Indian Journal of History of Science, 34(4), 1999

KATAPAYADI NOTATION ON A SANSKRIT ASTROLABE
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The Katapayadi system of numerical notation has been discussed quite of-
ten. Yet the knowledge about its antiquity and the geographical extent of its
spread remains rather hazy. Stll less is known about its use in north India. In
these circumstances, the discovery of a Sanskrit astrolabe produced in north
India on which the degrees of altitude are marked in the Katapayadi notation is
a significant datum for the history of this system. Even otherwise, this astrolabe
occupies an important position in the history of Indian astronomical instruments.
This paper provides a full technical description of the astrolabe, now preserved
in the Sarasvati Bhavan Library of Sampurnanand Sanskrit University, Varanasi,
and explains the use of the Katapayadi notation on this astrolabe.
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1.1 The Katapayadi system is an ancient method of alphabetical notation where each
consonant of the Sanskrit alphabet is given a numerical value.! The system is described
in an anonymous line thus: kadi nava, {adi nava, padi pafica, yady astau, “the nine [con-
sonants] starting with ka, the nine starting with ta, the five starting with pa and the eight
from ya [successively denote the numbers 1 to 9].” But the line does not say how the zero
is to be represented.The Sadratnamala, composed by Sankara Varman in 1819 AD, gives
a more comprehensive definition: “na, fia and the vowels are zero. The letters (of the
consonant groups) commencing with ka, ta, pa and ya are digits. In conjunct letters the
last consonant is to be taken as the digit. A consonant not attached to a vowel is to be
ignored.”” This may be graphically shown in the following table:
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ka | kha | ga | gha] ia | ca | cha| ja | jha | fia

ta |tha | da | dha| na ta | tha| daj dha| na

pa {pha | ba | bhal ma

ya | ra la | val sa | sa | sa| ha

Though neither of the definitions expressly states, the numerals represented in this
system are read from the right to the left.* This is a neat and elegant method of expressing
long numbers, more so because the chronograms, apart from the numerical value they
represent, are otherwise also meaningful. An oft quoted example is of Narayana Bhatta,
a great Sanskrit poet of Kerala, closing his devotional poem Narayaniyam with the ex-
pression ayurdrogyasaukfyam. On the one hand, it is a prayer for longevity (ayur), health
(arogya) and happiness (saukhyam); on the other it is a chronogram expressing the date
of composition, viz., 17,12,211 civil days from the beginning of the Kali era.

1.2 What is the anitquity of this system and the geographical extent of its use? Per-
haps the earliest occurrence of this notation is in the Candra-Viakyas of Vararuci who is
said to have lived in the fourth century AD.’ In his commentary on the Aryabhatiya,
Suryadeva Yajvan persuasively argues that Aryabhata must have known the Katapayadi
system,® thereby .implying that the system was already prevalent in the fifth century AD.
However, the first positive and datable occurrence is its use by Haridatta in his
Grahacaranibandhana, composed in 683 AD.

1.3 Regarding the geographical extent of its use, Kunjunni Raja observes: “The
Katapayadi system is well known only in South India and is most popular in Keraia. {...]
It is geneally believed to be one of the major contributions of Kerala to Indian mathemat-
ics.”” That it was employed in Kerala very widely, not only in works on astronomy and
mathematics, but also in non-scientific works, not only in Sanskrit writings but in
Malayalam as well, is now quite well established.* Indeed, in order to facilitate its use in
Malayalam texts, the Dravidian consonant ¢ was also incorporated into the system with
a numerical value of nine.” Even in non-scientific works, the authors preferred to give the
date of compostion in terms of ahargana in the Katapayadi system. Since the number
expressing the ahargaria is rather large, Katapayadi notation is more convenient than the
word-numerals; the added advantage being that the chronogram can be so formed as to
yield some significant or charming meaning besides the numerical data. While the use of
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this system of notation in Kerala has been well documented, very little information is
available about other parts of south India; still less about the use of the system north of
the Vindhyas.

1.4 In thses circumstances, the discovery of a Sanskrit astrolabe'’ produced in north
India on which the degrees of altitude are marked in the Katapayadi notation is a signifi-
cant datum in the history of this system. Even otherwise, this is an important specimen
for the history of Indian astronomical instruments. While the majority of extant Sankrit
astrolabes contain a single plate calibrated for the use at a single terrestrial latitude, the
present astrolabe is one of the few that contain multiple plates or tympans and it shows
great affinity to the Mughal astrolabes of the sixteenth and seventeenth centuries. There-
fore, this astrolabe deserves an independent treatment. In the following pages, a full
technical description of the instrument will be given first and then the use of the Katapayadi
notation on it will be explained.

2.0 In connection with my project on “A Descriptive Catalogue of Indian Astronomi-
cal and Time-Measuring Instruments,”"' I have studied the instruments preserved in the
Sarasvati Bhavan Library of the Sampurnanand Sanskrit University, Varanasi. This li-
brary has one of the richest collections of Sanskrit manuscripts. It also possesses three
astrolabes:

1. Indo-Persian astrolabe with four plates, produced in the eleventh regnal year of
Jahangir in 1616 AD.?

i. Sanskrit astrolabe with five plates, anonymous, not dated but attributable to the
seventeenth century—the subject of the present paper.

1. Sanskirt astrolabe with a single plate, anonymous and undated (but probaly manu-
factured in the eighteenth century).?

There are also some interesting European instruments, such as a Gunter’s Quadrant
and a “synchronom” pendulum clock designed to measure not only hours and minutes
but also ghatis and palas.

2.1 The present astrolabe is made of brass. One of the sighting vents attached to the
alidade is broken and lost. Plate no. 2 has a crack running across two-thirds of the width
parallel to the diameter. Otherwise, the astrolabe is in a good state of preservation. It is
medium sized with a diameter of 202 mm and a thickness of 9 mm (Fig.1). The circular
body or mater is surmounted by a triangular suspension piece known as kursi or “throne”.
The kursi is high, rising above the mater by 47 mm. It is lobed and scalloped, and cul-
minates in a trifoliate top. To this top is attached the suspension mechanism consisting of
a shackle and a ring. The trifoliate design is repeated in the terminals of the shackle as
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Fig 1. Sanskrit University Astrolabe; front view with the star map; below the
perforated star map can be seen the plate with ecliptic coordinates

well. The kursi is cast in cne piece with the mater and the upraised rim called the limb.
The front and back of the kursi are plain without any surface decoration. In Mughal
astrolabes, the kursf is generally pierced, but there are a number of cases where it is solid
but lobed and scalloped like this one.'
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On the front side of the kursi is engraved the name Pam. Ramayatna Qjha in
Devandgari script. This engraving is somewhat broader in comparison to the other
engraved forms of writing on the astrolabe. It is probably a later addition, indicating
the name of a subsequent owner of this astrolabe and not necessarily of the one who
got it originally manufactured for his use." Leaving this aside, there are yet three dis-
tinct styles of engraving of letters and numerals, to be found respectively in (i) the
geographical gazetteer, (ii) altitudes written in the Katapayadri notation on the plates,
and (iii) the rest. The first two styles are somewhat akin to one another with a common

characteristic tform of the letter ra.

The limb of the mater contains a double band of scales. The inner band is graduated
for each degree, while groups of 5° are marked on the outer band; these are labelled in
Devanagari numerals as 5, 10, 15.....90, separately for each quarter, starting from the east
or west point and proceeding to the south or north point.

2.2 Within the mater, the inner surface is divided into six annular rings. The first three
are divided into 48 cells, while the three inner rings are divided into 24 cells each. The
48 cells of the outer circle are filled respectively with the names, longitudes and latitudes
of 47 towns of the Indian subcontinent, Afghanistan and Iran; the 48th cell contains the
argument. The longitudes are measured from the Fortunate Isles (Arabic : al-Jaza’ir al-
Khalidat), roughly 35" west of Greenwich. Data for further 24 towns could have been
filled in the 24 cells in the inner circle also, but these are left blank.

The information about the 47 towns, or the so-called geographical gazetter, is not
obtained by the astrolabe maker through his own measurements. It is often derived from
earlier astrolabes or from the Islamic astronomical tables known as Zjjs. Therefore, such
gazetieers can indicate the path of transmission of this geographical knowledge. In the
present case, it is very clear that the coordinates are derived from the Mughal astrolabes
of the sixteenth and seventeenth centuries. In their catalogue of the astrolabes at the
Smithsonian, Sharon Gibbs and George Saliba give a consolidated list of place names
and their geographical parameters.'® A comparison of the gazetteer of our Sanskrit astro-
labe with this consolidated list shows a great degree of correspondence.

The following table reproduces the gazetteer, reading from the top and proceeding in
the clockwise direction. Those marked with an asterisk have coordinates identical with
those in the consolidated list of Gibbs-Saliba. If the consolidated list has a different value,
it is noted in parenthesis. It will be noticed that most of the deviations occur in the case of
longitudes and that several of these are just scribal errors. The place names marked with a
plus sign do not occur in the Gibbs-Saliba list. These are verified from other sources."”
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S. No. Place Name Longitude Latitude Identification
nagaranama vistara aksamsa

1 Vagdada 80;30 (80:00) 33;25 Baghdad

2 * Siraja 88 29;36 Shiraz

3 * Valaka 101 36;41 Balkh

4 Hareu 94;13 (94;20) 34,30 Herat

5 * Hosama 85;10 37 Hausam/ Khuzem

6 + Katami 85 36:55 Kutom

7 Kamdhara 106:40 (107;40) 33 Qandahar

8 Mulatina 106;35 (107;35) 29:40 Multan

9 Thaho 102;7 25;10 7

10 Huramuja 95;25 (92;00) 25 Hurmuz

Il * Vadakasana 104;24 37,10 Badaksan

12 Kasagara 106; 3 (106;30) 44 (45) Kashghar

13 Samarakamda 99;15 (99;16) 39.37 Samarqand

14 * Vukharo 97;30 39;50 Bukhara

15 Bhorura 108:40 31;10 7

16 Parasantira 115;55 (85;55) 314 Peshawar

17 Ayodhya 118;6 (108;6) 37,22 (27;22) Ayodhya

18 + Manikaptra 118;10 26;49 Manikpur

19 * Jaunapura 119;6 26:36 Janupur

20 * Gopamal 116;33 2645 Gopamau

21 * Daulatavadu 111 20;30 Daulatabad

22 Samarakotu 105 25 7

23 Kavila 104,40 34;30 (34;26) Kabul

24 Seviita 117:10 32:50 ?

25 Ujjayini 102 (110;5) 22;30 Ujjain

26 * Vijayapura 1053 17520 Bijapur

27 Bhi (?) haraica 109;4 (111;05) 22:20 (21;20) Broach

28 + Campanairi 108;45 22;30 Champaner

29 * Ahamadabada 108;40 23;15 Ahmedabad

30 + Karo 117;6 2635 Korah

31 Sambhara 115 (115;20) 28;6 (28,18) Sambhal

32 * Vadau 114;59 27:32 Badaun

33 Agara 114 37;13 (27;13) Agra

34 * Thanesvara 112;33 3[0];10 Thanesar

35 * Panipatha 113;20 28;52 Panipat

36 * Kola 114,19 284 Aligarh

37 Syalakota 109:4 (109;00) 33 Siyalkot

38 + Varana 114 28:48 Baran
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39 * Suratanakota 115 28:30 Sultankot
40 Dillt 113,35 28;29 (28;39) Delhi

41 Ajameri 111,05 24 (26) Ajmer
42 * Gvaliyara 114 26:29 Gwalior
43 * Kasmira 108 35 Kashmir
44 * Tripapa 110 40 Tibet

45 Varinasi 117;20 (107;20) [2] 6;55 Benares
46 Lahaura 119;20 (89;20) 31;50 Lahore
47 Kanauja 115:50 26;35 Kannauj

2.3 The back of the astrolabe is divided into four quadrants by the vertical and hori-
zontal diameters (see Fig. 2). The edge of the upper two quadrants is calibrated as in the
front; i.e. the inner ring is divided into 90 degrees each and outer ring into 18 parts which

Fig 2. Sanskrit University Astrolabe; back view: with the alidade, nut and pin
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are labelled as 5, 10, 15....90, starting from the east and west points and proceeding to the
top. The edge of the two lower quadrants contains the cotangent scales as projected from
the shadow squares. The upper left quadrant has engraved on it 60 parallel horizontal
lines, each fifth being highlighted by a dotted line, and thus forms the sine graph. From
the centre are drawn 8 radian lines for each 5°.

In the upper right quadrant are drawn 17 equidistant and concentric quarter circles.
The space between two successive circles repressents 10" of the zodiac. These spaces are
labelled along the vertical and horizontal radii with the serial number and the first letter
of the name of the zodiac sign in the following manner. On the vertical radius, starting
from the top: 9 Dhalnus], 8 Vr [scika], 7 Tufl4], 6 Ka[nya], 5 Sim [ha], 4 Ka [rka]; then
on the horizontal radius, starting from the centre: 3 Mifthuna], 2 Vr{sabha], 1 Me[sa], 12
Milna], 11 Kum{bha], 10 Mafkara].

Upon these arcs is projected the curve of the meridian altitude of the sun through the
year; below the curve is written Lahaura 32, indicating that the solar meridian altitudes
pertain to the city of Lahore situated roughly at 32° N. In the Mughal astrolabes by
Muhammad Mugim (f. 1609-1659), Diya’ al-Din Muhammad (fl. 1645-1680) and others,
one finds similar curves for 27° and 32°; i.e. for the two imperial cities of Agra and La-
hore.'® '

The lower half is occupied by a double shadow square; on the left for the gnomon of
12 digits and on the right for the gnomon of 7 digits. There are, however, no labels on
these squares. Within the shadow squares are two semi-circular bands; the outer one is
divided into [2 parts in which the names of the 12 zodiac signs are written. The inner
band contains the 28 names of the lunar mansions. Thus these two bands display the
mutual corrersopondence between the 12 signs and 28 lunar mansions. This is also a
characteristic feature of the Mughal astrolabes.

At the centre of the back is pivoted an ornate alidade (vedhapatti). It is 197 mm long
and has a bevelled edge. Arcs corresponding to those in the upper right quadrant are
engraved over half the length of the alidade. One of the two sighting vents attached to the
alidade is broken. The alidade together with the plates and the rete are attached to the
mater by means of a large broad-headed pin passing through the central hole. A bird-
shaped nut is screwed to the end of the pin so that the alidade and the plates are held
tightly in position."

2.4 In the recessed space on the front side of the mater are a series of plates for

various latitudes and on the top of them the star map called rete (Arabic ankabiit; Sanskrit
bhapatra) with a diameter of 181 mm (see Fig. 1). This is a circular open work plate,
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from which large portions have been cut off, leaving out the outer periphery constituted
by the Tropic of Capricon, the ecliptic circle and parts of the equatorial circle. These are
held together by an east-west bar with two counter changes and a vertical bar with a
single counter change.

The ecliptic circle is divided into 12 signs of the zodiac and labelled with the respec-
tive names in Sanskrit. Each sign is further subdivided into five parts of 6° each and
labelled as 1, 2, 3, 4, 5. There are 19 star pointers, shaped like tiger’s claws or stepped
up tiger’s claws. These arise from the circles and the horizontal and vertical bars. All but
one of these are named. There is a small knob at the north point, with which the rete can
be rotated around the centre.

The Mughal astrolabes contain highly ornate retes with floral traceries joining vari-
ous star pointers. In comparison, the rete of the present astrolabe is rather simple and
austere. But so is the rete in the very first extant Indo-Persian astrolabe, made by Allahdad
in 1567 AD,”™ and the similarity between these two retes in respect of design and in
respect of the fewer number of star pointers is quite striking.

Given below are the names of the stars marked in the rete of our astrolabe and their
identification. The first seven are outside the ecliptic and the rest are within.

S. No. Name of Star in Sanskrit Identification
1 Samudrapaksi t Ceti
2 Rohini o Tauri
3 Daksinapada K Orionis
4 Ardra-(7) o Canis Maioris
5 Lubdhakabandhu o Canis Minoris
6 Magha a Leonis
7 Citra a Virginis
8 Asvini ¥ Arietis
9 Pretasara B Persei
10 Skanda o Aurigae
11 Aryama B Leonis
12 Svati B Bootis
13 Visakhd Matrmandala a Coronae Borealis
14 Dhanakoti (read: Dhanuhkoti) o Opiuchi
15 Abhijit o Lyrae
16 Sravana o Aquilae
17 Kukkutapaksa o Cygni
18 Pufrva) bha[drapada]} B Pegasi
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2.4 Nested within the hollow space of the mater are five circular plates or tympans
(Arabic: saftha; Sanskrit: aksapatra) with projections engraved on both sides. One plate,
slightly thicker than the others, carries the projections of the ecliptic co-ordinates on the
obverse and multiple horizons on the reverse. Other four plates serve eight different
latitudes. The degrees of these latitudes (aksamsah) are engraved at the centre of the plate
concerned. In three cases, the name of an important town situated on that latitude is also

mentioned.?'
la aksamsah 18
Ib aksamsah 21
2a aksamsah 24
2b aksamsah 27
3a aksamsah 28 Vamsivalinagare _
3b aksamsah 25;39 (read 28;39) Yoginipure (= Delhi)
4a aksamsah 30
4b aksamsih 32 Lahaura
Sa ecliptic coordinates
5b multiple horizons

Of the first four plates, | a b; 2 a, b, 3 b; 4 a, b are sexpartite, that is to say, on these
plates equal altitude circles or almucantars (from the Arabic al-muqantara; Sanskrit
unnatamsa-rekhd) are drawn for. each 6" (see Fif‘g. 3). Plate 3a, however, is tripartite. Here
equal altitude circles are drawn for each 3" (see Fig. 4) . But in all the plates, azimuth
lines are drawn for each 10°, that too only below the horizon. On the right hand side
below the horizon is written para or pascima (west) and on the left piirva (east). On all
the plates, lines are drawn for seasonal or unequal hours, and these are numbered from
I to 12, starting at the western horizon and proceeding towards the eastern.

3.1 Katapayadi Notation on the Astrolabe. It has been mentioned that on all the plates,
with the exception of 3a, equal altitude circles are drawn for each 6°. Interestingly, these
lines are numbered not in Devanagari numerals but in the Katapayadi notation. Thus here
we have alphabetic notation for muitiples of 6, from 6 to 90. Likewise plate 3a provides the
Katapayadi notation for multiples of 3 from 3 to 90. As in Mughal astrolabes, these argu-
ments are marked on both the eastern and the western sides of the altitude circles, in such
a manner that the numbers form an interesting pattern like a double arch. A consolidated
list of the two sets of notations is given below. The few variants are shown in parenthesis.

3 ga 6 ti
9 dha 12 ropa (raya)
15 meke (1naya) - 18  daya
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21
27
33
39
45
51
57
69
75
81
87

Fig 3. Detail of the plate for latitutde 18°, showing the altitude circles drawn
for each 6° and labelled in the Kafapayadi notation

kara
sara
gala
dhala
mabha
kame (kame)
sase
dhata
masa
pado
sado

24
30
36
42
48
54
60
72
78
84
90

bhare (bhere, bhara)
nage (naga, naga)
cage (cala)

raghe (raghe)
dighe (dabha)
bhase (ghime)
tata

rase (rasa)

dasa

bhado (bhehi)
nidhi

It may be seen that a majority of forms terminates in the long vowel e. It is probable
that these were standard mneomonic forms to be recited in a sing-song fashion.

In Islamic astrolabes, whether produced in the west or east, all the numerical legends

are written in the alphabetical notation known as Abjad notation.”? In the course of this
project, I have ascertained the existence of more than 70 Sanskrit astrolabes, Of these 1



284 INDIAN JOURNAL OF HISTORY OF SCIENCE

Fig 4. Detail of the plate for latitude 28° Vamsavalinagar, showing the altitude

circles drawn for each 3" and labelled in the Katapayadi notation

have personally examined about 40 and collected full documentation for a further 16.
Among these 56 and odd Sanskrit astrolabes, the present one is the only specimen to
employ the Katapayadi notation on the plates, in partial imitation of the Islamic astro-
labes.

3.2 Besides the name of Pandit Ramayatna Ojh3, the astrolabe does not carry any
other inscription regarding its maker or the date of its manufacture. But, as has been
pointed above, there are many points of correspondence between this astrolabe and the
Mughal astrolabes of the sixteenth and seventeenth centuries. Therefore, one is inclined
to assign this astrolabe to the seventeenth century AD.

3.3 As noted above, in three plates the names of the towns have been mentiond, viz.
Vamsivalinagara at 28° N; Yoginipura, i.e. Delhi at 28:39° N and Lahore at 32°.2 Thus
the maker laid stress on these three towns. Of these, D‘elhi is, of course, the royal capital.
We also saw that in the upper right quadrant on the back, there is a curve for the sun's
meridian altitude for Lahore at 32°. It may suggest that the maker is from Lahore. On the
other hand, while all other plates were sexpartite, that for Vamsavalinagara at 28° is
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tripartite, thereby allowing finer measurements of altitude at this place. Can it then be
that the maker is from this Vamsavalinagara? However, in spite of painstaking search, it
has not been possible to locate any mention to this place situated, roughly on 28" N,
either in Gujarat, or in Rajasthan, or in western Uttar Pradesh. It is possible that the place
is now known under a Middle Indic form of the name that is phonetically far removed
from Vamsavalinagara.

3.4 Be that as it may, this astrolabe demonstrates that the Katapayadi system of rep-
resenting numerals was not just confined to South India; it was known well enough in
north India to be employed in an astrolabe. A fresh search in epigraphic records may
yield further examples.
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See, for example, Fig.2, showing the back of an astrolabe produced by Muhammed Mugim
in the year 1031 AH (1621 AD). in Sarma, Sreeramula Rajeswara, “The Lahore Family of
Astrolabists and their Ouvrage.” Studies in History of Medicine and Sicience, 1994, 13, pp.
205-224.

This is not the traditional practice in astrolabes. Usually the other end of the pin has a hole,
into which a horse-shaped wedge is inserted.

It is with the Salar Jung Museum, Hyderabad; cf. Surma, Sreeramula Rajeswara, Astronomi-
cal instruments in the Salar Jung Museum, Hyderabad 1996, esp. pp. 7-10, Plates 1-3, 8, 11,

Together with the latitude. it is customary also to mention the maximum duration of the
sunlight hours (paramadina) and sometimes also the length of equinoctial shadow (chiya),
but these are not mentioned here.

On Abjud notation, especially on the astrolabes, see Khareghat, M.P., Astrolabes, M.P.
Khareghat Memorial Volume 11, edited by Dinshaw D. Kapadia, Bombay 1950, pp. viii-xiii.
In the last century, Ghulam Qadir of Kapurthala sturted using the Arabic numerals, i.e., the
numerals connected with the Arabic /Persian (and Urdu) script in his astrolabes. One astro-
labe made in 1861 is in the National Museum. New Dethi. For an illustration, see Gupta, S.
P. (ed). Masterpieces from the National Museum Collection, New Delhi 1985, p. 179, item
no. 272. The National Museum has a few other astronomical instruments with similar nu-
merals. Though instruments are not signed, they may be attriubted to Ghulam Qadir for this
and other stylistic reasons.

The gazetteer mentions Dilli and not Yoginipura and assigns to Lahaura a more  accurate
latitude of 31.50°.



