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Abstract:  Lclipse reckoning constituted a significant component of the Indian astronomical
tradition and was underpinned by a sophisticated interplay between mathematical
theory, observational data, and visual practices. This paper focuses specifically on the
diagrammatic dimensions of eclipse computations as articulated in classical Sanskrit
treatises. By closely examining two distinctive passages drawn from the astronomical
texts Siddhantasekhara and Uparagakriyakrama, composed over the course of the second
millennium CE, we investigate how Indian astronomers employed graphical methods
to visually represent eclipse phenomena. These diagrammatic constructions reveal a
nuanced understanding of eclipse occurrences. Our analysis highlights key features of
these procedures, including the geometric frameworks, instruments, and terminologies
employed. We also consider how these visual methods evolved across different texts,
noting both similarities and differences in their presentation and underlying rationale. In
doing so, we demonstrate how theoretical formulations and empirical observations were
integrated within these visual methods, shedding light on how theory and observation
informed practice and how these complex astronomical events were made accessible to
broader audiences.
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Introduction

Buried in the substantial collection of Indic manuscripts in the University of Cambridge’s
manuscript repository is a manuscript itemised as MS Add.1039 “Nepalese Astrological
paper.” Its description elaborates: “A single-folio Nepalese Astrological paper, relating to
the solar eclipse of 10th October 1874.”! This account is notably modest, for when one
opens the roughly 18cm by 16cm folio which is folded in half between a protective sheath,
the contents are immediately visually arresting (see Figure 1). On this single sheet is a short
Sanskrit text, a note in English, and a distinctive technical diagram of an eclipse which

dominates the page.

The text (transcribed and translated in the appendix of this contribution)is largely numerical
data pertaining to the details and circumstances of the solar eclipse, including date and other
key time instants, duration, magnitude, solar and lunar longitudes and latitudes, parallax,
as well as an astrological table linking zodiacal signs to certain outcomes.” But what is most
striking about this single folio is the eclipse diagram. A technical construction that contains
marks of construction along with lettered points and words and a distinctive black eclipsing
shadow. A careful inspection reveals the following details. Perpendicular lines denoting the
cardinal directions, labelled with the initial letters of the words North—u for utfara—at nine
o’clock, East—pi for piarva—-at 12 o’clock, South—da for daksina—at 3 o’clock, and West—
pa for pascima—at 6 o’clock. Similarly appropriately offset perpendicular lines denoting the
intercardinal directions with labels are inscribed: North-East, az for aisani, South-East, a for
agneyr, South-West, nai for nairrta, North-West, va for vayavya, respectively. Three technical
terms for the beginning (sparsa), middle (madhya) and end (moksa) of the eclipse are located at
the appropriate points (namely: beginning in the North-West quadrant, mid-eclipse along
a separate line in the North-East quadrant, and release in the South-East quadrant). The
magnitude of the eclipse, presumably at the instant of greatest obscuration, is represented
by a solid blacked out circular shadow with a crescent-shaped non-eclipsed portion of the
sun remaining. Given that modern recomputations state that this eclipse covered around
90% of the sun’s disk, this graphic representation is a good depiction of reality.

' The digital record of this manuscript can be found on the University of Cambridge’s library
website at https://cudllib.cam.ac.uk/view/MS-ADD-01039/1.

2 A detailed study examining the numerical data via recomputations and their precision will be
presented in another study.

HoST - Journal of History of Science and Technology 19, no. 1 (June 2025): 70-99
DOI 10.2478/host-2025-0004



Dhammaloka, Kolachana, Montelle — Visualising Eclipses 72

20 YY) /
BTN € A o BRI STRATE AR &
g TEMTAS méf'&rﬁ T qtqf‘;amq%rmrma{w?qﬁmn
£ ST GG 7 AR QUG 1 ety HRHe g R4 (2ar
AT Y AR (T 1N T W AT AOAT TH T 10 AT
M o CE I Tons; TR A 1w aR AT 201 fazrarul

3R WY A A o Y R uR e e &g

Jeg YR AWHTA] Te R @l e IITRITY A ANTT

= 1 1Yo 2\
BTG ELA IV VT2 e, yois

| = ¥ wfan
' : —yaen

T enge
¥ "o *
Y- wmRatm
$ " 9

Figure 1: The manuscript MS Add.1039 (University of Cambridge Library) containing computed
astronomical and astrological data in Sanskrit and a large diagram pertaining to the 10 October,
1874 solar eclipse which was visible in India. The manuscript also contains a note in English in the
bottom right-hand corner noting the date and provenance of the solar eclipse, signed with initials
“W. W.”. Reproduced by kind permission
of the Syndics of CGambridge University Library.
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Questions immediately arise from this intriguing eclipse document. Who was the author?
Whom was it prepared for? How accurate are the computations and on what set of
algorithms and parameters were they computed from? Was this done before or after the
eclipse, and what was the role of observation in the preparation and dissemination of this
document? What is the scope and use of the diagram? This last question and related themes
pertaining to the visual impression of eclipse phenomena forms the basis of what we will
investigate more fully in this contribution. Specifically, what was the tradition of visual
rendering of eclipse phenomena in the Indian astral sciences? What sets of instructions exist
concerning the execution and features to be included? How does the numerical data inform
the graphical details on the diagram? In fact, a broad survey of manuscripts concerning
eclipse reckoning reveals that such graphical representations of eclipses are relatively rare,
despite being a key component in eclipse reckoning. We will investigate this more fully in

what follows.

The Visual Aspect in Indian Eclipse Reckoning

Canonical astronomical texts arose in India in the middle of the first millennium CE in the
form of siddhantas and related texts. Eclipses formed an important part of these voluminous
treatises. At least two chapters, one on lunar eclipses and another on solar eclipses, and
sometimes an additional one dedicated exclusively to the graphical representation of
eclipses, were included in the early parts of these works. A number of topics were typically
covered in these eclipse chapters: instants of opposition and conjunction, apparent
diameters, geocentric distances, eclipse limits, longitudinal and latitudinal parallax,

duration, magnitude, angle of inclination, colours, and direction of impact.’

A last topic, graphical representation, or parilekha in Sanskrit, was an integral part of the
astro-nomical coverage of eclipses. The rationale given for this section was either as an
explanation for the “slow-witted” or as a pre-emptive rendering so that the patron or king
knew what the eclipse was going to look like. When surveying the tradition of the graphical
representation of eclipses, one fascinating theme emerges. From the very first account in the
middle of the first millennium to the latest traditional siddhantas in the eighteenth century,
the instructions and intended output remains largely unchanged. Indeed, this tradition of

graphical representation remained largely unchanged for over a millennium.*

? Yor further details about the history of eclipse reckoning in general on the Indian subcontinent,
see Clemency Montelle, Chasing Shadows: Mathematics, Astronomy, and the Early History of Eclipse Reckoning
(Baltimore: The Johns Hopkins University Press, 2011), 156-284.

* Several recent contributions have focused on various aspects of the graphical representation of
eclipses in Sanskrit sources. See, for instance, Kim Plofker, “Mathematical Presentation of Eclipse
Diagrams in Sanskrit Astronomy,” in Body and Cosmos Studies in Early Indian Medical and Astral Sciences in
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In what follows we consider two seminal excerpts from the parilekha sections of distinctive
Sanskrit astronomical works that epitomise this tradition. In doing so, we wish to draw
attention to the similarities in the accounts across authors and time, as well as highlight some
of the more subtle differences. We first consider astronomer-mathematician Sripati who
flourished in the eleventh century CE and exemplifies the tradition begun by Brahmagupta
in the seventh century CE. We then contrast this with accounts given in the Kerala School
of Astronomy, through the sixteenth century scholar Acyuta Pisarati. However, despite
these passages being about visual impressions and graphical constructions, what is notable

in all these accounts is the scarcity of actual drawn diagrams in available manuscripts.

Our parallel investigations will shed light on this distinct practice of visual representation
and the broader themes of connecting computational algorithms with empirical encounters,
and the theoretical with observation. These themes are of considerable interest to historians
of science, but often more challenging to gain insight into particularly with respect to the
Indian subcontinent. These case studies also provide a different perspective from a distinct
culture of inquiry on the ways in which humans have reacted to the phenomena of lunar
and solar eclipses and the visual artifacts these astronomical alignments have prompted in

practitioners.

Instructions for Drawing Eclipses in Sripati’s
Siddhantasekhara (eleventh century CE)

Sripati (eleventh century CE), a prominent astronomer-mathematician in the medieval
era and a prolific writer on astronomy, astrology, and mathematics, discusses lunar and

solar eclipses extensively in his treatises.” He composed a short treatise, the Dhikotidakarana

Honor of Renneth G. ysk, ed. Toke Lindegaard Knudsen, Jacob Schmidt-Madsen, and Sara Speyer, ,
304-314 (Leiden: Brill, 2021), and Clemency Montelle, “Visual Representations and Intertextualities
in Second Millennium Sanskrit Eclipse Reckoning,” in Studies in Premodern Sciences in Memory of Noel
M. Swerdlow: Antiquity to the Renaissance, ed. Francesca Rochberg (Berlin: Springer, forthcoming).
Like this paper, these studies provide a brief contextual overview and examine specific case studies.
Collectively, they underscore the need for a more comprehensive and systematic investigation into
the chronological development and detailed accounts of visual practices across Indian astronomy
from the mid-first to the second millennium CE.

> Though biographical data of Sﬁpati has not yet been well established, some information can be
found in Jambugahapitiye Dhammaloka, “Sripati’s arithmetic in the Siddhantasekhara and Ganitatilaka:
Edition, Translation, and Mathematical and Historical Analysis” (PhD thesis, Christchurch:
University of Canterbury, 2020), 11-15; Kripa Shankar Shukla, Dhikotidakarana of Srlpatl (Lucknow:
Akhila Rajasthan Sanskrit Parishad, 1969) Vihari Lalasarma Vasistha, Jotisaratnamala, (Jammu: Sri
Ranavira Kendriya, Sanskrta Vldyapltham 1978); N.K. Majumdar, “Dhikotidakarana of Srlpatl 2
Caleutt Oriental Journal 1 (1934): 287-299; M.G. Panse, “potisaratnamala of Srlpatlbhatta ” Bulletin of the
Deccan College Research Institute Vol. XVII, no. 4 (Poona: Deccan College Research Institute, 1956); D.
Pingree, “Sripati”, in Complete Dictionary of Scientific Biography Vol.12, ed. Charles Coulston Gillispie,
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dedicated entirely to lunar and solar eclipse phenomena. He also devotes some verses of
his work, the Dhruvamanasa to eclipse reckoning.® But his most comprehensive treatment of
eclipse phenomena appears in his multi-chapter siddhanta, the Siddhantasekhara, his magnum
opus. Both lunar and solar eclipses are discussed in the fifth and sixth chapters of the
Siddhantasekhara respectively. As 1s the case with many other Sanskrit astronomical treatises,
Sﬁpati begins these chapters on eclipses by providing the measurements of the diameters
of the sun and moon (vv. 3, 9), diameters of their orbits (v. 7), and rules of astronomical
calculations. Among those astronomical rules are the rules of calculation of the longitudes
of the sun, moon and node (vv. 2, 13), the moon’s latitude (v. 10), the distance between the
sun and moon, and the moon and shadow (vv. 5, 8), the deflection—the so-called valana
or angle on impact (vv. 18-20), conversion of angular measures into linear measures and
vice versa (v.21-23), the measures of obscuration (vv. 11, 14, 15, 17), and the timings of the
different phases of eclipses (vv. 12, 17). Afterwards, some sets of instructions are given to
draw diagrams of specific lunar and solar eclipses in the last few verses of the fifth chapter
by Sripati (Sripati notes that these instructions given to produce a graphical representation
of the lunar eclipse can also be used in the case of solar eclipses as well, but with some

features inverted.)

Instructions on Drawing Diagrams

Sﬁpati was greatly influenced by the pioneering seventh century astronomer-mathematician
Brahmagupta, as seen by the many parallels between his work and Brahmagupta’s
substantial siddhanta, the Brakmasphutasiddhanta (628 CE) and also by the eighth century
astronomer Lalla (720-790 CE). Brahmagupta’s influence on Sﬁpati is mainly seen in the
content, language, and the terms he used whereas Lalla’s influence seems to be mainly on
the content and writing style. Sﬁpati follows many teachings: theories, procedures, and
arguments of Brahmagupta and Lalla in his treatises especially in the Siddhantasekhara.” With
respect to eclipse reckoning, there are many similarities between the two accounts; Sﬁpati
has obviously followed many of the procedures set out in the fourth and sixteenth chapters
of the Brahmasphutasiddhanta. However, Sripati’s contribution to the discourse of eclipses
in India can be seen in the explanation of eclipse diagrams. As the content of the chapter

implies, the astronomer/artist should first find the relevant measurements and properties

Frederic Lawrence Holmes and Noretta Koertge, 598-599 (Detroit, Mich.: Charles Scribner's Sons,
2008); Kripanath Sinha, “Sripati: An Eleventh-Century Indian Mathematician,” Historia Mathematica
12 (1985): 25-44.

® Pingree, “Sripati,”, 598.

7 For more details on the influence of Brahmagupta and Lall on Sripati, see Dhammaloka, “Sripati’s
Arithmetic in the Siddhantasekhara and Ganitatilaka,” 277-288.
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using the rules given in the previous verses, and then using these parameters, one follows

the instructions, also given in verse, to draw the diagrams.

What is particularly striking about this topic is the absence of any actual diagrams, despite
the text describing specific and detailed graphical procedures. In all the manuscripts
available to us, no scribe has attempted to draw any diagrams. Furthermore, neither has
the modern editor and commentator of the Siddhantasekhara, Babuaji Misra, in his edition

with his own commentary.

The first three diagrams to be drawn on the basis of Sripati’s Instructions given in the end
of the chapter on the lunar eclipse of the Siddhantasekhara are:

1. Diagram of the first contact, mid-eclipse, and last contact,
2. Diagram of the beginning of totality and end of totality, and

3. Diagram of the path of the eclipsed body.

What follows these three diagrams are alternative ways to draw those same diagrams, and
diagrams representing any desired instant of eclipses. In the following section, we will
explain three sets of instructions given by Sripati with the schematic representations that

we have constructed following those instructions.

Diagram 1
PeaTgd JouR AR
e g de o foEera: atdane |
SATIEATT eqqcﬁvmqqu,icolﬁ HYOT | 258 ||
PR W‘ﬁ?{:
gfee watd o= "= |
T faee uie
AT T @ qaErTa: 1 26 I
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#Note that this is the 25th verse of the fifth chapter of the Siddhantasekhara and that the other numbers
are also the numbers of the verses in the same chapter.
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[One] should first draw the circle [with the radius] of R, then, the circle [with
the radius] of the half of the sum of diameters [of the eclipser and eclipsed],
afterwards, the circle [with the radius] of the eclipsed concentrically. [Then],
directions are to be marked. [One] should draw the arigulas produced from
their own valanas in the form of chord from the eastern region in the case of
lunar eclipse [and] from the western region in the case of solar eclipse.

The first contact of the moon [with the shadow] occurs from [its i.e., moon’s]
east [and] the release of itin [its] west. Also, the sun contacts [the moon] in [its
1.e., moon’s| west. It gets released from [its] east.

The opposite (i.e., valana at the instant of release) valana of the moon and the
first and the last valanas of the sun are [to be taken] contrarily [in the form of
chords]. All the latitudes pertaining to the moon should be drawn contrarily.
Further, those pertaining to the sun [should be taken] as they are. Thus, [one]
should draw the valanas pertaining to the mid-eclipse from the south or the
north.

In case of determining the direction of the valana based on the knowledge
of the latitude, that valana of the mid-eclipse should be marked eastward or
westward [appropriately] depending on [the valana of the mid-eclipse] having
the same or opposite directions of the latitude (i.e., if the latitude and valana
are in the south, the valana should be marked eastward from the south; if the
latitude is in the south and valana is in the north, it should be marked westward
from the south; if the latitude and valana are in the north, it should be marked
eastward from the north; if the latitude is in the north and valana is in the south,
it should be marked westward from the north). Also, the line [running] from
the tip of that (i.e., valana[-chord]) to the center [should also be drawn].

Having stretched those latitudes [of the moon] at the first contact and the
last contact from the tip of the [relevant] valana[-chord] to the circle with the
radius of the half of the sum of the diameters [of the eclipser and eclipsed]
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and the latitude produced from the mid-eclipse from the middle direction (i.e.,
the center) [one] should mark the union/behaviour of them in terms of the
motion of the eclipsed.

As evident from the translation, what Sripati discusses here is the diagram of the first
contact, mid-eclipse, and last contact.

Even though all these five verses come under the first set of drawing instructions, only the
first and last verses of this set give direct instructions on drawing diagrams. The other verses
are on the determination of the directions of the first contact, last contact, deflection, and
latitude of the moon in lunar and solar eclipses. They are in fact, important information
for the diagram, but not instructions on drawing per se. Although these instructions are
mentioned in the chapter on lunar eclipses, as mentioned before, they apply to both lunar
and solar eclipses. Since what applies to the lunar eclipse applies to solar eclipses but in
the opposite direction, Sﬁpati might have decided to explain them together following
Brahmagupta and Lalla.’

According to verse 25, one should begin the drawing by inscribing the largest circle, the
circle with radius R, followed by the medium-sized circle whose radius is equal to the
sum of the radii of the eclipsed and eclipser. Lastly, the smallest circle should be drawn
with the radius that of the eclipsed body i.e., the moon in case of lunar eclipse and sun
in case of solar eclipse. In fact, the exact measurements of the diameters of these celestial
bodies cannot be used in drawing since they amount to large-scale and are given in yojanas."
Therefore, these circles are drawn with proportional measures by converting yojanas into
degrees following the rule given in verse 6 of Chapter 5. The other relevant instructions
are given in the last verse to draw the latitude of the moon at the first contact, the last
contact, and the mid-eclipse, and then the circles with radius of the eclipsing body (i.e.,
the shadow of the earth in case of lunar eclipse and sun in case of solar eclipse) at those
instants. It should be noted that what is represented in the diagram is different from what
we experience. In case of lunar eclipse, it appears that the moon is seen moving through the

carth’s shadow, but Sripati instructs us to draw the circle of eclipser, which is the moon in

9 See Ramswarup Sarma, Brahmasphutasiddhania Vol.III (New Delhi: Indian Institute of Astronomical
and Sanskrit Research, 1966), XVI.14-18; Bina Chaterjee, Sispadhivrddhidatantra Part 1 (New Delhi:
Indian National Science Academy, 1981), V.29-33.

' This R represents the scaled non-unity trigonometric radius in Indian astronomy. See for more
details on this in Kim Plofker, Mathematics in India (Princeton: Princeton University Press, 2009),
79; Clemency Montelle and Kim Plofker, Sanskrit Astronomical Tables (Cham: Springer International
Publishing, 2018), 57.

! Yojana is one of the higher units of linear measures used in ancient India. The exact length of this
unit, in terms of modern units, is not well established, but it is certainly equivalent to a few miles. For
more details see Saradha Sirinivasan, Mensuration in India (Delhi: Ajantha Publications, 1979), 25-29.
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this case, at these three instances while the shadow moves the moon is always immobile at
the center. However, technically they are not different since they represent the first contact,

last contact, and mid-eclipse correctly.

The second verse of the above set mentions the directions of the first contact and last
contact of the lunar and solar eclipses, and they occur in mutually opposite directions. The
third and fourth verses help us determine the direction of the deflection and the direction
of latitude of the moon at different instances. The valana at the last contact of the lunar
eclipse should be marked in the west which is opposite (vyasta) of the direction of the valana
at the first contact. In case of solar eclipse, the valanas at the first contact and last contact
should be marked in opposite directions (yasta) of their own directions. Hence, the word
wasta 1s here used to mean both opposite of the direction of the first contact, in case of
lunar eclipse, and opposite of valana’s own direction, in case of solar eclipse. Further, in
case of lunar eclipse, the latitudes of the moon at first and last contacts should always be
marked towards opposite directions of their own directions. But in case of a solar eclipse,
those latitudes are marked towards their own directions. The valanas of the mid-eclipse are

marked from the south or north as appropriate.

When it comes to determining the directions towards which the valana of the mid-eclipse
1s drawn, Sripati simply says that it should be drawn eastward or westward depending on
the directions of the latitude and valanas. Although Sripati’s claim does not clarify much,
Babuaji Misra’s commentary on this is very helpful in understanding this procedure'? which
is summarized in the following chart (see Figure 2). For instance, at the instant of the mid-
eclipse, if the direction of latitude is north and the direction of valana is south, the valana

should be drawn from the north point westward.

N From North
N Dlrectlon of L J | castward |
the valana S From North
L S . WeStward N
he lati p { p 2
the latitude N From South
westward
Direction of L J L ]
S ) . ) :
the valana
S From south
eastward

Figure 2: Determination of the direction towards which the valana of mid-eclipse to be drawn.

As per the instructions, once the deflections are marked as chords, lines should be drawn
from the tip of the deflection-chord to the centre. These lines are known as valanasatras

12 Babuaji Misra, Siddhantasekhara (Calcutta: Calcutta University Press, 1932) 368.
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(line of valana or deflection line). As mentioned in verse 29, the latitudes related to the
first and last contacts should be marked from the valanasitra on the second circle, which
implies that the deflections of both instances are marked from the east and west on the R
circle appropriately. The latitude of the mid-eclipse should be marked along the deflection
line from the centre. Once these points are marked, taking those points as centres, the
eclipsing body should be drawn at each point to show the progress of the eclipse. Sripati’s
instructions for drawing this first diagram are not very different from what is found in the
Brahmasphutasiddhanta and Sisyadhivrddhidatantra under the same topic.'®

N
V3 r
T C
B M, .- - .
—"‘ u Vl
W _ 3 E
. /G
V5 ’,—"M5
S

T - Circle with R radius

B - Circle with the radius of sum of two radii of the eclipsor and eclipse
G - Circle representing the moon

C - Circle representing the shadow of the earth

V - Valana (deflection)

M - An instant of eclipse

Figure 3: First contact, mid-eclipse, and last contact of lunar eclipse.

If all the instructions given above are followed, the diagram Figure 3 will be drawn where
the first contact, mid-eclipse, and the last contact are depicted. The procedure begins with
drawing the circle T which is the circle with R radius, then the circle B, the circle with the

18 Brahmasphutasiddhanta, 1966, xvi.14-18; Sisyadhivrddhidatantra, 1981, v.29-35
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radius of the sum of two radii of the eclipser and eclipsed, and lastly the circle G which
is the circle with the radius of the moon. Then, the valana of the first contact V,, that of
the last contact V. and mid-eclipse V, are marked from the east, west, and north points
respectively on the R circle in the form of chords. Afterwards, the latitudes are also marked
in the form of chords. In case of the first and last contacts, these chords are measured from
the respective valana-chords and marked on circle B, but the latitude of the moon at the
mid-eclipse is measured along its valana-chord and marked on it. Now, taking these three
points marked on circle B and the valana-chord of the mid-eclipse, as the centres three
circles are drawn with the radius of the eclipsed body which is, in this case, the shadow of
the earth.

In Figure 3 the circle whose centre is M| contacts the eastern part of circle G, which is the
moon, and this contact represents the first contact of lunar eclipse. The circle whose centre
is M, touches the western part of circle G and this contact represents the last contact.
Similarly, the circle with M, as its centre along with the circle G represents the mid-eclipse.
If this figure is of the solar eclipse, the representation is completely converse 1.e., the circles
corresponding to M, M, and M represent the first contact, mid-eclipse, and last contact
in order. Note that in case of solar eclipse, the smallest circle of the three consecutive circles
represents the sun, which is the eclipsed body, and the circle C represents the moon, which
is the eclipsing body. Therefore, in the schematic representation of the solar eclipse, the

smallest circle of the three consecutive circles is larger than the circle of the eclipsing body.

Diagram 2

Sripati includes only three instances, namely the instance of first contact, mid-eclipse, and
the last contact in the above diagram which was discussed in verses 25-29. He then instructs
us to draw another diagram representing the other two instances; the instance of beginning

of totality and instance of end of totality in verses 30 and 31 as follows.

EECEICEIICIGE T shrae:

At g e IHe d |
TAIRORT  WEREhie deu
IR eahieara®me fd& 1130 |l
Fifewrrgfatagazadr

AR TRYATT |

TH FARIETRIIE-
Srei=ryoraRafa: e 1 31 |l
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The base pertaining to the moon running towards the east at the instant of
totality (mimilana) and [the base pertaining to the moon running towards] the
west at the instant of end of the totality (unmilana) are in the direction of its own
valana. Those [bases] of the sun are in reverse order (i.e., in case of mimilana, the
base 1s in the west and in case of unmilana, it 1s in the east). From the tip of the
base their own two uprights [should be drawn]. Then, the hypotenuse lying on
the tips of both the base and upright [should be drawn] obliquely.

Then, the behaviour of the beginning of the totality of the lunar and solar
eclipses are clearly seen from the circle with the radius of the eclipser [drawn
with] the connecting point (i.e., vertex) of the upright and the hypotenuse [as

its centre respectively].
N

T - Circle with R radius

B - Circle with the radius of sum of two radii of the eclipsor and eclipse
G - Circle representing the moon

C - Circle representing the shadow of the earth

V - Valana (deflection)

M - An instant of eclipse

Figure 4: Beginning and end of totality of lunar and solar eclipse.

Sripati states in verse 30 that the totality of the lunar eclipse occurs in the eastern part of
the moon and the end of it occurs in the western part of the moon and that in case of
solar eclipse it is completely opposite. This clearly proves that these two verses are about

schematic representation of the beginning and end of the totality of lunar and solar eclipses.
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However, Sripati employs two terms unmilana and unmisana, which mean the same, the end
of totality (literally “opening of eye”) in the last half of the next verse, instead of nimilana
(beginning of totality, literally “closing of eye”) and unmilana or their synonyms as did in the
previous verse. Seemingly, neither is this an author’s mistake nor a scribal or editorial error.
These two terms should be read with the phrase “sasidwakaragraha. . . (the solar and lunar
eclipses) in the previous line to mean the “end of the totality of solar eclipse and that of
lunar eclipse” which, in turn, means that this diagram represents the totality of both solar

and lunar eclipses as was the case with the previous diagram (Figure 3).

The drawing of the diagram given in the above two verses is different from that of the
previous diagram, Figure 3. Since one is instructed to draw the base, upright, and hypotenuse
in the above verses, seemingly the astronomer/artist should have already calculated those
measures. In fact, Sripati has separate rules for finding them (vv. 12, 14). First, one should
draw the valana-chords relevant to the instances of totality and end of totality, and then the
valanasitras. Afterwards, the base is drawn along the valanasitra, and from its tip the upright.
Now, the hypotenuse can be easily drawn by connecting the tips of the base and upright.
Once the triangle is drawn, the circle of the eclipser (i.e., the shadow of the earth in case
of lunar eclipse, and sun in case of solar eclipse) should be drawn as before, 1.¢., taking the
vertex of the upright and hypotenuse as the centre. Sripati says that the diagram thus drawn
represents the exact behaviour of the eclipse at the beginning and end of totality.

As before, first the valana measures corresponding to the beginning of totality and end of
totality are marked on the R circle which are V2 and V4 respectively, in the diagram (see
Figure 4). Then the valanasatras are drawn. Since the base has already been measured it is
marked on the valanasitra from the centre and from that point the upright is marked on
the smallest circle which are M2, and M4 in this case. Then, by connecting the tips of the
bases and uprights severally, the hypotenuses can easily be drawn. Finally, taking M2, and
M4 as centres, circles with the radius of the eclipsing body are also drawn. The former
circle represents the beginning of totality and the latter the end of totality of lunar eclipse.
If this is taken to be of a solar eclipse, then the representation is the reverse of this, i.c.,
the circle with M4 centre along with the smallest circle, which is the moon, represents the
beginning of totality and the circle with M2 centre represents the end of it. But in that case,
the smallest circle of the three consecutive circles of the diagram represents the sun, and
the circles of the eclipsing body represents the moon, hence the middlemost circle is larger

than the circles of the eclipsing body.

Although these two diagrams could have been amalgamated into one diagram, Sripati opted
not to, probably on purpose. The totality of an eclipse is not a possible phenomenon if it is
a partial eclipse, but first contact, mid-eclipse, and last contact always occur irrespective of

eclipse being total or partial. Therefore, the first diagram is applicable to any eclipse, but
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the second is needed only when a total eclipse occurs. This may be the reason for Sn’pati’s
decision to explain these two diagrams separately. Further, the fact that Sripati recommends
using only the three points; points of the first contact, mid-eclipse, and last contact in the
process of marking the path of the eclipse, which is seen in verse 33, also supports this
hypothesis.

Diagram 3

After drawing these two basic diagrams, or at least the first one, what an astronomer might
want to know next is the actual path of the eclipse, i.e., the path of the moon. Therefore, a
simple method to find it is given in verse 33.

[EEEIPERERIRIRP-=-u 2 k| B
ATE FIIRERT TH dgehd |
AATRN YfaATy TAgRAdT Tt
TS TR Tt | 31 |

[The part of] the circle drawn through the tips of the latitudes [of the eclipsed
body] from the converging point of the two lines lying through the middle of
two fish figures drawn from the tips of three latitudes [of the eclipsed body] is
the path of that eclipser. [One] should also stretch the hypotenuse touching that
circle from the centre of [the consecutive circles] appropriately for knowing the
method of reckoning desired obscured portion etc. of the sun and moon.
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T - Circle with R radius

B - Circle with the radius of sum of two radii of the eclipsor and eclipse
G - Circle representing the moon

G - Circle representing the shadow of the earth

V - Valana (deflection)

M - An instant of eclipse

XY - Path of the eclipsing body

Figure 5: Path of the eclipsed body.
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* a ubiquitous

In order to find the path of the eclipse Sripati employs two fish figures,'
contrivance encountered in Indian astronomy. Taking the points of first contact M1, mid-
eclipse M3, and last contact M5 as reference points, one should produce two fish figures as
seen in the diagram (Figure 5) and then two lines should be drawn through the intersections
of these fish figures so that they meet at a point. Taking this intersection point Z as the
centre, the arc XY drawn through all three points of instances M1, M3, and M5 is the path
of the eclipse. In fact, Sripati says to stretch a rope (“rajvoh yogat”) through the fish figures,
which means that these diagrams probably have been drawn on the ground using ropes.
The purpose of this diagram is to be able to model the course of an eclipse and its features

(obscuration, time etc.) at any point in time (... wstagrasadyavagamavidhyiiaptaye ...).

Remarks

Sripati gives instructions to draw a few diagrams about eclipses in the lunar eclipse chapter
of his Suddhantasekhara, of which three were discussed in the previous sections: 1) the diagram
of the first contact, mid-eclipse, and last contact, 2) diagram of the beginning of totality, and
end of totality, and 3) diagram of the path of the eclipsing body. Although they are given in
the lunar eclipse chapter, they apply to both lunar and solar eclipses. It is clear that Sﬁpati
also follows the same tradition as Brahmagupta and he parallels some of the descriptions
given in the Sispadhivrddhidatantra of Lalla. This is evident both through the structure and
the style of giving instructions to draw diagrams. However, it should be noted that Sripati
wanted to draw the eclipser as the moving object in both cases, namely a lunar eclipse
and a solar eclipse. The sole purpose of these schematic representations, as per Sripati,
seems to be reckoning different instances of eclipses and having better understanding of
the phenomena.

Instructions for Drawing a Lunar Eclipse in Acyuta
Pisarati’s Uparagakriyakrama (sixteenth century)

Kerala School of Astronomy

" As it is evidenced elsewhere in Makkibhatta’s commentary on the Siddhantasekhara, diagrams that
were used for astronomical calculations were drawn mainly on the ground by using poles, and ropes
(For instance, see Siddhantasekhara, Vol.I, 216-218). Therefore, these fish figures should have also
been drawn on the earth using the same equipment. The common method of producing fish figures
is as follows. Firstly, a pole is established at M 1. Secondly, a rope tied to another pole with a sharp
end is tied to the pole at M 1. Thirdly, an arc is drawn on the XY arc from M1 using the rope tied to
the sharp-ended pole. Then, another arc is also drawn from M2 in the same manner in such a way
that it intersects the first arc.
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Kerala, a region in south-western India, has a long history of the study of astronomy.
Madhava of Sangamagrama (c. 1340-1425 CE) is perhaps the most renowned of the
Kerala astronomers. Madhava and his disciplic lineage, collectively referred to as the
Kerala school, made significant contributions in astronomy and mathematics, mainly from
the fourteenth to the sixteenth centuries, and this tradition continued up to the nineteenth
century.” Figure 6 depicts an abbreviated lineage of the Kerala school.

The Kerala scholars were adept at computing, observing and drawing eclipses. Paramesvara
(c. 13601455 CE) carried out astronomical observations for fifty-five years and recorded
thirteen eclipse observations (eight solar and five lunar) in his Siddhantadzpika. He proposed
corrections to computational algorithms to achieve correspondence with observations
and authored three works dealing with eclipses: Grahana-nyaya-dipika, Grahanamandana, and
Grahanastaka."® In the Tantrasangraha, Nilakantha (c. 1444—1454 CE) devotes two chapters for
the computation of lunar and solar eclipses, respectively, and their associated diagrams.'’
Jyesthadeva (c. 15001610 CE) also discusses eclipse algorithms in his Ganita yukti bhasa."®
In the next section, we briefly discuss the background and contributions of Acyuta Pisarati,

the illustrious disciple of Jyesthadeva.
Madhava

(c. 1340 - 1425 CE)

Paramesvara
(c. 1360 - 1455 CE)

Damodara
(c. 15th cen. CE)

l
| |

Nilakantha Jyesthadeva
(c. 1444 - 1545 CE) (c. 1500 - 1610 CE)
Sankara Variyar Acyuta Pisarati
(c. 1500 - 1560 CE) (c. 1550 - 1620 CE)

Figure 6: Some scholars of the Kerala school

5 K. Ramasubramanian and M. S. Sriram, Tantrasangraha of Nilakantha Somay@i (New Delhi:
Hindustan Book Agency, 2011), xxxiii—xxxiv.

1 K. V. Sarma, A History of the Kerala School of Hindu Astronomy (Hoshiarpur: Vishveshvaranand
Institute, 1972), 33.

7 Ramasubramanian and Sriram, Tantrasangraha, 255-356.

18 K. V. Sarma, K. Ramasubramanian, M. D. Srinivas and M. S. Sriram, Ganita ukti bhasa of
Jyesthadeva (New Delhi: Hindustan Book Agency, 2008).
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Acyuta Pisarat:

Acyuta Pisarati (c. 1550-1620 CE), a polymath from Kerala, is perhaps best introduced
through his obituary composed by his eminent disciple Narayana Bhattatiri:"

2 zrarm e faguarepdidifes=
TSRO TR TESHTHER ;|
& Sy ggaraar faeged &
o YaRdeT AaamTaRZ=q: |

O grammar! You are going to be mercilessly squeezed by those greedy for
scholarship. O path of physicians! You are completely surrendered to the
arrogant. Hey poetics! You are lost. Astronomy! Alas, your tales of #thi and
rksa® have come to an end. For, here, your foundation, the embodiment of
knowledge, Acyuta, has slipped away to the heavens!

The above verse, in the Sardalavikridita metre, attributes scholarship in linguistics, medicine,
poetics, and astronomy to Acyuta Pisarati. The phrase vidyaima svarasarpad at the beginning
of the fourth quarter of the above verse also encodes the number 1724514 in the katapayad:
system,?' which gives the kali-ahargana® of the date of Acyuta’s demise, and corresponds to
August 15, 1620 CE.

Acyuta received patronage from King Ravi Varma of Vettattu-nadu and authored works
in astronomy, astrology, and Sanskrit grammar.* His major astronomical works include:

1. Sphutanirnayatantra (with auto-commentary): A treatise on the computation on true

longitudes of planets, consisting of ninety verses and six chapters,
2. Rasigolasphutaniti: Rationale for ‘reduction to the ecliptic’ in fifty verses,

3. Uparagakriyakrama: Procedures for eclipse computations in four chapters and 127

verses,
4. Upardgavimsati: twenty verses on eclipse computation,

5. KRaranottama (with auto-commentary): Astronomical procedures in 119 verses and

five chapters,

9 K.V Sarma, Sphutanimayatantra of Acyuta (Hoshiarpur: Vishveshvaranand Institute, 1974), xi.
2 Tithi and rksa (naksatra) are two of the five major elements of the Indian almanac (paficariga).
21 Sarma, Sphutanimayatantra, xv.

2 Number of days elapsed in the kali-yuga, a commonly employed epoch in Indian astronomy.
% Sarma, Sphutanimayatantra, xi—xiii.
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6. Chayastaka: eight verses on shadow computations,
7. Commentary on Saryasiddhanta, and

8. Commentary on Venvaroha of Madhava.

Acyuta is credited with the correction known as the ‘reduction to the ecliptic’, which he
introduced in the Sphutanirayatantra and elaborated upon in the Rasigolasphutaniti. This
correction was introduced in western astronomy by Tycho Brahe around the same time
period.* Acyuta also computed a complex derivative of a ratio of two functions to determine
the instantaneous velocity of a planet in the Sphutanirnayatantra.

In the following section, we briefly outline the contents and significance of Acyuta’s
Uparagakriyakrama, a major work on eclipse computations.

Uparagakriyakrama: Manuscripts and Contents

Uparagakriyakrama (Procedures for eclipse computations) is a treatise on the computation of

eclipses composed in 127 verses. Its four chapters cover:
1. Computation of syzygy (fourty-two verses),
2. Computation of lunar eclipse (twenty-seven verses),
3. Computation of solar eclipse (fourty-five verses), and

4. Shadow measurements (thirteen verses).

We have based our study on nine manuscripts of Uparagakriyakrama, the details of which
are summarized in Table 1. Figure 7 depicts a sample folio from one of the manuscripts.
It may be noted that two other texts with the same name are known. One of them is by

an anonymous author, while the other is attributed to Narayana, another Kerala scholar.

2 A. K. Bag, “Indian Literature on Mathematics During 1400-1800 A.D.,” Indian Jouwrnal of History
of Science 15, no. 1 (1980): 79-93, on 82.

» Sarma, A History of the Kerala School of Hindu Astronomy, 33.
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Manuscript | Material Folios Condition Extent Commen-
tary
K-22225 Palm leaf 47 Good Complete Yes
K-MC441C Palm leaf 27 Good Incomplete Yes
K-MC628B Palm leaf 33 Good Complete Yes
K-15095A Palm leaf 34 Torn Incomplete Yes
K-14568B Palm leaf 13 Torn Incomplete Yes
K-MC173G Palm leaf 18 Good Incomplete Yes
K-404A Palm leaf 25 Torn Complete No
K-404B Palm leaf 94 Torn Complete Yes
S-358 Paper 71 Good Complete Yes
Table 1

K - Kerala Oriental Research Manuscript Library, Thiruvananthapuram
S - K. V. Sarma Library, Chennai (Transcript of K-404A/B)

Figure 7: A sample folio from manuscript K-22225.

Indian astronomical texts customarily commence with an invocatory verse venerating
the author’s preferred deity and laying out the purpose and motivation of the work. The
invocatory verse of Uparagakriyakrama, composed in the anustubh metre, follows this custom:*

ATATIERS TR ST TcaTSeTSAToed |
R T =M SWRIIhaTshe: ||

Having venerated the supreme light, called Martanda (Sun), the Uparagakriyakrama
is composed by me for the benefit of the dull-witted.

% The Uparagakriyakrama is a Sanskrit text, a language which is usually written in the Devanagari
script. However, the manuscripts of the Uparagakriyakrama available to us are written in the script of
the Malayalam language, spoken locally in Kerala. In this paper, for consistency, we have opted to
transliterate the text into the more widely employed Devanagari script.
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The second and third verses of the text, also in the anustubh metre, immediately give the
criteria for the occurrence of lunar and solar eclipses:

T UTdS AR A g4 |
qguThiEst Rt e e ||
gfetarr Femar =9q et sreatgyd |
FEI=Arsy o g == eereatE

The solar and the lunar eclipses, by appropriate reasoning, shall be analysed

on the two parvas (amavasya or new moon and parnima or full moon) lying in
the vicinity of the day on which there is an occurrence of the conjunction of
[either of] the two nodes with the Sun. Here, if the end of the parnima [tithi]
(i.e., full moon) occurs during the night, the shadow of the earth shall eclipse
the moon. Likewise, if the end of the darsa [tthi] (i.e., new moon) occurs during
the day, the Moon will eclipse the Sun.

The text goes on to give several astronomical parameters and algorithms necessary for the
computation of syzygy, lunar, and solar eclipses. In its second and third chapters, the text
also discusses procedures for drawing lunar and solar eclipses. In the following section we

briefly lay out the instructions given in Upardgakriyakrama for drawing a lunar eclipse.

Uparagakriyakrama: Instructions for Drawing a Lunar
Eclipse

Verses 19(b)-27 of the second chapter of the Uparagakriyakrama outline the procedure
for drawing a lunar eclipse. Here, we translate these verses on the basis of a Malayalam

commentary, of uncertain authorship, available in the manuscripts.

First, verses 19(b)—23(a) state the method to determine the points of first and last contact:
TRITSRTIAET I AT oA |
oG ahaGH@ I |
It fordd qatuRt ATRIRt a9t |
FATRISTSTTEAT T T TLIONST AT |
I ARTRIAATG ATHIEARIG ||
fgRaaianT urh TR o1 @ik |
T A fegRdtaaaes |

foret: g TG I aedR THREEE |
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A circle, by the measure of half [the radius of] the disc of the gr@hya (obscured),
is drawn using a thread. With that centre, another circle is also drawn by
the measure of half the sum of the diameters of the discs [of grahya and
grahaka (obscurer)]. One must draw the east-west and south-north diameter.
Thereafter, one must place that stick, whose length is twice the valana,” and
which is marked at the centre, such that the mark is located on the diameter
and both ends touch the circumference [of the outer circle]. In the east, a dot
[is marked], in the same direction [as the valana], at the intersection of the
circumference and [the tip of] that stick [whose measure is obtained] from
the valana at first contact (sparsa). In the west, [another] dot [is marked], in
the opposite direction [of the valana], at the intersection of the circumference
and [the tip of] that stick [whose measure is obtained] from the valana at last
contact (moksa). One must extend a thread from the dot[s] towards the centre.
The point[s] of intersection [of the thread with the inner circle] represent the
[points of] first contact (sparsa) and last contact (moksa).

Subsequently, verses 23(b)-26(a) explain how to draw the diagram at the instant of mid-

eclipse:

TS o A IR a9 ||
gy R s fomg: et faam |
HA SIS FaTsy hrad: ||

AT IRATST T 9 9 Teheudd |
T AT e o ||

TEHT=aITdT T Il TR €34 |

Similarly, place [a stick with the measure of twice] the valana at mid-eclipse
on the south-north diameter. [One must mark a] dot at the [intersection of
the tip with the circle in the] west [when the stick is placed] in the direction
of the valana and at the [intersection in the] east [when the stick is placed] in
the other direction. Having drawn the line passing through both the dots and
the centre, and thereafter having measured the ksepa from the centre in the
opposite direction, conceive of a dot there. The intelligent must draw there
the grahaka with a thread of half its measure [of diameter]. The portion of the
grahya contained within the gra@haka is seen to be obscured.

Finally, verses 26(b)—27 outline the procedure for drawing the eclipse at a desired instant:
TR ad g3 T IRE |l
AgIERT THTST TATHAT THeTazy |
TGS AT AEHTd foerd IRl

7 For more on valana in the Kerala tradition, see Ramasubramanian and Sriram, Tantrasangraha, 298.
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That thread which extends from the points of first (sparsa) and last (moksa)
contact towards the madhya (middle) dot, represents the path of grahaka here.
Having measured the sphutantara (longitudinal separation) from the madhya dot,
the grasa (obscuration) at the desired time is drawn with [a thread of length
equal to] half the grahaka.

The Malayalam commentary in the manuscripts elaborates upon the procedure further.
The following is a translation of the same:

Now, to draw: A circle is drawn, using a thread [whose length is] equal to half
[the diameter of] the disc of the gr@hya, by fixing one of its ends on the ground
and rotating the other end. Then, at the centre of that [circle], considering that
to be the centre, a circle is drawn outside [the previous circle] using a thread
[of length] equal to half the sum [of the diameters] of the discs of both grakya
and grahaka.

After that, one must draw a diameter-line in the east-west direction, touching
both the circles. Similarly, one must draw a diameter in the south-north
direction also.

After constructing a stick [with length] equal to twice the valana, and by making
a mark at its centre, one must place [this stick] such that the mark falls on one
of the diameters and both ends touch the circumference [of the circle].

Here, by placing the stick, whose length 1s twice the sparsa-valana, on the eastern
side, like this, one must mark a dot at the exact spot where the stick touches
the circumference, along the direction of the valana. On the western side, by
placing the stick whose length is twice the moksa-valana, one must mark a dot at
its intersection point with the circumference, in the opposite direction of the
valana.

Then, from this [sparsa] dot, one must draw [a line] towards the centre by placing
a thread. At the point where this thread touches the circumference of the grahya
disc, the obscuration commences. At the point where the thread, which extends
from the moksa dot towards the centre, touches [the circumference of the grahya
disc], the eclipse concludes.

Then, to draw madhyagrahana (mid-eclipse):

One must place the stick whose length is twice the madhya-valana on the south-
north diameter, such that it (the mark) is at the centre, like this. At the point of
intersection of that [stick] with the circumference, along the direction of valana,
one must mark a dot on the western side. In the other direction, at the point of
intersection of [the tip of the stick which measures twice] the [madhya-]valana
and circumference, one must mark a dot on the eastern side.

After drawing a thread which touches both these madhya dots and the centre,
and by measuring the viksepa in the opposite direction on this thread, one must
mark a dot at its tip. At this point, considering it to be the centre, one must draw
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a circle using a thread whose length is half [the diameter of] the grakaka disc.
Inside this circle, the obscured region is seen on the grahya disc.

Then, to draw istakalagrahana (eclipse at desired instant):

That thread which reaches the madhya dot from both the sparsa and moksa dots,
represents the path of the grahaka. One must draw the circle of the grahaka, on
the eastern or western side, by considering that point to be the centre which is
removed from the madhya dot by a distance equal to the sphutantara. The centre
of the grahaka will be on the western side if the sphuta of the Sun is lesser, and
on the eastern side if greater.

Remarks

The procedure outlined in Uparagakriyakrama for drawing a lunar eclipse is different from
that of Tantrasangraha. It may however be noted that the terminology employed in verses
19b—21a of Uparagakriyakrama bears resemblance to verses 46b—48a of the fourth chapter
(Lunar eclipse) of Tantrasangraha.”® The procedure given in the Uparagakriyakrama broadly
involves using the valana to determine the points of first contact, last contact and mid-
eclipse. The given procedure can be applied to draw the eclipse diagram at either mid-
eclipse or any other desired instant. Remarkably, the entire exercise is carried out using just

a thread and a stick.

It is interesting to note that the source text as well as the commentary employ general terms
such as grahya (obscured) and grahaka (obscurer) instead of directly referring to the Moon
and the Earth’s shadow. While the manuscripts available to us do not contain any diagrams,
it is notable that two places in the commentary appear to be referring to a diagram with the
phrase “like this”. This may indicate that the commentary originally contained diagrams
which were omitted in later copies.

A deeper study of the Uparagakripakrama is necessary to understand the rationale of the
procedure outlined for drawing eclipses in relation to the eclipse computation algorithms
given in the text. Therefore, we have not attempted to reconstruct the diagram as we have

for the earlier instances in this paper.

Concluding Remarks

Eclipses are spectacular events and out of all astronomical phenomena prompted the

most direct inspiration for graphical representation of a celestial event. Eclipse maps are

%8 Ramasubramanian and Sriram, Tanirasangraha, 302.
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unique depictions in the history of cartography as they bring together space and time in a
distinctive way. In this way they are perhaps the earliest type of spatio-temporal maps. When
considering how to represent them graphically, practitioners had to balance a static capture
of the principal phases with the fact that the heavenly bodies creating these alignments were

always in motion.

There are a number of notable features in the Sanskrit sources. The first is the instructions
are intended to capture a specific eclipse event with all features appropriately quantified,
not just a rough generalised eclipse diagram. Abstract astronomical entities, such as the
lunar orbit and the cardinal directions are to be clearly drawn, and mathematical scales,
such as the circle with radius equal to the Radius of the trigonometric relation and another
circle with radius equal to the length of half the sum of the radii of the eclipsed and
the eclipser are to be drawn. On one of the circles, eight grid marks on each quadrant
are to be inscribed as a scale to capture the angular displacement of the different phases
of the eclipse. Half-chords are to be drawn from the radial lines to capture the angle of
impact and latitudinal deviations. This may explain the absence of graphical constructions
included in astronomical treatise manuscripts; following the instructions requires an actual
eclipse occurrence with its various timing and phases to render a visual image, just like we

see in the striking image included as part of the Nepal eclipse description.

Secondly, the instructions do contain an element of generalisation in the language they
use. That is, that they don’t specify the sun or the moon or the shadow in the procedures,
but rather invoke the ‘eclipsed’ and the ‘eclipser’. This appears to be deliberate, so that
the instructions can be used in either the case of a solar or a lunar eclipse without needing
to repeat a separate set of instructions. Where appropriate, the authors elaborate on the
inverse nature of the direction of impact for a lunar and a solar eclipse, by specifying the

moon or the sun as appropriate.

Furthermore, the instructions call to attention the tools of construction to be used to effect
the constructions. A string or a rope and a stick (to aid drawing circles) are all that is required
to produce these diagrams. While some aspects are spelled out (such as constructing “fish
figures” to bisect arcs) other features, such as dividing each quadrant into eight parts
(non-trivial!) are seemingly assumed to be known how to be done by the practitioner. The
diagram is overlaid with lettered abbreviations or the full technical terms for the cardinal
and intercardinal directions, as well as the significant phases of an eclipse at the appropriate

places.

These lines of construction, demarcating grids and angles of inclination produce a figure that
is both technically instructive as well as visually appealing. The pre-computed nature of the

parameters that are needed to produce the diagram suggest that this graphical construction
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was to be carried out prior to the eclipse event and used as a template from which to
compare to and clarify the actual event in the sky. As such, these sets of instructions are
fascinating insights into the ways in which eclipses may be viewed and visually documented
in those centuries before the advent of cameras and other recording devices. More broadly,
the visual representation of eclipses as described in these astronomical treatises give a
glimpse into the links between the practising astronomer and their more general audiences.
This is an area which is currently largely unexplored in modern scholarship and in the
absence of explicit evidence can only be filled in by more nuanced speculations such as
those that can be derived from studies such as this one. As well as an astronomical tool,
one can’t help but conclude that these representations served in part as an inducement
for non-expert observers to be able to engage with these visually stunning astronomical
events, inviting them to appreciate not only the spectacle of eclipse phenomena but also the
abstract parameters and procedures through which astronomy models celestial motions and
reconciles theory with observation.
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Appendix
A MS Add. 1039: Solar eclipse on 10th October 1874

This record corresponds to the solar eclipse of Saturday, 10 October 1874; in the date
given by the text, namely saka 1796 = samvat 1931, the solar month Asvina which here must
correspond to the 7th solar month, day 26. Asvina as the 7th solar month requires that the
year count begins with Vaisakha. This may reveal something about the region, with solar
month year counts of this nature being more common in the north of India. In 1874, Mesa-
samkranti occurs on April 12th. The 10th of October falls exactly 181 days after this which
also fits with the data given in the text.

Regarding the geographical region this eclipse data pertains to, from the length of daylight
we can recompute an approximate terrestrial latitude to be around 26°. We note that the
terrestrial latitude of Kathmandu in Nepal is 27.7°which broadly fits with the attribution of
this text to have come from Nepal. Also from the text we can infer the primary phases of the
solar eclipse, using the Indian measure of ghatikas, that is sixtieths of a day (or 24 minutes).
The first contact occurred at 3gh; 29 before sunset, mid-eclipse to be Ogh; 35 before sunset,
and release 2gh; 19 after sunset, with the entire duration being 5g#; 48.

A.1 Text and translation

A.1.1 Sanskrit text

Wi ofeme 9ukg ofiFad 9339 WRTA A=A fardr 2%

TITEUTEAAERATS eI 9¢9 oM ¢ |ug smmEmai afe 29132
EXAEe 9313 Vgl 9013 IMATER I 90198 TIHAGE 4R

ERG 313% IAREETR: (1R Tpegd: 3130 FHeaw: (glo
AT M cCIgys TR colRe YT RAgy Tpefad w19
femzivafe 31% Tzl g 2ivafe o134 T IRl 2193 Hig:

TEAFNG 9918% THAMDIS 9013 ARERAG 912 ARG 9014
YRTSIIS 4199 TSRS ©18-
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A.1.2 Sanskrit transliteration

svasti Srisake 1796 Srisamvat 1931 sawrat asvinamase dinagata 26 siaryagrahanavalokanartham
ahargana 181 dinamana 28|56 amavasyam ghati 24|42 hastaghati 13 |3 aimdraghati 10|23
Sanivasare yamyanatam 10|14 prathamalambanam 2|59 sthiralambanam 3|39 saumyasphutasarah
8119 sphutasiryah 93| 30 sphutatamah 84 |0 manayo gardhah 88|45 grasa 80|26 sthityardha 2 |45
sphutatithyamtam 28|21 dinasesaghati 3|29 sparsah punah Sesaghati 0|35 madhyah ratraugataghati
2119 moksyah saryamanamgula 11|44 tamamanamgula 10|32 saumyasaramgula 1|2 grasamgula

10| 5 yamyavalanamgula 5| 11 Salakamgula 7|59
me 6 sukha

or 5 cimta

mi 4 vyatha

ka 3 1T

st 2 ksati

kam 1 ghata

tw 12 aya’ya
vt 11 labha
dha 10 Sukham
pa 9 mananasa
kum 8 mrtaya
mi 7 stripida
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A.1.3 English translation

Auspiciousness! In the saka year 1796, samvat 1931, in the solar ~ month of Asvina, (after)
26 elapsed days, for the purpose of the observation of a solar eclipse. The civil day count
(ahargana) (since the beginning of the year) is 181. The length of daylight 28;56. The new
moon litht (Amavasya) (begins on the) 24;42 ghatr. The (naksatra) Hasta (begins on the) 13;3
ghatt. The (yoga) Indra (begins on the) 10;23 ghatz. (The eclipse falls) on Saturday. Southerly
‘depression’ (zenith distance) is 10;14. The ‘first’ parallax is 2;59. The ‘fixed’ parallax is
3;39. The corrected latitude, southern, is 8;19. The true longitude of the sun is 93;30. The
true longitude of the moon is 84;0. The half (?) of the two measures (of the diameters) is
88;45. The obscuration is 80;26. The half-duration is 2;56. The end of the corrected tithi
1s 28;21. First contact (occurs when) 3;29 ghatis is the remainder of the day (i.e., 3;29 ghatis
before sunset). Next, mid-eclipse (occurs when) the remainder (of the day) is 0;35 ghatis
(i.e., 0;35 ghatis before sunset). Release (occurs when) 2;19 ghatis is (the amount of the night
elapsed; 1.e., 2;19 ghatis after sunset). The digits of the measure (of the diameter) of the sun
is 11;44. The digits of the measure (of the diameter) of the moon is 10;32. The digits of
the southerly latitude is 1;2. The digits of the obsuration is 10;5. The digits of the southerly
inclination (valana) is 5;11. The digits of the Salaka (rod?) is 7;59.

Ari(es) 6 Happiness
Tau(rus) 5 Worry
Gem(ini) 4 Pain
Can(cer) 3 Wealth

Leo 2 Loss

Vir(go) 1 Harm

Lib(ra) 12 Debt?
Sco(rpio) 11 Gain
Sag(ittarius)10 Pleasure
Cap(ricorn) 9 Loss of Honour
Aqu(arius) 8 Death

Pis(ces) 7 Woman’s distress
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