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PREFACE

We are publishing as No. 240 of the Trivandrum
Sanskrit Series, the astronomic treatise named Karanamr-
tam written by Citrabhanu in the year 1530 A. D. From
the nature and contents and the colophon of the work it is
‘to be understood that the author has composed the work
for the practical use of the then astronomers who were
reluctant to quit the ‘Parahita System’ for want of a
coherent modus operandi in the ‘Drk School’ of computa-
tions.

The task of preparing an edition of the work from
two palm leaf codices and a transcript was entrusted to
Sri. V. Narayanan Namboodiri an Asst. Research Officer
of this Institute. In order to simplify the technical
subject brief notes are also added to the text as an appen-
dix. The work was first published in the Journal of the
Oriental Research Institute and Manuscripts Library
Vol. XX, Part 1 and is subsequently reprinted in book
form. It is hoped that this work will be a valuable addition
to the research materials of astronomy in ancient Kerala.

Dr. K. RAGHAVAN PILLAI; M. A,, Ph. D.,
Director and Professor of Sanskrit,
0. R. 1, and Mss. Library.
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INTRODUCTION

Writing about Indian Astronomy, Dr. Arka Soma-
vaji says''‘Bhaskara is the last name in the field. Barring
2 number of commentators, no name worthy of mention
is there in India subsequent to Bhaskara (1150 A, D.)—
barring people who have contributed in recent times to
the growth of astronomy on western lines”. Evidently
this statement shows how meagre is the work done in the
matter of pursuing researches with a view to restoring
and establishing the unique place for Kerala in the evolu-
tion of Hindu mathematical and astronomical sciences in
India. But it is well known that from time immemorial
Kerala has been an exclusive repository of ancient, origi-
nal and valuable manuscripts in the field of mathemetics
and astronomy. Indeed the achievements of some -emi-
nent astronomers of Kerala have been particularly remark-
able as is evinced by the numerous contributions of various
Kerala scholars in astronomy and astrology. The almost
legendary figure Vararuci the author of Candravikyas,
Talakkulattu Govinda Bhattatiri the founder and _pioneer
of astrology in Kerala, Sangamagrima Madhava: Drigge-
Ditakdra Parame$vara, NilakaQtha Somaydji, Trkkaltiyiir
Acyuta Pisarati and Putumana Somay3ji are only some
among the unforgettable mathematicians and astrono-
mers of Kerala. At least the Katapayiadi system of nota-
tion, the introduction of the DyK school of computation

1. A critical study of the Ancient Hindu Astrouomy, by D A.

Somaydji, M. A., Ph. D., Karoatak University, Dhsrwar,
1971. Conclusion of the first chapter, p. 3,
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and the discovery of the infin te scries = (the ratio of the
circamference of a circle to its diameter) are wzll known

contribntions of Kerala to astronomv.

If the centuries fourteenth to the seventeenth have
been the mediaeval pzrind for Ku-opean history, the sanie
can cqually be considered to be the period of Renaissance
especially with regard to thc scienc: astronomy anAd
mathematics in Kerala, Scientists all over the world
keenly felt the incorrectness and imperfections of “the
Ptolemaic' system, but none had the temerity to criticise
or to utter a word contrary to the ancient beliefs in the
geocentric system of astronomy. Copernicus? successfully
introduced the heliocentric system of the univarse in the
face of severe opposition from the orthoox religious men.
Another scientist named Kepler® established the ellipti-
cal orbits for all moving heavenly bodies. “Galileo

1. The astronomicsal system of Ptelemy of Alexandria (C. A. D.
130) according to which the earth is ihe stationary centre of the
universe, round which the sun, planets and stars revolve,

2, Nicolaus Copernicus—The Polish clergy—man, mathematician
and astronomer (1473-1543) who fiest taught that the sun is the
ceatre of the uoniverse, in his book, ‘De Revolutionibus Orbium
Celestium’ published in the year 1540,

3. Kepler—The German astronomer (1571-1630) who proved that
all the heavenly bodies ate moving not in perfect circles, but in
elliptical orbits. .

4. Gaiileo—The [talian astronomer (1564-1642) maosufactured a
telescope with glass convex lenses fitted in a barrel and fiest
made use of a t:lescope of magnifyiag power 30 in the year 1639
for Viewing the four satellites of Jupiter, the rings round the
planet Saturn, the waxing and waning of the circular disc of
Mercury', the Milky way etc, etc,

-
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invented the instrument ‘“Telescope’ for astronomic obser-
vations and 'Sir [saac Newton propounded the theory of
gravitation and the laws of motion. While ttese rudi-
mentary and important innovations revolutionised the
western astronomy, surprisingly coincidental and contem-
peraneous is the advent of Drk School of computations in
Kerala astronomy It is said that 2Bruno, a philosopher
was burnt to death for advocating and advertising the
Copernican theories. Such being the nature of public
mentality, in Kerala no wonder, if the Parhita School is
still extant, at least among a few orthodox section of the
people and for only religious and obituary rituals. Citra-
bhanu the author of the present edition Karanimrtam is
a staunch adherent of the Drk school in all astronomic

operations. “TREANINA T ATHA wIHA” | (Karapa-
mrtam. Chapter 4. Colophon of the commentary,)

The work *Karanamrtam edited here for the first
time and published as the No. 240 of the Trivandrum
Sanskrit Series, is a short treatise intended for the practi-
cal use of the astrologers and the almanac makers, written

1. Sir Isaac Newton of England (1642-1727) the formulator of the
law of gravity, conservation of energy etc, etc.

2, The philosopher Bruno was burnt alive at Rome on the 17¢h
February, 1600 A. D. for being a follower of the Copernican
heliocenttic system of the universe.

3. See The New Catalogus Catalogorum, University of Madras
« 1967, Vol, lll, p. 176

wy §iig
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in the year! 1530 A. D. by Citrabhanu of Kerala. Parti-
cularly noteworthy is the method of dating time followed
_in this astronomical manuval. A definite point of the Saka
era shifted adjacent to the S99 year of the Jovian cycle

of 60 years ISITA:, is the fundamental basis from which
years, days or the exact time is calculated. According to
this Karapimriam the chionometer starts functioning and
also the Brhaspaticakra is assumed to start at the close of
the Kali year 4808 or the Saka year 1428 or 1606-1607 A'D.
What is the significance of selecting this time as the
basis for all astronomic calculations is not quite explicit.
although the concise commentary is very lucid and straight
forward. For denoting the number of years or any
mathematical quantity, both the J&€al and the Katapa-
yadi system of notation are employed throughout the book.

2Citrabhanu the author of Karanamrtam gives in
the first chapter the absolute minimum of formulae,

1. ‘wiaaTae’ g@Ad @t #9953 | This is the Kali year 4631. The
corresponding Christian era is (4631—3101)=1530 A. D.
The dste given on page 103 of Dr. K. K. Raja’s ‘The contri-
bution of Kerala to Sanskrit Literature’ as 1653 seems to be a
mistake. (If the exact date is derived from the ggrin or the
chronogram senteRedl gy A, it is first August or so in 1531
A.D.)

2. .For details and an account of the literature pertaining to the
history of Citrabhdpu and his work in connection with astrono-
my and mathematics in Kerala, See Dr. K. K. Raja’s article
pp. 153 and 54 in the Adyar Library Bulletin Vol. XXVIL, 1963.

< Also see Ulloor S. Parameswara Iyet’s Kerala Sahityacaritram
Vol, 1, pp. 121-22, 474,
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tables, constants, derivations of the mean and true posi—
tions of the nins planets TTUZM: the essential requirements
for making the Kerala 'Calendar, in 46 Anustup
stanzas of the text and their commentary, He is not at
all bothered about the rationale of any of the matrematicay
procssses enunciated, nor does he entertain any aoubt or
differences of opinions concerning the correctness of the
astronomic principles accepted or of the mathematical
operations tormulattd |

Dr. K. K. Raja 2mentions the passage ‘ad tmﬁ
Ma-NE-iF-qr-ag-aeqay nvai gival fafzaeat ufagamaas
urfauiaar Fafacgrfes fawgaem afranagfefagaion

ygaaad v ga femeiaeenmfaagadnamfey faend
on page 256 of the ‘Geometry in Ancient and Mediaeval
India’ (Ph. D. Thesis) by T. A. Sarasvati. This quotation
is sufficient proof of Citrabhanu’s being a reputed astrono-
mer, gifted mathematician and above zll a keen geome-
trician. - His commentary on the .first three cantos of the
Kiratarjuniya, makes him one among the great scholars
of the land, in the Sanskrit literature also.

As the latest 19756 edition® of Liiavati with the
commentary Kriyakramakati, an elaborate exposition of

1. Agzacfera: sonfa Aan—egEy
2. Cf. The Adyar Library Bulletin, Vol. 27. (1963) p. 154

3 Vishveshvaranand Indological Series-66, pp. 109-126., Edited by
¢ K. V. Sarma, V. V. R. L., Hoshiarpur, Panjab University.
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the rationale of Hindu mathematics, clearly points out the
source and context of the above quotation, a flood of new
limelight is shed on not only Citrabhdanu and his works,
but also on many other unsolved problems relating to the
then Kerala literary political and social set up. One of
the immediately striking clues is on the question who is
the commentator of Citrabhanu. Most probably the
commentary of this eminent astronomical treatise~hitherto
doubted to be auto-commentary—is the work of none
other than the famous Trkkutaveli Sankara Varyar, a
prominent admirer and student of Citrabhanu,

On the whole the second chapter consisting of
only 26 stanzas is a display of the author’s knowledge of
ancient Indian geometry. The instruments made use of
are only the gnomon and the gnomonic shadow. By this
uSFBIAAfas. measurement of the dip in nadis (the
apparent depression of the horizon when looked at from
a ‘point above the ground on any day), calculation of the
gnomonic shadow at a given moment, reading the correct
time from the derived length of a gnomonic shadow, fixa-
tion of the cardinal pomts utilising the shadow and its
sine and casine, d:termination of the diflections or devi~
ations from the ecliptic, finding out the occurrence and
duration of the 12 and 99d resulting from the varying
time and positions of the Sun and Moon in relation to the
ecliptic-all these have been conducted with sufficiently
reliable and appreciable rectitude.

Of these, the mode of fixing the four quarterly
directipns of & particular locality makinguse of the gnomos
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nic shadow presented in this chapter is strikingly quite
modern, The circle drawn with the gnomonic shadow as
radius at any time is con<idered to be a minijature circle
concentric to the Rational Horizon, which divides the
globe into two equal parts. Sun’s diurnal circle is taken
to.be always parallel to the ecliptic, the great celestial
circle snrrounding the globe and passing through the two
opposite points East and West., That all these, the hori-
zontal circles, rational, visible or parallel, or concentric
and all the meridional circles passing through the zenith
and the nadir should necessarily pass through the two-
poles of the ecliptic circle, is an important proposition in
advanced geometry. But the assumption, though it is
perfectly true, that all parallel lines meet at infinity -and
that all parallel tangents, chords, diameters etc. of all the
circles concentric to the horizontal should necessarily
pass through the true North and South poles of the
ecliptic, is generally found only in modern 'Geodesy and ‘
higher mathematics.

Citrabbinu in two or three simple couplets graphi-
cally narrates how to determine the four cardinal dire-
ctions, Take a convenient measure of the hypotenuse (in
angulas) of the right angled triangle formed by the 12
angulas gnomon and calculate the base by the formula,
2shadow = ygnomon® + base?. With this shadow as
radius draw a circle and place the gnomon in the centre.

1. Geodesy:—The science of measuring the earth and its surface ot
‘surveying on a large scale. .
27 men W @mysmERddaes @ (Karapamrtam. page 25)°
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Also prepare two thin smooth sticks, one measaring
double the gnomon and the other double the base. When
the Sun’s shadow just touches the circumference, mark
that point. If the two sticks are now set at right angles at
this - point and within the circle, the stick measuring
double the gnomon will be in the East West line and the
other in the North South dircction.

But, now the most uptodate way of detern;ining
“the latitude and longitude of a place is by the observation
of the Pole Star through a telescope in the observatories
. Actually the pole star is revolving round the north pole
. in a;small diurnal circle of 6} minutes’ radius and is
‘crossing the meridian twice daily, once above acd tlien
‘béneath the pole in steady aud equal intervals of time,
By mounting,the telescope towards the pole star for two
or three days consecutively, these meridiongl iransits of
the pole star are caught exaclly cn the cquator of the
telescope and thie precise North Scuth. direction is fina-
lised. ' '

All computations regarding solar and lunar eclipsés
-are dealt with in the third chapter comprising 26 stanzas.

The whole of the fourih chapter is devoted to enjoin
the relevent corrections and modifications to be scrupu-
lously effected in order to equalise the computed results
pamely, the constants, the tine and positions of the



ix

Tnine planets etc. with the observational truths. Also the

calculation of the fqaAITsTFI=AT and the practical instru-
ctions for the mathematical operations involved, are
included in this chapter.

A very important fact which is revealed to the
scholars and researchers on the subject is that Karapnamr-
tam is an independant and original composition brought
out by Citrabhanu and presented to the then astronomers
who were naturally reluctant to quit the Parahita System
especially for want of a copious manual of computation in
the newly introduced Drk system. It is to be particularly
noted that the Drgganita, the system revised just before a
hundred years, though in four Paricchedas and a summary
in the second part, does not give a perfect modus oper-
andi for practical purposes. So that, for a proper appre-
ciation and assessment of the merits of this work or to
say with any certainty whether Citrabhanu’s Karapamr-
tam is a complement, supplement or amendments and

1. Nine planets:—‘‘In Hindu astronomy, the Sun, Moon, Mercury,
Venus, Mars, Jupiter and Saturn, as also the
nodes of the Moon’s orbit, called Rahu and Ketu
are termed as the nine planets or grahas. The
name graha means something that governs or
seizes the fates of human beings. It is on account
of this astrological background that all the above
are called planets--. ... The heliocentric motion of
the planets is not specifically mentioned in any
work of Hindu astropomyand was probably not
visualized”’~c. f. Dr. Arka Somayaji’s ‘Ancient
Hindu astronomy’, Karnatak Uty. 1971, p, 69.
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improvements (or all these.and something more.combined :
together) to the. Drgganita’, a close and. comparative

study of the contents of the two works (Drgganita and

Karanamrta) is indispensable. And such a study is not

attempted here for the present.

Two palm leaf manuscripts COL. No. 1380, A and B
written in the Malayalam script and a transcript No.
T. 788 in the Devanagari script have been-utilised for the.
preparation - of this- edition. All‘these are compléte;
legibly written'and of ‘very fair accuracy. S6 no signifi-
cant variant readings have been collécted and given as
foot-notes. Other than these, no manuscript of this work:
is known to‘be in‘any:other Manuscripts Collection..

- I'express my indébtedness-and' gratitude to Dr.
K. Raghavan Pillai, the Director and’ Professor-of Sans-
krit and my supervising Professor, for kindly allowing me
to edit'this rare' work with brief notes and an introduction.

My sincere thanks are also due to Sri. A Rama-
chandra Sastri, the Sénior Research Officer who- has
carefully scrutinised and successfully seen the work
through the press.

V. Narayanan Namboodiri, M. A., B. Sc, B. T.

1. See the-stapzas—
g« gonfo gd Syfaa(1353=A.D. 1431).f4d sag
AR AT A WAl eEEAE: 1 gE N -
pracfreed 3Ry, aq--gaasar @A |
fag’ 7 gEarwgs A@ qEEAErT. B oA s
(pp: 26 and 6'of the Drgganita of ‘ParameSvra, critically edited,
‘with introduction by K. V. Sarma, M. A% B. Sc., Hoshiarpur+
Vishveshvaranand-Inddlogical''Series-30)) "~ *
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APPENDIX
(Brief Notes)

His full name is Gargya Kerala Nilakantha
Somasutvan. He lived in the secord half of
the 156th and the first halt of the 16th Century
A. D A few of his many standard works on
astronomy are Aryabhatiya Bhasya, Tantra-
samngraha, Siddbantadarpana, Golasiara and:
Candracchayaganita., He was a resident of
Trkkantiytr in South Malabar, Kerala State.

These are the nine planets (considered as
planets in the Hindu geocentric system of the
universe), the movements and positions of
which are determined for astronomical, horo-
scopical and other purposes. They are the
Sun, the Moon, the Mars, tke Mercury, the
Jupiter, the Venus, the Saturn, the Rahu and
the Ketu.

gaws wgaw gawfa geeafa: )
YFRWIRY Vg: FIIART 71 79 1)

Jq: — The preceptors are namely Brahmagupticarya,

Aryabhata, Bhaskara, Talakkulattu Govinda

Bhattatiri, Drggamtakara Paramedvara and
others.
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FMYTH — The word ‘Karanam’ means a mode of compu-

ggafa: —

tations or a work on the same. A treatise on
astronomical computations based on the be-
ginning of the Krta Yuga is called a Siddha-
nta, eg. Stryasiddhinta, atreatise on astrono-
mical calculations based on the besginning of
a particular Yuga is called a Tantra, eg.
Tantrasarhgraha and a manual on astronomi-
cal calculations based on a particular time or
date is called a Karana, eg. Khandakhidyam
of Brahmagupticarya, which is based on the
beginning of the Saka Era. Because the
present work is simple pleasant and useful as
the nectar (Amrtam) it is named FINTGAT.

The movements of the nine heavenly bodies in
their orbits, conjunctions, their positions in
relation to the earth or a particular place on
the earth etc.

wgafra® — The calculation of the positions of these pla-

nets in relation to the earth or a specified
. spot on the earth,

#sgifaq: — The lord of the year. There are sixty lords

of the year, each becoming the lord of the
Year respectively and in recurring cycles.

The geometrical pole of any great circle; the
distance of a planet from the beginning of the

sidereal zodiac; polar longitade. This polar,
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longitude is considered to be constant for a

particular year and this is called the srfsga-
o .

3

UIFFUATTH— The determination of the astronomical

AT —

constants, bearings etc. with respect to 2
particular spot and in relation to the zero
latitude, ie., Lanka,

The upper apsis of the course of a planet.
The determination of the movement of the
course of this apsis in relation to a particular
place on the earth is called wrzegza@AsA.

HTTFGTI9aT:—~The Sun’s passage north and south of the

TAUATTH —

sfa: —

equator. The period of duration of this pass-
age is ( year) the time from one solstice to
another. The equinoctial and solstical points,
the winter solstice (If&AWAT), the summer
solstice (STUAT). the arc between the vernal
eguinoctial point and the beginning of the
fixed zodiac or the first point in Aries, the
passage of the Sun through the zodiac
(sraFgsHfa:), the ecliptic or the HTFTTH—
the determination of these with reference to a
particular place,

The calculation of the difference of time bet-
ween two meridians.

The fourth ageof the world, the iron age
consisting of 432000 years of man and beginn-
ing from the 18th of February, 8102 B. C.
(Manusmrti, 1. 86, 9, 301))
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HHTSE: = The Silivihana or Saka era which commenced
78 Years after the Christian Era,
AATIASZYHTIFA: —~The beginning of the cycle of sixty years

starting with the 93 year.

JUBIT: — A multiplyer.

fagaifa® — The distance or duration from tbe points of
the equinoxes. These are the two points on
‘the celestial equator where the daily passage
of the Sun or the Sun’s diurnal circle cuts, on
the beginning of the signs Aries and Libra,

aIfsFT—  a Ghatika or 24 minutes,

famfe®t — & of a Ghatika or 24 seconds.

IAYL — 75 of a Vinadika.

fagaerean— Belonging to the meridian or the mean posi-

' tion of a planet in relation to the Vernal equi-
noxes or the equator.

HH: —  The passage of the Sun or the time at which

the Sun passes from one Raséi to the next
zodiacal sign,

AAAIE9T—The lord of the year is the lord of the first

day of the month Aries. Therefore 339
here means the Ist day of the year. From this

day the time bhefore the samkrama is to be
deducted.

RIATTAAT: —~ The diminutive and all other units of time.
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AT —  [AATET ISAIGAIED I FA: |
10 JIAU: = 1 M or AG: |
6 WU = 1 faaEn
60 fagaresr: = 1 A€ or fa@: or one minute.

60 AT or fo@N = 1| WAL or f&7 or 1°
with respect to the Sun,

‘. 80", or days or WIII: = 1 Month or 1 wfa:
: with respect to the Sun.
12 UNWI: = 860° or one solar year,

faneanaaay = The calculation.of the position of the Sun
&s-it is seen frow the centre of the celestial
globe.

fquend: = The-mean position of the Sun at a particular

time = [The number of dayé etc. from the
beginning of the year to that particular time, ie.
N in the form of Ufw:, Wi, F4T, FAFAT and

, GIREel .
-[(qnw Wlo. Fo. fF0. q-. )+( AT Wo. Fo. o, Fo. )

16u
42 (T STo. Fo. fgo. To. )]
1763 A

@Hg at— That from which sums of 30 have been
removed.

qW¥F:. — The 12 zodiacal sigas Aries, Taurus, Gemini,
Cancer, Leo, Libra, Scorpio, Sagitarius, Cap-
ricorn, Acquarius and Pisces, which constitute
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the celestial globe. Each sign measures 30° or

9TT: and hence the whole Rasicakra con-
tains 860° or 12 Rasis,

fam@Afaar—The result got by dividing by the number 30,
H°gHEgq:— The mean position of the Moon at a particu-
lar time  (IMo. Alo. Fo. fa0.) ={ mean
position of the Sun (Io. Hro. Fo. f70.)

+the mean position of the Sun[(i’fo. % 30 +¥To.)
Eb‘o.Fq'o.] 12 + [ (Xro. x 30 4 ¥lo.) Fo. f‘ao.]

_[('@ro. X 30 ; Wo.) Fo. f‘ao.]*m: }

X (the number ot past months) + 8 fafafeasr:.

WIIFaT%: —The mean position of the Sun, in which the
Rasis have been converted into WIIT: or acgrees.

gd: — by the number 12.

To: - by the number 32,

arasrsefafafas: = multiplied by the number of past

months and to which 5 faf@w@a: have also been
added.

CIF: — The aphelion of a planet or that point in the
course of a planet which is farthest from the
Sun.
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TEHEAH: = The mean position of the aphelion =

[The mean position of the Sun, ie.
{(?To. X 30 + %To.) Fo. f‘q’o.}
)

+{ The MP. of the Sun)} fas=r: and HEWT:]

WT&: —  The mean position of the Sun, in which the

: Ragis have been multiplicd by 30 and added
to the WiaT: .
T —— The planet Mars: it also means the mean

position of the planet Mars.

FATEAT: — The mean posit210n of the Sun (wmr: equalto

the number of past months) — (F9: equal
. to the number of past months muitiplied by
the number 38).
JuHEAA. = The mean position of the planet Mercury in
Liptikas = [4 (The mean position of the
Sun 0. Wro. Fo. f70.)

+( the mean position of the Sun 0. 0. Fo. fFo. )
6

{(bun, Uo.MTo.Fo.fF0.) +(bunzro MTo.Fo fao. )}
_— ]

6

1056

qUHRT: = The number 105.
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A% = by the number 4.

3
ET|
g
A
]

The mean position of the planet Jupiter

{(Themean position of the Sun in Liptikas
' 12
months.in . Liptikas) }

7 (the number of past
+ Z

%fd: = the fraction 3 .
Tq 9fel9q = add as a surplus quantity. .
gFAEIA. = The mean position of the planet Venus

= {4 (Sun Uo. #o. Fo. fo.) +1 (Sun'o. Ae. Fo. fac.)

+ (the number of past months etc. in FHT: }
arequisisiszwia: = (13 Sun + # Sun).

97: = The planet Venus or its mean position.

AMEFHAT: =FAT: etc. equal to the number of past months.
AAT: = together with its own balf or simply 1%.

q1e997$: = The measure of the mean position of the Sun
multiplied by the number 1i.

gfqqead: = The mean position of the planet Saturn

- {(Sun To. Ho. &o. f70.)

- + (the Liptikas

equal to the number of past years and months) } .

famig®: = The fraction 35 -
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U HEAH: or HAYALAA: = The mean position of the ascend-

ing node in Kalas, Rahu

_ {(The mean position of the Sun Tre. 9o, o, fFo.)

20

+ »241 (the number of past months)} .

HHT: =
HSTAW: =
g9 =

qAgl =

e ATHIZT

23T —

AATHEIT =

multiplied by 27.

The motion of the planets in the past years.
The distance of a planet from the beginning
of the sidereal zodiac: ¥@ FAMY @A FFaIaTY-
aravgfeafasiasar | @ = 987 g7 3w saafxwA |
aaﬁwrfgarmwﬁcafaaqﬁ:d mae et aan
aedenar gfat wenwnfy AargTwd  Fwasel oA
qgegalg |

A poiut on the Equator through which the
first meridian passes.

= The mean position of the Sun at sunrise.
To all the mean positions their motions in the
past years and the $aT: (or the position at
the beginning of the calculation of motion)
are to be added. And the 91di:, the conjun-
ctions or the nodes are to be deducted from the
€9T1: in cach case.

The planet Jupiter,

The system of representing numbers (the
#2a%1fT system) in letter numerals.
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~ In the F2qa1fs system of notation the numbers are
indicated by letters—

1 2 3 4 | 5 6 7 8 9 0

T | % | T (A || —| == —| -

7 |¥ |9 |7 |7 |v |9 |g |a|—

The consonants  to ¥ represent the digits 1 to 9
and zero; T to T represent the digits 1 to 9 and zero and so
on. All lonely vowels.are considered to represent zero.
The last member of a conjunct consonant alone is taken
as the representative. As in other Hindu systems of nota-
tion, when a number is represented in letters the place value
of the digiuts is in the reverse order of the letters used, eg.
the number 25 is represented by #IT and not by TN
which represents the number 52, )

The letter & (la) is due to the peculiarymode of Mala-
yalam pronunciation of the letter @ and this letter (la)
represents the number.9. All the mathematical tables (the
candravikya-s WIF: 54 etc., the UfAATAT: given in the
Almanacs of Kerala etc, etc.)prepared in Kerala are in this-
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Katapayadi system of notation. The astronomer Sankara
Varma R3ja of Katattanad explains this system in his
‘Sadratnamaili’;

AT EEATfT dear: FETFiEq: )
frst qaicagadent @ 7 fasay ga: @& )

@iSYd: = The mean position of a planet at the time
from which other mean positions are reckoned
" for calculations.

TEHT: = 6195834 fafacarn: (FzifragagagygaErn:)
dgLa: = 112808 AT (FFawagIEAT:)
FATT: = 11134 y (Ffafasazar:)
gaga: = 100650 (FgaomTHETEs:)
AETT: = 52717 , (gmegaaa:)

gFIT: = 60708 . (FEFATIATHIET:)
HIYd: = 40621 . (F3= grwaarn)
UL = 90908 ” (a;as;ngtgqsaam;)

ag =8, afg =3, ag =9, YL =1 W =6
W =2, %@ =11, faw =13, = =11, g = 7,
=27 96 =1, §F =6, AT =9,

QATFIWIITFEHTLU = The calculation ot the mean position

of the Sun with respect toa place on any
longitude other than the z:ro longitude.
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To calculate the mean position of planets, with
respect to 2 particular place not on the zero meridian,
the mean positions (got by the previously mentioned
methods) should be multiplied by the distance in Yojanas
between the local and the Prime Meridian, and
dividing by the |f#ad. This quantity is to be subtra-
ted if the place is east of and to br added if the place is
west of the Prime Meridian, After subtracting or adding
this quantity (from the mean positicn w. r. to 0, 0) respe-
ctively, we get the mean position with respect to that
particular place.

FIAGIAL = After considering the local variations,

FRAYMATATIAY = The calculation of the latitude of a
particular place on the earth; or to :cetermine
the parallels of fatitude. '

'313\? 9% = The Equator (The circumference of the terre-
strial sphere). The Equator = 3300 Yojanas

(@@iar wat 3a9).
fasaraq = Divided by the Radius.
qugETr

The Prime Meridian passing through Lanka,
which is supposed to be on the equator.

@a”raﬂm—qug W% gafeud vt O st ar fassdtfa
TOAT THAFWR | The method of projecting
the mean position of a planet or any heavenly
body from the YfTAISH (the circle in which
the planetis moving with the Sun as the -
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centre) circle tothe F&AAISE (the zodiacal

circle with the Earth as its centre) of the

AqATIG (the planet of which the apparent or
true motion in view is to be found out).

Rz — e wed fea aeryga
F7E AF=AFALL=AAST: |
FAIFAR arafa ggawr-
AA=TTTEA JT H7Eq N

gaeq Aeq wa fg eawsdl fAez: | w9Ad gsArAT
#eafcg=ad 3 Aq NAN=Fgae@ gaar FF THN=AFAL Q@
Hqdfa  AAFTIUARNIFTAAT  AGN=AAIEGT  Heg@Al  FAfd

|7 11 This is the distance of a planet from the first

point or sign of its orbit, ie. the 4th, 7th and
-10th signs.

F+ZATAY — The calculation of the B&F (the distance bet-
ween the Earth and the centre of the orbit
or faaved of a planet).

araual: — The planets other than the Sun, Earth and the
Moon are considered to be TIRMAF: in the
Indian astronomy. They are Mars, Mercury,
Venus, Jupiter and Saturn. These planets
have the sfref==r: .

_WEAESAT — the R sine of half a Rasi or R sine 15°.
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B%:, BIF: or BTF: — The operational measure (circular
- measure) that should be added or subtracted

from the mean position of a planet in order to
get its projection on to the zod ac, from the

orbital circle, (7 rFAFTogieda 1 ggrort
FLT AFATHIL:, ATT gAAT 5ATAY HAT THARAST (-
geusal yaafassy | way afasst 2w g=aEsy,
afesz) Aaren: ) w7 aReqIg HfeaN ggaqmEnt:
FEATAISA A0 | Freqd 7gAE sfrruzsaq2T-
A% | IIAYATENT  FZIFNANCEARTETRI0F |
A7 feggrEag weaw g2 wafa 1)

BAFT: FAEEIT  FAl: fasar

Minutes Seconds

a=eas: = wifwa: gIT 227" c
AFREF: = AAG faryg + - 15"
fafafacargar geatacar
FATF: = HeTeAA: aat 47 0"
ETIF: = ALTHN: g 128’ 0"
TETETT: = TG afa g8’ 0
gFeeeH: = fagaq i 3 0"
afA=9a®: = qggan i) 72’ 0"

In the case of Mars, Mercury, Jupiter, Venus and
Saturn small quantities Lke (TaDsaTRM@sd®:) etc. are.
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either to be added or subtracted from the above given
values. Half of the FIfesaT of the respective mean positions
should be added or subtracted from the BIHI: in
accordance with the position in the four quadrants cf the
zodiac. For, ®f&: is +ve in the first quadrant, negative
in the second and the third quadrants and +ve in the
fourth quadrant. In Venus’s ©3% after adding the
Q‘TGET:TWI‘TEZT'QTZ it should b: multiplied by the number 60
before the #E9d operation.

wiRegeafa: — The MART of the #-GFEE, multiplied by its
#eqaarfa: is divided by the #7g%83:. The result
is added to or subtracted from the HEgHAIfa
according as the ®IfZ: is negative or positive
and the net result is the ®#3Egeafq: .

The MA@ of Mars = BT = TFEAT = 1212

Do of Mercury gafsgafaat = T91FY = 2142
Do of Jupiter faguarsfaraa: =safaswrn: = 4031
Do of Venus = &TUIHRT: = AT = 1050
Do of Saturn = §YAEST: = JATNEAT = 7652

fiﬂﬁfﬁ: or fa: is the motion of a planet in its own orbit.

the afteaog — _1_ (@aiia%we) the distance between
| 14 x :
P - 1 b4

the #7g%Fe and the <=

, » @D
The Meafy: = MNe=aufs: — P.
Jf this wmeafd is negative, it shows the retrogression.
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The FITIATI at the end of the FISTT (IASTIHTE-
a3 = 4608) is 15°,9". To this ATAIN add the number of
completed years excluding its 75 in the minutes, to get
the HAFTIT of the current year.

%‘Fﬁ@'w = After converting all Rasi-s and WHIT: into AT
or minutes.

frsT7fr; = The daily motion of the mean position of a
planet when it is in @'SI motion,

gFada = ',1;,-

g&ufa: = The retrogression of the planet.

#I99 = The solstices.

WHHGTF:IE = The North-South motion of the Sun in the
tropics.

#guiM = The exact measure of the duration of the day.

FUAITEIAIAA — The I can be calculated from the
: FonTufir:, of the TFEIF (the apparent position
of the Sun) together with the FFTAAT at the
specific time and place. The EATEETH
(ie. the WSWMT) is at the end of the Ist Rasi,

the fagwrmagmﬁr at that particular spot,
multiplied by (7@ = 20) are the =fadAresr:,

This WIFATHTHIHATHIT at the end of the

2nd Rasi, the faga=saarsgaifa multiplied by

_the I becomes less by 1 of the S&IW
of that particular place. .
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When it is at the end of the 8rd R3si the same
becomes 4 of the product of the equinoctial

shadow and #® or 20. 1In between the
ends of the Risis (eg. when it is in the middle
of a UM etc) the T should be calculated
by &Ufe® using the ratio (ie. if the =UFAT
agafayasensTAIAT) of 30° is 1 less or 3 as at
the end of the I, II & I1Il Rasdis, what will
be the FXFAIST of that particular WATWRT.

The FXTATEY got by this method is positive
or negative as it is at Libra or Aries, and at
night —ve or +ve as it is at Libra or Aries.
When it is at midday and midnight the ¥¥
is nil,

These TUNTATET: are related to the Rasis and

are useful for the calculation of the af.
For the calculation of the exact duration of
the day these FUIATET: are to be halved.

qIHAEIAIA=RT: =
3 (ssrsar) + (frsmiz) — (wrear? 4+ aﬁtfasznz,)}
N . 4
Fr=at
00

2

{ (wstrsar? 4 fafesar)—(wssar 4 Afesare) |

First the WSIS4T and the FFESAT of the WHaA-

TEEI® at the required time are calculated.
From the sum of the sguares of these two
quantities its own ith is deducted. The
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result is halved, multiplied by the Fsaf,

dwised by @& (100) and added to the other
half. These will be positive or neg tive acco-

rding as the gIFATF is in the Z¥H9E or AT,

faga: and the FXMfA =The Lunar days and their halves,
The lunar days are found out by dividing the
difference between the apparent Moon and

Sun by the number 820 (@if¥a@¥T:) in Lipias.
Similarly the fazagifa or T like the I
from the ¥MIfa92 onwards are calculated
by dividing the same (5F{¥FZ—HAFFFI) by the
number 360 (&YZY™) also in Lipta-s.
(The 7@, f@aT and fas$*¥1  are also calcula-
ted by dividing the sum of the HFTFE and the I EEEFZ
by the number 108.)

faspsw = The diameter of a circle or its extension or
length. ‘

faga® = The first point of Aries and Libra into which
the Sun enters at the Vernal or Autumnal
equinox or simply the two equinoctial
points on the equator.

f49q=81T = The shadow of the gnomon at noon on the
equinoctial day. It is also called the

- 991sY9" of a particular place.
HSIA = A finger’'s breadth, equal to 8 barley corns,.
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12 angula-s making one f4afa@ or a span and
24 angles a @ or cubit.

AGFT: = Hypotenuse, particularly of the triangle
formed with the gnomon of a Sun-dial and its
shadow. It is also called the Ta®: .

AUMMEA = The rule of three in mathematics.

qra: = The place where two great circles cross each
: other.

1375 = The Sun’s longitude reckoned from the Vernal
equinoctial point.

SFFA1 = The mathematical variation that is to be cffe-
cted in the position of a planet etc. when it
enters the sign Libra,

FUIfH: = The rate of change of the difference of time
between two meridians.

g#a9faqd =The first Lunar day after the New Moon.

B ifT = The 27 constellations of stars through which
the Moon completes one revolution in a lunar
month. B

g = Opposite of THIGH .
aqed Ffaardif: = Divided by the Caravinadi-s.

sgegadf®T = The rule of three inverted.
(To get the exact duration of the day, divide

|raq: (80) by the Caravinadis and add the
dividend to 30, from the bzginning of the
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month Aries, and deduct the dividend
from 30, from the beginning of the month
Libra. The converse of this rule is true
in the calculation of the exact duration of
night (faaa@AgT).

AJATET:. = The dip of a place calculated by taking the
difference between the local fgAMATd and the
gSZTT, and the apparent motion of the Sun
in the sky.

g6Z=BIAT = The measure of the shadow of the gnomon at
a given time.

g8 = A measure of time equal to 24 minutes or

(24 x 3 = 60) 4918 or one ATEN.
fafa=dsa: — From six hours or 15 Nadi-s.

- gUA: = The portion of the radius of a circle between
the circumference and chord is called the #T
or arrow, AUM: means a fraction where the
denominator is a ;T '

®q: — The angular measure in Rasi, Bhiaga and Kala
(signs, degrees and seconds) that should be
added or subtracted trom the mean position
of a planet in order to get its .Sphuta or its
projection on to the zodiac. A divisor or a
denominator of a fraction.

gSHIAT — By the number 86,
a@a_ﬂsraﬁa—- The number 808,
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Tg9H — The solar and lunar eclipses.
Is9: — That which is approaching.
1d: — That whtch is leaving or receding.
req¥fen: — That which is slow in motion.
gazqafes: — That which has fast motion.
qfth: — The daily motion of a planet.
1fa:" = Conjunction or the total sum or a heap.
{ATeHUFIATF — The computed apparent position of the
Sun at the time of sunset.

ifacaufrsz®: — To which six Ragis or 180° are added.

In a lunar eclipse the disc of the moon (M&IF)
s eclipsed by the earth ({®1r or the ¥EFAE:). In the
solar eclipse the disc of the Sun (ITIEI‘IE) is shadowed
>y the disc of the moon (7rE#HIg). :

The apparent position of the shadow of the
;arth is always determined by adding 180° to the appatent
sosition of the Sun.
38199 — That which has a measure of time equal to 24
minutes, as antecedent.

igm: = The number 113,

sqed — Taken separately.

g¥q7 — The arc between the pole of any place and the
zenith or the complement of a latitude:
Moon’s parallax in longitude- ;

1dq — The distance ot any pianet from the meridian, or
the zenith distance at a meridian transit.
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Afd: — Curvature or parallax in latitude. The depression-

THIHD = The number 22,

94T — The end of the 8th and 14th of each half month
and the Full Moon and New Moon days: the

day of opposition or conjunction when a solar
or lunar eclipse is imminent.

93q1St — The exact time of opposition or conjunction,_
939&q — The time at which the 14th passes into the 15th
day of a lunar fortnight.

q9qfed: — The junction of the 15th and the Ist of a lunar
fortnight; the full moon and the change of the
moon,

qgof — The two Full and New Moon days.

AqAfSHT — The distance in time of any planet from the
meridian. '

qYHTMIA: — The greatest mclmatlon of any planet s orbit o
the eliptic.

grssafs: — The number 740,

afaNeHHAsAEqT = That on which WANIFAT has been
performed. '

TIRATALHIT The maximum eclipse.
feqrerst — Half the duration of an eclipse.

fg9dé — Conjunction of the Sun’s and the moon’s dlSCS,
in an eclipse..
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USFATH — The square of the gnomon (generally of 12
angulas) or the namber 144.
fawz=d@® — By its own one twelfth part.
gfaar — Divided into two equal parts,
o1al or BMATFI: =
yemr . usg? or 4Jemaie? + et .

AATIE = The distance in time (or Nagdi-s) of anj planet
from the local meridian.

W@EAMT = Bereft of its own 1th part.

99 = A particular measure of time,

97AT = The equinotical shadow at middday.

FATHT = A small stick, rod or thin bar.

JreAtELr @T — The line in the North South direction.
fggorsr — Double the length of the gnomonic shadow.
gsqig: — Conjunction or point of intersection.

fadt A1 Hfred — Perpendicular to each other, one being
" the Lr. and the other; the base of a rt. angled
triangle.
qr&Y or qIENfnd = Arithmetic in general. It contains the
four rules of summation or addition, subtra-
ction, multiplication, division, and also the
four rules namely to find the square and squre-.
root of a number and the cube and cuberoot
of a number. Thus it comprises 8 ‘rules
‘qfepatsesq (ie. IgIT, SqIDEA, JOA, I,
T, g, €, IHE.) :
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AFAF: or T = [THIATGN WYATANFIY JeAFAF TLT |
(The plumb-line. In geometry the word
means the arc between the pole of any place
and the zenith.)

g3g: = The half of the difference of time between two
meridians B

s9zq91A7 = Taken or considered separately.

q&amq = According as the concerned quadrant of the
circle.

FAQIRZAT = multiplied by the number 33.

HHWTE = multiplied by the hypotenuse of the triangle
formed by the equinoctial shadow and the

gnomon,
wgafgfag a1 = Divided by the number 36,
W = The difference of time between two meridians,

TANIIFI: = Those which are less than the equinoctial
shadow or qawr .

A1 = The number 49. (From the 49 tunes )

f@a1 = A minute or the 60th part of a degree.

JHAIR I — When the conjunction called UE is in

the beginning of the zodiacal sign Libra and
Aries.

¥EIA — The clear or net result of any calculation,
gacgeafa: — The apparent or true motion of the Sun.

@a%1d — Together with the half of the Ragicakra or

zodiacal circle, or to’ which 6 Rasis or 180°
are also added.
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