerpt from a table of oblique ascensions from another work
by Nityānanda, the Amr. talahāri or Khet.akr. ti, which employs a more traditional
calendric kos. t.haka framework. This excerpt is part of a set of tables including
right ascensions (counting the argument from Capricorn 0◦) and oblique ascensions
separately tabulated for values of noon equinoctial shadow length at half-digit
intervals, from 4;30 to 8;30 digits or approximately 20 1

2 to 35 degrees of latitude
(Pingree 2000, p. 217).

Argument: 0s , 0◦ to 5s , 29◦ of tropical ecliptic longitude. The argument is split
between the vertical axis (zodiacal signs from 0/Aries to 5/Virgo, but also applicable
in reverse from 11/Pisces to 6/Libra, which are not explicitly mentioned) and the
horizontal axis (degrees in each zodiacal sign from 0 to 29).

Table entries: Sexagesimal integer and fractional (to two places) ghat. ı̄s. The
values for the beginning of each zodiacal sign were apparently produced by means
of the standard ascensional-difference algorithm (i.e., noon equinoctial shadow
multiplied by the factors 10, 8, and 10/3 to give ω1, ω2, and ω3, respectively).
Intermediate values were computed by linear interpolation.

Paratext. The table heading reads 1 aks. abhā 6 |30 cāpı̄kr. tacarakhan. d. aih. svodayāh.
“1. Latitude-shadow 6;30: [locality’s] own risings with ascensional differences
converted to arcs.”

OR 372 and Jaipur Khasmohor 4962) include the use of time-degrees rather than ghat. ı̄s, the use of
black ink for tabulated ascension values and red ink for their differences, and the ordering of pairs
of zodiacal signs sharing the same table arguments.
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4.6 Mean time correction functions

See Section 2.1.5 for a discussion of the various corrections to mean time corre-
sponding to differences between mean and true positions of the luminaries.

Rising-difference tables: Brahmatulyasāran. ı̄

Figure 4.28 shows a table of solar and lunar rising-difference (udayāntara) (top row
and bottom row, respectively) from a manuscript of the Brahmatulyasāran. ı̄.

Argument: 2 to 90◦ of doubled tropical solar longitude, for every other degree of
argument (corresponding to 1–45◦ of tropical solar longitude).

Table entries. The table contains the following two rows:

Row 1: Arcseconds and arcthirds of solar rising-difference correction.
Row 2: Arcminutes, arcseconds and arcthirds of lunar rising-difference correction.

Maximum value. Sun: 24′′;0. Moon: 5′;42,51.

Method of computation. The table entries are derived by a procedure prescribed in
Karan. akutūhala 2.16cd–17, in which the R sin of twice the mean tropical longitude
of the sun and the moon is multiplied by 1/5 and 1/21, respectively.

Paratext. The table heading reads atha ravicandrayor udayāntaram. kos. t.hakāh. ‖
dvighnam. bhujām. śopari “Now, the tabular entries [of] the rising-difference for the
sun and the moon. The above [argument is] doubled degrees of arc [of longitude].”

Half-length of daylight tables: Karan. akesarı̄

Figure 4.29 shows a table of half-length of daylight in ghat. ı̄s (or equivalently
fifteen ghat. ı̄s plus or minus ω) for terrestrial latitude approximately 22◦;36, from
a manuscript of the Karan. akesarı̄.

Argument: 0s , 0◦ to 11s , 29◦ of tropical ecliptic longitude. The argument is split
between the vertical axis listing zodiacal signs in the unusual (and unexplained)
order 1/Taurus to 11/Pisces followed by 0/Aries, and the horizontal axis listing
degrees in each zodiacal sign from 0 to 29.

Table entries. The entries in ghat. ı̄s and vighat. ı̄s increase from 15;50 at Taurus 0◦
(the beginning of the table) to a maximum of 16;47 at Cancer 0◦ and then decrease
to a minimum of 13;13 at Capricorn 0◦, before increasing again until the end of the
table. The ratio of longest day to shortest day is thus 33;34 to 26;26, producing a
maximum half-equation of daylight of 1;47 ghat. ı̄s, which is equal to the sum of the
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Fig. 4.28 Solar and lunar
rising-difference table from
the Brahmatulyasāran. ı̄
(Smith Indic 45 f. 7v).
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Fig. 4.29 Table of half-length of daylight from the Karan. akesarı̄ (RORI 12792 f. 5r).
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three ascensional differences 50, 40, and 17 vighat. ı̄s listed for Ujjain in Table 4.12.
The entries between the beginnings of zodiacal signs appear to have been computed
by truncating linearly interpolated values (Misra et al. 2016, pp. 24–25).

Paratext. The table heading reads atha sāyanaravirāśyupari dyudalam. “Now, the
half[-length] of day [with its] above [argument] sign [and degree] of tropical solar
[longitude].”

Half-length of daylight tables: Siddhāntasindhu

Figure 4.30 shows three tables from a manuscript of the Siddhāntasindhu, listing
values of half-length of daylight in hours rather than ghat. ı̄s at Samarqand, Agra,
and Lahore, respectively.

Argument: 0s , 0◦ to 11s , 29◦ of tropical ecliptic longitude. The argument is split
between the vertical axis (zodiacal signs from 9/Capricorn to 2/Gemini on the left
side and from 8/Sagittarius backwards to 3/Cancer on the right) and the horizontal
axis (degrees in each zodiacal sign from 0 to 29).

Table entries: Integer and sexagesimal fractional (to two places) hours. The ratios
of longest to shortest day for Samarqand, Agra, and Lahore are 7;24,25/4;35,35,
6;50,34/5;9,25, and 7;2,34/4;57,20, respectively.

Paratext. The three table headings read, in order:

• atha makarāditah. samarakam. de dinārddhahorāh. “Now, beginning with Capri-
corn, the hours of half the day in Samarqand.”

• argālapure makarādito dinārddhahorāh. “In Agra the hours of half the day
beginning with Capricorn.”

• lābhapure makarādito dinārddhahorāh. “In Lahore the hours of half the day
beginning with Capricorn.”

Time correction function tables: Jagadbhūs. an. a

Figure 4.31 shows a table from a manuscript of the Jagadbhūs. an. a containing the
four time correction components and the half-length of daylight, as well as other
quantities enumerated in “Table entries” below.

Argument: 1 to 27 avadhis. The argument row is repeated in the middle of the
second page of the table, with each avadhi number accompanied by the integer
multiple of 14 days (0, 14, 28, 42, . . . , 350, 364) elapsed at the beginning of the
avadhi.
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Fig. 4.30 Three tables of half-length of daylight from the Siddhāntasindhu (Jaipur Khasmohor
4962 f. 88r).
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Fig. 4.31 Table of length of daylight and various related solar equations, velocities, and longitudes
from the Jagadbhūs. an. a (Smith Indic 146 f. 99r–v).
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Table entries. The table includes the following quantities:

deśāntara This row has been left blank, for undetermined reasons. For a given locality,
of course, the deśāntara value remains constant over time, so there would be no point in
tabulating it afresh for each avadhi in any case. We may speculate that perhaps the user
was intended to fill in the appropriate amount for their own longitude.

yātaphala Also known as udayāntara equation.
cara Half-equation of daylight.
bhujaphala Second component of the equation of time correction.
traikya Sum of the previous three rows.
Second argument 0–364 days, and below them 1–27 avadhis.
True solar longitudes First entry (for mean solar longitude 0) is 0s , 2◦;9,24.
gati True (?) daily velocity of the sun at that longitude. Maximum tabulated value v =

1◦;1,23. Minimum tabulated value v = 0◦;56,54.
antara Differences in successive entries in previous row of daily velocities.
dinamāna Length of daylight for the beginning of each avadhi. Maximum tabulated

length of daylight 34;48 ghat. ı̄s. Minimum tabulated length of daylight 26;28 ghat. ı̄s.
These values are produced by adding the appropriate equation of daylight (double the
value in the cara row) to 30 ghat. ı̄s.

Locality. Given that the longest day is 33;48 ghat. ı̄s, the latitude for which the tables
were computed can be reconstructed as φ ≈ 24, the terrestrial latitude of Ujjain
(Pingree 1968, p. 57).

Paratext. The table heading reads idam. catus. t.ayaikyam. abdapaghat.ikāsu dha-
narn. am. karttavyam. praty ’vadhi ghat.ikā bı̄jasam. skr. tā bhavam. ti || “This sum of
four is to be applied positively or negatively to the ghat. ı̄s of the lord of the year, for
each avadhi. The ghat. ı̄s become bı̄ja-corrected.”

Text below the table reads pratyavadhisuryaspas. t.ah. tad adho gatih. || tad
adho gatyam. taram. || cālakena gun. ı̄yatvā śakrair bhājyam. 14 || labdham. gatau
dhanarn. am. kārya evam. spas. t.ā gatir bhavet || paramadinam. ghat. ı̄ 33 | 48 para-
marātrighat. ı̄ 33 | 48 hı̄nadina 26 | 12 || iti jagatbhuśan. e prathamo dhyāyah. ||
“The true [longitude] of the sun per avadhi. Under that, the velocity. Under that,
the difference of the velocity. Having multiplied [the argument increment] by the
cālaka, [the product is] to be divided by 14. The result is to be applied positively or
negatively to the velocity. The true velocity is produced. The longest day is 33;48
ghat. ı̄s. The longest night is 33;48 ghat. ı̄s. The shortest day is 26;12 [ghat. ı̄s]. Thus,
the first chapter of the Jagadbhūs. an. a.”

4.7 Ecliptic declination

A small set of values of the ecliptic or solar declination δ is sometimes listed in
verse form in karan. a works,7 but they are not exhaustively tabulated in most ko-
s. t.hakas (unlike Islamic zı̄jes, in which tables of declination routinely appear among
the standard spherical astronomy functions).

7For instance, verses containing values of ecliptic declination appear in the Khan. d. akhādyaka
(Misra 1925, p. 103, verse 3.11) and in the Karan. akutūhala (Mishra 1991, p. 43, verses 3.13–14).
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Fig. 4.32 Numerical tables
inserted in a late
nineteenth-century
manuscript of the
Khan. d. akhādyaka (Pune
741809 page 26). Left half:
R sin values and differences
with R = 150 for every 15◦
of argument. Right half:
Ecliptic declination and
differences for every 15◦ of
argument.

Tabular version of declination values in a karan. a manuscript:
Khan. d. akhādyaka

Figure 4.32 shows in the two rightmost columns a rough tabular representation of the
versified list of values of solar declination in the Khan. d. akhādyaka of Brahmagupta
(see footnote 7), along with their successive differences. (The two columns to the left
similarly reproduce the karan. a’s simple table of R sin values; see Section 2.1.8.) The
six entries represent the values of declination in integer arcminutes corresponding
successively to 15, 30, 45, 60, 75, and 90 degrees of longitude. The maximum entry
at argument 90◦ is the standard Indian δmax or ε value 1440′ = 24◦.

Ecliptic declination tables: Rājamr. gāṅka

Figure 4.33 shows two separate tables of ecliptic declination in minutes and seconds
from a manuscript of the Rājamr. gāṅka.

Argument: Top table: 2 to 90◦ of tropical longitude (even numbers). Bottom table:
1 to 90◦ of tropical longitude.

Table entries. Top table: Values of ecliptic declination are computed in minutes
and seconds, although the seconds place is almost always zero after the 11th
argument. Bottom table: Row 1 contains values of ecliptic declination given to
minutes and seconds, and Row 2 the successive differences of the values in Row 1.

Method of computation. Comparison of the table entries suggests that the two
tables were produced using different algorithms to compute the declination values,
although we have not successfully reproduced either set of computations.
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Fig. 4.33 Ecliptic declination tables from the Rājamr. gāṅka (Baroda 9476 f. 13v). Top: Condensed
table with entries for every second degree of argument. Bottom: Beginning of full table with entries
for every degree of argument.

Paratext. The table headings read as follows:

Top: atha kramakrām. tikos. t.hakā “Now, the tabular values for declination for even
[degrees of argument].”

Bottom: atha śrı̄ pratyam. śacāpakalā krām. tau likhyam. te “Now [. . .] the minutes
of arc in the declination for each degree [of argument] are written.”

Ecliptic declination tables: Grahan. asāran. ı̄

Figure 4.34 shows a table of ecliptic declination in degrees, minutes, and seconds
from a manuscript of the anonymous Grahan. asāran. ı̄ mentioned in Section 2.1.5.
The values for integer multiples of 10 have been computed trigonometrically, with
the intermediate values linearly interpolated.

Argument: 1 to 90◦ of tropical longitude.

4.8 Tables specific to eclipses

Tables relating to the prediction of eclipses may constitute a separate book in their
own right or may be incorporated with other tables in a more general work.8 The

8The former category includes table texts such as the Gan. itarāja of Kevalarāma Pañcānana, the
Grahasāran. ı̄ (also known as the Khecaraśı̄ghrasiddhi) of Gaṅgādhara, and the Makaranda of
Makaranda. The latter category contains, e.g., the Karan. akesarı̄ of Bhāskara (fl. 1681) (Montelle
and Plofker 2013) and the Parvadvayasādhana of Mallāri (Pingree 1981, pp. 46, 55). See the
summaries of these works in Appendix A.
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Fig. 4.34 Ecliptic declination table from the Grahan. asāran. ı̄ (Plofker 58 f. 4r–v).

following sections describe the types of tables typically provided to facilitate the
eclipse calculations discussed in Section 2.1.6.

4.8.1 Lunar-nodal elongation

Since the moon’s longitudinal separation from its node determines its latitude, which
in turn impacts the possibility and characteristics of eclipse occurrence at a syzygy,
eclipse table texts generally tabulate lunar-nodal elongation in a form somewhat
similar to the mean longitudinal displacement tables described in Section 4.1.

Elongation tables: Karan. akesarı̄

Figure 4.35 shows an excerpt from the table of elongation between the node and
the sun (not the moon) in the Karan. akesarı̄. (Note that this quantity at a syzygy is
identical modulo 180◦ to lunar-nodal elongation, since at the moment of syzygy the
sun and moon are either 0◦ or 180◦ apart (Montelle and Plofker 2013, pp. 12–13).)
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Fig. 4.35 Excerpt for single years from nodal-solar elongation tables of the Karan. akesarı̄ (Smith
Indic MB XIV f. 3v).
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Table 4.13 Characteristics of the nodal-solar elongation tables of the Karan. akesarı̄ (Smith Indic
MB XIV ff. 3r–4r).

Argument range Time-unit t Elongation increment �λ̄t (to arcseconds)

1–130 Periods of 130 years −3◦;16,20

0–130 Single years 19◦;21,34

1–27 Avadhis in a year (nonlinear)

The mean elongation increments corresponding to successive multiples of each
time-unit are tabulated as shown in Table 4.13, where the mean elongation increment
per given time-unit t is denoted �λ̄t .

Epoch elongation value. 6s ,29◦;24,36 is incorporated into the first value of this
table for Śaka 1603 (=1681 CE).

Paratext. The table heading reads atha śrı̄karan. akeśarigram. the sūryasya śes. a-
pam. kticakram. 12 | 30 “Now, in the book Karan. akesarı̄ the cyclic [elongation
value] of the sun for the remainder number [of integer years after division by 130],
[modulo] 12 [zodiacal signs and] 30 [degrees in a sign].”

4.8.2 Lunar latitude

Since lunar latitude is occasionally tabulated in other contexts besides eclipse
reckoning, we defer the discussion of this quantity and its tables to Section 4.9.

4.8.3 Apparent diameters of sun, moon, and shadow

Apparent diameter tables: Parvadvayasādhana

Figure 4.36 shows a table of apparent diameters of the moon and the earth’s shadow
from a manuscript of the Parvadvayasādhana, for use in computing lunar eclipses.

Argument: 54 to 65 ghat. ı̄s in a tithi.

Table entries.

Row 1: Sexagesimal integer and fractional (to one place) digits of lunar apparent
diameter, from initial maximum value of 11;42 to final minimum value of 9;43.

Row 2: Sexagesimal integer and fractional (to one place) digits of earth’s shadow
apparent diameter, from initial maximum value of 29;20 to final minimum value of
24;30.

Row 3: Half the sum of the corresponding entries in Row 1 and Row 2.

Paratext. The headers of the argument row and the three entry rows read, respec-
tively, tithayah. “tithi[-lengths],” cam. drabim. bāni “lunar disks,” bhūbhāpramān. am.
“amount of earth’s shadow,” and mānaikyārdham. “half the sum of the measures.”
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Fig. 4.36 Table of apparent diameters of the moon and the shadow of the earth from the Parva-
dvayasādhana (CSS d. 800 f. 2r).

Fig. 4.37 Tables of apparent diameter of the sun (top) and of the moon and shadow of the earth
(bottom) from the Karan. akesarı̄ (RORI 12792 f. 2r–v).

Apparent diameter tables: Karan. akesarı̄

Figure 4.37 shows tables of the apparent diameters of the sun and of the moon and
the earth’s shadow from a manuscript of the Karan. akesarı̄.

Argument.

Sun table: 59;59 to 64;42 arcminutes of daily elongation of the sun from the lunar node.
Moon and shadow table: 52 to 67 ghat. ı̄s in a tithi.

Table entries.

Sun table: Sexagesimal integer and fractional (to one place) digits of solar apparent
diameter, from initial minimum value of 10;19 to final maximum value of 11;11.

Moon and shadow table.
Row 1: Sexagesimal integer and fractional (to one place) digits of lunar apparent

diameter, from initial maximum value of 11;57 to final minimum value of 9;30.
Row 2: Sexagesimal integer and fractional (to one place) digits of earth’s shadow

apparent diameter, from initial maximum value of 30;45 to final minimum value of
23;11.
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Paratext. The headings of the two tables read as follows:

Sun table. atha sapātacam. dragatyupari ravibim. bām. gulādi “Now, digits etc. of the solar
disk [with] above [argument] velocity of the moon plus the node.”

Moon and shadow table. atha tithı̄r mānaghat.yopari cam. drabim. ba tathā bhū-
bhām. gulādi “Now, the lunar disk, likewise the digits etc. of the earth’s shadow, [with]
above [argument] the measure in ghat. ı̄s of the tithi.”

4.8.4 Duration of eclipse stages

The half-duration (sthityardha/sthiti) and half-duration of totality (marda), being
dependent on the magnitude of the eclipse, are generally tabulated as a function of
it.

Eclipse duration tables: Karan. akesarı̄

Figure 4.38 shows tables of duration of eclipse stages from a manuscript of the
Karan. akesarı̄.

Argument.

Lunar eclipse half-totality table: 1 to 9 digits of “sky-obscuration,” or excess of earth
shadow diameter over lunar disk diameter.

Fig. 4.38 Eclipse duration tables from the Karan. akesarı̄ (RORI 12792). Top: Half-duration of
totality of lunar eclipse (f. 2v). Middle: Half-duration of lunar eclipse (f. 2v). Bottom: Half-duration
of solar eclipse (f. 7v).
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Lunar eclipse half-duration table: 1 to 21 digits of lunar obscuration.
Solar eclipse half-duration table: 1 to 12 digits of solar obscuration.

Table entries.

Lunar eclipse half-totality table. Sexagesimal integer and fractional (to two places,
with final digit of each entry zero) ghat. ı̄s of the 60-complement of half-duration of
totality.

Lunar eclipse half-duration table. Sexagesimal integer and fractional (to one place)
ghat. ı̄s of the 60-complement of half-duration.

Solar eclipse half-duration table. Sexagesimal integer and fractional (to one place)
ghat. ı̄s of half-duration.

Method of computation. See Misra et al. (2016, pp. 17–18 and 30–31) respec-
tively for the algorithms used to find the lunar and solar eclipse durations.

Paratext. The three table headings read as follows:

Lunar eclipse half-totality table. khachinnām. gulopari mardaghat. ı̄kā cakram. 60
“Complement [up to] 60 of the ghat. ı̄s of half-duration of totality, [with] above
[argument] digits of sky-obscuration.”

Lunar eclipse half-duration table. atha candrachinnām. gulopari cam. drasya madhya-
sthitighat.ikādi cakram. 60 “Now, complement [up to] 60 of the ghat. ı̄s of mean
half-duration [of the eclipse] of the moon, [with] above [argument] digits of lunar
obscuration.”

Solar eclipse half-duration table. atha ravih. channām. gulāt madhyasthitighat.ikādi
ravimadhyasthiti sparśakāle gan. ı̄tagatakāle darśe hı̄nam. moks. akāle yutam. | paścāl
lam. banam. deyam. “Now, the ghat. ı̄s etc. of the mean half-duration with respect to the
digits of solar obscuration. The solar [eclipse] mean half-duration, in [computing] the
time of contact, is subtracted from the computed elapsed time [of] mid-eclipse; in
[computing] the time of release, added. Then longitudinal parallax is to be applied.”

Eclipse duration tables: Parvadvayasādhana

Figure 4.39 shows tables of duration of eclipse stages from a manuscript of the
Parvadvayasādhana.

Argument.

Lunar eclipse half-totality table: 1 to 9 digits of “sky-obscuration.”
Lunar eclipse half-duration table: 1 to 21 digits of lunar disk obscuration. (The scribe

appears to have erroneously added a column for argument value 22, which is left blank.)
Solar eclipse half-duration table: 1 to 12 digits of solar disk obscuration.

Table entries.

Lunar eclipse half-totality table. Sexagesimal integer and fractional (to one place)
ghat. ı̄s of half-duration of totality, from initial minimum value of 1;0 to final maximum
value of 2;6 beginning at argument value 8 digits.

Lunar eclipse half-duration table. Sexagesimal integer and fractional (to one place)
ghat. ı̄s of half-duration, from initial minimum value of 1;27 to final maximum value
of 4;40 beginning at argument value 17 digits.
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Fig. 4.39 Eclipse duration tables from the Parvadvayasādhana (CSS d. 800). Top: Half-duration
of totality of lunar eclipse (f. 3r). Middle: Half-duration of lunar eclipse (f. 2v). Bottom: Half-
duration of solar eclipse (f. 3r).

Solar eclipse half-duration table. Sexagesimal integer and fractional (to one place)
ghat. ı̄s of half-duration, from initial minimum value of 1;3 to final maximum value of
2;33 beginning at argument value 11 digits.

Paratext. The row headers of the three tables read as follows:

Lunar eclipse half-totality table. Argument row: khachanna “sky-obscuration.” Entry
row: marddaghat.ikā ◦ “ghat. ı̄s of half-duration of totality.”

Lunar eclipse half-duration table. Argument row: khachanna “sky-obscuration.”
Entry row: cam. drasthitih. “half-duration of lunar [eclipse].”

Solar eclipse half-duration table. Argument row: grāsām. gula “digits of [solar disk]
obscuration.” Entry row: arkasthitighat.yādih. “ghat. ı̄s of half-duration of solar [eclipse].”

4.8.5 Eclipse deflection (valana)

The following examples illustrate some of the ways the quantity known as valana
or deflection in direction is tabulated for eclipse computation.

Deflection tables: Grahan. asāran. ı̄

Figure 4.40 shows a table for deflection from a manuscript of the Grahan. asāran. ı̄.
Although the manuscript identifies the quantity only as valana “deflection,” the table
entries reveal that it is specifically the component of deflection due to terrestrial
latitude φ (aks. avalana).

Argument: 0 to 90◦ of zenith distance ζ .
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Fig. 4.40 Deflection table from the Grahan. asāran. ı̄ (Plofker 58 f. 5r–v).

Table entries: Sexagesimal integer and fractional (to one place) digits of aks. a-
valana, from initial minimum value of 0;0 to final maximum value of 13;0.

Method of computation. The pattern in the fractional digits suggests that the
entries were computed directly for argument values 30◦, 60◦, and 90◦ according
to the following algorithm, with linear interpolation used to get intermediate values:

aks.avalana = arcsin(sin ζ · sin φ)

with φ = 13◦.

Paratext. The table heading reads valanam am. gulādyam. “The deflection begin-
ning with digits.”

Deflection tables: Karan. akesarı̄

Figures 4.41, 4.42, and 4.43 show respectively tables for the component of
deflection due to terrestrial latitude (aks. avalana), the component due to ecliptic
obliquity (ayanavalana), and the sum of the two components, from a manuscript of
the Karan. akesarı̄.
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Fig. 4.41 Table of deflection due to terrestrial latitude (aks. avalana) from the Karan. akesarı̄ (RORI
12792 f. 3r–v).

aks. avalana

Argument: 0 to 45◦ of the 45-complement of half the zenith distance, 45◦ − ζ/2.

Table entries.

Row 1: Degrees, arcminutes and arcseconds of aks. avalana from initial maximum value
of 22◦;35,39 at argument value 0 (corresponding to ζ = 90◦) to final minimum value
of 0◦;0,3 at argument value 45 (corresponding to ζ = 0◦).

Row 2: Differences between successive entries in Row 1.

Method of computation. The algorithm used appears to be based on the same
relation as in the above Grahan. asāran. ı̄ example, but with φ ≈ 22◦;35,39. See
Montelle and Plofker (2013, pp. 23–26) for a reconstruction of the computation.

Paratext. The table heading on the first page reads atha khām. kāhatam. svagha-
sramānena bhakte labdham. natām. śā tasya tānai 45 śodhyate śodhyām. śā upari
aks. ākhyavalanam. “Now, when [the hour-angle] is divided by the amount of its
own day measured [and] multiplied by 90, [there is] obtained the degrees of [half]
the zenith distance. Its [amount] is to be subtracted from 45; the degrees from the
subtraction are the above [argument of] the valana called latitudinal.”

Its continuation on the second page reads natam. śopari aks. ākhyavalanam.
pūrvanate uttare paścimanate daks. in. e valanam. “The aks. avalana [with its] above
[argument] degrees of [half] the zenith distance. The valana [is to be applied] in the
north when the zenith distance [is] eastern, in the south when the zenith distance
[is] western.”

ayanavalana

Argument: 0 to 90◦ of the complement of tropical solar longitude.
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Fig. 4.42 Table of deflection due to ecliptic obliquity (ayanavalana) from the Karan. akesarı̄
(RORI 12792 f. 4r).
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Fig. 4.43 Tables of combined deflection for solar and lunar eclipses from the Karan. akesarı̄ (RORI
12792 f. 4v).
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Table entries.

Row 1: Degrees, arcminutes and arcseconds of ayanavalana from initial minimum
value of 0◦;0,3 at argument value 0 to final maximum value of 24◦;0,1 at argument
value 90.

Row 2: Differences between successive entries in Row 1.

Method of computation. Every tenth table entry appears to have been calculated
using the relation

ayanavalana = arcsin(sin(90◦ − λ) · sin 24◦)

(where λ is tropical solar longitude), while the intervening values are linearly
interpolated.

Paratext. The table heading reads atha sparśakāle tathā moks. akāle sāyana-
grahasya kot.yām. śopari am. śādyam. āyanajam. valanam. sāyanagrahakarkādau da-
ks. in. e makarādau uttare valano deyam. “Now, [with] above [argument] degrees of
the complement of the precession-added [longitude] of the planet at the time of
contact, likewise at the time of release, the ayanavalana in degrees etc. The valana
is to be applied to the south when the precession-corrected planet [?] is in [the six
signs] beginning with Cancer, to the north when in [the six signs] beginning with
Capricorn.”

Sum of valana components

Argument: 0 to 47◦ of combined deflection (in both tables).

Table entries.

Solar valana table. Sexagesimal integer and fractional (to one place) digits of converted
total solar valana, from initial minimum value of 0;7 to final maximum value of 8;2.

Lunar valana table. Sexagesimal integer and fractional (to one place) digits of con-
verted total solar valana, from initial minimum value of 0;4 to final maximum value
of 13;51.

Method of computation. The two tables’ entries represent the algebraic sum of
the aks. avalana and ayanavalana components scaled for solar and lunar eclipse
diagrams, respectively. The algorithm used to determine the relative scales is
unknown.

Paratext. The headings of the two tables, which include detailed instructions for
representing the deflection direction in eclipse diagrams, read as follows:

Solar valana table. atha sūryasya valanam. spas. t.am. aks. ākhyam. tathā āyanajam.
valanayor yogām. tarām. śopari am. gulādyam. valanam. spas. t.a sūryasya sūryasya
grāsavalanam. paścime deyam. moks. avalanam. pūrve deyam. sūryasya sparśavalanam.
viparı̄tam. deyam. [inserted from right margin: uttare jātam. ] daks. in. e deyam. daks. in. e
jātam. uttare deyam “Now, the accurate valana of the sun. The accurate valana of the
sun in digits etc., [with] above [argument] degrees of the sum or difference of the two
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valanas, [the one] called latitudinal [and] likewise [the one] produced by the ayana.
The sun’s contact valana is to be applied to the west; the release valana is to be applied
to the east. The sun’s contact valana is to be applied in reverse: occurring in the north,
applied to the south; occurring in the south, applied to the north.”

Lunar valana table. atha cam. drasya valanam. spas. t.am. aks. ākhyavalanam. tathā
āyanajam. valanayor yogām. tarāśopari am. gulādyam. valanam. spas. t.am. cam. dragrahan. e
spars. avalanam. pūrve deyam. moks. avalanam. paścime deyam. cam. drasya moks. avalanam.
viparı̄tam. deyam. uttare jātam. daks. in. e deyam. daks. in. e jātam. uttare deyam “Now, the
accurate valana of the moon. The accurate valana in a lunar eclipse in digits etc., [with]
above [argument] degrees of the sum or difference of the two valanas, [the one] called
latitudinal [and] likewise [the one] produced by the ayana. The contact valana is to be
applied to the east; the release valana is to be applied to the west. The moon’s release
valana is to be applied in reverse: occurring in the north, applied to the south; occurring
in the south, applied to the north.”

4.8.6 Lunar parallax

As discussed in Section 2.1.6, the longitudinal (lambana) and latitudinal (nati, ava-
nati) components of lunar parallax are tabulated as separate quantities.

Parallax tables: Parvadvayasādhana

Figure 4.44 shows tables of longitudinal and latitudinal parallax from a manuscript
of the Parvadvayasādhana.

Argument.

Longitudinal parallax table. No argument row is given, but the implied argument is 0–
3 30◦ increments of tropical longitudinal elongation between the sun and the ascendant.]

Latitudinal parallax table. 1–12 zodiacal signs of tropical longitude of the ascendant.

Table entries.

Longitudinal parallax table. Sexagesimal integer and fractional (to one place) ghat. ı̄s
of lambana, from initial maximum value of 3;30 to final minimum value of 0;45.

Latitudinal parallax table.
Row 1: Sexagesimal integer and fractional (to one place) digits of nati, decreasing

from initial maximum value of 11;0 (south) to maximum value of −1;0 (north) at
argument value 6/Virgo before returning to final maximum value of 11;0 (south).

Fig. 4.44 Tables of longitudinal (left) and latitudinal (right) parallax from the Parvadvayasādhana
(UPenn 390 1888 f. 2v).
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Row 2: Direction indicator for corresponding entries in Row 1.

Method of computation. We think the calculation of these values is based on
techniques prescribed in the Grahalāghava (see Section 2.1.6; this also appears
likely from the use of natihārā for nati in the paratext mentioned below), but we
have not managed to reconstruct its details.

Paratext. The entry row headers in the two tables read as follows:

Longitudinal parallax table. lam. banāni “[Values of] longitudinal parallax.”
Latitudinal parallax table. natihārā “Latitudinal parallax.”

Parallax tables: Karan. akesarı̄

Figures 4.45 and 4.46 show respectively tables of longitudinal and latitudinal
parallax from a manuscript of the Karan. akesarı̄. See Montelle and Plofker (2013,
pp. 39–45) and Misra et al. (2016, pp. 28–30) for discussions of their construction.

Longitudinal parallax (‘mean’)

Argument: 0 to 91(?) degrees of tropical longitudinal elongation between the sun
and the ascendant.

Table entries: Sexagesimal integer and fractional (to one place) ghat. ı̄s of “mean”
lambana, increasing from initial value of 3;40 to maximum value of 4;0 at argument
value 24◦ before decreasing to final minimum value of 0;1.

Paratext. The table heading reads atha darśām. talagnārkayor vivarabāhubhāga-
pramite kos. t.ake madhyamalam. banam. ghat.ikādi “Now, in [each] table entry com-
mensurate with the degree of the difference-arc [between the longitudes] of the
sun and the ascendant at the end of the tithi [i.e., at mid-eclipse], the mid[-eclipse]
longitudinal parallax in ghat. ı̄s.”

Longitudinal parallax correction

Argument: 0s , 0◦ to 11s , 29◦ of tropical longitude of ascendant. The argument is
split between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the
horizontal axis (degrees in each zodiacal sign from 0 to 29).

Table entries: Sexagesimal integer and fractional (to one place) correction factors,
increasing from initial value of 27;22 to maximum value of 39;59 at argument value
5/Virgo 9◦ before decreasing to 39;54 at argument value 5/Virgo 29◦, increasing to
the same maximum 39;59 at argument value 6/Libra 17◦, and returning to final value
of 27;21.
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Fig. 4.45 Longitudinal parallax tables from the Karan. akesarı̄ (RORI 12792): “mean” lambana
(left, f. 7v) and lambana correction factors (right, f. 8r).

Paratext. The table heading reads atha yal lam. banam. svegun. ake gun. yam iti
jñeyam “Now, each lambana [value] is to be multiplied [by] its own multiplier:
thus it is understood.”
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Fig. 4.46 Latitudinal parallax table from the Karan. akesarı̄ (RORI 12792 f. 8v).
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Latitudinal parallax

Argument: 0s , 0◦ to 11s , 29◦ of tropical longitude of ascendant. The argument is
split between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the
horizontal axis (degrees in each zodiacal sign from 0 to 29).

Table entries. Sexagesimal integer and fractional (to one place) ghat. ı̄s of latitudi-
nal parallax, decreasing from initial value of 11;46 (south) to minimum value of 0;1
at argument value 5/Virgo 12◦ before increasing to maximum north value of 0;24 at
argument value 5/Virgo 29◦, decreasing to minimum 0;1 at argument value 6/Libra
18◦, and returning to final maximum value of 11;46.

Paratext. The table heading reads atha sāyanalagnarāśyam. śopari nati am. gulādi
kam. nyām. nām am. śa 11 tha kı̄te tulanā ’m. śa 19 lagem. uttare ’m. nyathā sarvadaks. in. e
“Now, the digits etc. of latitudinal parallax [with] above [argument] the sign and
degree of the precession-corrected ascendant. [Between] degree 11 of [the entries
for] Virgo/6 [. . .] degree 19 [of the entries for] Libra/7 [. . .] in the north; otherwise,
entirely in the south.”

4.9 Lunar latitude

As noted above in Section 4.8, tables of lunar latitude are crucial for eclipse
reckoning. In this context their table argument is usually limited to the first 16 or
so degrees of lunar-nodal elongation, since eclipses are theoretically possible only
when the moon is close to a node. But some works also tabulate the full range
of lunar latitude values separately from eclipse procedures, for purposes currently
unclear to us. The following examples include both eclipse-specific and general
tables of lunar latitude.

Lunar latitude tables: Karan. akesarı̄

Figure 4.47 shows a table of lunar latitude for eclipse calculations from the Kara-
n. akesarı̄.

Fig. 4.47 Lunar latitude table from the Karan. akesarı̄ (RORI 12792 f. 2r).
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Argument: 0 to 16◦ of nodal elongation. The table does not specify whether it
is the sun or moon whose nodal elongation is considered here, but as discussed in
Section 4.8.1, the absolute value of the length of the arc between either luminary
and the nearest lunar node will be the same.

Table entries. The table contains the following two rows:

Row 1: Sexagesimal integer and fractional (to one place) digits of lunar latitude.
Row 2: Differences between successive entries in Row 1.

Maximum latitude: 24;45 digits at argument value 16◦.

Method of computation. The latitude entries for argument values 8 and 16 appear
to have been produced by the algorithm described in Section 2.1.6, implying the
standard global maximum of 90 digits of latitude for elongation value 90◦ (Misra
et al. 2016, p. 15). The remaining entries are produced by linear interpolation.

Paratext. The table heading reads atha bhujām. śopari śarām. gulādi | śarām. tara
āvem. te bhujakalāvikalāgomūtrayādi gun. ya “Now, the digits of latitude [with its]
above [argument] degrees of arc [of elongation]. The latitude difference [. . .] [and]
the minutes and seconds of the arc [of elongation are] to be multiplied by the gomū-
trika [multiplication technique]:” i.e., the heading is explaining how to interpolate
linearly within the table.

Lunar latitude tables: Makaranda

Figure 4.48 shows a lunar latitude table from the eclipse section of the Makaranda.
Unlike the previous example, this table shows a complete range of latitude values.

Argument: 0 to 90◦ of lunar-nodal elongation.

Table entries. The table’s one row contains values in decimal integer and sexa-
gesimal fractional (to one place) arcminutes of lunar latitude. They all appear to
have been computed directly by an unidentified algorithm, rather than as a mix of
algorithm-derived values and linearly interpolated ones.

Maximum latitude: 270′;0 at argument value 90◦.

Paratext. The table heading reads pratyām. śam. viks. epakalā cam. drasya sapāta-
cam. drasya bhujām. śamitikos. t.hasthah. śarah. sānupāto grāhyah. ayam. śarah. sūks. ma
kalādi “The minutes of latitude of the moon for each degree: the latitude, situated
in the [table] cell commensurate with the degree of arc [of longitude] of the moon
plus [its] node, is obtained by proportion. This latitude is accurate, beginning with
arcminutes.” An abbreviated heading on the second page reads pratyām. śam. śarah.
“Latitude for each degree.”
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Fig. 4.48 Lunar latitude
table from the Makaranda
(BORI 546 f. 12r–v):
argument values 1–30 (right)
and 31–90 (left). (Note the
scribe’s rotation of entry
numbers that proved too wide
for his table columns.)
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Fig. 4.49 Lunar latitude table from the Parvadvayasādhana (CSS d. 800 f. 2r).

Lunar latitude tables: Parvadvayasādhana

Figure 4.49 shows a lunar latitude table for eclipse calculations from the Parva-
dvayasādhana.

Argument: 1 to 14◦ of lunar-nodal elongation.

Table entries. The table’s one row contains sexagesimal integer and fractional (to
one place) digits of lunar latitude. They appear to have been computed via linear
interpolation as fourteen evenly spaced values.

Maximum latitude: 22;0 digits at argument value 14◦.

Paratext. The argument row header reads vyagubhujām. ◦ “degrees of arc [of
elongation of moon] from node,” and the entry row header reads śarah. “latitude.”

Lunar latitude tables: Rājamr. gāṅka

Figure 4.50 shows a full table of lunar latitude from a manuscript of the Rāja-
mr. gāṅka, which does not tabulate any other quantities specifically relevant to eclipse
computations.

Argument: 1 to 90◦ of lunar-nodal elongation.

Table entries.

Row 1: Arcminutes and arcseconds of lunar latitude.
Row 2: Differences between successive entries in Row 1.

Maximum latitude: 270′;0.

Method of computation. All the lunar latitude values appear to have been
computed directly by an unidentified algorithm, rather than as a mix of algorithm-
derived values and linearly interpolated ones.

Paratext. The table heading on the second page reads cam. draviks. epakalāh. “Min-
utes of lunar latitude.” Squeezed into an empty column just before the start of the
table on the first page is the abbreviated form cam. draviks. e.



160 4 Elements of table texts

Fig. 4.50 Lunar latitude table from the Rājamr. gāṅka (Baroda 9476 ff. 14v–15r).

4.10 Calendric tables

This category of tables is primarily designed to support construction of the classic
Indian calendar or pañcāṅga discussed in Section 1.4.3.

Calendar tables for tithi/naks. atra/yoga: Makaranda

In this work, the weekday and time corresponding to the beginnings of the initial ti-
this, naks. atras and yogas of some time interval are tabulated separately. Correction
terms are also tabulated for converting from the beginning of a mean time-unit to
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that of a true one. (See Section 5.5 for a note on the various tabular epochs found
in manuscripts of the Makaranda, and Section 5.5.1 for a synopsis of Makaranda’s
idiosyncratic terminology.)

Tithis. Figure 4.51 shows an excerpt from tables of weekday and time correspond-
ing to the start of the initial tithis of various time-units, from a manuscript of the
Makaranda.

Fig. 4.51 Tables of weekday/time at start of tithi from the Makaranda (BORI 446). Top (f. 2v):
Table for initial tithis of 16-year periods (left), and 16 single years (right). Middle (f. 3r): Table for
initial tithis of paks. as (called ’vadayah. = avadhis in the row header). Bottom (f. 3v): Beginning of
saurabha table for determining day/time adjustment for true tithi.
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Argument.

Table of 16-year periods: Year numbers (out of order) from Śaka 1544 to 1656 and to
the left of that, 1672 to 1720 (1622–1798 CE).

Table of single years: 1 to 16 solar years beginning approximately with Mes.asaṅkrānti
(actually with the start of the mean tithi in which Mes.asaṅkrānti falls).

Table of paks. as: 0 to 26 paks. as (apparently confused with avadhis by the scribe in
Figure 4.51).

Table entries.

Table of 16-year periods:
Row 1: The number of the initial tithi of each 16-year period.
Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding

to the start of the mean tithi in Row 1 (offset by a vertical shift of −0;24,57 days; see
“Method of computation” below).

Row 3: The vallı̄ or quantity determining the amount of the offset between the initial
instants of the mean and the true initial tithi, in integer and sexagesimal fractional (to
two places) 6◦ arc-units. For periods of integer years, the vallı̄ depends only on the
amount of lunar anomaly since the net effect of solar anomaly over an integer number
of years is zero.

Table of single years:
Row 1: The number of the initial tithi of each solar year.
Row 2: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to the offset start of the mean tithi in Row 1.
Row 3: The vallı̄ (or lunar anomaly) in integer and sexagesimal fractional (to two places)

6◦ arc-units for the beginning of that initial tithi.

Table of paks. as:
Row 1: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to the offset start of the “true-mean” tithi (reflecting the motion
of true sun and mean moon) initiating the current paks. a.

Row 2: The negative interpolation factor for the deficit up to integer days of the integer
and fractional weekday increment for each tithi in the current paks. a. That is, one-
fifteenth of the 60-complement of the difference between successive entries in Row 1.

Row 3: The vallı̄ in integer and sexagesimal fractional (to two places) 6◦ arc-units for the
beginning of each paks. a. These non-uniform vallı̄ increments appear to take into account
changing solar anomaly during the course of the year, as well as the approximately
monthly cycle of lunar anomaly.

Row 4: The positive interpolation factor for the vallı̄ for each tithi in the current paks. a:
that is, one-fifteenth of the difference between successive entries in Row 3.

Table of weekday/time corrections for true tithi (tithi-saurabha).

Argument: 0;0 to 59;59 6◦ arc-units of vallı̄. The argument is split between the
horizontal axis (6◦ arc-units from 0 to 59) and the vertical axis (sixtieths of 6◦
arc-units from 0 to 59). (The bottom table in Figure 4.51 tabulates the vertical-
axis argument only for even values.)

Table entries. The entries in ghat. ı̄s and vighat. ı̄s represent the offset between the
start of the desired true tithi and that of the corresponding mean tithi. They
increase from the mean value 24;57 at argument 0;0 (the beginning of the table)
to the maximum value 49;54 starting at 13;54, decrease through the mean again
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at 30;0 to the minimum value 0;0 at 45;48 and then increase again to the mean
at the end of the table.

Paratext. The table heading reads tithisaurabham. “The ‘fragrance’ of tithis.”

Method of computation. These luni-solar calendar synchronization tables are
designed to account for three phenomena:

1. the fractional time-units of difference between integer mean tithis and integer
solar years;

2. the (small) variation in the synchronization of true and mean tithis over the course
of a year due to the annual cycle of solar anomaly;

3. the (much greater) variation in the synchronization of true and mean tithis over
the course of an anomalistic month due to the cycle of lunar anomaly.

The difference in time between twelve complete synodic months (or 360 mean
tithis) and a solar year, called the annual epact (Sanskrit śuddhi), is approximately
11;3,52,30 mean tithis. So the tithi-number in the tables of weekday/time values
increases by 11 for every single year and by 27 (≈ 11;3,52,30×16, modulo integer
30-tithi months) for every 16-year period. Recall that the entries in the weekday/time
tables for single years and for 16-year periods each correspond to the completion
of some integer number of mean tithis, which will not perfectly sync up with an
integer number of solar years. Thus the tables’ constant differences (modulo 7
weekdays) are not identical to integer multiples (modulo 7 weekdays) of the mean
solar year length: rather, 371 tithis is approximately 365;11,41,40 days. This single-
year constant difference 1;11,41,40 times 16, plus the 0;59,3 days equivalent to
an extra mean tithi, gives (modulo 7 weekdays) the 6;6,12 value for the constant
difference in the 16-year table. (These successive-difference values are not shown
in the table layout as there is no need to interpolate within these integer-year tables.)

The paks. a table, on the other hand, does require interpolation between its
tabulated entries in order to determine the weekday/time of a given tithi within a
given paks. a. Somewhat unusually, the quantity used for interpolation (phala, cālaka
or cālana) is negative: namely, the 60-complement or 60 minus the difference of two
successive weekday/time entries in the paks. a table, instead of the difference itself.
One-fifteenth of that 60-complement is tabulated as the negative interpolation factor.

The weekday/time entries in the paks. a table are nonlinear, evidently following
the variation in solar anomaly during the year. When the sun is near its apogee,
between two and three months after Mes.asaṅkrānti, its true velocity is minimum.
Therefore the amount of time required to complete 15 “true-mean” tithis, where
the mean moon gains 12◦ of elongation from the true sun, is also minimum.
Consequently, the 60-complement of that amount of time is maximum, as is the
corresponding absolute value of the interpolation factor. The subsequent increase in
weekday/time entries reflects the greater apparent solar velocity later in the year and
produces smaller absolute values for the interpolation factor.

The tabulated vallı̄ values in all three tables represent amounts of lunar and solar
anomaly corresponding to their respective amounts of solar time. As noted above,
net solar anomaly contribution to vallı̄ in a period of integer solar years is zero, but
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within a single year it is nonzero. The constant differences in vallı̄ entries in the first
two tables represent the excess of lunar anomaly over integer cycles in integer years:
about 15◦;12,36,6 arc-units for a single year, and 5◦;30,17,6 arc-units for 16 years.
The vallı̄ entries in the paks. a table appear to represent amounts of combined lunar
and solar anomaly in the course of a year. The contribution from lunar anomaly,
as noted above, is periodic with period one anomalistic month or approximately
two paks. as. The contribution from solar anomaly is positive during the sun’s course
from apogee to perigee, when the sun’s velocity is increasing and lengthening the
time required to complete a true tithi; it is negative when the sun’s progress slows
down between perigee and apogee and the requisite 12◦ of luni-solar elongation is
attained more quickly. The interpolation factors for these vallı̄ entries are positive.

The true-tithi correction terms in the tithi-saurabha table serve to convert the
weekday/time entries from mean or “true-mean” tithi-beginnings to true ones. They
represent the time adjustment in fractional days corresponding to a given amount
of vallı̄. Note that these periodic corrections are vertically shifted in the positive
direction to make all entries nonnegative; the first weekday/time entry in the table
of 16-year periods is equally offset in the negative direction to account for this shift.
In other words, when the vallı̄ is 0 or 30 6◦ arc-units and the current true tithi is
synchronized with the corresponding mean tithi, the mean correction 0;24,57 days
is added to the tabulated weekday/time value to cancel out the initial offset.

Notes on table use. The weekday and time for the beginning of any mean tithi in a
desired year are added up (modulo 7 weekdays) from the incremental entries in the
tables for 16-year periods, individual years, and paks. as of the current year (see the
worked examples in Rupa et al. (2014)). Recall that the interpolation procedure in
the paks. a table is “backwards”: that is, a user seeking the weekday/time for the
beginning of tithi number n in a given paks. a must add n to the weekday/time
tabulated for the start of the first mean tithi in that paks. a, and then subtract from
that sum n times the corresponding interpolation factor, to account for the excess of
day-length over tithi-length.

The correction procedure to bring the weekday/time up to the start of the true
tithi instead of the offset mean or mean-true tithi begins with adding up the vallı̄
increments produced for the given 16-year period, individual year, and location
within the current year and paks. a. Then this sum is entered into the true-tithi
correction or saurabha table, whose corresponding entry is added to the previously
determined weekday/time for the desired tithi.

Naks. atras. Figure 4.52 shows related Makaranda tables from a different manu-
script, indicating the weekday and time corresponding to the start of initial naks. a-
tras.

Argument.

Table of 24-year periods: Year numbers from Śaka 1448 to 1880 (1526–1958 CE). (As
noted in Section 5.5, the year-number ranges in various manuscripts/recensions of the
work cover different periods.)
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Fig. 4.52 Tables of weekday/time at start of naks. atra from the Makaranda (RORI 5498). Top
(f. 6r): Table for initial naks. atras of 24-year periods. Middle (f. 6v): Table for initial naks. atras of
single years. Bottom (f. 7r): Table for initial naks. atras of sidereal months.
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Table of single years: 1 to 24 solar years beginning with Mes.asaṅkrānti.
Table of sidereal months: 0 to 14 sidereal months or naks. atra cycles.

Table entries.

Table of 24-year periods:
Row 1: The number of the initial naks. atra of each 24-year period.
Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding

to the start of the mean naks. atra in Row 1.
Row 3: The vallı̄, or lunar anomaly in integer and sexagesimal fractional (to two places)

6◦ arc-units for the beginning of that initial naks. atra.

Table of single years:
Row 1: The number of the initial naks. atra of each solar year.
Row 2: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to the start of the mean naks. atra in Row 1.
Row 3: The vallı̄, or lunar anomaly in integer and sexagesimal fractional (to two places)

6◦ arc-units for the beginning of that initial naks. atra. (The first five columns shown in
the manuscript image have the last sexagesimal place of the vallı̄ mistakenly shifted one
column to the left.)

Table of sidereal months:
Row 1: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to what appears to be the offset start of the naks. atra beginning
the current sidereal month. Their successive differences represent the sidereal month
length of three integer weeks plus about 6;20 days. But this quantity seems to fluctuate
slightly over the course of the year with its minimum about month 7, suggesting that
it takes into account somehow an annual change in the solar day as well as the lunar
motion increments.

Row 2: The positive phala or interpolation factor for the deficit up to integer days of the
integer and fractional weekday for each naks. atra in the current sidereal month. That is,
1/27 of the 60-complement of the difference between successive entries in Row 1.

Row 3: The vallı̄ in integer and sexagesimal fractional (to two places) 6◦ arc-units for
the beginning of each sidereal month. The differences of successive vallı̄ entries, like
those of the weekday entries, are slightly non-uniform, reaching their minimum about
halfway through the year. This suggests again that annual changes in solar anomaly are
being accounted for, as well as the approximately monthly cycle of lunar anomaly.

Row 4: The positive phala or interpolation factor for the vallı̄ for each naks. atra in the
current sidereal month: that is, 1/27 of the difference between successive entries in
Row 3.

Paratext. The table heading for the table of sidereal months reads as follows:

atha naks. atragucchā paks. apaks. abhinnabhinnakā kos. t.haka hoı̄

“Now the ‘shrub’ of naks. atras: table entries [for] each two paks. as [?].”

The note at the bottom of the table reads:

vārān vihāya gucchākos. t.hām. tara saptavim. śati 27 bhakta phalam. dhanam. vallikos. t.hām. taram.
saptavim. śati 27 bhakta phalaśake dhanam.

“Disregarding the weekdays, the guccha-tabular difference is to be divided by 27. The
result [is to be applied] positively. The vallı̄-tabular difference is to be divided by 27 [. . . ?]
positively.”
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Fig. 4.53 Beginning of saurabha table for determining day/time adjustment for true naks. atra from
the Makaranda (RORI 5498 f. 7v).

Table of weekday/time corrections for true naks. atra (naks. atra-saurabha).

Argument: 0;0 to 59◦;59 6 arc-units of lunar anomaly. The argument is split
between the horizontal axis (6◦ arc-units from 0 to 59) and the vertical axis
(sixtieths of 6◦ arc-units from 0 to 59). (The table in Figure 4.53 tabulates the
vertical-axis argument only for every sixth value.)

Table entries. The entries in ghat. ı̄s and vighat. ı̄s represent the offset between the
start of the desired true naks. atra and that of the corresponding mean naks. atra.
They increase from the mean value 23;4 at argument 0;0 (which appears to be
a vertical shift at the beginning of the table to make all the entries nonnegative,
like the 0;24,57 offset in the tithi-saurabha table) to the maximum value 46;8
at 13;54, decrease through the mean again at 30;0 to the minimum value 0;0 at
45;48 and then increase again to the mean at the end of the table.

Paratext. The table heading reads naks. atrasaurabham. “The ‘fragrance’ of naks. a-
tras.”

Yogas. Figure 4.54 shows a selection of yoga tables from a third manuscript of the
Makaranda.

Argument.

Table of 24-year periods: Year numbers from Śaka 1400 to 1664 (1478–1742 CE).
Table of single years: 1 to 24 solar years beginning with Mes.asaṅkrānti.
Table of yoga cycles: 0 to 14 yoga cycles.

Table entries.

Table of 24-year periods:
Row 1: The number of the initial yoga of each 24-year period. The table shown in

Figure 4.54 has the row header mistakenly labelled naks. atra instead of yoga. (Note,
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Fig. 4.54 Tables of weekday/time at start of yoga from the Makaranda (BORI 546). Top (f. 8v):
Tables for initial yogas of 24-year periods (upper) and 24 single years (lower). Bottom (f. 9r): Table
for initial yogas of yoga cycles.

however, from comparison with Figure 4.52 that the Row 1 entries in the tables of 24-
year periods and single years are exactly the same for yogas and naks. atras, owing to
the fact that a solar year contains almost exactly the same fractional excess over integer
cycles for both: namely, about 9.9 time-units. So both naks. atra and yoga numbers for
the start of the year increase by 10 annually.)

Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding
to the start of the mean yoga in Row 1.

Row 3: The vallı̄, or lunar anomaly in integer and sexagesimal fractional (to two places)
6◦ arc-units for the beginning of that initial yoga.

Table of single years:
Row 1: The number of the initial yoga of each solar year.
Row 2: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to the start of the mean yoga in Row 1.
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Row 3: The vallı̄, or lunar anomaly in integer and sexagesimal fractional (to two places)
6◦ arc-units for the beginning of that initial yoga.

Table of yoga cycles:
Row 1: The integer and sexagesimal fractional (to two places) weekday increment

modulo 7 corresponding to the offset start of the “true-mean” yoga (reflecting the motion
of true sun and mean moon) beginning the current cycle. (The increment is largest when
the sun is moving slowly near its apogee and the completion of a yoga takes more time.)

Row 2: The negative interpolation factor for the deficit up to integer days of the integer
and fractional weekday for each yoga in the current cycle, i.e., the 60-complement of
1/27 of the difference between successive entries in Row 1.

Row 3: The vallı̄ in integer and sexagesimal fractional (to two places) 6◦ arc-units for
the beginning of each yoga cycle.

Row 4: The positive phala or interpolation factor for the vallı̄ for each yoga in the current
cycle, that is, 1/27 of the difference between successive entries in Row 3.

Paratext. The table headings read as follows:

Top: atha yogakam. da “Now, the ‘bulb’ of yogas.”
Bottom: yogagucchā “The ‘shrub’ of yogas.”

We have not translated the note in a Sanskrit-related vernacular underneath the
bottom table.

Table of weekday/time corrections for true yoga (yoga-saurabha)

Argument: 0;0 to 59◦;59,6 arc-units of lunar anomaly. The argument is split
between the horizontal axis (6◦ arc-units from 0 to 59) and the vertical axis
(sixtieths of 6◦ arc-units from 0 to 59). (The table in Figure 4.55 tabulates the
vertical-axis argument only for every sixth value.)

Table entries. The entries in ghat. ı̄s and vighat. ı̄s represent the offset between the
start of the desired true yoga and that of the corresponding mean yoga. They

Fig. 4.55 Beginning of saurabha table for determining day/time adjustment for true yoga from
the Makaranda (BORI 546 f. 9v).
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increase from the mean value 21;27 at argument 0;0 (which again appears to be
a vertical shift at the beginning of the table to make all the entries nonnegative)
to the maximum value 42;54 at 13;54, decrease through the mean again at 30;0
to the minimum value 0;0 at 45;48 and then increase again to the mean at the end
of the table.

Paratext. The table heading reads as follows:

yogasaurabham. cam. dramam. daphalam. ravicam. dragatiyogena bhaktam. yogasaurabham.
syāt

“The ‘fragrance’ of yogas: The moon’s manda-equation divided by the sum of the solar and
lunar velocities should be the yoga-saurabha.”

Calendar tables for tithi/naks. atra/yoga: Tithicintāman. i of
Gan. eśa

Figures 4.56, 4.57, and 4.58 show excerpts from tables from the Tithicintāman. i of
Gan. eśa, listing values of weekday and time corresponding to the ends of successive
tithis, naks. atras and yogas respectively. See Ikeyama and Plofker (2001) for details.

Table of tithis

Argument: 0 to 400 successive tithis beginning at Mes.asaṅkrānti.

Table entries.

Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the
time interval from the zeroth to the current tithi.

Fig. 4.56 Excerpt from weekday table for tithis from the Tithicintāman. i (UPenn 390 1891 f. 1v).
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Fig. 4.57 Excerpt from weekday table for naks. atras from the Tithicintāman. i (UPenn 390 1891
f. 6r).

Fig. 4.58 Excerpt from weekday table for yogas from the Tithicintāman. i (UPenn 390 1891 f. 10v).

Row 2 (parākhya): Sexagesimal integer and fractional (to one place) ghat. ı̄s of correc-
tion to the corresponding Row 1 entries to account for the effect of lunar anomaly.

Row 3 (hāra “divisor”): Divisors, in integer and dan. d. a-quarter-units, for further cor-
recting the corresponding Row 2 entries.

Paratext. The table heading reads tithipatram. “tithi-table.”

Table of naks. atras

Argument: 0 to 390 successive naks. atras from the beginning of the anomalistic
month.
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Table entries.

Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the
time interval from the zeroth to the current naks. atra of the anomalistic month.

Row 2 (hāra “divisor”): Divisors, in integer and dan. d. a-quarter-units, for correcting the
corresponding Row 1 entries.

Paratext. The table heading reads naks. atrapatrān. i “naks. atra-tables.”

Table of yogas

Argument: 0 to 390 (Row 1) or 0 to 419 (Rows 2–3) successive yogas.

Table entries.

Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the
time interval from the zeroth to the current yoga.

Row 2 (parākhya): Sexagesimal integer and fractional (to one place) ghat. ı̄s of correc-
tion to the corresponding Row 1 entries to account for the effect of lunar anomaly.

Row 3 (hāra “divisor”): Divisors, in integer and dan. d. a-quarter-units, for further cor-
recting the corresponding Row 2 entries.

Paratext. The table heading reads yogapatram. “yoga-table.”

Method of computation. What we know so far about the production of these table
entries is described in detail in Ikeyama and Plofker (2001). In brief, they appear
to have been created by computing mean solar and lunar longitudes corresponding
to successive mean time-units measured in days, and then applying the appropriate
true-motion corrections to adjust the length of the tabulated intervals based on true
solar and mean lunar positions. Further adjustments to account for the lunar anomaly
are tabulated in subsequent rows, and apparently can be applied separately at the
user’s discretion.

Calendar tables for sam. krānti: Makaranda

Figure 4.59 shows tables of weekday and time for sam. krānti, the sun’s entry into
various divisions of its cycle, from a manuscript of the Makaranda.

Argument.

Table of 24-year periods: Year numbers from Śaka 1496 to 1664 (1574–1742 CE).
Table of single years: 1 to 24 solar years.
Table of zodiacal signs: Aries–Pisces (1 to 12 zodiacal signs).
Table of naks. atras: Aśvinı̄–Revatı̄ (1 to 27 naks. atras).

Table entries. The integer and sexagesimal fractional (to two places) weekday
corresponding to the sam. krānti in question.
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Fig. 4.59 Tables of weekday/time at sam. krānti from the Makaranda (BORI 546 f. 10v).

Fig. 4.60 Tables of accumulated civil days from the Makaranda (BORI 446 f. 14r). Top:
Sexagesimal ahargan. a for 57-year periods (left), and ahargan. a increments for 57 single years
(right and middle row). Bottom: Sexagesimal ahargan. a increments for 24 paks. as.

Paratext. The table headings read as follows:

24-year periods: makaram. de sam. krām. tiśakah. “Year [at] sam. krānti in the Makaranda.”
Single years: makaram. de sam. krām. tiśaka am. tarakos. t.akā “Table entries [at] intervals [of

a] year [at] sam. krānti in the Makaranda.”
Naks. atras: mahānaks. atrān. i kos. t.am. “Table [of] the great [?] naks. atras.”

We have not translated the two accompanying Sanskrit/vernacular notes.

Calendar tables for accumulated civil days: Makaranda

Figure 4.60 contains tables of the accumulated civil days or ahargan. a since the
beginning of the Kaliyuga (see Section 1.1.4) from a manuscript of the Makaranda.
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Argument.

Table of 24-year periods: Year numbers from Śaka 1400 to 1799 (1478–1877 CE).
Table of single years: 1 to 57 luni-solar calendar years.
Table of paks. as: Caitra śuklapaks. a to Caitra kr. s. n. apaks. a, followed by adhimāsa kr. s. n. a-

paks. a and adhimāsa śuklapaks. a (1 to 26 paks. as).

Table entries.

Table of 57-year periods:
Row 1: The vallı̄, here meaning the integer sexagesimal (to four places) civil days of the

Kaliyuga accumulated at the end of the numbered year. The constant difference between
entries is 20819 = 0, 5, 46, 59 civil days (almost exactly 57 solar years or 705 synodic
months).

Row 2: The vāra or weekday number of the first day of the following year. The constant
difference between entries is 1 mod 7 since 20819 = 1 mod 7. The first entry 3
represents Wednesday because the Kaliyuga began on a Friday and the ahargan. a value
in Row 1 is 1672494 = 5 mod 7, indicating that the initial ahargan. a ended on Tuesday
or weekday 2.

Table of single years:
Row 1: The vallı̄ or integer sexagesimal (to four places) civil days of the current 57-year

period accumulated at the end of the numbered calendar year. The difference between
entries is either 353, 354, 355, 383, 384, or 385 civil days, depending on whether
the year in question contains an intercalary month and/or an omitted or additional
tithi.

Row 2: The increment (mod 7) to the vāra or weekday number accumulated at the end
of the numbered calendar year. The difference between entries is the difference (mod 7)
between corresponding Row 1 entries.

Table of paks. as:
Row 1: The vallı̄ or integer sexagesimal (to four places) civil days of the current calendar

year accumulated at the end of the current paks. a. The difference between entries is
either 14 or 15 civil days, depending on whether the paks. a in question does or does not
contain an omitted tithi. Oddly, in the manuscript exemplar shown in Figure 4.60 the
kr. s. n. apaks. a and śuklapaks. a of the potential intercalary month or adhimāsa are appended
in that order after the 24th column Caitra kr. s. n. apaks. a, and their ahargan. a values increase
correspondingly. This would imply an astronomically impossible situation with two
waning fortnights in a row followed by two waxing fortnights.

Row 2: The increment (mod 7) to the weekday number (here somewhat puzzlingly called
the cālana) accumulated at the end of the current paks. a. The difference between entries
is the difference (mod 7) between corresponding Row 1 entries.

Paratext. The table heading reads grahadinavallı̄ bhr. guvārādicaitrāmāvāsyā-
sannā paks. avallyām. grahadinavallyām. yogah. paks. acālanāni vallyām. datvā ’gre-
tanā vallı̄ jāyam. te evam. ’gre pi emā sayukta ’hargan. ā hi te am. taranāma “The
accumulated-days vallı̄ [is] set at new moon of Caitra beginning with weekday Fri-
day. The sum [of] the paks. a vallı̄ [and] the accumulated-days vallı̄ [is made]. Putting
the paks. a cālanas [together with] the vallı̄, the subsequent [time-unit] vallı̄ [is]
produced. Thus at the beginning too, these added accumulated days [are] called the
difference [?].”
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Fig. 4.61 Excerpt from a mahāpāta table from the Pātasāran. ı̄ of Gan. eśa (UPenn 390 697
f. 6v–7r).

4.11 The mahāpātas

Most Sanskrit siddhāntas and karan. as address this topic of the so-called parallel
aspects of the sun and moon, with equal declinations and symmetrical longitudes
(see Section 2.1.7). But the only astronomical table text devoted to them that we
know of is the Pātasāran. ı̄ by Gan. eśa (Section 5.6). This work has not yet been
published, and the extent of its overlap with related procedures in the same author’s
Grahalāghava (Jośı̄ 1994, p. 307) is yet to be determined. The following discussion
is a tentative preliminary analysis of Gan. eśa’s mahāpāta table.

4.11.1 Pātasāran. ı̄ of Gan. eśa

Figure 4.61 shows a table from a manuscript of the Pātasāran. ı̄, enabling the user to
determine the time interval between the so-called mean mahāpāta, or the moment
when the ecliptic declinations of the moon and the sun have the same magnitude,
and its “true” form, or the moment of equality of their true declinations.
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Argument: The table employs a double argument: the 24 columns designate 0
to 11s15◦ zodiacal half-signs of nodal longitude, and the 30 rows naks. atras 1–5,
naks. atra 6 (first half), naks. atra 6 (second half), naks. atra 7 (first half), naks. atra 7
(second half), naks. atras 8–19, naks. atra 20 (first half), naks. atra 20 (second half),
and naks. atras 21–27.

Table entries. Each naks. atra or half-naks. atra argument row in the table contains
the following two rows:

Row 1: Integer and sexagesimal fractional (to one place) ghat. ı̄s of the time interval
between the moments of “mean” mahāpāta (computed by the user for the given
naks. atra and nodal longitude) and accompanying “true” mahāpāta. Entries for the
“true” mahāpāta occurring before or after its “mean” counterpart are marked by ga
for gata “past” or e for es. ya “future,” respectively. For combinations of nodal longitude
and naks. atra for which a “true” mahāpāta is impossible, the scribe has noted na “not”
in the empty table cell.

Row 2: Integer and sexagesimal fractional (to one place) ghat. ı̄s of the sthiti “duration”
of the corresponding mahāpāta, apparently referring to the time during which the
luminaries’ disks have a nonzero overlap in declination.

Paratext. The column-argument row heading reads rāhurāśyādi “ [Longitude of]
Rāhu beginning with zodiacal signs.”

4.12 Trigonometric functions

As discussed in Section 2.1.8, purely mathematical trigonometric functions gen-
erally are not tabulated separately in Sanskrit astronomical table texts: instead,
they are incorporated into the results of more specific formulas for computing
astronomical quantities such as declination or parallax. Some of the few known
exceptions to this trend are described in this section.

Table of R sines: Rājamr. gāṅka

Figure 4.62 shows two nearly identical forms of a table of R sines, presented
together in a manuscript of the Rājamr. gāṅka.

Argument: 1 to 90◦ of arc, in both versions.

Table entries.

Row 1 (in both versions): Decimal integer and sexagesimal fractional (to one place)
R sin values up to R sin 90◦ = R = 1000;0.

Row 2 (only in first version): Differences between successive entries in Row 1.

Paratext. The table headings read as follows:

First: sam. kalitajı̄vākos. t.hakāh. “Tabulated [values of] cumulative R sin”
Second: atha kramajı̄vākos. t.hakāh. “Now, tabulated [values of] R sin.”
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Fig. 4.62 Two versions of the R sin table from the Rājamr. gāṅka (Baroda 9476 ff. 11v–12r); only
part of the second version is shown in this image.

Table of R versines: Rājamr. gāṅka

Figure 4.63 shows the same Rājamr. gāṅka manuscript’s table of R versines.

Argument: 1 to 90◦ of arc.

Table entries: Decimal integer and sexagesimal fractional (to one place) R vers
values up to R vers 90◦ = R = 1000;0.
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Fig. 4.63 Table of R versines from the Rājamr. gāṅka (Baroda 9476 ff. 12v–13r). The entry for 90◦
is erroneously written as 1000;1 instead of 1000;0.

Paratext. The table heading reads atha utkramajı̄vākos. t.hakāh. “Now, tabulated
[values of] versine.”

Table of R sines: Sarvasiddhāntarāja

Figure 4.64 shows a table of R sines from a manuscript of the Sarvasiddhāntarāja
of Nityānanda.

Argument: 1 to 90◦ of arc.

Table entries: Decimal integer and sexagesimal fractional (to four places) R sin
values up to R sin 90◦ = R = 60;0,0,0,0.

Table of R sines (and R cosines): Siddhāntasindhu

Figure 4.65 shows a single page of a table of R sines, which also functions as a table
of R cosines, from a manuscript of the Siddhāntasindhu of Nityānanda.

Argument: 0◦0′ to 89◦59′ and 180◦0′ to 269◦59′ of arc. The argument is split
between the horizontal axis (0 to 90◦ or 180 to 270◦) and the vertical axis (0 to 59
minutes in each degree).
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Fig. 4.64 Table of R sines from the Sarvasiddhāntarāja (Nepal B534 f. 15r–v). The last value
includes a spurious fifth sexagesimal place.

Table entries.

Black columns: Sexagesimal integer and fractional (to four places) R sin values up to
R sin 89◦59′ = 59;59,59,27,6.

Red columns: Differences between successive entries in adjacent black columns.

Paratext. The table heading reads atha pratikalājyākos. t.akāh. “Now, tabulated
[values of] R sin for each minute.”

Method of computation. The trigonometric radius R in both of Nityānanda’s
works is 60 digits, following his Islamic sources.

Sarvasiddhāntarāja: The R sin table values are derived from procedures found
in Sarvasiddhāntarāja 3.19–85.9 Arcs that are integer multiples of three degrees
have been computed via traditional geometric techniques. The value of the R sin
of 1◦, however, being impossible to determine geometrically, has been computed
using a recursive algorithm based on a cubic equation. This procedure appears to
be based on a method originally put forth by al-Kāshı̄.10

Siddhāntasindhu: The trigonometric radius R is taken to be 60 digits. Entries are
given to a precision of five sexagesimal places. (This table can also function
as a table of R cosines by using the appropriate symmetries as indicated in
the argument.)11 The R sines have been computed down to single degrees of
argument using the techniques discussed above. Values down to single minutes
have been computed using several ingenious approximation techniques which are

9These verses have been critically edited, translated, and analyzed in Dhammaloka et al. (2016)
and Montelle and Ramasubramanian (2018).
10See Van Brummelen (2009, pp. 147–149), Rosenfeld and Hogendijk (2003), and Aaboe (1954).
The value employed for the R sin of one degree is 1;2,49,43,15.
11For further information about these tables see van Dalen (2002a) and their transmission.
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Fig. 4.65 Excerpt from the R sin/R cos table from the Siddhāntasindhu of Nityānanda (Jaipur
Khasmohor 4962 f. 29r), entries for arcminutes 0–14 of either of the following: degrees 0–14 or
180–194 for R sin (read left to right), or degrees 76–90 or 256–270 for R cos (read right to left).
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Fig. 4.66 Excerpt from the first part of a table of R sines and other quantities from the Amr. talahāri
(Tokyo MF 13 f. 40v).

outlined in the Sarvasiddhāntarāja (3.83–85) (Montelle and Ramasubramanian
2018). This table appears to have been copied from the Zı̄j-i Shāh Jahānı̄’s sine
table, but has made some modifications to the layout of the argument. There are
four rows of arguments. The first two tabulate the R sines for quadrants one (0–
89) and three (180–269), using red and black to indicate the tabulated values
are positive and negative, respectively. The second two tabulate R cosines in the
reverse order for quadrants one (90–1) and three (270–181), also using black
and red ink. Effectively the table does not explicitly contain arguments for the
second and fourth quadrants (as the Zı̄j-i Shāh Jahānı̄ has done), but these can be
supplied by symmetry. The R sin of one degree is 1;2,49,43,11.

Table of R sines: Amr. talahāri

Figure 4.66 shows a table of R sines from a manuscript of the Amr. talahāri, which
forms part of a more elaborate table including several other types of data entries (not
shown) also sharing the same argument.

Argument: 1 to 90◦ of arc.

Table entries. Decimal integer and sexagesimal fractional (to two places) R sin
values up to R sin 90◦ = R = 60;0,0.

Paratext. The table heading reads atha kramajyākrantis. as. t.yam. gulaśam. ku-
dvādaśām. gula saptām. gulaśam. kuchāyācam. draśaram. śāh. “Now, R sines, declina-
tion, shadows of a 60-digit gnomon, a 12-digit gnomon [and] a 7-digit gnomon,
[and] the degrees of the latitude of the moon.”

4.13 Astrological tables

Almost all Sanskrit astronomical tables are to some extent astrological, as they
involve the computation of perceived positions of celestial bodies which always
have astrological significance. But some tables may be considered solely or explic-
itly astrological, e.g., if they record the prognosticative characteristics assigned
to celestial phenomena or are created specifically for casting horoscopes. The
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Fig. 4.67 Astrological data from a nativity horoscope (UC MB 680). Left: Horoscope diagram
or birth-chart (janmapattra) depicting locations of the nine planets and the ascendant in zodiacal
signs 1–12 at the moment of nativity. Right: Table of true longitudes and velocities of planets with
their synodic phases at that moment.

following examples of such tables illustrate their relation to astrological practice
as briefly outlined in Section 1.3.3.

Figure 4.67 shows on the left a nativity horoscope diagram (birth-chart or
janmapattra) for an unidentified individual12 indicating the approximate locations
of the nine planets, and on the right an accompanying table listing their precise
locations, both computed for the moment of birth. The table specifies the planets’
true longitudes in zodiacal signs (0/Aries–11/Pisces), degrees, minutes, and sec-
onds, as well as their instantaneous velocities in minutes and seconds and their
synodic phases (direct or retrograde motion, rising or setting). The table heading
reads atha śrı̄bhāskarādayo grahā spas. t.ā “Now, the true [longitudes of] the planets
of the sun and so on.”

The same horoscope manuscript includes a table of astrological houses or bhāvas
beginning from the ascendant at the nativity moment, reproduced in Figure 4.68.
The table entries contain for each of the 12 bhāvas the longitude of its cusp or
central point, followed by that of its sam. dhi or junction with the following house,
in zodiacal signs (0/Aries–11/Pisces), degrees, minutes, and seconds.13 The table
heading reads atha śrı̄ am. gādayo dvādaśabhāvā “Now, the twelve houses beginning
at the ascendant.”

A diagram of the influences of the dres. kān. as, or thirds of the zodiacal signs,
at that same nativity moment is shown in Figure 4.69, entitled atha bhrātraja-

12The horoscope is cast for Sam. vat 1903/Śaka 1768, Winter, Kārttika-māsa, kr. s. n. apaks. a, 12th tithi,
48th ghat. ı̄, 49th pala, Sunday (15th November 1846).
13Note that this table illustrates the astrological convention of unequal house division: In
quadrants 1 and 3, i.e., houses 1–3 and 7–9, the total length of each house is 2 × 12◦;54,20 or
one-third of the ecliptic arc between the ascendant and the meridian. The length of each of the
remaining houses in the other two quadrants is 2 × 17◦;5;40.
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Fig. 4.68 Astrological
houses or bhāvas from a
nativity horoscope (UC MB
680). The longitude at the
cusp of each numbered house
is immediately followed by
that of the sam. dhi or junction
between that and the next
house.

sukhavilokanārthe dres. kānam. “Now, the dres. kān. a for the sake of investigating the
happiness derived from brothers.” In the diagram, the abbreviation for each planet as
well as the ascendant is marked in the sign allotted to the particular dres. kān. a within
which that planet’s (or ascendant’s) longitude falls. The underlying scheme is laid
out in the table of dres. kān. as, grouped with tables of other vargas or subdivisions of
the zodiac, shown in the top left of Figure 4.70 derived from a different manuscript.

In each of the varga tables in Figure 4.70 the argument is split between the
horizontal axis (zodiacal signs 0–11/Aries–Pisces) and the vertical axis (integer and
fractional degrees of the subdivision of the sign). The table entries are the sign
number and corresponding planetary lord (as enumerated in Table 1.1) assigned to
each successive subdivision of each sign.

Figure 4.70 also shows a table of planetary relationships, with the argument split
between the horizontal axis (abbreviated names of the planets in weekday order)
and the vertical axis (the relations of friendship, neutrality, and enmity). Each entry
contains the abbreviated name of the planet that stands in the given relation to the
given planet.14

14These table entries reflect the traditional associations attested in the Br. hajjātaka (2.15–17) except
for the inclusion of Rāhu as the enemy of sun and moon (Jhā 1934, pp. 33–37; Aiyar 1905, pp.
20–21).
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Fig. 4.69 Diagram of the
planets’ dres. kān. as from a
nativity horoscope (UC MB
680).

The astrological importance of the naks. atras is illustrated by the tables shown
in Figure 4.71. The upper folio, from a fragment of an unidentified astrological
manuscript, contains two purely cartographic tables of the boundaries of the 28
naks. atras and their quarters. The first of these, entitled naks. atracārakos. t.hakāh.
“table of the naks. atra-sequence,” tabulates the beginnings of the 27 naks. atras in
zodiacal signs (0/Aries–11/Pisces), degrees, and minutes, with a constant length
of 13◦;20. Interspersed among them are the boundaries of the zodiacal signs from
the end of Aries to the end of Aquarius: where a naks. atra-boundary and sign-
boundary coincide at longitudes 120◦ (beginning of Māgha/end of Cancer) and
240◦ (beginning of Mūla/end of Scorpio), the sign abbreviation is written above
the naks. atra one. The following table, entitled atha pādacārakos. t.hakāh. “Now, the
table of the sequence of the quarters,” tabulates the beginnings of the 108 successive
3◦;20 arcs, four in each naks. atra.

The table appearing in the lower folio, from a manuscript of the Karan. akesa-
rı̄, enumerates various birth-categories (yonivicārah. ) associated with the 28 naks. a-
tras (including the additional naks. atra Abhijit). In it, Row 1 records the designated
animal or yoni, Row 2 the order of being (divine, demonic, human), and Row 3 the
altitude (high, middle, low). The table heading reads atha naks. atrān. ām. yonivicārah.
“Now, the birth-categories of the naks. atras.”

Figure 4.72 shows tables of planetary as. t.akavargas from a fragment of a work
entitled Muktāvalı̄ (Pingree 1968, p. 33). Starting with the sun and ending with
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Fig. 4.70 Astrological tables from a fragment of an unidentified astrological manuscript (Smith
Indic MB XXXVII). Top (f. 1r): Excerpts from tables for the vargas or divisions of zodiacal signs,
with divisors 2, 3, and 4 (left side) and 5 and 6 (right side). Bottom (f. 2v): More varga tables with
divisors 12 and 30 (left and upper right); table of planetary friendships (lower right).

Rāhu, each planet is assigned a table with eight columns, one for each of the seven
bright planets and the ascendant. The table entries are the various house-positions 1–
12 (relative to the house of the specified object) in which that planet has auspicious
effect.15

The preceding examples barely scratch the surface of the innumerable quantities
that can be tabulated for astrological purposes. For instance, in Figure 4.73 is shown
a miscellaneous astrological table from the same manuscript of the Karan. akesarı̄
appearing in Figure 4.71. It tabulates the lords of eclipses (parveśāh. ), deities
assigned to various intervals in months that separate successive eclipse possibili-

15These assignments appear to be based on those given in Varāhamihira’s Br. hajjātaka (Jhā 1934,
pp. 135–145; Aiyar 1905, pp. 97–99).
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Fig. 4.71 Top: Table of longitudes of the boundaries of the naks. atras and their quarters in an
unidentified astrological manuscript (Smith Indic MB XXXII f. 4v). Bottom: Table of birth-
categories for the naks. atras in a manuscript of the Karan. akesarı̄ (Smith Indic MB XIV f. 11v).

Fig. 4.72 Tables of planetary as. t.akavargas from a manuscript of the Muktāvalı̄ (Smith Indic MB
LXXVIII f. 3v).
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Fig. 4.73 Table of lords of eclipses from a manuscript of the Karan. akesarı̄ (Smith Indic MB XIV
f. 5v).

ties.16 The table heading reads atha sapātacam. drasūryarāśyum. pariparveśajñānam.
rāśinām. cakraśodhyā vinā “Now, the knowledge of the lords of eclipses without
cycle elimination [i.e., without subtracting integer multiples of 12?].”

16The scheme is similar to that given in Varāhamihira’s Br. hatsam. hitā (5.19) (Subrahmanya Sastri
and Bhat 1946, p. 50; Kern 1865, p. 26).



Chapter 5
The evolution of the table-text genre

The early development of Sanskrit astronomical tables described in Section 1.5
blossomed by the mid-second millennium into the profuse variety of table-text
types categorized in Section 2.3, whose typical components were analyzed in
more detail in Chapter 4. As numerical tables became more central to the work
of astronomers/astrologers, the mathematical ingenuity of jyotis. a authors to some
extent shifted its focus. Algorithms directing users how to compute a desired
quantity were supplemented and then partly supplanted by techniques for producing
and arranging pre-computed data so that users could simply look up the desired
quantity. We argue that at least part of what has long been conventionally described
as a “decline” in the innovative development of Sanskrit astronomy after the
twelfth century might be more accurately called an “occultation” of it, as the
formats of increasingly popular table texts removed a larger share of their authors’
mathematical efforts from the direct scrutiny of their readers. The following
discussion explores some of the major passages in that long and vigorous growth
by surveying several individual kos. t.haka works that seem to us to highlight some of
its important characteristics.

5.1 Rājamr. gāṅka of Bhojarāja

An astronomical manual in perhaps several hundred verses called Rājamr. gāṅka
(“Moon of the King”) is ascribed to the famous monarch Bhoja or Bhojarāja (d.
1055) of the Rajput Paramāra dynasty, rulers of the Malwa region in central/western
India from about the ninth to the thirteenth century.1 The Rājamr. gāṅka’s known
manuscripts preserve various widely differing versions, all of which omit many of

1Tables from manuscripts of this work are illustrated in Figures 4.1, 4.33, 4.50, 4.62, and 4.63.
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the quoted verses attributed to it in the works of other authors, so an authoritative
original text has yet to be established although a provisional critical edition was
published in Pingree (1987b). Indeed, the Rājamr. gāṅka may possibly have been
produced in collaboration with (or even solely by) court scholars, especially
considering that Bhoja has been credited with the authorship of at least dozens of
other erudite technical works, in addition to his very active political and military
career (Raghavan 2006). If so, a definitive original text may never have existed
in a unique form. Whatever the details of its origin and textual content, the
Rājamr. gāṅka’s epoch date is firmly attested as the start of Śaka year 964 (Tuesday
23 February 1042).

In its models and parameters the Rājamr. gāṅka adheres to the Brāhmapaks.a
school (see Section 1.2.3 and Appendix B.2), besides employing the bı̄jas or
correction constants typical of second-millennium texts. Its verses largely follow the
tradition of earlier Sanskrit astronomical handbooks in prescribing algorithms for
the computation of various astronomical quantities beginning with the accumulated
days since epoch, the associated mean celestial positions and their correction to true
ones, etc. This is consistent with the work’s explicit identification with the handbook
or karan. a genre, asserted in the second verse of the edition (and in almost identical
verses in the other known versions) (Pingree 1987b, p. 4, verse 1.2):

vāsanāsārasarvasvam. nih. pannam. laghukarmavat ||
brūmo rājamr. gāṅkākhyam. jyotis. ām. karan. am. sphut.am || 2 ||
We state the correct karan. a of the [positions of the] heavenly bodies, named Rājamr. gāṅka,
the entirety of the epitome of demonstrations effected like an easy task.

The term karan. a is repeated in a subsequent verse (Pingree 1987b, p. 4, verse 1.8),
as well as in the text’s final verse and colophon (Pingree 1987b, p. 42, verse 8.81):

sarvabhūpālavandyena tena śrı̄bhojabhūbhujā ||
mr. gāṅkasam. jñakaran. am. cakre sarves. t.asiddhaye || 81 ||
iti mahārājādhirājaśrı̄bhojadevakr. te mr. gāṅkanāmnikaran. e grahayutyādir adhyāyo
’s. t.amah. || samāptam. rājamr. gāṅkasam. jñam. karan. am ||

By that king Lord Bhoja who is revered by all kings, the karan. a named Rājamr. gāṅka has
[been] made for the achievement of all desires.
Thus in the karan. a named Mr. gāṅka, made by the great king of kings His Majesty Lord
Bhoja, the eighth chapter beginning with planetary conjunction. The karan. a known as Rāja-
mr. gāṅka is complete.

The commentary on the Khan. d. akhādyaka of Brahmagupta composed around 1200
by Āmarāja similarly refers to the Rājamr. gāṅka as a karan. a (Misra 1925, p. 75).

Despite its karan. a label, the Rājamr. gāṅka significantly departs from the tradi-
tional format of the self-contained verse handbook by frequently invoking a separate
collection of numerical tables on which many of its computations depend. In fact,
separate karan. a and kos. t.haka versions of the work are designated in Pingree (2003,
p. 23). For instance, the content of chapter 2, dedicated to computing true planetary
positions and velocities, refers several times to kos. t.hakas in the sense of table
entries, as in the following example of verses treating the mandaphala (manda-
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equation, or first correction to a planet’s mean longitude, see Section 2.1.2). These
verses instruct the reader to use the planet’s first orbital anomaly (manda-kendra) to
interpolate in the appropriate table of its longitude correction or equation (Pingree
1987b, p. 7, verses 2.20–21):

kendrād bhujam. vidhāyātha tatah. sādhyā bhujām. śakāh. ||
bhujām. śasam. mitah. kos. t.ho grāhyo mandaphalasya tu || 20 ||
sa bhuktakos. t.hako jñeyas tades. yavivarāhatam ||
vikalam. s. as. t.isam. bhaktam. phalam. gataphalānvitam || 21 ||
Now, determining the arc [reduced to the first quadrant, i.e., the bhuja] from the anomaly
(kendra), the [integer] degrees of the bhuja are to be found. The table-entry of the manda-
equation commensurate with the degrees of the bhuja is to be taken.

That is to be understood as the ‘elapsed’ table-entry. The arcminute [fractional part of the
given bhuja] is multiplied by the difference of that and the next [table-entry] and divided by
60. The result is added to the [manda-]equation [in] the ‘elapsed’ [table-entry].

A typical karan. a would provide instead a maximum manda-equation parameter and
an algorithm employing that parameter in some mathematical relation between the
anomaly and the equation—or at least a versified table of equation values as part of
its textual content (see Sections 5.3.1 and 5.6.1). But the Rājamr. gāṅka’s rule reaches
outside its text entirely to fetch the requisite data from a kos. t.haka or numerical array
of values, rendering the verses incomplete or even meaningless without the tables.

In other cases these two approaches, the algorithmic and the table-based, are
prescribed concurrently (and redundantly). For instance, the following group of
verses comprises two independent rules for determining lunar latitude. The first
specifies a self-contained algorithm approximating the latitude as the maximum
latitude 270′ scaled by the R sin of elongation of the moon from its node. The second
requires look-up in a table of latitude values (Pingree 1987b, p. 14, verses 3.34–36)2:

pātonacandradorjı̄vām. khabhaih. sam. gun. ayet tatah. ||
candrakarn. ena yallabdham. sa viks. epo niśāpateh. || 34 ||
pātonacandrasya bhujād bhujām. śān sādhayet tatah. ||
tadam. śasam. mitah. kos. t.has tades. yavivarāhatam || 35 ||
vikalam. s. as. t.ibhaktam. tu phalam. gataphalānvitam ||
evam. kr. te vā yaj jātam. sa viks. epo niśāpateh. || 36 ||
One should multiply the R sin of the arc [of the longitude] of the moon diminished by [that
of] the node by 270. The quotient from [dividing] that by the moon’s hypotenuse [? rather
than the trigonometric radius R?] is the latitude of the night-lord (moon).

2There are many examples in other jyotis. a works of multiple algorithms prescribed for computing
the same quantity, or algorithms offered as alternatives to versified lists of pre-computed values.
See, for example, the Karan. akutūhala’s list of ecliptic declination-differences followed by an
algebraic approximation for finding declination (Mishra 1991, pp. 43–44, verses 3.13–15). But the
closest parallel we have found to an instruction calling for look-up in a pre-computed table outside
the verse text is Vat.eśvara’s reference in the 905 Vat.eśvarasiddhānta to interpolating within a set
of approximate values of planetary equations constructed from scaled multiples of the tabulated
R sin-differences (Shukla 1986, vol. 1, p. 121, verse 2.5.2).
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From the arc of the [longitude of the] moon diminished by [that of] the node, one
should determine the [integer] degrees of the arc. From that, the [“elapsed”] table-entry
commensurate with that degree [is found]. The arcminute [fractional part of the given arc]
is multiplied by the difference of that and the next [table-entry] and divided by 60. The result
is added to the “elapsed” result [in the table-entry]. When [the computation] is alternatively
done thus, what results is the latitude of the night-lord (moon).

Such combinations indicate the hybrid nature of the text, with both trigonometric
algorithms and pre-computed tables offered for the user’s choice.

The Rājamr. gāṅka is clearly an offshoot of the karan. a genre, but not obviously
derived from known earlier sources or inspirations within this genre. It does not
strongly resemble, for instance, the drastically concise karan. a called Laghumānasa
from about a century earlier, which contains no graphical-numeric tables and
indeed hardly any versified verbal ones (Shukla 1990). Some of its own subsequent
impacts are somewhat easier to trace: in particular, the Grahajñāna of Āśādhara
(see Section 5.2) is largely based on this work. And as a karan. a, the Rājamr. gāṅka
apparently influenced the Karan. akutūhala composed by Bhāskara II about a century
later, in which some of the earlier work’s algebraic approximation algorithms for,
e.g., gnomon-shadow computations seem to have been adapted and developed
(Plofker 2019). Bhāskara, however, did not follow the Rājamr. gāṅka’s hybrid
karan. a/kos. t.haka approach in the Karan. akutūhala, firmly maintaining the earlier
tradition of the standalone verse handbook.

5.2 Grahajñāna of Āśādhara

Almost a century after the Rājamr. gāṅka, the Grahajñāna (“Knowledge of the
planets”) was composed by Āśādhara, an astronomer working most probably under
Jayasim. ha Siddharāja (r. 1015–1043) of the Chalukya dynasty in the western
Deccan.3 The Grahajñāna in its extant form deals almost exclusively with the
positions of the five star-planets, omitting the refinements of lunar and solar motion
required for timekeeping, calendar maintenance, and computation of eclipses. Its
text and accompanying tables constitute the first known kos. t.haka work employing
the so-called mean-to-true arrangement (see Section 2.3) that was later widely
popularized by the Mahādevı̄ of Mahādeva. The exact form of the original text is not
conclusively determined but it appears to have contained somewhere around 20–30
verses, now preserved in various recensions in at least seventeen manuscripts. A
commentary called the Āśādharadı̄pikā, known from one surviving manuscript, was
composed in 1554 (Pingree 1989, pp. 33–36).

The first two verses of the text assert Āśādhara’s adherence to the Brāhmapaks.a
and establish his epoch as the beginning of Śaka year 1054 (falling in March 1132

3A table from a manuscript of this work is shown in Figure 4.7. For more information about the
work and its author see Pingree (1989), Pingree (1970–94, A1.54, A2.16, A3.16, A4.28), Pingree
(1973, pp. 69–72), and Pingree (1981, p. 42).
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CE). The opening verse also proclaims the convenience of the Grahajñāna’s mean-
to-true procedures in eliminating the separate computation of orbital corrections
(Pingree 1989, p. 6, verse 1):

brahmeśācyutacandravitsitaraviks. on. ı̄sutejyārkajān
naks. atrān. i sarasvatı̄m. gan. apatim. natvā pr. thagbhaktitah. ||
śrı̄brahmoktaparisphut.opakaran. air bhaumādayo yādr. śās
tattulyānayanam. bravı̄mi sukhadam. mandās. upātair vinā || 1 ||
Praising Brahman, Śiva, Vis.n.u, the Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn,
the naks. atras, Sarasvatı̄ [and] Gan. eśa separately and in succession, I state a pleasant
computation equal to whatever [longitudes of the] planets beginning with Mars [are found]
with the fully correct techniques (upakaran. as) spoken by Lord Brahman, without the
application of manda and śı̄ghra [equations].

The closing verses include details of Āśādhara’s lineage: notably, his father
Rihlaka is likely to be the same as the Rı̄hlı̄ya who is mentioned by Āmarāja in
his commentary on Brahmagupta’s Khan. d. akhādyaka (Misra 1925, p. 23) around
1200.

5.2.1 Textual algorithms as alternatives to table use

The various versions of the Grahajñāna suggest in some respects a continuation
of the karan. a/kos. t.haka fluidity observed in parts of the Rājamr. gāṅka. This is most
strongly marked in their juxtaposition of versified algorithms to be applied by the
user with equivalent tables of values pre-computed by the table compiler using these
same algorithms. The remainder of this section describes several examples of these
parallel approaches.

Annual mean-weekday increment. The determination of the increment in mean
weekdays (modulo 7) from the epoch date to the start of a given Śaka year is
explained in the second verse (Pingree 1989, p. 6, verse 2):

śāko ’bdhibān. adaśabhir viyuto hato ’śvi-
bān. aih. pr. thak śaśinavās. t.anr. pāptahı̄nah. ||
candrābhrayugmavihr. tah. phalam abdayuktam.
saptoddhr. tam. bhavati saṅkraman. adhruvo ’yam || 2 ||
The Śaka year is diminished by 1054 and [the result] multiplied by 52; [the product] is
separately divided by 16891 and diminished [by the quotient, and then] divided by 201.
The result is added to the years [elapsed since epoch and] divided by seven; this [quotient]
becomes the dhruva (fixed amount) at sam. krānti (start of solar year).

That is, the number y of elapsed integer mean solar years since the epoch at the
start of Śaka 1054 contains, over and above the y times 52 times 7 days contained
in its integer weeks, an additional y integer days plus fractional days roughly equal

to
52y − 52y/16891

201
≈ y · 0;15,31,17,17. The remainder modulo 7 of this sum is
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Fig. 5.1 Weekday-increment tables from the Grahajñāna (IO 2464c f. 1v).

Table 5.1 Characteristics of the weekday-increment tables in the Grahajñāna (IO 2464c f. 1v).

Argument range (years) Constant difference (weekdays modulo 7)

1–9 1;15,31,17,17

10–90 5;35,12,52,50

100–900 6;52,8,48,20

1000–10,000 5;41,28,3,20

the offset in mean weekdays from the start of the epoch year to the start of the given
year.

But we also see among the manuscripts of the Grahajñāna an alternative (or
supplementary?) approach to this computation, in tabular form. This is illustrated
in Figure 5.1 by the tabulated multiples of the abovementioned annual fractional
weekday increment that accumulate in periods ranging from single years, decades,
and centuries up to 10,000 years (see Table 5.1). Essentially, the table compiler has
broken down the number y for almost any conceivable future year-beginning into
smaller components, each pre-multiplied by the appropriate multiple of the annual
increment. So the user need only choose and add up the particular components
that correspond to his value of y, instead of performing the full multiplication as
instructed in the above verse.

Planetary mean longitudes. A similar combination of an algorithm to be carried
out by the user with an equivalent table from which the user can extract the same
result via interpolation is seen in the Grahajñāna’s methods for finding the current
mean longitudes of the planets. The algorithm includes the requisite multipliers
to generate mean longitude increments as well as planetary epoch positions in a
somewhat unusual form (Pingree 1989, pp. 6–7, verses 4–7):

bhaumasya vatsaragatir manavah. kudasrā
nāgendavo yamayugāni nabho bhapūrvāh. ||
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sthānes. u pañcasu budhasya yugānyathāṅgā-
ny agnyaśvino ’ks. apavanāh. khayugānyadho ’dhah.

4 || 4 ||
jı̄vasya netre ’ṅgabhuvo ’bdhirāmā
nandes. avo nāgabhuvah. kramen. a ||
śukrasya bhūpās triśarās tridasrā
dantās tathāṅkā ganakair niruktāh. || 5 ||
śaner viyadvedaśarā nagāks. āh.
kumārgan. ā vahniyamā gatābdaih. ||
nighnāh. svakı̄yair dhruvakair vihı̄nā
bhavanti saurābdamukhe grahendrāh. || 6 ||
rudrāh. saptagun. ā yamau gun. agun. ā bhaumadhruvo mārgan. ās
tattvāny aśvagun. ā nr. pāh. śaśisutasyāto guror niścalāh.

5 ||
rāmāh. s. ad. bhujagābdhayo rasagun. āh. śukrasya rūpam. radās
trı̄n. y aṅkāś ca śaner daśa dviyamalā rāmā radāh. kı̄rtitāh. || 7 ||
The yearly velocity of Mars is 14, 21, 18, 42, 0 in five [sexagesimal] places beginning with
[integer] naks. atras; moreover, [that] of [the śı̄ghra-apogee of] Mercury is 4, 6, 23, 55, 40
one below another; [that] of Jupiter 2, 16, 34, 59, 18 in order; [that] of [the śı̄ghra-
apogee of] Venus is proclaimed by calculators [to be] 16, 53, 23, 32, 9; [that] of Saturn
0, 54, 57, 51, 23. [These] are multiplied by the elapsed years [and] diminished by their own
dhruvas; [they] become [the mean longitudes of] the planets [in units of naks. atras] at the
start of the solar year.

11, 37, 2, 33 is Mars’s dhruva, 5, 25, 37, 16 [that of the śı̄ghra-apogee] of the Moon’s
son [Mercury], then the dhruva of Jupiter is 3, 6, 48, 36, of [the śı̄ghra-apogee] of Venus
1, 32, 3, 9, [and] of Saturn 10, 22, 3, 32 is stated.

The multiplication of the yearly velocity or annual mean longitude increment (given
in arc-units of 13◦;20 naks. atras) by the number of elapsed years since epoch
produces an integer number of completed revolutions plus a fractional revolution
or mean longitude at the start of the current year. (The mean longitude increments
for the lunar node are also tabulated, in this case for 1 to 27 periods of 27 years, 1
to 27 single-year periods, and 1 to 27 avadhis.)

According to the verse, the user’s accumulated mean longitude increments for
the planets in arc-units of naks. atras are to be diminished rather than increased by
the planetary dhruvas or epoch positions to get the desired mean longitudes for the
start of the current year. This appears to be because the epoch dhruvas are in fact
“complementary” longitudes: i.e., 27 naks. atras or one full circle minus the actual
epoch mean longitudes.

Besides this algorithmic approach, the Grahajñāna supplies pre-computed tables
of such mean longitude increments also in naks. atras (modulo complete revolutions).
The tables cover Mars, Mercury’s śı̄ghra-apogee, Jupiter, Venus’s śı̄ghra-apogee,
and Saturn for time intervals of 1 to 9 single years, 1 to 9 decades, 1 to 9
centuries, and 1 to 10 millennia. Figure 5.2 illustrates their structure with the mean
longitudinal displacement tables for Mars.

4The edition reads svayugānyadho at the end of this verse.
5The edition reads aśvi “2” for aśva “7” in this line.



196 5 The evolution of the table-text genre

Fig. 5.2 Mean longitudinal displacement tables from the Grahajñāna (IO 2464c f. 2r, Mars)
including the epoch adjustment (ks. epa; second column, first row) and the bı̄ja (third column, first
row).

Synodic phenomena. The periods in days of retrogradation and direct motion for
each star-planet are specified in the following verse (Pingree 1989, p. 8, verse 14):

vakrāh. sāgaraparvatās trinayanā dvyarkā navāmbhodhayaś
candrendrā r. n. abhuktijā dhanagatau s. ad. vyomaśailāh. kramāt ||
tryaṅkāh. saptanagāśvino ’ks. ahutabhugbān. ā nagatryaśvino
bhaumāder grahaman. d. alasya divasā mārgāditah. kı̄rtitāh. || 14 ||
Retrogradations: 73, 23, 122, 49, 141, with negative velocity; in positive velocity 706, 93,
277, 535, 237 respectively are the declared days of [each] planetary cycle beginning with
Mars from the start of [its] direct motion.

Figure 5.3 illustrates a crude tabular approximation of this data in the tables of
true motion for Mercury. The velocity value in the second row of the entry for a true
longitude when the planet is retrograde is marked negative with a

Ś

symbol, while
the corresponding velocity value after the next reversal of the planet’s direction is
marked positive.

5.2.2 Textual instructions for table use

The core of the Grahajñāna as a table text is its extensive set of tables of true
planetary longitudes. Each planet has 360/13;20 = 27 such tables, one for
each successive naks. atra of mean longitude (although the only known manuscript
witness to these tables omits the ones for Venus and Saturn). The user enters them
with a given mean longitude (in integer and fractional naks. atras) of a desired planet
for a desired time and interpolates in two dimensions: between successive tables
depending on the position of the planet, and between successive entries within a
table depending on the mean position of the sun.
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Fig. 5.3 True longitude tables from the Grahajñāna (RAS Tod 36c f. 1r, Mercury, paṅkti 8 and 9)
indicating changes between negative and positive true velocity (i.e., retrograde and direct motion)
with sign markers in the second row of the tables.

For instance, consider the two successive tables (paṅktis) of Mercury’s true longi-
tude for 7 and 8 completed naks. atras, respectively, of mean longitude in Figure 5.3.
Suppose a user wishes to compute Mercury’s true longitude corresponding to its
mean longitude of 7;20 naks. atras at a time when the mean sun’s position is 4;30
naks. atras. The first step would be to find the midpoint between the fifth and sixth
true longitude entries in each table (in accordance with the fractional part of the
sun’s position), after which one would interpolate one-third of the way between
those two results (in accordance with the fractional part of Mercury’s position) to
arrive at the desired true longitude.

This procedure is described by Āśādhara in the following two verses, emphasiz-
ing the interpolation between successive tables (Pingree 1989, p. 7, verses 8–9):

yāvanti bhuktāni bhavanty ud. ūni
kujādikair abdamukhe grahendraih. ||
tattulyapaṅktyam. śaśarāh. sphut.ās te
sūrye ’śvinı̄mukhagate kramen. a || 8 ||
However many [integer] naks. atras [of mean longitude have been] completed at the
beginning of the year by the planets beginning with Mars, [their] true [positions] are the
degrees [of longitude and] latitude in the [true-longitude] table (paṅkti) commensurate with
that, when the sun is in [the naks. atras] beginning with Aśvinı̄, in order.

gatais. yapaṅktyudbhavakhetayoś ca
pr. thag lavādyantaram eva kuryāt ||
svarn. am. ghat. ı̄ghnam. kharasāptam es. yān
yūnādhike bhuktanabhaścarendre || 9 ||
And one should make the difference in degrees etc. of the two [true longitudes of the] planet
in the elapsed and next [true-longitude] tables separately. [That difference] multiplied by the
sixtieths [i.e., the fractional part of the planet’s mean longitude], divided by 60, [is applied]
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positively or negatively when the past [longitude of the] planet is less or greater than the
future one [respectively].

Here the textual content is devoted exclusively to specifying the techniques for
table use, rather than expounding algorithmic methods as alternatives to tables. It
should be reiterated that the incoherence of the surviving versions of the work makes
it very difficult to determine exactly how its author originally structured it, and how
its structure was altered by later scribes. But it seems likely that no verse algorithms
for independently reproducing the tabulated true longitudes ever formed part of the
Grahajñāna: such computational schemes remained buried in the table data.

5.2.3 Influences and impacts

The textual and scribal history of the Grahajñāna, as far as we know it, places
it unambiguously in western India and in the tradition of the Rājamr. gāṅka. The
explicit connection between the two works is limited to one line quoted without
attribution from the earlier work in a commentary on the later one, namely the
Āśādharadı̄pikā composed in 1554.6 But the anonymous commentator’s inference
about their relationship seems plausible. More far-reaching is Pingree’s hypothesis
that the fundamental form of the Grahajñāna’s mean-to-true structure originated
in the seventh-century Dhyānagrahopadeśādhyāya, a supplementary chapter to
Brahmagupta’s seminal siddhānta work Brāhmasphut.asiddhānta of 628 (Dvivedı̄
1901–1902). (The Dhyānagrahopadeśādhyāya does employ naks. atra arc-units but
prescribes planetary equations in typical mean-with-equation form.)

Almost all of the Grahajñāna’s attested text was subsequently incorporated
into the 120 verses of a karan. a composed in around 1580, the Gan. itacūd. āman. i
of Harihara. Near the end of the text, Harihara explicitly invokes the works of
Āśādhara and Bhojarāja, as well as the Karan. akutūhala of Bhāskara and the
Laghukhecarasiddhi derived from it (both discussed in the following section) and a
Pañcāṅgapattra (Pingree 1989, p. 32):7

kutūhalād rājamr. gāṅkād vā
āśādharāt khecarasiddhitas tu ||
pañcāṅgapatrād vidadhı̄ta khetān
spas. t.ān sukhārtham. punar atra samyak || 114 ||
From the [Karan. a-]kutūhala or the Rājamr. gāṅka, from Āśādhara and the Khecarasiddhi,
[or] from the Pañcāṅgapatra, one could establish [the positions of] the true planets;
however, for the sake of simplicity, here [in this work it is] correctly [done].

6See, for this and the following references to Harihara, the combined edition of the Grahajñāna
and the Gan. itacūd. āman. i published in Pingree (1989).
7This Pañcāṅgapattra may refer to the approximately contemporary Candrārkı̄ of Dinakara, who
introduces the work as a patra “leaflet” called pañcāṅga “calendar/almanac”, see Kolachana et al.
(2018).
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5.3 Brahmatulyasāran. ı̄ and Laghukhecarasiddhi

5.3.1 The Karan. akutūhala of Bhāskara

The two table texts treated in this section are adaptations of the renowned handbook
Karan. akutūhala (“Wonder of karan. as”) composed by Bhāskara II with epoch date
Śaka 1105 (23 February 1183), also known as the Brahmatulya (“equal to the
Brāhmapaks.a”). It is the first identifiable karan. a text to have been systematically
recast by later authors in table-text form. Some of its characteristic formulas that
they relied on are discussed below; see Sections 2.1.2 and 2.1.5 for related details.

manda-equation. For the planetary longitude equation μ or correction derived
from the manda-anomaly, the Karan. akutūhala prescribes the following approxi-
mation algorithm (Mishra 1991, p. 23, verses 2.9–10ab):

sūryādikānām. mr. dukendradorjyā
digghnı̄ vibhājyā ca svapañcabānaih. ||
nāgāgnidasrair giripūrn. acandrai-
rvasvaṅkabhūmirvasunetranetraih. || 9 ||
yugās. t.aśailair munipañcacandraih.
phalam. lavāh. kendravaśād dhanarn. am ||
The Sines of the manda-anomalies [of the planets] beginning with the sun are to be
multiplied by 10 and divided by 550, 238, 107, 198, 228, 784, [and] 157. The result in
degrees [is] positive or negative according to [the value of] the anomaly.

This rule is equivalent to the following expression:

μ ≈ 120 sin κM · 10

manda-divisor

where the “manda-divisor” is a parameter customized for each planet, as shown in
column 2 of Table 5.2. The resulting manda-equation or μ values are to be applied
positively or negatively depending on what quadrant the anomaly falls in.

manda velocity correction. The planetary velocity correction
M

�v due to the
manda-anomaly is determined in the Karan. akutūhala as follows (Mishra 1991,
p. 24, verses 2.11cd–12):

Table 5.2 Planetary
parameters for
manda-corrections according
to the Karan. akutūhala’s
approximations. Column 2:
Divisors for computing the
manda-equation. Column 3:
Scale factors for the velocity
correction.

Planet Manda-divisor Velocity-correction factor

Sun 550 1/9

Moon 238 13/4

Mars 107 2/7

Mercury 198 2/7

Jupiter 228 1/50

Venus 784 1/12

Saturn 157 1/120
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svabhogyakhan. d. am. navahr. tkharām. śor
viśvāhatam. vedahr. tam. himāśoh. || 11 ||
dvighnam. nagāptam. kujasaumyayośca
khāks. air inaih. khārkamitaiś ca bhaktam ||
jı̄vādikānām. ca gateh. phalam. tat
svarn. am. kramāt karkamr. gādikendre || 12 ||

Its own current [R sin-]difference [of the manda-anomaly] is divided by 9 in [the case of]
the sun; multiplied by 13 [and] divided by 4 in [the case of] the moon; multiplied by 2 [and]
divided by 7 in [the case of] Mars and Mercury; divided by 50, 12 and 120 [respectively
in the case] of [the remaining planets] beginning with Jupiter. That is the correction of the
velocity, [applied] positively [or] negatively according as the anomaly is in [the six signs]
beginning with Cancer [or] Capricorn.

This algorithm approximates the Siddhāntaśiroman. i formula

M

�v = (v̄ − vAM
) · cos κM · (rM/R)

by

M

�v ≈ �R sin κM · scale factor

where �R sin κM is the value in the Karan. akutūhala’s R sin-difference table
corresponding to the 10◦ interval within which the anomaly κM falls. (See Mishra
(1991, p. 21, verses 2.6–7) and column 3 of Table 5.3 for these R sin-differences.)
This R sin-difference is a fairly crude substitute for the R cos κM in the previous
formula; it is then simply multiplied by a scale factor tailored to the given planet, as
shown in column 3 of Table 5.2 (Montelle and Plofker 2015, pp. 15–16).

Sample values resulting from these approximations for solar anomaly values at
10◦ intervals are listed in Table 5.3.

Table 5.3 The solar manda-equation and corresponding velocity-correction (gatiphala) recon-
structed from the Karan. akutūhala’s approximation formulas for each multiple of 10◦ of anomaly in
the first quadrant. Column 5 is computed by multiplying the solar scale factor 1/9 by the successive
Karan. akutūhala R sin-differences in column 3.

Anomaly (◦) R sin �R sin manda-equation (◦) gatiphala (′)
10 21 21 0;22,54,. . . 2;20,0

20 41 20 0;44,43, . . . 2;13,20

30 60 19 1;5,27,. . . 2;6,40

40 77 17 1;24 1;53,20

50 92 15 1;40,21,. . . 1;40,0

60 104 12 1;53,27,. . . 1;20,0

70 113 9 2;3,16,. . . 1;0,0

80 118 5 2;8,43,. . . 0;33,20

90 120 2 2;10,54,. . . 0;13,20
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manda-correction for Mars. The Karan. akutūhala additionally defines a special
manda-correction for Mars as dependent on the śı̄ghra-anomaly or elongation
between Mars and the mean sun (Mishra 1991, p. 20, verse 2.5)8:

bhaumāśukendre padayātagamya-
svalpasya liptāh. khakhavedabhaktāh. ||
labdhām. śakaih. karkamr. gādikendre
hı̄nānvitam. spas. t.am asr. ṅmr. dūccam || 5 ||
In the case of Mars’s śı̄ghra-anomaly, the minutes of [whichever is] the lesser of [the part]
past and [the part] to come of [its] quadrant are divided by 400. Depending on whether the
anomaly is in [the semicircle] beginning with Cancer or Capricorn, [the longitude of] the
manda-apogee of Mars diminished or increased [respectively] by the degrees of the quotient
is correct.

That is, for every degree of synodic elongation between Mars and its nearest point of
conjunction, opposition, or quadrature, the longitude of its manda-apogee changes
by 9 arcminutes. If the planet is within 90◦ of opposition, the apogee longitude is
increased by this amount, or decreased by it if Mars is within 90◦ of conjunction.

Right ascensions. The Karan. akutūhala states the standard three rising-times at
Laṅkā (see Figure 4.21) as follows (Mishra 1991, p. 35, verse 3.1):

laṅkodayā nāgaturaṅgadasrā |
goṅkāśvino rāmaradā vinād. yah. ||
kramotkramasthāś carakhan. d. akaih. svaih. |
kramotkramasthaiś ca vihı̄nayuktāh. || 1 ||
The rising times at Laṅkā [for the first three zodiacal signs are] 278, 299, and 323, [measured
in] vinād. ı̄s. [These right ascensions] in order and reversed are [respectively] decreased and
increased by [one’s] own ascensional differences [to produce oblique ascensions].

The two kos. t.haka versions of the Karan. akutūhala discussed here, the anonymous
Brahmatulyasāran. ı̄ and the Laghukhecarasiddhi of Śrı̄dhara, illustrate how differ-
ently the same handbook can be regarded for the purpose of adaptation into tables.9

5.3.2 Brahmatulyasāran. ı̄: Overview

Other than its title and a brief reference in one verse to an algorithm “stated in the ka-
ran. a,” this kos. t.haka makes no direct claim about its relationship to the Karan. akutū-
hala/Brahmatulya of Bhāskara. In fact, it contains no statement at all concerning its
authorship, date of composition, or other identifying information.10 Furthermore,

8This rule follows Bhāskara’s own Siddhāntaśiroman. i (Śāstrı̄ 1989, p. 46, verses 2.24–25). For
details see Montelle and Plofker (2015, pp. 26–28) and Plofker (Forthcoming).
9The textual content of the Brahmatulyasāran. ı̄ has been edited with a translation and study in
Montelle and Plofker (2015), which, however, omits to mention some of its extant manuscripts.
The Laghukhecarasiddhi is edited and discussed in Pingree (1976).
10There exists a work entitled Karan. akutūhala-gata-sāran. ı̄ composed by one Nāgadatta (Pingree
1970–94, A5.166), but the relation, if any, between this work and the Brahmatulyasāran. ı̄ remains
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only two of its eleven known manuscripts are explicitly titled Brahmatulyasāran. ı̄,
although similarities of content establish their common identity. But its adoption of
the karan. a’s 1183 epoch date and the evident influence of the Karan. akutūhala’s
text on both its numerical data and its verses confirm its derivation from Bhās-
kara’s handbook, although various bı̄jas and other corrections appended to the tables
suggest that it was in use several centuries later than Bhāskara’s date (Montelle and
Plofker 2015, p. 3).

The Brahmatulyasāran. ı̄’s verses, numbering around ten and appearing only in
a minority of its known manuscripts, contain primarily instructions for using its
tables. The introductory verse sets out the aims of the work:

natvā vallabhanandanam. tadanugopālām. hripadmadvayam.
jñātvā śrı̄guruvākyato hy aharniśam. [dr. s. t.vā] dyum evādhunā ||
siddhāntes. u yathoktakhecaravidhi[bhya]h. spas. t.akos. t.am. muhur
madhyaspas. t.avibhāgato grahagan. āt kurve dinaughād aham || 1 ||
Saluting Vallabhanandana [?] and after him the two lotus feet of Vis.n. u, having learned
from the word of the revered teacher and having observed the heavens themselves by day
and night, now I shall compute an accurate set of tables from the rules of the planets as
spoken in the siddhāntas, separately for mean and true [quantities], for the various planets,
from the accumulated days.

5.3.3 Laghukhecarasiddhi: Overview

The Laghukhecarasiddhi (“Easy determination of the planets”) was composed for
epoch Śaka 1149 (Saturday 20 March 1227) by the astronomer Śrı̄dhara.11 It
contains a set of planetary tables with an accompanying text of twenty-one verses.
The distribution of the surviving manuscripts (three which have been studied, and
a few at present unknown except by title) suggests that Śrı̄dhara was located in
western India.12 The opening and closing verses and the colophon contain all the
available details concerning its composition:

nārāyan. am. śrı̄dharapādapadmam.
pārāyan. am. pun. yavatām. pran. amya ||
śrı̄brahmasiddhāntasamām. karomi

to be investigated. Tables from the Brahmatulyasāran. ı̄ are shown in the manuscript images in
Figures 2.15, 3.3, 4.2, 4.9, 4.13, and 4.28.
11The scribe of Manuscript L (Pingree 1976) notes that this is 16,096 days from 23 February
1183 epoch of Bhāskara II’s Karan. akutūhala. This number is equivalent to 4 × 4016, the latter
number being a fundamental time period used in Gan. eśa’s Grahalāghava (see Section 4.1). Various
tables from the Laghukhecarasiddhi are shown in the manuscript images in Figures 2.14, 2.16, 3.6,
and 4.18.
12There is some evidence that he may have been working in Khāndeśa, in the territory of the
Yādavas, where perhaps he encountered two of Bhāskara II’s relatives who were astrologers at the
court of Siṅghan. a (ca. 1210–1246), the Yādava monarch of Devagiri (Pingree 1976, p. 2).
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śrı̄śrı̄dharah. khecarasiddhim alpām || 1 ||
nandābdhirudronaśako [. . .]

Having bowed to Nārāyan. a, the lotus-footed Vis.n. u, [and] the totality of the auspicious
ones [?], I, the eminent Śrı̄dhara, construct [this] brief Khecarasiddhi equal to the sacred
Brahmasiddhānta. The Śaka [year] diminished by 1149 [. . .]

pāt. ı̄kut.t.akabı̄jagolasahitān gan. itān paitāmahādı̄n vayam.
siddhāntān api manmahe pratidinam. khet.ān api prasphut.ān ||
ity ākarn. ya vidām. vacām. si kr. payā śrı̄śrı̄dharah. prasphut.ām.
cakre khecarasiddhim indudhavalām. satkı̄rtivallı̄m iva || 21 ||
iti śrı̄gan. akacakracūd. āman. iśrı̄śrı̄dharācāryaviracitā laghukhecarasiddhih. samāptā ||
“We consider the mathematics treatises beginning with the Paitāmaha, combined with
arithmetic and indeterminate equations and algebra and spherics, as well as the accurate
daily [longitudes of the] planets”: having thus heard the statements of the wise, out of
compassion I, the eminent Śrı̄dhara, have made the accurate moon-lovely Khecarasiddhi
like a vine [?] of good reputation.

Thus the Laghukhecarasiddhi composed by the eminent teacher Śrı̄dhara, the crest-jewel of
the tribe of excellent mathematicians, is complete.

It remains unclear whether Śrı̄dhara considered his composition an abridgement of
some existing larger work called Khecarasiddhi, or whether the designation laghu
was added to its title by later copyists or users.

5.3.4 Adapting karan. a algorithms to kos. t.haka tables

Tables 5.4 and 5.5 summarize the treatment of various portions of the Karan. akutū-
hala’s content in these two kos. t.haka texts. The Karan. akutūhala also contains much
additional material on the standard “ten chapters” jyotis. a topics that is not treated in
these kos. t.hakas, to wit (Plofker 2016):

Chapter 3: 16 verses on time and locality
Chapter 4: 23 verses on lunar eclipses
Chapter 5: 9 verses on solar eclipses
Chapter 6: 15 verses on synodic phenomena of the planets (some of which were

adapted into the Laghukhecarasiddhi, as summarized in Table 5.5)
Chapter 7: 4 verses on the lunar crescent
Chapter 8: 6 verses on planetary conjunctions
Chapter 9: 15 verses on the pātas
Chapter 10: 4 verses on syzygies

The Brahmatulyasāran. ı̄ and Laghukhecarasiddhi provide illuminating (and, as
far as is currently known, unprecedented) glimpses of procedures by which a
handbook, or rather a heavily abridged version of a handbook, was recast as a table
text. The two works sometimes differ widely in how they employ and present their
source material. An example of this is seen in Figures 5.4 and 5.5, which contain
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Table 5.4 Comparison of Karan. akutūhala content and corresponding material in Brahmatulya-
sāran. ı̄ and Laghukhecarasiddhi, I.

Karan. akutūhala

verse(s) Brahmatulyasāran. ı̄ Laghukhecarasiddhi

Computation of
ahargan. a, 1.2–3

Invokes Karan. akutūhala
algorithm, 2

Algorithm similar to
Karan. akutūhala’s, 2–3

Planetary epoch mean
longitudes, 1.4–6

Incorporated into mean longitude
increment table

Appended to mean longitude
increment table; instructions
for combining with mean
longitude increments, 4

Algorithms for mean
longitude computation,
1.7–12

Tables of mean longitude
increments

Tables of mean longitude
increments

Mean daily velocities,
1.13

Algorithm for local
longitude-difference
correction, 1.14–15

Invokes local longitude-difference
correction and rāmabı̄jas, 3

Algorithm for local
longitude-difference
correction, 5

Corrections for more
accurate mean
longitudes, 1.16

Planetary apogee
longitudes, 2.1

Sometimes stated in equation
tables paratext

Parameters of śı̄ghra
epicycles, 2.2

Incorporated into śı̄ghra-equation
tables (sometimes stated in
equation tables paratext)

Incorporated into
śı̄ghra-equation tables

Table interpolation procedure, 4

Determining argument
and sign of equation,
2.3–4

Determining argument and sign of
equation with interpolation in
tables, 5–7

Determining argument of
equation, 6

Algorithms for special
corrections for
parameters of Mars,
2.5–6

Invokes special table for Mars
manda-apogee correction, 10

Same algorithm as
Karan. akutūhala for Mars
manda-apogee correction, 7

excerpts from the lunar mean longitude tables of the Laghukhecarasiddhi and the
Brahmatulyasāran. ı̄, respectively. The former tabulates the longitude increments for
1, 10, and 100 365-day years and for 1, 10, and 100 days, while the latter computes
them separately for 1–30 days, 1–12 30-day “months,” 1–20 360-day “years,” and
1–30 20-“year” periods (Montelle and Plofker 2015, pp. 7–9).

The Karan. akutūhala’s trigonometric techniques for correcting mean to true
longitudes were also handled in significantly different ways by Śrı̄dhara and
the author of the Brahmatulyasāran. ı̄. The Brahmatulyasāran. ı̄’s table entries for
individual degrees within the 10◦ intervals have evidently been produced by linearly
interpolating between results thus computed, as we can see from the table excerpt in
Figure 5.6. But its verse instructions confine themselves to explaining the mechanics
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Table 5.5 Comparison of Karan. akutūhala content and corresponding material in Brahmatulya-
sāran. ı̄ and Laghukhecarasiddhi, II.

Karan. akutūhala verse(s) Brahmatulyasāran. ı̄ Laghukhecarasiddhi

Computation of sine and
arc values, 2.6–8

Computation of
manda-equation, 2.9–10

Incorporated into
manda-equation tables; table
interpolation procedure, 4

Incorporated into
manda-equation tables;
determining argument and sign
of equation with interpolation in
tables, 8

Equation of time
correction for moon, 2.11

Velocity correction due to
manda, 2.11–12

Incorporated into
manda-equation tables; table
interpolation procedure, 5

Table interpolation procedure,
9–10

Computation of
śı̄ghra-equation, 2.13–14

Incorporated into
śı̄ghra-equation tables;
instructions for table use, 6–7

Incorporated into
śı̄ghra-equation tables;
instructions for table use, 14–15

Iteration of equation
corrections, 2.14

Iteration of equation
corrections, 7

Iteration of equation
corrections, 16

Velocity correction due to
śı̄ghra, 2.15–16

Velocity correction from table
entries based on method in
Siddhāntaśiroman. i, 8–9

Determination of velocity
correction due to śı̄ghra, with
interpolation, 17–18

Equation of time
correction, precession
2.16–17

Tables of the equation of time
correction

Precession, 10

Computation of
ascensional differences,
2.18–19

Computation of ascensional
differences and half-equation of
daylight, 11–12

Longitude correction due
to ascensional differences,
2.19

Longitude correction due to
ascensional differences, 13–14

Conversion to different
time-units, 2.20–21

Conversion to different
time-units, 19

Planetary synodic
phenomena, 6.5–7

Table of planetary synodic
phenomena

Conversion of synodic
intervals from degrees to
days, 6.8

Conversion of synodic intervals
from degrees to days, 20

Longitudes of planetary
nodes, 6.9

Table of planetary node
longitudes

of interpolation when using the table rather than identifying the algorithm on which
it was based (Montelle and Plofker 2015, pp. 11–16, verses 4–5):

kendrasya doram. śamitiś ca kos. t.e
bhuktam. tadagram. parabhogyakam. ca ||
kalādikam. tadvivarāhatam. tu
s. as. t.yuddhr. tam. bhuktakamānakena || 4 ||
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Fig. 5.4 Mean longitudinal
displacement tables from the
Laghukhecarasiddhi (IO
2408b f. 5r, Moon) with
marginal corrections.

Fig. 5.5 Mean longitudinal displacement tables from the Brahmatulyasāran. ı̄ (Smith Indic MB
LVIII f. 1v, Moon).

Fig. 5.6 Manda-equation tables (excerpt) from the Brahmatulyasāran. ı̄ (Smith Indic 45 f. 6v, Sun)
for arguments 70–90.

The amount in degrees of the arc of the [desired] anomaly (kendra) is [entered] in the table.
[The table entry for the degree] before that is the “elapsed” (bhukta) and [then] the following
“future” (bhogya). The minutes etc. [of the argument] are multiplied by the difference of
those [i.e., the two table entries] and divided by sixty, [and the result increased] by the
amount of the “elapsed”.
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yuktam. bhaven mandaphalam. grahān. ām.
svarn. am. kramān mes. atulādikendre ||
grahasya bhuktir vivarāhatam. ca
s. as. t.yuddhr. tam. kendravaśād dhanarn. am || 5 ||
The manda-equation (mandaphala) of the planets should be applied positively or negatively
[to the mean longitude of the planet] when the anomaly (kendra) is in [the semicircle]
beginning with Aries or Libra respectively (i.e., when the anomaly is between 0 and 180
or between 180 and 360 degrees). The velocity of a planet [is modified by the manda-
correction as follows: the fractional part of the desired value of anomaly], multiplied by
the difference [between successive entries in the table of velocity-correction (gatiphala)]
and divided by sixty, [is the increment to the appropriate tabulated gatiphala entry. The
resulting gatiphala is applied to the mean daily velocity] positively or negatively according
to [whether] the anomaly [is in quadrants II and III or quadrants IV and I respectively].

Śrı̄dhara’s approach to this material in the Laghukhecarasiddhi, on the other
hand, follows the Karan. akutūhala in computing only nine manda-equation values,
one for each 10◦ in the first quadrant of anomaly (Pingree 1976, p. 5, verse 8):

bhujām. śakāh. khenduhr. tās tu mānda-
kos. t.hās tadais. yāntaranighnases. āt ||
digāptayuṅmandaphalam. grahes. u
svarn. am. svakendre ’jatulādige syāt || 8 ||
The degrees of the arc divided by 10 [are the arguments for] the table-entries of the manda-
[equation]. From the [fractional] remainder (śes. a, in arcminutes and so on) multiplied by
the difference between that [elapsed table-entry] and the next [table-entry], the [elapsed]
manda-equation [table-entry] joined to [that] divided by 10 [produces the correct manda-
equation. This] should be applied positively or negatively [to the mean longitude], as its
anomaly (kendra) is in [the semi-circle beginning with] Aries or Libra [respectively].

But as the Laghukhecarasiddhi solar equation table in Figure 5.7 reveals, Śrı̄dhara
appears to be using both a different value for the maximum equation and a different
procedure for deriving the other tabulated values of it. In fact, our reconstruction
of the table compilation (see Montelle and Plofker forthcoming) suggests that he
abandoned the Karan. akutūhala’s linear approximation technique altogether in favor
of the theoretically exact trigonometric correction model outlined in Section 2.1.2.

The two kos. t.haka works likewise differ in their treatment of the Karan. akutū-
hala’s special manda-correction for Mars. The Laghukhecarasiddhi prescribes for
this adjustment a verse algorithm identical in meaning, and strikingly similar in
form, to the Karan. akutūhala’s (Pingree 1976, p. 5, verse 7):

Fig. 5.7 Table of solar
manda-equation from the
Laghukhecarasiddhi (IO
2408b f. 6r, Sun).
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Fig. 5.8 Table of corrections to Mars’s apogee from the Brahmatulyasāran. ı̄ (Smith Indic 45 f. 7v).

bhaumāśukendrasya padais. yayāta-
svalpasya liptāh. khakhavedabhaktāh. ||
āptām. śahı̄nād. hyam asr. ṅmr. dūccam.
sphut.am. bhavet karkimr. gādikendre || 7 ||

The Brahmatulyasāran. ı̄ invokes instead the pre-compiled table shown in Figure 5.8.
Each degree of argument from 1 to 45 (the maximum elongation from a quadrant
boundary) is just multiplied by 0;9 to produce the appropriate entry for the
correction in arcminutes to the manda-apogee longitude. The accompanying rule
for retrieval and application of these tabulated values is a slightly modified version
of Bhāskara’s (Montelle and Plofker 2015, pp. 26–28, verse 10):

bhaumāśukendrasya padasya jāta-
gamyasya bhāgāh. phalavat phalam. ca ||
kulı̄ra[na]krādigate svakendre
hı̄nādhikam. spas. t.am asr. ṅmr. dūccam || 10 ||
The degrees of the past [or] future [part, whichever is smaller,] of the quadrant of the śı̄ghra-
anomaly of Mars are like [the argument of an] equation [in the table of manda-apogee
correction for Mars]. And the [corresponding] equation, when its own [śı̄ghra-]anomaly is
in Cancer or Capricorn, is [respectively] subtracted or added [to make] the manda-apogee
of Mars accurate.

Although the Brahmatulyasāran. ı̄’s author likewise closely follows Bhāskara’s
phrasing, he has transferred even the trivial task of division by 400 (or equivalently
multiplication by 9/3600) from the user of the work to the compiler of its tables.

A similar comparison of the two kos. t.hakas’ approaches to the Karan. akutūhala’s
śı̄ghra-correction techniques yields some other interesting divergences. The trigono-
metric procedures for finding the śı̄ghra-equation summarized in Section 2.1.3 are
converted in the Laghukhecarasiddhi to a set of 18 tabulated values per planet as
illustrated in Figure 5.9, accompanied by the following instructions for interpolating
within their 10◦ intervals (Pingree 1976, p. 6, verses 14–15):
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Fig. 5.9 Śı̄ghra-equation tables from the Laghukhecarasiddhi (IO 2408b f. 8r, Venus (top) Saturn
(bottom)).

grahonaśı̄ghram. calakendram eta-
ñcakrād viśodhyam. rasabhādhikam. cet || 14 ||
tadam. śakādho daśabhir hr. tah. syāt
kos. t.has tadais. yāntaranighnaśes. āt ||
digāptahı̄no gatakos. t.ha es. ye
hı̄nam. phalam. syād adhike tu yuktam || 15 ||
The [longitude of the] śı̄ghra[-apogee] diminished by [that of] the planet is the śı̄ghra-
anomaly; it is to be subtracted from a [full] circle if greater than six signs. The [integer
result of] the degrees of that divided by ten should be the [number of the] table entry. The
tenth part from the remainder [from dividing the anomaly degrees by ten] multiplied by the
difference [between] that [entry] and the next [should be] the result, subtracted from the
past entry if the next [entry] is smaller [than the past], added if [it is] larger.

The Brahmatulyasāran. ı̄, on the other hand, provides not only a more detailed set
of tables listing values of the śı̄ghra-equation, their successive differences, and the
corresponding orbital hypotenuse distance (as illustrated in Figure 5.10), but also
a more complicated procedure for extracting and using these data (Montelle and
Plofker 2015, pp. 16–26, verses 6–8):

grahon. am uccam. ca phalam. rasādhikam.
cet sūryatah. śodhya lavādikam. kr. tam ||
bhāgāṅkasam. khyāgatakos. t.akam. tayoh.
kalādikam. śes. am. vivarāhatam. tat || 6 ||
s. as. t.yā vibhaktam. svam r. n. am. ca bhogyāt
kāryam. vihı̄nādhi[ka]tatkramen. a ||
ādau hi mandārdha [x] kena tasmāt
samagram. [x x x] punah. punaś ca || 7 ||
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Fig. 5.10 A page from the Brahmatulyasāran. ı̄ (Smith Indic 45 f. 14v) showing the first 60 entries
of Venus’ śı̄ghra-equation table.

drākkendrabhuktir vivaren. a nighnā
s. as. t.yuddhr. tam. svam. ca phalasya vr. ddhau ||
hrāsa r. n. am. mandagater grahān. ām.
kr. tām iti syāt sphut.akhet.abhuktih. || 8 ||
[The longitude of] the [śı̄ghra-]apogee is diminished by [the longitude of] the planet.
Having subtracted the result from 12 [signs] if it is greater than 6, it is made into degrees etc.
[Subtract from this reduced śı̄ghra-anomaly] the previous table entry for the number [equal
to its] number of degrees; the remainder [from the subtraction] of those two is in arcminutes
and so on. That is multiplied by the difference [between the previous and the next table
entries, and] divided by sixty. [The result is] applied [to the previous entry] positively or
negatively, according as that is respectively less or greater than the next entry. At first, [the
mean longitude is corrected] with half the manda-equation and afterwards with the whole,
repeatedly.

The velocity of the śı̄ghra-anomaly is multiplied by the difference [between successive
śı̄ghra-equation values corresponding to that śı̄ghra-anomaly] and the quotient with sixty [is
applied] positively with respect to the manda[-corrected] velocity of the computed planets
when there is increase of the equation [in successive tabulated values], negatively when
there is decrease. Thus the velocity of the true planet should be [computed].

These instructions commence with rules similar to those in the Laghukhecara-
siddhi for computing and reducing the śı̄ghra-anomaly and applying the resulting
equation. But the rule for the velocity correction, as discussed in Montelle and
Plofker (2015, pp. 16–26), is significantly different from that in the Karan. akutūhala
(and from the Laghukhecarasiddhi which doesn’t address this correction in any
way). It follows instead Bhāskara’s treatise Siddhāntaśiroman. i in using the change
between two values of the śı̄ghra-equation to compute the resulting correction in
the planet’s velocity. Ingeniously, the author of the Brahmatulyasāran. ı̄ has taken
advantage of his tabular format to interpret the change in the śı̄ghra-equation as
simply the recorded difference between two successive entries in the table.
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To sum up, these two adaptations of Bhāskara’s Karan. akutūhala illustrate how
the same highly regarded handbook, disseminated since the late twelfth century in
the traditional strictly verse karan. a format with no separate numerical tables, was
rendered into kos. t.haka versions in very different ways. As we have seen, both Śrı̄-
dhara and the author of the Brahmatulyasāran. ı̄ clearly borrowed from Bhāskara in
composing their verses. Their quite distinct approaches to structuring their tables
may be due to individual innovations, or to imitation of earlier conversions from
verse-only karan. as to table-focused kos. t.hakas, or some combination of both.

It is likewise unclear exactly how the later tradition of table texts was influ-
enced by these two kos. t.haka versions of the Karan. akutūhala (especially since
we do not know exactly what “later” means with respect to the imprecisely
dated Brahmatulyasāran. ı̄). The uncertainty is compounded by the possibility of
imperfectly identified additional works or recensions bearing some form of the name
Karan. akutūhalasārin. ı̄, see, for instance, MS BORI 501/1895–1902 ff. 2–28. Other
than the brief allusion by Harihara already discussed (Section 5.2.3), we know of
no subsequent author who cites these tables, nor any who followed their example of
combining the mean-with-equation format with Brāhmapaks.a parameters.

5.4 Mahādevı̄ of Mahādeva

The Mahādevı̄ (epoch Śaka 1238/1316 CE), named after its author Mahādeva,
became the standard planetary kos. t.haka in mean-to-true format within the Brāhma-
paks.a school. In the numerous surviving manuscripts of the Mahādevı̄, its extensive
set of tables is frequently accompanied by a text of around 43 verses entitled
Grahasiddhi which contains some details about Mahādeva’s lineage as well as the
usual instructions and data for using the tables.13 Its many commentators include
Nr.sim. ha (1528) of Nandipura, Dhanarāja (1635) of Padmāvati in Mārwār, and
Mādhava (Pingree 1968, p. 37).

In his introductory verse, Mahādeva attributes the origin of this seminal work to
another author, Cakreśvara (Pingree 1970–94, A4.374, 376):

siddhim. karotı̄śajakendrabhorvı̄-
nādı̄n śivau ks. etrapavāggurūm. ś ca ||
cakreśvarārabdhanabhaścarāśu-
siddher mahādeva r. s. ı̄m. ś ca natvā || 1 ||

13Tables from manuscripts of this work are shown in Figures 3.7, 3.17, and 4.8. For more details
on the work and its author, see Pingree (1968, pp. 37–39), Neugebauer and Pingree (1967), Pingree
(1973, p. 82), and Pingree (2003, pp. 51–54). Aspects of the Mahādevı̄’s tables were investigated
in Neugebauer and Pingree (1967), the first detailed analysis of a mean-to-true kos. t.haka. Given
the distribution of its extant manuscripts, it seems likely Mahādeva was working in Gujarāt or
Rājasthān. However, the genealogy in the closing verses (41–43) of the Grahasiddhi identifies his
father as Parāśurāma, son of Padmanābha, son of Mādhava, son of Bhogadeva of the Gautama
gotra, all of whom were astrologers (daivajña), a dweller on the Godāvarı̄ river, presumably in
Mahārās.t.ra (Pingree 1981, p. 42; Pingree 1968, p. 37).



212 5 The evolution of the table-text genre

Mahādeva, having honored Gan. eśa Brahman, Indra, the naks. atras, the earth [and the
planets] beginning with the sun, Śiva and Pārvatı̄, the guardian deity, Vāc, and the teachers
as well as the sages, makes the fulfillment/completion of the rapid determination of the
planets begun by Cakreśvara.

Some commentators have enlarged slightly on this attribution: cakreśvarah.
gram. thakarttuh. , “Cakreśvara [is the name of] the maker of the book,”
according to Mādhava (MS LDI 7671 f. 1v). And Dhanarāja remarks
māhādevanāmādhijah. cakreśvaranāmācāryen. ārabdhāyā nabhaścarān. ām. grahā-
n. ām. āśusiddih. śı̄ghrasiddhih. sā aparipūrn. ā sthitā tasyām. siddhim. pūrn. atām. karoti
“Of the [work] begun by the teacher named Cakreśvara, [i.e.,] the rapid determi-
nation [or] Śı̄ghrasiddhi of the sky-goers [or] planets, remaining uncompleted [by
him]: of that [work], the brāhman. a named Mahādeva makes the fulfillment, [i.e.,]
completion” (MS BORI 497 f. 1v). Nothing else is known of this author (Pingree
1970–94, A4.88), who presumably might have been Mahādeva’s own teacher.

The subsequent verses of the Grahasiddhi make Mahādeva’s case for the
superiority of his tables to the cumbersome computational procedures of treatises
and handbooks (MS RAS Tod 24 f. 1v):

paitāmahāryabhat.ajis. n. ujabhāskarādi-
siddhāntabhedakaran. air nitarām agādhe ||
sam. khyārn. ave khacarakarmajale nimagna-
jyotirvidām. prataran. āya dr. d. horunāvah. || 2 ||
vinā dyuvr. ndāśumr. dukriyādyaih.
sabı̄jamadhyārkasamāsamāpteh. ||
caturdaśāhāntaritā bhasaṅkhyā
ghat. ı̄sv ihābhrartus. u siddhakhet.āh. || 3 ||
yathopayogyā asakr. tparisphut.āh.
siddhāntamadhyasphut.akarman. ā kr. tāh. ||
yātrāvivāhādis. u jātake grahāh.
sphur [syur?] atra tadval laghukarman. ā sphut.āh. || 4 ||
[The Mahādevı̄ is] a staunch large ship for [giving] passage to the astronomers entirely
plunged into the waters of planetary calculation in the unfathomable ocean of number by
the karan. as [derived from] the different siddhāntas: Paitāmaha [and those of] Āryabhat.a,
the son of Jis.n. u [Brahmagupta], Bhāskara, etc.

Without the procedures etc. [for finding] ahargan. a, śı̄ghra and manda [equations], here the
true [longitudes of the] planets [are found] from the correct determination of the mean sun
with [its] bı̄ja. [They are] 27 in number, separated by 14 days, in [units of] sixtieths [of a
circle] in [each of] sixty [separate tables].

In the same way that the repeatedly corrected [longitudes of the] planets made by the mean
and true method of siddhāntas are to be used in horoscopy for travel, marriage, etc., the true
[longitudes produced] in this [work] by an easy method are [to be used] like that.

The classical “ten chapters” anatomy of treatises and handbooks, with true
planetary positions laboriously determined by repeated computations of correction
terms, here gives way to a more direct (although far less concise) mapping from
mean positions of the five star-planets to true ones. The 300+ tables of the Mahādevı̄
include single-year and 60-year mean longitudinal displacement tables for the epact,
the lord of the year, the moon, the lunar node, and the five planets, along with a bı̄ja
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for each of these entities. The bulk of its content, however, consists of the sixty
annual true longitude tables given for each of the five planets, each table containing
27 longitudes at intervals of 14 days, as specified in the verse.

5.4.1 The first “canonical” kos. t.haka

The known existence of over a hundred manuscripts of the Mahādevı̄, far more
numerous than the surviving witnesses of any earlier kos. t.haka, suggests that many
thousands of copies of it were written and read over the centuries. Knowledge of
the manuscript corpus of Sanskrit astronomical tables is still far too incomplete
to permit any definite conclusions about the causes of the Mahādevı̄’s apparently
unprecedented popularity. But we speculate that the following features may have
been significant factors in the history of its reception and its rivals.

Mean-to-true structure with purely sexagesimal units. As in the earlier Graha-
jñāna, the pre-computation of true longitude values in the Mahādevı̄ tables makes
the cumbersome calculation of manda and śı̄ghra equations for a known mean
longitude unnecessary. But the Mahādevı̄’s planetary true longitudes are expressed
in 6◦ arc-units or sixtieths of a circle, here called “sexagesimoria,” and their
sexagesimal fractions. These seem to have been more appealing to users than the
13◦;20 naks. atra units employed in the Grahajñāna, possibly because they are more
easily converted to or from the standard measures of zodiacal signs and degrees.
The Grahasiddhi helpfully, although not entirely clearly, explains the use of the
units (MS RAS Tod 24 f. 1v):

syāt palam. vipalas. as. t.i tair nabhā-
ṅgair ghat. ı̄ti tadanu grahabhramah. ||
tair nabhastri bhir agair bhramah. kramāt
svām. śaśuddhiśanivārapūrvayāih. || 5 ||
vı̄thı̄nāgvaikyajaikaikā
śuddhyabdeśagun. adhruvau ||
tithivārādikāv uktāv
anye nād. yādikāh. pr. thak || 6 ||
kramen. āvadhayo ’bdāder
manubhir manubhir dinaih. ||
tatpaṅktis. u grahāh. spas. t.āh.
santi dhruvaghat. ı̄bhavāh. || 7 ||
A pala should be 60 vipalas; a ghat. ı̄ [is measured] by 60 [of] those [palas]; thus a planet’s
cycle [is made] analogous to that [i.e., purely sexagesimal]. With those thirty [tithis or] with
seven [weekdays] a cycle [is made] [for] epact [or lord of the year] beginning with Saturday
[respectively, each with] its own fractions.

[There is an] individual row [column, entry?] produced from the sum [of corrections for
each body from] the lord [of the year? or sun?] [to] Rāhu. The multiplier and initial mean
longitude of the epact and lord of the year are stated beginning with tithis and weekdays
[respectively]; other [quantities] separately [are stated] in sixtieths (i.e., sexagesimoria) and
so forth.
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Fig. 5.11 Tables of epoch adjustments and annual multipliers from the Mahādevı̄ (RAS Tod 24
f. 2v).

The avadhis in order from the beginning of the year [are measured] with 14 days each. In
the rows of those [avadhis, i.e., the individual tables], the true [longitudes of the] planets
are produced for the sexagesimoria of their mean longitudes.

Abundance of tables and data. The use of the smaller sexagesimoria units as
opposed to naks. atras also provides 60 rather than 27 true longitude tables for each
planet, and consequently smaller interpolation intervals. In addition, these tables
contain a large amount of compactly organized data per argument value. Each entry
for true longitude is accompanied by the tabulated difference between that entry and
the corresponding one in the next table, simplifying the task of interpolation between
tables. The true velocity and its inter-tabular differences are similarly tabulated.
Finally, occurrences of synodic phenomena are noted next to the longitude entries
where they occur.

Reduction and simplification of text: reinforcement of crucial parameter
values. With its total verse text amounting to less than 50 verses, the Mahādevı̄
avoids duplication of computational techniques. No algorithms are prescribed as
(potentially confusing) alternatives to use of the tables.

In fact, nearly a fifth of the total verses, beginning with the two quoted below
(MS RAS Tod 24 f. 1v), merely restate verbally the mean longitude parameters
listed in the tables. Figure 5.11, reproduced from a manuscript of the Mahādevı̄,
displays the tabulated annual mean longitude increments enumerated in these
verses, while Figure 5.12 (from a different Mahādevı̄ manuscript) illustrates the
inclusion of extensive additional tables containing successive multiples of these
annual parameters. The fundamental data needed to produce the mean longitudes
for the desired time that are essential for the use of the tables are thus reinforced by
a variety of different formats.

gun. ah. śuddheh. śivās 11 trı̄n. i 3
tryaks. ā 53 dvyaks. ı̄n. i 22 khābdhayah. 40
vārasyaikah. śarorvy ād. i-14

rāmā vājı̄ndavo 17 dvidhā || 13 ||
kujasyelāgnayo 31 ’bdhyaks. ā 54
rūpe devā 33 mahı̄yamāh. 2115

14MS has śarorvyāt.u.
15MS has 12.
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Fig. 5.12 Table of mean longitudinal displacements from the Mahādevı̄ (Smith Indic 80 f. 1r).

budhasyāṅkā 9 nagā 7 lekhā 33
kakubhā 10 netra 22 bāhavah. || 14 ||
The multiplier of the śuddhi [is] 11, 3, 53, 22; of the [week-]day, 1, 15, 31, putting down 17
twice.

[The multiplier] of Mars [is] 31, 45, 1, 33, 21; of Mercury, 9, 7, 33, 10, 22.

5.4.2 Laghumahādevı̄

An abbreviated recension of the Mahādevı̄, containing a condensed and rearranged
version of the planetary true longitude tables along with introductory tables of
parameters and mean motions as well as a very short text, was constructed for epoch
date Śaka 1500 (1578 CE) by an unidentified author. Currently known from only
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Fig. 5.13 The first page of the unique manuscript of the Laghumahādevı̄ (JVS 147.2479 f. 1v)
showing the text and, from left to right, tables of multipliers for mean displacement (gun. aka),
epoch mean values for Śaka 1500 (ks. epaka), rāmabı̄ja, and epoch mean values for Śaka 1586
(dhruvaks. epaka).

one manuscript, this work is an interesting though obscure witness to the varied
evolution of established kos. t.hakas.

The Laghumahādevı̄’s known text in its entirety together with the first four tables
is reproduced in the manuscript page shown in Figure 5.13. The beginning of the
initial portion in the first scribal hand reads as follows:

śāke 1500 varttamām. naśākamadhye hı̄nakr. te śes. am. gun. akena gun. anı̄yam. ks. epakām. kāni-
yuktam. rām. mabı̄jadhana r. n. akr. te dhruva spas. t.o bhavati |
agrakos. t.hādhike dhanam. paścād adhike r. n. am. gun. akakos. t.hakapābilo dhruva āgaloko-
s. t.haka ‖
When the Śaka [year] 1500 is subtracted from the current Śaka [year], the remainder is
to be multiplied by the multiplier [and] added to the digits of the epoch mean longitude.
When [the sum is] positively or negatively made [adjusted] by the rāmabı̄ja, the initial
mean longitude becomes accurate.

When [a table entry] is greater than the previous table entry, positive; when greater than the
following [table entry], negative. The multipliers table is first, the epoch-values table is next
[? vernacular pābilo and āgalo?].

rasavasutithi 1586 gram. thābde varttaśākām. tare nakha 20 vibhakte śes. āptaks. epakos. t.haka-
yute bdapādau saradhruvakā || 1 ||
śuddhitrim. śadbhakte saptābdapavim. śatibhājite śes. o ghat.yādau . . .

When the difference of the current Śaka year in [comparison to] the text [epoch] year 1586
is divided by 20 [and] when the the lord of the year etc. [is made by] adding the epoch
mean position table entries [corresponding to] the remainder and the quotient, [those are]
the current initial mean values.

When [that sum is] divided by thirty [in the case of] the epact, [or] divided by seven [in the
case of] the lord of the year [or] by twenty [otherwise], the remainder is in [the form of]
sixtieths etc. [. . .]
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This rather peculiar combination of epoch years 1500 and 1586 (see Figure 5.13)
seems to echo the multiple versions of determining desired mean positions presented
in the original Mahādevı̄. That is, the user may multiply the difference between the
current year and 1500 by the given multiplier for the desired quantity and add the
product (after removing any completed cycles) to that quantity’s epoch mean value
for 1500. Or alternatively, the difference between the current year and 1586 may
be broken down into a sum of multiples of 20 years and of single years, whose
corresponding mean increments are to be picked out of the tables illustrated in
Figure 5.14 and added together along with the epoch mean value for 1586.

Besides the highly condensed text, there are several other ways in which the
Laghumahādevı̄ achieves a more compact version of Mahādeva’s original work.
Most significantly, it tabulates the true longitudes using 18◦ arc-units instead of 6◦
ones, copying every third value of the Mahādevı̄ tables, so that only 20 true longitude
entries instead of 60 are needed to complete a planetary cycle. At the same time, the
author of the Laghumahādevı̄ has reversed the Mahādevı̄’s tabular relationship of
the mean longitude intervals within a cycle to the avadhis in a year.

Fig. 5.14 Tables of mean increments from the Laghumahādevı̄ (JVS 147.2479 f. 2r–v) for 1 to 10
20-year intervals (above) and 1 to 20 single years (below) for the epact, the lord of the year, Mars,
and Mercury.
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Fig. 5.15 Two pages from the Laghumahādevı̄ (JVS 147.2479 f. 4r–v) showing Mars’s true
longitude tables for mean longitude intervals 0–19 of avadhis 3 and 4 (part of the table for avadhi
2 also appears). Synodic phenomena occurrences are noted in the bottom row of the appropriate
columns.

Namely, for each planet the Mahādevı̄ lists true longitudes for 27 successive 14-
day avadhis in each of 60 separate tables, one for each successive 6◦ interval of
mean longitude. The Laghumahādevı̄, on the other hand, lists true longitudes for 20
successive 18◦ intervals of mean longitude in each of 27 separate tables, one for each
avadhi. This reversal can be seen more clearly by comparing the entries in the Mahā-
devı̄’s and Laghumahādevı̄’s true longitude tables for Mars shown in Figures 4.16
and 5.15, respectively. For example, the true longitude entry for argument value
avadhi 3 of table 0 in the former is 0;26,15, the same as the true longitude entry for
argument value 0 of table avadhi 3 in the latter.

5.4.3 Characteristics of laghu/condensed versions in general

Compositions taking the form of an abridged (laghu) or extended (br. hat or mahā)
recension of some earlier work long pre-date this period in Sanskrit astronomy,
usually in the context of authors tinkering with their own previous productions.
Instances include the Mahābhāskarı̄ya and Laghubhāskarı̄ya of Bhāskara in the
seventh century, the karan. as Br. hanmānasa and Laghumānasa of Muñjāla or
Mañjāla in the tenth, and the so-called uttara chapters of handbooks and treatises
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(such as Brahmagupta’s Khan. d. akhādyaka) in which topics covered earlier in the
text are discussed in greater detail. The Laghukhecarasiddhi (Section 5.3.3) and the
Tithicintāman. i (Section 5.6.3) may represent other examples of such an abridgement
process involving kos. t.hakas. The Laghumahādevı̄ illustrates the extent of the
liberties a redactor might take with such a table text, even a well-established classic
of the genre. It should be borne in mind, however, that the laghu prefix on a title
taken from an existing work does not always reliably indicate dependence of the
laghu composition on that work. For example, the seventeenth-century astronomer
Murāri (Pingree 1970–94, A4.441–442) named one of his table texts Tithidarpan. a
and the other Laghutithidarpan. a, despite the fact that the latter is based on the
Makaranda (Section 5.5) rather than on the former.

5.5 Makaranda of Makaranda

Despite (or perhaps partly because of) their streamlined procedures, mean-to-true
table texts did not oust the more familiar mean-with-equations format in the genre
of Sanskrit astronomical tables. One of the most popular kos. t.hakas ever composed,
the Makaranda or Makaranda-sāran. ı̄ written at Kāśı̄/Varanasi with epoch Śaka
1400 (1478 CE) by Makaranda, retained this earlier format. Like other notable
astronomical works from this region, the Makaranda follows the Saurapaks.a.16

Unusually in terms of the kos. t.hakas we have examined so far, this work has no
accompanying set of verses except for the following invocatory stanza:

śrı̄sūryasiddhāntamatena samyag
viśvopakārāya gurūpadeśāt ||
tithyādipattram. vitanoti kāśyām
ānandakando makarandanāmā ||
Thoroughly [informed] by the opinion of the excellent Sūryasiddhānta, for the use of all,
from the instruction of the teachers, Ānandakanda, called Makaranda, unfolds in Kāśı̄ a
leaflet on the tithi and so forth.

Presumably the Makaranda relies on the user’s familiarity with the standard
mean longitude correction procedures of Indian astronomy to ensure the correct

16Numerous examples of tables in the Makaranda’s manuscripts are shown in Fig-
ures 2.18, 3.2, 3.10, 3.11, 3.18, 4.6, 4.48, 4.51, 4.52, 4.53, 4.54, 4.55, 4.59, and 4.60. This work
has been extensively treated in, e.g., Pingree (1968, pp. 39–46), Pingree (1973, p. 92), Pingree
(1981, p. 42), Pingree (1970–94, A4.341–343), Pingree (2003, pp. 54–59). As discussed therein
and in Sarma (1997), the Makaranda has been edited multiple times, e.g., Makaranda (1923);
Miśra (1982). Note that there is no textual attestation of any epoch date in the work itself, although
various manuscripts containing commentaries and notes mention that the year of the text is Śaka
1400. Additionally, the earliest Śaka year occurring as a table argument in some of the manuscripts
is 1400, whose beginning is assigned to ghat. ı̄ 30;57 of weekday 6 in tithi 24. For the regional
Saurapaks.a tradition see also works of Munı̄śvara (Pingree 1970–94, A4.436–441) and Kamalākara
(Pingree 1970–94, A2.21–23).
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application of the table entries to given data for desired times and phenomena,
despite its paucity of explicit verbal instructions. Another distinctive feature that
seems likely to have contributed to this kos. t.haka’s popularity is its comprehen-
siveness: as illustrated by the topics found in some sample recensions enumerated
in Table 5.6, its tables embrace almost any standard astronomical quantity that a
user might want to calculate. These include the calendar fundamentals of dates and
times marking the starting moments of tithis, naks. atras, yogas, and sam. krāntis,
as well as planetary mean motions, orbital equations, and synodic phenomena.
More exceptional events are also provided in tables for calculating characteristics
of eclipses, such as parallax and shadow diameter.

5.5.1 Some noteworthy features of the Makaranda

Like the Mahādevı̄ before it, the Makaranda records and manipulates celestial
position data in a strictly sexagesimal numerical format whose integer unit is
the abovementioned sexagesamorion or 6◦ arc-unit. (As illustrated in the worked
example quoted in Section 5.5.2, this notation in a mean-with-equations table
requires the user to carry out the conversion of the desired true longitude from
sexagesimoria units to the standard signs, degrees, etc.) Sample values in tables
shown in Figures 4.6 and 4.51 in the previous chapter exemplify the use of this
convention in Makaranda’s work.

Unique to the Makaranda, as far as we can tell, is the whimsical but memorable
set of vegetation-themed Sanskrit technical terms for its various tables—perhaps
inspired by the author’s personal names Makaranda (“honey,” “nectar,” and “bee”)
and Ānandakanda (“root of joy”)?—summarized in Table 5.7. No obvious rationale
seems to guide the assignment of words meaning literally “garden,” “blossom,” etc.,
to particular table types. Although earlier Sanskrit mathematical texts sometimes
employed words meaning “vine” or “creeper” for certain computational techniques
that produce an undulating line of figures (Rangacarya 1912, pp. 80, 117), (Sastri
1957, p. 77), this figurative sense does not seem to apply to Makaranda’s use of
vallı̄ for tables. Unlike other fanciful systems of technical nomenclature such as
the application of metaphorical names like “door-hinge” or “cow’s urine” to Indian
multiplication techniques (Datta and Singh 1935/38, pp. 134ff.), or quark flavors
in modern particle physics, Makaranda’s terminology appears to have remained
confined to the text in which it originated.

The Makaranda also employs what appear to be some rather idiosyncratic units
of measurement. For example, in the table of lunar eclipse half-duration shown in
Figure 5.16, the accompanying instructions read in part grāso bānāgni 35 nighnah.
sphut.aśaśidvadvim. śakāh. syuś ca tebhyah. sthityarddham. (“The obscuration [is]
multiplied by 35, and [those] are the 22nd parts [?] of the true moon [disk]; to
them [corresponds] the half-duration [in the table entries]”). The accompanying
half-duration entries range from 0 to the typical maximum value of 4;40 ghat. ı̄s,
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.ś

a
se

ka
h .

(a
rg

um
en

tv
al

ue
s

1–
60

),
an

d
ch

āy
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Table 5.7 Botanical-themed terms used in the Makaranda.

Sanskrit term Literal meaning Significance in Makaranda

kanda Bulb, root Calendar day/time for mean time-unit

guccha Blossom, flower; shrub Calendar day/time for mean time-unit

vallı̄ Creeper, vine Increments to linearly increasing quantities such
as civil days or lunar anomaly

vāt.ikā Garden, plantation Mean position increments

saurabha Fragrance, perfume; saffron Corrections due to vallı̄ values

Fig. 5.16 Table of lunar eclipse half-duration from the Makaranda (BORI 546 f. 12v).

Fig. 5.17 Top: Table of parallax in longitude, for 1–17 sexagesimoria of sun-nonagesimal
elongation, from the Makaranda (BORI 546 f. 13r).

but it is not clear exactly what quantity the argument numbers 0–36 are supposed to
represent.17

5.5.2 The Makaranda and the Saurapaks.a canon

The general identification of the Makaranda with Saurapaks.a parameters (see
Section 1.2.3 and Appendix B.2) is all we currently know about its textual heritage.
Occasional hints, however, connect it with earlier sources. For example, its table of
longitudinal lunar parallax for each 6◦ arc-unit of longitudinal elongation between
the sun and the nonagesimal, reproduced at the top of Figure 5.17, recalls the

17 See Makaranda (1923, f. 28r). Pingree (1968, p. 45) interpreted them as follows: “This is a
table of lunar eclipse half-durations in ghat. ı̄s for 1–36 units of 0;3◦. Since one digit equals 0;5◦, a
vim. śopaka equals 0;36 digits and 36 vim. śopakas equal 21;36 digits.”
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Fig. 5.18 Solar mean longitudinal displacement table from the Makaranda (BORI 446 f. 14v).

versified table of this quantity embedded in the Karan. akutūhala of Bhāskara
(Plofker Forthcoming).

The Makaranda’s offspring in the jyotis. a canon are more clearly delineated than
its ancestors. Most importantly, its canonical position was further established or
enhanced by the circulation of a number of detailed commentaries expounding its
use, sometimes with elaborate worked examples like the one quoted below from
the Makarandodāharan. a of Viśvanātha Daivajña, composed in Śaka 1540. This
excerpt describes how to determine the mean position of the sun for a given date by
assembling from the table reproduced in Figure 5.18 the separate mean longitude
increments which correspond to the successive digits of the vallı̄ or accumulated
civil days since epoch at that date (Miśra 1982, pp. 71–72; Makaranda 1923,
f. 39r):

udāharan. am. śake 1534 vaiśākhaśukla 15 vallı̄ 7 | 58 | 11 | 40 ravivāt.ikāyām. catvārim. śatkos. t.ha-
kād adhasthām. kah. 6 | 34 | 14 | 27 ekādaśakos. t.hakasthāṅkādyaṅkam. vihāya catvārim. kāh.
48 | 24 | 58 | 39 as. t.apam. cāśatkos. t.hakād adhasthāṅkah. 38 | 58 | 20 | 34 saptamakos. t.hakād
adhasthām. kah. 31 | 52 | 8 | 14 caturn. ām. yoge jātāravivallı̄ 125 | 49 | 41 | 54 ūrddhvām. ke
s. as. t.itas. t.e śes. am. 5 | 49 | 41 | 54 idam. s. at.gun. am. jātā am. śā 34 | 58 | 11 | 24 am. śās
triśadbhaktāh. labdham. rāśayah. evam. rāśyādyo ravih. 1 | 4 | 58 | 11

Example. In Śaka 1534, Vaiśākha, bright fortnight, 15[th tithi], the vallı̄ is 7 | 58 | 11 | 40.
In the solar vāt.ikā (mean motion) [table], the number placed below the 40th [argument]
cell is 6 | 34 | 14 | 27. Disregarding the first number of the numbers placed [below] the
11th [argument] cell, the [next] four numbers are 48 | 24 | 58 | 39. [Similarly], the number
placed below the 58th [argument] cell is 38 | 58 | 20 | 34; the number placed below the 7th
[argument] cell, 31 | 52 | 8 | 14. When the sum of the four [numbers is computed], the vallı̄ of
the sun is produced: 125 | 49 | 41 | 54. When the upper [most significant] number is reduced
with respect to sixties (i.e., expressed modulo 60), the remainder is 5 | 49 | 41 | 54. This
multiplied by 6 produces degrees: 34 | 58 | 11 | 24. The degrees are divided by 30. The result
is in zodiacal signs. In this way, the [longitude of] the sun in zodiacal signs [and so on] is
1 | 4 | 58 | 11.
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Moreover, as indicated in Table 5.6, the highly popular Makaranda branched
into numerous versions and recensions containing various subsets of its tables,
sometimes with additional material that may not have originated with Makaranda.
Like the earlier Handy Tables of Ptolemy, it seems to have become a family of
comprehensive astronomical tables, distinctive by virtue of its terminology and
correction procedures but permitting customized modifications to suit its users’
different needs.

5.6 Major works of the Gan. eśapaks.a

Probably the most renowned astronomer-mathematician of northern India after
Bhāskara II was Gan. eśa Daivajña son of Keśava, born in 1507 in Nandigrāma on
the Mahārās.t.ra coast (Sarma 2010). Gan. eśa’s fame rests primarily on his immensely
popular astronomy manuals, a karan. a called Grahalāghava or Siddhāntarahasya
(“Facility in planet[-computation]” or “Secret of siddhāntas,” with epoch date Śaka
1442 = 1520 CE) and related calendric table texts, discussed in Section 5.6.3.
But he is also known for several other compositions including descriptions of
observational instruments, a table text on the computation of the mahāpātas (see
Section 4.11.1), and a commentary on the premier Sanskrit arithmetic treatise of
the period, Bhāskara’s Lı̄lāvatı̄. Moreover, he originated a modified version of
Saurapaks.a parameters that became known as an astronomical school in its own
right, the Gan. eśapaks.a.

The best-known commentary on the Grahalāghava was composed apparently in
the early seventeenth century by the Viśvanātha mentioned in Section 5.5.2, who
was the son of a pupil of Gan. eśa named Divākara. It enumerates Gan. eśa’s output as
follows (Jośı̄ 1994, p. 3):

kr. tvādau grahalāghavam. laghubr. hattithyādicintāman. ı̄
satsiddhāntaśiroman. eś ca vivr. tim. lı̄lāvatı̄vyākr. tim ||
śrı̄vr. ndāvanat. ı̄kikām. ca vivr. tim. muhūrttatattvasya vai
sacchrāddhādivinirn. ayam. suvivr. tim. chandorn. avākhyasya vai ‖ 1 ‖
sudhı̄rañjanam. tarjaniyantrakam. ca sukr. s. n. ās. t.amı̄nirn. ayam. holikāyāh. ||
laghūpāyayātas tathānyān apūrvān gan. eśo gurur brahman. irvān. am āgāt ‖ 2 ‖
Having first made the Grahalāghava, the small and the great Tithyādicintāman. i, and a
commentary on the true Siddhāntaśiroman. i, [namely] an exposition of the Lı̄lāvatı̄, a
commentary on the excellent [Vivāha]-vr. ndāvana [of Keśavārka], also a commentary on
the Muhūrtatattva [of Keśava], a true determination of śrāddha etc. [the Śrāddhavidhi], and
a good commentary on the Chandorn. ava; and [the texts] Sudhı̄rañjana and Tarjaniyantra
[on instruments] and the excellent determination of the Kr. s. n. ās. t.amı̄ for the Holi [rites], by
means of easy methods, [and] then likewise other incomparable [works], the teacher Gan. eśa
attained liberation [from life].

The relative abundance of surviving works and biographical information gives us
quite a detailed picture of Gan. eśa’s overall place in jyotis. a, at least compared to the
little we know about most earlier kos. t.haka authors.
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5.6.1 Grahalāghava/Siddhāntarahasya of Gan. eśa

This handbook, the “Ease of planet-[computations]” or “Secret of siddhāntas,” is
arguably the best known and certainly the most published Sanskrit astronomical
manual of the late second millennium (Pingree 1970–94, A2.99–100, A5.72). Its
most remarkable feature (besides the fact that according to the textual tradition,
Gan. eśa composed it at the age of 13!) is its systematic substitution of algebraic
approximation algorithms and tabular interpolation for trigonometric procedures
requiring tabulated sine values. Gan. eśa’s introductory and closing verses reflect his
pride in this achievement (Jośı̄ 1994, pp. 5–7, 342):

paribhagnasamaurvikeśacāpam.
dr. d. hagun. ahāralasat suvr. ttabāhum. ||
suphalapradam āttanr. prabham. tat
smara rāmam. karan. am. ca vis. n. urūpam ‖ 1.2 ‖
yady apy akārs. ur uravah. karan. āni dhı̄rās
tes. u jyakādhanur apāsya na siddhir asmāt ||
jyācāpakarmarahitam. sulaghuprakāram.
kartum. grahaprakaran. am. sphut.am udyato ’smi ‖ 1.3 ‖ [. . .]

pūrve praud. hatarāh. kvacit kim api yac cakrur dhanurjye vinā
te tenaiva mahātigarvakubhr. ducchr. ṅge ’dhirohanti hi ||
siddhāntoktam (edition has oktabh) ihākhilam. laghukr. tam. hitvā dhanurjye mayā
tadgarvo mayi māstu kim. na yad aham. tac chāstrato vr. ddhadhı̄h. ‖ 16.4 ‖
Consider Rāma, the form of Vis.n. u, making the bow of Śiva together with [its] string entirely
destroyed, showing the destruction of the firm bowstring, with well-rounded arms, granting
good results, appearing in human form. [Equivalently:] Consider this pleasing karan. a,
lovely as Vis.n. u [??], having the arc together with sine and versine entirely eliminated,
showing the removal of the cumulative sine [values], with good circles and arcs giving
accurate equations, with determined gnomon-shadows.

Even when the great [and] wise make karan. as, in them there is no accomplishment [of the
goal] when the sine-arc [combination] is excluded. Because of this, I am undertaking to
make a very easy method omitting sine and arc computation, an accurate method for the
planets. [. . .]

The former [and] greater [? full-grown, more mature?] [authors] sometimes to some extent
accomplished without the arc and sine some [results] by means of which they ascended to
the topmost mountain-peak of great pride. Here, what is stated in siddhāntas is simplified
by me, entirely eliminating the arc and sine. Let there be no pride in that for me, since from
their treatises I [gained] wisdom [??].

To accomplish his aim of eliminating all explicitly trigonometric computations, Ga-
n. eśa included versified tables of scaled values of manda and śı̄ghra equations for
the star-planets at every fifteen degrees of anomaly (see Sections 4.2.1 and 4.2.2),
along with rational approximations to the manda-equation formulas for the sun and
moon. All the standard astronomical tasks of karan. a works are similarly carried out
by such ingeniously adjusted formulas. Gan. eśa’s manda-equation list is represented
as a numerical table by a Grahalāghava scribe in Figure 5.19 (compare Table 5.8).
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Fig. 5.19 A numerical
version of the versified scaled
manda-equation table in a
manuscript of the
Grahalāghava (UPenn 390
1822 f. 8r).

Table 5.8 Tables of planetary manda-coefficients (left) and velocity-correction factors (right)
from Grahalāghava 3.7–8, 11.

Planet 15◦ interval of anomaly κM Velocity correction

1 2 3 4 5 6 factor, manda

Mars 29 57 85 109 124 130 1/75

Mercury 12 21 28 33 35 36 1/5

Jupiter 14 27 39 48 55 57 1/30

Venus 6 11 13 14 15 15 2/5

Saturn 19 40 60 77 89 93 2/5

The Grahalāghava’s manda-equation algorithm for the sun (Jośı̄ 1994, pp. 50–
56, verse 2.2), based on an algebraic approximation to the sine function,18 is
equivalent to the following expression:

μ =
(

20 − κM

9

) κM

9

57 − 1

9

((
20 − κM

9

) κM

9

)

A somewhat similar rule is prescribed for computing the sun’s manda-gatiphala
or velocity correction, where κM is the arc of manda-anomaly reduced to the first
quadrant (Jośı̄ 1994, pp. 58–60, verse 2.4):

M

�v =

(
11 − 90 − κM

20

)(
90 − κM

20

)

13

18For this approximation in general see Section 2.1.8; the trigonometric rationales underlying the
manda-correction procedures for longitude and velocity are discussed in Section 2.1.2. For the
transformation of the algebraic sine approximation into the given μ-rule and the following velocity-
correction rule, see Rao and Uma (2007, pp. S56–60, S65–68).
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Another innovation in the Grahalāghava, reminiscent of techniques used in the
table-text genre, is Gan. eśa’s introduction of a unit called the cakra “cycle” of
4016 days or approximately 11 years (see Section 4.1). Instead of computing mean
longitude increments by multiplying mean daily velocities by the total ahargan. a
or elapsed days since the epoch date of the text, the user breaks down the elapsed
interval into a number of completed cakras plus a number of days since the end of
the last full cakra:

dvyabdhı̄ndronitaśaka ı̄śahr. t phalam. syāc
cakrākhyam. ravihataśes. akam. tu yuktam ||
caitrādyaih. pr. thagamutah. sadr. gghnacakrād
digyuktād amaraphalādhimāsayuktam ‖ 4 ‖
The Śaka year diminished by 1442 is divided by 11; the result should be the so-called cycle.
And the remainder multiplied by 12 is increased by [the months] beginning with Caitra,
[and] increased by the intercalary months [produced by] the quotient with 33 from that
cycle[-remainder] separately multiplied by 2 [and] added to 10.

For each planet, a number called its dhruva represents the 360◦-remainder of its
mean longitudinal increment during a cakra. Depending on the number of elapsed
cakras since epoch, the appropriate multiple of the dhruva would be subtracted from
the planet’s specified epoch mean longitude or ks. epaka. Then the number of elapsed
days in the current cakra multiplied by the daily mean longitudinal increment is
added to the result to obtain the mean longitude at the desired time. Figure 5.20
depicts a Grahalāghava scribe’s numerical tabulation of these quantities for Gan. e-
śa’s 4016-day cakras.

The Grahalāghava’s practical utility is further enhanced by chapters on sim-
plified eclipse prediction employing calendar (pañcāṅga) data and a method for
extending its use to desired dates preceding its own epoch of Śaka 1520. Overall,
the work reflects Gan. eśa’s fascination with ingenious computational techniques,
combining simplicity and efficiency for the user with sophisticated and often
innovative constructions on the part of the compiler.

Fig. 5.20 Numerical versions of the versified tables of the planets’ mean longitude multipliers
in a manuscript of the Grahalāghava (UPenn 390 1822 f. 3r). Left: Planetary dhruvas or 360◦-
remainders of their mean longitudinal increments for 4016-day cakras. Right: Planetary ks. epakas
or epoch mean longitudes.



228 5 The evolution of the table-text genre

Table 5.9 Table of planetary śı̄ghra-coefficients from the Grahalāghava (Jośı̄ 1994, p. 73,
verses 3.1–5).

Planet Number of 15◦ steps of śı̄ghra-anomaly κS

1 2 3 4 5 6 7 8 9 10 11

Mars 58 117 174 228 279 325 365 393 400 368 249

Mercury 41 81 117 150 178 199 212 212 195 155 89

Jupiter 25 47 68 85 98 106 108 102 89 66 36

Venus 63 126 186 246 302 354 402 440 461 443 326

Saturn 15 28 39 48 54 57 57 53 45 33 18

Table 5.10 Scale factors for
computing the śı̄ghra velocity
correction for each planet
according to the
Grahalāghava approximation
(Jośı̄ 1994, p. 90, verse 3.12).

Planet Velocity-correction factor, śı̄ghra

Mars 1/5

Mercury 6/5

Jupiter 1/3

Venus 1/4

Saturn 2/5

5.6.2 Table texts called Grahalāghavasārin. ı̄

The many works by various authors (generally anonymous) entitled Grahalāghava-
sārin. ı̄, as the name indicates, are attempts to cast Gan. eśa’s karan. a Grahalāghava
into table-text form for carrying out the planetary calculations not included in his
strictly calendric Tithicintāman. i tables (see Section 5.6.3). They mostly consist of
tables of mean longitude increments and orbital equations, arranged according to
some pattern of the author’s choice (see the example in Figure 2.13).

Table 5.11 compares the arrangements used for the mean longitude increment
tables in various Grahalāghavasārin. ı̄ manuscripts, which have been discussed in
more detail in Section 4.1; samples of them are shown in Figures 4.3 and 4.5. Most
of them employ Gan. eśa’s time-units of 4016-day cakras as well as days and years.
Other manuscripts, such as the one partially reproduced in Table 4.4, may tabulate
these increments for even shorter time-units.

Grahalāghavasārin. ı̄ tables of the planetary manda- and śı̄ghra-equations, on the
other hand, generally just expand the Grahalāghava’s own short lists of scaled
equation values (reproduced in Tables 5.8 and 5.9). This is done by reducing
the listed values to standard units of degrees and interpolating between them for
every degree of argument. Examples discussed in the previous chapter include the
manuscripts shown in Figures 4.10 and 4.15. Some versions of the Grahalāghava-
sārin. ı̄ interpolate these equation values more coarsely for argument intervals greater
than one degree, as illustrated in Figures 4.11, 4.12, and 4.14.

In addition to these fairly standard data for finding mean and true planetary
positions, Grahalāghavasārin. ı̄ manuscripts may sometimes tabulate other quantities
such as the Grahalāghava’s oblique ascensions (e.g., in Figure 4.22) or astrological
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Table 5.11 Mean longitude increment table arrangements in various Grahalāghavasārin. ı̄
manuscripts, with starting dates and numbered cakra periods (beginning with cakra 0 at the
Grahalāghava’s own epoch date) for which they provide initial position offsets or dhruvas.

Units Combination of units Manuscripts employing this combination of units

1–9 single days CSS d. 774g; 17 March 1531, cakra 1

1–9 10-day intervals IO 2083b; 13 March 1553, cakra 3

1–9 100-day intervals RAS Tod 36a; 27 Feb 1641, cakra 11

1–4 1000-day intervals Plofker 25; 13 March 1553, cakras 3–20

1–30 4016-day cakras

Years/days/cakra 1–30 single days RAS Tod 57; 18 March 1520, cakra 0

1–11 “ideal” months Plofker 26; 18 March 1520, cakra 0

1–11 “ideal” years RAS Tod 36d; 13 March 1553, cakra 3

0–30 4016-day cakras CSS d. 774g

1–67 single days UPenn 390 1824; 29 March 1707, cakras 17–33

1–17 4016-day cakras

Years/days 1–11 10-year intervals Smith Indic 26; 2 April 1754

1–10 single years

1–3 100-day intervals

1–9 10-day intervals

1–9 single days

phenomena (e.g., in MS Smith Indic 26 ff. 5v–6v). Other closely related table
texts following the Grahalāghava, usually by named authors, are known by other
titles differing slightly from the general designation Grahalāghavasārin. ı̄: e.g., the
Grahaprabodhasārin. i of Yādava (1663) and the Grahasāran. ı̄ of Gaṅgādhara (1630)
(see Appendix A).

5.6.3 Tithicintāman. i and Br. hattithicintāman. i of Gan. eśa

As noted by Viśvanātha in the commentary quoted above, after the Grahalāghava
Gan. eśa composed two table texts for use in constructing pañcāṅgas. The shorter
and far more popular one was entitled Tithicintāman. i (sometimes called Laghutithi-
cintāman. i or Tithyādicintāman. i) and the other Br. hattithicintāman. i: i.e., the lesser
and greater “jewels of thought about the tithi (etc.).”19 Each work consists of a brief
verse text (largely identical, as the comparison of their content in Table 5.12 makes
clear) accompanied by tables. Their epoch dates, enunciated in the initial verses
quoted and translated in Table 5.13, are Śaka 1447 = 1525 CE for the Tithicintā-

19Examples of tables from the former are shown in Figures 4.56, 4.57, and 4.58, and from the latter
in Figures 3.4 and 3.14. See Pingree (1970–94, A2.100–103, 104–105) and Ikeyama and Plofker
(2001).
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Table 5.12 The content and ordering of the verses in Gan. eśa’s Br. hattithicintāman. i (BTC) and
Tithicintāman. i (TC). The equals sign “=” signifies that the two designated verses are entirely or
very nearly identical in their wording.

Br. hattithicintāman. i Tithicintāman. i

Topic verse number verse number

Invocation/introduction 1 1

Increments for current year 2

Lord of the year 3 (= TC 2) 2 (= BTC 3)

Longitude-difference correction 4 (= TC 3) 3 (= BTC 4)

Epact 5 (= TC 4) 4 (= BTC 5)

Anomalistic time offsets 6 6

Synodic time offsets 7 (= TC 5) 5 (= BTC 7)

Corrections to anomalistic time offsets 8 7

Weekday time offsets 9 (= TC 8) 8 (= BTC 9)

Negligible differences in results 10

Increments for current year 11 (= BTC 2)

Modified weekday time offset 9

Use of weekday tables 12 (= TC 10) 10 (= BTC 12)

Use of correction tables 13–14 11–13

Excess and deficiency of day 15 (= TC 14) 14 (= BTC 15)

Determining naks. atra and yoga 16 (= TC 15) 15 (= BTC 16)

Solar entrance into signs 17 (= TC 16) 16 (= BTC 17)

Intercalary/omitted months 18 (= TC 17) 17 (= BTC 18)

Parameters of paks. as 19 (= TC 18) 18 (= BTC 19)

Accurate naks. atra computation 20

Time corrections 21–22

Use of the divisor 23–24

Omitted and additional tithis 25–27

man. i and Śaka 1474 = 1552 CE for the Br. hattithicintāman. i (which, however, also
employs the 1447 date for some of its calculations).

Chronology and commentaries. The internal development of Gan. eśa’s adaptation
of astronomical computation to the kos. t.haka format in these two works remains
somewhat obscure. Judging from their epoch dates it appears most probable, and
is generally asserted (Pingree 1970–94, A2.100, 104), that the Tithicintāman. i was
composed before the Br. hattithicintāman. i. Yet Gan. eśa clearly implies in the first
verse of the former that he had previously produced a “thought-jewel” relating to
the tithi etc., whose extent intimidated some unfortunate users, for whose sake he
is now compiling the Tithicintāman. i instead. This is the explanation offered by the
abovementioned Grahalāghava commentator Viśvanātha who also composed one
of the many surviving commentaries on the Tithicintāman. i, using in his udāharan. a
or worked examples the year Śaka 1556 = 1634 CE (Āpat.e 1942b, p. 1):
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Table 5.13 Opening verses of Gan. eśa’s Tithicintāman. i and Br. hattithicintāman. i.

Tithicintāman. i Br. hattithicintāman. i

yaś cintāman. ir aṅkalekhyabahulo ’tyalpakriyo
matkr. tas

natvā
brahmaharı̄śvareśvarasutāryārkādikhet.ān
dvijo

tithyādyāvagamaprado ’sya sukhino ye
lekhane bhı̄ravah. ||

’hno ’rdhenābdadinādisiddhidam aham.
tithyādicintāman. im ||

tatprı̄tyai laghum alpakr. tyam amalam.
tithyādicintāman. im.

kurve ’tyalpakr. tı̄m. vidhāya bahulam. yatnam.
gan. eśah. kr. tı̄

vighneśārkamukhān pran. amya kurute śrı̄mad
gan. eśah. kr. tı̄ ‖1‖

pūrvābhyo ’ticamatkr. tim. tithikr. tim. paśyantu
sujñā iha ‖1‖

A jewel of thought which [was] made by me
[is] abundant in numbers and figures, very
small in operations [and] giving
comprehension of the tithi and so on. To
satisfy those [people] who are timid about the
writing of this pleasant [work], having saluted
[the deity] Gan. eśa and [the planets] beginning
with the sun, the skillful Gan. eśa makes a jewel
of thought about the tithi etc., which is easy,
simple, and without errors.

Having honored Brahman, Vis.n.u, Śiva, Śiva’s
son [Gan. eśa], and the planets beginning with
the lord sun, I, a brāhman. a, make a jewel of
thought [about] the tithi etc. determining the
year, day, etc. in half a day. The skillful
Gan. eśa having made great efforts [to render
it] very small in operations, let the
knowledgeable ones view the determination
of the tithi here as much more remarkable
than previous [methods].

vyagayugamanuśākah. syāt samaugho hato
’yam.

śāko ’bdhyagendrarahito rasavedabhaktah.

svarakhakhakubhir āpto nāgaśatyābdapah.
syāt ||

śes. e ’bdapādaya ime phalapaṅktigād. hyāh. ||

dyumukha iha pales. u tryabdhihr. dvars. ayuktah. prākpaścime vicaran. āntarayojanāni

śrutibhir is. usamudrair bhair yutah. saptatas. t.ah.
‖2‖

bhogābdapes. u ca palāni kuru svamasvam ‖2‖

The Śaka year minus 1447 should be the
number of years [since epoch]. This multiplied
by 1007, divided by 800, should be the
year-lord beginning with days, [when]
increased in its palas by the year-[number]
divided by 43, added to 4;45,27, and divided
by 7.

The Śaka year minus 1474 [is] divided by 46.
The year-lord etc. in [table entries for] the
remainder are augmented by [entries] in
tables for the quotient. And make the yojanas
of displacement-interval east or west [into]
palas [applied] +/− to the weekday-offset
and year-lord [etc.?].

vyagayugamanuśākah. syāt samaugho hato
’yam.
svarakhakhakubhir āpto nāgaśatyābdapah.
syāt ||
dyumukha iha pales. u tryabdhihr. dvars. ayuktah.
śrutibhir is. usamudrair bhair yutah.
saptatas. t.ah. ‖ 3 ‖
[same as Tithicintāman. i 2]

ya iti | śrı̄madgan. eśas tithyādicintāman. im. kuruta ity anvayah. | tithir ādir yes. ām. te
tithyādayah. | ādiśabdena naks. atrayogādayah. | tes. ām. cintā | tasyā man. ir iva man. ir yasya
sah. | [. . .]
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tithyādyāvagamapradas tithyādijñānapradaś cintāman. ir br. haccintāman. ir iti yāvat | nanv
asyāpi cintāman. er mahattvāl lekhane bhı̄rutvalaks. an. o dos. as tadavastha evety ata āha
[ laghum iti ] | laghutvāt kat.hino bhavis. yatı̄ty ato viśinas. t.i | alpakr. tyam iti | svalpeti
kartavyatākam ity arthah. || etadānı̄tasya tithyādeś ca sam. vādān nātra kaścid dos. o
’stı̄ty āśayenāha amalam iti | na ca laghunā svalpakriyaitattithicintāman. inaiva samı̄-
hitatithyādijñānalābhād br. haccintāman. er evānarthakyam | etadapeks. ayā svalpakriyātvena
tasyāpi sārthakyāt | tasmāl lekhanaśaktānām arthe ’tyalpakriyo br. haccintāman. ir nirmitah. |
lekhanāśaktānām. hitāya svalpakriyo laghucintāman. ir iti dvayor api sārthakyam iti yāvat ||
‘Which. . .’: The learned Gan. eśa makes the Tithyādicintāman. i: this is the word-sequence.
The tithi is the first of those which are ‘the tithi and so on’. By the word ‘first’ the naks. atra,
yoga, etc. [adi again!] [are meant]. ‘Thought’ of them: which [is] its jewel, [i.e.,] jewel-like
[. . .]

‘Giving comprehension of the tithi and so on’: giving knowledge about the tithi and so
on; ‘a jewel of thought’: as much as [to say], the ‘great jewel of thought’ [Br. hattithicintā-
man. i]. Indeed, the characteristic of timidity in [regard to] writing on account of the great
[size] of this cintāman. i is a fault; in [respect to] this very situation hence he says [‘easy’].
Thus from [the concept of] easiness he clarifies that it [i.e., the underlying work?] will be
difficult. ‘Simple’, i.e., little in [tasks] to be done: this is the meaning. And because of
the correctness of the tithi etc. calculated by this [work], here there is no fault at all: with
this intention he says ‘without errors’. And [yet] there is not, because of the acquisition
of the desired knowledge of the tithi etc. by means of just this easy simple Tithicintāman. i,
uselessness of the Br. hattithicintāman. i. With regard to this: Because of the usefulness of that
[the Br. hattithicintāman. i] too, by means of [its] simplicity. Therefore, for the sake of [those]
competent in writing, the exceedingly simple Br. hattithicintāman. i is constructed, [and] for
the benefit of [those] incompetent in writing, the very simple Laghutithicintāman. i: as much
as [to say], thus there is usefulness of both.

Viśvanātha’s brother Vis.n. u Daivajña, who produced the only known commentary
(date unknown) on the more obscure Br. hattithicintāman. i, seems to corroborate
the claim of its primacy. His commentary on its first verse includes the following
remarks, whose wording in places is strongly reminiscent of Viśvanātha’s (Āpat.e
1942a, pp. 1–2):

[. . .] śrı̄matkeśavadaivajñasuto gan. eśanāmā gan. itaskandhaikabhūtam. grahalāghavākhyam.
karan. am ādau kr. tvedānı̄m. pañcāṅgasādhakam apūrvam atyalpakriyam. br. haccintāman. i-
sam. jñam. grantham. cikı̄rs. ur

[. . .]

natveti | tatra kurva ity anvayah. | kah. | aham. gan. eśah. | kam | tithyādicintāman. im | tithir
ādir yes. ām. te tithyādayah. | ādiśabdena naks. atrayogādayah. | tes. ām. cintā | tasyām. man. ir
iva man. ih. | [. . .]

nanvanyatithisādhanes. u satsu kimartham ayam. granthah. kr. ta iti granthasyāsya vaiyarthya-
prasaṅgāpattir ityāśam. kyāha | [. . .]

anyagranthebhyah. pañcāṅgam. kartum upavis. t.es. u gan. akes. u dinatrayen. āpi pañcāṅga-
siddhir na syāt | yatas tatra mahatı̄ kriyā | tes. u mandadhiyo ’tikleśamāpnuvanti | atah.
kr. pālur ācāryo ’mum. kr. tavān |
[. . .]

[. . .] Keśava’s son, Gan. eśa by name, having first made the karan. a called Grahalāghava
[having] the varieties of calculation [united] in one form, now desiring to make a book
called Br. haccintāman. i [for] producing pañcāṅgas, unprecedented [and] exceedingly simple
[. . .]
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‘Having honored. . .’, then ‘I make. . .’; this is the word-sequence. Who? I, Gan. eśa. What?
The Tithyādicintāman. i. The tithi is the first of those which are ‘the tithi and so on’. By the
word ‘first’ the naks. atra, yoga, etc. [are meant]. ‘Thought’ of them, in it [there is] a jewel,
[i.e.,] jewel-like. [. . .]

Indeed, in [light of the fact that there are] other true determinations of the tithi what is the
purpose [that] this book is made? Thus the fault of possibility of uselessness of this book.
Having thus supposed [a possible objection], he states [. . .]

In [the case of] astronomers undertaking to make a pañcāṅga from other books, even in
three days there’s no completion of the pañcāṅga, because great labor [is required] there.
The slow-witted among them undergo extreme trouble. Hence, the compassionate teacher
was making this [book]. [. . .]

On the other hand, if the Br. hattithicintāman. i was indeed composed first, it is
unclear why the Tithicintāman. i was assigned an earlier epoch date and why the
Br. hattithicintāman. i uses both Śaka 1447 and Śaka 1474 in different algorithms. The
discussion in the following section sheds a little more light on their interconnections;
however, a conclusive resolution of this issue will probably have to await a thorough
comparative analysis of the textual and commentarial traditions of the two works.

Computational methods and the upakaran. as. Both of Gan. eśa’s table texts share
the fundamental goal of enabling pañcāṅga-makers to determine the exact day and
time of the initial moment of any one of the time-units tithi, naks. atra and yoga over
the course of a given year. As indicated in Table 5.12, the bulk of the verse instruc-
tions are exactly the same in the two works, but some interesting differences appear.

The Tithicintāman. i directs the user to compute various offsets in time (called
kendra) from the start of solar, synodic, and lunar anomalistic cycles to pinpoint
the initial moments of the first time-units in the year (verses 2–9). Then these
offsets are manipulated to produce the arguments with which to look up in the
accompanying tables the approximate weekday/time and correction terms for any
desired subsequent time-units during that year (verses 10–13). The last five of
the text’s 18 verses contain general advice for pañcāṅga-makers on allowing for
intercalation, omitted days, etc.

The algorithms for computing the initial offsets for a given year are based
on the parameters of the relevant astronomical school or paks. a. Gan. eśa explains
in Tithicintāman. i 18 (=Br. hattithicintāman. i 19) how he combined and modified
different paks. a parameters for best agreement with observation, and notes that
results in accordance with other paks. as could be produced by changing the offsets:
yadi cālitopakaran. ais tatpaks. ajā syāt tithih. “when [computed] with modified
upakaran. as, the tithi should be appropriate for that [other] paks. a.”

This word upakaran. a appears to be Gan. eśa’s technical term for a time offset
pertaining to the initial time-unit in a year.20 Viśvanātha’s and Vis.n.u’s introductions
to the second verses of their respective base-texts echo Gan. eśa’s use of it:

Viśvanātha on Tithicintāman. i 2:

atha pañcāṅgakaran. ı̄bhūtopakaran. asādhanam. āha | tatrādāv abdapasādhanam āha |

20Ikeyama and Plofker (2001) somewhat inaccurately interpret this term as “auxiliary tables”;
compare the discussion of the nearly identical term upakarn. a in Montelle and Plofker (2013, p. 14).
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Now he states the determination of the upakaran. as obtained for the construction of
pañcāṅgas. There he first states the determination of the lord of the year.

Vis.n. u on Br. hattithicintāman. i 2 Āpat.e (1942a, p. 2):

atha pañcāṅgakāran. ı̄bhūtopakaran. ajñānam. tatsam. skārajñānam. ca sim. hoddhatayā
vaks. yati |
Now he will say the knowledge of the upakaran. as obtained for the construction of
pañcāṅgas and the knowledge of their correction, with a sim. hoddhatā [verse].

The components of the Br. hattithicintāman. i are generally less clear to us because
as of this writing we have not seen its accompanying tables. But based on published
and manuscript material, we venture to describe its overall construction as follows.

The times of true tithis, naks. atras and yogas are tabulated for 27 cycles of
approximately 1 year in length. (Manuscript catalogue descriptions suggest that
these tables typically take up around 30–40 folios, which substantiates Gan. eśa’s
and Viśvanātha’s remarks about the intimidating extent of the writing required to
generate a copy of this work!) The user need only find the position of the desired
year in a 46-year cycle, look up the year-initial offsets and adjust them for the local
distance east or west of the prime meridian as per Br. hattithicintāman. i 2/11, and go
into the tables with the desired time-units as per Br. hattithicintāman. i 12–14. The
subsequent five verses contain the same general techniques for calendar adjustment
given in Tithicintāman. i 14–18, and the final eight verses specify various corrections
and refinements.

But the seven intervening verses in Br. hattithicintāman. i 3–9, equivalent to
Tithicintāman. i 2–8, are apparently not directly employed in obtaining the desired
results. They seem to be explained by Vis.n.u as supplementary material for better
understanding the upakaran. a tables (Āpat.e 1942a, p. 3):

upakartum. svı̄yakartum. yogyāni upakaran. āni pañcāṅgasādhanāyeti śes. ah. | aho
atrācāryen. a vedādrı̄ndratulyam is. t.aśākam. prakalpya vaks. yamān. aprakāren. a sukhārtham
upakaran. āni kr. tāni | tadupapattijñānam. vinā katham etāni kāryān. i | atas tadupapattijñā-
nārtham. ślokās. t.akam ādau vyākhyāyate | nanv evam. cet tarhi granthakr. tā kim etādr. śam.
kr. tam iti cet tad ucyate | pañcāṅgam. kartum upavis. t.ānām. gan. akānām upakaran. ānām
evāpeks. ā kim upapattyā | atah. siddhāny upakaran. āni grāhyān. ı̄ty ādāv uktam |
bhavati/u? etāny evā santu | kim. taih. prayojanam iti cet | etāni yadā kadācid bhras. t.āni
tadā katham. kāryān. y atas tāny apyuktāni | atah. siddhopakaran. opapattijñānārtham.
vaks. yamān. opakaran. opapattis tāvaj jñāyate |
The upakaran. as are useful to accomplish, to make one’s own; that is, for the sake of
determining the pañcāṅga. Now by the teacher, having determined the desired Śaka [year]
equal to 1474, the upakaran. as are made for convenience’ sake by a method to be stated.
Without knowledge of the rationale of that, how are these [upakaran. as] to be made? Hence
for the sake of the knowledge of its rationale, eight verses are first explained. If [you think]
‘Indeed if [it is] thus, then what of this sort is done by the book author?’, it is explained.
[?] [There is] need of upakaran. as indeed [on the part] of astronomers undertaking to make
a pañcāṅga, [but] what [is served] by a rationale? Hence correct upakaran. as are to be
obtained: thus in the beginning [it] is stated. Let just these be [?]. If [you think] ‘What
purpose [is served] by them?’: If at some time these [upakaran. a tables] are lost, then how
are they hence to be made [as] stated? Hence, for the sake of knowing the rationale of the
correct upakaran. as, the forthcoming [? to be stated] rationale of the upakaran. as is now
known.



5.7 Jagadbhūs. an. a of Haridatta 235

Then Br. hattithicintāman. i 10, the final one in the set of these “eight verses” giving
the algorithms underlying the upakaran. as, is glossed by Vis.n.u as follows (Āpat.e
1942a, p. 11):

atha pūrvakr. topakaran. ānām. kadācit svalpam antaram. bhavet tathāpi tithyādisāmyam evety
anus. t.ubhāha |

pūrvopakaran. ebhyo ’tra kadācit kim. cid anyathā |
tathāpyebhyo ’pi tithyāditulyam evāgamis. yati ‖10‖

spas. t.ārtham. | evam anena prakāren. opakaran. asya sādhanam. kr. tvācāryen. a sukhārtham.
mandānām. kleśaparihārārtham. ca vedādrı̄ndra 1474 tulyam is. t.am. śākam. prakalpya
viracayya likhitāni | tatkaran. am. pūrvam evoktam |
Now, there could be a small difference at some time from the earlier-made upakaran. as.
Nevertheless, there is agreement in the tithi etc.; thus he says with an anus. t.ubh [verse]:

Here sometimes there is something different with respect to the earlier upakaran. as.
Nonetheless, [the user] will obtain equality of the tithi etc. with respect to them.

The meaning is clear. By the teacher, having made thus with this method the determination
of the upakaran. a, [then] having considered [and] constructed the desired Śaka year equal to
1474, for the sake of easiness and for alleviating the toil of the slow-[witted], [the upakaran. a
values are] written [in tables]. The procedure for that is stated just previously.

It is perhaps not surprising that this somewhat confusing combination of
techniques in the Br. hattithicintāman. i proved less attractive to users than the
more compact Tithicintāman. i, regardless of which was composed first. Vis.n. u’s
commentary is interesting here not only because it illuminates some aspects of these
works and their users’ expected reactions to them, but for its arguments in favor of
“rationales” for table texts, emphasizing and explaining techniques for constructing
tables as well as recipes for using them.

5.7 Jagadbhūs. an. a of Haridatta

During the reign (1628–1652 CE) and evidently under the patronage of Jagatsim. ha I
of Mewar in Rājasthān, Haridatta son of Harajı̄ compiled the first known set of
Sanskrit astronomical tables in the “cyclic” form (see Section 2.3.2). This work,
entitled Jagadbhūs. an. a “Ornament of the world/of Jagat[sim. ha]” in compliment to
his patron, comprises several hundred tables and an accompanying text sometimes
referred to as the Jagadbhūs. an. a-prabandha, in five chapters consisting of about 130
verses and several short prose passages.21 It begins (MS BORI 399 f. 1r):

21See, e.g., Pingree (1968, pp. 55–9), Pingree (1973, pp. 141–142), Montelle (2014), and Pingree
(2003, pp. 83–87). Examples of the Jagadbhūs. an. a’s tables appear in Figures 3.3, 3.13, 4.17, 4.19,
and 4.31. Numerical evidence gleaned from tabular data in some of the manuscripts suggests that
the tables were computed for a latitude of φ = 24◦, roughly corresponding to Ujjain in Madhya
Pradesh (see Figure 4.31).
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pran. amyādidevam. vibhum. nārasim. ham.
grahān bhāskarādyān gan. eśam. bhavānı̄m ||
graharks. āditithyādipañcāṅgasiddhyai
karomi prabandham. jagadbhūs. an. ākhyam || 1 ||
Having honored Vis.n. u the all-pervading, first among the deities, the planets beginning with
the sun, Gan. eśa, [and the goddess] Bhavānı̄, I make a composition called Jagadbhūs. an. a for
establishing [the positions of] planets and stars etc. [as well as] a pañcāṅga [for] the tithi
etc.

After about a dozen verses describing and lauding the lineage and qualities of
Jagatsim. ha, Haridatta reintroduces his own work, tying its epoch to his patron’s
reign (MS BORI 399 f. 1r–v):

rājan śrı̄sabalābhidhānanr. patir mām. proktavām. ś cintyatām.
pr. thvyām. yena bhavet prabhoh. sakalagā kı̄rtı̄h. sadāsthāyinı̄ ||
tenāham. haribhat.t.aharidattākhyas tvadı̄ye śake
pam. cām. gagrahan. ādilabdhisahitām. siddhim. khagānām. bruve || 16 ||
śālivāhanamahı̄patiśāke pūrn. abān. avis. ayendusamāne
śrı̄jagannarapatir nijaśākam. bhūridānajanitam. kurute sma || 17 ||
śrı̄madvikramasam. jñakasya dharan. ı̄bhartuh. śarāgnı̄ndubhih.
hı̄ne syāt kila śālivāhanadharādhı̄śasya śākah. sphut.am ||
tasmin pūrn. aśarendriyem. durahite śrı̄majjagatsim. habhū-
bhartuh. śākavarah. khacandrarahito ’bdānām. gan. o granthajah. || 18 ||
O king, the ruler called Lord Sabala has declared [to?] me: let [him] be thought of, by
whom on earth the splendor of the king should be complete [and] everlasting; through him
I, Haribhat.t.a-Haridatta by name, state the determination of the planets along with finding
the calendar and eclipses and so on, for your Śaka year.

When the Śaka year of the ruler Śālivāhana [is] equal to 1550, the ruler Lord Jagatsim. ha
makes his own Śaka [era] produced by cutting off the greater [Śaka year].

When [the desired Sam. vat year] of the protector of the world called Lord Vikrama is
diminished by 135, [that] should be correctly the Śaka year of the world-lord Śālivāhana.
When that [Śaka year] is diminished by 1550, [it is] the supreme [regnal] Śaka year of
the protector of the world, Lord Jagatsim. ha. [That regnal year] diminished by 10 is the
accumulation of years pertaining to [the epoch of this] book.

This elaborate praise of Jagatsim. ha is reinforced by a similar encomium repeated in
every chapter colophon of the Jagadbhūs. an. a:

iti śrı̄gan. akacakracūd. āman. ibhat.t.aśrı̄harajı̄tatputranūjaharadattaviracite nikhilarāja-
man. d. alı̄maulimam. d. anapratāpanikaravidhvastaripumam. d. alavividhavidyāvinodarasika-
mahārājādhirājamahārājaśrı̄jagatsim. hanāmām. kite jagadbhūs. an. e [. . .]

Thus in the Jagadbhūs. an. a named after the ruler of supreme rulers Lord Jagatsim. ha, the
crest-jewel of the entire body of kings, whose adversaries are all destroyed, the essence of
brilliance [who is] devoted to various branches of learning and arts; [which was] composed
by Haridatta, son of the learned revered Harajı̄, the crest-jewel of the circle of excellent
mathematicians [. . .]

The astronomical material constituting most of the Jagadbhūs. an. aprabandha is
summarized in Table 5.14, and its accompanying table content in Table 5.15. As
these overviews indicate, the Jagadbhūs. an. a partakes to some extent of the hybrid



5.7 Jagadbhūs. an. a of Haridatta 237

Table 5.14 Contents of the Jagadbhūs. an. a-prabandha.

Number

Chapter Title of verses Contents

1. Sun and moon sūryacandrasphut. ı̄-
karan. a “true sun and
moon”

1–36 Invocation/dedication: epoch date

Using tables to find initial offsets

Civil days, avadhis, solar/lunar

positions

The tithis, naks. atras, yogas

Time corrections

2. Planets kujādisphut.atā “true
planets”

1–8, Cycle numbers

prose Using tables to find true velocity

passages Direct/retrograde motion

Lunar node

Computations before/after epoch

3. Locality-based
quantities: time,
direction, place

vimiśrasphut.atā
“correct miscellaneous
[computations]

1–23 Ascensions, shadows

Verse table of sine differences

Verse table of solar declination

Local latitude

Appearances of Canopus

4. Eclipses ravı̄ndvor grahan. a
“eclipses of sun/moon”

1–33 Importance of eclipses

Eclipse limits, lunar latitude, disk

size

Eclipse magnitude, duration,

deflection, parallax, colors

Graphical projection; techniques

for observing eclipses

5. Calendar dinādisphut.atā “true
day etc.”

1–25 Annual offsets for tithis,

naks. atras, yogas

Constructing the pañcāṅga

Sixty-year cycle

Astrological predictions

karan. a/sāran. ı̄ nature seen in some earlier works such as the Rājamr. gāṅka. Versified
algorithms, and in some cases short versified lists of values of functions such as sines
or declinations, are as essential to its use as its enormous numerical tables are.

The primary innovative feature of the Jagadbhūs. an. a is the cyclic arrangement
of its planetary true longitude tables. As discussed in Section 2.3.2, cyclic tables
enumerate these true positions depending only on the time since the start of some
recurring cycle, rather than on a combination of the planets’ mean and synodic
positions as in mean-to-true tables. Each planet has a cycle of different length, based
on its own period relation of some integer number n of revolutions in true longitude
completed in some integer number y of years. The advantages of this arrangement
include the (theoretically) eternal applicability of the tables, as the planets return
(almost exactly) to the same true positions after the same constant time increments,
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Table 5.15 Tables of the Jagadbhūs. an. a.

Tabulated quantity Tables Argument

in cycle

True longitude and velocity; synodic phenomena

Mars 0–78 1–27 avadhis

Mercury 0–45 1–27 avadhis

Jupiter 0–82 1–27 avadhis

Venus 0–226 1–27 avadhis

Saturn 0–58 1–27 avadhis

Annual lord of the year increment (weekday/time) 0–88 years

Annual epact increment (tithis) 0–121 years

Mean longitudinal displacement

Moon 0–121 years

1–27 avadhis

1–13 days

1–60 ghat. ı̄s

Lunar anomaly 0–42 years

1–27 avadhis

1–13 days

1–60 ghat. ı̄s

Lunar equation and velocity correction 0–30 3◦ arc-units of anomaly

Mean time correction functions 1–27 avadhis

Solar true longitude and velocity 1–27 avadhis

Length of daylight 1–27 avadhis

Mean longitudinal displacement

Lunar node 0–92 years

1–27 avadhis

Solar entries into zodiacal signs 12 zodiacal signs, 27 naks. atras

Table 5.16 The lengths of
Haridatta’s cycles for the
planets.

Planet Cyclic period (years) Revolutions per period

Mars 79 42

Mercury 46 46

Jupiter 83 7

Venus 227 227

Saturn 59 2

and the convenient replacement of the double-argument combination of planetary
and solar mean longitudes with the single input of time since epoch (modulo cycle
length).

The period relations employed by Haridatta are listed in Table 5.16. He calls
these periods cakras, adopting the terminology used by, e.g., Gan. eśa for time cycles
longer than a year. In fact, as illustrated by the examples shown in Table 5.17,
much of the Jagadbhūs. an. a-prabandha is adapted or borrowed verbatim from
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Table 5.17 Appropriations from verses of other texts identified in the Jagadbhūs. an. a.

Chapter and verse Topic Source

1.20 Civil days Candrārkı̄ 11

1.24–26 True moon Candrārkı̄ 16–17

1.27 Mean motion of moon/anomaly Candrārkı̄ 14

1.28 Reduction of arcs to first quadrant Karan. akutūhala 2.4

1.33 naks. atra and yoga Candrārkı̄ 23

3.2–3 Right ascensions Karan. akutūhala 3.1–2

3.4–5 Noon equinoctial shadow Grahalāghava 2.5

3.6 Ascendant at given time Karan. akutūhala 3.3

3.7 Divisions of ecliptic Grahalāghava 4.6

3.9 Half-length of daylight; hour angle Karan. akutūhala 3.7

3.11–16 Time for given ascendant Karan. akutūhala 3.3–6

3.21–22 Terrestrial latitude Karan. akutūhala 3.16

3.23 Heliacal rising/setting of Canopus Karan. akutūhala 6.15

4.3 Latitude of the moon Grahalāghava 5.2

4.4–5 Angular diameters Karan. akutūhala 4.7–8

4.6 Magnitude Karan. akutūhala 4.9

4.7 Half-duration Karan. akutūhala 4.10

4.8–10 Phases of eclipse Karan. akutūhala 4.11–13

4.13–15 Deflection Karan. akutūhala 4.14–16

4.16 True lunar latitude at impact/release Karan. akutūhala 4.17

4.18 Zenith distance Grahalāghava 6.1

4.19–21 Longitudinal parallax Grahalāghava 6.2–3

4.23–25 Corrected eclipse phases Grahalāghava 5.5

4.25 Visibility of an eclipse Karan. akutūhala 5.9

4.27 Colors Grahalāghava 5.6

4.28–32 Graphical projection Karan. akutūhala 4.18–23

5.4 dhruva of tithi, naks. atra, and yoga Tithicintāman. i 5

5.5–6 bhoga of tithi, naks. atra, and yoga Tithicintāman. i 8

these predecessors, primarily Bhāskara II, Dinakara and Gan. eśa. Moreover, his
parameters for the lord of year, lunar mean motion and lunar anomaly are those
of the Mahādevı̄ (Melnad Forthcoming).

None of these earlier Sanskrit works, however, is directly responsible for the fun-
damental and ingenious modification to the mean-to-true table structure represented
by the cyclic arrangement. It is plausible that Haridatta learned of the planetary
period relations underlying his cakras from some source ultimately derived from
the Greco-Islamic astronomy tradition. In particular, both the Jagadbhūs. an. a and
the zı̄j of al-Zarqālı̄ (epoch 1088 CE) use 83 years as the cycle length for Jupiter, as
opposed to the 71 years of the Ptolemaic model. It is also not impossible that the
south Indian vākya system of versified repeating patterns of true longitude played a
role in Haridatta’s innovation, but a thorough analysis of the text will be required to
sort out all the potential sources of his inspiration (Melnad Forthcoming).
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The abovementioned slight inexactitude in the planetary period relations means
that the tables are not in fact purely cyclic: that is, computing positions and synodic
phenomena for any time more than one cakra beyond the epoch date requires small,
mostly linear, additional corrections (see Figure 4.17). Unusually, Haridatta explains
these neither in verse nor in tables, but rather in a series of prose instructions
appended to the verses of his second chapter, as in the following excerpts (MS BORI
399 f. 2r–2v:

atha cakrabhrame gadyena sam. skāro likhyate bhaumādı̄nām ‖ [. . .]

budhasya cakrabhrame sam. skāro nāsty eva ‖
atha guror cakrabhrame yasyā paṅkter guruh. sādhyate tatpaṅktimadhye pratikos. t.hakam.
kalāś catvārim. śa 40 r. n. am. bhavanti ‖ dvitryādicakrabhrama etā dvitryādigun. itā r. n. am. kāryā
‖ iti gurucakrabhrame sam. skārah. ‖ [. . .]

atha granthaśakāt pūrvā ced grahāh. sādhyante tadā pūrvoktam. viparı̄tam. kāryam. ‖ iti
bhaumādipaṅcakamadhye cakrasam. skārah. ‖
bhaumasya cakrabhrama udayāstavakramārges. u s. an. n. avati ghat.ikā 96 dhanam. bhavanti
‖ budhasya cakrabhrama udayāstavakramārges. u caturvim. śadghat.ikā 24 r. n. am. bhavanti ‖
guroś cakrabhrama udayāstavakramārges. u as. t.acatvārim. śad 48 ghat.ikā r. n. am. bhavanti ‖
[. . .]

dvitryādicakrabhrama etā dvitryādigun. āh. sam. skāryāh. ‖ iti bhaumādı̄nām. cakrabhrama
udayāvakramārges. u sam. skārah. ‖
Now, the correction of Mars etc. when [there is] a completed cycle is written with a prose
[section]. [. . .]

When [there is] a completed cycle of Mercury, there is no correction at all.

Now, when [there is] a completed cycle of Jupiter, whatever table [(paṅkti) the true
longitude of] Jupiter is determined with respect to, 40 arcminutes are to be subtracted in that
table [from] every table-entry. When there [are] two, three, etc., completed cycles, those
[computed arcminutes] multiplied by two, three, etc., are subtracted. Thus the correction
when [there are] completed cycles of Jupiter. [. . .]

Now, if the planets are determined before the Śaka [year] of [the epoch of] the book, the
previously stated [procedure] is to be done in reverse. Thus the cycle-correction is applied
in the five [planets] beginning with Mars.

When [there is] a completed cycle of Mars, to the rise, set, retrograde and direct-motion
[times] 96 ghat. ı̄s are added. When [there is] a completed cycle of Mercury, to the rise,
set, retrograde and direct-motion [times] 24 ghat. ı̄s are subtracted. When [there is] a
completed cycle of Jupiter, to the rise, set, retrograde and direct-motion [times] 48 ghat. ı̄s
are subtracted. [. . .] When there [are] two, three, etc., completed cycles, those corrections
are multiplied by two, three, etc. Thus the correction to the rise, set, retrograde and direct-
motion [times] when [there is] a completed cycle of Mars etc.

5.8 Summary

We have seen that several Sanskrit sāran. ı̄/kos. t.haka works were ultimately derived
from Sanskrit astronomical handbooks or karan. as, and indeed are sometimes
referred to as karan. as themselves. This close connection between the genres
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persisted in, e.g., the Saurapaks.a works of Rāma writing in Kāśı̄ at the end of
the sixteenth century. His handbook and table text, identically entitled Rāmavinoda
“sport of Rāma,” are sometimes copied as a single work with the verses of the latter
treated as the initial chapter of the former (Pingree 1970–94, A5.426–428).

But the close relation between these astronomical genres does not mean that
every astronomical table is merely a record of mechanically repeated applications of
some algorithm prescribed by a karan. a. A table compiler might combine, simplify,
or otherwise modify algorithms from various sources to produce his tabulated
values, or might develop an innovative approach of his own like the various time-
offsets devised in, e.g., the Makaranda and the Tithicintāman. i. And interpolation
techniques were constantly invoked to ease the labor of filling in intermediate values
within a table once certain key entries had been computed by more complicated
methods.

The specific interconnections between individual works will require a great deal
of further scrutiny, analysis, and detailed textual scholarship to elucidate fully. We
have noted several examples of the most easily identified forms of intertextuality in
the table-text genre (besides the explicit dependence of the commentary/udāharan. a
on a selected base-text): namely, direct copying from an earlier work, and creating a
revision/abridgement of one, frequently with the word laghu prefixed to its title. But
the foregoing discussion has barely scratched the surface of such issues; there are,
at a conservative estimate, literally thousands of significant questions remaining to
be investigated about how table entries were computed and how their accompanying
texts were constructed.



Chapter 6
Further explorations

The previous overview reinforces our original impression that the proliferation of
table texts was one of the most important developments in Sanskrit astronomy in the
second millennium. The flexible and innovative construction of sāran. ı̄s increased
computational convenience and efficiency for their users as well as affording new
outlets for the creative ingenuity of their authors. Just in terms of sheer volume, we
can tentatively infer from inventories of manuscript collections that tables account
for over half of extant Sanskrit scientific manuscripts. It is all the more necessary to
reiterate that this study remains very incomplete as a survey and analysis of these
important texts. We conclude it with some supplementary details on the Indian table-
text genre and some proposals for its further investigation.

6.1 Interactions with other table-text traditions

In addition to the vast ocean of Sanskrit astronomical tables derived from earlier
jyotis. a works, there is a far smaller but nonetheless informative corpus of Sanskrit
tables directly derived from Islamic and European ones. Overwhelmingly, these
tables form part of Sanskrit translations or adaptations of foreign astronomical
works, usually produced in a metropolitan court hosting many scholars and
scientists from different traditions. The results are interesting for their hybrid
of traditional Sanskrit and “Sanskritized” foreign features, as illustrated by the
following sample instances. (See also specific topics and tables in such works
discussed in Sections 4.5 and 4.12.)

© Springer Nature Switzerland AG 2018
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Fig. 6.1 Table of solar declination with ε = 1415′ = 23◦;35 from a manuscript of the Yantrarāja
(JVS 57.831 f. 5r–v).

6.1.1 Yantrarāja of Mahendra: Manual on astrolabes, Delhi,
1370

The earliest known Sanskrit direct translation of Islamic astronomical material is
the Yantrarāja (“Astrolabe,” literally “king of instruments”) composed by Mahendra
Sūri in Śaka 1292 (= 1370 CE).1 Commissioned by Sultan Fı̄rūz Shāh of Delhi, this
guide to constructing and using astrolabes derives from an Islamic source or sources
as yet unidentified (or perhaps partly or primarily on consultations with Muslim
colleagues explaining such sources).

Its accompanying tables follow typical zı̄j conventions such as adopting the
trigonometric radius value R = 3600 = 1, 0, 0 and the ecliptic obliquity value ε =
23◦;35 (see Figure 6.1).2 Attempts are made in other ways, however, to integrate

1For extensive scholarship on Mahendra and the Indian astronomical instrumentation tradition in
general, see Sarma (2008) and the works cited therein.
2For more details on the use of these values of R and ε in the zı̄jes of, e.g., al-Khāzinı̄ (ca. 1130),
H. abash al-H. āsib (ca. 850), al-Battānı̄ (ca. 900), Kūshyār (ca. 1000), and al-Bı̄rūnı̄, see Kennedy
(1956, pp. 151–159).
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Fig. 6.2 First two entries from the star-list table in a manuscript of the Yantrarāja (JVS 57.831
f. 7v).

their content into the Sanskrit tradition, such as including in the geographical
tables latitudes and ascensional differences for cities within as well as outside India
(Raikva 1936, pp. 19–25). Moreover, the Yantrarāja’s table of star coordinates (itself
very typical of the zı̄j genre) lists both the him. duka-nāmāni or Indian (Sanskrit)
names and the nāgarı̄-transliterated pāraśı̄-nāma or Persian names in its columns
(see Figure 6.2).

6.1.2 Siddhāntasindhu of Nityānanda: Translated zı̄j, Delhi,
1628

Nityānanda, an astronomer at the Mughal imperial court of Shāh Jahān, was
commissioned by the emperor’s father-in-law Āsaf Khān to produce a translation
of the Persian Zı̄j-i Shāh Jahānı̄ composed by Farı̄d al-Dı̄n Ibrāhı̄m al-Dihlawı̄.
This zı̄j in turn was based on another set of astronomical tables, the Sult.ānı̄ zı̄j of
Ulug Beg (Samarkand, ca. 1440) (Misra 2016). Nityānanda named his composition
Siddhāntasindhu (“river/ocean of siddhāntas,” also a play on the name of the Sindh
region) and, following the author of the Persian original, took as its epoch 1628, the
year of Shāh Jahān’s accession.3 Comparing the two versions reveals some of the
accommodations Sanskrit authors had to make when translating tabular data from a
zı̄j for audiences more accustomed to the Sanskrit kos. t.haka format.

Most immediately obvious is the reversal of the Arabic/Persian right-to-left
presentation of data and tables into the left-to-right orientation normal to Sanskrit,
illustrated in Figures 6.3 and 6.4. The former shows the zı̄j’s shadow/cotangent table
for 1 to 90◦ of solar zenith distance, entitled jadwal al-z. ill al-thānı̄ wa-yusmā al-z. ill
al-mustawı̄ “Table of the second shadow, [which] is called the right [i.e., vertical]
shadow.” These shadow lengths (cast by a horizontal gnomon, thus equivalent to the
cotangent of the solar zenith distance) are tabulated in Arabic alphanumeric abjad
numerals for three different standard gnomon measures: 60 (as-sittı̄nı̄ “sixties”), 12
(al-as. ābi‘ “digits”), and 7 (al-aqdām “feet”). The table begins in the top right corner
and the numerical entries in order of increasing argument are read from right to left
and from top to bottom.

3Examples of its tables are shown in Figures 4.26, 4.30, and 4.65.
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Fig. 6.3 Table of vertical shadow/cotangent of solar zenith distance, from a manuscript of the
Zı̄j-i Shāh Jahānı̄ (British Library OR 372 f. 39v). Shadow lengths in abjad numerals for three
different horizontal gnomon measures for 1–45◦ of argument are tabulated top to bottom in the
three columns of the right half, and for 46–90◦ of argument in the left half.
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Fig. 6.4 Sanskrit version of the above zı̄j table of vertical shadow/cotangent of solar zenith
distance, from a manuscript of the Siddhāntasindhu (Jaipur Khasmohor 4962 f. 47r).
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Figure 6.4 shows Nityānanda’s version of the same shadow table. Entitled
pratilavasamachāyā “Right [i.e., vertical] shadow per degree,” it lists the three
gnomon measures as 60 (s. as. t.iśam. kuchāyā, “shadow of a 60[-unit] gnomon”), 12
(dvādaśaśam. kubhā, “shadow of a 12[-unit] gnomon”), and 7 (saptām. gulachāyā,
“shadow of a 7-digit [gnomon]” presumably in error for “7-foot”?). In its reversed
“Sanskritized” layout the original columns for the three gnomon measures become
rows, arranged in three horizontal blocks for 30◦ intervals of argument instead of
in two vertical blocks for 45◦ intervals, and the sexagesimal digits of the individual
table entries are stacked vertically instead of horizontally.

6.1.3 Phiraṅgicandracchedyopayogika: European lunar
theory, Jaipur, 1734

The process of transmitting and adapting foreign tables was especially active at the
court of Mahārāja Jayasim. ha of Amber (r. 1700–1743) under the Mughal emperor
Muh. ammad Shāh (Pingree 1999, 2002, 1987a). Renowned for his patronage of the
astral sciences, Jayasim. ha acquired not only a number of zı̄jes in Arabic and Persian,
but also (from a resident Portuguese astronomer, Pedro da Silva) a copy of the 1727
edition of a Latin treatise on Copernican astronomy entitled Tabulae astronomicae
by Philippe de La Hire. With the help of da Silva and subsequently of some French
Jesuits better schooled in de La Hire’s work, the jyotis. ı̄s at Jayasim. ha’s court in
Jaipur produced various translations and adaptations of the Tabulae, along with
Sanskrit versions of its numerical tables.

One of the Sanskrit works inspired by de La Hire’s treatise was entitled Phiraṅgi-
candracchedyopayogika (“Concerning the use of the European lunar diagram”),
composed around 1734. Figure 6.5 shows de La Hire’s Latin table of the correction
to Saturn’s longitude due to the so-called reductio or projection of its motion
along its orbit to the ecliptic, as well as the corresponding Sanskrit version in the
Phiraṅgicandracchedyopayogika. The table’s argument, as indicated by the column
header arg. latit. (argumentum latitudinis), runs from 0 to 30◦ (gradus) of each
zodiacal sign of Saturn’s argument of latitude: namely, its elongation along its orbit
from its orbital node. This is rendered in the Sanskrit version by the table caption
śara-phala, literally “equation of latitude.”

The translated table is structurally and numerically identical to the Latin original,
with the entries read top to bottom for the specified zodiacal signs in the first and
third quadrants, and bottom to top for the signs in the second and fourth quadrants.
The column headers/footers of the translation write out the Sanskrit names of the
relevant zodiacal signs in place of their Latin numerals 0–XI, and add the arithmetic
sign indicators r. (for r. n. a) “negative” and dhana “positive” at top and bottom,
respectively, to convey the sense of the Latin Reductio Subtrahenda descendendo
“the reduction [correction] is to be subtracted when going down [the table]” and
Addenda ascendendo “added when going up.” The nāgarı̄ numerals include dan. d. as
to separate the sexagesimal digits of the entries.
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Fig. 6.5 Left: A table of the reductio or reduction of longitude to the ecliptic for Saturn from the
1727 edition of the Tabulae astronomicae (de La Hire 1727, p. Tabulae 46). Right: The Sanskrit
version of this table from a manuscript of the Phiraṅgicandracchedyopayogika (Jaipur Khasmohor
5292 f. 39r).
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6.2 Regional, institutional, and intellectual trends in
table-text authorship

The question of why particular jyotis. ı̄s composed or embraced particular table
texts in particular localities at particular times is as large as Indian second-
millennium intellectual history itself, about which we still know far too little.
We can infer from evidence about the provenance of table-text manuscripts that
the very rough correlations between astronomical paks. a and geographical region
discussed in Section 1.2.3 still more or less hold true for the astronomical tables
genre. The Āryapaks.a vākya compositions in southern India, the Brāhmapaks.a and
Gan. eśapaks.a tables dominating northwestern regions, and the Saurapaks.a tables
originating in central and eastern India (Rupa K. et al. 2014, pp. 192–194) illustrate
the persistence of these overall trends. We can add to these roughly sketched
patterns a few other fairly obvious broad inferences, e.g., that Sanskrit translations
of Islamic astronomical tables typically proceeded from environments of courtly
patronage, or that vernacular adaptations of established Sanskrit sāran. ı̄ works
suggest dissemination into more popular and practical spheres of activity within
jyotis. a.

Ultimately, however, identifying and understanding the connections among
Sanskrit table texts crucially depends on tracing the multitudes of individual
connections between their authors, and the prosopography of these jyotis. ı̄s is still
in a very rudimentary state. But the pioneering work of, e.g., Dikshit (1969,
1981) and Pingree (1970–94, 1981), along with some additional information from
manuscripts, enables us to discuss the following selected examples. Most of them
are connected in some way with early modern Kāśı̄, illustrating the prominent role of
that city as a contemporary center of Sanskrit learning and its consequent attraction
for migrating Sanskrit scholars (O’Hanlon 2013).

The famous Gan. eśa, initiator of the Gan. eśapaks.a in Nandigrāma in about 1520
(see Section 5.6), also had accomplished astronomers for his father (Keśava of the
Kauśika gotra, author of several works in astronomy and astrology) and brothers.
Besides his own son(s) and his nephew Nr.sim. ha, Gan. eśa is known to have taught
Divākara of the Bhāradvāja gotra from Golagrāma on the northern bank of the
Godāvarı̄ River in eastern Mahārās.t.ra, who later moved to Kāśı̄. Divākara’s five
sons include the abovementioned brothers Viśvanātha, Vis.n. u, and Mallāri, whose
nephew Nr.sim. ha along with his own three sons Divākara (II), Kamalākara, and
Raṅganātha likewise contributed significantly to the flourishing study of jyotis. a in
that city.

At about the same time as the migration of Divākara’s family, a jyotis. ı̄ named Ba-
llāla of the Devarātra gotra also relocated to Kāśı̄, from a village called Dadhigrāma
on the banks of the Payos.n. ı̄, probably also in eastern Mahārās.t.ra. He likewise had
five sons, some of whom contributed books and/or sons of their own to the cause of
Sanskrit astronomy.

The output of these dozen or so astronomers in the course of about a century,
even leaving aside the seminal works of Gan. eśa on which much of it was based,
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is a remarkable and highly complex achievement that requires far more detailed
analysis. Not the least interesting aspect of their work is the variation it reveals
in the amount of attention the different authors paid to table texts. Some of the
descendants of Divākara (I) and of Ballāla wrote commentaries and udāharan. as on
tables, especially the prolific Viśvanātha who produced no fewer than three along
with multiple commentaries on karan. a and astrological texts. Viśvanātha’s grand-
nephew Divākara (II) likewise commented on (among others) the Pātasāran. ı̄ and
the Makaranda, while his brother Kamalākara composed only a highly theoretical
siddhānta in the classical form, along with expositions of other such works. Was this
an indication of differences between the brothers in professional duties requiring
different amounts of astronomical calculation, or in estimation of scholarly prestige
attached to practical versus theoretical expositions, or simply in personal interests
or proficiency in composing Sanskrit verse?

All such questions about individuals’ involvement with the table-text genre
remain entirely unanswered for almost all brāhman. a jyotis. ı̄s working in Sanskrit
in the second millennium. (The role played by their Jaina counterparts in this genre
is even more obscure; at present, we know of no Jaina authors of Sanskrit works on
tables designed to aid in construction of pañcāṅgas, prediction of eclipses, or other
crucial aspects of liturgical calendars like those with which most brāhman. as were
constantly engaged.) We hope that the foregoing investigations will highlight the
need for more thorough study of these issues.

6.3 The roles of scribes and users in creating and modifying
table texts

The examples in Section 3.2 and elsewhere have illustrated many of the variations
in format and layout that scribes can introduce when copying astronomical tables.
Since astronomers in many cases made their own copies of such books for
themselves or their pupils,4 the distinction between the categories of “user” and
“scribe” is not always sharply marked. If the copyists were proficient in working
with tables, they might make such modifications deliberately and, in some cases,
might even extend them to the basic tabular or textual content of the work.

These speculations find some corroboration in manuscripts of Sanskrit table
texts. For instance, equivalent tables of the udayāntara “rising-difference,” or
component of the equation of time correction due to the obliquity of the ecliptic,
in three manuscripts of the Brahmatulyasāran. ı̄ are reproduced in Figures 4.28
and 6.6. Some of the differences in the ways their compilers organized and placed
them are summarized in Table 6.1. These udayāntara tables also contain three

4See, e.g., Pingree (2003, pp. 164–166). The dearth of prosopographical information lamented in
Section 6.2 concerning the authors of Sanskrit scientific texts is even more marked when it comes
to their copyists and their readers.
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Fig. 6.6 Rising-difference (udayāntara) tables from two manuscripts of the Brahmatulyasāran. ı̄.
Top: Smith Indic 43 f. 1r. Bottom: Smith Indic MB LVIII f. 5v.

Table 6.1 Comparison between features of the udayāntara table in three different manuscripts of
the Brahmatulyasāran. ı̄, in argument step length, table entries, and table placement.

Max. value

Manuscript Steps (sun/moon) Placement

MS Smith Indic 45
(Figure 4.28)

2◦ 24;0/5;42,51 After the lunar manda-equation,
followed by the correction to Mars’
apogee, then Mars’ manda-equation.

MS Smith Indic 43
(Figure 6.6, top)

1◦ 24/5;42 Beginning of MS, followed by the
correction to Mars’ apogee and then
solar manda-equation table.

MS Smith Indic MB LVIII
(Figure 6.6, bottom; separate
tables for sun/moon)

1◦ 0;24/5;43 End of MS, after Saturn’s mean
longitudinal displacement.
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Fig. 6.7 Title paratext of the rising-difference (udayāntara) table from three manuscripts of the
Brahmatulyasāran. ı̄. Top: Smith Indic 45 f. 7v. Middle: Smith Indic 43 f. 1r. Bottom (two excerpts):
Smith Indic MB LVIII f. 5v.

different versions of the title paratext, all derived from the following verse in the
Karan. akutūhala of Bhāskara (Mishra 1991, p. 29, verses 2.18), and reproduced in
Figure 6.7:

dvighnasya dorjyā śarahr. d viliptā
bhānor vidhoh. kvaks. ihr. tāh. kalās tāh. ‖
svarn. am. ca yugmau jayadasthite ’rke
kramen. a karmetyudayāntarākhyam‖18‖

The sine [of the mean longitude of the sun] multiplied by 2, divided by 5, is the [correction
in] arcseconds for the sun. [The same quantity in the case] of the moon is divided by 21;
[the result is in] minutes. And these are [applied] positively or negatively when the sun is
standing in an even or odd quadrant respectively. That is the operation called the ‘[equation
of time] correction for ecliptic obliquity.’

The title versions in the different manuscripts are as follows:

Smith Indic 45:

atha ravicam. drayor udayām. taram. kos. t.akāh. dvighnam. bhujām. sopari

Now, the tabular values [for] the rising-difference [correction] pertaining to the sun and the
moon [with its] superscribed [argument] the degrees of the longitudinal arc multiplied by 2.

Smith Indic 43:

madhyamam. ravisāyanam. dvighnam. ca vidhāya bhujah. kāryas tadam. śopari raver
udayām. taram. vikalātmakam. tadadhaś cam. drasya kalādikam. sāyane madhyamaravau
yugmapadasthe dhanam. ojapadasthe r. n. am. | sāyanasūryasya dvighnasya dorjyā śarahr. d
viliptā bhānoh. vidhoh. kvaks. i 21 hr. tā kalā sphuti udayām. taram. kāryam |
[When one] has determined the precession-increased mean [longitude] of the sun multiplied
by two, a bhuja (i.e., an arc reduced to the first quadrant) is to be made; the rising-difference
[correction] of the sun [with its] superscribed [argument] in degrees of that [is given in]
arcseconds (vikalā). Below that, the minutes and so on of the moon. When the precession-
increased mean [longitude of the] sun is situated in an even quadrant, it is positive; situated
in an odd quadrant, it is negative. The sine of the precession-increased [mean longitude
of the] sun multiplied by 2, [in] arcseconds (viliptā) [when] divided by 5 for the sun, [in]
arcminutes (kalā) [when] divided by 21 for the moon, is to be made [as] the accurate rising-
difference [correction].
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Fig. 6.8 Table of epact from a manuscript of Haridatta’s Jagadbhūs. an. a (Smith Indic 146 f. 96v),
with paratext containing a quote from the Candrārkı̄ of Dinakara, presumably added by the scribe.

Smith Indic MB LVIII:

atha dvighnasāyanaravibhujāśopari yātaphalam. kalādi | ojapade r. n. am. | yugmapade
dhanam. ||
atha cam. drasya yām. taphalam. vikalādiravivad dhanarn. am. |
Now, the rising-difference [correction] (yātaphala) [with its] superscribed [argument], the
arc (bhuja) of the precession-increased mean [longitude of the] sun multiplied by two, is in
minutes and so on. In an odd quadrant it is negative, in an even quadrant, positive.

Now, the rising-difference of the moon is positive or negative similarly to [that of] the sun
in arcseconds (vikalā) and so on.

A similar instance of (presumably) a scribe’s adding supplementary quoted
material to table paratext is illustrated in Figure 6.8, which shows the first part of
an annual epact table from the Jagadbhūs. an. a of Haridatta (Section 5.7). After the
title atha prativars. aśuddhikos. t.hakāh. (“Now, the tabular entries of annual epact”)
appears some text not found in Haridatta’s own verses but evidently borrowed from
the Candrārkı̄ of Dinakara (Kolachana et al. 2018, p. 331, verse 13ab):

Jagadbhūs. an. a: śuddhau viyadrūpakarās trayam. ca māsā gatā mādhavato vicintyāh.

Candrārkı̄: śuddhau viyadrūpakarāstadūrdhve | māsā gatā mādhavato vicintyāh.

“If the epact [quotient with 30 happens to be] beyond zero, one or two [or three], [then] the
elapsed months are to be considered [as starting] from Vaiśākha”.

This rule seems to imply something equivalent to the practice of adding an
intercalary month if the epact is greater than 30 tithis.5

The scribe/compiler of a table text may also, as we have seen in the comparisons
in Tables 5.6 and 5.11 relating to the Makaranda and the Grahalāghavasārin. ı̄
respectively, adjust the tables’ epoch to a more convenient period by choosing
to omit or augment some of the work’s given multi-year cycles. Occasionally an
entirely new table may even be added. Consider, for example, the mean longitude
displacement tables excerpted in Figure 6.9. The top image shows part of the
standard vāt.ikā table (Section 4.1) with mean longitude increments for Mercury,

5Not having seen at time of writing more than one manuscript of the Jagadbhūs. an. a’s tables, we
cannot conclude definitively that this addition is due to a scribe rather than forming part of Hari-
datta’s own table paratext, but it seems likely.
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Fig. 6.9 Excerpts from the mean longitudinal displacement table for Mercury from a manuscript
of the Makaranda (which includes a similar table for Venus). Top: The standard table as it appears
in all MSS (Smith Indic 135 f. 14v). Bottom: Table of sexagesimal-complement values of the above
table (Smith Indic 135 f. 38r).

while the entries in the bottom table (which is placed, with a similarly constructed
table for Venus, at the end of the manuscript) are the sexagesimal complements of
those in the former. The purpose of these additional tables is not explained.

6.4 Future directions

Among the many fundamental aspects of Indian table texts not addressed in this
study due to lack of space and time, one of the most central is the nature and
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role of non-Sanskrit table texts. Vernacular scientific literature, as has been ably
noted in, e.g., Rupa K. et al. (2014), was intertwined with Sanskrit works and
undeniably has much to tell us about them. In the same vein, the corpus of ephemera
constituting individual pañcāṅga and horoscope texts must be probed to understand
the connections between the knowledge and skills maintained by practitioners of
jyotis. a and the content of its ultimate end products.

Even the topics that we have addressed here contain innumerable questions that
remain unanswered. For example, it is still not clear exactly how or when, or why,
astronomers developed the time-unit of the avadhi so ubiquitous in table texts. Nor
do we really understand why so many computed and tabulated quantities such as
parallax and equation of time are structured as separate components in Indian tables
and other astronomical works, instead of being “bundled” as a combined correction
as in their Ptolemaic counterparts. Seeming minutiae such as the selection (and
invention) of specialized units of measurement, the initialization of table arguments
at 0 rather than 1, and the use of cycle-complements of desired quantities rather than
the quantities themselves are small but insistent indicators of how much still needs
to be explained about Indian astronomical tables.

Underlying all these details are several deeper issues concerning the intellectual
and professional development of Indian astronomy in the second millennium. For
instance, were the endlessly multiplied individual variations in the structure and
format of tables employed as a sort of professional “brand” for compilers of table
texts? To what extent was a particular set of tables viewed, or intended to be
viewed, as a particular author’s composition as opposed to a customizable reference
work that could be modified to fit users’ differing requirements? Most importantly,
we seek to know how these works fit into contemporary trends of “classical”
renewal and “modern” innovation in Sanskrit intellectual history as a whole. Did
astronomical table texts merely supplement the ancient genres of versified treatise
and handbook, or to some extent replace them, or provide a way to bypass some of
their content?6

The first major step in the lengthy process of elucidating these issues should be
establishing the textual sources. The present study has relied on an unsystematic mix
of published editions and manuscripts to explain some key features of the material,
but reliable critical editions of tables as well as their accompanying instructions
are urgently needed for deeper investigations. We suggest prioritizing some of
the table texts discussed in Chapter 5 that have already been incompletely and/or
non-critically edited: namely, the Rājamr. gāṅka, the Grahajñāna, the Makaranda
and the Mahādevı̄. (A critical edition of the Jagadbhūs. an. a will appear shortly in
Melnad (Forthcoming)). Other important works that should be published in the
near future include the Śı̄ghrasiddhi of Laks.mı̄dhara, which includes parameters

6The larger topic of the evolution of Sanskrit textual traditions in the mid-second millennium, and
their testimony to a flourishing intellectual dynamism combined with tension between canonical
authority and new ideas, has been broached in the recent project “Sanskrit Knowledge-Systems on
the Eve of Colonialism,” see Pollock (2002). In the specific context of jyotis. a, similar questions
are addressed in, e.g., Minkowski (2002).
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from both the Āryapaks.a and the Brāhmapaks.a, and the two works of Rāma
entitled Rāmavinoda—one a karan. a and the other a kos. t.haka—based on Saurapaks.a
parameters.

Another unexplored mine of textual material is furnished by the many table
texts composed in the hundred or more years following the chronological stopping
point of this study in the mid-17th century. Several of these newer works (listed
in Appendix A) stand out for their potential to testify to continuing innovation and
adaptation within their genre. For example, the only cyclic table text other than
Haridatta’s Jagadbhūs. an. a that we know of appears in this period: the Brāhmapaks.a
Grahasiddhi or Bhraman. asāran. ı̄ of Trivikrama of Rājasthān. An initial inspection
of this work reveals many similarities with the Jagadbhūs. an. a but also many
modifications to improve precision and ease of use. These cyclic table texts, despite
their scarcity, are crucial to understanding the history and circulation in various
scientific traditions of the planetary “goal-year period” parameters that emerged in
ancient West Asia. Other later works in need of further study include the following:

Gan. itarāja of Kevalarāma Pañcānana (1728). This Saurapaks.a mean-with-
equation table text from north-east India is one of the most comprehensive sets
of Sanskrit tables known, comprising detailed planetary, calendric, and eclipse
tables. Pingree (1981, p. 44) has suggested that its positive-normalized equation
tables may reveal inspiration from Islamic sources (although note that we have
seen in Section 4.10 Makaranda’s somewhat similar adjustment of table entries
to make them always additive).

Pattraprakāśa of Viśrāmaśukla (1777). Another Saurapaks.a work combining
planetary and calendric tables in this case composed at Kāśı̄ with mean-to-true
arrangement.

Jayavinodasāran. ı̄ of Jayasim. ha. Mahārāja Jayasim. ha of Jaipur (r. 1700–1743),
an enthusiastic patron of the sciences, is credited with compiling this calendric
table text as well as commissioning the Sanskrit translation Samratsiddhānta of
the text and tables of al-T. ūsı̄’s Arabic recension of Ptolemy’s Almagest.

The continued importance of Gan. eśa’s Grahalāghava to table compilers also
should not be (longer) neglected. Many so-called Grahalāghavasārin. ı̄ works well
into the eighteenth century perpetuated its parameters and methods, each with its
own variations in content and format. One of the Grahalāghava’s cakra dates or
cycle transitions (see Section 5.6.1) was adopted as the epoch of another “spinoff”
work, the 1773 Grahāgama of Govindasūnu.

Finally, the process of editing table texts will require extensive reconstructions
and statistical analyses of the table data, not merely for detecting scribal errors but
also for extracting or “squeezing” underlying parameter values. This will reveal
much additional information about the technical relationships connecting table texts
with karan. as and siddhāntas, as well as the computational techniques employed by
jyotis. a practitioners.
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Appendix A
Inventory of Sanskrit table texts

The following inventory does not pretend to be a complete list of every surviving or
known table text in Sanskrit astronomy. It is unlikely that any such list could ever be
compiled, especially if the category of table text is taken to include every individual
pattra, kos. t.haka or sāran. ı̄ written out by astronomers for their personal use. But
the items shown here contain all the named and recognized table texts known to us,
along with basic information about their date, authorship, and connections to other
works.

Each listing contains the work’s title as well as the following details, where
available:

• epoch/composition date (Common Era dates have been converted or recon-
structed from external sources)

• author
• geographical location, including latitude where known
• astronomical paks. a, format, and/or “school” tradition to which the work belongs
• standard reference citations about the work
• commentators, with titles and dates of their commentaries where known
• other miscellaneous information

Ananta sudhārasasāran. ı̄ (ca. 1525 CE)
Ananta
(Pingree 1970–94, A1.40, A5.5; Pingree 2004, pp. 29–33)

Karan. akesarı̄ Śaka 1603 (1681 CE)
Bhāskara
Saudāmikā (Gujarāt? φ = 22◦;35,39)
Brāhmapaks.a
(Pingree 1970–94, A4.328, A5.263; Pingree 1968, pp. 70–72; Montelle and Plofker
2013)
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Khagataraṅgin. ı̄ (1608 CE)
Goparāja
Saurapaks.a
(Pingree 2003, pp. 74–78)

Khecaradı̄pikā Śaka 1571 (1649 CE)
Kalyān. a
(Gujarāt/Rājasthān)
Brāhmapaks.a, mean-to-true
(Pingree 1970–94, A2.25; Pingree 1968, pp. 61–2; Pingree 1981, p. 43)

Khecaraśı̄ghrasiddhi/Grahasāran. ı̄ Śaka 1552 (1630 CE)
Gaṅgādhara
Kāśı̄
Gan. eśapaks.a, mean-with-equation
(Pingree 1970–94, A2.82–85, A4.70, A5.65; Pingree 1981, p. 43; Pingree 1973,
pp. 134–141)

Khet.akasiddhi Śaka 1500 (1578 CE)
Dinakara
Bārejya, (Bariya, Rewa Kantha, Gujarāt)
Brāhmapaks.a, mean-to-true
(Pingree 1970–94, A3.102–104, A5.139; Pingree 1968, pp. 51–3; Pingree 1973,
pp. 101–112; Pingree 1981, p. 42; Pingree 2003, p. 65)

Khet.akautūhala (1619 CE)
Sūrajit
(Ahmadabad?)
(Pingree 2003, pp. 79–80)
udāharan. a of 1628/9 CE (Khasmohor 5602)

Khet.ataraṅgin. ı̄ Śaka 1624 (1702 CE)
Āpadeva
Janasthāna, Mahārās.t.ra
Gan. eśapaks.a, mean-with-equation
(Pingree 1970–94, A1.49–50, A3.15; Pingree 1981, p. 43)

Khet.amuktāvalı̄ Śaka 1488 (1566 CE)
Nr.sim. ha
Nandigrāma, Gujarāt
Gan. eśapaks.a, mean-to-true
(Pingree 1970–94, A3.202–204, A4.162, A5.202; Pingree 1980; Pingree 1981,
p. 42)
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Gan. akānanda (1447 CE)
Sūrya
Saurapaks.a
(Rupa 2014, p. 42)

Gan. itamakaranda (1618 CE)
Rāmadāsa Dave
Śuddhadantı̄, Marwar
(Pingree 1970–94, A5.490; Pingree 2004, p. 36)

Gan. itarāja Kali 4829 (1728 CE)
Kevalarāma Pañcānana
Navadvı̄pa, Bengal
Adjusted Saurapaks.a, mean-with-equation
(Pingree 1970–94, A2.63, A4.63, A5.54; Pingree 1973, pp. 158–168; Pingree 1981,
p. 44)

Grahakalpataru/Man. ipradı̄pa Śaka 1487 (1565 CE)
Raghunātha
Kāśı̄
(Pingree 1970–94, A5.372; Pingree 2003, pp. 62–64)

Grahakaumudı̄ Śaka 1510/1525 (1588/1603 CE)
Nr.sim. ha
Nandigrāma, Gujarāt
Gan. eśapaks.a, mean-to-true
(Pingree 1970–94, A3.202–204, A4.162, A5.202; Pingree 1973, pp. 118–123;
Pingree 1981, p. 42)

Grahajñāna Śaka 1054 (1132 CE)
Āśādhara
(Gujarāt)
Brāhmapaks.a, mean-to-true
(Pingree 1970–94, A1.54, A2.16, A3.16, A4.28, A5.17; Pingree 1973, pp. 69–72;
Pingree 1981, p. 42; Pingree 1989)
Gan. itacūd. āman. i of Harihara (fl. ca. 1575)

Grahaprakāśa Śaka 1584 (1662 CE)
Devadatta
Adjusted Saurapaks.a
(Pingree 1970–94, A3.119; Pingree 1973, pp. 142–148)
commentary of Devadatta
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Grahaprabodha Śaka 1541 (1619 CE)
Nāgeśa
Gujarāt
Gan. eśapaks.a, mean-with-equation
(Pingree 1970–94, A3.145–146, A4.125, A5.167; Pingree 1968, pp. 63–64; Pingree
1981, p. 43)
udāharan. a of Yādava (Śaka 1585 = 1663 CE)

Grahalāghavavı̄yamadhyamaspas. t.ārkasārin. ı̄ Śaka 1447 (1525 CE)
(Pingree 1968, p. 50)

Grahalāghavasārin. ı̄ Śaka 1676 (1754 CE)
Gan. eśapaks.a, mean-with-equation
(Pingree 1968, pp. 69–70; Pingree 1973, pp. 93–99)

Grahalāghavasārin. ı̄ (ca. 1630 CE)
Nı̄lakan. t.ha
(Pingree 1970–94, A3.174, A4.142, A5.184–185; Pingree 2003, pp. 80–83)

Grahalāghavasārin. ı̄ Śaka 1578 (1656 CE)
Prema
(Pingree 1970–94, A4.229, A5.226; Pingree 2003, pp. 87–90)

Grahasiddhi/Bhraman. asāran. ı̄ Sam. vat 1776 (1704 CE)
Trivikrama
Nalinapura, Rājasthān
Brāhmapaks.a, cyclic
(Pingree 1970–94, A3.93, A4.105; Pingree 1968, pp. 64–66; Pingree 1981, pp. 43–
44)
udāharan. a of Trivikrama

Grahāgama Śaka 1695 (1773 CE)
Govindasūnu
Sipośi, Rājasthān
Gan. eśapaks.a, mean-with-equation
(Pingree 1970–94, A2.143, A4.86; Pingree 1973, pp. 168–169; Pingree 1981, p. 44)

Candrārkı̄ Śaka 1500 (1578 CE)
Dinakara
Bārejya, (Bariya, Rewa Kantha, Gujarāt)
Brāhmapaks.a, mean-to-true
(Pingree 1970–94, A3.102–104, A4.109, A5.138–9; Pingree 1968, pp. 51–3;
Pingree 1973, p. 101; Pingree 1981, p. 42; Pingree 2003, pp. 65–68)
Candrārkı̄t.ippan. a of Dinakara
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Candrārkı̄ Śaka 1577 (1655 CE)
Acalajit
Muraripupura, Gujarāt
Brāhmapaks.a/Saurapaks.a
(Pingree 1970–94, A4.12; Pingree 1981, pp. 45–6)

Camatkārasiddhi Śaka 1549 (1627 CE)
Vı̄rasim. ha
Bikāner
(Pingree 1981, p. 45; Sarma 1945)

Jagaccandrikāsārin. ı̄ Sam. vat 1725 (1668 CE)
(Jaina author)
(Pingree 2003, pp. 90–91)

Jagadbhūs. an. a Śaka 1560 (1638 CE)
Haridatta
Mewar, Rājasthān (φ ≈ 24, Ujjain, Madhya Pradesh?)
Brāhmapaks.a, cyclic
(Pingree 1968, pp. 55–9; Pingree 1973, pp. 141–142; Pingree 2003, pp. 83–87;
Montelle 2014)

Jayavinodasāran. ı̄ Śaka 1657 (1735 CE)
(Jayasim. ha)
Amber Palace, Jaipur, Rājasthān
(Pingree 1968, pp. 66–7; Pingree 1981, p. 46)

Tithikalpadruma/Pañcāṅgapatraracanā Śaka 1527 (1605 CE)
Kalyān. a
Maṅgalapura, Saurās.t.ra
Brāhmapaks.a
(Pingree 1970–94, A2.24–5, A4.47, A5.28; Pingree 1973, pp. 123–128; Pingree
1981, p. 45)

Tithikalpalatā Śaka 1281 (1359 CE)
(Pingree 1973, pp. 89–92; Pingree 2004, pp. 20–21)

Tithikāmadhenu Śaka 1279 (1357 CE)
Mahādeva
Tryambaka, Mahārās.t.ra
Āryapaks.a
(Pingree 1970–94, A4.376–77; Pingree 1973, pp. 82–89; Pingree 1981, p. 44)
commentary of Ananta (fl. ca. 1575)
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Tithicintāman. i Śaka 1447 (1525 CE)
Gan. eśa
Nandigrāma, Gujarāt
Gan. eśapaks.a
(Pingree 1970–94, A2.100–103, A3.28, A4.74–5, A5.73; Pandeya 1938; Āpat.e
1942b; Pingree 1968, pp. 47–50; Pingree 1973, pp. 100–101; Pingree 1981, p. 45;
Ikeyama and Plofker 2001)
Hars. akaumudı̄ of Nr.sim. ha (b. 1548)
Siddhāntarahasyodaharan. a of Viśvanātha (fl. 1454/1458)
t.ippan. a of Vyeṅkat.a alias Bāpū
Man. icandrikā of Yajñeśvara Rod. e (fl. 1815/1842)

Tithicūd. āman. i/Kāmadhenu (ca. 1560–1580 CE)
Rāmacandra
(Pingree 1970–94, A5.479–480; Pingree 2003, p. 65)

Tithidarpan. a
Murāri
Kāśı̄
Saurapaks.a
(Pingree 1970–94, A4.441; Pingree 1973, pp. 149–153; Pingree 1981, p. 46)

Tithisāran. ı̄/Dinakarasāran. ı̄ Śaka 1505 (1583 CE)
Dinakara
Bārejya, (Bariya, Rewa Kantha, Gujarāt)
Brāhmapaks.a
(Pingree 1970–94, A3.104, A5.139; Pingree 1973, pp. 112–114; Pingree 1981, p. 45
Pingree 2003, pp. 68–69)

Tithisāran. ı̄
Trivikrama
Nalinapura, Rājasthān
Brāhmapaks.a
(Pingree 1970–94, A3.93)
commentary of Trivikrama

Tithisāran. ı̄
Kevalarāma Pañcānana
Navadvı̄pa, Bengal
(Pingree 1970–94, A2.63)

Tithyādicintāman. i Sam. vat 1643 (1586 CE)
Dinakara
Unnatadurga (Uparkot in Junāgad. h, Saurās.t.ra)
(Pingree 1970–94, A3.104–5; Pingree 1968, p. 51; Pingree 1981, p. 45)
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Tyāgarti/Grahagan. itapadakāni Kali 4813 (1712 CE)
(φ ≈ 14◦)
(Rupa 2014, pp. 40–41)

Dinacandrikā (1599 CE)
Rāghavaśarman
(Pingree 1984, pp. 24)

Dr. kpaks. asāran. ı̄
Kevalarāma Pañcānana
Navadvı̄pa, Bengal
(Pingree 1970–94, A2.63)

Daivajñavallabha (1447 CE)
Sumiśra
Nepāla
Ārdharātrikapaks.a
(Pingree 1981, p. 45)

Pañcāṅgavidyādharı̄ Śaka 1565 (1643 CE)
Vidyādhara
Rājakot.a, Saurās.t.ra
Āryapaks.a/Brāhmapaks.a
(Pingree 1970–94, A5.648; Pingree 1968, pp. 60–61; Pingree 1973, p. 142; Pingree
1981, p. 45)

Pañcāṅgasārin. ı̄ (1735 CE)
Kevalarāma
Jaipur
(Pingree 2003, p. 93)

Pañcāṅgasiddhi (1529 CE)
Gan. eśa (alias Gan. apati)
(Pingree 1984, pp. 20)

Pattraprakāśa Śaka 1672 (1750 CE)
Viśrāmaśukla
Kāśı̄
Adjusted Saurapaks.a
(Pingree 1970–94, A5.660; Pingree 1973, pp. 170–5; Pingree 1981, pp. 46)

Pātasāran. ı̄ Śaka 1444 (1522 CE)
Gan. eśa
Nandigrāma, Gujarāt
Gan. eśapaks.a
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(Pingree 1970–94, A2.100, A4.74, A5.72; Pingree 2003, pp. 59–60)
commentary of Divākara (fl. 1575)
commentary of Viśvanātha (fl. 1612/1634)
commentary of Dinakara (fl. 1839)

Br. hattithicintāman. i Śaka 1471 (1552 CE)
Gan. eśa
Nandigrāma, Gujarāt
Gan. eśapaks.a
(Pingree 1970–94, A2.104, A3.28, A4.75, A5.73; Āpat.e 1942a; Pingree 1968,
pp. 50–51; Pingree 1973, p. 101; Pingree 2003, pp. 60–61)
Subodhinı̄ of Vis.n. u (fl. ca. 1575)

Brahmatulyasāran. ı̄ Śaka 1105 (1183 CE)
(Nāgadatta?)
Brāhmapaks.a, mean-with-equation
(Pingree 1970–94, A5.166; Pingree 1968, pp. 36–37; Montelle and Plofker 2015)

Makaranda Śaka 1400 (1478 CE)
Makaranda
Kāśı̄
Saurapaks.a, mean-with-equation
(Pingree 1970–94, A4.341–343; Pingree 1968, pp. 39–46; Pingree 1973, p. 92;
Pingree 1981, p. 42; Pingree 2003, pp. 54–59)
Makarandapañcāṅgopapatti of D. hun. d.hirāja (fl. 1590)
Makarandavivaran. a of Divākara (b. 1606)
Makarandapaddhatikārikā of Harikarn. a (fl. 1610)
Abhinavatāmarasa of Purus.ottama Bhat.t.a (fl. ca. 1610)
Makarandodāharan. a of Viśvanātha (fl. 1612/1630)
Makarandat.ippan. a of Moreśvara (1622 CE)
Subodhikā of Ks.emaṅkara Miśra (fl. 1632)
Makarandakārikā of Kr.pārāma Miśra (fl. 1815)
vāsanā of Nı̄lāmbara Jhā (b. 18 July 1823)
udāharan. a of Jı̄vanātha Jhā (fl. ca. 1846/1900)
Makaranda-vāsanā of Gokulanātha
Makaranda-sādhana-prakriyā of Cūd. aman. i Cakravartin
t.ippan. a of Vināyaka
commentary of Mākhanalāla
commentary of Trivedin
commentary of Rāma
commentary of Rāmadatta
commentary of Laks.mı̄pati
commentary of Sadāśiva
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Mahādevı̄/Grahasiddhi Śaka 1238 (1316 CE)
Mahādeva
(Gujarāt/Rājasthān)
Brāhmapaks.a, mean-to-true
(Pingree 1970–94, A4.374–76, A5.288–289; Neugebauer and Pingree 1967;
Pingree 1968, pp. 37–39; Pingree 1973, p. 82; Pingree 2003, pp. 51–54)
Mahādevı̄-dı̄pikā of Dhanarāja (1635)
commentary of Divākara (fl. 1578)

Ravisiddhāntamañjarı̄ Śaka 1531 (1609 CE)
Mathurānātha
(Bengal?)
Saurapaks.a, mean-with-equation
(Pingree 1970–94, A4.349, A5.274; Pingree 1981, p. 43; Pingree 1973, pp. 128–
134; Jyotis.ārn. ava 1911)

Rājamr. gāṅka Śaka 964 (1042 CE)
Bhojarāja
Dhārā, Western India
Brāhmapaks.a, mean-with-equation
(Pingree 1970–94, A4.256–7; Pingree 1981, p. 34; Pingree 1987b)

Rāmavinoda Śaka 1512 (1590 CE)
Rāma
Mughal court, Kāśı̄
Saurapaks.a, mean-to-true
(Pingree 1970–94, A5.427–428; Pingree 1973, pp. 114–118; Pingree 1981, p. 42;
Pingree 2003, pp. 69–70)

Laghukhecarasiddhi Śaka 1149 (1227 CE)
Śrı̄dhara
Khāndeśa
Brāhmapaks.a, mean-with-equation
(Pingree 1973, pp. 73–6; Pingree 1976; Pingree 1981, p. 42)

Laghutithidarpan. a Śaka 1587 (1665 CE)
Murāri
Kāśı̄
Saurapaks.a
(Pingree 1970–94, A4.442; Pingree 1973, pp. 151–153; Pingree 1981, p. 46)

Śı̄ghrasiddhi Śaka 1200 (1278 CE)
Laks.mı̄dhara
(Territory of the Yādavas of Devagiri)
Āryapaks.a/Brāhmapaks.a
(Pingree 1973, pp. 76–82; Pingree 1981, p. 44)
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Siddhāntasindhu Sam. vat 1685 (1628 CE)
Nityānanda
Agra
(Pingree 1970–94, A3.173–4, A4.141, A5.184; Pingree 1981, p. 30)

Subodhasārin. ı̄ Śaka 1479 (1557 CE)
Jayarāma
Alindrapūrı̄
(Pingree 1970–94, A4.96; Pingree 2003, pp. 61–62)

Sūryasiddhāntarahasya (1591 CE)
Rāghavaśarman
(Pingree 1984, p. 24)

Sūryasiddhāntasārin. ı̄ Śaka 1665 (1743 CE)
(Pingree 2003, pp. 93–94)

Sūryasiddhāntasārin. ı̄/Grahaspas. t.asāran. ı̄ (1748 CE)
Candrāyan. a
Mulatāna
(Pingree 1970–94, A3.46, A5.109; Pingree 2003, pp. 94–95)
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Classification schemata and parameters

B.1 Astronomical and calendric name-lists

Fully explaining the complicated nature of traditional Indian luni-solar calendars
and the challenges they pose for calendar conversion is far beyond the scope
of this appendix. More detailed discussions can be found in, e.g., Sewell and
Dikshit (1896), Plofker and Knudsen (2011), and Salomon (1998). As described
in Section 1.1.4, Indian calendars are for the most part luni-solar, synchronizing
sidereal years and synodic months; some of their commonly used eras or starting-
points are noted in Table B.7. Years may be reckoned as strictly sidereal, starting
from the moment or day of Mes.asaṅkrānti, the sun’s entrance into the zodiacal
sign/solar month Mes.a (see Table B.1). Or they may be taken to begin at the start
of a synodic calendar month (see Table B.4), most often, but not invariably, the
śuklapratipad or new moon of Caitra near the vernal equinox.

Synodic months may be considered amānta, beginning at new moon, or pūrn. i-
mānta, beginning at full moon. An intercalary synodic month or adhimāsa can be
inserted between any two of the twelve regular calendar months, and is typically
called by the name of the month it immediately precedes, prefixed with “adhika”.
Thus an intercalary month occurring between Āśvina and Kārttika is adhika
Kārttika, followed by “regular” or nija Kārttika, then Mārgaśı̄rs.a, etc.

Depending on the astronomical paks. a used, civil days in the calendar may be
reckoned from sunrise (at Laṅkā, the zero-point of the terrestrial coordinate system)
or from midnight. All of these variables including calendar era, beginning of the
year, month, and day, and sequence of intercalations depend on which of the many
variants of regional calendars is used in a particular work or calendric calculation.
Precise Julian or Gregorian equivalents of particular Indian calendar dates are thus
not always readily obtainable. If the given date includes the current weekday or
position in the 60-year “Jupiter cycle” (see Table B.8), identification may be easier.
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Table B.1 Sanskrit terms for the twelve 30◦ zodiacal signs and associated solar months, their
classical equivalents, and their initial ecliptic longitudes. The actual celestial position of the signs
will vary depending on whether the zodiac is considered tropical or sidereal, and the assumed
location of the tropical or sidereal zero-point of the ecliptic.

Standard name Alternative names Classical λ

1 Mes.a (ram) Triya, Aja Aries 0

2 Vr.s.abha (bull) Tāvura, Go Taurus 30

3 Mithuna (couple) Jituma, Nr.yuj Gemini 60

4 Karkat.a (crab) Kulı̄ra Cancer 90

5 Sim. ha (lion) Leya, Mr.garāja Leo 120

6 Kanyā (girl) Pārthona Virgo 150

7 Tulā (balance) Jūka, Van. ij Libra 180

8 Vr.ścika (scorpion) Kaurpi, Āli Scorpio 210

9 Dhanus (bow) Tauks.ika, Cāpa Sagittarius 240

10 Makara (sea-monster) Mr.ga Capricorn 270

11 Kumbha (water-pot) Hr.droga, Ghat.a Aquarius 300

12 Mı̄na (fish) Jhas.a, Timi, Matsya Pisces 330

Table B.2 Sanskrit names for the seven vāras or weekdays and their corresponding planets.

Weekday Alternative names

Sunday (Sun) ravi, sūrya arka, āditya, ina, dinakara, bhānu, bhāskara, heli

Monday (Moon) candra, soma indu, mr. gāṅka, rātrikara, vidhu, śaśi

Tuesday (Mars) bhauma kuja, maṅgala

Wednesday (Mercury) buddha jña, vid

Thursday (Jupiter) guru indra, br. haspati

Friday (Venus) śukra bhr. gu, śukla, sita

Saturday (Saturn) śani mr. du

Table B.3 Sanskrit names for the 27 13;20◦ naks. atras and their initial (sidereal) ecliptic
longitudes.

naks. atra λ naks. atra λ

1 Aśvinı̄ 0◦ 15 Svāti 186◦;40

2 Bharan. ı̄ 13◦;20 16 Viśākhā 200◦

3 Kr.ttikā 26◦;40 17 Anurādhā 213◦;20

4 Rohin. ı̄ 40◦ 18 Jyes.t.hā 226◦;40

5 Mr.gaśiras 53◦;20 19 Mūla 240◦

6 Ārdrā 66◦;40 20 Pūrvās.ād. hā 253◦;20

7 Punarvasu 80◦ 21 Uttarās.ād. hā 266◦;40

8 Pus.ya 93◦;20 22 Śrāvan. a 280◦

9 Āśles.ā 106◦;40 23 Dhanis.t.hā 293◦;20

10 Māgha 120◦ 24 Śatabhis.aj 306◦;40

11 Pūrvaphālgunı̄ 133◦;20 25 Pūrvabhadrapadā 320◦

12 Uttaraphālgunı̄ 146◦;40 26 Uttarabhadrapadā 333◦;20

13 Hasta 160◦ 27 Revatı̄ 346◦;40

14 Citrā 173◦;20
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Table B.4 Sanskrit terms for the twelve synodic months of the year and the corresponding six
seasons. The first column contains the standard month names derived originally from the naks. atra
occupied by the full moon of that month, as Caitra from Citrā, Vaiśākha from Viśākhā, etc. The
second column lists the ancient month names referring to their seasonal characteristics.

naks. atra-derived name Seasonal name Season

1 Caitra Madhu Vasanta (bright)

2 Vaiśākha Mādhava

3 Jyais.t.ha Śukra Grı̄s.ma (hot)

4 Ās.ād. ha Śuci

5 Śrāvan. a Nabha Vārs.a (rains)

6 Bhādrapada Nabhasya

7 Āśvina Is.a Śarad (ripening)

8 Kārttika Ūrja

9 Mārgaśı̄rs.a/Mārgaśira Saha Hemanta (winter)

10 Paus.ya Sahasya

11 Māgha Tapa Śiśira (cool)

12 Phālguna Tapasya

Table B.5 Sanskrit names for the sixty fixed (i.e., uniquely numbered) and movable (or cyclic)
karan. as or half-tithis in a synodic month.

karan. a

1 Kim. stughna (fixed)

2 9 16 23 30 37 44 51 Bava

3 10 17 24 31 38 45 52 Balava

4 11 18 25 32 39 46 53 Kaulava

5 12 19 26 33 40 47 54 Taitila

6 13 20 27 34 41 48 55 Gara

7 14 21 28 35 42 49 56 Van. ija

8 15 22 29 36 43 50 57 Vis.t.i

58 Śakuni (fixed)

59 Catus.pada (fixed)

60 Nāga (fixed)

The tables that follow provide the basic information about Sanskrit astronomical
and calendric terminology required for identification of (most) dates and positions in
tables, horoscopes, etc. For the specifics of conversion of a date between Indian and
Gregorian calendars, we recommend the abovementioned sources and especially the
online calendar software application “Pancanga” by Michio Yano (cc.kyoto-su.ac.
jp/~yanom/pancanga).

cc.kyoto-su.ac.jp/~{ }yanom/pancanga
cc.kyoto-su.ac.jp/~{ }yanom/pancanga
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Table B.6 Sanskrit names for the
27 yogas.

yoga yoga

1 Vis.kamba 15 Vajra

2 Prı̄ti 16 Siddhi

3 Āyus.mat 17 Vyatipāta

4 Saubhāgya 18 Varı̄yas

5 Śobhana 19 Parigha

6 Atigan.d. a 20 Śiva

7 Sukarman 21 Siddha

8 Dhr.ti 22 Sādhya

9 Śūla 23 Śubha

10 Gan.d. a 24 Śukla

11 Vr.ddhi 25 Brahman

12 Dhruva 26 Indra

13 Vyāghāta 27 Vaidhr.ti

14 Hars.an. a

Table B.7 Calendar eras epochs with the equivalent BCE/CE year-numbers and commonly used
dates of their epochs.

Era Conventional epoch date(s)

Śaka, Śālivāhana Mes.asaṅkrānti/Caitra-śuklapratipad 78 CE

Vikrama/Vikramāditya Sam. vat Mes.asaṅkrānti/Caitra-śuklapratipad 57 BCE

Kaliyuga, Kali Midnight/sunrise Mes.asaṅkrānti (18 February) 3102 BCE

(Islamic calendar) 1 Muh. arram AH 1 = sunset 15 July 622 CE
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Table B.8 Sanskrit names for the successive years of the 60-year Jupiter cycle.

Jupiter year Jupiter year Jupiter year

1 Prabhava 21 Sarvajit 41 Plavaṅga

2 Vibhava 22 Sarvadhārin 42 Kı̄laka

3 Śukla 23 Virodhin 43 Saumya

4 Pramoda 24 Vikr.ta 44 Sādhāran. a

5 Prajāpati 25 Khara 45 Virodhakr.t

6 Aṅgiras 26 Nandana 46 Paridhāvin

7 Śrı̄mukha 27 Vijaya 47 Pramādin

8 Bhāva 28 Jaya 48 Ānanda

9 Yuvan 29 Manmatha 49 Rāks.asa

10 Dhātr. 30 Durmukha 50 Anala

11 Īśvara 31 Hemlamba 51 Piṅgala

12 Bahudhānya 32 Vilamba 52 Kālayukta

13 Pramāthin 33 Vikārin 53 Siddhārthin

14 Vikrama 34 Śārvarı̄ 54 Raudra

15 Vr.s.a 35 Plava 55 Durmati

16 Citrabhānu 36 Śubhakr.t 56 Dundubhi

18 Tāran. a 38 Krodhin 58 Raktāks.a

19 Pārthiva 39 Viśvāvasu 59 Krodhana

20 Vyaya 40 Parābhava 60 Ks.aya

Table B.9 Sanskrit names and abbreviations for planetary synodic phenomena.

Phenomenon Sanskrit term Abbreviation Greek symbol

West rising, reappearance udaya paścima u pa �

Retrogradation, first station vakra va � (sup. planets) � (inf. planets)

West setting, disappearance asta paścima a pa �

East rising, reappearance udaya pūrva u pū �

Direct motion, second station mārga mā � (sup. planets) � (inf. planets)

West setting, disappearance asta pūrva a pū �
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B.2 Parameter sets of the paks. as

The values of mean daily motion listed in the following tables (B.10–B.14) are
truncated at the ellipsis rather than rounded to the nearest integer sexageximal
digit. These parameter sets are modeled on the similar tables presented by Pingree
(1978a), but recomputed from the original data in the cited published editions.

Table B.10 Āryapaks.a parameters derived from Āryabhat. ı̄ya, daśagı̄tika 3–4 (Shukla 1976, p. 6).

Āryapaks.a
Length of period: mahāyuga = 4,320,000 years

Civil days in period: 1,577,917,500

Year length: 365;15,31,15 days

Epoch: sunrise

Planet Revolutions Mean daily motion

Sun 4,320,000 0◦;59,8,10,13,3,31. . .

Moon 57,753,336 13◦;10,34,52,39,18,56. . .

Lunar node −232,226 −0◦;3,10,44,7,49,44. . .

Lunar apogee 488,219 0◦;6,40,59,30,7,38. . .

Mars 2,296,824 0◦;31,26,27,48,54,22. . .

Mercury’s śı̄ghra 17,937,020 4◦;5,32,18,54,36,24. . .

Jupiter 364,224 0◦;4,59,9,0,38,51. . .

Venus’s śı̄ghra 7,022,388 1◦;36,7,44,17,4,45. . .

Saturn 146,564 0◦;2,0,22,41,41,32. . .

Table B.11 Ārdharātrikapaks.a parameters derived from Khan. d. akhādyaka 1.8–10, 13–14 (Chat-
terjee 1970, pp. 49–50, 91–92).

Ārdharātrikapaks.a
Length of period: mahāyuga = 4,320,000 years

Civil days in period: 1,577,917,800

Year length: 365;15,31,30 days

Epoch: midnight

Planet Revolutions Mean daily motion

Sun 4,320,000 0◦;59,8,10,10,37,48. . .

Moon 57,753,336 13◦;10,34,52,6,50,56. . .

Lunar node −232,226 −0◦;3,10,44,7,41,54. . .

Lunar apogee 488,219 0◦;6,40,59,29,51,10. . .

Mars 2,296,824 0◦;31,26,27,47,36,54. . .

Mercury’s śı̄ghra 17,937,000 4◦;5,32,17,45,23,13. . .

Jupiter 364,220 0◦;4,59,8,48,36,56. . .

Venus’s śı̄ghra 7,022,388 1◦;36,7,44,13,7,53. . .

Saturn 146,564 0◦;2,0,22,41,36,36. . .
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Table B.12 Brāhmapaks.a parameters derived from Paitāmahasiddhānta III.5 (Pingree 1967–8,
p. 478), Brāhmasphut.asiddhānta 1.14–22 (Dvivedı̄ 1901–1902, pp. 5–7).

Brāhmapaks.a
Kalpa length: 4,320,000,000 years

Civil days in a kalpa: 1,577,916,450,000

Year length: 365;15,30,22,30 days

Epoch: sunrise

Planet Revolutions Mean daily motion

Sun 4,320,000,000 0◦;59,8,10,21,33,30. . .

Moon 57,753,300,000 13◦;10,34,52,46,30,13. . .

Lunar node −232,311,168 −0◦;3,10,48,20,6,41. . .

Lunar apogee 488,105,858 0◦;6,40,53,56,32,54. . .

Mars 2,296,828,522 0◦;31,26,28,6,47,45. . .

Mercury’s śı̄ghra 17,936,998,984 4◦;5,32,18,27,45,31. . .

Jupiter 364,226,455 0◦;4,59,9,8,37,23. . .

Venus’s śı̄ghra 7,022,389,492 1◦;36,7,44,35,18,27. . .

Saturn 146,567,298 0◦;2,0,22,51,43,56. . .

Table B.13 Saurapaks.a parameters derived from Sūryasiddhānta 1.29–33, 37 (Pān.d. eya 1991,
pp. 7–8).

Saurapaks.a
Length of period: mahāyuga = 4,320,000 years

Civil days in period: 1,577,917,828

Year length: 365;15,31,31,24 days

Epoch: midnight

Planet Revolutions Mean daily motion

Sun 4,320,000 0◦;59,8,10,10,24,12. . .

Moon 57,753,336 13◦;10,34,52,3,49,8. . .

Lunar node −232,238 −0◦;3,10,44,43,10,4. . .

Lunar apogee 488,203 0◦;6,40,58,42,31,5. . .

Mars 2,296,832 0◦;31,26,28,11,8,56. . .

Mercury’s śı̄ghra 17,937,060 4◦;5,32,20,41,51,16. . .

Jupiter 364,220 0◦;4,59,8,48,35,47. . .

Venus’s śı̄ghra 7,022,376 1◦;36,7,43,37,16,52. . .

Saturn 146,568 0◦;2,0,22,53,25,46. . .
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Table B.14 The mean daily motions have been derived from Grahalāghava 1.6–8 (Jośı̄ 1994,
p. 18). Their source is Gan. eśa’s prescribed dhruvas, namely, the complement up to 360◦ or 360◦-
remainder of the longitudinal excess over complete revolutions for each of the planets per 4016-day
interval. To recompute the mean daily motions, we have added this excess to the appropriate integer
number of complete revolutions and divided the sum by 4016. As these dhruvas are precise only
to arcminutes (arcseconds in the case of the sun and the moon), the resulting mean daily motions
are only approximate.

Gan. eśapaks.a
Planet dhruva Mean daily motion

Sun 0s 1◦;49,11 0◦;59,8,10,10,. . .

Moon 0s 3◦;46,11 13◦;10,34,52,4,. . .

Lunar node 7s 2◦;50 −0◦;3,10,47,12,. . .

Lunar apogee 9s 2◦;45 0◦;6,40,55,16,. . .

Mars 1s 25◦;32 0◦;31,26,28,26,. . .

Mercury’s śı̄ghra 4s 3◦;27 4◦;5,33,57,32,. . .

Jupiter 0s 26◦;18 0◦;4,59,8,0,. . .

Venus’s śı̄ghra 1s 14◦;2 1◦;36,9,17,34,. . .

Saturn 7s 15◦;42 0◦;2,0,23,18,. . .
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Sanskrit technical terms

C.1 The Sanskrit alphabet

The table in Figure C.1 lists the aks. aras or syllabic phonemes of the Classical San-
skrit alphabet in nāgarı̄ script, transliterated according to the IAST (International
Alphabet of Sanskrit Transliteration) system. The traditional ordering of the aks. aras
from a to h proceeds in this phonetic array from left to right and from top to bottom.
The glossary in Section C.3 follows this alphabetical order.

In our transliterations we also employ three additional symbols common in the
nāgarı̄ script: the avagraha’ indicating an elided initial a-vowel, the anusvāra m.
standing in for any of the nasal consonants, and the visarga h. representing a final s.
The single dan. d. a | and double dan. d. a ‖ are the standard punctuation marks.

C.2 Technical vocabulary for tables

Most of the terms listed in Section C.3 are part of the standard technical vocabulary
of jyotis. a, and are defined and explained in detail in many editions of Sanskrit
treatises. In this section we explore in more depth the use of a few specialized terms
pertaining especially to table-text works.

C.2.1 Names for table-text compositions

There appears to be no single standard Sanskrit word for an astronomical table text.
Although individual tables vary greatly in content and format, there seems to be no
systematic distinction between those called kos. t.haka and those called sāran. ı̄. Nor
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Vowels

Consonants Velar

Palatal

Retroflex

Dental

Labial

Semivowels

Sibilants

Aspirate

Simple vowels

Diphthongs

a a i

e

k kh g gh n

c ch j jh n

t th d dh n

t th d dh n

p ph b bh

y r l

s

h

s s

v

m

ai o au

u u r l lrı

Fig. C.1 The aks. aras of the Sanskrit alphabet.

1 2 3 4 5 6 7 8 9 0

Fig. C.2 Modern standard forms of nāgarı̄ decimal numerals.

have we found any clear pattern of nomenclature among authors or commentators
to denote a set of astronomical tables regarded as a book in its own right, as opposed
to an individual kos. t.haka or sāran. ı̄ table itself.1

1The secondary literature tends to follow the flexible approach of the sources themselves. Pingree,
for example, references the Sanskrit table-text genre sometimes by the term sāran. ı̄ (Pingree 1968,
p. 3), sometimes by kos. t.haka (Pingree 1981, p. 41), and sometimes just as “astronomical tables”
with no Sanskrit equivalent (Pingree 1973). In manuscript catalogues he tends to use kos. t.haka as
the subject category for this type of texts, but individual works may be called by either name or
neither. The word kos. t.hakakāra (Pingree 1981, p. 44) appears to be Pingree’s own coinage; at least
we have not seen it elsewhere. Poleman (1938) refers to such works as “tables.” Sarma and Sastry
(2002) list several works whose titles contain words such as sāran. ı̄, kos. t.haka, and vākya, but do
not designate a separate genre in jyotis. a for them.
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Table C.1 Usage examples for kos. t.haka/kos. t.ha.

kos. t.haka/kos. t.ha meaning Example source Excerpt

Table text (in title) Mahādevı̄, Smith Indic MB 4946
LXI f. 91, colophon

iti śrı̄mahādevı̄kos. t.haka
sam. pūrn. ah.

Candrārkı̄, Jaipur Khasmohor
5247 f. 10v, colophon

iti cam. drārkı̄kos. t.aka sam. pūrn. am

Individual table/tables Brahmatulyasāran. ı̄, verse 4
(Montelle and Plofker 2015,
pp. 11–12)

kendrasya doram. śamitiś ca kos. t.e

Tithicintāman. i, UPenn 390 1859,
f. 12v

iti sūryamahānaks. atrakos. t.hakāni
sam. kraman. akos. t.hakāni samāptāni

Jagadbhūs. an. a, Poleman 4869,
f. 1r, title

jagadbhūs. an. asam. jñakasya
jyotirgranthasya kos. t.hakāni

Table cell/cells Brahmatulyasāran. ı̄, verse 6
(Montelle and Plofker 2015,
pp. 16–17)

bhāgāṅkasam. khyāgatakos. t.akam.

Candrārkı̄, verse 8, RORI 5482
f. 2r

tasya nād. yā gatir nighnā taran. er
nijakos. t.ajā

Candrārkı̄, verse 12, RORI 5482
f. 2v

tau yuktau nijakos. t.es. u yāvat
kos. t.amitir bhavet

Jagadbhūs. an. a, verse 1.19, LDI
6182 f. 1v

granthābdavrndam.
nijacakramityā bhajet tatah.
śes. amitāṅkakos. t.e

Karan. akesarı̄, 1.3 (Montelle and
Plofker 2013, p. 17)

mitaih. kos. t.hakair aṅgulādih. śarah.
syāt

Table C.2 Usage examples for grantha.

Example source Excerpt

Makaranda, Vyāsa 12/30 Bodleian
f. 21v, colophon

iti śrı̄saurapakas. ı̄yamakaram. dagram. thah. sam. purn. ah.

Jagadbhūs. an. a, verse 1.19, LDI 6182
f. 1v

granthābdavr. ndam. nijacakramityā bhajet

Jagadbhūs. an. a, LDI 6182 f. 5v, colophon sam. pūrn. o yam. jagadbhūs. an. asam. jñako gram. thah.
Mahādevı̄, JVS 70 1103 f. 13v, table title mahādevı̄gram. the sūryaspas. t.a avadhamukhe pam. ktih.
Vis.n. u Daivajña commentary on
Br. hattithicintāman. i (see Section 5.6.3)
(Āpat.e 1942a, p. 1)

br. haccintāman. isam. jñam. grantham.

kos.t.haka. The word kos. t.haka (frequently spelled with a non-aspirated dental
consonant kos. t.aka) and its variant kos. t.ha seem to be used interchangeably to
designate a table text, an individual table within a table text, or a cell within an
individual table. See Table C.1.

grantha. The general term grantha or “book” is very commonly used by scribes
in colophons to mean the work they have just finished copying, irrespective of what
its specific textual genre may be. This usage is sometimes applied to table texts as
well, as illustrated in Table C.2.
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Table C.3 Usage examples for pattra/patra.

Example source Excerpt

Candrārkı̄, verse 1, RORI 5482 f. 1v . . . vaks. ye sūryacandrodbhavam. ca | patram.
pañcāṅgābhidham.

Gan. itacūd. āman. i, verse 114 (Pingree
1989, p. 32)

kutūhalād rājamr. gāṅkād vā āśādharāt
khecarasiddhitas tu || pañcāṅgapatrād vidadhı̄ta . . .

Table C.4 Usage examples for sāri.nı̄/sāran. ı̄.

Example source Excerpt

Brahmatulyasāran. ı̄, Smith Indic 29, f. 6v, colophon iti brahmatulyasāran. ı̄ślokah.
Brahmatulyasāran. ı̄, Jaipur Khasmohor 5253(a)
f. 1r, colophon

iti śrı̄karn. akutūhalasāran. yāh.

Subodhāsāran. ı̄, Jaipur Khasmohor 5519, f. Av,
colophon

iti subodhāsāran. ı̄ samāptāh.

Makaranda, RORI 5498 f. 45v, colophon samāpteyam. makaram. dasya sāran. ı̄ lis. atu

Makaranda, Nepal 5.5639 f. 1r, title page atha makarandasārin. i prārabhyate

Grahalāghavasārin. ı̄ of Nı̄lakan. t.ha, verse 1
(Pingree 2003, p. 80)

. . . grahalāghavasārin. ı̄ kriyate
nı̄lakan. t.hena . . .

Grahalāghavasārin. ı̄ of Prema, verse 1 (Pingree
2003, p. 88)

premo grahārtham. grahalāghavasya
laghukriyām. sāran. ikām. prakurve

Jaipur Pun. d. arı̄ka Jyotis.a 48 f. 3r, colophon and
Jaipur Pun. d. arı̄ka Jyotis.a 47 f. 3v, colophon
(Pingree 2003, p. 93)

iti śrı̄jyotis. arāyakevalarāmakr. tā
pam. cām. gasāran. ı̄

pattra/patra. This term, literally meaning “leaf, folio,” is widely used by scribes
and cataloguers in titles or headings of individual tables or small sets of tables,
apparently used as standalone reference works concerning a particular astronomical
quantity. They generally pertain to calendrics and timekeeping. Some other exam-
ples of its usage are shown in Table C.3.

sāran. ı̄/sāri.nı̄. This word appears in the title of works to indicate a table-text
compilation, and also references individual tables. See Table C.4.

C.3 Glossary of Sanskrit terms

am. śa “part”; degree; fractional part
aks. a terrestrial latitude
aṅka number, numeral, digit; word-numeral 9
aṅga “limb”; ascendant; word-numeral 6
aṅgula “finger-breadth”; (linear) digit, unit of linear measure for quantities

such as lunar latitude or disk diameter, equivalent to about three arc-
minutes (see Chapter 2, Note 9)

atha “now”; frequently used to begin table titles
adhimāsa intercalary month
adhyāya chapter
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antara difference, distance; interval for linear interpolation
antardaśā in astrology, subdivision of a daśā, life-stage, the division of the

native’s life into periods related to the planets
a pa abbreviation of asta-paścima
a pū abbreviation of asta-pūrva
abda year
abdapa “lord of the year”; the excess measured in integer and fractional days

by which a sidereal year exceeds 52 integer weeks or 52 × 7 = 364
days; the weekday beginning the year

arka Sun; word-numeral 12
avadhi 14-day interval; the time required for the mean sun to traverse

13;20◦ or one naks. atra in longitude, a little less than 14 days (see
Sections 2.3.2 and 5.4.1)

Example source Excerpt

Grahasiddhi, 7, RAS Tod 24 f. 1v kramen. āvadhayo ’bdāder manubhir manubhir
dinaih.

Jagadbhūs. an. a, verse 2.2, LDI 6182 f. 2r caturdaśāhāntaritāh. sameśakāle sphut.ā bhāvadhis. u
grahāh. syuh.

avasthā “situation, status”; in astrology, a particular characteristic
of a planet

as. t.akavarga “varga of eight”; in astrology, a system for determining
the effects of planets’ positions and ascendant upon one
another

asta setting
asta-paścima “west setting”; acronycal setting of a planet, last visibility

in the west; see Table B.9
asta-pūrva “east setting”; heliacal setting of an (inferior) planet, last

visibility in the east; see Table B.9
ahargan. a accumulated days between a given epoch and a given date
āgama “lore”; used in book titles
indu “drop”; Moon
ucca “high”; orbital apogee; in astrology, exaltation
utkramajyā R vers of an arc/angle, equivalent to the difference

between the trigonometric radius R and the R cos of
the arc

uttara north
udaya “rising”; heliacal rising of a planet; ascension
udaya-paścima “west rising”; acronycal rising of an (inferior) planet, first

visibility in the west (see Table B.9)
udayapūrva “east rising”; heliacal rising, first visibility in the east (see

Table B.9)
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udayāntara/yātaphala “rising-difference”; a time correction due to the difference
between an arc of mean solar longitude on the ecliptic and
its right ascension (see Section 2.1.5)

unnata “elevation”; complement of the zenith distance nata; arc
of celestial equator corresponding to time since sunrise or
until sunset

unmı̄lana moment of emersion in an eclipse, the end of totality
u pa abbreviation of udaya-paścima
upakaran. a/upakarn. a offset in mean longitude for the beginning of the current

year (see Section 5.6.3); computational technique (see
Section 5.2)

upari “above”; argument value, specifically at top of table col-
umn

Example source Excerpt

Karan. akesarı̄, RORI 12792 f. 2r, title . . . avadhyoparih. . . .

Karan. akesarı̄, RORI 12792 f. 2v, title . . . atha cam. drachinnām. guloparicam. drasya
madhyasthiti. . .

Brahmatulyasāran. ı̄, Smith Indic 43 f. 12r, title śı̄ghrakem. drām. śopari-śukrasya śı̄ghraphalam.

u pū abbreviation of udaya-pūrva
r. n. a subtractive; decreasing, negative (see Section 3.2.1)
es. ya “future”; next table entry, as opposed to gata or previous entry,

in interpolation procedure (see Section 2.2.1)
kat.apayādi alphanumeric notation for representing numbers
kanda “bulb, root”; in the Makaranda, a calendar day/time correspond-

ing to a mean time-unit (see Table 5.7)
karan. a astronomical handbook; a time interval equal to half a tithi
karn. a hypotenuse; geocentric distance of planet (see Sections 2.1.2

and 2.1.3)
kalā arcminute
kali/kaliyuga last and worst division of a mahāyuga; the present age; a

historical era with epoch 3102 BCE (see Table B.7)
kalpa time interval equal to 4,320,000,000 years; lifetime of the

universe
kuja Mars
kr. s. n. apaks. a “dark half”; half of a synodic month from full moon to new

moon
ketu lunar node; descending node; the ninth of the celestial bodies or

navagraha
kendra orbital anomaly or arc between mean longitudes of planet

and orbital apogee (see Sections 2.1.2 and 2.1.3); time offset
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between the end of some astronomical cycle and the start of a
year (see Section 5.2)

kot.i complement of an arc/angle bhuja; upright side of a right
triangle

kot.iphala scaled R sin of the complement of an arc/angle
kos. t.ha/kos. t.haka set of tables, a table, a tabular cell; numerical entry in a tabular

cell; see Section C.2.1
krānti declination, angular distance north or south of celestial equator
ks. epa additive quantity; constant difference; epoch offset in mean

longitude, epact, etc.

Example source Excerpt

Candrārkı̄, verse 4, RORI 5482 ff. 1v–2r śāko vihı̄no gaganābhraghasraih. nighno
gun. aih. ks. epayuto dhruvah. syāt

Mahādevı̄, BORI 497 f. 8v, table title guro kos. t.hakā saks. epā sabı̄jā

Grahajñāna, RAS Tod 36e f. 4r, paratext ks. epakabı̄jasam. skāravinā

Laghukhecarasiddhi, verse 4 (Pingree 1976, p. 4) ks. epānvitāh.
Grahasiddhi, verse 21, RAS Tod 24 f. 1v nāgāgnyarkona śākaghnā gun. āh. ks. epayutā

dhruvāh.

khan. d. a “portion”; increment, difference between two successive
values

khecara “sky-mover”; planet
gata “past”; previous table entry, as opposed to es. ya or next entry,

in interpolation procedure (see Section 2.2.1)
gati “motion”; velocity; mean amount of ascension per degree of

the corresponding zodiacal sign (see Section 4.5)
gatiphala planetary velocity-correction due to orbital equation (see

Sections 2.1.2 and 2.1.3)
gamya “future”; next table entry in interpolation procedure (see

Section 2.2.1)
guccha “blossom, flower, shrub”; in the Makaranda, the calendar

day/time of an initial mean time-unit (see Table 5.7)
gun. aka multiplier; longitudinal increment to be multiplied by a

number of time-units
guru “heavy, great”; great, long; teacher; Jupiter; in prosody,

heavy syllable
gr. ha “house”; in astrology, an astrological house
gocara planet; in astrology, transit
gomūtra/gomūtrika a multiplication technique
gola “sphere”; spherics; armillary sphere
grantha book, work; see Section C.2.1
graha planet
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ghat. ı̄/ghat.ikā time-unit equal to one-sixtieth of a day or 24 minutes
ghat. ı̄ sixtieth; a “sexagesimorion” or 6◦ arc-unit interval in longi-

tude (see Sections 4.2.3 and 5.4.1)
cakra “cycle”; cycle, period of some number of days/years/unit

of measure; especially a period of 4016 days or nearly
11 years (see Section 4.1); in astrology, a diagram with
astrological/divinatory significance

catus. t.ayaikya “sum of four”; the combination of the udayāntara,
bhujāntara, cara, and deśāntara time-corrections (see
Section 2.1.5)

candra Moon
cara “variable”; the half-equation of daylight; ascensional differ-

ence
carakaran. a “movable karan. a”; the sequence of seven karan. as or half-

tithis that repeats eight times in a synodic month (see
Table B.5); see also sthirakaran. a

carakhan. d. a ascensional difference
cālaka interval for linear interpolation
cālana interval for linear interpolation
cintāman. i “thought-jewel”; used in book titles
cūd. āman. i “crest-jewel”; used in book titles
chāyā shadow; tangent
janma in astrology, birth, nativity
janmapattra in astrology, birth-chart, nativity horoscope diagram
jātaka “nativity”; in astrology, genethlialogy/horoscopes
jı̄vā “bow-string”; sine; chord
jñāna knowledge; used in book titles
jyā “bow-string”; sine; chord
jyotis. a “astral sciences”; calendrics, astronomy, astrology
t.ippan. a commentary
tattva truth, reality, essence; used in book titles
tantra astronomical treatise; model; system
tājika in astrology, a type of genethlialogy adapted from Ara-

bic/Persian sources
tithi lunar day, one thirtieth of a lunar month
trim. śām. śa in astrology, subdivision of a zodiacal sign into thirty
traikya “sum of three”; the combination of the udayāntara, bhujā-

ntara, and cara time corrections (see Section 2.1.5)
daks. in. a south
dan. d. a vertical stroke; punctuation mark
darpan. a mirror; used in book titles
daśā “condition, period of life”; in astrology, a life-stage, the

division of the native’s life into periods related to the planets
dina day; “day” of a planet, i.e., time from its rising to setting
dinamāna length of daylight
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dı̄pikā “lamp, illumination”; used in book titles
dr. s. t.i “sight”; in astrology, aspect
deśāntara “place-difference”; a time-correction to account for terres-

trial longitude (see Section 2.1.5)
dres. kān. a in astrology, subdivision of a zodiacal sign into three
dvādaśām. śa in astrology, subdivision of a zodiacal sign into twelve
dvisam. skr. ti “two corrections”; equation of time or the combination of

the udayāntara and the bhujāntara corrections (see Sec-
tion 2.1.5)

dhanam. increasing; additive, positive (see Section 3.2.1)
dhruva/dhruvaka “fixed [quantity]”; linear increment; epoch offset for desired

year (see Sections 4.1 and 5.2.1); oblique ascension (see
Section 4.5);

Meaning Example source Excerpt

Epoch offset for
desired year

Candrārkı̄, verse 4, RORI 5482
ff. 1v–2r

śāko vihı̄no gaganābhraghasraih.
nighno gun. aih. ks. epayuto dhruvah. syāt

Grahasiddhi, verse 6, RAS Tod
24 f. 1v

śuddhyabdeśagun. adhruvau

Cumulative oblique
ascensions

Grahalāghavasārin. ı̄, Smith
Indic 26 f. 5r, row heading

dhruva

Epact complement Grahajñāna, verse 6 (Pingree
1989, p. 6)

svakı̄yair dhruvakair vihinā

Tithicintāman. i, verse 5
(Ikeyama and Plofker 2001,
pp. 264–5)

śuddhih. khas. at. śodhitanād. ikā syāt
tithidhruvo . . .

dhruvāṅka in the Grahalāghava, a term referring to the epoch offset for the 11-
year cycle; the number of completed 11 year cycles since the epoch
(see Section 5.6.1)

naks. atra “star, constellation”; one of the 27 constellations in the moon’s path;
a 13◦;20 arc of the ecliptic; the time it takes the moon to travel 13◦;20
in longitude (see Section 2.3.2 and Table B.3)

nata “depression”; zenith distance, complement of the elevation unna-
ta; arc of celestial equator corresponding to time before noon (in
morning) or since noon (in afternoon)

nati latitudinal parallax
navām. śa in astrology, subdivision of a zodiacal sign into nine
navagraha “nine planets”; in astrology, the group of celestial bodies comprising

the two luminaries, the five star-planets, and the ascending and
descending lunar nodes

nād. ı̄/nād. ikā time-unit equal to one-sixtieth of a day or 24 minutes
nimı̄lana moment of immersion, beginning of totality in an eclipse
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nı̄ca “low”; perigee; in astrology, dejection
paks. a “wing”; synodic fortnight or period of 15 tithis bounded by new and

full moon; astronomical school
paṅkti “row”; one table in a set of tables of a given quantity

Example source Excerpt

Jagadbhūs. an. a, verse 2.2, LDI 6182 f. 2r, verse śes. amitāṅkapaṅktyām

Karan. akesarı̄, RORI 12792 f. 1r/v, table title extracts . . . labdhapam. kti. . .śes. apam. kti. . .

Mahādevı̄, JVS 70 1103 f. 13v, table title mahādevı̄gram. the sūryaspas. t.a
avadhamukhe pam. ktih.

Grahajñāna, verse 8 (Pingree 1989, p. 7) tattulyapaṅktyam. śarāh. sphut.ās te

pañcāṅga “five-limbed”; calendar, almanac; specific ephemeral text
created for a particular year tracking successive vāras, ti-
this, naks. atras, yogas, and karan. as; see Section C.2.1

pattra/patra “leaf, folio/page”; a table or set of tables particularly con-
cerning calendrics or corrections to time; see Section C.2.1

paddhati manual; path, course, line; used in book titles
parvan instant of syzygy; an eclipse
parveśa in astrology, deity assigned to a specific eclipse
pala time-unit equal to one-sixtieth of a ghat.ikā, or 24 seconds
pāt. ı̄ “board”; computation text; arithmetic
pāta see mahāpāta
pāda “foot”; one fourth; a quarter-verse
pin. d. a “lump”; cumulative value as a sum of khan. d. as
prakāśa “light”; elucidation, explanation; used in book titles
prati every, per, for each
pratikos. t.haka “for each table entry”
prabodha awakening, knowledge; used in book titles
praśna “question”; in astrology, interrogation
prān. a “breath”; time-unit equal to one-sixth of a vighat. ı̄/vighat.i-

kā
phala result; astronomical equation or correction, esp. equation

of anomaly; interval for linear interpolation
bārhaspatya Jupiter cycle, “Jovian years”
bāhu “arm”; arc or angle; horizontal side of a right-angled

triangle
bı̄ja “seed”; a small correction to adjust astronomical parame-

ters; algebra
bindu “dot, spot, drop”; in astrology, a symbol indicating

malefic/benefic impact
buddha Mercury
br. haspati Jupiter



Appendix C 289

bhāva in astrology, astrological house
bhukta “elapsed”; a past time interval; gata or previous table entry

in interpolation
bhukti (daily) velocity
bhuja “arm”; an arc or angle; table argument measured in units

of arc; an arc reduced to the first quadrant; horizontal side
of a right triangle

bhujaphala scaled R sin of an arc/angle; second component of the
equation of time correction (see Section 2.1.5)

bhujāntara “[positional] arc-difference”, a time-correction due to lon-
gitudinal difference between mean and true sun (see Sec-
tion 2.1.5)

bhūtasam. khyā word-numeral system for representing numbers
bhūs. an. a ornament, decoration; embellishment; used in book titles
bhoga “advance”; mean longitudinal displacement
bhogya “advance, future”; mean longitudinal displacement; es. ya

or next table entry in interpolation
bhauma Mars
mañjarı̄ blossom; used in book titles
man. d. ala “circle”; orbit; cycle, as in a planetary synodic cycle
madhya “middle”; mean; midpoint of any interval, such as the day

(noon), an eclipse, a mahāpāta, etc.
madhyama mean
manda “slow”; relating to planetary eccentric anomaly (see Sec-

tion 2.1.2)
mandāṅka “manda-number”; scaled manda-equation (mandaphala)

values (see Table 5.8)
marda half-duration of totality of an eclipse
mahāpāta a particular symmetric configuration of the sun and moon
mahāyuga “great age”; time interval equal to 4,320,000 years
mā abbreviation for mārga
mānasa spirit, mind; used in book titles
mārga “path, on course”; period of direct motion of a planet;

second station (see Table B.9)
mālā garland; used in book titles
māsa month
mitra “friend”; in astrology, friendship between planets
muhūrta “moment”; time-unit equal to one-thirtieth of a day or

48 minutes; catarchic astrology or the identification of
auspicious moments for particular actions

mr. gāṅka “deer-marked”; Moon
yantra “instrument”; astronomical instrument; in astrology, a dia-

gram with astrological/divinatory significance
yātaphala see udayāntara
yāmya south
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yātrā in astrology, determination of auspicious times for military
operations, a branch of catarchic astrology

yuga era; time cycle
yoga “sum, conjunction, combination”; interval of time

in which the sum of the solar and lunar longitude
increases by 13◦;20 (see Table B.6); in astrology, various
configurations of planet, house, and aspect

yojana unit of distance, on the order of 1/5000 of earth’s circum-
ference

ratna “jewel”; in divination, the determination of auspicious
characteristics of gems; used in book titles

ramala geomancy, a form of divination
ravi Sun
rātri night
rātrikara “night-maker”; Moon
rāmabı̄ja see bı̄ja
rāśi “heap”; a quantity/amount; zodiacal sign; a 30◦ arc
rāśi-bheda “dividing of signs”; in astrology, subdivision of the zodiac
rāhu lunar node; ascending node; eclipse
rekhā “line”; in astrology, a symbol indicating malefic/benefic

impact
lagna ascendant; ascension
laghu “easy, light”; easy, simplified, short; designation for abbre-

viated/condensed version of a text/rule/set of tables (see
Section C.2.1); in prosody, light syllable

laṅkā Laṅkā; zero-point of terrestrial longitude and latitude
laṅkodaya “rising at Laṅkā”; right ascension
laks. an. a “mark, sign”; a branch of astrology concerning the inter-

pretation of marks on the body
labdha “obtained”; quotient from division; result of operation
lambana longitudinal parallax
va abbreviation for vakra
vakra “reverse”; period of retrograde motion of a planet; first

station (see Table B.9)
varga in astrology, subdivision of the zodiac
vars. eśa “lord of the year”; the excess measured in integer and

fractional days that a sidereal year exceeds a year of fifty-
two 7-day weeks

valana angle of deflection associated with eclipses
vallı̄ in the Makaranda, increments to linearly increasing quan-

tities such as civil days or lunar anomaly (see Table 5.7)
vākya “sentence”; numerical data verbally encoded in kat.apayādi
vāt.ikā in the Makaranda, mean longitudinal displacement (see

Table 5.7)
vāra weekday
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vāstu “house, building”; in divination, determination of auspi-
cious features of buildings; geomancy, the interpretation
of patterns formed from scattered rocks/soil

vikalā time-unit equal to one second; an arcsecond
vikrama/vikramāditya designation for Sam. vat era (see Table B.7)
viks. epa lunar latitude
vighat. ı̄/vighat.ikā time-unit equal to one-sixtieth of a ghat. ı̄, or 24 seconds
vitribhalagna “ascendant less three signs”; nonagesimal or midpoint of

the ecliptic semicircle above the horizon
vidyādharı̄ “knowledge-bearer”; used in book titles
vidhu Moon
vinād. ı̄/vinād. ikā time-unit equal to one-sixtieth of a nād. ı̄, or 24 s
vinoda amusement, pastime, diversion; used in book titles
vipala time-unit equal to one-sixtieth of a pala/vighat. ı̄
vilagna nonagesimal or midpoint of the ecliptic semicircle above

the horizon
vivaran. a explanation; commentary
vivāha “marriage”; in astrology, determination of auspicious

times for marriage, a branch of catarchic astrology
vivr. ti commentary
viveka investigation, knowledge, discussion; used in book titles
vaidhr. ti one of the two mahāpātas or symmetric configurations of

sun and moon
vyaṅgula unit of measurement equal to one-sixtieth of an aṅgula
vyatipāta one of the two mahāpātas or symmetric configurations of

sun and moon
śaka historical era beginning in 78 CE (see Table B.7)
śaṅku “stick”; gnomon; R sin of altitude
śatru “enemy”; in astrology, enmity between planets
śani Saturn
śara “arrow”; planetary latitude, esp. lunar; word-numeral 5
śaśi “containing a hare”; Moon
śākuna “bird”; in astrology, ornithomancy or the interpretation of

bird behavior
śānti in astrology, an act to ward off the impending ill-effects of

an omen/forecast
śālivāhana alternative name for Śaka era (see Table B.7)
śiroman. i “crest-jewel”; used in book titles
śı̄ghra “fast”; relating to planetary synodic anomaly (see Sec-

tion 2.1.3)
śı̄ghrāṅka “śı̄ghra-number”; scaled śı̄ghra-equation value (see

Table 5.9)
śukra Venus
śukla Venus
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śuklapaks. a “bright half”; half of the synodic month from new moon
to full moon

śuklapratipad beginning of a synodic month
śuddhi epact
śes. a “remainder”; remainder from subtraction or division
sam. vat for sam. vatsara, year; historical era beginning in 57 BCE

(see Table B.7)
sam. vatsara year
sam. hitā in astrology, an omen; divination from omens
sam. krānti solar transit or solar entrance into signs or naks. atras
sam. dhi in astrology, a junction between houses
sanna (Arabic) “year”; usually signifying a foreign calendar

system such as hijarı̄ or Gregorian
sama “equal, same”; in astrology, neutrality between planets
sammı̄lana moment of immersion in an eclipse, beginning of totality
sādhana accomplishment; demonstration; computation
sāmudrika in astrology, physiognomy and palmistry/chiromancy, or

the interpretation of bodily marks/features/expressions
sāran. ı̄/sāri.nı̄ set of tables, a table; see Section C.2.1
siddhānta astronomical treatise; doctrine
siddhi attainment; determination
sūks. ma accurate
sūrya Sun
soma Moon
saumya north
saurabha in the Makaranda, corrections due to anomaly (see

Table 5.7)
sthāna a significant figure; a place or digit in a sequence of digits
sthiti/sthityardha half-duration of, e.g., an eclipse, a pāta
sthirakaran. a “fixed-karan. a”; one of the four karan. as or half-tithis

occurring around new moon (see Table B.5); see also
carakaran. a

sthūla “coarse, rough”; approximate value
sparśa moment of first contact in an eclipse
spas. t.a accurate; true
sphut.a accurate; true
svapna “sleep, dream”; in astrology, oneiromancy or the interpre-

tation of dreams
svara “sound, tone, noise”; in astrology, pneunomancy or the

interpretation of breathing
hasta/hasta-rekhā “hand, palm”; in astrology, palmistry or the interpretation

of lines (rekhā) on the hand; a unit of linear measure
equivalent to the length of the forearm or 24 aṅgulas
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hāyana in astrology, anniversary horoscopes
hāra divisor
hijarı̄ Islamic calendar
hr. ti divisor
horā (Greek) “hour”; in astrology, horoscopy, also subdivision

of a zodiacal sign into two; time-unit equal to 1 hour or
1/24 of a day
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book. See also the more detailed descriptions of selected manuscript collections in
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India. See Nanbiyar (1950). We thank this institution for permission to reproduce
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Oriental Research Institute (1990–1991). We thank this institution for permission
to reproduce the images shown in Figures 2.18, 3.2, 3.3, 4.8, 4.21, 4.48, 4.51,
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British Library OR Oriental Manuscripts Collection, British Library, London,
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JVS Jaina Vidya Sansthan (Shri Mahavirji), Jaipur, India. Handwritten
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is known to us. We thank this institution for permission to reproduce the images
shown in Figures 5.13, 5.14, 5.15, 6.1, and 6.2.
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(1963–68). We thank this institution for permission to reproduce the image
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4.21.
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Manuscript Cataloguing Project (n.d.). We thank this institution for permission
to reproduce the image shown in Figure 4.64.
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manuscripts.
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RAS Tod Tod Collection, Royal Asiatic Society, London, UK. See Barnett
(1940). We thank this institution for permission to reproduce the images shown
in Figures 3.7, 4.7, 4.16, 4.19, 5.3, and 5.11.

RORI Rajasthan Oriental Research Institute, Jodhpur, India. See Rajasthan
Oriental Research Institute (1963–2007). We thank this institution for permission
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4.53.

Smith Indie Smith Indie Collection, Columbia University, New York, USA. See
Plofker (2007). We thank this institution for permission to reproduce the images
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5.8, 5.10, 5.12, 6.6, 6.7, 6.8, and 6.9.

SRCMI Sri Ram Charan Museum of Indology, Jaipur, India. See Sharma (1986–
1994). We thank this institution for permission to reproduce the image shown in
Figure 4.25.

Tokyo Tokyo University Library, Tokyo, Japan. See Matsunami (1965). We thank
this institution for permission to reproduce the images shown in Figures 4.27 and
4.66.

UC MB Macmillan Brown Collection, University of Canterbury Library,
Christchurch, New Zealand. See University of Canterbury Macmillan Brown
Library (n.d.). We thank this institution for permission to reproduce the images
shown in Figures 4.67, 4.68, and 4.69.
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UPenn Collection of Indic Manuscripts, Kislak Center for Special Collections,
Rare Books and Manuscripts, University of Pennsylvania, Philadelphia, USA.
See University of Pennsylvania Rare Book and Manuscript Library (n.d.). We
thank this institution for permission to reproduce the images shown in Figures
4.44, 4.56, 4.57, 4.58, 4.61, 5.19, and 5.20.

Vyāsa Vyas-Weisz Collection, Bodleian Library, Oxford University. See
Minkowski (2010).
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Series 29. New Delhi: Rashtriya Sanskrit Sansthan.
Aufrecht, Theodor (1901). Katalog der Sanskrit-Handschriften der Universitäts-Bibliothek zu

Leipzig. Leipzig: Otto Harrassowitz.
Barnett, L. D. (1940). “Catalogue of the Tod Collection of Indian manuscripts in the possession of

the Royal Asiatic Society”. In: Journal of the Royal Asiatic Society 2, pp. 129–178.
Bhandarkar Oriental Research Institute (1990–1991). Descriptive Catalogue of Manuscripts in the

Government Manuscripts Library Deposited at the Bhandarkar Oriental Research Institute.
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Indica 198. Calcutta: Asiatic Society.
Kak, Subhash (2005). “Vedic Astronomy and Early Indian Chronology”. In: The Indo-Ayran

Controversy: Evidence and Inference in Indian History. Ed. by Edwin F. Byrant and Laurie
L. Patton. London: Routledge, pp. 309–331.

Kangle, R. P. (1960–1965). The Kaut.ilı̄ya Arthaśāstra. 3 vols. Bombay: University of Bombay.
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Misra, Babuā (1925). Khan. d. akhādyaka by Brahmagupta. Calcutta: University of Calcutta.
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seventeenth century: Haridatta’s Jagadbhūs. an. a and its Islamic inspiration”. In: Suhayl 13,
pp. 63–81.

Montelle, Clemency and Kim Plofker (Forthcoming). “Algorithm reconstruction in the Laghukhe-
carasiddhi”.

—— (2013). “Karan. akesarı̄ of Bhāskara: a 17th-century table text for computing eclipses”. In:
History of Science in South Asia 1, pp. 1–63.

—— (2015). “The transformation of a handbook into tables: The Brahmatulyasāran. ı̄ and the Kara-
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Pingree, David (1967–8). “The Paitāmahasiddhānta of the Vis. n. udharmottarapurān. a”. In: Brah-
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Sharma, Ram Charan (1986–1994). Vāṅmaya-cayanikā: A Classified Catalogue of Selected
Manuscripts from Universal Institute of Orientology and Museum of Indology. 6 vols. Jaipur:
Universal Institute of Orientology and Museum of Indology.
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	Mean longitude tables: Brahmatulyasāraṇī
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	Ascension tables: Karaṇakesarī
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	5.4 Mahādevī of Mahādeva
	5.4.1 The first ``canonical'' koṣṭhaka
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