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Abstract: The discussion relevant for explaining any celestial event, was a crucial aspect of all Classical
Indian astronomical texts. Each text contained a chapter titled Parilekhana, provided instructions for

creating these diagrams.

This paper presents examples from different manuscripts, to illustrate the techniques used. The
diagrams vividly demonstrate the perceptual differences between the East-West directions. Srngonnati,
the section for depicting the orientation of the cusps of the Moon, also features pertinent diagrams.
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1 INTRODUCTION
TaTRId ! dfdarRuTye® |
xffese aeryf fafaar Sgd gt
parvaparayatam
tadbhitavuttaraparsrvake

darsayecchisya bodhartham likhitva

chedyakam sudhth: |

Astronomical phenomena are demon-
strated to students by drawing them on
the northern wall, with the illustrations
extending from east to west.

The importance of drawings in understanding
the concepts involved in astronomical events is
quite apparent in the above verse from the
twelfth century text Siddhantasiromani by Bhas-
karacarya Il. See, also, Dikshit (1981).

Parilekhana (4fkcia) literally means ‘draw-
ing’ or ‘tracing’, and refers to the geometrical
procedures used to depict celestial events such
as eclipses. Texts such as the Siddhanta Siro-
mani, Saryasiddhéanta and Aryabhatiya devote
an exclusive chapter to the drawings, as visual
representations of calculations.

The dearth of drawings in mathematics and
astronomy manuscripts, in India, as compared
to the contemporary European texts has been
a subject of criticism. In this study we show that
the depiction of celestial events as drawings
was an important aspect and was dealt with in
great detail.

We find diagrams on eclipses in some of the
manuscripts and commentaries with or without
procedural details and drawings. We scrutin-
ized the following manuscripts: the Ekanatha
Karana (by Ekanatha, twelfth century), Brahma-
tulya Udaharanam (Visvanatha, sixteenth cen-
tury), and Brahmatulya TippanTi (Ratneshwara,
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seventeenth century). The visual data for this
study were sourced from two specific manu-
scripts, both belonging to the tradition of Bhas-
karcharya Il as per the Karanakutiahala.

To complement these, we included the texts
Ganitagannadi (Shylaja and Javagal, 2021a)
and Grahanamukura (Shylaja et al., 2024) by
Shankaranarayana Jois. These seventeenth
century contemporary texts were selected for
their methodological alignment with Bhaskara-
charya’s eclipse timing calculations (cf. Mon-
telle and Plofker, 2014). Notably, both titles, the
Kannadi and the Mukura translate as ‘mirror’,
reflecting the detailed textual treatment of pari-
lekhana, where diagrams are explicitly describ-
ed as mirrored projections. Apart from these
key sources, a significant corpus of manu-
scripts remains to be surveyed, edited, and an-
alyzed for further astronomical illustrations. Our
search for previous studies on Parilekhana re-
vealed two references (Jambugahapitiye et al.,
2025; and Rao and Uma, 2008). One of these
is based on the Karanakutihala, and the other
on a manuscript from Nepal that lacks relevant
details on the calculations.

It is worth mentioning that the Grahana Dar-
pana is a text devoted to descriptions of pari-
lekhana covering all the eclipses for the period
1867 to 1900 CE (Arasu, 1972).

2 FOUNDATIONS FOR THE DRAWINGS

In order to bridge the gap between theory and
observation, we provide a step-by-step explan-
ation of the procedure, supplemented by the
reconstruction of diagrams as per current con-
vention, and also a comparison with online re-
sources.
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2.1 Fixing Cardinal Points

The first step as given in the Ganitagannadi
describes the setting up of the ground.

FRIetTcret a1 el o FHTIAIRI efch e T |
HHRREUSYHA AT gl aeT8are ||

Silatale va samabhatale va susadhitaamse
phalake phate va |

manaikyakhandapramitena kuryatsatrena
vrttam valanasrayakhyam ||

The board or the ground intended for draw-
ing should be horizontal as tested by a water
level mechanism. This method of using water
for levelling the platform was well known. It is
described in a stone inscription that praises
Singhaya Bhatta, a Jalasutra, the mechanic or
engineer involved in managing this instrument
(see Appendix 10.1).

Fixing the cardinal points is a general pro-
cedure. A circle is drawn with a radius of 12
Angula (i.e. about 21.16 cm) and a Sanku (a
stick, wooden or metallic) of the same height,
serving as a gnomon, is located at the center.
The points of intersection of the shadow of the
tip of the gnomon on the circle are marked in
the forenoon and in the afternoon. The line
joining the points of intersection is bisected (bi-
section of a line is referred to by the phrase
Matsya-Utpadya). The bisector represents the
North—South direction. The entire procedure of
fixing cardinal points is called Praci Sadhana.

2.2 Description of the Ayanavalana and
the Aksavalana

The parameters for the drawing were calculated
in advance. These included, the instant of
eclipse (Parvanta), the half duration of the par-
tial eclipse (Sthiti), the duration of the total
eclipse (Vimarda), and the instantaneous
speeds (Sphuta Gati) of the Sun and the Moon.’
The procedure also demanded a set of ad-
ditional parameters, specifically for diagrams
drawn with a standard radius of 6 Arigula for the
Sun or Moon. They were

Instantaneous values of the diameters of
the eclipsing body (Chadya), eclipsed
body (Chadaka) namely the Sun, Moon,
and shadow, calculated and expressed
in units of Angula.

Viksepa or Sara (at three points
Sparsa, Moksa and Madhya) — ecliptic
latitude at the first contact, the midpoint
and the last contact.

The Ayanavalana av is the deflection due to
the declination, and is the angle between the
diurnal circle and the ecliptic. In Figure 1, EQ
is the Equator; CA is the ecliptic; yM is the lon-
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Figure 1: The angle between the ecliptic (CA) and
the diurnal circle of the Moon (E'MQ’') is the
Ayanavalana. It is same as the angle KMP, K is the
pole of the ecliptic.

gitude of the Moon (). MM’ is the declination
of the Moon (8). K is the pole of the ecliptic
and P the pole of the diurnal circle E'Q’.
Because of the declination the deflection is
given by CMQ’ which can be shown to be
equal to KMP (av) and given by

(1)
where ¢ = 23. 5° = the obliquity of the ecliptic.

sinay, = sine X cosA / cos 6

The rationale for the Aksa Valana is explain-
ed as that correction which arises because the
diurnal path of the Moon is inclined to the prime
vertical. In Figure 2, M is the position of Moon
in its orbit marked and MM'P is the hour circle.
MXN is the secondary to the prime vertical. The
diurnal circle of the Moon (not marked in the
diagram) will be parallel to the Equator EQ. The
angle between that and the prime vertical EXZ
is the Valana Ak (that is not marked in the
figure) but it can be shown that it is the same as
that between the circles NXM and PM'M. It is
given by
sin ak = sin ¢ % sin z/ cos § (2)
where ¢ = latitude of the place = PN (Shylaja
et al., 2024).

Figure 2: As in Figure 1, EQ is the Equator, and EZ
the prime vertical but CA the orbit of Moon. The Aksa
Valana is the angle between the diurnal circle of the
Moon and the prime vertical which is same as PMN.
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We have attempted to explain the two Val-
ana with separate diagrams for better clarity.
Ayanavalana and Aksavalana values need to
be calculated at the First Point of Contact and
also the Last point of Contact. The two quan-
tities are added as per the sign convention. The
vector sums are called Sparsa Valana and
Moksa Valana respectively. Almost all texts
describe the vectorial addition of the two quan-
tities in great detail; this is because the com-
mencement of Sparsa and Moksa need not be
in the same hemisphere.

2.3 The Procedure of Parilekhana

In the examined manuscripts the values for
diameters, Valana (deflection) and Sara (cel-
estial latitude) are expressed in Arigula, using
the conversion of 1 Arigula = 3 arc minutes. The
Angula is a pervasive linear measure in Indian
history that evolved from the Sindhu-Saraswati
period through to the seventeenth century (Ba-
lasubramaniam, 2009); its physical length is
1.763 cm. Epigraphical evidence suggests its
primary use was in land measures for revenue
and civil engineering, such as determining brick
dimensions and architectural proportions and
taxation (Jagadish, 2005; Shylaja and Ganesh,
2016). However, for the purpose of Parilekhana,
the high-precision standardization of these lin-
ear values is not a prerequisite, as the primary
concern is the relative angular proportions:

(1) After fixing the cardinal points draw a circle
with radius equal to half the sum of the
diameters of the Chadya (one getting cov-
ered) and the Chadaka (one that is cover-
ed). In the case of lunar eclipse, they are
the shadow and the Moon. This circle is
called Manaikyardha Vrtta or Valanasraya
Vrtta.

(2) The calculated Sara at mid-point, Sparsa
and Moksa are marked on the perpendic-
ulars to the East-West line along the Val-
anasraya Vrtta. The Moon is drawn as a
circle at the tip of the Madhya Sara. At the
tip of these markers the Sparsa Valana
and Moksa Valana are marked along the
Val-Anas$raya Vritta. All the texts empha-
size on the sign convention here.

(3) These define the Sparsa Marga (path of
the Chadaka to the midpoint) and Moksa

Marga (path from the midpoint). The circles
with radius of the shadow are drawn on
these lines; the points of contact of the
shadow circles with the disc of Moon at
midpoint are the points of contact.

(4) To mark the total eclipse, the shadow
circles are drawn along the paths so that
they are on the inner side of the Moon’s
edge.

This completes the procedure. It should be
noted that the Moon is stationary and the
shadow is considered to be moving across it.
This is different from the current convention
where the shadow is stationary.

The procedure for solar eclipses is similar to
that of lunar eclipses. Here the Valanasraya
Vrtta will have a smaller radius as the sum of
the radii of the Sun and the Moon. The values
of the two Valana and Sara are marked; the
Sparsa marga and Moksa Marga need to be
drawn as in the case of a lunar eclipse.

The objective of Parilekhana is to depict the
eclipse as a drawing with the first and last
contact points marked on the disc of the Moon.
This procedure is described in detail in the ex-
ample of a lunar eclipse.

When representing the total eclipse, the
difference between the radii of the shadow and
the Moon is marked on the same Sparsa Marga
and Mukti Marga. These points represent the
onset of totality, which is called Vimarda. These
correspond to the onset and closure of totality
and are marked as Sammilana and Unmilana.

Thus, the two (four, in case of total eclipses)
points of contact are marked on the disc of the
Moon. As per the descriptions in all of the texts,
this completes the Parilekhana.

Once the calculations were done, astron-
omers used to make a list of all the values
before doing the Parilekhana. For example, in
the manuscript Brahmatulya Tippani, all the
values are listed separately (Figure 3).

2.4 Presenting Diagrams Specific to the

Location

The procedure for verification requires prepara-
tion of a drawing depicting how the eclipse
appears from the observer’s location with the

e el LalhS 3 T T A S L S A <
S : " '_- X '%

: lan %

tho

Flgure 3: Example from the Brahmatulya Tippani manuscript, which lists the calculated values
for Parilekhana (courtesy: Bhandarkar Oriental Research Institute: Pune).
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brahmatulya udaharana lunar eclipse December 9 1620
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Figures 4a,b,c (top to bottom): Diagrams for the lunar
eclipse of 9 December 1620. For details see the text.
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necessary corrections; the Aksa Valana (de-
flection because of latitude of the observer) and
the Ayanavalana (deflection because of the
declination). At a given instant these are
obtained from the hour angle, Natamsa, as

Natams$a = (Nata at Saprsakala * 90)/

Ratryardha (3)

As discussed previously, Equation (1) gives the

Aksavalana = (120 sin(Natamsa) * AksamsSa)/
120 (4)

where the Aksamsa is the terrestrial latitude.
Similarly, the

Rcos(bhuja)

Ayanavalana = ,where R =120 (5)

where the Bhuja is the value of the Sayana
Candra at the Sparsa and the Moksa Kala con-
sidered separately. The two components are
added as per the specific directions.

These values provide the view from the giv-
en location of the observer, which can be de-
picted as a diagram. In other texts, instead
of the angular measure, the directions of the
points of contact on the disc of the Moon are
specified.

These are relevant for a solar eclipse rather
than a lunar eclipse. However, the text does not
discuss explicitly the Valana or the preparation
of a diagram for a solar eclipse. For the sake of
completion, we have calculated them following
the same procedure as in the Karanakutihala
of Bhaskaracharya. An exact procedure for the
calculation is available in the paper by Shylaja
(2025), and details of the values used for spec-
ific parameters are listed in Appendix 10.3.

3 EXAMPLES

Here are examples of drawings from different
texts.

3.1 lllustrations From the Brahmatulya
(e ELETETE ]

The Brahmatulya Udaharanam by Visvanatha
is a practical guide that uses examples to
explain the calculation of eclipses and various
other astronomical phenomena.

3.1.1

The examples are for the lunar eclipse of Saka
1543 Margasira Masa (9 December, 1620). The
various parameters required for the drawing are
calculated and we have verified the calculations
(Shubha, 2020). Figure 4a represents the
drawing prepared as per the instructions for the
partial phase, while Figure 4b is for the total
phase. One of the manuscript copies has a
drawing, and this is reproduced in Figure 4c.

Lunar Eclipses
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Figure 5: The drawing constructed for the solar eclipse of 15 December 1610 described in the Brahmatulya
Udaharanam.

Figure 4c includes the words Sparsa in the
North-east and Moksa in the West. The terms
Sammilana (second contact, or the beginning of
totality) and Unmilana (third contact, or the end
of totality) are also marked. These words
correspond to two thick lines. The function of
the spike-like radial lines, however, is not evi-
dent (unless these are merely an element of
artistic licence).

3.1.2 Solar Eclipses

The Brahmatulya Udaharanam provides an
example using the 15 December 1610 eclipse.
Figure 5 shows the drawing based on the text’s
procedure, and can be verified from interactive
tools such as Xavier Jubier. The two visuals
demonstrate clear agreement, with a further
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discussion of timing and obscuration provided
separately (Shubha, 2020).

3.2

Ekanatha, an astronomer from the fourteenth
century, wrote the Ekanatha Karanpa, a commen-
tary on the Karanakutiihala of Bhaskaracharya
Il. We studied the manuscript, which has ex-
amples of many celestial events solved in detail
(Shylaja and Shubha, 2025). Here are the
examples for which we prepared drawings.

lllustration From the Ekanatha Karana

3.2.1

The examples are for the lunar eclipse of Saka
1288, Magha Masa, Purnima (16 January,
1367). After verification of the calculations for

Lunar Eclipses
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Figure 6a (left): Our drawing of Parilekhana
for the lunar eclipse of 16 January 1367 from
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the Ekanatha Karana, and Figure 6b (above)
showing the corresponding drawing from
Espenak and Meeus (2009).

the drawings, Figure 6 was constructed based
on those parameters. The drawing is not includ-
ed in the original manuscript. Comparison with
conventional diagrams as we render them to-
day is equally important to establish the veracity
of the procedure. We used the NASA compila-
tion (Espenak and Meeus, 2009) for the lunar
eclipses. Figure 6a shows the diagram con-
structed with the same parameters as for the
eclipse of the second example above, as per
the current convention. Figure 6b is the cor-
responding diagram enlarged to match the size.
We need to compare only the umbral shadow.
The two drawings are mirror images, with East
and West reversed. In other words, the draw-
ings present the view as if one were to see the
eclipse with a mirror. This also justifies the titles
of many eclipse-related texts.

The conventional drawing of the eclipse has
the Moon moving through the shadow from
West to East. This will be explained in detail in
Section 5, below.

3.2.2 Solar Eclipses

The example from the Ekanatha Karana is for
the partial solar eclipse of Saka 1297 Soumya
Jyesta masa (5 June, 1369). We have verified
that the parameters, including the timings and
relevant values, were correct, and we used
them to construct Figure 7.

3.3

lllustrations From the Brahmatulya
Tippani

The next set of examples are from the Brahma-
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tulya Tippani. As per the colophon, the text was
written by Ratneshwara, from Simhapura.

3.3.1

The example presented is a partial eclipse that
occurred on 26 September, 1624. The para-
meters for this event were verified, and the
drawing shown in Figure 8a was constructed
based on the verified values. Figure 8b displays
the corresponding diagram from the NASA
canon of eclipses.

3.3.2 Solar Eclipses

The Brahmatulya Tippani refers to the solar
eclipse of 1 September, 1644, as an example
with a drawing. We have verified all the para-
meters required for creation of the Parilekhana.
A drawing of the eclipse from the manuscript is
shown in Figure 9a. Figure 9b shows our draw-

ing.

Lunar Eclipses

4 DISCUSSIONS ON ECLIPSE DRAWINGS

4.1 The Convention of the Moving Shadow

Versus the Moving Moon

As established in the procedure, diagrams are
rendered with the Chadaka (the obscurer) tra-
versing the Chadya (eclipsed body). While this
accurately depicts the mechanics of a solar
eclipse, a conceptual compromise is required
for lunar eclipses, where the obscurer is the
Earth’s shadow.

As depicted in Figure 4 the Sparsa and
Moksa (the First Contact and the Last Contact)
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Figure 7a (left): The drawing for the partial solar eclipse of 5 June 1369, and Figure 7b (right) the corresponding

visualization from the interactive tool of Xavier Jubier.
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Figure 8a (left): Our drawing of Parilekhana
for the lunar eclipse of 26 September 1624
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from the Brahmatulya Tippani and Figure
8b (above), showing the corresponding
drawing from Espenak and Meeus (2009).

30

can be understood by the projection of the dia-
gram on to the sky. The extension to total
eclipse requires a clarification on the conven-
tions. We have shown below the sequence of
the shadow moving across the disc of the
Moon. Figure 10a depicts Sparsa (First Con-
tact) in the North-east direction; Figure 10b re-
presents Sammilana (Second Contact on the
Sparsa Marga, marking the beginning of total-
ity); Figure 10c illustrates Unmilana (Third Con-
tact, corresponding to the end of totality on the
Moksa Marga); and Figure 10d denotes Last
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Contact, and the end of the eclipse (Moksa).

All these stages are consolidated into a
single schematic representation in Figure 11
and compared with the diagram in the manu-
script, with suitable labels. The representation
is evidentin Figure 11b with terms Sparsa (First
Contact), Sammilana (Second Contact), Unmi-
lana (Third Contact), and Moksa (Last Contact)
all labelled within a single diagram in the manu-
script. Also, see Appendix 10.3 for details of the
calculations.
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The parameters may be transformed to re-
present the eclipse according to the contem-
porary convention, in which the Moon moves
beneath the shadow. This representation ap-
pears more realistic, as the Moon moves faster.
Figure 12b shows the sequence with the same
parameters and East and West reversed for
comparison with drawing Figure 12b from the
canon of eclipses of NASA (n.d.).

While examining the diagrams preserved in
only a handful of manuscripts, it is essential
to bear in mind the convention of a stationary
Moon. The relevant points are not always ac-
companied by explicit legends; instead, they
are often indicated merely by markers. This in-
terpretation is further verified by the two in-
stances of Figure 9a and Figure 11a.

The details presented here emphasize the
importance of diagrams as a pedagogical tool
among ancient Indian astronomers. This is
further evidenced by texts such as the Brahma-
tulya Udaharanam, which explicitly states that
these visuals were essential for teaching.

4.2 The Mirrored Drawings

As we noticed, there is an East—-West reversal
in the procedure. The introductory passage in
the Grahanamukura (mirror for eclipses) justi-
fies its title by stating that the purpose of the
book is to render a drawing of the eclipse as
though you see it in a mirror (Shylaja et al.,
2024):
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S BOOEE), D93 MR BOSCNT3
2T SRCBN TOS, AP

35008 it TN ToLd WOHLIN
NYTBED 20ITT 2302 BAT ||

T karanadalli grahanava
parilekhanava baradu
kamnnadiytlagé

torida hagé vyaktavagi kana bamdhitagi
grahana mukura vémba hésaru ||

gunisi
nodalagi

This Karana text will provide you calcula-

tions with which you can draw the dia-

gram of the eclipse, which appears as

though you are seeing it in a mirror.

In another text, the Ganitagannadi (Shylaja
and Javagal, 2021b), it is stated:

U i URAH Ardehl ddlsyxaaqd qul

-1 |

Faf-aoed Wwad Ue a1 PAlfeRn gaad g

A 11 ¢ 11

grahyasya vrtto paritena yavatkrantam

tatosdhastamasam tatha syat |

kurvanvilekhyam phalake pate va
kuryaddisam vyatyayatam tu dhiman || 8
I

By this method, the circle drawn with the
radius of the eclipsing body expresses what
fraction of the eclipsing body is covered and
also the maximum coverage (Grasa). When this
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Figure 10: The various stages of an eclipse with the convention of the shadow moving across the Moon, clockwise

from top left.

drawing is prepared on a board or a canvas the
directions should be reversed—which implies
that if Valana and Viksepa are indicated as
South, they should be marked as North. The
reason for this is the following: the drawing
made in this reversed orientation should be
viewed from beneath holding it above so that
East on the dra-ing matches the East
direction. Then the Valana, Viksepa and Grasa
will all appear as they are in the sky.

Therefore, the East—-West reversal is a cru-
cial feature in astronomical diagrams, not an
error. It gives the fundamental difference be-
tween our perspective of the celestial sphere
and a conventional map.

The tradition of creating astronomical draw-
ings persisted, as evidenced by several ex-
amples. One such example is a drawing of an
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eclipse from a nineteenth century manuscript
from the Saraswathi Mahal Library in Thanja-
vur, South India. One of the authors (Shylaja)
has reproduced this drawing as a freehand
sketch (Figure 13a). The manuscript is dated
Saka 1787, corresponding to the partial lunar
eclipse of 4 October 1865, which was visible
just before dawn.

In this drawing, the points of Sparsa (First
Contact) and Moksa (Last Contact) are marked
by dots near the /$anya (North-east) and Vay-
avya (North-west) directions, respectively. This
configuration, as outlined in the texts, com-
pletes the drawing. A serpent is also depicted,
representing the story that attributes the lunar
nodes to Rahu (the serpent’s head) and Ketu
(the tail). Figure 13c provides our interpretation
of the dots as the points of contact. The orien-
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Figure 11a (left): The diagram combin-
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ing the sequence from Figure 10 to
show the onset and the end of totality.
Figure 11b (above) is the same dia-
—307 gram from the manuscript shown in
[S] Figure 4c, but rotated by 90° for ease
—30 —20 —10 0 10 20 30 of comparison. The points marked 'S’
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Figure 13a (below, left): Depiction of the 4 October 1865
lunar eclipse in a manuscript on display at the Saraswati
Mahal Library in Thanjavur, India. Figure 13b (below,
centre): The corresponding diagram from the canon of
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Maximum eclipse (MAX) : 1868/08/18 04:04:29.1 +47.9° 084.1° 015° 08.6
End of partial eclipse (C4) : 1868/08/18 05:29:56.4 +68.7° 085.6° 099° 05.7
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Figure 14a (left): The drawing of the solar eclipse of 1868 in the Grahana Darpana, and Figure 14b (right) the
corresponding view as per the interactive tool of Xavier Jubier.

tation of this drawing has been adjusted to
match the current convention shown in Figure
13b.

The Grahanamala, a monograph prepared
by Hemangada Thakura (Thakkur, 1985), is a
canon of eclipses from 1601 CE to 2160 CE. It
has verses with details necessary to prepare
the drawings, but does not have the drawings
themselves.

The Grahana Darpana (Arasu, 1972) com-
piles the details of all eclipses from 1867 CE to
1900 CE visible from Mysuru in South India.
Every eclipse entry includes a drawing that
depicts the event at its midpoint. The timings
and other details are conveyed in Sanskrit
verses using the numerical Bhitasankhya Syst-
em, while the entire text is transcribed in the
Kannada script.

In Figure 14 is an extract of a page for the
11 August 1868 total solar eclipse. The path of
totality passed across South India and attracted
astronomers from England France and Ger-
many and from within India itself (for a summary
see Kochhar and Orchiston (2017: 737-740).
This eclipse was of international importance be-
cause of the discovery of helium and the green
coronium line (Nath and Orchiston, 2021). My-
suru was slightly to the South of the totality
path, and the magnitude of the eclipse there
was 0.9. It was described as “... kificat nydnam
plrnagrasta ...”, which means “... slightly short
of complete obscuration ...”

5 PARILEKHANA FOR SRNGONNATI

A unique feature of Indian astronomy texts is
the chapter dedicated to the orientation of the
Moon’s cusps, entitled Srrigonnati. This section
provides a method for the pictorial represen-
tation of the crescent Moon, where its specific
orientation is determined by the observer’s
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latitude and the Moon’s declination. A detailed
discussion, with examples, is presented by
Shubha et al. (2020).

6 CONCLUDING REMARKS

The accurate visual representation of celestial
events was a fundamental aspect of astronom-
ical practice in Classical Indian astronomy.
Astronomers demonstrated their computational
expertise to rulers and the public by drawing
eclipse diagrams on walls, allowing for the di-
rect and immediate verification of their calcula-
tions against actual observations. While these
diagrams were rarely transcribed onto palm-
leaf manuscripts, the primary challenge lay not
only in the precision of the calculations but also
in the consistency of the final depiction, which
served as crucial evidence of an astronomer’s
proficiency.

7 NOTES

1. For alisting of specialised Sanskrit astron-
omical terms used in this paper see the
Glossary in Appendix 10.2.
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10 APPENDICES It mentions the naming of a canal constructed
101 The Stone Inscription at Kalludi by a jalasutra (engineer for canals and water

works) named Singaya Bhatta for his expertise

The afore-mentioned stone inscription is shown in water instruments, alchemy and the science
in Figure 15. of sounds. The water level instruments were

It is from the village of Kalludi near Ben- known to these engineers (\VV.S.S. Sastry, pers.
galuru, and is dated 24 September 1388 CE. comm, April, 2024).
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Figure 15: The elaborate stone inscription found near Kalludi (photograph courtesy: V.S S.Sastry).

10.2 Glossa

Table 1: Sanskrit astronomical terms mentioned in this paper.

(cusps)

Manaikyardha Vrtta

Sanskrit Word Meaning Sanskrit word Meaning
Araula Unit of measurement taken Aksa Terrestrial
g to be approximately one inch - latitude
Deflection due to the latitude Deflection due to
Aksavalana Ayanavalana L
of the observer the declination
Disc or diameter of Moon, Sun .
] ) ; _ Eclipsed
Bimba or Earth’s shadow cone in an Chadya bod
eclipse y
Chayal Bhabha Shadow Ghatika Unit of time (1 day = 60 ghatikas)
Grasa Fraction _of t_he eclipsed body Kala Minute of an arc (angular
which is obscured measure)
Moksa Kala Instant of last contact Natamsa Hour angle in degrees
Matsya-utapadya Bisection of a line Ratryardha Half duration of night
. Procedure for finding the - The instant of
Praci Sadhana . L Parvanta . .
cardinal directions conjunction
Nimilana Kala Commencement of total eclipse Sphuta Gati Instantaneous speed
Sparsa Kala Instant of first contact Sthiti Half duration of a partial eclipse
S$rrigonnati Elevation of the lunar horns Valanasraya Vrita /| The circle with the radius equal to

the sum of chadya and chadaka.

Unmilana Kala

End of total eclipse

Viksepa

Celestial latitude
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10.3 Solar and Lunar Eclipse Values

Table 2: Values for solar and lunar eclipses listed in the three manuscripts discussed in this paper.

SOLAR ECLIPSES
Text Ekanatha Brahmatulya Brahmatulya
Karana Udaharanam Tippant
Epoch Saka 1291, Saka 1551, Saka j566,
Jyesta Masa Jyesta Masa Aswayuja Masa
Date 5 June 1369 21 June 1629 1 September 1644
Ahargana (civil days elapsed) 68038 163009 168560
True longitudes Ravi: 2|8|8|36 2|11]43|46 4|20|35|6
(degrees) Candra: 2|8|8|36 2|11]43]46 4]20|35|5
Lambana (parallax | iteration: 3|7 | iteration:3|30 | iteration: 2|53
longitude, Il iteration: 3|37 Il iteration: 3|34 Il iteration: 4|21
elongation) Il iteration: 3|40 Il iteration: 3|43 Il iteration: 4|14
(Arigula) IV iteration: 3|40 IV iteration: 3|43 IV iteration: 4|15
Ravi Bimba (Angula) 10|21 10/19 10[47
Candra Bimba (Angula) 10|37 11|25 101
Manikya Khanda (Angula) 10|29 10|52 10]17
Sparsa Kala (Ghati/Vighati) 12|0 2|27 5|12
Moksa Kala (Ghati/Vighati) 21|44 414 10[34
Spars$a Valana (Angula) 6|29 S 4|3 S 2|24 N
Moksa Valana (Angula) 6/40 N 3|25 N 1121 S
Sara 2|25 S 5|24 S 1]15N
Name of the place Mahad (Maharashtra) Varanasi Ujjain
Longitude (current convention) 73.41°E 82.97° E 75. 78°E
Latitude (current convention) 18. 09°N 25. 31°N 23.17°N
LUNAR ECLIPSES
Text Ekanatha Brahmatulya Braﬁmatulya
Karana Udé&haranam Tippani
T Saka 1288, Saka 1542 Saka 1546
Magha Masa Margasira Masa Aswayuja Masa
Date 16 January 1367 9 December 1620 26 September 1624
Ahargana (civil days elapsed) 67167 159893 161280
Spasta value Sun: 281.53° Sun: 239° Sun: 165.83°
(True longitudes) Moon: 101.51° Moon: 345.178° Moon: 345.17°
Sara (Angula) 2|16 N 3|39 N 1131 N
Ravi Bimba (Angula) 11]5 11]09 10|47
Candra Bimba (Angula) 10[9 11|41 11]4
Bhibha (shadow diameter; Arigula) 24|56 27|56 28|14
Grasamana (obscuration; Arigula) 15|16 15|51 15|32
Sparsa Sthiti (Angula) 4]25 4|36 4|36
Moksa Sthiti (Angula) 4|29 4|28 4140
Sparsa Marda (Angula) 1]49 1152 2|0
Moksa Marda (Angula) 1/53 1|44 1|57
Spars$a Kala (GhatilVighati) 12|14 7114 11]3
Sammilana Kala (GhatilVighati) 16|29 9|58 13]42
Madhya Kala (GhatilVighati) 18|22 11|50 15|43
Unmilana Kala (GhatilVighati) 21|44 13|34 17|40
Moksa Kala (GhatilVighati) 22|18 16]18 20]19
Sparsa Valana (Angula) 6|29 S 5|13 N 10142 N
Moksa Valana (Angula) 6/40 N 4]23 4]40 S
Manikya Khanda (Angula) 24156 19|30 19|38
Spar$a Sara 3l47 N 1159 N 0|16 S
Madhya Sara 2|16 N 3|36 N 1131 N
Moksa Sara 3J47 N 5|8 S 33N
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