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INTRODUCTION

The present volume, which forms Part I of our edition of the
Aryabhatiya, contains a critically edited text of the Aryabhatiya and
its English translation along with explanatory and critical notes and
comments.

1. ARYABHATA—THE AUTHOR

The Aryabhatiya is a composition of Aryabhata. The author
mentions his name at two places in the Arpabhatiya, first in the
opening stanza of the first chapter '(viz., Gitika-pada) and then in the
opening stanza of the second chapter (viz., Ganita-pada). In the conclu-
ding stanza, he calls the work Aryabhatiya (‘A composition of Aryabhata’)
after his own name.

This Aryabhata is a different person from his namesake of the
tenth century A.D., the author of the Maha-siddhanta. To distinguish
between the two, the author of the Aryabhatiya is called Aryabhata I,
and the author of the Maha-siddhanta is called Aryabhata I.I.

It is Aryabhata I, author of the Aryabhatiya, after whose name
the first Indian satellite was designated ‘Aryabhata’ and put into orbit
on April 19, 1975 and whose 1500th birth anniversary is being celebrated
ow.

2. HIS PLACE

2.1. Kusumspura

Aryabhata I does not expressly state the place to which he
‘belonged, but he mentions Kusumapura and there are reasons to believe
that he lived at Kusumapura and wrote his Aryabhafiya there. In
stanza 1 of chapter ii of the Aryabhatiya, he writes :

“Aryabhata sets forth here the knowledge honoured at
Kusumapura,” -

1, wrdwefeag fafe ggageseafad smaq 1 (4, i 1)
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The commentator Parame§vara (A.D. 1431) interprets this statement
as meaning :
“Aryabhata sets forth in this country called Kusumapura, the
knowledge honoured at Kusumapura.”.

The commentator Raghunitha-raja (A.D. 1597), too, interprets it in a
similar way :
“Aryabhata, while living at Kusumapura, sets forth the know-
ledge honoured at Kusumapura.”

That Aryabhata I belonged to Kusumapura is substantiated by the
following stanza which is quoted in connection with Aryabhata 1 :

“When the methods of the five Siddhantas began to yield
results conflicting with the observed phenomena such as the
settings of the planets and the eclipses, etc., there appeared in
the Kali age at Kusumapuri Strya himself in the guise of
Aryabhata, the Kulapa well versed in astronomy.’

The Persian scholar Al-Bicuni (A.D. 973-1048), too, has, on occasions
more than one, called him ‘Aryabhata of Kusumapura’.?

Bhaskara I (A.D. 629), the earliest commentator of the Aryabhatiya,
identifies Kusumapura with Pataliputra in ancient Magadha, and ‘the
knowledge honoured at Kusumapura’ with the teachings of the Svayam-
bhuva- or Brahma-siddhanta, He also informs us that at Magadha the
year commenced on the first fithi of the dark half of the month Srivana
and ended on the fifteenth tithi of the light half of the month Asadha.
From the writings of the early Jaina scholars who belonged to Kusuma-
pura we know that the astronomers of Pataliputra in Magadha were the
followers of the Brahma school. We also know that in Magadha, since
A.D. 593 down to the present day, the year, which is known as ‘Sala’
there, is taken to commence from the first #ithi of the dark half of the
month Sravana.

Hence we can conclude without any shadow of doubt that Arya-
bhata I flourished at Kusumapura or Pataliputra in ancient Magadha,
or modern Patna (long. 25°37 N,, lat. 85°'13 E.) in Bihar State.

1. fagrasasfaarafa gRasgateiiaTrmayITaRaar |
g @d FEAgEWaq Fat g ot Fa9 wEdwsifaata o

2. See for example, Al-Biruni’s India, translated by E.C. Sachau,
Yol. 1, London (1910), pp. 176, 246, 330 and 370.
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Repeated homage to Brahma® (the promulgator of the Svayambhuva-
stddhanta) and acknowledgement to ‘the grace of Brahma® in the
Aryabhatiya, also point to the same conclusion.

2.2. Asmaka

Bhaskara I (629 A.D.), the commentator of the Aryabhatiya,
refers to Aryabhata I as Aémaka, his Aryabhatiya by the names Aimaka-
tantra and A$makiya, and his followers by the designation Aémakiyah
at several places in his writings in more than one context.

The use of the above-mentioned words shows that Aryabhata
1 was an Asmaka, i.e., his original homeland was Aémaka. According
to the commentator Nilakantha (1500 A.D.), he was born in the
Aémaka Janapada.® (For Asmaka, see vol. II, introduction, pp. xxvii-
xxviii).

It seems that Aryabhata I was an Asmaka who lived at Pataliputra
(modern Patna) in Magadha (modern Bihar) and wrote his Aryabhatiya
there. Magadha in ancient times was a great centre of learning. The
famous_ University of Nalandd was situated in that state in the modern
district of Patna, There was a special provision for the study of
astronomy in this University. According to D.G. Apte,* an astronomical
observatory was a special feature of this University. Ia a passage
quoted above, Aryabhata I has been designated as Kulapa (= Kulapati
or Head of a University). It is quite likely that he was a Kulapati of
the University of Nalanda which was in a flourishing state in the fifth
and sixth centuries A.D. when Aryabhata I lived.

3. HIS TIME

The year of birth of Aryabhata I is known to us with preéision.
There is a verse in the Aryabhatiya which runs as follows: “When
sixty times sixty years and three quarter-yugas had elapsed (of the

1. 4,i1; 4,iil.
2. 4,iv. 49,
\
3. See, opening lines of Nilakantha’s comm, on Ganitapada,
4,

See Universities in Ancient India, p. 30,
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current yuga), twenty-three years had then passed since my birth. 1
This shows that in the Kali year 3600 (elapsed), Aryabhata I was twenty-
three years of age. Since the Kali year 3600 (elapsed) corresponds to
A.D. 499, it follows that Aryabhata I was born in the year ‘A.D. 476.
The Gupta king Buddhagupta reigned at Pataliputra from A.D. 476 to
A.D. 496. This shows that Aryabhata I was born in the same year in
whlch Buddhagupta took over the reigns of government at Pataliputra.

To be more precise, 3600 years of the Kali era came to an end
on Sunday, March 21, A.D, 499, at mean noon at Lanki or Ujjayini,
at the time of Mean Sun’s entrance into the sign Aries (madhyama-
mesa-sankranti) (See the table given below). So, the time of birth
of Aryabhata I may be fixed at Mesa-sankranti on March 21,
A. D. 476, Since at the end of the Kali year 3600 the precession
of the equinoxes amounted to zero (see the next paragraph), the
amount of the precession of the equinoxes 23 years before the time
of Aryaphata’s birth was negligible, Hence his birth may be taken
to have occurred at nirayana-mesa-sankranti or at sayana-mesa-
saikranti. The Bihar Research Society, Patna, celebrates the birth anni-
versary of Aryabhata on April 13, the day on which the Sun now enters
into the nirayana sign Aries (i. e., on the nirayana mesa-sankranti day).

Mean positions of the Planets?

at Kali 3600 elapsed, i.c., on Sunday, March 21, A.D. 499, mean noon
at Ujjayini.

Planet Aryabhatiya.  Aryabhata- Ptolemy Moderns
) siddhanta

Sun 0° 00" 0 00" 357° 8 16" 359° 42" 5"

Moon 280° 48’ 0" 280° 48 0" 278° 24’ 58" 280° 24’ 52"

Moon’s apogee  35° 42’ 0" 35°42' 0" 32°43'42" 35° 24’ 38"
Moon’s asc. node 352° 12/ ¢ 352° 12’ 0" 349° 25" 33" 352° 2' 26"

Mars 7712200 7°12°0" 4° 20 12" 6° 52 45"
Mercury 186° 00’ 0 180° 0’ 0" 178° 0'27" 183 9' 51"
Jupiter 187° 127 0" 186° 0’ 0" 185° 20’ 55" 187° 10" 47"
Venus 356° 24’ 0" 356° 24’ 0" 351° 4 15" 356° 7' 51"

Saturn 49° 12/ 07 49° 12’ 07 45° 55" 39" 48° 21" 13"

1. gezsziat gfszdar sadlareageT qIawan |
safust faafrcarade aw seaAsdan: W (4, iii. 10)
2. Taken from Siddhanta-Sekhara of Sripati, PartII, edited by
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It may be asked : What consideration prompted Aryabhata. I
to mention the end of the Kali year 3600 which happened to occur
on Sunday, March 2l, A.D. 499, at mean noon at Ujjayini? Or,
does it denote the time of composition of the Aryabhatiya ? According
to the commentators of the Aryabhatiya, the object of specifying
the end of the Kali year 3600 was to show that at that time the
precession of the equinoxes amounted to zero and the mean positions
of the planets obtained from the astronomical parameters given in the
Gitika-pada did pot require any correction. The commentator
Sturyadeva (b. A.D. 1191), Parame§vara (A.D. 1431) and Nilakantha
(A.D. 1500), however, are of opinion that this was also the time
of composition of the Aryabhatiya. K. Sambasiva Sastri, W.E. Clark
and Baladeva Misra, too, hold the same opinion, P.C. Sengupta once
entertained this view but later discarded it.

The Kerala astronomer Haridatta (also called Haradatta)
(c. A.D. 683), the alleged author of the so-called Sakabda correction
(with epoch at Saka 444), has, as remarked by the commentator

Nilakantha® (rather in surprise), interpreted the above-mentioned verse

of the Aryabhatiya (viz. iii. 10) in a different way : “When sixty times
sixty years and three quarter-yugas had elapsed (of the current yuga),
twenty-three years of my age have passed since then.” No commen-
tator of the Aryabhatiya, not even of Kerala, has® interpreted the
above passage in this way. T. S. Kuppanna Sastri has called it
a wrong interpretation.*  Another Kerala astronomer ( probably
Jyesthadeva), author of the Drkkarana (A.D. 1603), an astronomical
manual in Malayalam, has actually stated that Aryabhata I was born
in A.D. 499 and that Aryabhata I wrote the Aryabhatiya twenty-three

et et et

Babuaji Misra, Calcutta, 1947, introduction by P.C. Sengupta and
N. C. Lahiri, p. xii.

1. See his commentary on A4, iv.48, p. 150 of the printed
edition, Trivandrum Sanskrit Series, No. 185.

2. See Mahabhaskariyam, edited by T.S. Kuppanna §astri,

introduction, p. xvi. -
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years later, in 522 A.D.! This, according to T.S. Kuppanna Sﬁstri, is
a mistaken impression.?

It must be noted that the translation of the verse in question
as given earlier (on p. xix-xx) is in agreement with the interpretation of
the commentators. This is also in conformity with what, according to
Bhaskara I, Aryabhata I- himself told his pupils while teaching the
subject.

However, the duality of interpretation of the above verse has
given rise to two epochs (called bhatabda, ‘the year of Aryabhata’)
associated with Aryabhata I, viz. Saka 421 (=A.D. 499) and Saka 444
(=A.D. 522), and to two bija corrections, one taking the beginning
of Saka 421 and the other the beginning of Saka 444 as the zero
point.

4. HIS PUPILS

No more information regarding the life of Aryabhatal is now
available to us, The Aryabhatiya does not throw light on such
aspects as his parentage, his educational careeer, or other details of
his personal life. From the writings of Bhaskara I (A.D. 629), it
appears that Aryabhata I took up, as was expected of him, the
profession of a teacher. Bhaskara I mentions the names of Pandu-
ranga-svami, Latadeva and Ni§anku amongst those who learnt astronomy
at the feet of Aryabhata I. Of these pupils of Aryabhata I, Lata-
deva is the most important and deserves special notice. He earned
aname as a great scholar and teacher of astronomy. Bhaskara I
, has called him Acarya (‘Learned Teacher’) and Sarva-siddhanta-guru
(‘teacher of all systems of astronomy’ or ‘well versed in all systems of
astronomy’). From the writings of Varzhamihira (died A.D. 587) and
Sripati (A.D. 1039), we learn that Latadeva was the author of at
least two works on astronomy; in ome, the day was measured from
midnight at Lanka (lat. 0, long, 75°.43 E), Varzhamihira has also

1. See Grahacaranibandhana, edited by K.V. Sarma, introduction,
p.v. The same is stated in the Sadratnamala of Sankaravarman
(A.D. 1800-38). See A history of the Kerala school of Hindu astronomy,
by K.V. Sarma, p. 8.

2. Ibid, p. xv.
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ascribed to him the authorship of two commentaries, one on the
Romaka-siddhanta and the other on the Paulia-siddhanta. According
to the Persian scholar Al-Birini (A.D. 973 to A.D. 1048), Latadeva
was the author of a Sarya-siddhdnta. Reference to ‘Acarya Latadeva’
has been made by Brahmagupta (A.D. 628) and his commentator
Prthudaka (A.D. 860) too. Prthudaka has also quoted a number of
verses from some work of Latadeva. These verses are in 'arya metre
and their language and style are similar to those of the Aryabhatiya.

5. ARYABHATA'S WORKS

Aryabhata I wrote at least two works on astronomy :
1. Aryabhatiya
2. Aryabhata-siddhanta.

The former is well known; the latter is known only through
references to it in later works.

Varghamihira has distinguished the two works by the reckoning
of the day adopted in them. “Aryabhata said,” writes he,! “that the
day begins at midnight at Lanka ; the same (Aryabhata) again said that
the day begins from sunrise at Lanka.” Other differences between the
two works of Aryabhata I have been noted by Bhaskara I in this Maka~
Bhaskariya (vii. 21-35).2 ¢

6 THE ARYABHATIYA
6.1. Its contents

The Aryabhatiya deals with both mathematics and astronomy.
It contains 121 stanzas in all, and is marked for brevity and concise-
ness of composition. At places its style is aphoristic and the case-
endings are dispensed with. Like the Yoga-dar$ana of Pataiijali, the
subject matter of the Aryabhatiya is divided into 4 chapters, called
Pada (or Section).

Pada 1 (viz., Gitika-pada), consisting of 13 stanzas (of which 10
are in gitika metre), sets forth the basic definitions and important
astronomical parameters and tables. It gives the definitions of the
larger units of time (Kalpa, Manu and yuga), the circular units (sign,

1. See PSi, xv. 20.
2. Se infra, Tables 1-5, under Sn, 8.1 below.
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degree and minute) and the linear units (yojana, nr, hasta and angula) ;
and states the number of rotations of the Farth and the revolutions
of the Sun, Moon and the planets etc. in ‘a period of 43,20,000 years,
the time and place from which the planets are supposed to have
started motion at the beginning of the current yuga as well as the
time elapsed since the beginning of the current Kalpa up to the
beginning of Kaliyuga, the positions of the apogees (or aphelia) and the
ascending nodes of the planets in the time of the author, the orbits of
Sun, Moon and the planets including the periphery of the so-called
sky, the diameters of the Earth, Sun, Moon and the planets, the obliquity
of the ecliptic, and and the inclinations (to the ecliptic) of the orbits of
the Moon and the planets, the epicycles of the Sun, Moon and the
planets, and a table of sine-differences.

Pada 2 (viz. Ganita-pada), consisting of 33 stanzas, deals with
mathematics. The topics dealt with are the geometrical figures, their
properties and mensuration ; problems on the shadow of the gnomon ;
series ; interest ; and simple, simultaneous, quadratic and linear
indeterminate equations. The arithmetical methods for extracting the
square root and the cube root and rules meant for certain specific
mathematical problems including the method of constructing the sine
table are also given.

Pada 3 (viz. Kalakriya-pada), containing 25 stanzas, deals with
the various units of time and the determination of the true positions
of the Sun, Moon and the planets., It gives the divisions of the year
(month, day, etc.) and those of the circle ; describes the various kinds
of year, month and day; defines the beginning of the time-cycle, the
so-called circle of the sky, and the lords of hours and days ;. explains
the motion of the Sun, Moon and the planets by means of eccentric
circles and the epicycles ; and gives the method for computing the true
longitudes .of the Sun, Moon and the planets.

Pada 4 (viz. Gola-pada), consisting of 50 stanzas, deals wtih the
motion of the Sun, Moon and the planets on the celestial sphere. It
describes the various circles of the celestial sphere and indicates the
method of automatically rotating the sphere once in twenty-four hours ;
explains the motion of the Earth, Sun, Moon and the planets ; des-
cribes the motion of the celestial sphere as seen by those on the
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equator and by those on the north and south poles; and gives rules
relating to the various problems of spherical astronomy. It also
deals with the calculation and graphical representation of the eclipses
and the visibility of the planets,

6.2. A collection of two compositions

The Aryabhatiya is generally supposed to be a collection of two
compositions : (1) Dalagitika-sutra (Aphorisms in 10 gitika stanzas),
which consists of Pada 1, stating the astronomical parameters in 10
stanzas in gitika metre, and (2) Zry&s;aéata (108 stanzas in arya metre)
or Aryabhata-tantra (Aryabhata’s tantra), which consists of the second,
third and fourth Padas, containing in all 108 stanzas in arya@ metre.
It is noteworthy that the Dasagitika-sutra and the Aryastasata both
begin with an invocatory stanza and end with a concluding stanza
in praise of the work and look like two different works. The
commentator Bhaskara I (A.D. 629) regards the two as two different
works and designates his commentaries on them by the names
Dasagitika-satra-vyakhya and Aryabhata-tantra-bhasya, respectively.
He has also referred to the Dasagitikd-satra as svatantrantara
(author’s own tantrantara) in the Aryabhata-tantra-bhasya'  Other
commentators of the Aryabhatiya, too, hold the same opinion. The
commentator Stryadeva (b. A.D. 1191) has called the Dalagitika-sitra and
the Aryastasata as two compositions (nibandhanadvaya). The commen-
tator Raghunatha-rija (A.D. 1597) has also made similar statements,
The commentators Yallaya (A.D. 1480) and Nilakantha (A.D. 1500) have
commented upon the second, third and fourth chapters of the Arya-
bhatiya only, which shows that they regarded these chapters as forming
one complete work,  The north Indian astronomer Brahmagupta
(A.D. 628) has also referred to Pada 1 of the Aryabhatiya as Dasagitika
and the rest of the Aryabhatiya as Aryastasata.

It seems that the Dasagitika-satra, which begins with an invocatory
stanza and ends with a concluding stanza in praise of it, was issued as
a separate tract, like the multiplication tables of arithmetic, and was
meant for the freshers who were expected to learn the astronomical
parameters given therein by heart before embarking upon the study of

—

1. ‘See Part II, p. 188.
A, Bh, iv
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astronomy proper. The Aryastasata was meant for those who had
mastered the Dasagitikd-satra and were qualified for the study of
astronomy proper. '

There is no doubt, however, that the Daiagitika-satra "and the
Aryastasata, taken together, form the Aryabhafiya and that the Daja-
gitika-satra, the Ganita, the Kalakriya, and the Gola form the four
chapters of the Aryabhafiya. This is quite clear from the following
stanza of the Dasagitika-sutra where the author proposes to deal in that
work three topics, viz., ganita, kalakriya and gola :

‘“‘Having paid obeisance to Brahma —who is one and many, the
real God, the Supreme Brahman—Aryabhata sets forth the
three, viz., mathematics (ganita), reckoning of time (kalakriya)
and celestial sphere (gola).”

Moreover, the four chapters are generally known as Gitika-pada,
Ganita-pada, Kalakriya-pada, and Gola-pada, respectively. The word
pdada means quarter or one fourth, and unless there are four chapters
in a book its chapters cannot be rightly called Padas or ‘Quarters’.

It is noteworthy that Aryabhata I himself has called Gitika-pada
by the name Dalagitika-sutra and the whole work by the name Arya-
bhatiya. Thenames Aryastatata and Aryabhata-iantra  were given to
the second, third and fourth Padas by later writers. The former occurs
for the first time in the Brahma-sphuta-siddhanta of Brahmagupta ; the
latter seems to be due to Bhaskara I.

6.3. A work of the Brahma school

From the obeisance to Brahmi in the opening stanzas of the first
and second Padas of the Aryabhafiya, it is evident that Aryabhata I was
a follower of the Brahma school of Hindu astronomy, Acknowledge-
ment of His grace at the successful completion of the Aryabhafiya in
one of the closing stanzas of this work shows how deeply was he
devoted to Him. This devotion to God Brahm3 has led people to
suppose that Aryabhata I acquired his knowledge of astronomy by
performing penance in propitiation of God Brahma. In his commentary
on the Aryabhatiya (i. 2), Bhaskara I writes :

“This is what one hears said : This Acarya worshipped God
Brehm% by severe penance. So, by His grace was revealed
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to him the true knowledge of the subjects pertaining to the
true motion of the planets. It is said : ‘(Aryabbata) who
exactly followed into the footsteps of (Vydsa) “the son of
Paridara, the ornament among men, who, by virtue of penance,
acquired the knowledge of the subjects beyond the reach of
the senses and the poetic eye capable of doing good to others’.”

Aryabhata’s devotion to Brahmi was indeed of a high order.
For, in his view, the end of learning was the attainment of the Supreme
Brahman and this could be easily achieved by the study of astronomy.
In the closing stanza of the Dafagitika-satra, he says :

“Knowing this DaSagitikd-sutra, the motion of the Earth and
the planets, on the celestial sphere, one attains the Supreme
Brahman after piercing through the orbits of the planets and
the stars.”

Aryabhata I’s predilection for the Brahma school of astronomy
may have been inspired by two main considerations. Firstly, the
Brahma school was the most ancient school of Hindu astronomy
promulgated by God Brahma himself. Secondly, the astronomers of
Kusumapura, where Aryabhata I lived and wrote his Zryabha_ﬁya, were
the followers of that school. *The learned people of Kusumapura”,
writes Bhaskara I, “held the Svayambhuva-siddhanta iR the highest
esteem, even though the Paulifa, the Romaka, the Vasistha and the
Saurya Siddhdntas were (known) there,”

6.4. Its notable features
The following are the notable features of the dryabhatiya :

1. The alphabetical system of numeral notation. 4.2

The alphabetical system of numeral notation defined by Arya-
bhata I is different from the so-called katapayadi system but much
more effective in expressing number briefly in verse,

According to this notation—

=gy denotes the number 43,20,000
wafrfagges ,, » 5,71,53,336
fefguey v " 1,58,22,37,500

For details see below, Gitika-paday vs. 2, p. 3-3.
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2. Circumference-diameter ratio, viz., 1=3.14l‘6. (ii. 10)
Aryabhata I states that
‘ Circumference : diameter=62832 : 20000,
which is equivalent to saying that »==3"1416.
This value of 7 is correct to four decimal places and is better
than the value 3141666 given by the Greek astronomer Ptolemy.!

It does not occur in any earlier work on mathematics and constitutes a
marvellous achievement of Aryabhata I.

It is noteworthy that Aryabhata I has called this value only
‘approximate’.
3. The table of sine-differences. (i. 12)
Aryabhata I is probably the earliest astronomer to have given
a table of sine-differences. He has also stated geometrical and
theoretical methods for constructing sine-tables.” For details see below
Ganita-pada, vss. 11 and 12, pp. 45-54.
4. Formulae for sin 8, when 6> 7 |2. (iii. 22)
Aryabhata I uses the following formulae :
sin(7/2-}6) =sinw/2—versin 6
sin(w - 6) =sin= |2—versin= /2—sin 8
sin(3w 24 0) =sinw [2—versinw [2—sinw [2+ versin 6.
These formulae were later used by Brahmagupta also,f evidently

under the influence of Aryabhata I.

5. Solution of indeterminate equations of the following types :

() N=axtb=cyt+d=ez+}+f=.........
(1) (ax = c)[b=a whole number.

1. See Sir Thomas Heath, 4 History of Greek Mathematics,
vol. 1, p.233; and D.E. Smith, History of Mathematics, vol. 2,
p. 308,

2. Seo BrSpsi, ii. 15-1.
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Aryabhata I is the earliest to have given the general solution
of problems of the following types which reduce to the solution of the
above equations : :

() Find the number which yields 5 as the remainder when
divided by 8, 4 as the remainder when divided by 9, and 1 as
the remainder when divided by 7.

(ii) 16 is multiplied by a certain number, the product is

~ diminished by 138, and the difference thus obtained being

divided by 487 is found to be exactly divisible. Find the
multiplier and the quotient.

For Aryabhata I's solution, see below, Ganita-pada, vss. 32-33,
p. 75 fi,

6. Theory of the Earth's rotation

It was generally believed that that the Earth was stationary and
lay at the centre of the universe and all heavenly bodies revolved round
the Earth. But Aryabhata I differed from the other astronomers and
held the view that the Earth rotates about its axis and the stars are
fixed in space. The period of one sidereal rotation of the Earth
according to Aryabhata I is 23b 56m 4811 The corresponding modern
value is 230 56™ 4%091.2 The accuracy of Acyabhata I’s value is
remarkable. ¢

7. The astronomical parameters

The astronomical parameters given by Aryabhata I differ from
~ those of the other astronomers and are based on his own observations.
They are much better than those given by the earlier astronomers.
The method used by Aryabhata I for their determination has been
indicated by him in the Gola-pada (vs. 48). :

For Aryabhata I’s astronomical parameters, see Gitika-pada.
8. Time and divisions of time

Aryabhata I does not believe in the theory of creation and annihi-
lation of the world. For him, time is a continuous process, without

1. See Gitika-pada, vs. 3. .

2. See W.M. Smart, Text-book on Spherical Asironomy,
Cambridge, 1923, p. 492
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beginning and end (anadi and ananta). The beginnings of the yugz
and Kalpa, according to him, have nothing to do with any terrestrial
occurrence ; they are purely based on astronomical phenomena
depending on the positions of the planets in the sky. '

In the Smrtis as also in the Snrya-siddhanta, we have the following
pattern of time-division :

1 Kalpa=14 Manus
1 Manu=171 yugas
1 Yuga=43,20,000 years.

In order to make the Kalpa equivalent to 1000 Yugas (in round
number), every Manu is supposed to be preceded and followed by a
period of 2/5 of a yuga, called twilight. A period of 395 yugas is
further earmarked for the time spent in the creation of the world, so
that when the world order starts all planets occupy the same place.

A Kalpa is defined as a day of Brahma, 2 Kalpas as ‘a nycthe-
meron (day and night) of Brahma, 720 Kalpas as a year of Brahma3,
and 100 years of Brahma (or 72,000 Kalpas) as the lifespan of Brahmai,
The age of Brahmsz, according to the Sarya-siddhanta, at the beginning
of the current Kalpa,” was 50 years, The current Kalpa is the first
day of the 5lst year of Brahma's life, and 6 Manus with their twilights
and 27y% yugas had elapsed at the beginning of Kaliyuga since the
beginning of the current Kalpa.

Moreover, a yuga is taken to be composed of 4 smaller yugas
bearing the names Krta, Treta, Dvapara and Kali. The lengths of
these smaller yugas are supposed to be 17,28,000; 12,96,000 ; 8,64,000
and 4,32,000 years, respectively.

Aryabhata I rejects this highly artificial scheme of time-division,

and replaces it by the following :

1 day of Brahma or Kalpa=14 Manus or 1008 yugas

1 Manu=172 yugas
1 yuga =43,20,000 years.
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Aryabhata I has dispensed with the periods of twilight and the
time spent in creation, and has simplified the scheme enormously.
Since 1008=0 (mod 7), every Kalpa under this scheme begins on the
same day, which is an additional advantage. Under this scheme,
6 Manus and 273 yugas had elapsed at the beginning of the current
Kaliyuga since the beginning of the current Kalpa.

Aryabhata, too, divided a yuga into 4 smaller yugas, but he takes
them to be of equal duration and calls them quarter-yugas, the duration
of each being 10,80,000 years. This is indeed a more scientific division,
because in every quarter yuga the planets make an integral number of
revolutions round the Earth.

Although the time-divisions given in the Sarya-siddhanta and by
Aryabhata 1 differ so much, they have been so adjusted that the
beginning of the current Kaliyuga according to both of them falls on the
same day, viz., Friday, February, 18, 3102 B.C.

Aryabhata I has also divided his yugas into 2 divisions, Utsarpini
and Apasarpini; and further Utsarpini into Dusgama and Susamd, and
Apasarpini into Susama and Dugsama, respectively.*  This is eyidently
under the influence of the Jaina scholars of Pataliputra where
Aryabhata I lived. Pagaliputra, was the original home of the Jainas
and a bulwark of Jaina saints and scholars in ancieat times.

9. Theory of the planetary motion

The computation of the planetary positions in the Aryabhatiya is
‘based on the following hypotheses :

Hypothesis 1. Tn the beginning of the current yuga, which occurréd
on Wednesday, 32,40,000 years before the commencement of the current
quarter-puga, all the planets together with the Moon’s apogee and the
Moon’s ascending node were in conjunction at the first point of the
asterism Asvini ({ Piscium). (Gitika-pada, vs. 4 (d)).

Hypothesis 2. The mean planets revolve in geocentric circular
orbits.

1, For details, see below, Kalakriya, vs. 9, pp. 93-94.
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The mean motions of the planets are given in terms of revolu-
tions performed by the planets round the Earth in a period of
43,20,000 years. These revolutions, as already stated, are based on
Aryabhata I's own observations, and constitute the main distinguishing
feature of Aryabhata I's astronomy, For details see Gitika-pada,
vss. 3-4.

Hypothesis 3. The true planets move in eccentric circles or in
epicycles.

For details see Kalakriya-pada, vss, 17-21.

The eccentric and the epicyclic theories of Aryabhata I have been
explained in greater detail by Bhaskara I in his Makha-Bhaskariya (ch. iv).
Two things may, however, be mentioned here :

(i) The manda epicycles are not the actual epicycles but the
mean epicycles corresponding to the mean distances of
the planets,

(i) The radius of the Sighra concentric (and therefore of ithe
Sighra eccentric), according to Aryabhata I, is equal to the
planet’s distance called mandakarna.

The Gr'eek astronomer Ptolemy, too, explained the motion of
the planets with the help of epicycles and eccentric circles, but the
method used by Aryabhata I for explaining the planetary motion is
quite different and much simpler than that used by Ptolemy. Bina
Chatterji who has made a comparative study of the Greek and the
Hindu epicycles and eccentric theories, concludes that “Aryabhata’s
epicyclic and eccentric methods are unaffected by Ptolemaic ideas’ .

It may be pointed out that whereas the epicycles of Ptolemy are
of fixed dimensions, those of Aryabhata I vary in size from place to
place. The variable (or pulsating) epicycles probably yielded better
results, The later Hindu astronomers have followed Aryabhata I in
taking variable epicycles.

1. See Bina Chatterjee, The Khanda-khadyaka of Brahmagupta,
Vol. I, Appendix VII, p. 293. ‘World Press, Calcutta, 1970,
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Hypothesis 4
All planets have equal linear motion in their respective orbits.
(Kalakriya-pada, vs. 12).

10.  Innovations in planetary computation

From the old Sarya-siddhanta, summarized by Varahamihira,
and from the Sumati-mahdtantra of Sumati, we learn that the earlier
astronomers performed four corrections in the case of the superior
planets (Mars, Jupiter and Saturn) and as many as five corrections
in the case of the inferior planets (Mercury and Venus) in order to
obtain their true positions! The fifth correction applied to the inferior
planets was again purely impirical in character and was artificially devised
to get correct results.. Aryabhata changed the old pattern of correction
and, in the case of the inferior planets, reduced the number of corrections
from five to three. In the the case of the superior planets, too, the
corrections were the same, but a pre-correction (equal to half the
equation of centre) was also prescribed. This innovation was an
improvement and yielded more accurate results.

In the case of finding planetary distances, the Sarya-siddhanta®
prescribed the formula -

mandakarna+-$ighrakarna
2

but Aryabhata® changed it to

mandakarna X Sighrakarna
R

11.  Celestial latitudes of the planets

In the time of Aryabhata, astronomers were helpless in finding
the celestial latitudes of the planets. The methods given in the old
Saryasiddhanta,* summarised by Varahamihira, and even in the Siddhanta

1. See PSi, xvi.17-22. Also see K.S. Shukla, The Pafica-
siddhantika of Varihamihira (I), IJHS, vol. ix, no. 1, 1974, pp. 62-76.

2. il 14.

3. See 4, iii. 25.

4, See PSi, xvi, 24-25,
A.Bb, v
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of Aryabhata himself,! (which was written earlier than the Aryabhatiya),
are not correct. It is Aryabhata who in his Aryabhatiya® for the first
time gave the correct method for finding the celestial latitude of planets,
both superior and inferior.

12.  Use of the radian measure in minutes

Aryabhata is probably the earliest astronomer to use the -radian
measure of 3438’ for the radius of his circles. His table of Rsine-
differences is also given in the same measure. Measurement of the radius
‘n minutes facilitates computation and most of the astronomers in
India have followed Aryabhata in this respect. Brahmagupta (A.D. 628)
who did not use this measure in his Rsine-table was criticised by
Vatesvara (A.D. 904),

7'5. Its importance and popularity

Brevity and conciseness of expression, superiority of astronomical
constants, and innovations in astronomical methods rendered the
Zryabhatlya an excellent text-book on astronomy. It gave birth to
a new school of astronomy, the Aryabhata School, whose exponents
called themselves ‘disciples of Aryabhata’. These disciples of Aryabha:a'
deified Aryabhata I as ‘Bhagavan’ and ‘Prabhu’ and held the teachings
of the Aryabhatiya in-the highest esteem, claiming greater accuracy for
them, BhasKara I, writing in the first half of the seventh century A.D.,
declares :  “None except Aryabhata has been able to know the motion
of the heavenly bodies : others merely move in the ocean of utter dark-
ness of ignorance,” Bhiskara I was the most competent exponent
of the Aryabhata school. He wrote a commentary on the Aryabhatiya
and two other works on astronomy in illucidation of the teachings of
Aryabhata I. He earned a great name as a teacher of astronomy and
was well known as ‘gurw’. The works of Bhaskara I throw a flood
of light on the astronomical theories and methods of Aryabhata I and
on the earlier followers of Aryabhata I His commentary on the
Aryabhatiya, which was utilized by most of the subsequent commentators,
was recognized as a work of great scholarship and its author came to be
designated as ‘all-knowing commentator’.

1. See MBAh, vii. 28(c-d)-33.
2. iv. 3,
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The works of Bhaskara I provided a great stimulus to the study
of the Aryabhatiya which became a popular work and continued to be
studied at various centres of learning in South India, especially in
Kerala, till recent times. The extent of the popularity enjoyed by the
Aryabhatiya can be easily estimated by the following facts : (1) There
is hardly any work dealing with Hindu astronomy which does not
refer to Aryabhata or quote from the Aryabhatiya. (2) - There exist
a number of commentaries on the Aryabhatiya written in Sanskrit and
other regional languages by authors hailing from far-flung places in South
India. (3) There exist a number of independent astronomical works
which are based on the Aryabhatiya. (4) Calendrical text§ and tables
used in South India after the first half of the seventh century A.D.
until the introduction of new works based on the western astronomical
tables and the Nautical Almanac were based on the Aryabhatiya o1
works based on it.

In northern India, too, the Aryabhatiya continued to be studied
at least up to the end of the tenth century A.D. Brahmagupta, wha
lived in the seventh century at Bhinmal in Rajasthan, made an
intensive study of this work. He utilized this work in writing his
Brahma-sphuta-siddhanta, and a number of passages in that work are
strikingly similar to those found to occur in the Aryabhatiya. Prthi-
daka, who lived at Kannauj in Uttar Pradesh, quotes, in bis commentaty
on the Brahma-sphuta-siddhanta written in A.D. 860, a number of
passages from the Aryabhatiya. It is remarkable that for finding the
volume of a sphere, Prthuidaka prescribes exéctly the same rule as
found in the Aryabhatiya. He has evidently taken it from the Arya-

" bhatiya, since this rule is typically Aryabhata’s and. is not found tc
occur in any other work on Indian astronomy. Several passages from
the Aryabhatiya occur in the writings of the Kashmirian scholar Bhattot-
pala who wrote about A.D. 968.

7'6. Commentaries on the Aryabhatiya
(a) Commentaries in Sanskrit

1. Bhaskara I's commentary

Bhaskara I's commentary on the Aryabhafiya has been critically
edited in Part II of this Series. It is the earliest commentary on the
Aryabhatiya that has come down to us. Written at Valabhj in Sau-
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rastra (modern Kathiawar) in the year A.D. 629, it sets forth a compre-
hensive exposition of the contents of the dryabhatiya. “These who want
to know everything written by Aryabhata”, writes Sankaranarayana
(A.D. 869), “should read the commentary on the Aryabhatiya and the
Maha-Bhaskariya (written by Bhaskara I).”

2. Prabhakara’s commentary

From two passages in Bhaskara I's commentary on the Adrya-
bhatiya it appears that Prabhakara was an earlier commentator -of the
Aryabhatiya. In both the places, Bhiaskara I finds fault with- the
interpretations given by Prabhzkara. Bhaskara I calls him ‘Acdrya
Prabhakara’, but says: “He is a teacher, bethinking thus I am not
censuring him.” This Prabhakara may have been the same person as
has been called ‘a disciple (follower) of Aryabhata’ by Bbaskara II (A.D.
1150) in his commentary on the Sisya-dhi-vrddhida of Lalla. Acarya Pra-
bhakara has also been mentioned by éaﬁkaranirayana (A.D. 869),
Udaya-divakara (A.D. 1073), Suryadeva (b. A.D. 1191) and Nilakantha
(A.D. 1500). Prabhakara’s commentary has not survived the ravages of
time, nor has it been mentioned by any later writer.

It is noteworthy that Suryadeva (b. A.D. 1191), in his commentary
on the Laghu-manasa (iv. 2), refers to Prabhakara as ‘Prabhikara-
gurw’ and mentions his work Prabhakara-ganita. It is not known
whether this Prabhakara was the same person as ome criticised by
Bhaskara I,

3. Somesvara’s commentary

A manuscript of Somesvara’s commentary on the Aryabhatiya
exists in the Bombay University Library, Bombay.! The beginning and
end of it are as follows :

Beginning : =it sviaTy Aw:
g srawefagra: aurea: ST
AY AEAFER: |
wdifgd wds soren smafad fod waear o
gfang detar afew Tweet @ fasafgama o

—

1. Catalogue No, 335, Bookshelf No. 272, Accession No. 2495.
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frAETawETrTERsgEafegaa | frimfeafame wa:
FAAGIN, AAERIC— .
sforgex etc.

End :  wemanfaaes agfuat gad sdasd
A saTRUTiRggfaT SINERegAr )
aratdwaiegafaafaat wresdearfaar
aear: qeai fagey ad wed sge @g 0
Colophon : %fa AR faaaarvdiaaed garan \

The contents of this commentary show that, as acknowledged
by the author himself in the closing stanza, it is a summary of
Bhaskara I's commentary. Even the introductory lines given before the
verses commented upon are sometimes almost exactly the same as found
in Bhaskara I's commentary. In the commentary on the Ganitapada,
however, Someévara has set some new examples besides those taken from
the commentary of Bhaskara I,

Somesvara’s commentary does not throw any light on the life and
works of its author. ‘

A commentary by Someévara on the Khanda-khadyaka of
Brahmagupta is mentioned by Amarzja in the opening stanza of his
commentary on the same work., From the order in which Amarija
mentjons the names of the earlier commentators of the Khanda-
khadyaka, it appears that Some$vara lived posterior to Bhattotpala
(A.D. 968). Since Amaraja lived about 1200 A.D., Somes$vara must
have lived sometime between A,D, 968 and A.D. 1200.

4. Stryadeva Yajva’s commentary

Sturyadeva calls himself Stiryadeva Yajva, Stiryadeva Somasut and
sometimes SUryadeva Diksita.

Stiryadeva’s commentary on the Aryabhatiya has been critical']y
edited in Part III of this Series. It is usually known by the following
names : Aryabhata-prakasa, Bhata-prakasa, Prakasa, Aryabhata-praka-
$ika, Bhata-prakastka and Prakasika.

_ Suryadeva’s commentary sets forth an excellent exposition of the
Aryabhafiya. It has been illucidated by further notes and examples by
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Yallaya (A.D. 1480) and has been used as a source book by Paramesvara
(A.D. 1431) in writing his own commentary on the Aryabhatiya.

Sturyadeva is the author of at least five commentaries, which he
wrote in the following order :

(1) An exposition of Govinda-svami's bh@sya on the Maha -
Bhaskariya of Bhaskara I (A.D. 629).
(2) Commentary on the Aryabhatiya
(3) Commentary on the Maha-yotra of Varahamihira.
(49) Commentary on the Laghu-manasa of Maiijula (A.D. 932).
" (5) Commentary on the Jataka-paddhati of $ripati (A.D. 1039).

From his commentary on the Laghu-manasa of Ma#jula (A.D.
932), we learn that :
(1) Suryadeva was born on Monday, 3rd tithi of the dark half
of Magha, $aka 1113, (=A.D. 1191). The ahargana for that
day, according to the Aryabhata-siddhanta, was 15,68,004.

(2) He was a Brahmapa of Nidhruva gotra?

(3) He belonged to the Cola country (which roughly comprised
of Tanjore and Trichinopoly districts of Tamilnadu) and was
“‘2’!@ resident of the town called by the names Gangipura,
Gangapuri and Sriranga-gangapurt® which may be easily
identified with Gangai-konda-Colapuram (lat. 11° 13’ N,,

1. Suryadeva writes : fae3mfud 1113 @& arago-gararat amar
uraratdwnefagratagiserssAigasgio: 15,68,004.
2. See colophons at the ends of chs, iand ii.

3. Cf, IRy wgiR (qwwr) werasansgaafesmmeagiaat:
(LMa, ii. 1 com.); NFRA AF19R Fergrasgom: w0 48, 38, 16 (LMa, ii.
1 com.); TR ST FHT 24, 19, 8 1 T : WA AT AgATIA:
¥yeq 254, quen 280, fageer 31570+ wadaif TR AwrfzgrRaTsEe-
frartarmfa  wafa (LMa, ii. 2 com.) ; afeegageets agpigat seedd-
TgTReTeAEIEA  agiRss afa (LMa, iv. 4 com); Fzad
SITETFIIAT: GOTET Y dAArAmssr 11, 0 ot g aggat
w72 @d war (LMa, i (c). 3, com.). It may be mentioned that, out
of the two manuscripts consulted, one has but the other does not have
the word sftX¥ prefixed to Tgreat: and 1¥1gat in this last reference.
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long. 79° 30" E.),! for, according to Suryadeva, the equinoctial
midday shadow at that place was 2§ angulas which
corresponds to the latitude of 11°°3 N. This is also sub-
stantiated by the ascensional differences and times of risings
of the signs stated by Suryadeva for the said place. The
distance of that place from the Hindu prime meridian is said
to have been 11 yojanas eastwards.

e SnA—

1. Gangai-konda-Colapuram (‘the city of the Cola king, who
conquered up to the Ganges’), also called Ganga-konda-puram, is a
town and temple in Trichinopoly district of Tamilnadu, It is located
between Colaroon (a branch of the river Cauveri at its delta region)
and the river Vellar flowing on its two sides and is situated about
six miles from Jayamkonda—ﬁo]apuram. It is connected with Udaiyar-
palaiyam by the Chidambaram road, and is one mile distant from the
great Trunk Road running from Tanjore to South Arcot.

Gangai-konda-Colapuram was founded by king Rajendra Cola I
(A.D. 1012-44) who was called ‘Gangai-konda-Cola’ (lit. ‘The Cola who
conquered up to the Ganges’) and who shifted his capital from Tanjore
to this city, and was known after his name ‘the city of the Cola king,
who conquered up to the Ganges’. This city remained theeCapital of the
Cola kings for many years to come. It has now lost its past glory and is
no more than a village. Close to it stand the ruins of one of the most
remarkable but least known temples in Southern India, The temple consists
of one large enclosure, measuring 584 feet by 372 feet. The vimana in
* the centre of the courtyard is a very conspicuous building and strikes the
eye from a great distance. The pyramid surrounding it reaches a height
of 174 feet. The ruins of six gopuras, or gate-pyramids, surmount
different parts of the building. That over the eastern entrance to
the main enclosure, was evidently once a very fine structure, being built
entirely of stone except at the very top. All the lower part of the
central building is covered with inscriptions.

Gangai-konda-Colapuram was called Gangdpwmi in Sanskrit
(Cf. Epigraphia Indica, xv, p. 49). The word Sri-ranga (literally
meaning ‘the stage of the goddess of prosperity’)‘ prefixed to the name
Gangapuri in one of the manuscripts consulted seems to point to the
richness and magnificence of this city.
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(4) He wrote his commentary on the Laghu-manasa in A.D.
1248 (i.e., at the age of 57 years). This is inferred from
the fact that Suryadeva has stated the dhruvakas (planetary
positions) for Thursday noon, Caitradi, Saka year 1170.

S. Parame$vara’s commentary

Parames§vara’s commentary on the Aryabhatiya was edited by
H. Kern and printed at Leiden (Holland) in A.D. 1874. It was
reprinted in A D. 1906 by Udaya Narain Singh along with his Hindi
translation of the Aryabhatiya.

Paramesvara’s commentary sets forth a brief but excellent
exposition of the Aryabhatiya. In writing this commentary the author
has utilized Suryadeva’s commentary, and has quoted from the Sarya-
siddhanta, the Brahma-sphuta-siddhanta of Brahmagupta, the Brhat-
samhita of Varghamihira, the $isya-dhi—v_rddhida of Lalla, the Trifatika
of éridhara, and the Lilavari of Bhaskara II. He has ‘also referred to
his Mahabhaskariya-bhasya-vyakhya Siddhantadipika, which was written
sometime after A.D. 1431. His commentary on the Aryabhatiya was
evidently a later work,

Paramegvara hails from Kerala, He lived in the village Aévattha
(identified with modern Alattur) situated on the north bank of the river
Nila (Mal. Bharatappuzha) near the Arabian sea shore. His first
composition was his commientary on the Laghu-Bhaskariya which he
wrote in A.D, 1408 when he was still a student. If we presume that
he was 28 years of age at that time, his date of birth may be fixed at
1380 A.D. His Drgganita was written in A.D. 1431 and his Goladipika
in A.D. 1443,

Parame$vara wrote a number of books on astronomy, astrology
and allied subjects. See Part II, Scholiasts of Bhaskara I.

6." Yallaya’s notes on Stryadeva’s commentary

Yallaya has written notes on Suryadeva’s commentary dealing
with the second, third and fourth Padas of the Aryabhatiya. Yallaya’s
commentary on each verse of the Aryabhatiya consists of Suryadeva’s
commentary followed by Yallaya’s notes where necessary. In his notes
Yallaya has sometimes illustrated the rules by giving suitable examples
with solutions.

A manuscript of this commentary exists in the Lucknow University
Library. The colophon at the end of it runs as follows :
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gfa simsamhararwunfawda stwafeeagagatand frsdor sitacd-
gaw geaarerd faafeaar sdwaiwmaaee fefsaaradsame Faq

The scope of the commentary in the words of its author is as
follows : :

“As the commentary written by Suryadeva Yajvd, who had
thorough knowledge of the science of words (i.e., grammar), is
brief, so for the benefit of those astronomers who want to
know the (detailed) meaning of the Ganita, Kalakriya and Gola
Padas (of the Aryabhatiya) composed by Aryabhata, I, learned
Yallaya, son' of éridharﬁrya, pupil of Suryiacarya son of
Baladitya, well versed in many works on Pafiganita and
proficient in the three branches of astronomy, and who has
command over language by virtue of the boon acquired from
God Siva, will first write those entire explanations of the
drya-sutras (‘aphorisms in @rya metre’) which have been given
by Suryadeva Yajva and then, wherever the explanations are
brief, will supplement them by further explanations and alter-
native illustrative examples.’!

-

From the above passage we learn that Yallaya was a son of
éridhararya and a pupil of SUryacirya? This Sridhara was different
from the author of the Pafiganita and the Trifatika.® And this
Suryacarya was the author of : (1) Gapekananda, (2) Daivajiiabharana
and (3) Daivajfia-bhtisana and was different from Sturyadeva (b. A.D. 1 191).
Suryacarya’s father Baladitya was also a famous astronomer. He was

. sqwwRarafaar 42T asqar §aca sArerer  @AGAR
TRdRafrasatFaaaaty  safrseai  dawAmEws g@ ger
AT FARAT A9aAT Tq AR Tl (TET) TEq GACT A T sqTRq ferfaear
TT A7 SUEAAGAT (3%) T agaEfnagrafafaesadfaar se-ade-
Teegaifianda sguder qdw  sqanfzagagatadfedn  siaeaaeT
faafemar war smearanfy fefsaafamqagonsaufo 7 fras

2. In his commentary on the Surya-siddhanta (written in A.D.

1478) Yallaya has called his teacher by the name Surya-Stri and has

quoted a large number of passages from the astronomical work Daivajna-
bharana written by him.

A, Bb, vi
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the author of a work called Bala-Bhaskariya which has been often quoted
by the commentators hailing from the Andhra State.

As regards the place where the present commentary was wxz'itten,
Yallaya himself writes :

“This exposition was catefully composed by me in the town
of Skandasome§vara which is situated towards the south-east
of Srifaila,”?

The equinoctial. midday shadow and the equinoctial midday
hypotenuse for Skandasome$vara are given to be 3% angulas and 12,%
angulas, respectively. From these figures the latitude of the place comes
out to be 15° 30'N, approximately. The distance of Skandasomeivara
from the Hindu prime meridian is stated to be 36 yojanas (according to
the reckoning of the Saurya-siddhanta) or 234% yojanas (according to the
reckoning of the Aryabhatiya),® which corresponds to 4° 5'. As the
commentator applies the corresponding longitude correction to the
planets negatively, it follows that Skandasome$vara was situated 4° 5’ to
the east of the Hindu prime meridian 3

Skandasome§vara was not only the place where this commentary
was written, but it was also the place to which Yallaya actually belonged.
For in his commentary on the Sarya-siddhanta (i. 57-58), Yallaya says :

S —

1. sYwerrafeqaer-aatiatagd afa: aa1 rag foffaq | (Comm.
on 4, iii. 6).
Srisaila is a temple in the NandikotkGr tiluk of Kurnool
District, Andhra State, situated in latitude 16° 5’ N. and longitude
78° 53" E. It lies in the midst of malarious jungles and rugged hills on
the northernmost plateau of the Nallamalais, overlooking a deep gorge
through which flows the Krishna river.  The temple is 600 feet long by
510.feet broad. The walls are elaborately sculptured with scenes from
the Ramayana and the Mahabharata. In the centre stands the shrine
of Mallikarjuna, the name by which God Siva is worshipped there.

2. Comm. on 4, iii, 6.

3. Our conclusions agree with the computations made in the
ommentary.
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“My native country, however, is the town called Skandasome$-
vara which lies towards the south-east of $rifaila.”

The date of writing the commentary is 1480 A.D., which corres-
ponds to the Kali year 4581 mentioned in the commentary.? Other
dates mentioned in the commentary are A.D. 1456, A D. 1465,
A.D. 1466 and A.D. 1469.

In the present commentary there are a number of rules and
examples which have been cited from the works of earlier writers.
The sources are generally not mentioned. Some rules, however, can
be easily traced to the ZTriSatika of Sridhara. Several examples are
borrowed from the commentary of Bhaskara I.  Some rulés and
examples are Yallaya's own composition. At one place the commentator
(Yallaya) refers to the people of Andhra and Karnataka, saying that they
call the number 10'° (arbuda) by the denomination $atakofi.

The following tables given by Yallaya in the commentary will be
useful to historians :

1. Table of linear measures

8 paramanus = - 1 trasarenu .
8 trasarenus = 1 ratharepu ®
8 ratharenus = 1 kosa

8 kosas = 1 tilabija

8 tilabijas = 1 sarsapa

8 sarsapas = 1 yava

8 yavas = 1 angula
12 angulas = 1 vitasti

2 vitastis = 1 hasta

4 hastas = 1 dande

2000 dandas = 1 krosu
4 krosas = 1 yojana

1. wdtadgey saerAafaar foad; eRad AT §

2. Comm. on 4, iii. 6.
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2. Table of grain measures

4 kudubas = 1 prastha
4 prasthas = 1 adha
4 adhas = 1 drona
5 dronas = 1 khary

3. Table of gold or silver measures

4 vrihis = 1 gurija
2 gufijas = 1 masaka
2 masakas = 1 gumarta
10 gumartas = 1 suvarpa
1} suvarpas = 1 karsa

4 karsas = 1 pala

4. Names of 29 notational places

(1) eka, (2) ddsa, (3) Sata, (4) sahasra, (5) ayuta, (6) laksa, (7) prayuta,
(8) koti, (9) dafakoti, (10) satakoti, (11) arbuda, (12) nyarbuda,
(13) kharva, (14) maha-kharva, (15) padma, (16) maha-padma, (17) Sankha,
(18) maha-sainkha, (19) ksoni, (20) maha-ksoni, (21) ksits, (22) maha-ksiti,
(23) ksobha, (24) maha-ksobha, (25) parardha, (26) sagara, (27) ananta,
(28) cintya, and (29) bharil .

7. Nilakantha Somayaji’s commentary

This commentary bears the name Maha-bhasya and has been
published in the Trivandrum Sanskrit Series, Nos. 101, 112, 185,
Nilakantha, like Yallaya, has commented ouly upon the Ganita, Kala-
kriya and Gola Padas of the Aryabhatiya.

From the colophon occurring at the end of the commentary on
the Ganita-pads, we have the following information regarding the
commentator (Nilakantha) :

1. His father was called Jataveda, the same being the name of

his maternal uncle also., '

1. In place of parardha some people, says Yallaya, use the
denomination sankpti. In the list given by Mahavira (A.D. 850), $ankha
and maha-s$ankha have been replaced by kgoni and maha-ksoni, res-
pectively, and vice versa. See B. Datta and A,N. Singh, History of
Hindu Mathematics, Part 1, p- 13
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2. His younger brother was named $ankara.

He was a Brahmana, follower of the A$valayana-siitra, and
belonged to the Gargya-gotra,

4. His teacher in astronomy was Damodara, son of the com-
mentator Parame§vara (A.D. 1431) ; and his teacher in
Vedanta was Ravi, who was probably the same person as the
author of the Acaradipiki—a commentary in verse on the
Muhartastaka.

5. He was a native of the village Kunda, which has been
identified with TrkkantiyUr in South Malabar, Kerala.

~ In the commentary on'verses 12-15 of the Kalakriya-pada, the
commentator writes :

“When 16,68,47é days had elapsed since the beginning of
Kaliyuga, we observed a total eclipse of the Sun; and when
16,81,272 days had elapsed, there occurred an annular eclipse
in Ananta-ksetra.” ‘

The first epoch corresponds to A.D. 1467 and the latter to A.D.
1502. Thus it is evident that this commentary was written after A.D.
1502. From the -commentator’s Siddhanta-darpana-vyakhya, we learn
that he was born in December A.D. 1444. Hence at the time of ‘writing
the present commentary he was above 60 years of age.

Nildkantha’s commentary on the Aryabhatiya is a valuable work
as it incorporates the advances made in astronomy up to his time and
contains a good deal of matter of historical interest. There are
>quotations from the works of Varahamihira, Prabhakara, Jaispava or
Jispunandana (i.e., Brahmagupta, son of Jisnu), Bhaskara I, Mufijalaka
(same as Muiijala or Maiijula), Sripati, Bhaskara II, Madhava, resident
of the village Sangama ;' from the Surya-siddhanta, the Siddhanta-
dipika of Paramesvara, Suryadeva’s commentary on the Aryabhatiya,
Govinda-svami’s commentary on the Maha-Bhaskariya, and from his own
works, the Golasara and the Tantra-saigraha. Reference is also made
to Vrddha-Garga, Garga, Paramarsi, Manittha, Vyasa, Varttikakara,

1. Sangama-grima is identified with Irifijdlakkuda or Irinndla-
kkuda, near Cochin,



xlvi INTRODUCTION

Pingala, Bhattapada, Haradatta (same as Haridatta), Damodara,

Kausitaki Netranarayana, and to the Vakyapadiya, the Vaijayanti, the

Vyapti-nirpaya of Parthasarathi Miéra, the Laghu-Bhaskariya and Udaya-

divakara’s commentary on the Laghu-Bhaskariya. Passages from some
of these works are also cited.

At one place in the commentary,! Magadha and Baudhayana are
reported to have stated in their works the amount of precession of
the equinoxes for their times. The following hemistich is ascribed to
the Garga-sambhita :*

amadt:Fifeanivat sorasitsgasan |

which means that if b, k, and h be the base, the upright and the hypo- ,
tenuse of a right-angled triangle, then b*--k*=H",

8. Raghunatha.raja’s commentary

A manuscript of this commentary is available in the Lucknow Uni-
versity Library, Lucknow. The beginning and end of it are as follows :

STwATH | YRR |

}  siagarfaraadn  sitmeedivak

© SEEiRAEeNgTH At qan
wirerraTaEa irawsararfaaatad
qmefafy fiteamge awaewmTifafas n
geaeaT grafiggaed aemeagy gd
T: SNAFAAATCAAGET AT fereareeaore |
AEF AR ARAA wam qofadam
w shmreesedraingat afagisaan |

D —

1. Comm. on iii. 10.

2. Comm. on ii. 4, Garga, author of the Garga-sarmhita (who
was different from Vrddha-Garga), is said to have been born in the
beginning of Kaliyuga., In support of this is adduced the evidence
of Parafara as also Garga’s own assertion in the Garga-sarnhitd.
Vide ¢comm. on iii. 10,
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Forfegaeaaregfastegaray
freaanifacwag wha IgETEd: |

aenAe: gRIuisa i U

aeaveRat quifafisdfa FosqT:

qea siafadfadasemguisfe g2t 7gW
awear sTEATAUS g @ s fagaraa: 1
asHrigmbaslegwafn: enaww agw@as:
ww: weadfca sfafed wAE awa 3a: o
TN WA FALFAAEA: |

famai fagut s FATATEANET

“gremElseAe:”, “eammaasia’

End: wd WEU@sgRna: sqeTE: | o afwaed  anfeEng garfo
FRFFTAR geatanfy: | MAA? gsamy | ansaaan afewy Sad
qifeRq wasd @diem \ Od gATRR T A AR FEa AT RR T
soitaw | qafr @ faERTEw war SArerEi | QARREET gae yraagAfa
faratmEsfaaaanaaay | A9 WIsEEar—

-

adfrmdsfraasift groarawAfeat | o
Ay natnsisty qad garsencazawd 0 g )

Colophon : siwwiammamwglustga  simgmeefrafrdafrrglt-
L ALLRELL ER R frm-afadfrrsermmeeaeatamfait SR Fa
siAarwAGAtRaEEaTEar et |

From the opening stanzas of the commentary we learn that -
Raghunitha-raja belonged to Karpata (Karnatak or Mysoré) and was
a king. His mother's name was Laksmi, and his genealogy was as
follows :

Venkata
Nagarija
Kondabhiipa

Raghunatha-rdja
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The following stanza occurring in the commentary’ throws light
on the place where the commentator (Raghunatha-raja) lived and wrote
the commentary :

s@aifafeerazasitazafe sgd -

NNAEA AFATGEATHT A TN |}

s sitmag ifarsa fagaegan qo: w@aw-

wamgfrmmadtaata: qReademd: o

The last two lines mean :

“Here at Ahobila, which is the abode of Parabrahma in the
form of Ramanrsimha, the equinoctial midday ‘shadow (of a
gnomon of 12 angulas) is to be known as 3 (angulas) and 30
(vyangulas) ; also for the very same place the distance from
the (Hindu) prime meridian is equal to 22 yojanas.’”

This equinoctial midday shadow corresponds to latitude 15° 50" approx.
This conclusion is corroborated by the following facts :

() In an example set in the commentary,® the commentator
gives the Rsine of the local latitude as equal to 962’ 38”.

(if) At another place in the commentary,® the commentator
gives the times of rising of the signs for his local place as

follows :
Sign Time of rising in vinadikas
Aries 243
Taurus . 271
Gemini 311
Cancer 335
Leo 327
Virgo 313

1. under 4, iii. 6 (c-d).

2. 'This translation agrees with Raghunitha-rdja’s interpretation,
One vyangula is one-sixtieth of an aengula.

3. under 4, iv. 26.

4. Comm, on 4, iv. 27.
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In the commentary on verse 6(c-d) of the Kalakriya-pada, the
local circumference of the Earth at Ahobila is given to be 3162}
yOJanas so that the distance 22 yojanas of that p]ace from the (Hindu)
prime meridian corresponds to 1° 40’.' Further, in an example solved
in the commentary under verse 10 of the Kalakriya-pada, the longitude
correction for Ahobila has been applied negatively. It follows that
Ahobila lay 1° 40’ towards the east of the Hindu prime meridian.

From what has been said above, we find that Ahobila, the native
place of the commentator Raghunatha-raja, was situated approximately
in latitude 15° 50" N and longitude 1° 40’ E of the Hindu prime meridian.
According to the verse quoted above, it was the seat of . the Laksmi-
nrsimha temple. So, it is the same Abobila as is situated in Kurnool
district, Andhra State.? :

1. It should be noted that the number 3162} yojanas accords to
the yojana-reckoning of Aryabhata I, whereas the number 22 yojanas
accords to the yojana-reckoning of the Sarya-siddhanta. The latter
number, when reduced to the yojana-reckoning of Aryabhata I, would
become 14% yojanas.

2. Ahobila is a village and temple in the Kurnool District of
Andhra State, situated in latitude 15° 8’ N and longitude 78° 45’ E on
the Nallamalais. It is about 34 miles from Nandyal railway station,
22 miles from Nandyal to Allagadda by road and 12 miles from
Allagadda to Ahobila by cart or on foot.

The temple at Ahobila is the most sacred Vafisnava shrine
in the District. It has three parts, namely : Diguva (lower) Ahobila
temple at the foot of the hills, Yeguva (upper) Ahobila temple about
four miles higher up, and a small shrine on the summit. The first
is the most interesting as it contains beautiful reliefs of scenes from
the Ramayana on its walls and on the two great stone porches which
stand in front of it, supported by pillars 8 feet in circumference, hewn
out of the rock.

It is said that in ancient times Ahobila was the capital of the
demon king Hiranyakas$ipu, whose son Prahlada was saved from the wrath
of his father by God Nrsimha at this very place.

There are three hills at Ahobila, viz., Garudadri, Vedadri and
Acalacchaya-meru. The commentator Raghunatha-raja has remembered
God Nrsimha, Lord of Garudari, at the commencement of his commen-
tary and has sought His protection,

Ahobila, as stated above, is now in Andhra State, but it

appears from the commentary that in the time of Raghunatha-raja it
formed part of Karnataka of which he was the king.

A, Bh, vit
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In the commentary . on verse:6(c-d) of the Kalakriya-pada, 1519 is
mentioned as the current Saka year. This corresponds to A.D. 1597
and is evidently the time of writing the commentary. The same year
is mentioned at other places! in the commentary also. !

The present commentary is based on those of Bhaskara I and
Suryadeva. It goes deep into explanatory details and is, on the whole,
a very valuable work. The number of quotations from anterior works
is large but the commentator refers only to a few of them by .name.
Amongst these may be mentioned the names of the Brahma-siddhanta,
the Soma-siddhinta, the Surya-siddhanta, the Paica-siddhantika, the
Bhaskara-bhasya (i e., Bhaskara I’'s commentary on the Aryabhatiya),
the Laghu-Bhaskariya, the TriSatika, the Utpala-parimala, the Siddhanta-
Sekhara, the Lilavati, the Siddhanta-Siromani, and Mallikirjuna Suri’s
commentary on the Sisya-dhi-vrddhida of Lalla. Amongst the authors
mentioned are Vrddha-Garga, Garga, Para$ara, Virabhadra, Vasistha,
_Devala, Simharaja, Varahamihira, Brahmagupta, Lallacarya, and Maiiju-
lacarya, Bhaskara I has been called Bhasyakara (‘author. of the Bhagya’).

The commentary contains a larg’e number of solved examples.
Forty-one of these examples have been taken from the commentary of
Bhaskara I, fifteen from the commentary of Stryadeva, and some from
the works of¢Bhaskara II.

9. Commentary of Madhava, son of Virlipaksa
From the following passage occurring in the beginning of

Madhava’s commentary on the Brhajjataka of Varihamihira, we learn
that a commentary on the Aryabhatiya, giving rationales of the rules
and illustrative examples, was also written by him :

saaaat g faeTiadaa: |

wraasafaaTelsy agAFaaaEAE: 1)

sREEEIgE fagraen aa@AT

TFTNEGRA 6T TN qE: A 0

A1 FawEs |fgaan aghorn |

St Fear W GEST AW qgAAH N

D ——

1. See comm. on 4, iii. 10, iv. 4, and iv. 5,
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aergffeTie froewvmasts @ 1
wgwasgaar faafa: sad @ n
FEIaEsHArdErEEar fAder 7 1
A5t gy wfteraEaaeaT 1 ete?
The above passage shows that—
(i) Mazadhava, the commentator, was a Brahmana of Atreya
Gotra, and belonged to the family (anvaya) of Vantula,
(i) His father’s name was Virtipaksa.
(iii) His commentary on the Aryabhatiya was his earliest work.
(iv) His other commentaries were on the Narada-sarmhita and

on the Laghu-jataka and the Brhajjataka of Varahamihira.

As the commentator himself says in the last two lines of the above
passage, his commentary on the Brhajjataka was in Telugu. This shows
that he belonged to the Andhra State. It is not known whether his
commentary on the Aryabhatiya was composed in Sanskrit or in Telugu.

10, B_hutivisr,m.’s conmrentary

A manuscript of Bhiutivisnu’s commentary on the Aryabhatiya,
entitled Bhatapradipa, exists in the Royal Library at Berlin® The
concluding verse of the commentary on the Gitz'kﬁ-pad5 (as recons-
tructed from the corrupt reading in the manuscript) runs as follows :—

e 9F qwi fagawda gerigagd o 1
resenarafuea fagieny yfafaen: awevafiea o

Bhutivignu is the author of a commentary on the Sarya-siddhanta
also, of which an incomplete manuscript (containing a few pages in

1. A4 Descriptive Catalogue of the Sanskrit Manuscripts in the
Government Oriental Manuscripts Library, Madras, 1918, Vol. 24, Ms.
No. 13835.

2. Catalogue No, 834, De Handschriften-verzeichnisse der Konig-
lichen Bibliothek, Erster Band, Verzeichniss der Sanskrit-Handschriften,
by Weber, Berlin, 1853, p. 232. .

There is also another manuscript of this commentary in the
Anup Sanskrit Library, Bikaner, See Cat; No, 4447,.
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the beginning) exists in the Lucknow University Library, Lucknow.® It
begins with ;

wrafe goa ggatt wia sgwamradet

wifrafpafad @ shasaw afewa

T Tafedee e wgme )

gfafasuga: stmang yetwgao

glafasagn g vz aat 7a: |
sfawmaat Ses: simegsdT aFa: o

enfaearen oy s
fagraasteneaea & syfafasoi: |
gfeqemmy=itfacet -
TG FeqATIIR: 1|

ax fagramen stafrerg —aaarasafen etc,

“O Goddess—dedicated to bestowing favour on humble devotees,
enable me to have firmer devotion towards God Visnu who resides at
Kari-ikhari (i.e., the Elephant Mountain or Kafici).

“There was a learned and virtuous Devarija, the crest-jewel of
the lineage of, Garga, the son of Bhitivisnu and an ornament of the
terrestrial world. His eldest son, Bhutivisnu, was regarded as the
best amongst the wise and intelligent and was honoured with the epithet
‘Srimat’. That Bhﬁtivisr,:u, who I am, has the desire to comment on
the Siddhanta acquired from Surya (i.e., Sarya-siddhanta). May God
Visnu, the crest-jewel of the Hasti-giri (i.e., the- Elephant Mountain),
accomplish that desire of this ignorant self.”

The above passage shows that Bhutivispu belonged to the lineage
of Garga and that he was the son of Devaraja and the grandson of
his own namesake Bhutivisnu. This Devaraja was a different person
from Devarija, the author of the Kuttakara-Siromani, as the former
belonged to the lineage of Garga and the latter to the lineage of Atri.

Bhutivisnu’s commentary on the Aryabhatiya was written earlier
than his commentary on the Surya-siddhanta, which is evident from the

——

1. Accession No, 47070.
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reference of the former in the latter. For, commenting on Sasi, i. 11-12,
Bhutivispu says :

aar @ wENAY wEnTfawan—
g g aequgarwty @ qraraa g maak ¢ gfn

The initial few pages of Bhutivispw’s commentary on the Surya-
siddhanta, which are available in the Lucknow University Library,
Lucknow, do not throw light on the time and place of Bhutivispu.
But they do contain numerous references to $ripati and quotations
from his Siddhanta-iekhara, which shows that he lived posterior to
Sripati (A.D. 1039). Similarly, his devotion to God Visnu residing on
the Elephant Mountain (Le., Kafici) suggests that he belonged to
Tamilnadu, in South India.

11. Ghatigopa’s commentary

Two manuscripts of this commentary exist in the Kerala
University Oriental Research Institute and Manuscripts Library,
Trivandrum.!

This commentary begins thus :
TR = it @ shgatda wgaia
qafamhaEwEgEr SudlseaEd |
sfTciwfl | § TPV | OF SIS, S SIEdad |
anterTeitfy | asfEmgAiaTin SREAETTATREETATE | q@ aeR I

TRl | YEh e sgufdeTarefy | aafantaatar s
73 @ IRAATEAALEA: | qawsEEmEAAEL Fqfa: |

It ends thus ;

sdwAd A gfd | OF eEmeRAn S asgRed qeqet A pafad
et AWty et STt | g qan | gl s @ feged
wafyr |« oen  sfawsqw dumcafEdd 3 g @ aww gpagel:
o wAf | A @ wiwgTeaTAe A sanraf w3f & fow

gramgHt aesa Yfgwgfmesaviage waft | od AT |

g T eRnATiga At |
grawdtaes afesfsag sogd war o

1. Mss. Nos. 13305-A and T. 736,
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TEuTaftrmnr: seonfraday:

"l fagr Al qudwmEaTE |

qEMifagmen qEgEA-FEatati: |

A qEAATIEX o AafEs wag o
s warz: war )

The closing verses of the commentary show that Ghatigopa was.
a devotee of God Padmanabha and a pupil of Parame$vara, This.
Paramesvara, however, was different from his Namesake, the author of.
the Drgganita (A.D. 1431), for, according to K.V. Sarma, Ghatigopa,,
in his smaller Malayalam commentary on the Zryabha_ﬁya (see  below),.
quotes from the Paiicabodha of Putumana Somayaji, and. Putumana.
Somaysji, according to K.V. Sarma, lived between A.D. 1675 and

A.D. 1750, i.e., more than two centuries later thz_m Parameévara,. anthor:
of the. Drgganita.

K.V. Sarma is of the opimion that this Ghatigopa: is the same
person as Prince Godavarma Koyittampuran (A.D. 1810-60), a-member
of the scholarly family of Kilamanoor and a resident of Trivandrum,
who bore the appellation ‘Manikkaran’ (==clockman) (in Malayalam),
equivalent to ‘Ghatigopa’ (in Sanskrit),

12,. Kodandarkma’s (A.D.. 1807-83) commentary.

A: complete manuseript of Kodandarama’s Commentary, on: the:
kalakriya-pada. of the Aryabhatiya, in Sanskrit verses along with Telugu.
meaning, exists in the Government Oriental Manuscripts. Library,.
Madras,! It is called Zryabha_tatantra-ganita.

Kodandarama is also the author of a work called: dryabhatg-

¥apl, which was meant to be a sequel to the Aryabhatiya. s, Kuppu-
swami Sastri describes this work as follows :

“A treatise in stanzag of the aryd metre dealing with the:
Advaita-Vedanta, By Kodandarama of Kotikulapugi family.
He states that he adds a fourth Pada to the three Padas of
Aryabhata, viz., Ganita, Kala and’ Gola, wherein everything
relating to calculation is explained, and’ that in the fourth

——— ———

1. Ms. No. R, 371 (0)..
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2P¢Td& called . Ananda-pada, the nature of the Supreme Brahman
1is explained.’”!

(b) Commentaries in Telugu

13. Kodandarama’s commentary

Kodandarama wrote a commentary in Telugu also. It is on the
first three Padas (viz., Gitika, Ganita and Kalakriya) only, and bears the
name Sudhdtaranga.

This commentary has been edited by V. Lakshminarayana Sa_stri
and published in Madras Government Oriental Series (No, CXXXIX)
in 1956.

‘14. Viropiksa’s comnmrentary

A manuscript of this commentary exists in the Oriental Manu-
scripts Library, Mysore.?

(c) Commentaries in Malayalam
15. XKrsnadasa’s commentary
A manuscript of Krsnaddsa’s commentary covering the Gitikapada
occurs in the collection of K.V. Sarma. The beginning and ead of it
run as follows : . .
Beginning : Sia¥R AR TAEAY gEE: .
gt smrafegeaeg aifa wediscawraag o
SAEATANITHS ATNFAGARIAR |
SgTas gIat At geetans o
| Aargeshe avY TUARAAT SEERAEEAY sfage satfaareata?
T wagsien a=yg etc.
End : wg wvg § wwafar swaas aeenfraty g fagmfa |
Colophon : zwitfagawmr tfadd FERIZHT 1
gretaTiarsiiad quIegd Waw -
gfr amMfagawar aarar

—.

1.  Triennial Catalogue of the Govt. Oriental Manuscripts Library,
Madras, Vol. ‘Ill, Patt I, Sanskrit A, Madras, 1922, Ms. No. R.
2156 (a).

2. Ms, No. B. 573.
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Krsnadasa is identified with Koccu-Krsnan Aéan (A.D. 1756-1812),
of the family of Netumpayil in the Tiruvalla taluk of South Kerala,
well known in Malayalam literary circles as the author of several
poetical works. He is also the author of a number of astrological
works in Malayalam.!

16. Krsna’s commentary '

A manuscript of Zryabha;iya-vyakhya, a commentary in
Malayalam, entitled Bhdsayarm Krsna-fika, exists in the library of the
India Office, London.? It begins with the words :

ARWTETE aeAd snfeweary

More details regarding this commentary are not known and it- is
difficult to say whether the author of this commentary was the same
person as Krsnadasa or different from him.

17.18. Two commentaries by Ghatigopa

In addition to his commentary in Sanskrit (already noticed),
Ghatigopa wrote two commentaries in Malayalam, both on the Ganpira,
Kalakriya and Gola Padas only. The larger commentary extends to
1850 granthas (1 grantha=32 letters), and the smaller one to 1200
granthas.

Of thelarger commentary, there exist two manuscripts (Nos, C.
2333-A and T. 157 B) in the Kerala University Oriental Research
Institute and Manuscripts Library, Trivandrum. The beginning and end
of it are as follows :

Beginning : 72 srfwerand awitfagamfafior s wivz wetFaamfafc-
7+ adwas yndfafa  argmrAfagatg afmaresy w-
frmanadd vwarag %cgamfm geRATARAEET g wead
mzfcwm—wwnﬁr etc.

End : sraargt aafa war geqfaearoid-
Tamatfaantad sfad eang
faziet ¥ fagewea: ergrgfa aw-
W Tewn @ fogng 0

1. For details, see K.V, Sarma, 4 history of the Kerala school
of Hindu astronomy, pp. 74-75,

2. Ms. No. 6273.
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gaMqifaTe mswTswafata: |
aegd quATWEr (W aafas wdq 0
MAYMIATNT FATAT |
Of the smaller commentary, there are three manuscripts (Nos.
11014, L. 1334 and T. 157-A) in the Kerala University Oriental
Research Institute and Manuscripts Library, Trivandrum, and one (NO.

542-B) in the Government Sanskrit College Library, Tripunithura, This
commentary begins thus :

afraqiefaga gufagdsseeie gfafagmfafesm tfms @S-
I JEETH AAWSAGA 429 A W FeRRAamweniy famiimanfand
fza+g — sy i etc.

The commentary on the last two verses is in Sanskrit and not in
Malayalam. It ends with the following sentence :

a3 Ay wirqgeeaaen wesw asAganandift s0f @ favew
gramut weear Afgwgfmsnanint wadcaw |
which is exactly the same as in his Sanskrit commentary.
The colophon to Ganita-pada runs thus :
ariwAgEfeR o aforfwdsfareR |
afag sré‘ml‘ﬁ:r stad fes= qun: awsafagg o

afraqraaT AT |

The colophon to Gola-pada runs thus :
qEREREAatgafaagiaar |
gazrdwaaen aq fefsag sargd war u
Te<anafagw: wemnfaadaa: |
wwat fagma At qordrmgaTean: o
gAMqifeTes aeaTsagfata: |
qegd quATWER gt afas w3 0
g M=qEATET @A |
It is noteworthy that some of the Qerses occurring towards the

end of all the three commentaries written by Ghatigopa are exactly

A, Ba, viii
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the same and prove beyond ddubt the comtion authorship of the three
commentaries,

(d) Commentary in Marathi

19. Anonymous commentary in Marathi

A commentary (rather a translation) in Marathi exists in thé
Bombay University Library, Bombay.! The name of the author is not
iérntioned,
6.7 Works based on the Aryabhatiya

Of the works written on the basis of the Zryabkaﬁya, mention
may be made of the following :

1. The works of Bhaskara I
For details see Introduction to Part H of this Series, pp. xxx ff,

-2. The Karana-ratna of Deva (A.D. 689) son of Gejanma

A manuscript of this work exists in the Kerala University
Oriental Research Institute and Manuscripts Library, Trivandrum,®

The Karana-ratna is a calendrical work in eight chapters,
containing in all 183 verses. Im the second opening stanza, the
author says :

“Having taken a deep plunge into the entire ocean of the
Aryabhata-$astra with the boat of intellect, I have acquired
this jewel, the Rarana-ratna, adorned by the rays of all the
planets.”®

This work, though essentially based on the teachings of the
Aryabhatiya, is highly influeneed by the Khanda-khddyaka of Brahma-
gupta. It adopts a number of verses from the Laghu-Bhaskariya and
the Khanda-khadyaka.

1. Ms. No. 334,
2. No. T.559.

3. wrdwemrensata afarar goafasmanta
s AAgwfawagigafes weore u



WORKS BASED ON THE ARYABHATIYA iz

This is the earliest work of the Aryabhaga school that states the
precession -of the equinoxes and the so-called Sakgbda, Manuyuga and
Kalpa corrections.

3. The Graha-cara-nibandhana of Haridatta (or Haradatta)

This calendrical work was edited by K.V. Sarma and published
by the Kuppuswami Sastri Research Institute, Mylapore, Madras,
in 1954.

The work is in three chapters and states simplified rules and tables
for finding the true longitudes of the planets and therefrom the naksatra
and tithi, two of the five elements of the Hindu calendar.

This work does not prescribe any bija correction to the mean
longitudes of the planets, although it is conjectured that Haridatta was
the author of the so-called Sakabda correction.

4. The Sisya-dhi.vrddhida of Lalla (or Ralla)

The text of this work was published by Sudhakara Dvivedi at
Benaras in A.D. 1886. In the opening stanzas, the author explains the
scope of the work as follows :

«That science of astronomy which, as told by Aryabhata, is
" difficult to comprehend is being set forth by Lalla in such a
way as to be easily understood by students. .

“Although having mastered the astra composed by Aryabhata,
his pupils (or followers) have written astronomical tantras, but
they have not been able to describe the methods properly.
I shall, therefore, state the procedures stated by him in proper
sequence.’” .

In the penultimate stanza of the Grahaganita part of the same
work, he again says :

1. st glaed sayaleat &4 -
fegaammafaad gagar aea drafem n
fammr arerAerATd eSO
genfer gafe sarfs advafasd:
FHHA 7 @Y FHTOTER:
FH aS\FagAw; FAAETH U
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“Lalla ... has composed this rantra which yields the same
results as the Aryabhata-siddhanta (i.e., the Aryabhatiya).”

Regarding his parentage, the author (Lalla) himself writes :

AR FRATRTET T RS |
arrgeAdsaty sedARTeeftafasa of sfaa: gfesam o
e ae qada amiwal: dmfavsararafaaeg qee: )
|¥Sa TR fagrageaRaRaTwii a1

This shows that he was a son of Samba, popularly known as Bhatta

Trivikrama, and a grandson of the learned scholar Taladhvaja, and that
he was a Brahmana,

Chronologically, Lalla comes after Bhaskara I and Brahmagupta,
but in the absence of any definite evidence his date could not be fixed
so far. On the basis of a passage ($ake nakhabdhirahite etc.) generally
ascribed to him, it is conjectured that he lived about A.D. 748.! But
this date is doubtful, because the said passage does not lead to any
definite conclusion. There is, however, no doubt that Lalla lived
sometime between A.D. 665and A.D. 904. The former is the date of
the Khanda-khadyaka on which Lalla wrote a commentary, and the

latter the date of VateSvara who has utilized the Sisya-dhi-vrddhida
of Lalla in writing his Siddhénta.

Lalla’s places of birth and activity are also unknown. - But the
following example, which is the only example of this kind occurring in
the Sisya-dhi-vrddhida,? probably refers to the place where he lived :

“Knowing that the sum of the Rsines of the latitude and the
colatitude is 1308’ and that the difference of the same is

538', say what are the Rsines of the latitude and the colatitude
here.”®

———

1. See, for example, introduction to P. C. Sengupta’s English
translation of the Khanda-khadyaka, pp. xxvi-xxvii.

2. 1, xii. 22,

3. SFETASHIAN FEarARTahRaT qeEav |
agyufagar faak aranersy feag w@sy 0
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If x and y denote the two quantities, then
x=923'=Rsin (15° 34') approx.
y=385'=Rsin (6° 26") approx.

Thus the latitude of the place referred to in the above example is
either 15° 34’ or 6° 26'. The latter alternative is impossible as the
circle of latitude 6° 26’ does not cross the Indian continent, So we
infer that Lalla lived in latitude 15° 34’ N.

There are also reasons to believe that Lalla belonged to
Latadesa (i.e., Gujarat). For, in his Sisya-dhi-vrddhida, Lalla has made
a special reference to the ladies of the Lata country. He has compared
the half-phased Moon with the forehead of a lady of the Lata country
(fati).  Although the Sisya-dki-vrddhida claims to set forth the teach-
ings of the Aryabhatiya, the impact of the teachings of Brahmagupta
on this work is also visible. Two features of the Sisya-dhi-vrddhida
deserve special notice : (i) arrangement of subject matter under two
distinct heads—Grahaganita (dealing with astronomical calculations) and
Goladhyaya (dealing with the celestial sphere, cosmogony, astronomical
instruments, etc.), and (i) language. This arrangement has been
followed by Vate§vara (A.D. 904) in his Siddhanta, by Bhiaskara II
(A.D. 1150) in his Siddhanta-Siromani, by Jiianardja (A.D. 1503) in
his Siddhanta-sundara, and other later writers. The la.nguage used
by Lalla is, at places, highly poetic and appealing. Some of his
expressions and similies are so nice that posterior writers could not
resist copying them, One can easily find a number of passages in the
works of Vate§vara, Sripati and Bhaskara II which have been copied
from the Sisya-dhi-vrddhida of Lalla.

5. The Karana-prakasa of Brahmadeva (A.D. 1092)

This calendrical work was edited by -Sudhdkara Dvivedi
 together with his own commentary. The epoch used in this work is
A.D, 1092,

This work holds an important place amongst the calendrical
works. It makes use of the bija correction prescribed by Lalla, and
tithis calculated from this work differ by about 2 to 3 ghatis, being in
excess, from those calculated from the parameters of the Aryabhatiya,
This work was in use in South India, particularly in Maharastra,



Wi INTRODUCTION

amongst Vaisnavas, who preferred the 11th tith/ calcylated frem this
work., For details, see Diksita’s Bhgratiya-Jyotisa-Sastra (Marathi),
pp- 240-42.

6. The Bhatatulya of Damodara

The epoch used in this work is A.D. 1417. The author
Diamodara was a son of Padmanabha (c. A.D. 1400) and a grandson of
Narmada (c. A.D. 1375). Use of Lalla’s bija correction is made in
this work also. A manuscript of this work exists in the Deccan
College Library, Poona, The second stanza therein ruas as foltows :

_ o], Damodara, bowing to the lotus-like feet of my teacher
Padmanzbha, write, for the pleasure of the learned, this work,
which will yield the same results as those of Aryabhata, by
making use of the pratyabda-suddhi method.”

For details see Diksita, ibid., pp. 354-56.

7. . The Karana-paddhati of Putumana Somayaji (A.D. 1732)

This work has been published in Trivandrum Sanskrit Series
(No. 126), and the Madras Government Oriental Series (No. 98). The
latter contains two Malayalam commentaries also. :

8. The Aryabhata-siddhanta-tulya-karana by Virasimhagapaka somn of
Kasiraja
Three manuscripts of this work occur in Anup Sanskrit Library,
Bikaner.?

6.8, Transmission to Arab

The Aryabhatiya was taken to Arab where it was translated into
Arabic by Abul Hasan Ahwazi under the title Aryabhata (misread as
Arajbahara or Arajbakaz). The Arabians misunderstood the exact
significance of the title of the work and wrongly thought that it meant
‘one thousandth part’.?

1. =R sqresameertasd faEr g

serseygAIsswEes ged fast AR w0l FAfw o

2. Mss. Nos. 4448, 4449 and 4450.

3. See Arab aur BhBrat ke sambandha, by Maulana Saiyad
Sulaiman Nadavi, translated into Hindi by Ram Chandra Varma, pub.
by Hindustani Academy, Allahabad, 1930, p, 113,
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"7. THE ARYABH;TA;SIDDHANTA

From the writings of Varahamihira (died A.D. 587), Brahmagupta
(A.D. 628), Bhaskara I (A.D. 629), Govinda-svaimi (ninth century),
Mallikarjuna Stri (A. D. 1178), Ramakrsna Aradhya (1472 A. D)),
Maithila Candeévara, Bhudhara (A.D. 1572) and Tamma Yajva (A.D.
1599), it is now established beyond doubt that Acyabhata I, the author
of the Aryabhatiya, wrote at least one more work on astronomy which
was known as Aryabhata-siddhanta. Unlike the Aryabhatiya in which
the day was measured from one sunrise to the next, this work reckoned
the day from one midnight to the next as was done - in the Sarya-
siddhanta. The astronomical parameters and methods given in the
Aryabhata-siddhanta  differed in some cases from those of the
Aryabhatiya. The important differences between the two works have
been noted by Bhaskara I in Chapter VII of his Mauha-Bhaskariye:
Some of the typical methods and the astronomical instruments des-
cribed in the Aryabhata-siddhanta have been mentioned by Matlikarjuma
Suri, Tamma Yajva, Ramakrsha Aradhya and others in their commen-
taries on the Surya-siddhante. The astronomical parameters and
methods ascribed to the Aryabhata-siddhanta are generally the same a3
those found in Varahamihira’s version of the Sarys-siddhanta and the
Sumati-mahdtantra of Acarya Sumati of Nepal, which was based on ti¢
Surya-siddhanta. 1t appears that the Aryabhata-siddhanga - was an
independent work like the Aryabafiya and that it bore the same relation
to the earlier Surya-siddhanta as the Aryabhatiya bore to the earlier
Svayambhuva-siddh@nio ; and that the Sarya-siddhanta summarized by
Vardhamihira was the one anonymously revised by Latadeva fh the
light of the Aryabhata-siddhanta. This is, perhaps, the reason why
both Aryabhata I and Latadeva are sometimes referred to as the anthors
of the Surya-siddhanta.

7-1. The Aryabhata-siddhanta and the Aryabhatiya

The following tables exhibit the main differences between the
astronomical parameters of the Aryabhatiya and the Aryabhata-siddhanta
according to Bhaskara I,
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Table 1. Diameters and distances of planets in yojanas

Aryabhatiya  Aryabhata-siddhanta

Earth’s diameter 1050 1600
Sun’s diameter 4410 6480
Moon’s diameter 315 480
Sun’s distance 459585 689358
Moon’s distance 34377 51566

circumference of the sky

216000 "~ 324000
revolutions of the Moon 00

The numbers in the second and third columns are in the ratio
2: 3, approximately. This is due to the fact that the measures of yojana
employed in the two works are in the ratio 3 : 2.

Table 2. Civil days, Omitted lunar days, and Revolutions of Sighrocca
of Mercury and Jupiter in a period of 43,20,000 years

Aryabhati ya Aryabhata-siddhanta

-Civil days 1,57,79,17,500 1,57,79,17,800
Omitted lunar days 2,50,82,580 2,50,82,280
Revolutions of Sighrocca of Mercury  1,79,37,020 1,79,37,000
Revolutions of Jupiter 3,64,224 3,64,220

It ma; be pointed out that the difference of 300 days between the
civil days of the two works was so adjusted that both the works indi«
cated the same epoch at the end of the Kali year 3600 mentioned in
the Aryabhatiya. Since 3600 years=1,57,79,17,500/1200 = 13,14,931-25
days according to the Aryabhatiya and=1577917800/1200=1314931:50
days according to the Aryabhata-siddhanta, the Kali year 3600 ended
exactly on Sunday, March 21, A D. 499, at mean noon at Lanka or
Ujjayini, according to both the works of Aryabhata I.

Table 3. Longitudes of the planets’ apogees (or aphelia) in 499 A.D.

Planet Aryabhafiya Aryabhata-siddhanta
- Sun 78° 80°

Mars ) 118° 110°

Mercury 210° 220°

Jupiter ) 180° 160°

Venus 90° 80°

Saturn 236° 240°
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Table 4. Dimensions of planets® manda epicycles

Aryabhatiya Aryabhata-siddhanta
odd quadrant even quadrant
Sun 13° 30" 13° 30’ 14°
Moon 31° 30’ 31° 30 31°
‘Mars 63° 81° 70°
Mercury  31° 30 22° 30 28°
Tupiter 31° 30’ 36° 32°
Venus 18° 9° 14°
Saturn 40° 30’ 58° 30 60°

The circumference of a planet’s concentric or deferent (or mean
orbit) is supposed to be of 360 units (called degrees) in length and the
above dimensions are on the same scale.

Table 5. Dimensions of planets’ $ighra epicycles

— —
Aryabhatiya Aryabhata-siddhanta
odd quadrant even quadrant
Mars 238° 30 229° 30’ 234°
Mercury 139° 30/ 130° 30" 132°
Jupiter 72° 00’ 67° 30’ wR2°
Venus 265° 30" 256° 30’ 260° d
Saturn 40° 30' 36° 00’ , 40°

72. The astronomical instruments and special methods of the Aryabhata-
siddhanta

Ramakrsna Aradhya (A.D. 1472) has quoted a set of 34 verses
(composed in anugtubh metre) from the chapter of the Aryabhata-siddhanta
dealing with the astronomical instruments. The instruments described
in these verses are : (1) Chaya-yantra (‘the shadow instrument’),
(2) Dhanuryantra (‘the semi-circle’), (3) Yasti-yantra, (4) Cakra-yantra
(‘the whole circle’), (5) Chatra-yantra (‘the umbrella’), (6) Water
instruments, (7) Ghatika-yantra, (8) Kapala-yantra, and (9) the gnomon.!
Of these instruments, some were indeed devised by Aryabhata I. The

1. For details see K.S. Shukla, ‘Aryabhata I's astronomy with
midnight day-reckoning’, Ganita, Vol. 18, No. 1, pp. 83-105,
ABh, ix
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gnomon (as described by Aryabhata I) and the water instruments have
been generally attributed to him. It is in connection with these
instruments that the commentators of the Surya-siddhanta have remem-
bered him.

Mallikarjuna Suri (A.D. 1178), Ramakrsna Aradhya (A.D. 1472) and
Tamma Yajva (A.D. 1599) have referred also to some special methods of
the Aryabhata-siddhanta. Of these methods, one relates to the approximate
determination of time from the shadow of the gnomon. The method
is interesting and also unique as it does not occur in any other known
work on Indian astronomy. It may be briefly described as follows :

When the Sun is in Scorpio, Capricorn or Aquarius, and it is
within 2 ghatis from noon, set up a gnomon of 9 digits on the east-west
line in such a way that the tip of its shadow may fall on the north-
south line, Then the digits of the distance of the gnomon from the
intersection of the east-west and north-south lines would approximately
give the ghatls to elapse before noon or elapsed since noon (accordmg
as the observation is made before noon or after noon).

7-3. Popularity of the Aryabhata-siddhanta and the Khanda-khadyaka
of Brahmagupta '

The Aryabhata-siddhanta was a popular work and was studied
throughout India. It was mentioned in the sixth century by
Varahamihira of Kapitthaka (near Ujjayini), in the seventh
century by Brahmagupta of Bhinmal (in Rajasthan) and Bhaskara I
of Valabhi (in Kathiawar), in the ninth century by Govinda-svami
of Kerala, in the twelfth century by Mallikarjuna-Suri of Andhra and
Maithila-Candesvara of Banaras in Uttar Pradesh, in the fifteenth century
by Ramakrsna-Aradhya of Aandhra, and in the sixteenth century by
Bhtdhara of Kampilya (modern Kampil, twenty-cight miles north-east
of Fatehpur in the Farrukhabad district, Uttar Pradesh) and Tamma-
Yajva of Andhra.

There are reasons to believe that in the seventh century the
popularity of this work in north India was at its highest peak and it
was used not only as a text book of astronomy but- also in everyday
calculations such as those pertaining to marriage, nativity etc.
The celebrated Brahmagupta who, in his youth, was a bitter
critic of Aryabhata I was so much impressed by its popularity that he
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could not resist the temptation of bringing out an abridged edition of
this work under an attractive title, ‘Food prepared with sugarcandy’
(Khanda-khadyaka). 1t was so much liked in some parts of India that
it is in use even today.

Brahmagupta was not in complete agreement with the teachings
of Aryabhata I. So he planned his Khanda-khadyaka in two parts. In
Part I he summarized the teachings of the Aryabhata-siddhanta without
making any alteration, modification or addition (but rectifying one or
two rules whose inaccuracy was obvious to him); and in Part II he
stated the corrections and modifications which had to be applied to Part I
in order to get accurate results. In the opening stanzas of the two
parts, Brahmagupta himself says :

(Part I) : *Having bowed in reverence to God Mahadeva, the cause
of creation, maintenance and destruction of the world, I
set forth the Khanda-khadyaka which yields the same results
as the work of Aryabhata.

“As it is generally not possible to perform calculations
pertaining to marriage, nativity, and so on, every day by
the work of Aryabhata, hence this smaller work giving the
same results.” '

(Part IT) :  “‘As the process of finding the true longitudes. of the planets
as given by Aryabhata does not make them agree with
observation, so I shall speak of this process (now).”

A sad consequence of the composition of the Khanda-khadyaka
was that the original work of Aryabhata I on which it was based was
lost. The Khanda-khadyaka, however, received, wide acclamation and,
though it was a calendrical work, a large number of commentaries were
written on it. Amongst the commentators of this work were Bala-
bhadra, whose commentary (fik@) has been mentioned by Al-Biruni
(A.D. 973-1048); Prthudaka (A.D. 860), whose commentary (vivarana)
has been edited by P. C. Sengupta; Lalla, whose commentary (Khanda-
khadyaka-paddhati) has been mentioned by Amaraja (c. A.D. 1200) ;
Bhattotpala (A. D. 968), whose commentary (vivrti) has been edited
by Bina Chatterjee ; Varuna (c. A. D. 1040), whose commentary
(udaharana) is extant though not printed ; Some§vara, whose commentary
has been mentioned by Amaraja (c. A.D, 1200); Amardja (c. A.D. 1200),
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whose commentary (vasanabhisya) has been edited by Babuaji Misra;
and sridatfa, a manuscript of whose commentary exists in Nepal. An
anonymous commentary (udzharana) exists in the India Office Library,
London, and another written in Nepali in the Lucknow University
Library, Lucknow. Suryadeva (b. A.D. 1191) proposed to write a
commentary on the khanda-khadyaka® but it is not known whether he
actually wrote it.

The Khanda-khadyaka reached Arab where it was translated into
Arabic under the title Zij-al-Arkand, and was widely used? It was
retranslated into Arabic under the title Az-Zij Kandakatik al-Arabi
(=The Arabic Khanda-khadyaka) by the Persian scholar Al-Biruni
(A.D. 973-1048), who has quoted some of the methods of this work
in his other works. (E. g., see Risa’il, II, p. 150).

From Arab, the Khanda-khadyaka reached Europe and had its
impact on astronomy there. O, Neugebauer has shown that “Kepler’s
theory of parallax is identical with the theory of the Khanda-khadyaka.”®

8. THE PRESENT EDITION OF THE ARYABHATIYA
(@)  Sanskrit Text

The Sanskrit text incorporated in the present work is edited
critically and all possible efforts have been made to reconstruct it as
authentically as possible. It is based on : (i) original manuscripts
of the text,- (ii) available commentaries and (iii) quotations from
later astronomers, The said three sources, it might be seen, are
complementary and mutually corrective. Thus, while the text manu-
scripts present the text as handed down by manuscript tradition, the
commentaries containing the meanings and derivations of the words in
the text help in correcting scribal and other errors, besides indicating
textual variants, Quotations in later works, cited either by way of

——

1. Vide his statement towards the end of his commentary on
Sripati’s Jataka-paddhati,

2. SecE.S. Kennedy, A survey of Islamic astronomical tables,
p. 138. According to Kennedy, it “was translated into Arabic, at or
before the time of Ya’qub ibn Tariq, and was widely used”.

3. See O, Neugebauer, The astronomical tables of Al-Khwarizmi,
p- 124,
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approbation in establishing a point or by way of refutation by a
critic, are particularly helpful in deciding upon the correct feadings of
the text.

1. Text manuscripts!

Seven palmleaf manuscripts in Malayalam script, designated A
to G (noticed below), have been collated towards fixing the text of
the Aryabhatiya.

A. Ker® 475-A. Mal. (Malayalam script), Pl (palmleaf), Cm.
(complete) ; 17-cm. X 5cm., 7., 7 lines per page with about 36 letters
per line. The verses have been written continuously through the entire
length of folios on both the pages. Old, damaged and brittle to the
touch. Inked and revised. The writing is quite readable but not shapely.
The date of the ms. is given in a post-colophonic Kali chronogram in the
katapayadi notation which reads, sevyo dugdhabdhitalpah (16,99,817),
and corresponds to A.D. 1552,

The astronomical codex which contains A belonged originally to
the reputed scholarly Nampiitiri family of Kuotalltir in South Malabar,
and carries the undermentioned works, all on mathematics and
astronomy : A, Aryabhatiya of Aryabhata ; B. Maha-Bhaskariya and
C. Laghu-Bhaskariya of Bhaskara I: D. Siddhanta-darpana and E.
Tantra-sangraha of Nilakantha Somayaji ; F. Lilavati of Bhaskara II ;
G. Paficabodha, anon. ; H. Laghumanasa of Muiijila ; I. Candracchaya-
&anita of Nilakantha Somayaji; and J. Goladipika and K. Grahanastaka,
both of Parame$vara (A.D. 1431),

B. Ker. 5131-B. Mal., Pl., Cm, ; 56 cm. x5 cm., 4 ff,, 8 lines per
page with about 75 letters per line. Old, damaged and brittle, Inked
and revised. Readable writing. Generally correct text. Neither
dated nor scribe mentioned. The other work contained in this codex
is Bhagavata- Purana numbered as 5131-A.

The codex has been procured from Shri Vasudevan Nampiitiri of
the village of Marappadi in Central Kerala.

1. The material of this section was supplied by K.V. Sarma.

2. Ker. stands for the Kerala University Or. Research Inst,
and Mss, Library, Trivandrym,
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C. Ker. 13300. Mal., PL, Cm., 40 cm.x 5 cm.; 7 ff. with 7 lines
a page and about 50 letters a line. Old, brittle and damaged, some of
the folios being torn.  Neither dated, nor scribe mentioned. The text
preserved is fairly accurate.

The works contained in this astronomical codex are: A.
Aryabhatiya, B. Strya-siddhanta, C. Laghumanasa of Muiijila, D,
Maha-Bhaskariya of Bhaskara I, and E, Drgganita of Parame$vara.

The codex was procured by Shri Karuvslil Nilakagtha Pillai of
Karthikappalli (8. Kerala) from an unidentified source.

D. Ker. 13305-B. Mal,, PL, Icm., 15 cm. X 5 cm.; 12ff. with 8 lines
a page and about 24 letters a line. Late ms., in good preservation.
Very legible writing. Inked and revised, the reviser’s corrections being
identifiable by their not being inked. The text preserved is accurate.
The ms. is not dated; neither is any scribe mentioned.

The codex contains also the Zryabha;iya—vyakhya in Sanskrit by
Ghatigopa, which is catalogued as No. 13305-A. The codex belonged
originally to the family collection of Patififiaretattu Pigaram in Kitannor
in Central Kerala.

E. Trip. 542-A, belonging to the Govt, Sanskrit College, Tripuni-
thura, near Cochin. Mal,, PL, Cm,, 20 cm.x3 cm, ; 11 ff, with 10 lines
a page and about 24 letters a line, A comparatively late manuscript,
written in shapely script. The text preserved is generally correct. No
date is given, nor is any scribe named.

The works contained in this astronomical codex are : A.
Zryabha_tiya, B. .Zryabha[iya-vyﬁkhyd in Malayalam by Ghatigopa and
C. Venvaroha by Madhava with the Malayalam gloss of Acyuta
Pisarati.

F. Ker, 501-A, Mal., P1,, Iem., 20 cm.x 3 cm. ; 12 ff., with 7 letters
a page and about 25 letters a line. Old and damaged, with the corners
worn out on account of constant use. Lacks the Gitikapada. Inked and
revised, the corrections being uninked. The text preserved is accurate,
No date or scribe has been mentioned.

The works contained in the codex are: A. Aryabhatiya, B.
CatuSlokah (nanagranthoddhriah), and C. Muhartapadavi. The codex
formed part of the famous mediaeval collection of the De§amangalam



PRESENT EDITION 1xgi

Variyam in North. Kerala, as known from an uninked marginal
statement on the first folio, which reads : DeSemangalattu Variyatte
Aryabhatadi. )

G. Ker. C. 2475-B. Mal,, PL, Icm., extending up to Ganita, verse
2 only, 25 cm.X5cm,, 1 f., with 10 lines a page and about 37 letters
a line. Carefully written in beautiful hand. Scrupﬁlously revised. - Not
dated, nor any scribe mentioned. The text preserved is accurate.

The other work contained in the codex is the Aryabhatiya-
vyakhya by Suryadeva Yajva. The codex contains also folios with
some miscellaneous matter inscribed thereon. The codex belonged
originally to the library of the royal principality of Edappalli in
Central Kerala.

All these manuscripts are completely independent of each other.
Neither do they present any consistent common characteristic so as to
enable them being grouped in any order or formulate any stemma codi-
cum to portray their descent.

2. Text preserved in the commentaries

Of the commentaries on the Aryabhatiya, those by Bhaskara I
(A.D. 629), Suryadeva (b. A.D. 1191), Paramesvara (A.Ds 1431) and
Nilakantha (A.D. 1500) are available in print. These ‘commentariesr
have been referred to as Bh., Sa., Pa., and Ni., respectively, and the
following editions have been used in the collation of the text :

" Bh. Edited by K.S. Shukla in Part II of the present series.
Su. Edited by K.V. Sarma in Part III of the present series.
Pa. Edited by H. Kern at Leiden in 1874,

Ni. Edited by K. Sambaéiva Sastri (7SS, Nos. 101 and 110) in
1930, 1931 and by Suranad Kunjan Pillai (7SS, No. 185)
in 1957.

Commentaries by Someévara, Yallaya (A.D. 1480), Raghunatha-:
raja (A.D. 1597), Krspadasa (A.D. 1756-1812) and Ghatigopa (c. A.D.
1800-60) are available in manuscript form. The following manuscripts
(designated as So., Ya., Ra., Kr., and Gh , respectively) have beed used
in the collation of the text :
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So. Transcript. Accession No, 45886 of the Lucknow Uni-
versity Library, Lucknow. (Transcribed from Bs. No. 272,
Catalogue No. 335, Accession No 2495 of the Bombay
University Library, Bombay. The original manuscript is
complete but extremely defective and full of inaccuracies
and omissions).

Ya. Transcript in the collection of A. N. Singh. It contains
Ganita-pada (up to vs. 28), Kalakriya-pada and Gola-pada.

Ra. Transcript. Accession Nos. 45771, 45772 and 45773 of the
Lucknow University Library, Lucknow. Complete in four
Padas.

Kr. Transcript in the collection of K.V. Sarma. The original
of this transcript, which contains the Gitika-pada only, is
available in the Government Sanskrit Collégc Library,
Tripunithura, Kerala,

Gh. Transcript of the smaller version of Ghatigopa’s Malayalam
commentary in the collection of K.V, Sarma. It isa
copy from Ms. No. 542-B of the Government Sanskrit
?o]lege Library, Tripunithura. See E. above.

The variant readings noted or discussed in the commentaries have
also been generally taken into consideration.

3. Quotations from later astronomers

Extracts from the Aryabhatiya occur as quotations in the Brahma-
sphuta-siddhanta of Brahmagupta, Prthudaka’s (A.D. 860) commentary
on the Brahma-sphuta-siddhanta, Govinda-svami’s commentary on the
Maha-Bhaskariya, and éaﬁkaranﬁrﬁyana’s (A. D, 869) and Udaya-
divakara’s (A.D. 1073) commentaries on the Laghu-Bhaskariya. These
works have been referred to as Br., Pr., Go., $a. and Ud. respectively,
and the following editions or manuscripts of them have been used *

Br. Edited by Sudhakara Dvivedi, Benaras, 1902.

Pr.  Photostat copy of Ms. Egg. 2769 : No. 1304 of the India
Office Library, London. Belonging to the Lucknow
University Library, Lucknow, Accession No, 47047,
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Go. Edited by T.S. Kuppanna Sastri and published in Madras
Government Oriental Series, No. CXXX, 1957.
Sa. Tranécript in the collection of A.N. Singh. Complete.
Ud. Transcript. Accession No. 46338 of the Lucknow University
Library, Lucknow. Complete.
4. Variations in reading

The collation of the manuscripts did not reveal many significant
variations in the text. In the first Pada, the variations are mostly
phonetic :

(i) g, & (vs. 3) (ii) <feaw, sifeaw (vs. 4)
(iii) ®ggw:, AGAW (vs. 5) (iv) TAVEE, AN, AIEGT (vs. 9)
(v) ¥, 3% (vs. 10) (vi) T, 3 (vs. 10)

(vii) fwea, feear (vs. 12)

Other variations in vs, 12 also seem o be inspired by phonetic require-
ments. This Pada was generally learnt by heart and the students seem to
have varied the readings to suit their pronunciations without affecting
the meaning of the text.
One significant variation in reading in this Pada is :
¥ for #: (vs. 6)

which seems to have been deliberately made under the pressure of
Varzhamihira’s criticism of the theory of the Earth’s rotation.

Variations in Pada II are generally verbal and due to the sc;'ibes5
The following variations, though not significant, are noteworthy :
(i) weiga: ST wo: § 01 (Prthudaka)] s
aT<aE e R S & 0 (Others)

(i) g gaHie wEd agaea | (Bhaskara and’
Some§vara) | (vs. 25)
7 AT STEgd T EEsa | (Others)

In Pada 11, there is one significant variation in reading, viz. :
waetrafa for sarEateRifa (vs. 5)

This, too, seems to have been made when biuk was changed into bhar,
Other noteworthy, though not very significant, variations are 3

A.Bh. x
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Q¥ for SqAAT _
wsd e wafit qdq for wearad i wafy 93
in vs. 22,, both of these being mentioned by Bhaskara I.
In Pada IV also, there is one significant reading-difference, viz. : _
g9t for avaa<A (vs. 14)

which is inspired by the teaching of Brahmagupta. Other notable
variations are :

wigfeaa for wgifaad (vs. 8)

fegeada et or avERAEUSAT for RageadnTEAT (vs. 8)
guwieni for aamyaai’ (vs, 13)

wd cansand (Bh., So.), Aq@ANG AN (others) (vs. 16)
wHIeHAa: for FHYRAW: (vs. 27)

wewt for wfwan (vs. 35)

gnaw Qe for Fegardiaed (vs. 39)

feacadwen e for feaad ams (vs. 42)

fearad for feafamen (vs. 44)

&3at for qgo: (vs. 49)

aud or @ed for fed (vs. 50)

5. Selection of readings

In the selection of readings for the Sanskrit text, preference
has been given to the most appropriate and, if possible, the oldest
readings. Readings which were considered to be wrong or due to
subsequent alteration in the text, or else, were less appropriate and
unacceptable have been recorded in the footnotes.

(b)  English translation, notes etc.

The English translation and explanatory and critical notes
subjoined to the Sanskrit text as well as references to parallel
Ppassages given in the footnotes have been taken with necessary modi-

D P

1. Tt is difficult to say whether it is yavakoti or yamakoti but
most of the manuscripts give the former reading.
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‘fcations from my D. Litt. Thesis. Most of the matter in this intro~
duction is also derived from the same source, ’

The question of translating technical material written in Sanskrit
into English presents considerable difficulty. It requires a thorough
knowledge of both the languages, which few can claim. Effort has been
directed towards giving, as far as possible, a literal version of the text
in English. The portions of the English translation enclosed within
brackets do not occur in the text and have been given in the translation
to make it understandable and are, at places, explanatory. Without
these portions, the translation, at these places, might appear meaningless
to a reader who cannot consult the original for lack of knowledge of
Sanskrit. Attempt has been made to keep the spirit of the original
and as far as possible the sequence of the text has been kept unaltered,
Sanskrit technical terms having no equivalents in English have been
given as such in the translation. They have been explained in the
subjoined notes and the reader can always refer to the glossary of the
technical terms given in the end to find the meaning of such terms

whenever the subjdined notes do not contain the explanations of the
terms.

Verses dealing with the same topic have been translated together
and are prefixed by an introductory heading briefly summarizing their
contents. This is in keeping with the practice followed by the commen-
tators. For the convenience of the Sanskrit-knowing readers, the
Sanskrit text of each passage translated has been given just beforé its
English translation.

The translation is followed by short notes and comments compri-
sing: (1) elucidation of the text where necessary, (2) rationale of the
rule given in the text, (3) illustrative solved examples, where necessary,
* (4) critical notes, and (5) other relevant matter, depending on the
passage translated. In doing so, a vast literature has been consulted
and parallel passages occurring elsewhere have been noted in the foot-
notes. Practically all commentaries in Sanskrit on the Aryabhatiya,
whether published or in manuscript, have been consulted. They have
been of considerable help in translating the text ; without them quite
a number of passages would have remained obscure, Advantage has
also been taken of the interpretations and views of the earlier translators
of the Aryabhatiya, such as P.C. Sengupta and W.E. Clark.
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.. For the convenience of the reader, the chapter-name has been
mentioned at 'the top on the left hand page and the subject matter
under discussion at the top on the right hand page. The verse-number
is also mentioned at the top.

Four appendices have been given at the end :

1. Index of half-verses and key-passages.
2. Index-glossary of technical terms.

3. Subject Index.

4. ‘Bibliography.

It is hoped' that they would prove useful to the reader.
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CHAPTER I

THE GITIKA SECTION
(‘TEN APHORISMS IN THE GITIKA STANZAS’)

[ In the 10 stanzas composed in the gitika metre, comprising
the 10 aphorisms (satra) of this chapter, Aryabhata sets out the
parameters which are necessary for calculations in astronomy,
A beginner in astronomy was supposed to learn them by heart
so that he might not feel any difficulty while making calculations
later on. For the convenience of the beginner, this chapter
was written as an independent tract and issued under the name
Dajsagitika-satra (‘Ten aphorisms in the gitika stanzas') which is
mentioned in the concluding stanza. When this Daéagmka-smra

. is regarded as a chapter of the Aryabhanya, it is called
Gitika-pada (Gitika Section). ]

INVOCATION AND INTRODUCTION

sfarcdwaie: & et aal of s
dwzelif agh afied walhat da | g Iy

1. Having paid obeisance to God Brahma—who is one and many,
the real God, the Supreme Brahman - - Aryabhata sets forth the
three, viz., mathematics (ganiza), reckomng of time (kalakri yd)
and celestial sphere (go/a).

.

Obeisance to God Brahma at the outset of the work. points
to the school to which the author Aryabhata I belongs. “‘Obeisance
has been paid to Svayambha (Brahma)”, writes the commentator

—

1. Abbreviations : Text mss. A to G. Text in later works and
commentaries : Bh. (Bhaskara I), Br. (Brahmagupta), Go. (Govinda-
svami), Kr. (Krsadasa), Ni. (Nilakagtha), Pa. (Parame$vara), Pr. (Psthu-
daka), Ra. (Raghundtha-rija), Sa. (Sankaranarayana), So. (Somegvara),
Su. (Suryadeva), Ud. (Udayadivakara), Ya. (Yallaya).

A, Bh. 1
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Suryadeva (b. A.D. 1191), ““because the science which is being set out
was due to Him and the mysteries of that science were revealed to
Aryabhata on worshipping Him.”

Brahma3 is spoken of as one and many, because, as writes the
commentator Bhaskara I (A.D. 629), when viewed as the unchangeable
(nirvikara) and unstained (nirafijana) God, He is one, but when taken
to reside in the bodies of so many living beings, He is many ; or, in
the beginning He was only one, but later He became twofold—man
and woman—and created all living beings and became many ; or,
viewed as the omnipresent God (visvarnpa), He is unquestionably one
and many. He is called the ‘real god’ (satya devata), because the other
gods having been created by Him are not real gods. He is called the
‘Supreme Brahman’ ( pararm brahma), because He is the root cause
of the world.

Bhaskara I thinks that the first half of the stanza may be inter-
‘preted also as obeisance to the two Brahmans —the Sabda-Brahman
(satya devata) and the Para-Brahman ; or else, as obeisance to the
triad, Hirapyagarbha (the Supreme Body), consisting of the subtle
bodies of all living beings taken collectively), the Causative Power of the
Supreme Body (satya devata), and the Master of that Power (Para-
Brahma, the Supreme Brahman). For details, the reader is referred to
Bhaskara I's commentary on the above stanza (in Vol. II).

According to Bibhutibhushan Datta, kamh in the text may be
interpreted as anandakam (meaning ‘supreme bliss’), satydm as sat-
SvarGparit (meaning ‘really existent truth’), and devatam as cit-svarapam
meaning ‘pure intelligence’), The text should, then, be translated as :

“Having paid obeisance to the Supreme Brahma - who is one
and also many, who is supreme bliss, really existent truth, and
pure intelligence—Aryabhata sets forth the three, viz., mathematics
(ganita), reckoning of time (kalakriya), and celestial sphere (gola).”
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METHOD OF WRITING NUMBERS
qaigafy awswi STt w1g e T |
giEaTh @O a9 s gy ar i

2. The varga letters (k to m) (should be written) in the varga places
and the avarga letters (y to h) in the avarga places. (The varga
letters take the numerical values 1, 2,3, etc.) from k onwards ;
(the numerical value of the initial avarga letter) y is equal to
7 plus m (i.e., 5+25). In the places of the two nines of zeros
(which are written to denote the notational places), the nine
vowels should be written (one vowel in each pair of the varga
and avarga places). In the varga (and avarga) places “beyond
(the places denoted by) the nine vowels too (assumed vowels or
other symbols should be written, if necessary).

In the Sanskrit alphabet the letters k to m have been classified
into five vargas (classes)— ka-varga, ca-varga, ta-varga, ta-varga and
pa-va}ga. These letters are therefore referred to above as varga letters.
These are supposed to bear the numerical values 1 to 25 as shown in
the following table :*

Table 1. Varga letters and their numerical values

Varga Letters and their numerical values
ka-varga k=1, kh= 2, g= 3, gh= 4, =235,
ca-varga c= 6, ch= 17 j= 8, jr=9, #[=10, .,
ta-varga t=11, th=12, d=13, dh=14, n=15,
" ta-varga t=16, th=17, d=18, dh=19, n=20,
pa-varga p=21, ph=22, b=23, bh=24, m==25.

The letters y to h are called avarga letters, because they are not
classified into vargas (classes or groups). These letters bear the
following numerical values :

y=30, r=40, I=>50, v=60, §=70, s=80, s=90, h=100,

1. The word kat in the text is meant to show that in this system
the varga letters take the numerical values 1, 2,3, ... beginning with &
and not with &, f, p and y as in the case of the katapayadi system and
that 7 and n are not zZero in this system.
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The values, of the said avarga letters are taken to increase by 10
because the avarga letters are written in the avarga places, and increase
by 1 in the avarga place means increase by 10 in the varga place.

On the analogy of the varga and avarga classification of the
letters, the notational places are also divided into the varga and avarga
places. The odd places denoting the units’ place, the hundreds’
place, the ten thousands’ place and so on, are called the varga places
(because 1, 100, 10000, etc. are perfect squares) ; and the even places
denoting the tens’ place, the thousands’ place, and so on are called the
avarga places (because 10, 1000, etc., are non-square numbers).

The text says that the varga letters should be written down in the
varga places and the avarga letters in the avarga places. But how ?
This is explained below :

The notational places are written first. The usual practice in India
is to denote them by ciphers :

000000000000000000

Instead, it is suggested that they should be denoted by the nine vowels!
(a, i, u, 1,1, e, 0, ai, au) in the following manner :

amauaiasiooeeljrruuiiaa

When a letter is joined with a vowel (for example, in gr the
letter g is joined with the vowel r), the letter denotes a number and the
vowel the place where that number is to be written down. Thus gr
stands for the number g (=3) written in the varga place occupied by
the vowel r in the varga place as below : (A=Avarga, V=Varga)

AV AV AV AV
r r u uwu i i a a
g 0 0 0 0 0 O
3 0 00 0 0 O

Thus gr=3000000. g has been written in the varga place because g
is a varga letter. o

1. It is immaterial whether the short vowels a, i, u, etc. are
used or the long vowels &, 7, @, etc. Thus, in a number-chronogram, a
letter joined with a short vowel means the same thing as the same letter
joined with the same long vowel, Thus ke=kd=1I, ki=ki=100,
and so on.
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Similarly, ni$ibunlskhy (=a=+i, §$+i, b+u, n+1, s+kh+p
denotes the number which is obtained by writing # in the varga place and
4 in the avarga place occupied by the vowel i ; b in the varga place
occupied by the vowel u; # in the avarga place occupied by the vowel [;
and § in the avarga place and kh in the varga place occupied by the
vowel 1 as follows :

!lgguuiiaa
n skh O b §$ n 0 O
=15822373500

Thus alibunlskhr=1582237500.

The rule stated in the above stanza is meant essentially to provide
a key to decipher the numerical values borne by the letter chronograms
used by the author in the succeeding stanzas. The commentator Surya-
deva (b. A.D. 1191), therefore, interprets the above stanza as follows :

“The varga letters denoting numbers which occur in the
Giti-satras that follow should be written in the odd places, and
the avarga letters should be written in the even places ... ”

The instruction ‘imau yak’ serves two purposes. Firstly, it gives
the value of the letter y as equal to 7 plus m (=54-25=30) ; secondly,
it suggests that the conjoint letter im means #+m.

The statement of ‘‘two nines of zeros’ in the text refers to the
Indian method of writing the notational places by means of Zeros.
In the present primary schools in India when a student is taught to
write large numbers he is first made to write the notational places by
means of zeros arranged horizontally as follows : ’

00 00 0 0 O0OO0O

The teacher then points to the first zero on the right and says “units’
place”, then to the next zero and says ‘“tens’ place” then to the next
zero and says “hundreds’ place”, and so on. This practice of writing
the notational places is of immemorial antiquity in India, It has
been mentioned by the commentator Bhaskara I (A.D. 629), who says :

“Writing down the places, we have 0 0 0 0 0 0 0 0 0 0.”
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REVOLUTION.NUMBERS AND ZERO POINT

g w79, Qi
Tafifigegy, § gy o |
gft gRkaw, W fa-
=g, 3 W fawgy, ggTaEm 13 |

95T 'Jhay, g9
gufya, 3y wafigs, Jaw: |
giEaT gl

FUEITHIGAT=T  FFAY N 8 I

3.4. In a yuga, the eastward revolutions of the Sun are 43,20,000 ;
of the Moon, 5,77,53,336 ; of the KEarth,® 1,58,22,37,500 s of
Saturn, 1,46,564 ; of Jupiter, 3,64,224 ; of Mars, 22,96,824 ;
of Mercury and Venus, the same as those of the Sun ; of the
Moon’s apogee, 4,88,219 ; of (the sighrocca of) Mercury,
1,79,37,020 ; of (the Sighrocca of Venus, 70,22,388 ; of (the
Sighroccas of ) the other planets, the same as those of the
Sun ; of the moon’s ascending node in the opposite direction
(i.e., westward), 2,32,226.4 These revolutions commenced at
the beginning of the sign Aries on Wednesday at sunrise
at Lanka (when it was the commencement of the carrent yuga).

The ‘Moon’s apogee’ is that point of the Moon’s orbit which is at
the remotest distance from the Earth, and the ‘Moon’s ascending node’
is that point of the ecliptic where the Moon crosses it in its
northward motion,

The Sighroccas of Mercury and Venus are the imaginary bodies
which are supposed to revolve around the Earth with the heliocentric
mean angular velocities of Mercury and Venus, respectively, their
directions from the Earth being always the same as those of the mean

. Go. =.
2. C.D.Kr. Pa. Su. gfs@s; Bh. Ni. Pa. (alt), Ra. So. Sfews.
3. These are the rotations of the Earth, eastward.

4. These very revolutions, excepting those of the Earth, are stated
in MBh, vii. 1-5; LBh, i. 9-14; and SiDvr, Grahaganita, i. 3-6.
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positions of Mercury and Venus from the Sun. It will thus mean that
the revolutions of Mars, the §ighrocca of Mercury, Jupiter, the Sighrocca
of Venus, and Saturn, given above, are equal to the revolutions of Mars,
Mercury, Jupiter, Venus and Saturn, respectively, round the Sun,

The following table gives the revolutions of the Sun, the Moon
and the planets along with their periods of one sidereal revolution.
The sidereal periods according to the Greek astronomer Ptolemy
(A.D. c. 100-c. 178) and the modern astronomers are also given for the
sake of comparison. '

Table 2. Mean motion of the planets

Revolutions Sidereal period in
Planet in terms of days .
43,20,000 :
years Aryabhata I Ptolemy* Moderns®
Sun 43,20,000 365-25868 36524666  365-25636
Moon 5,77,53,336 27-32167 27.32167 27-32166

Moon’s apogee ’4,88;2[9 3231.98708 3231-61655 3232-37543
Moon’s asc. node 2,32,226 6794-74951 6796-45587 6793-39108

Mars 22,96,824 686-99974 686-94462 6869797
Sighrocca of
Mercury 1,79,37,020 8796988 8796935 879693
Jupiter 3,64,224 433227217 4330-96064  4332:5887
Sighrocca of :
Venus  70,22,388 224-69814 22469890  224-7008
Saturn 1,46,564 10766-06465 10749-94640  10759-201

The epoch of the planetary motion mentioned in the text
marks the beginning of the current yuga and not the beginning

1. Taken. from Bina Chatterjee, “The Khanda-khadyaka of
Brahmagupta, World Press, Calcutta, 1970, vol. I, Appendix VII,
p. 281.

2. Taken from H N. Russell, Dugan and J.Q. Stewart, Astrono-
my, Part 1 : The Solar system, Revised edition, Ginn and Company,
Boston, Appendix.  Also, see ibid., pp. 150, 159. The sidereal periods
of Moon’s apogee and ascending node are taken from P.C. Sengupta
and N.C. Lahiri’s introduction (p. xiv) to Babudji Misra’s edition of
Sripati’s Siddhanta-sekhara.
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of the current Kalpa as was supposed by P.C. Sengupta. The cufrent
Kalpa, according to Aryabhata I, started on Thursday 1,98,28,80,000
years or 7,24,26,41,32,500 days before the beginning of the current
yuga ; and 1,98,61,20,000 years or 7,25,44,75,70,625 days before the
beginning of the current Kaliyuga.! The current Kaliyuga began
on Friday, February 18, 3102 B.C., at sunrise at Lankz (a hypothetical
place on the equator where the meridian of Ujjain intersects it), which
éynchronized with the beginning of the light half of the lunar (synodic)
month of Caitra.

One thing that deserves special notice is the statement of the
Earth’s rotations, Aryabhata I is, perhaps, the earliest astronomer in
India who advanced the theory of the Earth’s rotation and gave the
number of rotati ons that the Farth performs in a period of 43,20,000
years. The period of one sidereal rotation of the Earth according
of Aryabhata I is 23" 56™ 45|, The corresponding modern value is
238 56™ 42091, The accuracy of Aryabhata I's value is remarkable.

Of the other Indian astronomers who upheld the theory of the
Earth’s rotation, mention may be made of Pgthudaka (A.D. 860) and
Makkibhatta (A.D. 1377). In the Skanda-purana (1. 1. 31, 71), too, the

Earth is described as revolving like a bhramarika (spinning top, potter’s
wheel or whirlpool), :

The commentators of the Z:yabha;iya, who hold the opinion
that the Earth is stationary, think that Aryabhata I states the rotations of
the Earth because the asterisms, which revolve westward around the earth
by the force of the provector wind, see that the Barth rotates eastward.

These commentators were indeed helpless because Aryabhata I’s
theory of the Earth’s rotation received a severe blow at the hands '
-of Varahamihira (d. A.D. 587) and Brahmagupta (A.D. 628) whose

arguments against this theory could not be refuted by any Indian
astronomer,

It is noteworthy that the Greek astronomer Ptolemy, following
Aristotle (B.C. 384-322), believed that the Earth was statio

nary and
-adduced arguments in support of his view,

1. Vide infra notes on verse 5.

2. See W.M. Smart » Text-

Book on Spherical Astronomy,
Cambridge, 1940, p. 420,
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KALPA, MANU AND BEGINNING OF KALIL
R AN T, wII-
M T, W 9, AL FAT A |
CRIERURIC
W 9, elkTaEy, aRag By 0y

5. A day of Brahma (or a Kalpa) is equal to (a period of) 14 Manus,
and (the period of one) Manu is equal to 72 yugas. Since
Thursday, the beginning of the current Kalpa, 6 Manus, 27 yugas
and 3 quarter yugas had elapsed before the beginning of the
current Kaliyuga (lit. before Bharata). ' '

Thus we have
1 Kglpa=l4 Manus
and 1 Manu=72 yugas,
s0 that 1 Kalpa==1008 yugas or 4,35,45,60,000 years.

Likewise, the time elapsed since the bzginning of the current
Kalpa up to the beginning of the current Kaliyuga
=6 Manus 273 yugas
£=(6 X 72+ 27%) yugas
£2(432--272) x 4320000 years
=21986120000 years or 725447570625 days.

It is interesting to note that Aryabhata I prefers to say ‘before
Bharata” (bharatas parvam) instead of saying ‘before the beginning of
Kaliyuga’ which is the sense actually intended here. '

Regarding the interpretation of bhararat purvam there is
difference of opinion amongst the commentators. The commentator
Somegvara interprets it as meaning ‘before the occurrence of the Bharata
(battle)’. P. C. Sengupta (A.D. 1927) and W.E. Clark (A.D. 1930), too,

1. Bh. $a. wqg: ; all others #3q.
2. E.Bh. Sa. g ; all others 7.
A Bb. 2
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have interpreted the ward bhﬁrata as meaning ‘the Bharata battle’. In
the Mahabharata we are told that the Bharata battle occurred at the end
of the Dvapara yuga and before the beginning of the Kali yuga :
“The battle between the armies of the Kurus and the Pandavas
occurred at Syamantapaificaka (Ku_rukgetra) when it was the
Junction of Kali and Dvapara,”*
So this interpretation of bharatat purvam (‘before Bharata’) is
equivalent to kaliyugat purvam (‘before Kaliyuga’), as it ought to be.

The commentators Bhaskara I (A.D. 629), Sturyadeva (b. A.D. 1191)
and others have interpreted bharatat phArvam as meaning ‘before
Yudhisthira’, ie., ‘before the time when Yudhisthira of the Bharata
dynasty relinquished kingship and proceeded on the last journey
(maha-prasthana)’?  According to these commentators, this event

—— e ———

l.  Mahabharata, Adiparva, ch. 2, vs. 13.

2. According to the Bhagavata-Pyrana (Skandha 1, ch. 15,
vs. 36), Kaliyuga began on the day on which Lord Krsna left this earthly
abode : : ’

g1 AT qaIfaAi A G g qaoraeRT: |
sagRAT g YT Tdyg: sfwaada

And when Yudhisthira came.to know that Kaliyuga had commenced,

he made up his mind to proceed on the last Jjourney (Skandha 1,
ch. 15, vs, 37) :

afafssteaeafadn o 9w 9 T qarsseAfa
fawrsa Arwmafagfzaarasdss maamm g9 1

Other views are that Kaliyuga commenced the moment Lord Krspa
left for heaven :
afenq got fid aracafeasrs qaght
sfaae sfagafafas mg: qufaz: o
Bhagavata-Purana, Skandha 12, ch. 2, vs, 33
Or, when the Seven Rsis (ie., the seven stars of the constellation of
Ursa Major) entered the asterism Magha :
qar T g7 w0y frafa fg o
a¥n wquEg wfagizarsagacns: o
Bhagavata-Purana, Skandha 12, ch, 2, vs, 31
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took place on Thursday, the last day of the past Dvapara. But the
basis of this assumption is not specified. The commentators simply
say : “This is what is well known.”  (ité prasiddhik) x '

According to these commentators, too, bharatat parvam ultimately
means ‘before the beginning of the current Kaliyuga’,

Brahmagupta criticises Aryabhata I for his teaching in the above
stanza. Writes he :

“Since the measures of a Manu, a (quarter) yugs and a Kalpa
and the periods of time elapsed since the beginnings of
Kalpa and Krtayuga (as taught by Aryabhata) are not in °
conformity with those taught in.the Smrtis, it follows that
Aryabhata is not aware of the mean motions (of the planets).”*

“Since Aryabhata states that three quarter yugas had elapsed
at the beginning of Kaliyuga, the beginning of the current
yuga and the end of the past yuga (according to him) occurred
in the midst of Krtayuga; so his yuga is not the true one.”

“Since the initial day on ;which the Kalpa started according
to (Aryabhata’s) sunrise system of astronomy is Thursday and
not Sunday (as it ought to be), the very basis has become
discordant.”’*

RS

1. It is, however, noteworthy that Indian astronomers of all
schools are perfectly unanimous in taking Friday as the day on which the
current Kaliyuga commenced..

2, 9 QUI AFAHAL: Fedrfad garkar <
spgEiENe At s weaafg
BrSpSi, xi. 10
. 3. mrawdY guarEiefl ararg FfamEY ag
ae FATATEAI ST 7 T FEARL
BrSpSt, xi. 4
4. FFMA feaardy pedefasiser wafy seared 1
a waeas! genRrgR frawaeng o

BrSpSi, xi. 11
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reply to this criticism, astronomer Vate$vara (A. D. 904)

“If the yuré stated by Brahmagupta conforms to the teachings

of the Smrtis, how is it that the Mcon (according to him)
is not beyord the Sun fas stated in the Smrtis). If that
is unacceptable because © that statement of the Smrtis is
false, then, aias, the yuga-hypothesis of the Smrtis, too,
is false.”” '

“Since a planet does not make complete revolutions during
the quarter yugas acceptable to Brahmagupta, son of Jisnu,
(whereas it does during the quarter yugas according to
Aryabhata), it follows that the quarter yugas of Srimad
Aryabhata (and not those of Brahmagupta) are the correct
ones.”®

“If a Kalpa should begin with a ‘Sunday, how is it that
Brahmagupta’s Kalpa does not end with a Saturday.
Brahmagupta’s Kalpa being thus contradictory to his own state-
ment, it is a fabrication of his own mind (and is by no means
authoritative).”®

— — e

1L

TRAET TINT ¥ewd A Wik il |
aeearaa g oy gea | arsfe guwewar war n
» VaSi, Grahaganita, ch. 1, sec. 10, vs. 3
frorgrsfeddmfsata: dair af aq: ey o
=T qAAal Pg s ugwesiarn e o
VaSi, Grahaganita, ch. 1, sec, 10, vs. 2

TENRY AT TR AE: F T I 1
frarammmacagfeses: sa: w1 |

VaSi, Grahaganita, ch, I, sec. 10, vs. 10
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PLANETARY ORBITS, EARTH'S ROTATION
qfgass
| sqTErA 3-9-5-T |
A Fal C oy
g Fe, wARSH 1§

6. Reduce the Moon’s revolutions (in a yuga) to signs, multiplying
‘ them by 12 (lit. using the fact that there are 12 signs in a circle
or revolution). Those signs mutiplied successively by 30, 60 and
~ 10 yield degrees, minutes and yojanas, respectively. (These
yojanas give the length of the circumference of the sky). The
Earth rotates through (an angle of) one minute of arc in one
respiration (=4 sidereal seconds). The circumference of the
sky divided by the revolutions of a planet in a yuga gives (the
length of) the orbit on which the planet moves.? The orbit of

the asterisms divided by 60 gives the orbit of the Sun.®

Thus we have

#
Orbit of the sky=57753336 X 12X 30X 60X L0 yojanas
‘ =12474720576000 yojanas :
Orbit of the asterisms==173260008 yojanas

Orbit of the Sun=28876665 yojanas
Orbit of the Moon=216000 yojanas

. 132027
t =543 i
Orbit of Mars=35 1291287103 yojanas
Orbit of (Sighrocea of ) Mercury=695473:ﬂ7] yojanas
~896851
Orbit of Ju iter=34250133ﬁ ojanas
p 3 1897 Yoy .
. ] B 255221
Orbit of (Sighrocea of) Venus==1776421 St5Toy Yojanas
. _ 5987 .
Orbit of Saturn=85114493 36641 yojanas.

1. Br.Pr. Ud. q:; all others 3.

2. Cf. Someévara : ugwaY agafefa: ggwedead: |

3. The same rule, excepting the rate of the Earth’s motion,
occurs in MBh, vii. 20, also,
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These orbits are hypothetical and are based on the following two
assumptions : '

1. That all the planets have equal linear motion in their res-
.pective orbits.!

2. That one minute of arc (1') of the Moon’s orbit is equal to
10 yojanas in length.?

From the second assumption, the length of the Moon’s orbit
comes out to be 216000 yojanas. Multiplying this by the Moon's
revolution-number (viz. 57753336), we get 12474720576000  yojanas.
This is the distance described by the Moon in a yuga. From the first
assumption, this is also the distancs described by any other planet in
a yuga. Hence '
distance described by a planet in a yuga

Orbit of a planet= - -
revolution-number of that planet

This is how the lengths of the orbits of the various planets stated above
have been obtained.

In the case of the asterisms, it is assumed that their orbit is 60
times the orbit of the Sun. By saying that “the orbit of the asterisms
divided by 60 gives the orbit of the Sun”, Aryabhata 1 really means to
say that “the orbit of the asterisms is 60 times the orbit of the Sun.”

Indian astronomers, particularly the followers of Aryabhata I,
believe that the distance described by a planet in a yuga denotes the
circumference of the space, supposed to be spherical, which is illumined
by the Sun’s rays, This space, they call ‘the sky’ and ‘its circumference
‘the orbit of the sky’. Bhaskara I says :

“(The outer boundary of) that much of the sky as the Sun’s rays
illumine on all sides is called the clrcumference or orbit of the
sky. Otherwise, the sky is beyond limit; it is impossible to
state its measure.”®

“For us the sky extends to as far as it is illumined by the rays
of the Sun. Beyond that, the sky is immeasurable.”*

See 4, iii, 12.

This is implied in the text under discussion.

See Bhaskara I's commentary on 4, i. 6, in Vol. IL
See Bhaskara I's commentary on 4, iii. 12, in Vol, II.

.

DW=
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Accordifng to the Indian astronomers, therefore,
____ Orbit of the sky
Planet’s revolution-number

Orbit of a planet =

The statement of the FEarth’s rotation through 1’ - in one
respiration,! stated in the text, has been criticised by Brahmagupta,
who says :

“If the Earth moves (revolves) through one minute of arc in ‘one
respiration, from where does it start its motion and where
does it go ? And, if it rotates (at the same place), why do tall
lofty objects not fall down 7'

The reading bham (in place of bhnh) adopted by the commentators
is evidently incorrect. The correct reading is bhah, which has been
mentioned by Brahmagupta (A.D. 628), Prthudaka (A. D. 860) and
Udayadivakara (A.D. 1073).2

, LINEAR DIAMEIERS
T awd, fa -
3 ‘t\-
sqrdl, SEEIaAr R, & ¥ |
JY-6-T- -t
¢
Q- F-g-a-aiqFe, aamgan 1o |
7. 8000 nyr make a yojana. The diameter of the Earth is 1050
yojanas; of the Sun and the Moon, 4410 and 315 yojanas,
(respectively) ;* of Meru, 1 yojana ; of Venus, Jupiter, Mercury,
- Satern and Mars (at the Moon’s mean distance), one-fifth,
one-tenth, one-fifteenth, one-tweniieth, and one-twentyfifth,

' (respectively), of the Moon’s diameter.® The years (used in this
work) are solar years.

—

1. 1 respiration=4 seconds of time.
2. sidfa Fat wifs afg gar avq Fasara
wiFdTReatee qafq aqwgar: serrg u

BrSpSi, xi. 17.
See his commentary on LBh, i, 32-33.

4. The same values are given in MBh, v. 4 ; LBh, iv. 4,
Cf. MBh, vi. 56.
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Ny is a unit of length whose measure is equal to the height of
a man. Ny is also known as nara, purusa, dhanu and danda, ‘“Purusa,
dhanu, danda and nara are synonyms”, says Bhiskara I.

The diameters of the Earth, the Sun, the Moon, and the Planets
stated above may be exhibited in the tabular form as follows :

Table 3. Linear diameters of the Earth etc.

Linear diameter Linear diameter in Yojanas
in ygjanas (at the Moon’s mean distance) -

Earth 1050

Sun 4410

Moon 315

Mars 12.60
Mercury 21.00
Jupiter 31.50
Venus 63.00
Saturn 15.75

The following is a comparative table of the mean anguiar dia-
meters of the planets :

Table 4. Mean angular diameters of the Planets

Planet Mean angular diameter according to
Aryabhata I Greek astronomers' =~ Modern

Moon 31" 30" 35" 20" (Ptolemy) 31’ 8"
Tycho Brahe
(1546-1631)

Mars 1" 15”6 1’ 40"

Mercury 2 6" 2’ 10"

Jupiter 39 2" 45"

Venus 6’ 18" 315"

Saturn 1 34”5 1’ 50"

1. See E. Burgess, Translation of the Surya-siddhanta, Reprint,
Calcutta, 1935, p. 196 ; and introduction by P.C. Sengupta, p. xlvi,
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P. C. Sengupta translates the second half of the stanza as
follows :

“The diameters of Venus, Jupiter, Mercury, Saturn and Mars
are, respectively, 1/5, 1/10, 115, 1/20 and 1/25 of the diameter
of the Moon, when taken at the mean distance of the Sun.”

This is incorrect, because :

1. ““When taken at the mean distance of the Sun” is not the
correct translation of samarkasamah. The correct translation
is : “The years are solar years” as interpreted by Bhaskara 13
and Somesvara; or “The years of a yuga are equal to the
number of revolutions of the Sun in a yuga’' as translated

by Clark and as interpreted by Suryadeva, Parameévara and
Raghunitha-raja.

2. The diameters of the planets stated in the stanza under
consideration correspond to the mean distance of the Moon and
not to the mean distance of the Sun as Sengupta has supposed,
Sengupta’s disagreement on this point from the commentator
Parameédvara is unwarranted,. All commentators agree with
Paramesvara.

OBLIQUITY OF ECLIPTIC AND INCLINATIONS OF ORBITS

AR gEiq,
TRIAIAsmTEAg ey |
qf-Te-39 @-F-y,
II-I9 §, IR ggE@l ar Uz n

8. The greatest declination of the Sun is 24°2 The greatest
celestial latitude (lit. deviation from the ecliptic) of the Moon
is 41°;® of Saturn, Jupiter and Mars, 2°, 1° and 1}° respectively;

-_—

L. gAFgar, gar af grarafa sHaar s@wogaa: | -

2. The same value is given in MBh, iii. 6 ; LBh, ii. 16 ; KK,
Part 1, iii. 7; KR, i. 50. .

‘3. The same value occurs in MBh, v, 30; LBh iv.8; KK,
Part 1, iv. 1 (¢-d) ; KR, ii. 3 (a-b).

A, Bh, 3
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and of Mercury and Venus (each), 2°1 96 angulas or 4 cubits

make a ny.

The greatest declination of the Sun is the obliquity of the
ecliptic. According to Aryabhata I and other Indian astronomers,
its value is 24°% According to the modern astronomers its value is
23° 27" 8”.26—46".84 T, where T is measured in Julian centuries from
1900 A.D. The value in common use is 233°.

The greatest celestial latitude of a planet is the inclination of the
planet’s orbit to the ecliptic. The values of the inclinations of the
orbits of the Moon and the planets as given in the above stanza and those
given by the Greek astronomer Ptolemy and the modern astronomers
are being exhibited in the following table :

Table 5. Inclinations of the Orbits

Inclination gf_ thehorgiit_r
PauSi* and RoSi®

- Planet Aryabhata I Ptolemy? of Modern®
Varahamihira

Moon 4° 30 5° 4° 40’ 5° 9

Mars 1° 30 1° 1° 51 01"
Mercury 2° 7° 7° 00" 12"
Jupiter 1° 1° 30’ 1° 18" 28"
Venus 2° - 3030 3° 23’ 38"
Saturn 2° 2° 30" 2° 29’ 20”

1. The same-values occur in MBh, vii.9 ; LBh, vii. 7 (a-b) ;
KK, Part 1, viii. 1 (c-d) ; KR, vii. 8 (c-d).

2. According to the Greek astronomer Ptolemy, the obliquity of
the ecliptic is 23° 51" 20". See Great Books of the Western World,
vol. 16 : The Almagest of Ptolemy, translated by R. Catesby Taliaferro,
Book 11, p. 31.

3. Sec E. Burgess, Translation of the Sarya-siddhanta, Reprint,
Calcutta, 1935, p. 52. In the A/magest of Ptolemy, translated-
R. Catesby Taliaferro, the obliquities of the epicycles of Mercury and
Venus are stated as 6° 15" and 2° 30" respectively. See pp. 435 and 433.

4, See PSi, iii. 31.

5. See PSi, viii, 11.

6. See H.N. Russell, R.S. Dugan and J.Q. Stewart, Astronomy,
Part I, The Solar system, Revised edition, Ginn and Company, Boston,
Appendix,
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In the case of Mercury and Venus, Aryabhata I's values differ
significantly from those of Ptolemy and modern astronomers because the
values given by Aryabhata I are geocentric and those given by Ptolemy
and modern astronomers are heliocentric.

Combining the instruction in the last quarter of the above verse
with that in the first quarter of verse 7, we have

24 angulas=1 cubit (hasta)
4 cubits=1 nr
8000 nr=1 yojana.

Since earth’s (equatorial) diameter=1050 yojanas (vs. 7), according
to Aryabhata I, and ==12757 km or 7927 miles, according to modern
astronomy, it follows that Aryabhata I's yojana is approximately equal to
12} km or 7} miles. Likewise his nr=152 cm. or 5 ft approx, and
cubit=1} ft. approx. The length of a cubit in common use is 131 ft.

ASCENDING NODES AND APOGEES (APHELI1A)
TI-9-FA-To-Tf -
[-9-8* MATQREA, THIar |
afgguist = aw
2 2
gr-Afg-ar-ggl -gd =y aeqeay el
9. The ascending nodes of Mercury, Venus, Mars, Jupiter and
Saturn having moved to 20°, 60°, 40°, 80° and 100° respectively
(from the beginning of the sign Aries) (occupy those positions);®
and the apogees of the Sun and the same planets (viz., Mercury,
Venus, Mars, Jupiter and Saturn) having moved to 78°, 210°,

90°, 118°, 180° and 236° respectively (from the beginning of the
sign Aries) (occupy those positions).t

The following table gives the longitudes of the ascending nodes and
the apogees of the planets for A. D. 499 as given by Aryabhata I and as
calculated by modern methods. The corresponding longitudes for
A.D. 150, as stated by Ptolemy are also given for comparison.

1. A.-G.Su. Fa39g ; Bh. AFUSg ; Pr. 99Ig
2. Kr ga.
3. The same values occur in MBh, vii.10; LBh, vii. 6 (c-d);
KK, Part 1, viii. 1 ; KR, vii. 8 (a-D).
4. The same values occur in MBh, vii, 11-12 (a-b) ; LBh, i. 22
(a-b), 18; KR, i. 10 (¢-d); vii. 9 (c-d).
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Table 6. Longitudes of the Ascending Nodes for A.D. 499

Longitudes of the ascending nodes

Planet Aryabhata I  Ptolemy* By modern
(for A.D. 150) calculation®
Mars 40° 25° 30’ 37° 49
Mercury 20° 10° 00’ 30° 35'
Jupiter 80° 51° 00’ 85° 13/
Venus 60° 55° 00’ 63° 16
Saturn 100° 183° 00’ 100° 32

Table 7. Longitudes of the Apogees for A.D. 499

Longitudes of the apogees (aphelia)

Planet Aryabhata I Ptolemy?® RoSi* By modern
for A.D. 150) of calculation®
Varahmihira
Sun 78° 65°30°  75° 77° 15’
Mars 118° 115° 30° 128° 28’
Mercury 210° 190° 00’ 234° 11"
Jupiter 180° . 161° 00 170° 22’
Venus 90° 55° 00 290° 4
Saturn 236° 233° 00’ 243° 40’

The word gatva (meaning ‘having moved’ or ‘having moved to’)
is used in the text to show that the ascending nodes and the apogees

1. See E. Burgess, ibid. Appendix, p. 331. According to
P.C. Sengupta and N,C. Lahiri, the longitudes of the ascending nodes of
Mars, Jupiter and Saturn as given by Ptolemy are 30°, 70° and 90°,
respectively. See their introduction (p. xiv) to the Siddhanta-sekhara of
Sripati, Part II, edited by Babuaji Miéra, Calcutta, 1947.

2. See E. Burgess, ibid., Introduction by P.C. Sengupta, p. xlviii.

3. See E. Burgess, ibid., Appendix, p. 331 ; and Bina Chatterjee,
The Khandakhddyaka of Brahmagupta, with the commentary of
Bhattotpala, vol. 1, p. 283,
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of the planets are not stationary but have a motion. The commentator
Bhaskara I says that by teaching their motion, Aryabhata I has specified
by implication their revolution-numbers in a yuga. The aged, who
preserve the tradition, says he, remember those revolution-numbers by
the continuity of tradition. The period of 35750224800 years, according
to the tradition, is the common period of motion (yuga) of the
ascending nodes of all the planets, in which the ascending nodes of:
Mars, Mercury, Jupiter, Venus and Saturn make 2,1, 4,3 and §
revolutions, respectively.

In the case of the apogees of the planets, the periods and the
corresponding revolutions, as handed down to Bhaskara I by tradition,
are shown in the following table :

Table 8. Periods and Revolution.numbers of the Apogees

Apogee of Period in years Revolution-number
Sun 119167416000 13
Mars 357502248000 59
Mercury 23833483200 7
Jupiter 3972247200 1
Venus 7944494400 1
Saturn 178751124000 59

The commentators Stryadeva and Raghundtha-raja have also
cited the above-mentioned periods and revolution-numbers to preserve

(Footnotes of the last Page :)

According to P.C. Sengupta, the longitudes of the apogees of-
Sun, Mars, Mercury, Jupiter, Venus and Saturn as given by Ptolemy are
65° 30, 106° 40', 181° 10’, 152°9’, 46° 10" and 224° 10’, respectively. See
his introduction to E. Burgess’ Translation of the Surya-siddhanta,
pp. xlvi and xlvii. The same values are given also in Great Books of
the Western World, vol. 16: The Almagest by Ptolemy (translated by
R. Catesby Taliaferro), Book XI, pp. 386-390.

4. See PSi, viii. 2.

5. See E. Burgess, ibid., introduction by P.C. Sengupta, p. x
and xlvii.
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the continuity of tradition of the school. It is remarkable that the first
line of the stanza :

iR gafz fratRaiaaga: |

g7t qurfrarami fagfy: afcesad o

urfefaageasa won: afesitfaar: |

arFargFtaiFETaEt s g o,

which has been quoted in full by Suryadeva, has been cited by
Bhaskara I too. This means that the passage was derived from some
earlier source, and the tradition mentioned in the stanza is definitely older
than Bhaskara 1.

‘Whosoever might be the founder of the tradition, it is based on
the misunderstanding that the ascending nodes and the apogees, after
having started their motion from the first point of Aries at the
beginning of the current.Kalpa, moved exactly through the degrees
mentioned by Aryabhata I up to 499 A.D., the epoch mentioned by
Aryabhata I. ' '

The motions of the nodes and the apogees of the planets ascribed
to tradition by Bhaskara I and the other commentators are much less
than their actual motions. For example, the node of Mercury, which
is the slowest, actually requires about 166000 years to complete a
revolution.!  Similar is the case with the apogees.

MANDA AND SIGHRA EPICYCLES
(0dd quadrants)

Wit qegad
AT, T-TI-TFH TNRT: |
H-IE-TqT-9 g adq
wﬁ_gﬁ_ia-g‘g-gﬁ‘ﬁqaﬁaxm i 2ol

10 The manda epicycles of the Moon, the Sun, Mercury, Venus, Mars,
Jupiter and Saturn (in the first and third anomalistic quadrants)

1. See C.A. Young, A4 Text-book on General Astronomy, Revised
edition, 1904, p. 337.

2. Bh. Pa. So. W% ; others ¥.
3. Bh, G. 7T ; all others .
4. Bh. and Go. ¥ ; all others F,
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11.

are, respectively, 7, 3, 7, 4, 14, 7 and 9 (degrees) each
multiplied by 4} (i.e, 315, 135, 31.5, 18,63, 31.5 and 40.5
degrees, respectively) ; the $ighra epicycles of Saturn,
Jupiter, Mars, Venus and Mercury (in the first and third
anomalistic quadrants) are, respectively, 9, 16, 53, 59 and
31 (degrees) each multiplied by 4} (i.e., 40.5, 72, 238.5, 265.5
and 139.5 degrees, respectively).

(Even quadrants)

[ & T-E-A-T .
gfput AT 9 =9gd 7 |

AG-F-FI- AT
=grarg, Fiey FATHRTAET 1 2 |

The manda epicycles of the retrograding planets (viz., Mercury,
Venus, Mars, Jupiter and Saturn) in the second and fourth
anomalistic quadrants are, respectively, 5, 2, 18, 8 and 13
(degrees) each multiplied by 4} (ie, 225, 9, 81, 36 and 58.5
degrees, respectively) ; and the sighra epicycles of Saturn,
Jupiter, Mars, Venus, and Mercury (in the second and fourth
anomalistic quadrants) are, respectively, 8, 15, 51, 57 and 29
(degrees) each multiplied by 4} (i.e., 36, 61.5, 229.5, 256.5 and
130.5 degrees, respectively).! 3375 is the outermost -circum-
ference of the terrestrial wind.?

The dimensions of the manda and Sighra epicycles are stated in

terms of degrees, where a degree stands for the 360th part of the
circumference of the deferent (kaksyavrtta). Thus, when an epicycle is
stated to be A°, it means that its periphery is A/360 of the circum-
ference of the deferent.

The following table gives the manda and $ighra epicycles as stated

above by Aryabhata I and also those given by Ptolemy :

g et—— .

|. The same values occur in AMBh, vii. 13-16; LBh, i. 19-22;

KR, viii. 10-11.

2. The same value occurs in $iDVr, Goladhyaya, v. 2.
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Table 9. Manda and Sighra epicycles of the planets

Manda epicycles Sighra epicycles
Planet Aryabhata I Aryabhata I
0dd Even Ptolemy’ 0dd Even Ptolemy?
quadrant quadrant quadrant quadrant

Sun 13°.50  13°50 15°.00
Moon 31°.50  31°.50 31°.40

Mars'  63°.00  81°.00 72°.00 238°.50 229°.50 237°
Mercury 31°,50  22°.50 18°.00 139°.50 130°.50 135°
Jupiter 31°.50  36°.00 33°.00 72°.00  67°.50 . 69°
Venus 18°.00 9°.00 15°.00 265°.50 256°.50 259°
Saturn 40°.50  58°.50 41°.00 40°.50  36°.00 39°

It is noteworthy that in stating the dimensions of the manda
epicycles the planets have been mentioned in the order of decreasing
velocities (manda-gati-krama), whereas in stating the dimensions of the
Sighra epicycles they have been mentioned in the order of increasing
velocities ($ighra-gati-krama). 1t is perhaps done deliberately to emphasise
this point to the reader. The use of ablative in yathoktebhyah is meant
to indicate that in finding the manda anomaly the longitude of the apogee
is to be subtracted from the longitude of the planet. Similarly, the use
of the inverted forms uccasighrebhyah and uccacchighrat in place of
Sighroccebhyah and Sighroccat, rtespectively, shows, as remarked by
Bhaskara I and Somesvara, that, in finding the Jighra anomaly, the
longitude of the planet has to be subtracted from the longitude of
the Sighrocca. )

It may be pointed out that, according to Bhiskara I and
Lalla, the manda and Sighra epicycles stated above correspond to the
beginnings of the respective anomalistic quadrants as is evident
from the rules stated in MBh, iv. 38-39 (a-b), LBh, ii. 31-32
and SiDVr, 1, iii. 2 and explained in Bhaskara I’s commentary on

1. See Bina Chatterjee, op.cit., p. 284. In the Almagest of
Ptolemy, translated by R. Catesby Taliaferro, however, the Moon’s
epicyclic radius iis stated as 517 51’ which yields 31°.50 as the value of
the Moon’s epicycle. See p. 151.

2. See Bina Chatterjee, op. cit., p. 285,
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4, iii. 121 The Kerala astronomer Sankaraniriyana (A.D. 869) refers
to some astronomers (without naming them) who said that there
was also the view that the epicycles given by Aryabhata I corresponded
to the end-points of the anomalistic quadrants.” The Kerala astronomer
Govinda-svami, who also refers to this controversy, is of the opinion
that $ighra epicycles stated above correspond to the beginnings of the
respective anomalistic quadrants, but the manda epicycles stated above
correspond to the last points of the respective anomalistic quadrants,®
and, consequently, he has replaced the rules referred to above by
another rule {which has been quoted by Udayadivakara (1073 A.D.)
in his commentary on LBh, ii. 31-32. This controversy .is due to the
fact that Aryabhata I himself does not specify whether the epicycles
given by him correspond to the initial points or last points of the
anomalistic quadrants.

Since the epicycles stated in the text correspond to the
beginnings of the odd and even anomalistic quadrants, their values at
other positions of the planets are to be derived by the rule of three.
Bhaskara I has prescribed the following rule .*

Let « and B be the epicycles (manda or $ighra) of a planet for
the beginnings of the odd and even anomalistic quadrants, respectively.

et w—

1. The commentator Suryadeva, too, is of this view. See his
comm, on 4, iii. 24, p. 114.

2. See his commentary on LBh, ii, 32-33, where he writes :
weagfefuneisfa faga wf &fagafia o

3. Govinda-svimi has been led to this conclusion by the fact
that in stating the dimensions of the manda epicycles Aryabhata I has
mentioned the planets in the order of decreasing velocities whereas in
stating the dimensions of the §ighra epicycles he has mentioned the

planets in the order of increasing velocities. See his comm. on AMBh.
iv. 38-39 (a-b).

4. See MBh, iv. 38-39 (a-b); LBAh, ii. 31-32. An equivalent rule
is given in $iDVy, Grahaganita, iii. 2.

A. Bh. 4
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Then

(i) If the planet be in the first anomalistic quadrant, say at P, and
its anomaly be ¥4,

epicycle at P:u—l—M%M, when a<<p
:a—(“- Bi{Rsm 0’ when a>B

and (ii) If the planet be in the second anomalistic quadrant, say at Q,
and its anomaly be 90°-}4,

epicycle at QZB—@;“)I?E'P, when a<p
:B+(¢A B)RRvers L] , when @>8.

Similarly in the third and fourth quadrants. The epicycles thus derived
are called true epicycles (spasta- or sphuta-paridhi).

But the tabulated manda epicycles or the true manda epicycles
derived from them are not the actual epicycles on which the true planet
in the case of the Sun and Moon or the true mean planet in the case
of the other planets is supposed to move. It is believed that they are the
mean epicycles corresponding to the mean distances of the planets. In
order to obtain the actual epicycles, one should either apply the
formula : ’

tabulated® or true manda epicycle® X H

actual manda epicycle = R )

where H is the planet’s true distance in minutes obtained by the process
of iteration (asakrtkalakarna or mandakarna),® or apply the process, of
iteration. In the case of the Sighra epicycles, however, the actual
epicycles are the same as the tabulated epicycles.

In the case of the Sun and the Moon.

o

In the case of the other planets, Mars etc,
. See MBh, iv.9-12 ; LBh, ii. 6-7,
See S$iDVy, Grahaganita, iii, 17.

w N =

&
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Brahmagupta criticises Aryabhata I for stating different epicycles
for odd and even anomalistic quadrants. Writes he :

“Since in (Aryabhata’s) sunrise system of astronomy, the
epicycle “which is the multipler of the Rsine of anomaly
in the odd anomalistic quadrant is different from the epicycle
which is the multiplier of the Rsine of anomaly in the even
anomalistic quadrant, the (manda or $ighra) correction for the
end of an odd anomalistic quadrant is not equal to that for
the beginning of the (next) even anomalistic quadrant (as it
ought to be). This discrepancy shows that the differing
epicycles (stated by Aryabhata) are incorrect.

“Since the epicycle which is the multiplier of the Rsine
of anomaly in the odd anomalistic quadrant is different
from the epicycle which is the multiplier of the Rversine of
anomaly in the even anomalistic quadrant, the (manda or
fighra) correction for the anomaly amounting to half a circle,
does not vanish (as it ought to). This discrepancy, too,
shows that differing epicycles (stated by Aryabhata) are
incorrect.!

"‘Since the epicycles (stated by Aryabhata) correspond to odd
and even anomalistic quadrants (and not to their first or
last points), the (so-called true) epicycle which is obtained
by multiplying the Rsine of anomaly by the difference of the
epicycles (for the odd and even quadrants) and dividing by
the radius and then subtracting the resulting quotient from or
adding that to the epicycle for the odd quadrant, according as
it is greater or less than the other, is not the correct
epicycle.

“If indeed there should be two different epicycles for the odd
and even anomalistic quadrants, then, why have not two

——

I. Let a and B be the epicycles for the odd and even quadrants
and let the anomaly be equal to 180°. Then, according to Aryabhata 1
(see 4, iii. 22 (a-b)), the corresponding
bhujaphala=aXR sine 90°/360— B x Rvers 90°[360
=& R/360—BR/360,
which is not equal to zero, because *#p,
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different epicycles been stated in the case of the Sun and the
Moon. It simply shows that the process of planetary correction
stated in (Aryabhata’s) Audayika-Tantra (i. e., Aryabhatiya)
does, in neither way, lead to a correct result.””! :

Had Aryabhata I specified that the epicycles stated by him
corresponded to the first or last points of the respective anomalistic
quadrants, there would not have been any occasion for such a criticism.

The number 3375, denoting the length of the outer boundary
of the terrestrial wind, has reminded Bhaskara I of the following formula
which also involves that number ¢

4 (180°—0) 6. R
12X 3375—(180°— 0)8
where 0 is in terms of degrees. Bhaskara I thinks that the length of
the outer boundary of the terrestrial wind has been stated simply to
teach the method of finding the Rsine without the use of the Rsine Table
which is implied in the above formula.

Rsin =

Brahmagupta (A. D. 628) misreads giyinasa as giyigasa and
unnecessarily criticises Aryabhata I for giving two different values of the
Earth’s diameter. Writes he :

«The circumference being (stated as) 3393 yojanas, the Earth’s
diameter becomes equal to 1080 yojanas. By stating the same
again as 1050 (ybjanas) due to uncertainty of his mind, he (ie.,
Aryabhata I) has exposed his knowledge 18 ‘
1. sizfas 3 afefafaadsaiise: @i o Io: |
aeafgyarase qar 7 gEIKEAGEd |
faadseaYset g afeferfors: SRlerRsaIan |
1Y wea A wafq gemzaq a3l o
sqraragar aig: afcfufadrarga: wetaga:
gt aq qgaq gear: afdfaarsig n
faamamarafs gt afc i gaaeadiaio \
wed 7 safsafan wpefralfasasner u
BrSpSi, xi. 18-21
2. wafafy Romafcd: sfr geara: gafaar a@dr
greawe @iggafrrrasaafagasag o
BrSpSi, xi» 15.
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RSINE-DIFFERENCES
wfy wfe wfe afe afe afE
ofi gox whis (oo wafs et |
wqts f6n €9 afe &
o1 oF &1 %9 @ % g wanean [ g’ N

12. 225, 224, 222, 219, 215, 210, 205, 199, 191, 183, 174, 164,
154, 143, 131, 119, 106, 93, 79, 65, 51, 37, 22, and 7—
these are the Rsine.differences (at intervals of 225 minutes
of arc) in terms of minutes of arc.

The following table gives the Rsines and the Rsine-differences
at intervals of 225’ (or 3° 45) according to Aryabhata I and the
corresponding modern values correct to three decimal places.

Table 10. Rsines and Rsine.differences at the intervals
of 225’ or 3°45’

Aryabhata. I’s values. Modern Values
Arc  Rsine  Rsine-differences Rsine Rsine-differences
225’ 225’ 225 224'.856 224’ 856
450" 449’ 224’ 448’749 223'.893
675" 671" 222’ 670".720 221°.971
900’ 890’ 219° 889,820 219'.100
1125 1105’ 215 1105109 -~ 215'.289
1350 1315 210 1315'.666 210°.557
1575 1520 205’ 15207.589 204'.923
1800° 1719 199 1719.000 198'.411
2025’ 1910’ 191’ 1910°.050 191°.050
2250 2093’ 183’ 2092',922 182'.872

et s

1. D.G. Su. fssar ; others fred.

2. A.gww o fs w; Bh. $a. w7 of% faw; E. g a0 fre.
Pa. Ra. Su. g% gt & ; So. fex sufs & fFa.

3. Bh. war; others .
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Aryabhata I's values Modern Values
Arc Rsine Rsine-differences Rsine Rsine-differences
2475" 2267 174' 2266'.831 173°.909
2700" 2431 164’ 2431'.033 164’.202
2925 2585’ 154’ 2584’ 825 153'.792
3150" 2728’ 143 . 2727549 142'.724
3375 2859’ 131 2858'.592 1317.043
3600" 2978’ 119’ 2977'.395 118°.803
3825" | 3084’ 106" 3083".448 106'.053
4050 3177 93’ 3176’.298 92'.850
475" 3256’ 79’ 3255.546 79'.248
4500' 3321 65’ 3320.853 65’.307
4725 3372 51 3371'.940 51°.087
4950’ 3409’ 37 3408'.588 36'.648
5175" 3431 22 3430".639 22'.051
5400° 3438’ 7 3438°.000 7'.361

The twenty-four Rsines given in the Sarya-siddhanta® are exactly
the same as those in column 2 above. P.C. Sengupta is of the opinion
that the author of the Surya-siddhanta has based his Rsines on the
Rsine-differences given by Aryabhata 1.2

The 16th Rsine, viz., 2978, was modified by Aryabhata II®
(c. A.D. 950) who replaced it by the better value 2977. The table of
Rsines given by Bhaskara II* (A.D. 1150) is the same as that of
Aryabhata II (c, A.D. 950).

Astronomer Sumati of Nepal, who lived anterior to Aryabhata II
(c. A.D.950), gives® the values of the 4th and 16th Rsines as 889" and
2977" respectively instead of 890" and 2978’ given by Aryabhata L
Sumati’s table contains ninety Rsines at the intervals of one degree.

1. i 17-22,

2. See P. C. Sengupta’s introduction (p. xix) to E. Burgess’
Translation of the Surya-siddhanta.

3. See MSi, iii. 4-6.
4. See Si$i, Grahaganita, ii. 3-6.
5. Both in Sumati-mahatantrg and Sumati-karana.
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AIM OF THE DASAGITIKA-SUTRA

goeiREaafid queaRd wesad que |
gEMTERHAY” § ari faar o @l g3
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13. Knowing this Dasagitika-sutra, (giving) the motion of the Earth
and the planets, on the Celestial Sphere (Sphere of asterisms
or Bhagola), one attains the Supreme Brahman after piercing
through the orbits of the planets and stars.

This chapter is called ‘Ten Aphorisms in Gitika Stanzas'
(Ddbagitikasutra). But instead of 10 gitika stanzas there are 11 gitika
stanzas (vss. 2-12) here, The question arises : Which of these are those
10 which contain the 10 aphorisms of this chapter ? This is indeed a
controversial question. For, according to the commentators Bhaskara I
(A.D. 629), Some§varaand Suryadeva (b. A.D. 1191), vss. 2-11 are
the ten stanzas which contain the 10 aphorisms ; vs. 12, in their
opinion, does not constitute an aphorism as it contains a table of
Rsine-differences which is easily derivable.  According to the commen-
tator Parameévara (A.D. 1431), however, vss, 3-12 are the 10 stanzas
containing the 10 aphorisms; vs. 2, in his opinion, is a definition and not
a mathematical aphorism.,

There is, howevet, another difficulty. Is vs. 12 composed in the
gitika metre or in the arya metre ? According to Suryadeva, it is in the
arya metre and, according to Paramesvara, it is in the gitika metre. In
" fact, vs. 12 (in the form in which Suryadeva and Parames$vara state it)
is, as pointed out by H. Kern,* metrically defective, as it contains 20
syllabic instants instead of 18, in the fourth quarter :

1. C.D.E. Kr. Ra. Su. Iwitfagadag
2. Kr. wgaeafisie \

3. A. zmnfasgsd sureay ;. B.D. No colophon ; E. wtfags
gaTEy | \ :

4. See H. Kern, Aryabhatiyam, Leiden (1874), p. 17, footnote,
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It may be called a defective gitika. It is not a pure arya. How-
ever, in the forms in which vs. 12 has been stated by Bhaskara I and
Somedvara, it is in the perfect gitika metre.

Bhaskara I's reading

TE 0Lt LSS b ss 1SS
wfa wia wfe afu wie afa, sfa gen ool fron e fesa

LY S1ESH vl Y 1S s S 111t ss s
safe fou gea afie fea, o1 7w 51 30 @ & g s |

Somesvara’s reading

TUI vl vl IsSstIl ssat1 ss
wfa wia wfa afe wia afa, sfa ger e feer e feex

1L SS 11 vl 8 8§ S st 11188 s
safie fow vafs few few, &1 W 50 & @ & g sandoarn o

We agree with Parameg§vara in regarding vss. 3 to 12 as forming
the 10 gitika stanzas containing the 10 aphorisms of this chapter.



CHAPTER II
GANITA OR MATHEMATICS

INVOCATION AND INTRODUCTION
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1. Having bowed with reverence to Brahma, Earth, Moon, Mercury,
Venus, Sun, Mars, Jupiter, Saturn and the asterisms, Arya.
bhata sets forth here the knowledge honoured at Kusumapara.

Commenting on this stanza, Bhaskara I writes : ‘Kusumapura
is Pataliputra. (Aryabhata) sets forth the knowledge honoured there.
This is what one hears said : Indeed this Svayambhuva-siddhanta was
honoured by the learned people of Kusumapura (Pataliputra), although
the Paulia-, Romaka-, Vasistha- and Saurya-Siddhantas were also

(known) there. That is why (Aryabhata) says—‘the knowledge honoured
at Kusumapura’.”

THE FIRST TEN NOTATIONAL PLACES
oF g9 o O 7 A% g9 I aur 954 |
RS ¥ T WA W g e R

2. Eka (units place), dasa (tens place), $ata (hundreds place),
sahasra (thousands place), ayuta (ten thousands place),
niyuta (hundred thousands place), prayuta (millions place),
koti (tem millions place), arbuda (hundred millions place),

P .
1. C. mreaq
2. Bh. adds ¥

3. A-G. Gh, Ni. Pa. Ra. So. Su. ag&93d

A.Bh. 5 33
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and vynda (thousand millions place) are, respectively, from
place to place, each ten times the preceding.!

The notational places are denoted by writing zeros as follows :
00 000 0 0 00 O

The zero on the extreme right denotes the units place, the next one

(on its left) denotes the tens place, the next one denotes the hundreds
place, and so on. '

SQUARE AND SQUARING

T GATGA: e A AIYEAET qa¢ |

3. (a-b) An equilateral quadrilateral with equal diagonals and alse
the area thereof are called ‘square’.

The product of two equal
quantities is also ‘square’.?

The commentator Parameévara explains the term samacaturasra
as follows : “That four-sided figure whose four sides are equal to one

another and whose two diagonals are also equal to each other is called
a samacaturasra.”’

By defining a square as the product of two equal quantities the
author has stated, by implication, the rule of squaring. That is, to find
the square of a number, one should multiply that number by itself.

The commentator Bhaskara I gives the terms varga, karanl, krti,
vargana® and yavakarana as synonyms, meaning ‘square or squaring’. Of
these terms, karani, vargana and yavakarana are unusual. The term
Yavakaranpa is derived from the fact that in Hindu algebra x* is

written ,as yava (ya standing for yavat-tavat, ie., x, and va for varga,
i.e., square).*

1. Cf. GSS, i. 63-68; PG, def. 7-8; GT, p- 1, vv. 2-3
L (ASS), Def. 10-11, pp. 11-12 ; GK, I, p. 1, vv. 2-3.

2. Cf. BrSpsi, xviii. 42 ; GSS, ii. 29 ; SiSe, xiii. 4 ; L (ASS),
Rule 19 (a), p. 19.

>

3. Use of the term vargana in the sense of multiplication has
been made by Bhattotpala also. See his comm. on ByJa, vii. 13.

4. See vol. I, Introduction, p. Ixxvii, sec. 4,



Verse 3 ) CUBE AND CUBING 35

The terms for multiplication according to Bhaskara 1 are:
samvarga, ghata, gunand, hatih and udvartana. For the multiplication of
equal quantities, Bhaskara I uses a special term, gafa, meaning literally
‘moved’ > progressed>>raised.  “Gunana is the multiplication (abhyadsa)
of unequal quantities, and gata”, says he, “is the muitiplication of equal
quantities.”*  The term dvigata, according to him, means square,
trigata means ‘cube’; and so on. The dvigata of 4 is the product of 4
and 4, i.e., 4% the frigata of 4 is the product of 4 and 4 and 4, i.e., 43 ;
and so on. According to this terminology, m® will be expressed by
saying ‘nth gata of m’, which corresponds to our present-day expression
‘nth power of m’. Following the same terminology, the roots have
been called gatamnla. Thus 4 is the gatamula of 4, the trigatamula of
4% and so on. In general, m is the ‘nth gatamula of m®. This, too,
corresponds to our present-day expression ‘the nth root of m™.

It is interesting to note that Bhaskara I finds fault with the
usual Hindu method® of squaring a number for the simple reason that
it implies the use of the squares of the digits 1 to 9 but it neither states
them nor gives the method for obtaining them. Aryabhata I's method,
according to him, is complete in itself.

CUBE AND CUBING

gegAadat g gEaee @y 1

3. (c-d) The continued product of three equals as also the
(rectangular) solid having twelve (equal) edges is called
a ‘cube’.*

The rule for cubing a number is implied as in the previous case.

Here also, Bhaskara I finds fault with the usual Hindu method®
of cubing a number for the reason that although it implies the use of

1. See vol. II, Bhaskara I's commentary, p. 43,
2. For example, see PG, Rule 23.

3. F.G. greaifsga; Pa. Ra. gIEATHEEAn
4

Cf. BrSpSi, xviii. 42 ; GSS, ii. 43; SiSe, xiii. 4; L
(ASS), Rule 24 (a), p- 23.

5. For example, see PG, Rule 27-28,
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the cubes of the digits 1 to 9, it neither states them nor tells how
to find them out,

SQUARE ROOT

i gzawiteet fgda wgEa
TGS gF T AR gEg 0B U

/.

4. (Having subiracted the greatest possible square from the last
odd place and then having written down the square root of the
number subtracted in the line of the square reot) always divide!
the even place (standing on the right) by twice the square root.
Then, having subtracted the square (of the quotient) from the
odd place (standing on the right), set down the quotient at the
next place (i.e., on the right of the number already written in
the line of the square root). This is the square root. (Repeat
the process if there are still digits on the right).?

The following example will illustrate the above rule.
Example. Find the square root of 55,225.

Let the odd and even places be denoted by o and e, respectively.
The various steps are then as shown below :

235 _
line of square root

0
5

LS

oeo
552

Subtract square 4
Divide by twice the root H153
12

32

1. In dividing, the quotient should be taken as great as will
allow the subtraction of its square from the next odd place.

2. Cf.GSS,ii. 36 ; PG, Rule 25-26 ; GT, p. 9, vs. 23 ; MSi,
xv. 6 (c-d)-7; SiSe, xiii. 5; L (ASS), p. 21, Rule 22; GK,1, p. 7,
lines 2-9,
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32
Subtract square of quotient 9
Divide by twice the root 46)2 3 2(5
230
25
Subtract square of quotient 25
0

The process ends. The square root is 235. The remainder being zero,
the square root is exact.

G.R. Kaye's statement that Aryabhata I's method is algebraic in
character and that it resembles the method given by Theon of Alexandria,
are, as noted by W.E. Clark, B. Datta and A.N, Singh,! incorrect.

CUBE ROOT
ECE I SR
fgga  gaE qRATI |
i gIfva:
Queg: gqatg ga ga| Wyl

5. (Having subtracted the greatest possible cube from the last
cube place and then having written down the cube root of the
pumber subtracted in the line of the cube root), divide the second
non.cube place (standing on the right of the last cube place)
by thrice the square of the cube root (already obtained) ; (them)
subtract from the first non.cube place (standing on the right
of the second non-cube place) the square of the quotient multi-
plied by thrice the previous (cube root) ; and (then subtract)
the cube (of the quotient) from the cube place (standing on the
right of the first non-cube place) (and write down the quotient
on the right of the previous cube root in the line of the
cube root, and treat this as the mew cube root. Repeat the
process if there are still digits on the right).?

1. See Datta and Singh, History of Hindu mathematics, Part 1,
p. 171. For details see A. N. Singh, BCMS, 18 (1927). See also
W. B. Clark, Aryabhatiya, pp- 23 f.

2. Cf. BrSpSi, xii. 7; GSS, ii. 53-54 ; PG, Rule 29-31 ; MSi,
xv. 9-10 (a-b) ; GT, p. 13, lines 18-25; SiSe, xiii. 6-7; L (ASS), Rule
28-29, pp. 27-28 ; GK, I, pp. 8-9, vv. 24-25.
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Beginning from the units place, the notational places are called
cube place, first non-cube place, second non-cube place, cube place,
first non-cube place, second non-cube place, cube place, and so on.
Indicating the cube, first non-cube and second non-cube places by ¢, n
and n’, their positions may be shown as below :

cnnen nenwncen ne

0000000000000

The following solved example will explain the rule stated in the
above stanza :

Example, Find the cube root of 17,71,561

e’ ncn ne 1
17715 61 line of cube root
Subtract 1 1
Divide by 3.1 3) 07 (2
6
17
Subtract 3.1.2* 12
51
Subtract 2* 8
Divide by 3.12 432)4 3 5 (1
4.3 2
o 36
Subtract 3.12.1% 36
01
Subtract 13 1
0

The process ends. The required cube root is 121. The remainder
being zero, the root is exact.

AREA OF A TRIANGLE

o~ . Co e
TgET FRAPAL ARV YSATTHTT: |

6. (a-b) The product of the perpendicular (dropped from the vertex

on the base) and half the base gives the measure of the area of
a triangle. :
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The term samadalakoti means ‘the perpendicular dropped from
the vertex on the base of a triangle’, i.e., ‘the altitude of a triangle’.
Bhaskara I criticises those who interpret it as meaning ‘the upright
which bisects the triangle into two equal parts’, for, in that case, the
above rule will be applicable only to equilateral and isosceles triangles.

The word phalasarira means, according to Bhaskara I, phala-
pramina, i.e., ‘the measure or amount of the area’.

The above rule is applicab]e when the base and the altitude of a
triangle are known. When the three sides of a triangle are given but
the altitude is not known, Bhaskara I gives the following formulae to
get the segments of the base (called abadha or abadhantara) and
the altitude :

Fig. 1

2= (a+ ")

a

@ y=t (a— <)

a
(3) p=+/—~xt or /b —y?

It is remarkable that Bhaskara I does not mention the formula :

Area of a triangle = /s (s—a)(s—b) (s—c), 2s=a-t+b+tc,
although his contemporary Brahmagupta states it in his Brahma-sphuta-
siddhanta.!

VOLUME OF RIGHT PYRAMIDS
¢ .
TEAYATACEIT. q g9 SSRARE 1 g

6. (c-d) Half the product of that area (of the triangular base) and the
height is the volume of a six-edged solid.

1. See BrSpSi, xii. 21,
2. A.B.F. dawis:
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This rule, which is based on speculation on the analogy of the area
of a triangle, is inaccurate. The correct formula is found to occur in
the Brahma-sphuta-siddhanta of Brahmagupta where it is stated as
follows :

“The volume of a uniform excavation divided by three is the
volume of the needle-shaped solid.””?

That is to say,
Volume of a cone or pyramid =} (area of base) X (height).

Bhaskara I seems to be unaware of this formula, for he has no
comment to make on the rule of Aryabhata I. Even the commentators
Somes$vara and Suryadeva (6. A.D. 1191) have nothing to add.

AREA OF A CIRCLE

FRIRUEEANT AFsTaEaRT TRy |

7. (a-b) Half of the circumference, multiplied by the semi.
diameter certainly gives the area of a circle.
That is,

area of a circle =} X circumference X radius.

The same result in the.form

circumference X diameter

area of a circle = %

occurs earlier in the Tattvarthadhigama-satra-bhasya® of Umasvati
(Ist century A.D.). It occurs in the Brhat-ksetra-samasa® of Jinabhadra
Gani (A,D. 609) also.

VOLUME OF A SPHERE

afeged g gaMEsE  fAEey 1o )

7. (c.d) That area (of the diametral section) multipliéd by its own
square root gives the exact volume of a sphere.

1. See BrSpSi, xii. 44,
2. Comm. iii. 11.
3. 0.1,
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That is, if r be the radius of a sphere, then, according to
Aryabhata I-:

Volume of a sphere=mwr"/7r2.

This formula is based on speculation, and, as noted by Bhaskara I,
is inaccurate, although called exact by Aryabhata I.

The probable rationale of Aryabhata I's formula is as follows :

The area of a circle of radius r
=1rr2
= area of a square of side «/7r% (vide vs. 9 a-b)

On the analogy of this, Aryabhata I concludes that

Volume of a sphere of radius r

=volume of a cube of edge +/mr?
= o/ X FRX A 7l
=7r® X /ars
Bhaskara I quotes the following formula from some earlier work,
but he does not give it any credit and regards it as inferior to that
given by Aryabhata I :
Volume of a sphere of radius r=12 r%.

It is noteworthy that Bhaskara I's contemporary Brahmagupta,
who has criticised Aryabhata I even for his minutest errors, has not
been able to make any improvement on Aryabhata’s formula for the
volume of a sphere. Still more noteworthy is the fact that mathe-
maticians and astronomers in northern India, too, regarded Aryabhata
I's formula as accurate and went on using it even in the second half
of the ninth century A.D. Brahmagupta’s commentator Prthudaka who
wrote his commentary on the Brahkma-sphuta-siddhanta in'860 A.D. at
Kannauj, bas prescribed® Aryabhata I’s rule for finding the volume
of a sphere.

The formulae given by other Indian mathematicians are :

(1) Mahavira’s (850 A.D.) formula :*
Volume of a sphere=9 X {% r*.

cm—— ——

1. In his comm. on BrSpSi, xi. 20.
2. See GSS, viii. 284.
A.Bh. 6
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(2) Sridhara’s (c. 900 A.D.) formula

Volume of a sphere=4(1 4-1/18)r%.

The same formula is given by Aryabhata II (c. 950 A.D.)? and
Sripati (1039 A.D.).

All these formulae are approximate. The accurate formula was
given by Bhaskara II (1150 A.D.).

(3) Bhaskara II's (1150 A.D.) accurate formula :4

Volume of a sphere =} X surface X diameter.

Bhaskara II also gave the following approximate formula, using
7=22]7 ;

: ' \
Volume of a sphere=£ifmfir) (1+1/21)

or 4 (1+1/21) r® approx.’®

AREA OF A TRAPEZIUM

TAWIQ 9199 JAEY IR q )
feaEi g §9 [IR@AEw 0 =0

8. (Severally) multiply the base and the face (of the trapezium)
by the height, and divide (each product) by the sum of the base
and the face ; the results are the lengths of the perpendiculars
on the base and the face (from the point of imtersection of
the diagonals). The results obtained by multiplying half the
sum of the base and the face by the height is to be known as the
area (of the trapezium).

See Tris, p. 39, Rule 56.

See MSi, xv. 108.

See SiSe, xiii. 46.

See L (Anandasrama), Rule 201 (c-d), p. 201.
See L (Anandasrama), Rule 203 (e-f), p. 203.

wm P LN



Verse 9 ] " AREA OF PLANE FIGURES 43

Let a, b be the base and the face, p the height and ¢, d the
lengths of the perpendiculars on the base and the face from the point
where the diagonals intersect, Then

b
Fig. 2
a
e=_"2%
a+b
i= %
a-}b

area=} (a+5) p.

The term ayama, meaning ‘breadth’, denotes the height of the
trapezium. The term vistara, meaning ‘length’, denotes the base and face
of the trapezium and so vistarayogdrdha means ‘half the sum of the
base and the face’.

The term parive means, here, the two sides of a trapezium lying
on the two sides of the height. Evidently, they are the base and
the face.

AREA OF PLANE FIGURES

gyt [Tt gATST A G ageAE: |

9. (a-b) Inthe case of all the plane figures, one should determine
the adjacent sides (of the rectangle into which that figure can
be transformed) and find the area by taking their product.

According to Bhaskara I, this rule is meant both for finding the
area and for verifying the area of a plane figure. Writes he :

Doubt : ‘“Now, the word a/l means ‘everything without exception’;
so, here, all (plane) figures are included. The area of all
(plane) figures being thus determined by this rule, the
statement of tke previcusly stated rules teccmes useless,
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Answer ; That is not useless. Both the verification and the calculation
of the areas are taught by this rule. The areas of the previously
stated figures have to be verified. The mathematicians
Maskari, Parana and Pltana etc., prescribe the verification of
all (plane) figures (by transforming them) into a rectangular
figure. So has it been said :

‘Having determined the area in accordance with the prescribed
rule, verification should always be made by (transforming
the plane figure into) a rectangle, because it is only of the
rectangle that the area is obvious.’

‘The determination of the area of the (plane) figures which
have not been mentioned above is possible only by
transforming them into rectangles.’

The commentator Somesvara, following Bhaskara I, is of the
opinion that the above rule is meant for the verification of the plane
figures. According to the commentators Stryadeva (b. 1191 A.D.),
Parameévara (1431 A.D.), Yallaya (1480 A.D.), and Raghundtha-raja
(1597 A.D.), this rule is meant for finding the area of all .plane
figures including those already considered above. According to the
commentator Nilakaotha (c. 1500 A.D), however, this rule is meant
only for finding the area. of those plane figures that have not been
considered heretofore.

There is, however, no doubt that the above rule is based on the
assumption that all plane figures can be transformed into a rectangle.

In his commentary, Bhaskara I has shown how to find the area
of a triangle, a quadrilateral, a drum-shaped figure, and a figure
resembling the tusk of an elephant, by transforming them into rectangles.

CHORD OF ONE-SIXTH CIRCLE

qftd: qEAWTeAT fswvATdR avgear I & |

9. (c-d) The chord of one.sixth of the circumference (of a circle) is
equal to the radius.!

1. Cf BSi,iv. 2 (wd).
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That is,
chord 60°=R,
or  Rsin 30°=R/2.

CIRCUMFERENCE-DIAMETER RATIO
agelis gaasIy Frafzadr agwy |
HYAFAFFTACAAA TATRAE: N Qe |l

10. 100 plus 4, multiplied by 8, and added to 62,000 : this is the
pearly approximate measure of the circumference of a circle
whose diameter is 20,000.

This gives
v cnrcumferencc___ 62832= 3-1416.
diameter 20000

This value does not occur in any earlier work on mathematics,
and forms an important contribution of Aryabhata I.

It is noteworthy that Aryabhata I has called the above
value approximate.

COMPUTATION OF RSINE.TABLE GEOMETRICALLY

grgayitfind fran fryssagys=31 |
guagsaai g fssead adsmfa 0ogg Nl

11. Divide a quadrant of the circumferenc of a circle (into as many
parts as desired). Then, from (right) triangles and quadri.
laterals, one can find as many Rsines of equal arcs as one
likes, for any given radius.

Following Bhaskara I, we explain the method implied in the above
stanza by solving three examples.

_ Example 1. Find six Rsines at intervals of 15° in a circle of
radius 3438'.

Let Fig. 3 represent a circle of radius R (=3438’). Divide its
circumference into twelve equal parts by the points A, B, C, D, E,
F, ...,L. Join BL. This is equal to R and denotes chord 60°. Half
of this, i.e., MB, is Rsin 30°, Thus Rsin 30°=R[2=1719". This is
the sccond Rsing.
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A N
L B
M
K C
P
rig. 3 I 5 D
) E
H F
G

Now, in the right-angled triangle OMB,

OM= v/ RI—(®]2=",>- R=2978"

This is the fourth Rsine, viz.,, Rsin 60°.

Now, in the right-angled triangle AMB, AM =Rvers 30°
and MB=Rsin 30°.

<. AB=+4/ (Rsin 30°)% + (Rvers 30°)

This is chord 30°. Half of this (i.e., AN) is Rsin 15°. Thus

Rsin 15°=4% +/(Rsin 30°)*+ (Rvers 30°)3
=890,

This is the first Rsine.

Now, in the triangle ANO, AN=Rsin 15° and OA=R.

~.ON= 4/ R? — (Rsin 15°)2 = 3321’. This is the fifth Rsine,
i.e., Rsin 75°.

Since this is the fifth Rsine, i.e., an odd Rsine, it would not
yield any further Rsine,

Thus, five Rsines have been obtained by using triangles. Now,
we shall make use of the semi-square AOD, whose sides OA and OD
are cach equal to R. Therefore AD=4/2 R, This is ¢chord 90°, Half
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of this (ie., AP) is Rsin 45°. Thus, Rsin 45°=R/</2 == 2431". This
is the third Rsine.
Thus we get all the six Rsines, which are as follows :
Rsin 15°=890’ ; Rsin 30°=1719" ; Rsin 45°=2431" ;
Rsin 60°=2978" ; Rsin 75°==3321" ; Rsin 90°=3438’,
Analysis.  Verse 9 (c-d) gives the second Rsine. This yields the
first and the fourth Rsines. The first Rsine yields the fifth Rsine, The

fourth and the fifth Rsines do not yield any other Rsines. This process
ends here.

Again, the radius is the sixth Rsine. It yields the third Rsine.
The third Rsine being odd, does not yield and further Rsine. So this
process also ends.

Thus, from the second and the sixth Rsines, one gets all the
six desired Rsines.

Example 2. Find twelve Rsines at intervals of 7° 30’ in the circle
of radius R (=3438').

™
Fig. 4 represents a circle of radius R (3438'). Join LB, as

before. This is equal to R and denotes chord 60° Half of this is
Rsin 30°, Thus,

A Qp
B
M N

Fig. 4

o

Rsin 30°=R/[2=1719’,
This is the fourth Rsine.
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Now, from the right-angled triangle OMB, as before,

OM= R—(R2) = 2—3 R—2978".

This is Rsin 60°, i e., the eighth Rsine.

Now, from the right-angled triangle AMB,

AB= 4/ (Rsin 30°)?-+ (Rvers 30°)®
= o/ (1719')* F (460" )2=1780".

This is chord 30°. Half of this, i.e., AN, is Rsin 15°. Thus,
Rsin 15°=890'.

i

This is the second Rsine.

" Now from the right-angled triangle ANO

ON=4/(A0)*—~ (AN)* ==+/ RZ_(Rsa 15°)2 =3321".
~Thisis Rsin 75°, i e., the tenth Rsine.

Now, from the right-angled triangie ANR, where R is the mid-
point of the arc AB, we have

AR=4/(AN)2+ (NR)?2 = /(Rsin 15°)2+(Rvers 15°)?
= &/ (890 +(117F=898".
This is chord 15°. Half of this (i.e., AS) is Rsin 7° 30’, Thus,
Rsin 7° 30'=449’,

This is the first Rsine.

Now, from the right-angled triangle ASO,

OS = 4/R%—(Rsin 7° 30’)2=3409'.
This is Rsin (82° 30'), i.e., the cleventh Rsine.

Now, Rvers 75°=R—Rsin 15°, so that
chord 75°=+/(Rsin 75°% + (Rvers 75°)F =4186'.
Half of this is Rsin 37° 30". This is the fifth Rsine.
Now, Rsin 52° 30'=A/R?—(Rsn 37° 30")*=2728'.
This is the seventh Rsine,

Thus, seven Rsines have been obtained by usibg triangles,
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Now, we make use of the semisquare AOD as before. Its side
OA and OD are each equal to R. Therefore,
AD=,/2 R=4862".
This is chord 90°.  Half of this, i.e., AP, is Rsin 45°, Thus, Rsin 45°
=2431". This is the sixth Rsine.

Now, from the right-angled triangle APT,

AT =4/ (Rsin 45°)3+(Rvers 45°)2==2630".
-This is chord 45°. Half of this is Rsin 22° 30’. This is the third
Rsine. )
Hence, as before,

Rsin 67° 30' ~/ R%Z— (Rsin 22° 30')® ==3177".
This is the ninth Rsine.

Thus, we get all the twelve Rsines, which might be set out as
follows :

Rsin 7° 30'=449’ Rsin 37° 30'=2093'  Rsin 67° 30'=3177'
Rsin 15°=890’ Rsin 45°=2431' Rsin 75°=3321'
Rsin 22° 30'=1315’ Rsin 52° 30'=2728’ Rsin 82° 30’ =3409’
Rsin 30°=1719’ Rsin 60°=2978’ Rsin 90° =3438’

Analysis,  Stanza 9 (c-d) gives the fourth Rsine. This fourth
Rsine yields the eighth and the second Rsines. The eighth Rsine does
not yield any new Rsine. The second Rsine yields the tenth and the
first Rsines. The first Rsine yields the eleventh Rsine, and the tenth
Rsine yields the fifth and the seventh Rsines. These Rsines do not
yield any new Rsines. So this process ends here.

Again, the radius is the twelfth Rsine. This yields the sixth
Rsine, and the sixth Rsine yields the third and the ninth Rsines. These
do not yield any further Rsines. So the process ends here.

Thus, from the fourth and the twelfth Rsines one gets all the
twelve desired Rsines.

Example 3. Find the twentyfour Rsines at the equal intervals
of 3° 45' in the circle of radius R (= 3438’).

A. Bh, 7
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From stanza 9 (c-d)

8th Rsine=R/[2=1719".

This yields :

16th Rsine= \/R:T—(R/2): =2978’

[ Ganita Sn.

4th Rsine=14/ (Rsin 30°)*+ (Rvers 3057

=890'.

The 16th Rsine does not yield and new Rsine.
20th Rsine= /R?*—(890")2 =3321’

2nd Rsine =449’
The 20th Rsine yields :

10th Rsine=2093'
The 2nd Rsine yields :

1st Rsine=1225'

22nd Rsine = 3409’
The Ist Rsine yields :

23rd Rsine =3431’
and the 22nd Rsine yields : ‘

11th Rsine =2267’.

The 23rd Rsine does not yield any new Rsine.

The 11th Rsine yields :
13th Rsine=2585".

The 13th Rsine does not yield any new Rsine.

The 10th Rsine yields :
5th Rsine=1105'

14th Rsine =2728°,

The 5th Rsine yields :
19th Rsine =3256".

The 14th Rsine yields :
7th Rsine=1520",

The 7th Rsine yields :
17th Rsine=23084",

The 17th Rsine does not yield any new Rsine.

The 4th Rsine yields :
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Now, we start with :

24th Rsine==3438".
This yields :

12th Rsine=2431".
This 12th Rsine yields :

6th Rsine=1315",
The 6th Rsine yields :

3rd Rsine=671’

18th Rsine=3177".
The 3rd Rsine yields :

21st Rsine=3372’
and the 18th Rsine yields :

9th Rsine=1910".
The 9th Rsine yields :

15th Rsine ==2859’,

Thus, we get all the twentyfour Rsines.

DERIVATION OF RSINE.DIFFERENCES

FAM=AEATIIE @ied Adiaray |
FAIRSAIIRAEET qRr 1R 1l

12. The first Rsine divided by itself and then diminished by the
quotient gives the second Rsine-diffcrence. The same first
Rsine diminished by the quotients obtained by dividing each of

the preceding Rsines by the first Rsine gives the remaining
Rsine.differences.

Let Ry, R,, ...R,, denote the twentyfour Rsines and 8 (=Ry),

3 By .. ... » 8, denote the twentyfour Rsine-differences. Then,
according to the above rule,

R11+Rz+ 4R m
Sppa=Ry — LT 2Tt T 0w

R,
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The above translation is based on Prabhakara’s interpretation of
the text. The same interpretation is given by the commentators
Somesvara, Suryadeva (b. 1191 A. D.), Yallaya (1480 A. D.) and
Raghunatha-raja (1597 A.D.). It is interesting to note that this interpre-
tation is also in agreement with the rule stated in the Sarya-siddhanta
(ii. 15-16), as interpreted by the commentator Ranganatha (1603 A.D.),
viz..

Run=Ry+R, — JafRototRe
1

Datta and Singh, following the commentator Paramesvara
(1431 A.D.), have translated the text as follows :

“The first Rsine divided by itself and then diminished by the
quotient will give the second difference. For computing any
other difference, (the sum of ) all the preceding differences is
divided by the first Rsine and the quotient is subtracted from
the preceding difference. Thus, all the remaining differences
(can be calculated).”

That is
S
bty — ekttt [ -
or 8,,—_%%_ J{

This is also how the commentator Some§vara seems to have
interpreted the text.

One can easily see that (1) and (2) are equivalent.

The commentator Nilakantha (c. 1500 A.D.) interprets the text
as follows :

“The first Rsine divided by itself and then diminished by the
quotient gives the second Rsine-difference. To obtain any other

1. History of Hindu mathematics, Part I1I, (unpublished). Also
see A.N. Singh, ‘Hindu Trigonometry’, Proc, Benaras Math, Soc.,
vol. 1, N.§,, 1939, p. 88.
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Rsine-difference, divide the preceding Rsine by the first Rsine -
and multiply the quotient by the difference between the first
and second Rsine-differences and subtract the resulting product
from the preceding Rsine-difference.”

That is,

R, ‘

Ry ' 3
8, 1=38,— (R"/ R, ) (81- 82).

H=R;—

This is the accurate form of the formula, and reduces to the
previous form because, according to Aryabhata I,

8,—8,—=225— 224=1.
The following is the trigonometrical rationale of (3) :

8,—3a11={Rsin nh—Rsin (n—1)h}—{Rsin (n+1)h—Rsin nk},
where h==225"
= 2 Rsin nh—{Rsin (n4 1)k Rsin (n—1)h}

2 Rsin nh. Rcos h

= 2 Rsin nh—
= 2 Rsin n R

= 2 Rsin nh ————(R_RCOS k)

‘ R
s (81"82)

= Rsin nh. “Reinh

= (R,,IRl)(Sl —8,),
because

8,— 8=2 Rsin k. (R_—_R;_"s_’i-

The geometrical rationale as given by the commentator
Nilakantha (c. A.D. 1500) is as follows ¢

Let AOB be a quadrant of a circle, OA being horizontal and OB
vertical. Let the arc AQ be equal to nh, where /=225'; and let the
arcs PQ and QR be each equal to kA Leét L and M be the middle
points of the arcs PQ and QR, so that the are LM is also equal to A.
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Let LU, QV, MW "and RX be the perpendiculars on OA ;
PE, LF and QD perpendiculars on QV, MW and RX, respectively. Also
let PQ, LM and QR be joined by straight lines.

B.
R
>M
D Q
4
A \
. p
Fig, 5 //E
0 X W VvV U A

Now, the triangles QEP and OUL are similar. Therefore

QE=(PQ/OL). OU.
Similarly,

RD=(QR/OM). OW =(PQ/OL). OW.
Therefore, by subtraction,
QE —RD=(PQ/OL)(OU—OW)==(PQ/OL). WU. (4)

Again, since the triangles MFL and OVQ are similar,
FL=(QV/0Q). LM,
or WU=(PQ/OL). QV. (5)
From (4) and (5),

QE—RD=(PQ/OL)’. QVv.
In other words,

8, 8,11={(2 Rsin h/2)/R}". R, (€)
In particular, ’

81—8:={(2 Rsin 4/2)/R}. R, (1
From (6) and (7),
Sy —3pty= (RF/R],) (8— 8’)’
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"CONSTRUCTION OF CIRCLE, ETC., AND TESTING
OF LEVEL AND VERTICALITY

T wlw A Bras T 9gas T s |
AEAT AR ARYTISH  qEIRAT 1 93

13. A circle should be constructed by means of a pair of compasses ;
a triangle and a quadrilateral by means of the two hypotenuses
(karna). The level of ground should be tested by means of
water; and verticality by means of a plumb.!

The two hypotenuses (karnas) in the case of a triangle are the
two lateral sides above the base ; in the case of a rectangle, the two
diagonals ; and in the case of a trapezium, the two lateral sides? The
reference is to the usual methods of constructing a triangle when the
three sides (7.e., the base and the two lateral sides) are given ; a
parallelogram, when one side and two diagonals called the hypotenuses
are given ; and a trapezium, when the base, height and the two lateral
sides (called hypotenuses) are given.

As regards testing the level of the ground, Bhaskara I observes :

“When there is no wind, place a jar (full) of water upon a
tripod on the ground which has been made plane by means of
eye or thread, and bore a (fine) hole (at the bottom of the jar)
so that water may have continuous flow. Where the water
falling on the ground spreads in a circle, there the ground is in
perfect level ; where the water accumulates after departing
from the circle of water, there it is low ; and where the water
does not reach, there it is high.”

1. The same rule occurs in BrSpSi, xxii. 7 ; SiDVr, 11, viii. 2
(c-d). Also see SuSi, iii. 1; Si$i, I, iii. 8.

2. Sec examples set by Bhaskaral and Suryadeva in their
commentaries on A, ii. 6 (a-b).
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RADIUS OF THE SHADOW-SPHERE
TE: TR FIAAG GYT FAT |
IueT qOgA  freFeant @R i 9y )

14.  Add the square of the height of the gnomon to the square of its
shadow. The square root of that sum is the semi.diameter of
the circle of shadow.!

“The semi-diameter of the circle of shadow is taken here”, says
the commentator Bhaskara I, “in order to accomplish the rule of three,
viz, ‘If these are the values of the gnomon and the shadow corresponding
to the radius of the circle of shadow, what will correspond to the radius
of the celestial sphere ?” Thus are ‘obtained the Rsines of the Sun’s
altitude and zenith distance. At an equinox, these are called the
Rsines of colatitude and latitude (respectively).” Cf. LBAh, iii, 2-3.

As regards the shape of a gnomon, Bhaskara I informs us that the
Hindu astronomers differed from one another, Some took a gnomon
with one third at the bottom of the shape of a rigat prism on a square
base, one third in the middle of the shape of a cylinder, and one
third at the top of the shape of a cone. Others took a gnomon of the
shape of a right prism on a square base. The followers of Aryabhata I,
writes Bhaskara I, preferred a cylindrical ‘gnomon, made of excellent
timber, free from holes, knots and scars, with large diameter and height.
In order to get a prominent tip of the shadow, a cylindrical needle
(of height greater than the radius of the gnomon) made of timber
- or iron was fixed vertically at the top of the gnomon in the middle.
Such a gnomon being large and massive was unaffected by the wind ;
being cylindrical, it was easy to manufacture ; being surmounted by
a needle of small diameter, the tip of the shadow was easily perceived.

A gnomon was generally divided into 12 equal parts called
angulas, but, according to Bhaskara I, there was no such hard
and fast rule. A gnomon could bs of any length with any number
of divisions.

1. Cf KK, 1,iii. 10 ; MBAh, iii. 4.
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GNOMONIC SHADOW DUE TO A LAMP-POST
EFTY ST ISFATAHAEIY |
gegsd AT AT FA JFL @YW 0 Qe

15. Multiply the distance between the gnomon and the lamp-post (the
latter being regarded as base) by the height of the gnomon and
divide (the product) by the difference between (the heights of)
the lamp.post (base) and the gnomon. The quotient (thus
obtained) should be known as the length of the shadow measured

from the foot of the gnomon.!

In Fig. 6, let AB be the lamp-post, CD the gnomon, and E the
point where AC and BD produced meet. Then DE is the shadow cast
by the gnomon due to light from the lamp at A.

Let FC be parallel to BD. Then comparing the similar
triangles CDE and AFC, we have
A

F C

Fig. 6

D
__ ECxCD
AF
- EBDxCD .
Hence the rule. AB—CD

Ti1P OF THE GNOMONIC SHADOW FROM THE LAMP.POST AND
HEIGHT OF THE LATTER

grmird grAmagaT wiid” |- |
QEFTW FET A’ FraraFar gar w3 1 g5

—

1. This rule occurs also in BrSpSi, xii. 53; GSS, ix. 40%;
SiSe, xiii. 54 ; L (Anandasrama), Rule 234, p.243; GK, II, p. 208,

‘Rule 14 (a-b).
2. Bh. wifsd ; others wifaar 3. A-G. Gh. ®ife:
4. B, Tr. a1 |2t

A.Bh. 8
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16. (When there are two gnomons of equal height in the same
direction from the lamp-post), multiply the distance between the
tips of the shadows (of the two gnomons) by the (larger or
shorter) shadow and divide by the larger shadow diminished by
the shorter one ; the result is the upright (i.e., the distance of
the tip of the larger or shorter shadow from the foot of the lamp-
post). The upright multiplied by the height of the gnomon and
divided by the (larger or shorter) shadow gives the base (i.e., the
height of the lamp.post).!

In Fig. 7, AB is the lamp-post (base), BC or BD is the upright,
LM and PQ are the gnomons of equal height.

A
Fig. 7 L P
B M C Q b
We have
AB _ BD ) _AB__ BC (ii)
PQ QD LM MC
Since PQ==LM, therefore
BD BC CD
—_— =R (lll)
QDb MC QD—MC :
Hence from (iii), (i) and (ii), we have
BD—_CP*QD
QD~-MC ¢y
BC= CDxMC
QD-MC )
'BDXPQ __ BCxXLM
and AB= =
QD MC 3)

1. This rule reappears in BrSpSi, xii. 54; L (ASS), Rule
239, pp. 246-47 ; GK, vol. 2, p. 210, Rule 16.
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THEOREMS ON SQUARE OF HYPOTENUSE AND
ON SQUARE OF HALF-CHORD

2 ¢ e e & 1
qY3T YA REATT FOIC & |
Y [ N
™ WRASYTATE T &F T 0 90 |
17. (In a right-angled triangle) the square of the base plus :the
square of the upright is the square of the hypotenuse.
In a circle (when a chord divides it into two arcs), the product

of the arrows of the two arcs is certainly equal to the square
of half the cherd

Of the two theorems stated above, the first one is “the theorem of
the Square of the Hypotenuse”, as Hankel has called it. This theorem
has been known in India since very early times. Baudhdyana
(c. 800 B.C.), the author of the Baudhayana-sulba-satra, has enunciated
it thus :

“The diagonal of a rectangle produces both (areas) which its

length and breadth produce separately.’”®

This theorem is now universally associated with the name of the Greek
Pythagoras (c. 540 B.C.), though “no really trustworthy evidence exists
that it was actually discovered by him.” It were certainly the Hindus
who enunciated the property of the right-angled triangle in its most
general form. No other ancient nation is known to have made any
attempt in this direction.

] The second theorem states that if, in a circle, a chord CD and a
diameter AB intersect each other at right-angles at E, then

Fig. 8

AE X EB=CE?,

I Pr. yeraiaa: Mdad: soieq qa
2. Bagudhayana-$ulba-sutra, i. 48.
3. Heath, Greek Matkematics, 1, p. 144 f,
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This _result easily follows from comparison of the similar triangles
CAE and CEB.

This second theorem occurs earlier in the works of Umasvatil
(Ist century A.D). It has been mentioned by Jinabhadra Gani®
(A.D. 609) and Brahmagupta (A.D. 628) also.?

ARROWS OF INTERCEPTED ARCS OF INTERSECTING CIRCLES
AR 3 3% ey ey TR |
graaRNEe aweI w0 eE

18. ‘{When one circle intersects another circle) multiply the
diameters of the two circles each diminished by the erosion, by
the erosion and divide (each result) by the sum of the diameters
of the two circles after each has been diminished by the
erosion : then are obtained the arrows of the arcs (of the two
circles) intercepted in each other.®

~ Let two circles intersect at P and Q and let ABCDE be the line
passing through the centres of the two circles. Then BD is the erosion
(grasa), and BC, CD are the arrows of the intercepted arcs.

P
Fig. 9 A B(c| |D E
Q
The rule states that
BC — (AD—BD). BD M

(AD—BD)+(BE—BD)

P m——————

1. See Tattvarthadhigama-sutra, 'iii. 11 (comm.) and\Jambu-
dvipa-samisa, ch. iv.

2. See Brhat-ksetra-samasa, i. 36.

3. See BrSpSi, xii. 41.

4. Gh. g9 a«

5. A.D.Pa. @Ymwad ; E. awrwaal
6.

This rule occurs also in BrSpSi, xii 42; GSS, vii, 231} ;
GK. vol. 2, p. 76 (Rule 68).
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BE—
and CD = T«F(:ﬁ)% @
These formulae may be derived as follows :
Since AC X CD=BCX CE, therefore
(AD—BD+BC)(BD—BC)=BC(BE—BC) A3
(AD—CD)CD= (BD—CD)(BE—BD +CD) 4

Solving (3) for BC, we get (1) and solving (4) for CD,
we get (2),

SUM (OR PARTIAL SUM) OF A SERIES IN A.P.
go ¥ qfad ATAgTY qgEAET |
rezgfuafiedd @aaa wragaq 1 g8

19. Diminish the given number of terms by one, then divide by two,
then increase by the number of the preceding terms (if any),
then multiply by the common difference, and then increase by
the first term of the (whole) series : the result is the
arithmetic mean (of the given number of terms). This multi-
plied by the given pumber of terms is the sum of the given
terms. Alternatively, multiply the sum of the first and last
terms (of the series or partial series which is to be summed up)
by half the number of terms.? ’

Let an arithmetic series be
a-|—(a+d)+(a+2d)+......
Then the rule says that

(1) the arithmetic mean of the n terms

(a+pd)+{atpF1 d) + oo +{a+(@+n—1) d}
=a+( n—2—1+p ) d.

1. Bh. uqd #eAq
2. C. TAAgEE

3. Cf. BrSpSi, xii. 173 GSS, vi. 290 ; PG, Rule 85 MSi,
av. 47 ; SiSe, xiii. 20 ; L (4SS), Rule 121, p. 114.
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(2) the sum of the n terms

@+pd)+@+p+1a)+ ... +{at(p+n—1) d}
= n{at(2 4 )<}

In- particular (when p=0)
‘ (3) the arithmetic mean of the series
a+@+d)+...+{a+(n—1d}

—a + n;l d

(4) the sum of the series

a+(@a+d)+...+{a+@n—-1) d}
n—1
=n {a + 3 d }

Alternatively, the sum of n terms of an arithmetic series with A
as the first term and L as the last term

n
= ‘2—(A+L)s
where } (A+L) is the arithmetic mean of the terms,

The commentator Bhaskara I says :
“Several formulae are severally set out here. They are obtained
by suitable combination of the text as follows :
Formula 1. “Istain vyekarn dalitam uttaragunarn samukham” iti madhya-
dhan@nayanartham satram.

";1 d is the formula for the arithmetic mean of n terms.

le., a4

Formula 2. “Madhyarm istagunitam” iti istadhanam.
g

ie., {a + n;_l d} n gives the sum of n terms,

Formula 3. “Istar vyekar sapurvam uttaragunam samukham’'

> dtyantyo-
pantyadidhananayanartham sutram.

le., a+{(1—-—l)+(n—1)}d is the formula for the nth term,
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Pormula 4, “Istatn vyekam dalitaim sapurvam uttaragunarm samukham
istagunitam’’ ityavantarayathestapadasarmkhyanayanartham
satram,

ie., n{a + ( n2—1+ p ) d} is the formula for the sum of n

terms beginning with the (p 4 1)th term,

Formula 5. “Adyantapadardhahatam” iti istadhanam.

i.e., in (A+L)is the sum of n terms, A and L being the first and
last terms.

Series in A.P. are found to occur in the Taittiriya Sambhita (vii. 2.
12-17; iv. 3. 10), the Vajasaneya Samhita (xvii. 24.25), the Paiicavimsa
Brahmana (xviii. 3) and other Vedic works. In the Brhaddevata®
(500-400 B.C.), we have the result

243444 ... ... +1000=500499.

Formal rules for finding the sum etc. of a series in A.P. occur in
the Bakshali Manuscript (c. 200 A.D.) and other Indian works on
mathematics written subsequently.

NUMBER OF TERMS OF A SERIES IN A.P.

TSRyl s |
Td Bgumd ewohd asaEg U ke

20. The number of terms (is obtained as follows) : Maultiply (the
sum of the series) by eight and by the common difference,
increase that by the square of the difference between twice the
first term and the common difference, and then take the square
root ; then subtract twice the first term, then divide by the .
common difference, then add one (to the quotient), and then
divide by two.? '

Let S be the sum of the series

a+(a+d)+(a+2d)+ (a+3d)+ ......to n terms.

—————

. 1. The Brhaddevata has been edited in original Sanskrit with
English translation by Macdonell, Harvard, 1904.

2. Cf. BrSpSi, xii. 18; GSS, vi. 294 ; PG, Rule 87; MSi,
Xv. 50 ; SiSe, xiii. 24 ; L (ASS), Rule 128, p. 118.
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Then
] S )
SUM OF THE SERIES 1+(1+2)+(1+4+24+3)+... ... TO N TERMS

TR ISR |
qewsa: 4 fafaa: Swgaa fgay av 1’9 U

21. Of the series (upaciti) which has one for the first term and one
for the common difference, take three terms in continuation, of
which the first is equal to the given number of terms, and find
their continued product. That (product), or the number of
terms plus one subtracted from the cube of that, divided by 6,
gives the citighana!

The term upaciti or citi is used in the sense of a series in general.
The series 1+2+4-34 ... ... + n, which has one for the first term and
one for the common difference is called ekottaradi-upaciti. The sum of
this series is generally called sankalita. Bhaskara I calls it sankalana.

The term citighana is used in the sense of the sum of the series
14142+ +243)+ .. . Q)

to any number of térms. This sum is generally called sankalita-sankalita.
Bhaskara I has called it sankalana-sankalana.

The above rule gives the sum to n terms of the series (1) in
two forms :

@) n(n+ll)én+2) and (i) (n+1)3—6-(n+1)

The term citighana literally means ‘the solid contents of a pile
(of balls) in the shape of a pyramid on a triangular base’. The pyramid
is so constructed that there is 1 ball in the topmost layer, 142 balls in
the next lower layer, 14-243 balls in the further. next lower layer,
and so on. In the nth layer, which forms the base, there are

142434 ... +4n balls.

1. Cf. BrSpSi, xii. 19 ; PG, Rule 103 (c-d) ; SiSe, xiii,21; L
(ASS), Rule 118, p. 112.
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The number of balls in the solid pyramid,
ie., citighana=S;+8;+ ... +S,+ ...+ S
where  S,=142+434...4r.

The base of the pyramid is called upaciti, so

upaciti=142+43+4...+tn.
Bhiskara I illustrates the rule by the following example ¢

Example. There are (three pyramidal) piles (of balls) having
respectively 5, 8 and 14 layers which are triangular. Tell me the number
of units (i.e., balls) (in each of them).

The above citighana is a series of figurate numbers. The Hindus
are known to have obtained the formula for the sum of the series of
natural numbers as early as the fifth century B.C. It cannot be said
with any certainty whether the Hindus in those times used the represen-
tation of the sum by triangles or not. The subject of piles of shots and
other things has been given great importance in the Hindu works, of
which all contain a section dealing with citi (‘piles’). It will not be a
matter of surprise if the geometrical respresentation of figurate numbers
is traced to_Hindu sources.

SUM OF THE SERIES N2 AND 3N3

fw-aeg-Eml A Prdafieer Tatsq: |
wifafE: @ i, fafae gafaRemg 0k

22. The continued product of the three quantities, viz., the number
of terms plus one, the same increased by the number of  terms,
and the number of terms, when divided by 6 gives the sum of
the series of squares of natural nambers (vargacitighana).
The square of the sum of the series of natural numbers (citi)
gives the sum of the series of cubes of natural numbers
(ghanacitighana). '

1. Cf. BrSpSi, xii. 20 ; PG, Rule 102-3 (a-b), SiSe, xiii. 22 ;
L (ASS), Rule 119, p. 113.

A, Bh, 9
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The term vargacltighana is used in the sense of the sum of the
series

P42 L.+

ie., the sum of the series of squares of natural numbers ; and the term
ghanacitighana is used in the sense of the sum of the series

P42 43Pt ..+ A

i.e., the sum of the series of cubes of natural numbers. Bhaskara I has :

calied these sums by the terms vargasankaland and gharqasahkaland, :
respectively.  Other mathematicians have called them vargasankalita and '

ghanasankalita, respectively. According to the above rule

P42 +30 4.t = n (n+12(2n+1) , and

3422434 ... +nr=(14+2+434+ .. +n)?
_{nM+U}’
=1 —5—

The terin vargacitighana literally means ‘the solid contents of a
pile (of balls) in the shape of a pyramid on a square base’. It is so
constructed that there is 1 ball in the topmost layer, 2? balls in the next
Jower layer, 3% balls in-the further next lower layer, and so on. In the
nth layer from the top, which forms the base of the pile, there are
n® balls.

The term ghanacitighana similarly means ‘the solid contents of a pile
(of cuboidal bricks) in the shape of a pyramid having cuboidal layers’,
It is so constructed that there is 1 brick in the topmost layer, 2° bricks
in the next lower layer, 3% bricks in the further next lower layer, and so
on. In the nth layer (from the top), which forms the base of the pile,
there are n® bricks, n bricks in each edge of the cuboidal base.

Bhaskara I illustrates Aryabhata’s rule stategl in the text by the
following examples :

Example 1. There are (three pyramidal) piles on square bases
having 7, 8 and 17 layers which are also squares. Say the number of
units therein (i.e., the number of balls or bricks, of unit size used
in each of them).
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Example 2. ‘There are (thrée pyramidal) piles having 5, 4 and
9 cuboidal layers. They are constructed of cuboidal bricks (of unit
dimensions) with one brick in the topmost layer. (Find the number of
pricks used in each of them).

PRODUCT OF FACTORS FROM THEIR SUM AND SQUARES

Fvrer f Ty AT ataery |
qoer waerd  fag quEREEy 03l

23. From the square of the sum of the two factors subtract the
sum of their squares. One-half of that (difference) should be
known as the product of the two factors.

That is,

Axp (AHDP—(A4DY)

QUANTITIES FROM THEIR DIFFERENCE AND PRODUCT

frphman §1ig FIaEN Y Sy |
TRIHR 4 a8 YUAERgd Iy 1@

24. Multiply the product by four, then add the square of the
difference of the two (quantities), and then take the square
root. (Set down this square root im two places). (In one
place) increase it by the difference (of the two quantities), and
(in the other place) decrease it by the same. The results thus

obtaived, when divided by two, give the two factors (of the
given product).!

_ That is, if
X—y=a
xy =b
then !
= V4bta* +a
2
y= ~/4b-|2-a’—a ]

—
——p— ——

1. Cf. BrSpSi, xviii. 99,
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. INTEREST ON PRINCIPAL
‘ . ¢
TERA A% FOGEUAEITAFRIEF |
— .
aqE quEndiM wegd @gE R 0]y
25. Multiply the interest on the principal plus the interest on that
interest by the time and by the principal ; (then) add the
square of half the principal ; (then) take the square root;

(then) subtract half the principal ; and (then) divide by the
time : the result is the interest on the principal 3

The problem envisaged is : A principal P is lent out at a certain
rate of interest per month. At the expiry of one month, the interest
‘I’ which accrues on P in one month is given on loan at the same rate of
interest for T months, After T months ‘I’ amounts to A, The problem
is to find ‘I’ when A is given.

The solution to this probleﬁl is

= _VPTAX(P[2)*—(P/2)
= T .

as stated in the above rule.

RULE OF THREE

FuirwEweay awdsgriar g6 g |
WY qARTATE FETRSIRAfRE g I kg |l

26. In the rule of three, multiply the ‘fruit’ (phala) by the
‘requisition’ (iccha) and divide the resulting prodact by the
‘argument’ (pramana). Then is obtained the ‘fruit corresponding
to the requisition’ (icchaphala).t

1. B. a9« crossed out and 4 substituted.

2. Bh. and So. read I qAIH Fragd éﬂﬁm; others read
et geneid Fragd @ @gaw |

3. Brahmagupta gives a more general rule. See BrSpSi, xii. 15.

4. Similar rules occur in BrSpSi, xii. 10; GSS, v. 2 (i) ;
PG, Rule 43 ; MSi, xv 24-25 (a-b); GT, p. 68, vs. 86 ; SiSe, xiii. 14 ;
L (ASS), p. 71, vs. 73 ; GK, I, p. 47, vs. 60.
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Example 1. If A books cost P rupees, what will R books cost ? -

Here A is the ‘argument’, P the ‘fruit’ and R the ‘requisition’.-
So the required answer is

PXR

rupees.

Example 2. If the interest on Rs. 100 for 2 months is Rs. 5, find
the interest on Rs. 25 invested for 8 months.

Here we have two arguments, viz, Rs. 100 and 2 months ; and
two requisitions viz., Rs. 25 and 8 months. The fruit is Rs. 5. So the
required answer is

25x8%5

LT orSt .
T00%2 o upees

SIMPLIFICATION OF THE QUOTIENTS OF FRACTIONS

P31 TEEA 93 JTURRANEUH |

27. (a-b) .The numerators and denominators of the multipliers and
divisors should be multiplied by one another.

For example,
a

() -2
c
d

) T 7 FE‘; (ac) (fh)
T eg (bd)(e2)
fh

)
o

g
i
This rule is a sequel to the previous rule of three, and relates to the

case when the argument, fruit and requisition are each fractional. What
is meant int his rule is that when the fractional fruit and the fractional
requisition have been multiplied and a fractional product is obtained,
then the product should be treated as the multiplier and the argument
as the divisor. The numerator of the multiplier should then be multi-
plied by the denominator of the divisor and the denominator of the
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multiplier by the numerator of the divisor. The commentator Suryadeva
explains : “Here by the word gunakara (multiplier) are meant the fruit
and the requisition, because, being the multiplicand and the
multiplier, both of them are mutually multipliers, By the word
bhagahara (divisor) is meant the argument.  The (product of the)
denominators of the fruit and the requisition should be multiplied by
the (numerater of the) argument, and the product of (the numerators
of) the fruit and the requisition should be multiplied by the denomi-
nator of the argument.”

REDUCTION OF TWO FRACTIONS TO A COMMON
DENOMINATOR

JWIU T TR ag a7 |l j9 |

27. (c-d) Multiply the numerator as also the denominator of each
fraction by the denominator of the other fraction s then the
(given) fractions are reduced to a common denominator.!

That is,
a+_c_ad bi: ad—+ be
b ' d bd ' bd bd '
i_'c=ﬂ_bc:ad—bc
b d bd bd bd *

Exdmple. Add %, % and 3.

Reducing 4 and } to a common denominator and adding, we get
L1 6 2 6+2_ ,
% \}—'&—ﬁ_‘-_linl\z——s
Now adding % and }, we get

1. Similar rules occur in BrSpSi, xii. 2 (a-b) ; PG, Rule 36;
MSi, xv. 13 (c-d) ; GT, p. 30, line 16 ; SiSe, xiii. 11 (a-b); L (ASS),
p- 28, lines 9; GK, I, p. 9, vs. 26 (a-b). Also see GSS, iii. 55 (a-b).



Verse 2 ] EQUATIONS n

METHOD OF INVERSION

TUFNT ARG AVECE A7 TEERT |
o [T AsgAsTIa T A 1= 0

28. In the method of inversion multipliers become divisors and
divisors become multipliers, additive becomes subtractive and
subtractive becomes additive.t

Example. A number is multiplied by 2; ‘then increased by 1;
then divided by 5; then multiplied by 3 ; then diminished by 2; and
then divided by 7; the result (thus obtained) is 1. Say what is the
initial number.

Starting from the last number 1, in the reverse order, inverting
the operations, the result is '

1x7, +2 =3 x5 —1, =2, ie T

UNKNOWN QUANTITIES FROM SUMS OF ALL BUT ONE
e YRR eEaA IRed gaEdE |
U WA @ ;a9 ag wIaT e

29, The sums of all (combinations of) the (unknown) quantities
except one (which are givem) separately should be added
together ; and the sum should be written down separately
and divided by the number of (unknown) quantities less one :
the quotient thus obtained is certainly the total of all the
(unknown) quantities, (This total severally diminished by the
given sums gives the various unknown quantities).®

1. Gh. Go. Ni, Pa. So. WITgIr ¥

2, Ra. &%: §

3. C. fiqw wafa faadd

4. Similar rules occur in BrSpSi, xviii. 14 ; GSS, vi. 286 ;
PG, Rule 78; MSi, xv.23; GT, p.65, vs. 83; SiSe, xiii. 13
L (ASS), p.42, vs.48; GK, 1, p. 46, lines 13-16.

5. Bh. wac¥ay

6. Cf. GSS,vi. 159; GK, 1, p. 85, Rule 28,
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That is if
(it-xs-t ... Fx)—x=a
rd-xet .. +x,)—x2=as

.

i txa4 ... FX)=—x,=a, .

then
xtxt ... Fx,= ;a,+a;—ti..+a,_,
so that
= ata+ ... +-a, —a
n—1
xoes ata+t ... +""-—a2,
n—1
- a1+az-|- +a,,
" n—1 —a,

X1, X3 ..., X, being the unknown quantities and a1, as, ..., a» the
given sums,

UNKNOWN QUANTITIES FROM EQUAL SUMS

giaFay vy 5an IeTaRg IR |
w4 giewmed Ta95d waN gerg N 3o

30, Divide the difference between the riupakas with the two
persons by the difference between their gulikas. The quotient
is the value of one gulika, if the possessions of the two persons
are of equal value?

1. A.B. E-G. wafy agean

2. The verse may also be translated as: ‘“The difference of
the known amounts (r#zpaka) relating to.the two persons should be
divided by the difference of the coefficients of the unknowns (guliRa) :
The quotient will be the value of the unknown ; if their possessions be
equal.” See B. Datta and A.N. Singh, History of Hindu Mathematics,
part II, p. 40.

For similar rules see BrSpSi, xviii. 43; SiSe, xiv. 15 ; BB (ASS),
p. 113, Rule 89 ; N By, II, Rule 5,



Verse 31 1 MEETING OF TWO MOVING BODIES 7

Two persons are equally rich. Of ‘them, one possesses a gulikas
and b rapakas (coins), and the other possesses ¢ gulikas and d
rapakas. The rule tells how to find the value of one gulika in terms
of rapakas.

Algebraically, if

‘ ax-t+b=cx-d,
then
d—b
X=
a—c *

The term gulika stands for ‘a thing of unknown value’. “By
the term gulika,” writes Bhaskara I (629 A.D.), “‘is expressed a thing of
unknown value.” Gulika and yavattavat (commonly used in Hindu
algebra for an unknown) are used as synonyms. Bhaskara I writes :
“These very gulikas of unknown value are called yavatfavat.”

The term rapaka means a coin. “The rapaka”, writes Bhaskara I,
“is (a coin such as) dindra etc.” )

MEETING OF TWO MOVING BODIES

W ARmAER TRAmAEaEEE & |
T @ RawEmEdasat 1 3¢ |

31. Divide the distance between the two bodies moving in the
opposite directions by the sum of their speeds, and the distance
between the two bodies moving in the same direction by the
difference of their speeds; the two quotients will give the
time elapsed since the two bodies met or to elapse before they
will meet.?

——— ———

1. B.F.N. faad @ ; Go. Pa. So. faar &
2. Ni, w¥at

3. Problems on meeting of travellers occur in Bakhshali
Manuscript and later works. - BM, IIL, A, 3 recto, Rule 14 ; B,
9 verso; B,, 4 recto.; GSS,vi.326}; PG, Rule 65, Exs. 81-82.

A, Bh. 10
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The following cases may arise :

Case 1. 'When the two bodies are moving in the opposite directions.

If the bodies are facing each other, i.e., if they have not already
met, the distance between them when divided by the sum of their
velocities will give the time to elapse before they meet.

If the bodies have already met and moving away from each other,
the distance between them when divided by the sum of their velocities
will give the time elapsed since they met each other.

Case 2.  When the two bodies are moving in the same direction.

If the fast-moving body is behind, i.e., if they have not already
met, the distance between them when divided by the difference of their
velocities will give the time to elapse before they meet.

If the slow-moving body is behind, i.e., if they have already met,
the distance between them when divided by the difference of their
velocities will give the time elapsed since they met each other.

PULVERISER

The rule stated in vss. 32-33 below is meant for solving a residual
pulveriser (sagra-kuttakara), i.e., a problem of the following type :

A number leaves 1 as the remainder when divided by 5, and
2 (as the remainder) when divided by 7. Calculate what that
number is,

RESIDUAL PULVERISER

ARHIAEER  BragamarERY |
AIERATFT AfgaagFal e 130

HIIYRG RAR=agTAIsHIARR 9q |
wiwTeeRd  Eedgmatemgay 0 33 I

s ft——e e ———

1. A. No colophon; B.D. gfa afwaars: ; C. gfd afrans:
g E. wivraurey ; F, xfy afoafrar garaq
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32-33. Divide the divisor corresponding to the greater remainder
by the divisor corresponding to the smaller remainder.
(Discard the quotient). Divide the remainder obtained (and
the divisor) by one another (until the number of quotients of
the mutual division is even and the final remainder is small
enough). Multiply the final remainder by an optional number
and to the product obtained add the difference of the remainders
(corresponding to the greater and smaller divisors; then
divide this sum by the last divisor of the mutual division.
The optional namber is to be so chosen that this division is
exact. Now place the quotients of the mutual division onme
below the other in a column ; below them write the optional
pumber and underneath it the quotient just obtained. Then
reduce the chain of numbers which have been written down
one below the other, as follows) : Maultiply by the last but one
number (in the bottom) the number just above it and then add
the number just below it (and then discard the lower number)..
(Repeat this process until there are only two pumbers in the
chain). Divide (the upper number) by the divisor corresponding
to the smaller remainder, then multiply the remainder obtained
by the divisor corresponding to the greater remainder, and then
add the greater remainder : the result is the dvicchedagra -
(i.e., the number answering to the two divisors). (This is also
the remainder corresponding to the divisor equal to the product
of the two divisors).!

It may be pointed out that when the quotients of the mutual
division are odd in number, the difference of the greater and smaller
remainders is subtracted from the product of the last remainder of the
mutual division and the optional number.

To illustrate the above rule, we solve the following exaniple.

Example. Find the number which yields 5 as the remainder
when divided by 8, 4 as the remainder when divided by 9, and 1 as the
remainder when divided by 7.

— e e

1. The same rule occurs in BrSpSi, xviii. 3-5.
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)] (i) (iii)
Remainder 5 4 1
Divisor 8 9 7

To begin with, we apply the process of the pulveriser on the first
two pairs of remainder and divisor, viz., (i) and (ii).

Dividing 8 (the divisor corresponding to the greater remainder) by
9 (the divisor corresponding to the smaller remainder), we get 8 as the
remainder and 0 as the quotient. We discard the quotient 0 and divide
the remainder 8 and the divisor 9 mutually until there are even number
of quotients and the final remainder is small ¢

8)9(1
8
1)8¢(
8

0

We choose 1 as the optional number and multiply the remainder
0 by it and add 1 (the difference of the greater and smaller remainders)
toit. The result is 1. Diving this 1 by 1 (the final divisor of the
mutual division), the quotient obtained is 1. Now, we write the
quotients of the mutual division, viz., 1 and 8 one below the other and
below them the optional number 1 and then the quotient 1 just obtained.
Thus we get

— et OO e

Reducing this chain, we successively get
1 1 10
8 9 9
1 1

1
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Now dividing the upper number 10 by 9 (the divisor corresponding
to the smaller remainder), we get 1 as the remainder. Multiplying
this 1 by 8 (the divisor corresponding to the greater remainder),
we get 8. Adding the greater remainder S to this 8, we get 13.

This 13 is obviously the pumber which divided by 8 leaves 5 as
remainder and divided by 9 leaves 4 as remainder. This number is]
called dvicchedagra because this answers to two divisors,

This 13 is also the remainder corresponding to the divisor 8 x9
(e, 72).

We now apply the process of the pulveriser on the following pairs
of remainder and divisor 1

@ (i)
Remainder 13 1
Divisor T2 7

Proceeding as above, we get 85. This is called tricchedagra
because this answers to three divisors (viz., those in the example). One
can easily see that 85 leaves 5 as remainder when divided by 8, 4 as
remainder when divided by 9, and 1 as remainder when divided by 7.

This is the least integral solution of the problem. The general
solution is 8 X9X 7 m--85, i.e., 504 m--85, m=0, 1, 2,3, ...

The commentators Bhaskara I, Suryadeva and others have also
interpreted vss. 32-33 as arule for solving a non-residual pulveriser
'(nlragra-kug;nkara), i.e., a problem of the following type : :

Problem : 11 is multiplied by a certain number, the prodact is dimi-
nished by 3, and the difference thus obtained being divided
by 23 is found to be exactly divisible. Find the multiplier
and the quotient.

NON-RESIDUAL PULVERISER
Verses 32-33 may be translated also as follows :

3233, Divide the greater number (demoting the divisor) by the
smaller number (denoting the dividend) (and by the remainder
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obtained the smaller number and so on. Dividing the greater
and the smaller numbers by the last non-zero remainder of the:
mutual division, reduce them to their lowest terms.!) Divide
the resulting numbers mutually (until the number of quotients
of the mutual division is even and the final remainder is small
enoagh). Multiply the final remainder by an optional pumber
and to the product obtained add the (given) additive (or subtract
the subtractive).?2 (Divide this sum or difference by the last
divisor of the mutual division. The optional number is so
chosen that this division is exact. Now place the guotients
of the mutual division one below the other in a2 column ; belaw
them write the optional number and underneath it the quotient
just obtained. Then reduce this chain of numbers as follows),
Multiply by the last but one number (in the bottom) the number
just above it and then add the number just below it (and then
discard the lower number). (Repeat this process until there
are only two numbers in the chain). Divide (the upper number
by the abraded greater number and the lower number) by the
abraded smaller number. (The remainders thus obtained are
the regunired values of the unknown multiplier and quotient),

In the above translation, the word agra has been taken to mean
‘number’ and agrantara to mean ‘the given additive or subtractive’.

The operations mentioned in adhikdgracchedagunam dvicchedagram
adhikagrayutam are, as remarked by the commentator Suryadeva, not
needed in the case of a non-residual pulveriser, Writes he : “Adhi-
kagracchedagunam itysdi niragrakuttakaresu nopayujyate.”

This rule might be illustrated as follows :

Example. Solve

16 x—138 _

487 7

———

1. The additive or subtractive should also be reduced by
dividing it by the last non-zero remainder.

2. By the additive and subtractive here isTmeant the reduced
additive and reduced subtractive,
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Here, the divisor=487, dividend=16 and subtractive=138,
Since 487 and 16 are already prime to each other, we proceed with their
mutual division. The mutual division runs as follows :

16) 487 (30
480
7 16 2
14
2% 76—138= 14 (2
14

0
The chain of the quotients or the mutual division, the optional number
and the final quotient is reduced as follows :
30 30 4696
2 154 154
76 76
2

Dividing 4696 by the divisor 487, the remainder is 313 : this is

the value of x. Dividing 154 by the dividend 16, the remainder is 10 3
this is the value of y.

Hence x=313, y=10.
This is the least integral solution of the problem.

The general solution is

x=487 A-}-313
y= 16 A4 10
where A=0, 1, 2, 3 ...
The commentator Someévara, instead of interpreting the text iq

a different way in the case of a non-residual pulveriser, interprets a
non-residual pulveriser itself as a residual pulveriser.! Thus, he

1. This is really the method of Brahmagupta. See BrSpSi,
xviii. 7,
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interprets the non-residual pulveriser

ax-—c¢ =y

b ’ '
as the residual pulveriser
N=by+c=ax-0,
in which
¢ is the adhikagra (i.e., the greater remainder),

b is the adhikagrabhagahara (i.e., divisor corresponding to the
greater remainder),

0 is the @nagra (i.e., the smaller remainder), and

a is the (unagrabhagahara, i.e., the divisor corresponding to the
smaller remainder). '

To illustrate this method, we solve the non-residual pulverisér of
Example 2, viz.,
16x—138
w71 7
by converting it into a residual pulveriser.

This is equivalent to the residual pulveriser
N=16x+0=—=487y-} 138,

where the greater remainder==138, the corresponding divisor 487,
smaller remainder=0, and corresponding divisor= 16. To solve this,
we proceed as in Example 1.

The mutual division runs as follows :

16) 487 (30
480

7 16 2
14
2703
6

1x24-138 optional number==2

140(70
140

0
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We discard the first quotient and write down the other quotients
of the mutual division one below the other in a column, and underneath
them the optional number and the final quotient ; and then reduce the
chain of numbers obtained, as follows :

2 154
3 76 76
2

70

Dividing 154 by 16 (the divisor corresponding to the smaller
remainder), the remainder is 10 ; this 10 multiplied by 487 (the divisor
corresponding to the greater remainder) gives 4870 ; this increased by
138 (the greater remainder) gives 5008. This is the value of N (the
dvicchedagra) The values of x and y are, therefore, the following :

5008

=2 -=313

_ 5008—138 _
= =10

The rationale of Aryabhata I's rule is as follows :
Method 1. Since both residual and non-residual pulverisers
reduce ultimately to an equation of the form
ax+c=by, 1)

it is sufficient to start with this equation,

Let the mutual division of @ and b (b>>a) yield
a) b (s

M) e (g

P

The mutual division may be continued to any number of even
quotients, For convenience, we have stopped after obtaining the
second quotient.

A, Bh. 11
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The mutual division shows that the application of pulverisation
to equation (1) gives rise to the equation

ax-+c=ny o 2
and then to rex+c=ry. ) 3

Now if x==m, y=g; be solution of (3), then
x=m
| y=mgy+a,
is a solution of (2), and

y=mgy-+4qs }

x=(mg,+45)q,+m @)

is a solution of (k).

1. For, if x=m, y=gs be a solution of (3), then
ram+c = ngs,
or (a—rgz)m+c=rgs.
& c=r1(mgz+ gs) —am.
Application of this value of ¢ reduces (2) to
ax+nr (mga+ gs) —am=riy,

or a (x—m)=ry—(mag:+ gs)},

of which a solution is evidently
x=m
y=mqs+gs,
Application of the same value of ¢ reduces (1) to
ax +n (mgz + qs)——a)n - by,
or ax+(b—aq)(mqge+ gs)—am=>by,
or a[x—{(mg,+gdq+m}|=b[y—(ma:+a»)}).

of which a solution evidently is

y=mq:+qs
x=(mgs+gs)q1+m,
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One can easily see that m is the so called ‘optional number’ (mati),
g the quotient obtained on dividing mra4-c by r1, and that the solution
(4) is the same as obtained by reducing the chain

Ut
92
m

qs

the successive steps of reduction of the chain being

a0 @ (mg,+gat+m
92 mgs+qs Mgyt ds

m m

qs

Method 2. Proceedfng with the equation
ax+c=by Q)

and mutually dividing a and b (b>a) up to the second quotient as
before, we get

a) b (¢

T1)“(‘1:

r3
Since from the mutual division,
b=aq,+n
the equation (1) becomes
ax+c=(@qn~+ry.
or x=¢,y+x,, where ax,=ny—¢
@
3)

ax;+c=ry

where x=q\y+x1.

And since from the mutual division

a=rigs-+r
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the equation (2) becomes
| (rgst+rdx+c=ny,
or gzx;-+-y,=y where r;y,==rx,-}c.
rx +c=ny @,
where Y=g, +y,. &)
Now if x,=m (mati), y= g, be a trial solution of (4), then

(5) gives y=qm-+gq,

and (3) gives x==q, (qggm-}+ qs)-+m. } ©)

Hence a solution of equation (1) is given by (6).

Note. When the mutual division is carried to more than two

quotients, the proof is similar. See Datta and Singh, History of
Hindu Mathemarics, Part II, pp. 95 ff.



CHAPTER 111
KALAKRIYA
OR
THE RECKONING OF TIME

[ The aim of this section is to teach theoretical astronomy
as far as the determination of true positions of
the planets is concerned. ]

TIME DIVISIONS AND CIRCULAR DIVISIONS

I8 'FIRY TR’ WA T 4Ee |
qiRzaied Raa: qitzee fafes et 0 g

yaga qRefarfeme, w27 ar aan |
o FEEANE, FAEAREAT g 1R

1. A year consists of 12 months. A month consists of 30 days. A
day consists of 60 nadis. A nadi comsists of 60 vinadikas
(or vinadis)."

2. A sidereal vinadika is equal to (the time taken by a man in
normal condition in pronouncing) 60 long syllables (with
moderate flow of voice) or (in taking) 6 respirations (pranas).

This is the division of time. The division of a circle (/it. the
ecliptic) proceeds in a similar manner from the revolution.

D St m—

L. So. grzaHE:

2. Bh. feaar,

3. Su. Pa. uftezg
4

See supra, i. 6, p. 13, above.

8
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These definitions may be stated in tabular form as follows :

— ek pmat b

— = b ped e

Table 11. The Time divisions

year =12 months
month =30 days
day =60 nadis (or nadikas)

nadi (nadika) = 60 vinadikas
sidereal vinadika==60 long syallables or
= 6 respirations (pranas)

Table 12. The Circular divisions

revolution =12 signs

sign =30 degrees

degree =60 minutes (kalas)
minute =60 seconds (vikalas)
second =60 thirds (tatpardas).

“The term ksetra means bhagola (‘Sphere of the asterisms’)”,
writes Bhaskara I. More accurately, it means ‘the circle of the asterisms’

or the ‘ecliptic’.

The term ksetra is also used in the sense of ‘a sign of the zodiac.!
But in the present context it means a circle.

CONJUNCTIONS OF TWO PLANETS IN A YUGA

it

gAEAT AReder g A |

3. (a-b) The difference between the revolution.numbers of any two
planets is the number of conjunctions of those planets in a yuga.

VYATIPATAS IN A YUGA

tEgfyagaan aftqaes sadtaae 13

3. (c-d) The (combined) revolutions of the Sunm and the Moon added
to themselves is the number of Vyatipatas (in a yuga).

The phenomenon called vyatipata is of two types : (1) Lata-
vyatipata, and (2) Vaidhrta-vyatipata. The former occurs when the

1. Cf wfg-@x-mg-ei-mfa wad dsddscaan « (Jyotiscandrarka
by Rudradeva Sharma, N. K. Press, Lucknow, i. 165, gloss),
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sum of the (tropical) longitudes of the Sun and the Moon amounts to
180 degrees and the latter when that sum amounts to 360 degrees.!
Thus, in one combined revolution of the Sun and the Moon there
occur two Vvyatipatas.

The conception of the phenomenon of vyatipata is very old.
It occurs in the Vedanga-Jyautisa® (c. 1400 B.C.) which states the number
of vyatipatas in the yuga of 5 years. Italso occursin the Jaina
astronomical work Jyotiskaranda® (514 A D.) where the rule for
finding the number of vyatipatas in a yuga of five years is formulated.

ANOMALISTIC AND SYNODIC REVOLU I'iONS

& o - ~
s SAaERban’ esaHEeiEat |
4. (a.b) The difference between the revolution-numbers of a planet
and its wucca gives the revolutions of the planet’s epicycle
(in a yuga).

What is meant is that the difference between the revolution-
numbers of a planet and its maadocca (apogee) gives the anomalistic
revolutions of that planet; and that the difference between the
revolution-numbers of a planet and its $ighrocca gives the synodic
revolutions of that planet.

The number of the anomalistic revolutions of the Moon in a yuga,
according to Aryabhata is :

—Revolution-number of the Moon minus Revolution-number
of the Moon’s apogee

=35,77,53,336—4,88,219
=5,72,65,117.

The period of one anomalistic revolution of the Moon is, likewise, equal
to 1,57,79,17,500/5,72,65,117, i e., 27°55459 days, or 27° 13" 18m 366

1. See Khanda-khadyaka, i. 25.

2. vs. 19. The date of the Vedanga-Jyautisa may be derived
from the position of the summer solstice (viz. the first point of the
naksatra Dhanisthd) mentioned in that work.

. 3. Gathas 291-93. FEor details, see Vedanga-jyautisa, edited
with English translation and Sanskrit commentary by R. Shamasastry,
Mysore, 1936, vs. 19, notes and Sanskrit commentary.

4, G. su, fgarfuan:
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approx. According to modern astronomers, it is equal to 274 13"
18™ 33°.1.

The following table gives the synodic revolutions (in a yuga) and
the synodic periods (niraméa-kala) of the Moon and the planets according
to Aryabhata I, Ptolemy and the modern astronomers.

Table 13. Synodic revolutions and synodic periods

Synodic revolutions

Planet . according to Synodic period in days
Aryabhata I  Aryabhata [ Ptolemy  Modern
Moon 53433336 29-53058  29-53059  29-53059
Mars 2023176 77992125 779-9428  779-936
Sighrocca of Mercury 13617020 115.8783  115-8786  115-877
Jupiter 39557’i6 398-8895  398-8864  398-884
Sighrocca of Venus 2702388 583-8975  584-0000  583-921
Saturn 4173436 3780859  378-0930  378-092

JOVIAN YEARS IN A YUGA

TEANQT AIUIRIEGaTEr O U

4. (c.d) The revolution-number of Jupiter multiplied by 12 gives the
the number of Jovian years beginning with Asvayuk (in a yuga).

A Jovian year is the time taken by Jupiter in passing through one
sign of the zodiac. The following table gives the names by which the
Jovian years are called when Jupiter passes through the various sigos.

Table 14, Names of the Jovian years

Sign Jovian year Sign Jovian year
1 Aries Asvayuk 7 Libra Caitra

2 Taurus Kartika 8 Scorpio Vaisskha
3 Gemini Margaéirsa 9 Sagittarius Jyestha

4 Cancer Pausa 10 Caricorn Asagha

5 Leo Magha 11 Aquarius Sravapa

6 Virgo Phialguna 12 Pisces Bhadrapada

e r— — g,

1. B.JnEd ¥ gawr; Bh. ufegon ssagsaT |
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The Jovian years were named after the asterisms in which
Jupiter rises heliacally in the various signs. The following table gives,
according to Varahamihira (d. A.D. 587),' the asterisms in which Jupiter
is normally seen to rise heliacally in the various Jovian years.

Table 15. Asterisms in which Jupiter rises in the various
Jovian years

Jovian year Asterisms in which Jupiter rises

Asvayuk Revati, Asvini, Bharani

Kartika Krttika, Rohini

Margasirsa Mrga$ira, Ardra

Pausa Punarvasu, Pusya

Magha Aflesa, Magha

Phalguna Pirvd Phalguni, Uttard Phalguni, Hasta

Caitra Citra, Svaii

Vaisakha Visakha, Anuradha

Jyestha Jyesthd, Mila

Asadha Purvasadha, Uttarasadha

Sravana Sravapa, Dhanistha

Bhadrapada Satabhisak, Purva Bhadrapadi, Uttara Bhadra-
pada

The above twelve-year cycle of Jupiter is taken to start at the
beginning of the current yuga with Afvayuk, because in the beginning of
the yuga Jupiter rose heliacally in the asterism A$vini?

There is another cycle of Jupiter which consists of five 12-year
cycles or 60 Jovian years. The sixty years of this cycle bear the
following names : ®

1. Cf. Brhat-samhita of Varahamihira, edited with Bhattotpala’s
commentary by S. Dvivedi, Banaras (1895), viii. 2.

2. gearnRrafaaraas s faa e wiaseaameagaran:
TAZGAT:

3. See Jyotiscandrarka by Rudradeva Sharma, N.X. Press,
Lucknow, pp. 27-23; Brhijjyotihsara compiled and translated into

A. Bh, 12



S0
1
2
3
4
5

6
7
8
9

10
11
12
13
14
15
16

17
18

19
20
21
22
23
24
25
26
21
28
29
30

Hindi by Surya Narayana Siddhanti,

pp. 2-3.
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* Vijaya

Jaya
Manmatha
Durmukha
Hemalamba
Vilamba
Vikari
Sarvari
Plava
Subhakrt
Sobhana

" Krodhi

Visvavasu
Parabhava
Plavanga
Kilaka

Saumya
Sadharana

Virodhakrt
Paridhavi
Pramadi
Ananda
Raksasa
Nala or Anala
Pingala
Kalayukta
Siddhartha
Raudra
Durmati
Dundubhi

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47
48

49
50
31
52
53
54
55
56
57
58
59
60

T. K. Press, Lucknow,

[ Kalakriys So.

Rudhirodgari
Raktaksa
Krodhana

Ksaya

Prabhava
Vibhava

Sukla

Pramoda

Prajapati

Angira

$rimukha

I$vara

Bahudhanya

Pramathi

Vikrama

Visa

Citrabhanu
Subhanu
Tarana

Pdrthiva

Vyaya

Sarvajit

Sarvadhari
Virodhi

Vikrta

Khara

Nandana

1972,
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This cycle took a new round at the beginning of Kaliyuga.
Likewise, the current Kaliyuga started with Vijaya, the first year of
this cycle.

SOLAR YEARS, AND LUNAR, CIVIL AND
SIDEREAL DAYS

v ereRn, RN wafa afgwar |
LEERINURECRILS FIEQRTIY AT e

5. The revolutions of the Sun are solar years. The comjunctions
of the Sun and the Moon are lunar months. The conjunctions
of the Sun and Earth are (civil) days. The rotations of the
Earth are sidereal days.

Thus we have :

Solar years in a yuga =43,20,000
Lunar months in a yuga=5,34,33,336
Civil days in a yuga =1,57,79,17,500
Sidereal days in a yuga =1,58,22,37,500

The commentators have adopted the reading “phavartascapi
naksatrah” in place of “kvavartaScapi naksatrah.””  Bhaskara I
(A.D. 629) and Raghunatha-raja (A.D. 1597) have, however, mentioned
the latter as an alternative reading. The latter, evidently, is the correct
reading as it agrees with Aryabhata’s theory of the Earth’s rotation.
The word yoga applied to the Sun and the Earth, as Clark notes, clearly
indicates that Aryabhata I believed in the rotation of the Earth. Also
see infra, ch. iv, vs. 48.

INTERCALARY MONTHS AND OMITTED LUNAR DAYS _
sfraraEr T & RAAEAshrFRg ¥ =0 |
qfafzaar fgar yRasmRaiaga 0 g

6. The lunar months (in a yuga) which are in excess of the solar
months (in a yuga) are (known as) the intercalary months in a
yuga ; and the lunar days (in a yuga) diminished by the civil
days (in a yuga) are known as the omitted lunar days (in a yuga).

rrap—— ———

], Bh. (quotes), Ra. (quotes) aqraateif; others WiFaTRafy
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Thus, according to Aryabhata I,

Intercalary months in yuga:5,34,33,336—5,18,40,000:15,93,336

Omitted lunar days in a yuga=1 60,30,C0,080—1,57,79,17,500
=2,50,82,580

DAYS OF MEN, MaNES GODS AND OF BRAHMA
3y Arged, agfy frogu wafy fsmy |
fo=3 grrmuind f=d a9 Afaf=g 1o 1l
fed q9med Eam g ez |
TN Age Ana FEay gegaan ) = )

7. A solar year is a year of men. Thirty times a year of men is
a year of the Manes. Twelve times a year of the Manes is
called a divine year (or a year of the gods).

8. 12000 divine years make a general planetary yuga. 1008 (general)
planetary yugas make a day of Brahma.

The statement that ‘“thirty times a year of men is a year of
the Manes” is inaccurate. The Manes are supposed to reside on the
opposite side of the. Moon. Since the length of a day on the Moon is
equal to one lunar month or 30 lunar days of men, a year of the
Manes is equal to 30 times a lunar year of men, not 30 times a solar
year. The Saurya-siddhanta (xiv 14) makes the statement correctly :
“Of thirty lunar days is composed a lunar month, which is declared to
be a day and night of the Manes.”

What Aryabhata means to say in the above stanza is that
a yuga=43,20,000 years
a day of Brahmd (or Kalpa)=1,008 yugas or 4,35,45,60,000 years.

This is in agreement with what he said in 4, i. 5. (See p. 9, above)

1. B-E. Gh. Ni. Pa. Su. aqgfaseq
2. F.gm for ug
3. C. qv and F. I for Zui
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UTSARPINI, APASARPINI, SUSAMA AND DUSSAMA
seafit gy qrguafidt gmy 7 |
qeY gaEg GENISSAIFT R 0 & 1l

9. The (first) half of a yuga is Utsarpim and the second half
Apasarpiwi. Susami occurs in the middle and Dussama in the
beginning and end. (The time elapsed or to elapse is to be
reckoned) from tbe position of the Moon’s apogee !

This terminology is in conformity with the teachings of the Jaina
canons. The time-cycle is divided there into two halves : (1) the
auspicious half called Utsarpini and (2) the inauspicious half called
Apasarpini (or Avasarpini). The Utsarpini subdivided into
divisions which occur in the following sequence :

is six

M
)
&)
“
©))
©

Dussama-dussama

Dussama DUSSAMA 1)
Dussama-susama
Susama-dussama
Susama

sUsA MA )

Susama-susama

The Apasarpini is also similarly subdivided into six divisions which
occur in the following succession :

™
®
®
(10)
an
(12)

Susama-susami 1
Susama

SUSAMA 3
Susama- Dussama s
Dugssama-susama
Dussamad

} DUSSAMA
Dussama-dussama

@

Instead of dividing the Utsarpini and the Apasarpini into six

divisions each, Aryabhata has divided each of them into two gross
divisions, Utsarpini into Dussama and Susamd, and Apasarpipi into
Susama and Dussama. The two Susama divisions thus fall in the middle
of ayuga and the two Dussama divisions in the beginning and end
of a yuga.

pu—

1. Same is stated in Vatesvara-siddhanta, Grahaganita, ch, 1,
sec. 2, vs. 6,
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The time elapsed is reckoned from the position of the Moon’s
apogee, because in the case of the Moon’s apogee there is no abraded
yuga. The yuga of the Moon’s apogee is the same as the géperal
planetary yuga of 43,20,000 years (or 1,57,79,17,500 days). In the case of
the other planets, there are abraded yugas of smaller durations which are
not to be used. The idea is that in the determination of the elapsed
or unelapsed portion of a yuga the general planetary yuga has to be
taken into account and not the abraded yugas of the planets.

Table 16. Abraded yugas and corresponding revolutions

Planet Yuga Revolutions
(in days)
Sun 2,10,389 576
Moon 21,55,625 78,898
Moon’s apogee 1,57,79,17,500 4,88,219
Moon’s ascending node 78,89,58,750 1,16,113
Mars \ 13,14,93,125 1,91,402
Sighrocca of Mercury 7,88,95,875 8,96,851
Jupiter 13,14,93,125 30,352
Sighrocca of Venus 13,14,93,125 5,85,199
Saturn 39,44,79,375 36,641

In the Kafyapa-sarnhita,! a Hindu work on pediatrics, too, time
is classified into two categories, auspicious time (Subhakala) and
inauspicious time (aSubha-kala). The auspicious time is called Utsarpini
and the inauspicious time Apasarpini. But, there, the Utsarpini is
subdivided into three parts, viz. :

(1) Adi-yuga
(2) Deva-yuga
(3) Krta-yuga
The Apasarpint is also subdivided into three parts, viz. :
(4 Trett-yuga
(5) Dvapara-yuga
(6) Kali-yuga

1. See .Kalyapa-sarnhita, edited by Hemardja §arma, Nepal
Sanskrit Series, No. 1, Bombay (1938), p. 44,
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Kasyapa has evidently tried to establish an excellent compromise
between the Jaina and the Hindu conceptions.

According to the orthodox Hindu conception, a general planetary
yuga is divided into 4 smaller yugas called Krta, Treta, Dvapara and
Kali. The lengths of these yugas and the measures of righteousness in
them are supposed to be in the ratio of 4 : 3 : 2 : 1. The defect in the
Hindu conception is that Kaliyuga, which is marked by one-quarter of
righteousness, is abruptly followed by Krtayuga, which is marked by
four quarters of righteousness.

The commentators of the Aryabhatiya have taken full liberty in
interpreting the text. The interpretations given by Bhaskara I
(A.D. 629), Suryadeva (b. A.D. 1191) and Nilakantha (A.D. 1500) are
quite arbitrary and different from one another. '

Two similar terms Avarohini and Arohini are found to occur in
Hindu works on horoscopy. According to Gargi, so long as a planet
moves from its apogee to perigee the Dasa or Antardasa of that
planet is called Avarohini and so long as a planet moves from its perigee
to its apogee, the Dasa or Antardasa of that planet is called Arohini.
Varahamihira, too, says the same thing. (See Brhajjataka, viii. 6, and
Bhattotpala’s commentary thereon.)

DATE OF ARYABHATA 1
gszasgat qRI9r STAIARAATT JAET |
sqfysr fafet=gase A seaaisdran 1 9o |l

10. When sixty times sixty years and three quarter yugas (of the
" current yuga) had elapsed, twentythree years had then passed
since my birth.

This stanza mentions the epoch when 3600 years had elapsed
since the beginning of the current Kaliyuga. Since

1577917500
1200

this epoch corresponds to mean noon at Ujjayini, Sunday, March 21,
499 A D. At this time Aryabhata I was exactly 23 years of age.
Aryabhata I was therefore born on March 21, 476 A.D.

3600 years= or 131493125 days,
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The object of specifying the year 3600 of the Kali era, according
to the commentators of the Aryabhatiya, was to show that at that time
the mean positions of the planets computed from the parameters given
in the Dasagitika-sutra did not require any correction, and that to the:
mean longitudes computed for a subsequent date a bija correction was
necessary. Such a correction is given by Lal'a, who belongs to the

school of Aryabhata I.
Table 17. Bija corrections according to Lalla

(Epoch of zero correction, though really Saka 421, is taken
as Saka 420 for facility of computation)

Planet Bija correcton to the mean longitudes of the
planets per annum in terms of minutes of arc

Moon — 25/250
Moon's apogee — 114/250
Moon’s asc. node — 96/250
Mars -+ 48/250
Mercury -+420/250 or -430/250
Jupiter — 47/250
Venus _ —153/250
Saturn -+ 20/250

The Kali year 3600 (or §aka year 421) was, according to
Stryadeva (b. A.D. 1191), Raghunatha-raja (A.D. 1597), Viévanatha'
(A.D. 1629), and also according to the author of the Vakya-karana

(c. A.D. 1300), the time when the precession of the equinoxes was
also zero.

According to another view, A.D. 522 (corresponding to the Saka
year 444) was the epoch of zero correction to the mean longitudes of the
planets calculated from the parameters stated in the Dasagitika-satra.

Astronomers holding this view have prescribed the following bija
corrections.

—— e

1. See his comm. on Makaranda-sarani, Bombay (1935), p. 84.



Veree 10 1 DATE OF 'XARYABHATA 97

Table 18. Bija correction according to Haridatta® and Deva? (689 A.D.)
- (Epoch of zero correction being Saka 444 or A.D. 522)

Pianct Bija correction to the mean longitudes of the planets
per annum in terms of minutes of arc

Moon — 25[235
Moon’s apogee —114/235
Moon’s asc. node —- 96235
Mars -+ 45[235
‘Mercury +420/235
Jupiter — 47[235
Venus -—153/235
Saturn + 20235

Table 19. Another bija® correction with epoch at Saka 444 (A.D. 522)

Planet ' Bija correction per annum in terms of minutes
of arc
Moon — 25[235
Moon’s apogee —114/235
Moon’s asc. node — 96J235
Mars + 50/235
Mercury +430[235
Jupiter — 50/235
Venus —160/235
Saturn + 21235

1. See Grahac3ra-nibandhana of Haridatta, ed. K.V. Sarma,
p. 25, vss. 17-18.

2. KR, i. 16-18. -
3, See Grahacara-nibandhana, pp. 25-26, vss, 19-22, Siuryadeva,
in his comm. on LMa, i. 1-2, calls this correction ‘traditional’

(sampradaya-siddha) ; but for Venus he gives —180/235 mins. in place
of —160/235 mins.

A.Bh 13
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Brahmadeva - €A.D. 1092),. who wrote his calendrical work
Karapa-prakasia on the basis of Lalla’s Sisya-dhi-vrddhida, Bhoja
(A.D. 1042), who wrote the calendrical work Rdja-mrganka, Ganefa
Daivajiia (A.D. 1520), the author of the calendrical work Grahalaghava,
Maiijula (A.D. 932), the author of the Laghu-manasa, and some
followers of the Khanda-khadyaka have regarded Saka 444 (A.D, 522)
as the epoch when the precession of the equinoxes was zero.

Some astronomers of Kerala have associated both S$aka 421 and
Saka 444 with the life of Aryabhata and have called them Bhatabda (‘the
years associated with Aryabhata’). The Kerala astronomer Haridatta
(c. A.D. 683), the alleged author of the Sakabda correction, has, as
remarked by Nilakantha in his commentary on the Aryabhatiya (rather in
surprise), interpreted the above stanza in a different way, viz. :

“When sixty times sixty years and three quarter yugas had
elapsed, twentythree. years of my age have passed since then.”’

This means that Aryabhata was born in Saka 421 and wrote the
Aryabhatiya in Saka 444. But no commentator of the Aryabhatiya has
interpreted the above stanza in this way, and T.S. Kuppanna S$astri
has rightly called it a “wrong interpretation”. Another Kerala
astronomer (probably Jyesthadeva), the author of the Drkkarana
(A.D. 1603), an astronomical manual in Malayalam, has ‘actually stated
that Aryabhata was born in Saka 421 and that he wrote the Aryabhatiya
in Saka 444. This is, according to T.S. Kuppanna éﬁstri, a ‘“mistaken
impression’’,

According to the commentators SUryadeva (b. A.D. 1191)
Parame$vara (A. D. 1431) and Nilakaptha (A.D. 1500), the Kali
year 3600 (corresponding to Saka 421), besides being the epoch of zero
correction, indicates the time _of composition of the Aryabhatiya.
K. Samba$iva $astri, W.E. Clark, and Baladeva Miéra, too, hold the
same opinion,

BEGINNING OF THE YUGA, YEAR, MONTH, AND DAY
Y . 1 A

TRIHTERTAT: @ qINRg SAGIA |

FIRISTRAEN FEHGNaA 973 0 92 0

————. S——

1, D, squity



Verse 11 ] BEGINNING OF YUGA ETC. 9

11. The yuga, the year, the month, and the day commenced
simultaneously at the beginning of the light half of Caitra.!
This time, which is without beginning and end, is measured
with the help of the planets and the asterisms on the Celestial
Sphere.

What is meant is that time is endless and has no beginning
or end, but for practical purposes it is measured by means of the
yuga, the year, the month, and the day etc., which are defined on the
basis of the positions of the planets and the asterisms in the sky, in-
the same way as length is measured by means of the units of length.

The commentator Bhaskara I provides an alternative inter-
pretation for grahabhair anumiyate. ‘*‘Others”, writes he, “interpret
grahabhair anumiyate in a different way, viz,, the beginning or end of
time is defined with the help of the planets and the asterisms.” The
commentator Somesvara, too, interprets the above stanza in the same
way. Writes he : “The yuga, the year, the month, and the day started
simultaneously at the beginning of Caitra, ie., at the beginning of
the light fortnight of Caitra when half the Sun had risen (above the
horizon at Lanki), Then it would mean that time has a beginning ;
to contradict this, Aryabhata says : “This time is without beginning or
end’, i.e., the time which we have referred to as yuga etc. and which
started at the beginning of the light half of Caitra, has neither a
beginning nor an end. It is only for the use of the people that its
beginning and end are defined. How are its beginning and end defined
for use ? Aryabhata says : ‘These are defined by (the positions of ) the
planets and the asterisms’. As for example, the beginning of the yuga
is defined as the time when all the planets are simultaneously on the
horizon (at Lanka) at the first point of Aries.”

Since the calculation of the positions of the planets is ultimately'
aimed at the determination of time, the nomenclature ‘the reckoning
of time’ given to the present chapter is highly significant,

1, Cf. BrSpSi,i.4; MSi, i.5; Si8e, i.10; SiSi, L. i. 15.
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EQUALITY OF THE LINEAR MOTION OF THE PLANETS

T gaisgiAt qqeata aq aaRarey |
fe=da awnaRfy @ wwe: wweag 193 0

12. The planets moving with equal linear velocity in their own
orbits? complete (a distance equal to) the circumference of the
sphere of the asterisms in a period of 60 solar years, and
(a distance equal to) the circumference of the sphere of the sky
in a yugal

That is, a planet moves through a distance of 17,32,60,008
Yojanas in 60 solar years and a distance of 1,24,74,72,05,76,000 yojanas
in 43,20,000 solar years. Since there are 1,57,79,17,500 days in 43,20,000

solar years, it follows that the mean daily motion of a planet, according
to Aryabhata, is

12474720576000

1577917500 Yo

or 79058 yojanas approx,

For further details, the reader is referred to our notes on 4. i.6
(pp. 13-15, above).

CONSEQUENCE OF EQUAL LINEAR MOTION
OF ' THE PLANETS

QUEHHFIRYEING FAATTYT AR T3¢ |
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13. The Moon completes its lowest and smallest orbit in the

shortest time ; Saturn completes its highest and largest orbit in
the longest time.*

For the lengths of the orbits of the planets, see supra, i. 6
(p. 13, above).

1. C. afwamy

2. Cf. PSi, xiii. 39 (c-d).

3. Cf. BrSpSi, xxi. 12,

4. G PSi, xiii. 41 ; SuSi, xii. 7677 ; Si§i, 1, 1. 5. 27 (c-d).




Verse 14 ] CIRCULAR DIVISIONS 101

NON.EQUALITY OF THE LINEAR MEASURES OF THE
CIRCULAR DIVISIONS

o7y f§ AUEASTY AR AT ALA A |
[T FEr@A AARgEan @Esag 1l 98 |

14. (The linear measures of) the signs are to be known to be small
in small orbits and large in large orbits ;* so also are (the linear
measures of) the degrees, minutes, etc. The circular division is
however, the same in the orbits of the various planets.

The first part of the above statement would be self-evident from
the following table which gives the lengths in yojanas of one sign, one
degree and one minute in the orbits of the various planets. The planets
have been arranged, for the sake of convenience, in the order of
increasing orbits.

Table 20. Lengths in yojanas of the circular divisions of the orbits

Lengths in yojanas of

Orbit of
1 sign 1 degree 1 minute

Moon 18000 600 10
Sighrocca of

Mercury 57956 1932 32
Sighrocea of

Venus 148035 4935 82
Sun 240639 8021 134
Mars 452608 15087 251
Jupiter 2854178 95139 1586
Saturn 7092874 236429 3940

——— t—

1. C.E. Su. ada ; C. Su. add < here.
2. Cf. PSi, xiii. 40; SuSi, xii. 75 (c-d); Si$i, L i. 5. 27 (b).’
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The second part of the statement means that in the orbits of
all the planets one sign is equal to 1/I12 of the orbit, one degree is
equal to 1/30 of a sign, one minute is equal to 1/60 of a degree, and
s0 on, :

The non-equality of the linear measures of the circular divisions
in the orbits of the various planets implies that although the planets
have equal linear velocity, their angular velocities “are different. The
following table gives the mean angular velocities of the planets according
to Aryabhata I.}

Table 21. Mean angular velocities of the planets

Planet Mean angular velocity per day

Sun 59" 8"

Moon 790" 35"

Moon’s apogee 6 41"

Moon’s ascending node 311

Mars 31 26"

Sighrocca of Mercury . 4° 5 32"

Jupiter . 4’ 59" or 5' 00" approx.
Sighrocca of Venus 1° 36" 8"

Saturn 2" o

RELATIVE POSITIONS OF ASTERISMS AND PLANETS
TN PATRGUCAARGHTITA |
IR AWEREar gaseEr i g

15. (The asterisms are the outermost).' Beneath the asterisms lie
(the planets) Saturn, Jupiter, Mars, the Sun, Venus, Mercury,

1. See SiDVrp, 1,i. 40-41.
2. All others than Bh,, s for quf
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and the Moon (one below the other) ; and beneath them all lies
the Earth like the hitching peg in the midst of space.!

LORDS OF THE HOURS AND DAYS
AT RN FATIAT FYTHH AT |
gismar=agyl wafa gafgang &am 0 g

16. 'The (above-mentioned) seven planets beginning with Satmrm,
which are arranged in the order of increasing velocity, are the
lords of the successive hours. The planets occurring fourth in
the order of increasing velocity are the lords of the successive
days, which are reckoned from sunrise (at Laika).?

That is to say, the lords of the twenty-four hours (the hours being
reckoned from sunrise at Lanka) are :

Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon, Saturn,
Jupiter, Mars, Sun, Venus, Mercury, Moon, Saturn, Jupiter,
Mars, Sun, Venus, Mercury, Moon, Saturn, Jupiter, and Mars,
respectively ;

and the lords of the seven days are :

Saturn, Sun, Moon, Mars, Mercury, Jupiter, and Venus,
respectively.

The lord of a day is the lord of the first hour of that day, the
day being measured from sunrise at Lanka.

It is to be noted that the lords of the hours and the days are
to be reckoned from sunrise at Lankd (and not from sunrise at the local
place). Since Aryabhata I mentions, in the above rule, sunrise without

specifying that it refers to Lankd, Brahmagupta finds occasion to
criticise him.

1. Cf. PS1, xiii. 39 ; BrSpSi, xxi. 2; SiSe, xv.70; SiSi, IL
iii. 2. . :

2. D.gafzy:

3. Cf. PSi, xiii. 42 SuSi, xii, 78-79.
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Writes he :

“The statement of Aryabhata, viz., ‘Reckoned from sunrise,
the planets occurring fourth (in the order of increasing
velocity) are the lords of the successive days’ is not true,
because he has himself declared sunset at Siddhapura when it
is sunrise at Lankz.”

On this criticism, Brahmagupta’s commentator PrthUdaka
comments : :

“This is a phantom of a defect, for, in the Dasagitika,
Aryabhata has (already) said—*from sunrise at Lanka'.”

As regards the first day of the week cycle, it is perhaps implied
in the above rule that it was Saturday. Vatesvara (A.D. 904) is the only
Hindu mathematician who supposed that the world-order commenced
on Saturday. He has criticised Brahmagupta for starting the Kalpa
on Sunday :

“The lords of the hours, days, months and years have been stated
by Brahma to succeed one another in the order of increasing
velocity beginning with Saturn and not with the Sun, Even
‘the order of the planets are not known to him.”*

MOTION OF THE PLANETS EXPLAINED THROUGH
ECCENTRIC CIRCLES

FaRvTEn Aafa 8 J|@r IRy |
weRrsRga qfE 1 g 1 ge

1. gatearsgal feaar agae agardwe: |
arg‘rﬁ sl g faggk o
(BrSpSi, xi. 12)
2. irsrerfererr Qrafaagadar S |
sRRAisRafe 7 ar geeaenfa n
VaSi, Grahaganita, ch. 1, sec, 10, vs, 9



Verses 17.20 ] MOTION OF PLANETS 105

FeTMTeEgEd o @ qRweed W |
qfeege wed TAqRETRfasEay | gs |l
gRiaTeRfa sTArd SSTHITINE |

17. (The mean planets move on their orbits and the true plamets on
their eccentric circles). All the plapets, whether moving on
their orbits (kaksya-mandala) or omn the eccentric circles
(prati-mandala), move with their own (mean) motion, anticlock-
wise from their apogees and clockwise from their sighroccas.

18. The eccentric circle of each of these planets is equal to its own
orbit, but the centre of the eccentric circle lies at a distance
from the centre of the solid Earth.

19. {a-b) The distance between the centre of the Earth and the centre
of the eccentric circle is (equal to) the semi.diameter of the
epicycle (of the planet).

MOTION OF PLANETS EXPLAINED
THROUGH EPICYCLES

g} TR WS dRRT Ul g8
;eI @AY TR TINR=aTe |
waRmARE aafat @ TR ke |

19. (c-d) All the planets undoubtedly move with. mean motion on the
circumference of the epicycles.

20. A planet when faster than its ucca moves clockwise on the
circumference of its epicycle and when slower than its ucca
moves anticlockwise on its epicycle.t

1. B.D. E. Bh. Gh. So. Su. ¥sqANM ; others weqaTY
2. Bh. wawdaq
3. B-E, Gh. Ni. Pa. S, wafq

4. Cf. BrSpSi, xxi. 25-26; SiDVy, 1L i. 12 (a-b); SiSe, xvi. 5 ;
si$i, 11, v. 30, , '

A, Bh. 14
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What is meant is that a planet moves clockwise on its manda
epicycle and anticlockwise on its $ighra epicycle.

According to the commentator Bhaskara I, verse 20 relates to
the determination of the true daily motion, retrograde or direct. He
has interpreted this verse as follows :

“When the Sighragatiphala ($ighra-motion-correction) is negative
but numerically greater than the true-mean motion, their
difference gives the 'retrogradc motion ; and when $ighragati-
phala (Sighra-motion-correction) is negative but numerically
less than the true-mean motion, their difference gives the
direct motion, This latter motion when less than mean motion
is called slow motion (mandagati).”

Following Bhaskara I, the commentator Somes$vara, too, interprets
the verse in the same way. ’

Evidently, both Bhaskara I and Somedvara have misunderstood
the text.

MOTION OF EPICYCLES

AW AT Mo Aty g |
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21.  The epicycles move anticlockwise from the apogees and clock-
wise from the Sighroccas. The mean planet lies at the centre
of its epicycle, ‘which is situated on the (planet’s) orbit.

What is meant is that the manda epicycles move anticlockwise
from the apogees and the $ighra epicycles move clockwise from the
Sighroccas.

ADDITION AND SUBTRACTION OF MANDAPHALA
AND SIGHRAPHALA

TAI A RN SGI e |

1. E.F. Ni. Pa. ®odq
2, #SARAAT var. recorded by Bh. (in his com. on this verse)
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22. (a-b) The corrections from the spogce (for the four anomalistic
quadrants) are respectively minus, plus, plus, and minus.
“Those from the $ighrocca are just the reverse.!

In the time of Aryabhata I, the Rsines of the arcs (B>90°%) were
obtained by the application of the following formulae :

Rsin (90°4-6)=Rsin 90°—Ruvers 8
Rsin (180°-}-6)=Rsin 90°—Rvers 90°— Rsin 8

Rsin (270°+6)—Rsin 90°—Rvers 90°—Rsin 90°-Rvers 6,
where 6<90°.

Suppose that a planet lies in the fourth manda anomalistic
quadrant and that the manda anomaly is 270°+46. Then

Rsin (270°-+-8)=Rsin 90°—Rvers 90°—Rsin 90°-+Rvers 6,
so that
Rsin (90°—6)=—Rsin 90°+ Rvers 90°} Rsin 90°—Rvers 4,
or ,
Mandakendrabhujajya=—Rsin 90°- Rvers 90°+ Rsin 90°
—Rvers 8. ...... )
Now, multiplying both sides of (1) by the planet's manda
epicycle and dividing by 360, we get

Correction from the apogee (mandaphala)

— ——correction for the first quadrant-{-correction for the second
quadrant }-correction for the third quadrant———correction for the
fourth quadrant,

whence it is clear that the corrections for the first, second, third, and
fourth quadrants are —, -+, +-, and —, respectively. '

The same can be seen to be true when the planet is in the other
anomalistic quadrants.

In the case of the Sighraphala, the correction for the four
quadrants are of the contrary signs, because the mandakendra and the
$ighrakendra are defined contrarily :

-
1. Cf. BrSpSi, ii. 16 (a-b).
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- Mmandakendre = longitude of planet—longitude of planet’s
apogee,
Sighrakendra=longitude of planet’s iighrocca»long_itude
. of planet.

The law of addition and subtraction of the mandaphala and
Sighraphala in the four quadrants is mentioned also by Bhaskara I,
(A.D. 629), Brahmagupta (A.D. 628) and Sripati (c. A.D. 1039), but

it was more convenient to apply the mandaphala as obtained by the
formula :

mandaphala = Rsin 9X’;ggda epicycle ’

(6 being the planet’s mandakendra reduced to bhuja)

negatively or positively, according as the mandakendra was less than or
greater than 180°, and the $igh-a-phala as obtained by the formula
Yighrapha la:Rsm 0 §ighra epicycle x R

360 H’

(0 being the planet’s §ighrakendra reduced to bhuja and H the
planet’s $jghrakarna)

positively or negatively, according as the Sighrakendra was less than or
greater than 180°. And so the Hindu astronomers have generally
adopted these latter rules.

A SPECIAL PRE-CORRECTION FOR THE
SUPERIOR PLANETS

o Ly [ ® ha'yl |
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22. (c-d) In the case of (the superior planets) Satarn, Jupiter and
Mars, first apply the mandaphala negatively or positively (as
the case may be).

Here the following rule is implied :

In the case of Saturn, Jupiter and Mars, first apply half the
mandaphala to the mean longitude of the planet negatively
or positively, according as the mandakendra is less than or
greater than 180°.

—— ——— e,

I #esefqoi o9 wafr q@w, var. recorded by Bhaskara I in his
comm.
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This pre-correction is meant only for the superior planets—Mars,

Jupiter and Saturn. It should not be applied to the inferior planets,
Mercury and Venus. (See full rules given below).

23.

PROCEDURE OF MANDAPHALA AND SIGHRAPHALA
CORRECTIONS FOR SUPERIOR PLANETS

FRRTEEETRITY 9 IRY 439 |
RS TRIASAT TN TG Fau 1 *3 1)

Apply half the mandaphala and half the $ighraphala to the planet
and to the planet’s apogee negatively or positively (as the case
may be). The mean planet (then) corrected for the mandaphala
(calculated afresh from the new mandakendra) is called the
true-mean planet and that (true-mean planet) corrected for the

sighraphala (calculated afresh) is known as the true planet.!

This rule may be stated fully as follows :

Apply half the mandaphala to the mean longitude of the planet
negatively or positively, according as the mandakendra is less
than or greater than 180° and to the longitude of the planet’s
apogee reversely. Then apply half the Sighraphala to the
corrected longitude of the planet’s apogee negatively or
positively, according as the §ighrakendra is less than or greater
than 180°

Then calculate the mandaphala afresh and apply the whole of
it to the (original) mean longitude of the planet negatively or
positively, according as the mandakendra is less than or greater
than 180° : this would give the true-mean longitude of the
planet. Then calculate the $ighraphala again and apply the
whole of it to the true-mean longitude of the planet positively
or negatively, according as the $ighrakendra is less than or
greater than 180° : this would give the true longitude of the
planet,

-

1

Cf. MBh, iv. 40-43 ; LBh, ii. 33-37 (a-b) ; $iDVy, L, iii. 4-7.
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MANDAPHALA AND SIGHRAPHALA CORRECTIONS
FOR INFERIOR PLANETS

EIER I TR g e
TFEA) g YTey fegmeg gt waa 1’8 1l

24. (In the case of Mercury and Venus) apply half the Sighraphala
negatively or positively to the longitude of the planet’s apogee
(according as the Sighrakendra is less than or greater than 180°).
From the corrected longitude of the planet’s apogee (calculate
the mandaphala afresh and apply it to the mean longitude of
the planet ; then) are obtained the true-mean longitudes of
Mercury and Venus.. (The §ighraphala, calculated afresh, being
applied to them), they become true (longitudes).?

The old Sarya-siddhanta applied the mandaphala and $ighraphala
corrections in the following order :

(@) For obtaining the true longitude of the planet’s apogee :

1. Half $ighraphala to the longitude of the planet's apogee
(reversely).

2. Half mandaphala to the corrected longitude of the planet’s
apogee (reversely).
(b) For obtaining the true longitude of the planet :

3. Entire mandaphala (calculated from the corrected
longitude of the planet’s apogee) to the mean Iongitude
of the planet.

4, Entire Sighraphala to the corrected mean longitude
(called true-mean longitude) of the planet.

But instead of applying a pre-correction in the case of the superior
planets (as done by Aryabhata), it prescribed an impirical correction
(called the fifth correction) in the case of the inferior planets.®

L A, gy
2. Cf. MBh, iv. 44; LBh, ii. 37(c-d)-39; SiDVr, 1, iii. 8.

3. See PSr, xvi. 17-22. Also see K,S. Shukla, The Pafica-
siddhantika of Varahamihira (I), IJHS, vol. 9, no. 1, pp. 69-71. -
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It seems that the procedure used by the author of the old Surya-
siddhanta did not lead to accurate results and that Aryabhata’s method
was an improvement.

DISTANCE AND VELOCITY OF A PLANET
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25. The product of the mandakarna and the sighrakarna when divided
by the radius gives the distance between the Earth and the
planet.?

The velocity of the (true) planet moving on the (sighra) epicycle
is the same as the velocity of the (true-mean) planet moving in
its orbit (of radius equal to the mandakarna).

Aryabhata and his followers take the distance between the Earth
and a planet as equal to

mandakarna X Sighrakarna
R 1]

the mandakarna and the §ighrakarna being obviously the karpas obtained
in the last two operations.

The Sarya-siddhanta* takes the distance between the Earth and a
planet as equal to

mandakarna-}-$ighrakarna
2 .

.  ——

1. D.E. F. sgrardgd

2. A. sfx srafweare: ; (E. om. gfd) ; F. gfe smfen aara:
™' 3. The same rule occurs in MBh, vi. 48 ; LBh, vii, 8.

4. SuSi, vii. 14,
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' Aryabhata takes the orbit of the true-mean planet as equal to the
mandakarna.  Hence the rule in the second half of the stanza.

The commentator Suryadeva interprets the second half of the
verse as meaning :

“The velocity of the (true) planet in the ($1ghra) epicycle is the
same as the velocity of the planet in the orbit constructed
with radius equal to the distance of the planet from the
Earth.”

What he means to say is that the velocity of the (true) planet moving on
the (Sighra) epicycle is equal to the true-mean velocity.



CHAPTER 1V
GOLA OR THE CELESTIAL SPHERE

[ In order to demonstrate the motion of the heavenly
bodies, the Hindu astronomers make use of spheres constructed
by means of circles made of flexible wooden sticks or bamboo
strips. These are called Gola and correspond to the Celestial
Sphere of modern astronomy. The Gola which is supposed to be
centred at the Earth’s centre is called Bhagola (‘Sphere of the
asterisms’). It is used to demonstrate the motion of the Sun, the
Moon and the planets in their orbits. The principal circles of
this sphere are : (1) the celestial equator, (2) the ecliptic, (3) the
orbits of the Moon and the planets, and (4) the day-circles, etc.
The Gola which is supposed to be centred at the observer is called
Khagola (‘Sphere of the sky’). It is fixed in position and is used
to demonstrate the diurnal motion of the heavenly bodies ; the
principal circles of this sphere are: (1) the horizon, (2) the
meridian, (3) the prime vertical, and (4) the six o’clock circle, etc.
In the present Section, Aryabhata aims at teaching spherical
astronomy. He begins by giving a brief description of the
Bhagola and the Khagola and then, with their help, demonstrates
the motion of the heavenly bodies. ]

1. Bhagola
POSITION OF THE ECLIPTIC
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1. One half of the ecliptic, running from the beginning of the
sign Aries to the end of the sign Virgo, lies obliquely inclined
(to the equator) northwards. The remaining half (of the
ecliptic) running from the beginning of the sign Libra to the
end of the sign Pisces, lies (equally inclined to the equator)
southwards.?

——

1. D. \_7!3;‘%: . A
2. Cf BrSpSi, xxi.52; S8iDVy, 11, ii. 7; V81, Gola, iv. 7 ;
o SiSe, xvi.32; SiSi, 1L, vi.l2; SuSi, 11, iv. 6 (a-b).

A, Bh. 15 113
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Reference to the equator without defining it shows that its

position was supposed to be well known and that it was already shown
on the Bhagola.

The word eva, says the commentator Bhaskara I, is superfluous
and is meant to complete the arya verse. In case the alternative
reading evam is adopted, the word ‘similarly’ will have to be added
in the beginning of the second sentence (in the translation above).

Bhaskara I thinks that the word sama is intended to suggest
that the signs of the ecliptic are of equal measure, i.e., each of 30°.

MOTION OF THE NODES, THE SUN AND
THE EARTH’S SHADOW
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2. The nodes of the star-planets (Mars, Mercury, Jupiter, Venus -
and Satarn) and of the Moon incessently move om the ecliptic.
So also does the Sun. From the Sun, ata distance of half a
circle, moves thereon the Shadow of the Earth.2

The nodes of a planet are the two points where the orbit of
the planet intersects the ecliptic. The point where the planet crosses
the ecliptic in its northerly course in called the ‘ascending node’ and the

point where the planet crosses the ecliptic inits southerly course is
called the ‘descending node’.

MOTION OF THE MOON AND THE PLANETS

HYRIETET 5 q@TE Aegay fqua: |
FIC RATLIT A=A TagR N 3

3. The Moon moves to the north and to the south of the ecliptic
(respectively) from its (ascending and descending) nodes. So

1. B. #%iq @ (wr.)

2. Cf. BrSpSi, xxi.53; SiDVy, 11, ii. 8 ; VSi, Gola, iv. 8 ;
SiSe, xvi. 33 ; Sisi, 11, vi. 11.

3. B.C.F. Pa, qo§%
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also do the planets Mars, Jupiter and Saturn. Similar is also the
_ motion of the $ighroccas of Mercury and Venus.!

With regard to the last statement, Prthudaka (A.D. 860)
says : “As much is the (celestial) latitude of Mercury or Venus at
its ¢ighrocca, so much is its (celestial) latitude at the place occupied
by it.”2 ‘

This is so, writes Bhaskara II (A.D. 1150), because the
revolution-number of the node (in the case of Mercury and Venus) is
the sum of the revolution-numbers of the planet’s nede and the planet’s
§ighra anomaly (i.e., Sighrocca minus planet.).?

The correct explanation, however, is that Mercury and Venus
revolve round the Sun with the velocity of their Sighroccas and so
the (celestial) latitudes of Mercury and Venus are really the latitudes
of their sighroccas.

The following rules are implied in the instructions of the text :
1. In the case of the Moon
Rsin (M—£2) X Rsin {
A
H

where M and Q are the true longitudes of the Moon and its ascending
node, i the inclination of the Moon’s orbit to the ecliptic, and H the
Moon’s true distance (called mandakarna).*

Rsin (latitude) = '

2. In the case of Mars, Jupiter and Saturn
Rsin (P— Q) x Rsin #

D »
where P and Q are the true longitudes of the planet and its ascending
node, i the inclination of the planet’s orbit to the ecliptic, and D
the distance of the planet from the Earth (as defined in Kalakriya, 25).°

3. In the case of Mercury and Venus
Rsin (S— Q)X Rsin i
D
where S and Q are longitudes of the planet’s $ighrocca and ascending

Rsin (latitude) ==

Rsin (latitude) =

1. Cf. BrSpSi, xxi. 54; SiDVy, 1, ii.9 ; VSi, Gola, iv.9;
SiSe, xvi, 34-35; SiSi, II, vi. 14,
2,3. Sce SiSi, I, Golabandha, 23-25 (a-b) ; and Bhaskara
II’s comm. on it. :
- 4. Cf. LBh, iv.8.
) 5. Cf. MBh, vi. 52-53; LBh, vii. 6-9 (a-b),
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node, i the inclination of the planet’s orbit to the ecliptic, and D the
distance of the planet from the Earth (as defined in Kalakri ya, 25).2

These formulae are not accurate but, according to Bhaskara I,
they conform to the teachings of Aryabhata I.

The correct formula for the celestial latitude of a planet is :

Rsin (latitude) = 57 ("_Dm X Rsin §
where II is the heliocentric longitude of the planet.?

VISIBILITY OF THE PLANETS

. R
ECAR LRI R TR S EiS O o
et ¢ Y Q A LY
TR g fadgatEanza=: | @ |
4. When the Moon has no latitude it is visible when situated at a
distance of 12 degrees (of time) from the Sun. Venaus is visible
when 9 degrees (of time) distant from the Sun. The other
planets taken in the order of decreasing sizes (viz., Jupiter,
Mercury, Saturn, and Mars)® are visible when they are

9 degrees (of time) increased by two-s (i.e., when they are 11,
13, 15 and 17 degrees of time) distant from the Sun.®

One degree of time is equivalent to 4 minutes. Thus the Moon,
when ahead of the Sun, is visible towards the west if the arc of the ecliptic
joining the Sun and the Moon, takes at least 12X 4 minutes in setting
below the horizon ;- and when behind the Sun, it is visible towards the
east if the arc of the ecliptic joining the Sun and the Moon takes at
least 12X 4 minutes in rising above the horizon. In other words, the
Moon will be visible at a place if the time-interval between sunrise and
moonrise, or between sunset and moonset, amounts to 12x4 minutes
or more. But this is the case when the Moon has no latitude.

“When, however, the Moon has some latitude,” comments
Bhaskara I, “it is visible earlier or later than when itis two ghatikas

' Cf: MBh, vi. 52-53 ; LBh, vii. 69 (a-b).

See BrSpSi, ix. 9 ; SiDVr, 1, xi. 6, 9 etc.

All except Bh. and So., feaddzg:

D. Iz §&d

See supra, i. 7.

Cf. PSi, xvi, 23 ; MBh, vi, 4 (c-d)-5 (a-b), 44-45; 44;
LBh, vi. 5, vii, 1,

.

LA WD~
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(i.e., 12 degrees of time) distant from the Sun. For, when it has north
latitude, the (Moon’s) sphere being elevated towards the north, it is
visible earlier than when it is two ghatikas distant from the Sun; and
when it has south latitude, the (Moon’s) sphere being depressed towards
the south, it is visible later than when it is two ghatikas distant from the
Sun. That is why it is said— ‘When the Moon has no latitude’. There-
fore, the distance of the planet from the Sun should be taken after the
visibility correction has been applied to the longitude of the planet.”
The degrees of time for the heliacal visibility of the planets
as given by the old Swurya-siddhanta! are the same as those given
above. Those given by the Vasistha-siddhanta summarised by
Varghamihira are : 12° for the Moon, 14° for Mars, 12° for Mercury,
15° for Jupiter, 8° for Venus and 15° for Saturn.? .

According to the Greek astronomer Ptolemy (c. A.D. 100-178)
the distances of the planets, when in the beginning of the sign Cancer
(#. e., when the equator and ecliptic are nearly parallel), from the true
Sun, at which they become heliacally visible, are : for Saturn, 14°; for
Jupiter 12° 45'; for Mars, 14° 30’; and for Venus and Mercury, in the
west, 5° 40’ and 11° 30’, respectively. See The Almagest, xiii. 7.

BRIGHT AND DARK SIDES OF THE EARTH
AND THE PLANETS

At Mt EsgEa G |
it aqar garvganta s il v 1l

5. Halves of the globes of the Earth, the planets and the stars are
dark due to their own shadows ; the other halves facing the Sun
are bright in proportlon to thelr sizes 3

The Hindu astronomers believed that the Sun was the only
source of light in the universe and all other celestial bodies, which were
spherical in shape, received their light from the Sun. Their conception
that the stars too received light from the Sunand were half-luminous
and half-dark is indeed wrong.

The next eight stanzas give a description of the Earth which
occupies the centre of the Bhagola.

1. See PSi, xvi. 23.
2. See PSi, xvii. 58.
3. Cf. PSi, xiii, 35; §iDvy, 11, iii. 40 ; SiSe, xviii. 14.
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SITUATION OF THE EARTH, ITS CONSTITUTION
AND SHAPE

TN FAfART: gasm |
[ ¢
FETQINAFIGAT I a9 9 1§ 1
6. The globe of the Earth stands (supportless) in space at the

centre of the circular frame of the asterisms (i.e., at the centre
of the Bhagola) surrounded by the orbits (of the planets); it is
made up of water, earth, fire and air and is spherical (/it.
circular on all sides).!

The commentator Someé§vara’s statement that ““the Earth, mother
of all beings, stands ‘motionless’ in space” is against the teachings of
Aryabhata.

It is remarkable that Aryabhata, unlike the other astronomers,
takes the Earth as made up of four: elements, viz., earth, water, fire

and air, only. The other astronomers take it as made up of five
elements, viz., earth, water, fire, air and ether.

EARTH COMPARED WITH THE KADAMBA FLOWER
E
75 F3ATIfT: giua: auwaa §En: |
C. AT A
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7. Just as the bulb of a Kadamba flower is covered all around by

blossoms, just so is the globe of the Earth surrounded by all
creatures, terrestrial as well as aquatic.?

INCREASE AND DECREASE IN THE SIZE
OF THE EARTH '

FRARIRT YAeReg A7 wafy afge |
fragea' 3w em gyeframwEite ot Nz

8. During a day of Brahma, the size of the Earth increases
externally by one yojana; and during a night of Brahma, which
is as long as a day, this growth of the earth is destroyed.”

1. Cf. PSi, xiii.1; BrSpSi, xxi.2; &iDVy, II, iv.1;
SiSe, xv. 2223 ; SiSi, I, iii. 2 (a-b) ; Golasara, ii. 1. :
2. Cf. PSi, xiii. 2 ; $iDVr, 11, iv. 6.
3. ‘A. E. Gh. Ni. Pa, sigrfead 4, B.D.E. ag®
5. F. Ni. Pa. 49 6. So. wafa for afeg
7. The same statement occurs in SiDVp, I, v, 20; SiSi,
H, iii. 62,
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Modern astronomers, 100, believe in the growth of the Earth’s
size, but this growth, according to them is extremely insignificant.
C. A. Young, in his Text Book on Astronomy, writes : “Since the
earth is continually receiving meteoric matter, and sending nothing
away from it, it must be constantly growing larger: but this growth is
extremely insignificant ........ It would take about 1000000000 years to
accumulate a layer one inch thick over the earth’s surface.”

According to modern geologists, the rate of uplift of the earth
varies from place to place and time to time. The minimum rate of
uplift of the Himalayas is about 6 in. per century,! whereas the present
rate of uplift of the earth in Greenland is 3 mm. per year.?

APPARENT MOTION OF THE STARS DUE TO
THE EARTH’S ROTATION

TFRARATET: 9T e a5 |
waqT Wil qEq SRR g e

SzaaRAtiE (el wazw agAn {4 |
ASTEAARTAN AIFC Y JAE W 2o Ul

9. Justas amanin a boat moving forward sees the stationary
objects (on either side of the river) as moving backward, just
so are the statiomary stars seen by people at Lainka (on the
equator), as moving exactly towards the west.

10. (It so appears as if) the entire structure of the asterisms
together with the planets were moving exactly towards the
west of Laika, being constantly driven by the provector wind,
to cause their rising and setting.

The theory of the Earth’s rotation underlying the above passage
was against the view generally held by the people and was severely
criticised by Varghamihira (d. A.D. 587) and Brahmagupta. (628 A.D.)
The followers of Aryabhata I, who were unable to refute the criticism
against the theory, fell in line with Varahamihira and others of his
ilk and have misinterpreted the above verses as conveying the contrary

1. See D.N. Wadia, Geology of India, Macmillan and
Company, London, 1949, p. 300 fn.

2. See Richard Foster Flint, Glacial and Pleistocene Geology,
John Wiley and Sons, Inc., 1963, p. 256.
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sense. See how the commentator Somedvara interprets the above

verses

“Just as one seated on a boat sees the stationary objects
such as trees etc. standing on the two sides of the river or
sea moving in the contrary direction, in the same way those
situated .on the Earth rotating eastwards see the stationary
stars located in the sky as moving in the opposite direction
towards the west. Likewise, those living in Lanka see the
stars as moving towards the west. Lanka is only a token,
others also see in the same way. So, itisthe Earth that
moves towards the east; the stars are fixed. And that part
of the circle of the asterisms which lies (at the moment)
towards the east appears to rise, that which lies in the middle
of the sky appears to culminate, and that which lies towards
the west appears to set. Otherwise, the rising and setting of
the stars is impossible.” After saying all this he adds :

“This is the false view. For, if the Earth had a motion, the
world would have been inundated by the oceans, the tops of
the trees and castles would have disappeared, having been
blown away by the storm caused by the velocity of the Earth,
and the birds etc. flying in the sky would never have returned
to their nests. So, there exists not a single trace of the Earth’s
motion. Hence this stanza must be interpreted in another
way (as follows) :

“Just as a man seated on a boat moving forward sees the
stationary objects moving in the contrary direction, in the
same way the asterisms driven by the provector wind, due to
their own motion, see the objects at Lankda as moving in the
opposite direction, i.e., they see the stationary Earth lying
below as if it were rotating. Apparently also the asterisms
rise in the east and move towards the west.”

Prthudaka (860 A.D.) in his commentary on the Brahma-sphuta-
siddhanta, supports Aryabhata I's theory of the Earth’s rotation. The
followers of Aryabhata I, who misinterpreted Aryabhata I, were,
according to him, afraid of the public opinion which was against the
motion of the Earth.

It is noteworthy that the Greek astronomor Ptolemy (¢. A.D.
100-178) holds that the Earth is stationary and does not move in
any way locally.?

1.

See The Almagest, translated by R.C. Taliaferro, pp. 10-12.
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DESCRIPTION OF THE MERU MOUNTAIN

Feafgaar ps feTar akfFea: |
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11. The Meru (mountain) is exactly ome yojana (in height). Itis
light-producing, surrounded by the Himavat mountain, situated
in the middle of the Nandana forest, made of jewels, and cylin.
drical in shape.

The height of the Meru mountain taught here is quite different
from the teachings of the Puranas. It is also different from the teachings
of the Buddhists and the Jainas.

According to the Puranas, the Meru mountain is 84,000 yojanas
high, of which 16,000 yojanas lie inside the Earth.2 According to the
Buddhists, it is 1,60,000 yojanas high, of which 80,000 jiojanas lie sub- "
merged in water and 80,000 yojanas above the Earth.® According to the
Jainas, it is 1,00,000 yojanas high, of which 1000 yojanas lie inside the
Earth and 99,000 yojanas outside the Earth.

The commentator Nilakantha thinks that the above stanza is
meant to refute the enormous size of the Meru advocated in the Puranas
and elsewhere. The commentators Bhaskara I, Some§vara and
Raghunitharaja, however, reconcile the two views by interpreting the
word Meru as meaning “the highest peak of the Meru mountain”’.

It seems that, according to the instruction of verse 8 above,
the maximum uplift of the earth cannot exceed one yojana and so
the height of any mountain cannot be greater than one yojana. This
is perhaps the reason that Aryabhata takes the height of the Meru
mountain as one yojana only and not more.

Combining the instructions given in A, i. 7 with those given
above, we see that, according to Aryabhata I, the Meru mountain
is cylindrical in shape, with its diameter and height each equal to
one yojana.

1, D.E #rd
2. See Vayu-purana; ch. 34, gatha 1-45; ch. 35, gatha 11-32;
Visnupurana, Améa 2, ch. 2, gatha 5-19 ; Markandeya-purdana, ch. 54,
gatha 5-19 ; Matsya-purapa, ch, 113, garha 4-40.
é See Abhidharmakosa of Vasubandhu,
4. See Lokaprakdsa, 18.15-16,

A, Bh, 16
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In calling the Meru mountain as ‘light-producing’ Aryabhata I
probably has in mind the ‘northern lights’ or the ‘aurora’, which Robert
H. Baker describes in the following words :

«Characteristic of many displays of the ‘northern lights’ of our
atmosphere is a luminous arch across the northern sky, having
its apex in the direction of the geomagnetic pole. Rays like
searchlight beams reach upward from the arch, while bright
draperies may spread to other parts of the sky, altogether often
increasing its brightness from 10 to 100 times that of the
ordinary night sky. .........

“The light of the aurora is believed to be produced by the
streams of protons and electrons, which emerge from solar
upheavals and are trapped by the Earth’s magnetic field ......

“Most of the light of an auroral display is produced in the
colors green, red and blue by the combining of electrons with
oxygen atoms and nitrogen molecules....””

The Meru mountain is supposed to be made up of jewels of
different colours because the light of an auroral display is of various

colours.

THE MERU AND THE BADAVAMUKHA

AVE @A) @ TTAgY T qFA |
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12. The heaven and the Meru mountain are at the centre of the land
(i.e., at the north pole); the hell and the Badavamukha are at the
centre of the water (i e., at the south pole).® The gods (residing
at the Meru mountain) and the demons (residing at the Badava-

1. See ‘Robert H. Baker, Astronomy, East-West Student
Edition, New Delhi, 1965, pp. 312-14."

2. E. Go. Pa. q&:; F. qd rev. to ¥&: | Prreads wHT: a-
weY qgsT AXATHE

3. F. wgga; Pr. wATGHEA

4. Ni So. Ya. fewar

5. Cf. Sipvy, 1, iv, 4; VSi, Gola, vii. 11.
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mukha) consider themsel ves positively and permanently below
each other.?

The above statement is based on the conception that half of the
Earth lying north of the equator is land and half of the Earth lying
south of the equator is water.

THE FOUR CARDINAL CITIES
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13. When it is sunrise at Laika, it is sunset at Siddhapura, midday
at Yavakoti, and midnight at Romaka.®

The time-distance relation js explained here with the help of four
cities supposed to lie on the equator separated by onme-quarter of the
Earth’s circumference.

Lanka is supposed to be at the place where the meridian of
Ujjayini (long. 75°.43 E., lat. 23°09 N) intersects the equator,
Yavakoti 90° to the east of Lanka, Romaka 90° to the west of Lanka,
and Siddhapura diametrically opposite to Lanka.

POSITIONS OF LANKA AND UJJAYINI

RS JHTIAT A=A |
et SgmEn asagidl anre: I g8 Il

14. From the centres of the land and the water, at a distance of one-
quarter of the Earth’s circumference, lies Laika ; and from
Lainka, at a distance of one-fourth thereof, exactly northwards,
lies Ujjayini.® :

1. Cf. PSi, xiii. 3; MSi, xvi. 7 (a-b). 2. F. agamweHa:

3. So. FA®EHT 4, D. 9%

5. B, fawd faid ; Ni. So. fandsgu:

6. Cf. PSi, xug@3.

7. Ni. Su. ¥=2%2qi¥; Gh. Ni. Pa. Ra, Su. note both readings

8. The same statement is made in KR, i. 33 (a-b); Sipvr, 11,
Bhuvanakoga, 40 (c-d) ; SiSi, II, Bhuvanakoga, 15 (a-b).
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The positions of 'Lanks and Ujjayini have been given because
the Hindu prime meridian is supposed to pass through them. By stating
the positions of Lanka and Ujjayini, Aryabhata has, by implication,
defined the position of the prime meridian. ’

The distance of Ujjayini from Lankd as stated in the above
passage is one-sixteenth of the Earth’s circumference. This makes the
latitude of Ujjayini equal to 22° 30’ N. This is in agreement with the
teachings of the earlier followers of Aryabhata, such as Bhaskara It ‘
(A.D. 629), Deva? (A.D. 689), and Lalla® and the interpretations
of the commentators Some§vara, Suryadeva (b. A.D. 1191) and
Parame§vara (A.D. 1431).4 Even the celebrated Bhaskara II5 (A.D.
1150) has chosen to adopt it.

But Brahmagupta (A.D. 628) differed from this view. He takes
Ujjayini at a distance of one-fifteenth of the Earth’s circumference from
Lanka®, and likewise the latitude of Ujjayini as equal to 24° N. Some
of the commentators of Aryabhatiya, who favoured Brahmagupta’s
view, changed the reading faccaturamse into paiicadasamse. The
commentator Stryadeva, who first interprets the original reading
taccaturamde, later remarks :

Ujjayin: lankayah paficadasamse samottaratah |

(i. e., Ujjayiniis at a distance of one-fifteenth of the Earth’s circum-
ference to the exact north of Lanka) is the proper reading because
Brahmagupta writes. :

Lankottarato *vanti bhuparidheh Paficadasabhage |

(i. e, Avantiis to the north of Lanki at a distance of one-fifteenth
of the Earth’s circumference).”

In defence of the reading paficadasarse, Stryadeva again
says :

1. See his comm, on 4, i 7, where he gives the distance
between Lanka and Ujjayini as approximately equal to 200 yojanas.
2. See KR, i. 33 (a-b).
© 3. See SiDyy, I, Bhuvanakosa, 40 (c-d).
4. Parames$vara notes the other reading 99T also.
5. See SiSi, 1I; Bhuvanakoga, 15 (a-b).
6. See BrSpSi, xxi. 9 (c-d). '
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“24° to the north of Lanka lies Ujjayini. So, when the Sun
is situated at the end of Gemini, then, due to its greatest declination
of 24°, it causes midday when it is exactly overhead at Ujjayini. In
a place to the north of Ujjayini, the Sun is mever exactly overhead.
To the south (of Ujjayini), itis exactly overhead when the Sun’s
north declination becomes equal to the latitude of the place. There-
after it gets depressed towards the north. So the instruction of Ujjayini
for the knowledge of a place having a latitude equal to the Sun’s
greatest declination is appropriate. We {do not see any use in the
instruction of Ujjayini lying at a distance of one-sixteenth of the Earth's
circumference (to the north of Lanka), for its latitude being 22°30° N..
it is of no use anywhere...... So we have rightly said : Ujjayini
lankayah pavicadasamse samottaratah.”

The commentator Nilakantha (1500 A.D.) mentions the reading
taccaturarnse but adopts the reading paficadasamse taking it to be
correct. Writes he :

“Some read taccaturamse. According to them the word tat
means one-fourth of the Earth’s circumference, one-fourth of
one-fourth is indeed one-sixteenth. So there is difference of
meaning between the two. (However,) between facts there can
be no option. So only one of the two readings is correct.
Which of the two is correct can be decided upon from the
equinoctial midday shadow at Ujjayini. That the janapada
of Ujjayini lies at a distance of one-fifteenth of the Earth’s
circumference is well known from other works on astronomy.
For the son of Jisnu (i.e., Brahmagupta) writes :

‘Avanti is to the north of Lank3z at a distance of one-fifteenth
of the Earth’s circumference’.

So also writes Varahamihira, who belonged to Avanti :

‘When the Sun is at the end of Gemini, it revolves 24° above
the horizon of the gods ; and at Avanti it is then exactly
overhead (at midday)’.

This shows thgtthe latitude there is 24°. Now 24° is one-
fifteenth of a%€ircle and not one-sixteenth, because there are
360° in the whole circle and 24° is one-fifteenth of 360°. So
the reading paficadasarmse is the correct reading.”
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But he adds ¢

“However, that janapada being large and the latitude being
different at different places, somewhere (in that janapada) a
latitude of 24° is also possible. Whether it occurs at Ujjayini
or not, can be decided (only) by the people there. Varaha-
mihira has shown it to be 24° in respect of his village. Following
him the son of Jisnu, too, has said the same. But Ujjayini is
to the south of that (village). There a latitude of 22} degrees
is also possible. In that case the other reading (faccaturarse)
would be correct, for latitude has been stated (here). for
Ujjayini (and not for the village of Varahamihira).” -

The commentator Raghunatha-raja (1597 A.D.) adopts the
reading paficadasarmse. He interprets the reading taccaturarse also,
but he prefers the other reading on the same grounds as given by
Stryadeva.

The majority of the Hindu astronomers, however, favours
Brahmagupta’s view and takes the latitude of Ujjayini as 24° N. But
there is no doubt that according to Aryabhata I it is 22° 30" N.

VISIBLE AND INVISIBLE PORTION OF
THE BHAGOLA

AT =X A qAE Wy |
=} it im0 gu N

15. One half of the Bhagola as diminished by the Earth’s semi.
diameter is visible from a level place (free from any
obstructions). The other one.half as increased by the Earth’s
semi-diameter remains hidden by the Earth.

What is meant is that that portion of the Bhagola is visible at a
place O on the Earth’s surface which lies above the sensible horizon
at O, i.e., which lies above the tangenf plane to the Earth’s surface
at O, and that portion of the Bhagola which lies below the sensible
horizon at O is invisible at O.

1. Cf. $ipvr 10, vi. 35,
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From this we easily deduce that according to Aryabhata I
Sun’s mean horizontal parallax = 3’ 56"
Moon’s mean horizontal parallax=52" 30",

the corresponding modern values being 8”794 and 57’ 2”7, respectively.

MOTION OF THE BHAGOLA FROM THE NORTH
AND SOUTH POLES

Xan qeARd waragRERed Raan @519 |
Y ATESIE JRUAEAgY Han | 2§

16. The gods living in the north at the Meru mountain (i.e., at
the north pole) see one half of the Bhagola as revolyving from
Jeft to right (or clockwise) ; the demons living in the south
at the Badavamukha (i.e., at the soath pole), on the other hand,
see the other half as revolving from right to left (or anti.

clokwise).?

VISIBILITY OF THE SUN TO THE GODS,
MANES AND MEN

thraata ¥ aegegiRd W Qo A | o
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17. The gods see the Sunm, after it has risen, for half a solar
year ; so is dome by the demons too. The manes living
on (the other side of ) the Moon see the Sun for half a lunar
month ;¢ the men here see it for half a civil day.®

This verse stating how long do the gods (living at the north
pole), the demons (living at the south pole), the manes (living on
the other side of the Moon) and men see the Sun after it kac

once risen.

PE—

All others except So. qgsad qqTH
Cf. PSi, xiii. 9.
Cf. Psi, xiii. 27.
Cf. PSi, xiii. 38.
. Cf. PSi, xv. 14,

pr I S - e
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2. Khagola
THE PRIME VERTICAL, MEKRIDIAN AND HORIZON

qAAIEE ATTEAY SR 3 |
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18. The vertical circle which passes through the east and west
points is the prime vertical, and the vertical circle passing
through the north and south points is the.meridian. The
circle which goes by the side of the above circles (like a
girdle) and on which the stars rise and set is the horizon.!

P.C. Sengupta’s remark that “here we have the rational horizon
and not the appareunt horizon” is incorrect.

Since the centre of the Khagola is at the observer lying on the
surface of the Earth, the horizon is evidently the apparent or sensible
horizon and not the rational horizon.

EQUATORIAL HORIZON
qatefTe REgmaeT @ 49 |
I WD T9IEr a7 Raafaan g

19. The circle which passes through the east and west points and
meets (the meridian above the north point and below the
south point) at distances equal to the latitude (of the place)
from the horizon is the equatorial horizom (or six o’ clock
circle) on which the decrease and increase of the day and
night are measured.?

THE OBSERVER IN THE KHAGOLA
EREIETIA JRQUEET o |
Taral qEAEY 21 IRAY AT A U R0 U

P

1. Cf. S’iDV_r, 11, ii. 2; VSi, Gola, iv 2. ; SiSe, xvi.29 (d) ;
Sisi, 11, vi. 3 (c-d) ; vii. 2 (c-d).

2. Cf. BrSpSi, xxi.50; SiDVr. I, ii. 3; VSi, Gola, iv. 3;
SiSe, xvi. 30; Si$i, I, vi. 4 ; SuSi, II, iv, 4. '

3., F. =, rev. to =&
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20. The east.west line, the nadir-zenith line, and the north-south
line intersect where the observer is.!

What Aryabhata I means to say is that the centre of the Khagola
lies at the observer, or that (the position of ) the observer forms the
centre of the Khagola.

THE OBSERVER’S DRNMANDALA AND DRKKSEPAVRTTA
SR FLHT TEnaed JeriugE |
TAQIATSIAN AVE T1g FUTgag 1 ¢ 0

21. The great circle which is vertical in relation to the observer
and passes through the planet is the dramandala (i.e., the
vertical circle through the planet). The vertical circle which
passes through that point of the ecliptic which is three
signs behind the rising point of the ecliptic is the drkksepavrtia.

THE AUTOMATIC SPHERE (GOLA-YANTRA)
HISTHY qHIT AHFAT: TR @Y Mg |
NG deeaE WA SR T Freaay U R

22. The Sphere (Gola-yantra) which is made of wood, perfectly
spherical, uniformly dense all round but light (in weight) should
be made to rotate keeping pace with time with the help of
mercury, oil and water by the application of omne’s own
intellect. :

The Gola-yantra is the representation of the Bhagola.
The method used by Aryabhata for rotating the Sphere
(Bhagola) at therate of onme rotation per twentyfour hours may be

briefly described in the words of the commentator Stryadeva as
follows :

“Having set up two pillars on the ground, one towards the
south and the other towards the north, mount on them the

g

1. Cf. SiDvr, I, vi. 33-34.
2. E. Ni. Pa, So. 7it@
A, Bb, 17
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ends of the iron needle (rod) (which forms the axis of rotation
of the Sphere). In the holes of the Sphere, at the south and
north poles, pour some oil, so that the sphere may rotate
smoothly. Then, underneath the west point of the Sphere,
dig a pit and put into it a cylindrical jar with a hole in the
bottom and as deep as the circumference of the Sphere.
Fill it with water. Then having fixed a nail at the west point
of the Sphere, and having fastened one end of a string to it,
carry the string downwards along the equator towards the
east point, then stretch it upwards and cdrry it to the west
point (again), and then fasten to it a dry hollow gourd
(appropriately) filled with mercury and place it on the surface
of water inside the cylindrical jar underneath, which is
already filled with water. Then open the hole at the bottom
of the jar so that with the outflow of water, the water inside
the jar goes down. Consequently, the gourd which, due to
the weight of mercury within it, does not leave the water,
pulis the Sphere westwards. The outflow of water should
be manipulated in such a way that in 30 ghatis (=12 hours)
half the water of the jar flows out and the Sphere makes
one-half of a rotation, and similarly, in the next 30 ghatis
the entire water of the jar flows out, the gourd reaches
the bottom of the jar and the Sphere performs one complete
rotation. This is how one should, by using one’s intellect, rotate
the Sphere keeping pace with time.”

3. Spherical Astronomy

(1) Diurnal motion
THE LATITUDE-TRIANGLE

TNQEETR ST fwerig Wiy |
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23. Divide half of the Bhagola lying in the visible half of the
Khagola by means of Rsines (so as to form latitude-triangles).
The Rsine of the latitude is the base of a latitude-triangle. The
Rsine of the colatitude is the upright of the same (triangle).

The statement “half of the Bhagola lying in the visible half
of the Khagola,” implies that the radius of the Earth is disregarded

o

1, A. T AqaF%:
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here and the centre of the Khagola is supposed to be coincident with
the centre of the Bhagola. What is meant is the standard Khagola, i.e.,
Khagola for the centre of the Earth.

A right-angled plane triangle whose sides are proportional
to Rsin §, Rcos & and R, where R (=3438") is the radius of the
Bhagola, is called a latitude-triangle (aksa-ksetra). The right-angled
plane triangle whose sides are equal to Rsin 6, Rcos fandR isthe
main latitude-triangle, defined above.

The latitude-triangles play an important role in the solution
of the spherical triangles in Indian astronomy. For, a number of
results in astronomy are obtained simply by comparing two latitude-
triangles. Because of this importance of the latitude-triangles, Arya-
bhata II (c. 950 A. D.) and Bhaskara II (1150 A.D.) have given a list of
such triangles in their works. It is only he who is versed in the latitude-
triangles,”” adds Bhaskara II, “that enjoys respect, fortune, fame, and
happiness”.!

The latitude-triangles
(Aryabhata II’s list)

Base Upright Hypotenuse

(1) Rsin 8 Rcos ¢ R

(2) equinoctial midday gnomon (=12) hypotenuse of equinoc-
shadow tial midday shadow

~ (3) earthsine Rsin 3 agra

(4) unmandalasanku first part of agra Rsin 3

(5) other part of agra - unmandalasanku earthsine

(6) agra samasanku taddhyti

(7) Rsin 8 upper part of taddhrti  sama$aitku

(taddhrti—earthsine)

(Bhaskara I1’s additional triangle)

(8) first part of agra upper part of upper part of
: samasanku taddhyti

1, @wifor argavanty auf fda ardaegamm
SiSi, Grahaganita, iii. 13 (c-d)
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Explanation : When a heavenly body is on the six o' clock
circle, the perpendicular dropped from it on the plane of the horizon
is called unmandalasanku ; the distance of the foot of the perpendicular
from the east-west line is called the first part of agrd; the
distance of the heavenly body from the rising-setting line is called the
earthsine. When the heavenly body is on the prime vertical, the
perpendicular dropped from it on the east-west line is called samag-
$anku ; the perpendicular dropped from it on the rising-setting line
is called taddhyti; the distance between the east-west line and the
rising-setting line is called agra. When a perpendicular is dropped
from the foot of the samasanku on the taddhyrti, the latter is divided
into two parts called upper and lower; when a perpendicular is
dropped from the foot of this perpendicular on the samasaiku, the
latter is divided into two parts called upper and lower; when from the
same foot a perpendicular is dropped on the agra, the latter is divided
into two parts called the “first part of agra’ and the ‘other part of agra’.

RADIUS OF THE DAY-CIRCLE
FICHAT AT Ja |
ATz R AR 1| }%

24. Saubtract the square of the Rsine of the given declination from
the square of the radius, and take the square root of the difference.
The result is the radius of the day circle, whether the heavenly
body is towards the north or towards the south of the equator.?

That is,
day radius= 4/R2—(Rsin )2, O
. Rsin A X Rsin 24°
Rsin 8= R s )

A and 3 being, respectively, the Sun’s tropical longitude and declination
of the heavenly body.

Aryabhata does not state formula (2) for finding Rsin 3,
because it can be easily derived by applying the rule of three as
follows : “When the Rsine of the Sun’s tropical longitude is equal to
R, the Rsine of the Sun’s declination is equal to Rsin 24°; what then

1. B.C.E. Su. qd aq
2. Cf. MBh, iii. 6,



Verse 25 ] RIGHT-ASCENSIONS OF THE SIGNS 133

will be the value of the Rsine of the Sun’s declination when the Rsine

of the Sun’s tropical longitude has the value Rsin A? The result is
Rsin 8.

RIGHT ASCENSIONS OF ARIES, TAURUS AND GEMINI

LT RIARERTTSTIAT FIFe |
WENEEE  Feaseagigaamsr 1y |l

25. Multiply the day radius corresponding to the greatest declination
(on the ecliptic) by the desired Rsine (of one, two or three signs)
and divide by the corresponding day radius : the result is the
Rsine of the right ascension (of one, two or three signs),
measured from the first point of Aries along the equator.4

Let «, B and v denote the right ascensions of one sign, two signs
and " three signs, respectively, and 31, 32 and 383 the declinations at the
last points of the signs Aries, Taurus and Gemini, respectively. Then

Rsin 30° X Rcos 24°

Rsin a=
Rcos 3; )
Rsin B— Rsin 60°X Rcos 24
Rcos §, (03)
. Rsin 90° x Rcos 24°
Rsin y=

Rcos 3, 3

Now, Rcos §;=3366", Rcos 8,=3218" and Rcos 83=3141".
Hence substituting these values and simplifying, we get a=1670'
B==3465’ and y==5400'. Consequently,

right ascension of Aries=®=1670 respirations
right ascension of Taurus==—%=1795 respirations

right ascension of Gemini =y— =1935 respirations.

1. So. g
2. Ra. A9E for HARAR

3. Ra. So. 9WsqL:
4, Cf. MBh,iii. 9,
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The right ascensions of Aries, Taurus and Gemini in the reverse
order are the right ascensions. of Cancer, Leo and Virgo ; and the right
ascensions of the first six signs, Aries etc. in the reverse order
are the right ascensions of the last six signs, Libra etc.

Table 22. Right ascensions of the signs of the ecliptic

Sign Right ascension in respirations Sign
1 Aries 1670 12 Pisces
2 Taurus 1795 11 Aquarius
3 Gemini 1935 10 Capricorn
4 Cancer 1935 9 Sagittarius
5 Leo 1795 8 Scorpio
6 Virgo 1670 7 Libra

The Indian method for deriving formula (1) is as follows :

Consider the Celestial Sphere for fa place on the equator.
Let the first point of Aries coincide with the east point of the horizon ;
and let A be the last point of the sign Aries, AB the perpendicular
from A on the eastwest line, and AC the perpendicular from A
on the plane of the horizon. Also let G be the last point of the
sign Gemini, GO the perpendicular from G on the east-west line and
GM the perpendicular from G on the plane of the horizon.

Then comparing the triangles ABC and GOM, which are
evidently similar, we have

ABXGM
GO

Rsin 30° X Rcos 24°
R

AC=

Now Rsin «: R :: AC: Rcos 3. Therefore

ACXR __ Rsin 30°xXR cos 24°
R cos 3 R cos 8

Rsin ¢ =

The rationales of formulae (2) and (3) are similar,
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EARTHSINE
eI RTaMTsal @ aFa gar v
W fafier gaatysar Rafgt a8

26. The Rsine of latitude multiplied by the Rsine of the given decli-
nation and divided by the Rsine of colatitude gives the earthsine,
lying in the plane of the day circle. This is also equal to the
Rsine of half -the excess or defect of the day or night (in the
plane of the day circle).?

That is,

Rsin 8 X Rsin ¢
Rcos ¢

This result may be easily obtained by comparing the following
Tatitude-triangles ; ’

earthsine=

Base Upright Hypotenuse
(1) earthsine Rsin & agra
) Rsin ¢ Rcos ¢ R

By the ‘excess or defect of the day or night’ is meant the amount
by which the day or night at the local place is greater or less than
30 ghatis (or 12 hours). .

The earthsine, as the text says, is the Rsine of half the excess
or defect of the day or night in the plane of the day circle. Since the
time is measured on the equator, one should first find the corresponding
Rsine in the plane of the equator and then reduce that to the arc
of the equator.

The Rsine of half the excess or defect of the day or night
in the plane of the equator is called carardhajya and is obtained by
the following formula :

earthsine X R

arardhajyd — ———————
cararahiajy day radius

The corresponding arc of the equator is called carardha and gives the
amount by which the semi-duration of the day or night at the local
place is greater or less than 15 ghatis.

PR

1. F. weor for gear ,
2. Cf. PSiyiv. 34; MBH, iii. 6,
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The carardha is also equal to the difference between the oblique
and right ascensions and so it is called the ‘ascensional difference’.
The oblique ascension is the time of rising of an arc of the ecliptic. at
the local place and the right ascension is the time of rising of an arc
of the ecliptic at the equator.

RISING OF THE FOUR QUADRANTS AND OF
THE INDIVIDUAL SIGNS

3a[ & THEIIEALAA GIqUIR |
QRISTIIAITAY qeafeaq sarewag’ i ke |

" 27. The first as well as the last quadrant of the ecliptic rises (above
the local horizon) in one quarter of a sidereal day diminished
by (the ghatis of) the ascensional difference. The other two
(viz. the second and third quadrants) rise in one quarter of a
sidereal day as increased by the same (i.e. the ghatis of the
ascensional difference). The times of rising of the individual
signs (Aries, Taurus and Gemini) in the first quadrant are
obtained by subtracting their ascensional differences from their
right ascensions in the serial order ; in the second quadrant
by adding the ascensional differences of the same signs to the
corresponding right ascensions in the reverse order. The times
of risings of the six signs in the first and second quadrants
(Aries, etc.) taken in the reverse order give the risings of the
six signs in the third and fourth quadrants (Libra, etc.).* -

Let Fig. 10 represent the Celestial Sphere (Khagola) for the
local place. SEN is the horizon, RET the equator, UEV the ecliptic
and PEQ the equatorial horizon. The small circle WBY is the day
circle through V (the end of the first quadrant of the ecliptic).

EV is the first quadrant of the ecliptic. At the moment the
first point of Aries coincides with E. With the motion of the Celestial
Sphere E will move along the equator and V along the diurnal circle

——— c———a—

1. D. = agiay

2, E. afgat

3. A.E. Gh. Go. Ni. Pa, F#lesHd:
4. Cf. PSi,iv.31; LBh, iii. 6.
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Fig. 10

in the direction of the arrowhead. When V reaches A, the whole of
the first quadrant of the ecliptic, which is at the moment on the point
of rising above the horizon, will be above the local horizon. So the
time of rising of the first quadrant of the ecliptic at the local place
is the time taken by V in moving from Vto A, or, what is the same
thing, the time taken by T in moving from T to C. This time is given
by the arc

TC or ET~EC

of the equator (because time is measured on the equator). Since ET
is one-fourth of the equator, it corresponds to one-quarter of a sidereal
day. So the time of rising of the first quadrant of the ecliptic

=one quarter of a sidereal day—ghatis corresponding to arc EC
=15 ghatis—ghatis of ascensional difference. )

Also, the first quadrant of the ecliptic is, at the moment,
at the point of rising above the equatorial horizon QEP. When
the point V reaches the point B, the first quadrant of the ecliptic
will be completely above the equatorial horizon. The time taken
by Vto reach B is equal to the time taken by T in reaching E. So
the time of rising of the first quadrant of the ecliptic above the
equatorial horizon is equal to the arc ET of the equator, which has
been just shown to correspond to one quarter of a sidereal day or
15 ghatis. This differs from (1) by the time given by the arc EC of
the equator. EC therefore gives the difference between the times of
rising of the first quadrant at the local and equatorial places. EC is,
therefore, called the ‘ascensional difference’ of the first quadrant (or
the ascensional difference of the last point of the first quadrant).

A. Bh, 18



38 » GOLA SECT10N [ Gola Sn.
Hence, from (1), we have

(1) Time of rising of the first quadrant at the local place
=15 ghatis—ghatis of the ascensional difference.
When the first point of Ariesis at E, the first point of Libra
is at the west point W. The first point of Libra will reach the point E

exactly after 30 ghatis and then the second quadrant of the ecliptic will
be completely above the local horizon. Hence we have

(2) Time of rising of tl}e second quadrant of the ecliptic at the
local place '
=30 ghatis —(15 ghatis—ghatis of asc. diff.)
=15 ghatis+ghatis of asc. diff.
Similarly, we can show that

(3) Time of rising of the third quadrant of the ecliptic at the
Tocal place =15 ghatis+ ghatis of asc. diff.

(4) Time of rising of the fourth quadrant of the ecliptic at the
local place=15 ghatis— ghatis of asc. diff.

Procerding exactly in the same manner, we can show that

Time of rising of the sign Aries at the local place

—Time of rising of the sign Aries at the equator—asc. diff. of
the last point of Aries. 2)

Time of rising of the signs Aries and Taurus at the local place

=Time of rising of the signs Aries and Taurus at the equator—
asc. diff. of the last point of Taurus. 3)

Time of rising of the signs Aries, Taurus and Gemini at the local
place -

=Time of rising of the signs Aries, Taurus and Gemini at the
equator—asc. diff. of the last point of Gemini. “

Diminishing (2), (3), (4), each by the preceding (if any), we have

Time of rising of the sign Aries at the local place

=Time of rising of the sign Aries at the equator—asc. diff. of
Aries.

Time. of rising of the sign Taurus at the local place

=Time of rising of the sign Taurus at the equator—(asc. diff. of
the. last point of Tanrus—asc. diff. of the last point of Aries)
=Time. of rising of the sign Taurus at the equator—asc. diff. of
Taurus. :
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Time of rising of the sign Gemini at the local place
=Time of rising of the sign Gemini at the equator—(asc. diff.
of the last point of Gemini—asc. diff. of the last point of Taurus)

=Time of rising of the sign Gemini at the equator— asc. diff. of
Gemini.

Let A, B, C be the times of rising of the signs Aries, Taurus,
and Gemini at the equator and a, b, ¢ the ascensional differences of the
same signs in their respective order. Then the times of rising of the
signs at the local place are as shown in the following table.

Table 23. Times of rising of the signs at the local place

Sign Time of rising Sign
1 Aries A-a 12 Pisces
2 Taurus B—b 11 Agquarius
3 -Gemini ‘C—c 10 Capricorn
4 Cancer C+4c 9 ‘Sagittarius
5 Leo B+b ‘8 ‘Scorpio
6 Virgo A+ta 7 Libra

RSINE OF THE ALTITUDE
wrRNTsat fefimgaweasmat e |
eI R el geg |l ke )

28. Find the Rsine of the arc of the day circle from the horizon
(up to the point occupied by the heavenly body) at the given
time ; multiply that by the Rsine of the colafitude and divide
by the radius : the result is the Rsine of the altitude (of the
‘heavenly body) at the given time elapsed simce swmrise in
the forenoon or to elapse before sunset in the afternoon.

By ‘the Rsine of the arc of the day circle from the horizon up
to the point occupied by a heavenly body’, is meant the distance of the

heavenly body from the rising-setting line, which is known .as igtahyti.
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Thus fhe formula in the text may be stated as

istahrtixX Rcos ¢

Rsin (Sun’s altitude)== R

This formula may be obtained by comparing the following
latitude-triangles :

Base Upright Hypotenuse

(1) sankvagraor Rsin (Sun’s altitude) istahyti
$ankutala
(2) Rsin ¢ Rcos ¢ R

The method intended by Ayabhata I may be fully explained in

the case of the Sun as follows :

“With the help of the Sun’s declination and the local latitude
calculate the Sun’s ascensional difference. Subtract the Sun’s
ascensional difference from or add that to the given time
reduced to asus (1 ghati=360 asus), according as the Sun is
in the northern or southern hemisphere. By the Rsine of
that difference or sum multiply the day radius and divide by
the radius. Ifthe Sun is in the northern hemisphere, add
the earthsine to the result obtained; if the Sun is in. the
southern hemisphere, subtract the earthsine from the result
obtained : the result is the istahyti. Multiply that by the
Rsine of the colatitude and divide by the radius: the result
is the Rsine of the Sun’s altitude.”

“When the Sun is the northern hemisphere and the given time
reduced to asus is less than the Sun’s ascensional difference
reduced to minutes of arc, one should proceed as follows :

‘Subtract the asus of the given time from the minutes of the
Sun’s ascensional difference ; multiply the difference by the
day radius and divide by the radius. Subtract whatever is
obtained from the earthsine : the result is the istahyti. Multiply
that by the Rsine of colatitude and divide by the radius;
the result is the Rsine of the Sun’s altitude as before’.”

1

See MBh, iii. 18-20, 25, Also see PSi, iv. 41-43.
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SANKVAGRA
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29. Multiply the Rsine of the Sun’s altitude for the given time by
the Rsine of latitude and divide by the Rsine of colatitude :
the result is the Sun’s "$ankvagra, which is always to the south
of the Sun’s rising.setting line.?

The Sun’s ankvagra is the distance of the Sun’s projection on
the plane of the observer’s horizon from the Sun’s rising-setting line.
Or, it is the projection of the istahyti on the plane of the observer’s
horizon.

The formula stated in the text is

Rsin (Sun’s altitude) XR sin ¢
Rcos ¢ ?

which can be easily derived by comparing the following latitude-
triangles :

Sun’s sankvagra=

Base Upright Hypotenuse
(1) Sun’s $ankvagra Rsine (Sun’s altitude) istahyti
2) Rsin ¢ Rcos ¢ R

Although the rule is stated for the Sun, it is applicable to any
heavenly body whatsoever.

SUN’'S AGR4
wATIERS AT TraiEat aq1 fa |
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30, Multiply the Rsine of the (Sun’s tropical) longitude for the
giveli time by the Rsine of the Sun’s greatest declination and
then divide by the Rsime of colatitude : the resulting Rsine
is the Sun’s ggra on the eastern or western horizon.?

1. Gh. faga: for gfora:
2. Cf. MBh, iii. 54 ; LBh, iii. 16.
3. Cf. MBh,iii, 37; LBh, iii. 21,
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The Sun’s agra is the distance of the rising or setting Sun from
the east-west line.

The formula stated in the text is

, Rsin A X Rsin 24°
Sun’s agra== Roos 3 .

where 2 is the Sun’s tropical longitude, and ¢ the latitude of
the place.

This formula may be obtained as follows :

Comparing the latitude-triangles :

Base Upright Hypotenuse
(¢)] earthsine Rsin 3 agra
2) Rsin ¢ Rcos ¢ R
we get
Rsin X R
Sun’s ——
un’s agrd Roosg
But \
Rsin § = Rsin A X Rsin 24 i
R
Therefore
Sun’s aerd— Rsin A X Rsin 24°
g Rcos ¢

RSINE OF THE SUN’'S PRIME VERTICAL ALTITUDE
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31. When that (agra) is less than the Rsine of the latitude and
the Sun is in the northern hemisphere, multiply that (Sur’s
agra) by the Rsine of colatitude and divide by the Rsine

of latitude ; the result is the Rsine of the Sun’s altitnde
when the Sun is on the prime verticak!

10_ Cf: Mgh, iii' 3,7 (c-d)-38Q
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That is,

Sun’s agra X Rcos ¢
Rsin ¢ ?

where a is the Sun’s prime vertical altitude.

Rsin a=

This formula may be easily derived by comparing the following
Iatitude~triangles :

Base Upright Hypotenuse
1) agra Rsin a istahrti
@ Rsin ¢ Rcos ¢ R

The conditions necessary for the existence of the prime vertical
altitude of the Sun are : (1) that the Sun should be in the northern
hemisphere, and (2) that the Sun’s declination should be less than the
latitude of the place. The condition given by Aryabhata that the
Sun’s agra should be less than the _Rsiné of the latitude is incorrect.
Brahmagupta (A.D. 628) has therefore rightly criticised Aryabhata on
this account :

“The statement (of Aryabhata) that the Sun, in the northern
hemisphere, enters the prime vertical when the (Sun’s) agra is
less than the Rsine of the latitude is incorrect, because this
happens when the Rsine of the (Sun’s) declination satisfies
this condition (and not the Sun’s agra).”’*

It is interesting to note that the commentator Bhaskara I
(A.D. 629), committed the same error in his Maha-Bhaskariya?, but
he has corrected himself in his Laghu-Bhaskariya3

Suryadeva (b. A.D. 1191), Some$vara, and other commentators,
however, have interpreted the word sa as referring to the Sun’s
declination and not to the Sun’s agra.

Although the rule in vss. 30-31 is stated for the Sun, it is appli-
cable to any heavenly body whatsoever.

—— e

1. BrSpSi, xi, 22.
2. MBh, iii. 37.
3. LBh, iii. 22,
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SUN’S GREATEST GNOMON AND
THE SHADOW THEREOF
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32. The Rsine of the degrees of the (Sun’s) altitude above the
horizon (at midday when the Sun is on the meridian) is the
greatest gnomon (on that day). The Rsine of the (Sun’s)
zenith distance (at that time) is the shadow of the same
gnomon. ’

The Sun’s zenith distance at midday
c¢_8 or ¢+8,
according as the Sun is in the northern or southern hemisphere.
Consequently, the greatest gnomon or the Rsing- of the Sun’s
altitude at midday
=Rcos (¢~8) or Rcos (¢+3),

and the shadow of the greatest gnomon or the Rsine of the Sun’s zenith
distance at midday '

= Rsin (¢~8) or Rsin (¢ +3),
according as the Sun is in the northern or southern hemisphere.

(2) Parallax in a solar eclipse
RSINE OF THE ZENITH DISTANCE OF
THE CENTRAL ECLIPTIC POINT
AENEAS AT STAEALT ag ¥ |
FHETIHANANTY TFaT 1133

33. Divide the product of the madhyajya and the udayajya by the
radius. The square root of the difference between the squares
of that (result) and the madhyajya is the (Sun’s or Moon’s) own
drkksepa?

e —— ——

1. F. a9
2. Cf. PSI, ix. 1920; MBhv.19,
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The Sun’s madhyajya is the Rsine of the zenith distance of the
‘meridian ecliptic point. The Sun’s udayajya is the Rsine- of the
amplitude of the rising point of the ecliptic. The Sun’s drkksepa( jya)
is the Rsine of the zenith distance of that point of the ecliptic which is
at the shortest distance from the zenith.

The Moon’s madhyajya is the Rsine of the zenith distance of
that point of the Moon’s orbit which lies on the observer’s meridian.
The Moon’s udayajya is the Rsine of the amplitude of that point of the
Moon’s orbit which lies on the eastern horizon of the observer. The
Moon’s drkksepa(jya). is the Rsine of that point of the Moon’s orbit
which is at the shortest distance from the zenith.

Let Z be the zenith, M the meridian ecliptic point and C that
point of the ecliptic which is at shortest distance from the zenith. Then
in the triangle ZCM

Rsin (arc ZM):Sun’s madhyajya,
£ ZCM =90°,
and Rsin (MZC) =Sun’s udayajya.

Therefore

Rsin (arc ZM) X Rsin. (MZC)

Rsin (arc MC)= R

__Sun’s madhyajya x Sun’s udayajya
- R
The final result, viz.

Sun’s drkksepajyd=«/ (Sun’s madhyajya)®— (Rsin MC)"*
is obtained by treating the triangle formed by the Rsines of the sides
of the triangle ZCM as a plane right-angled triangle (which assumption
is however incorrect).

The Moon’s drkksepajya has been similarly obtained by taking
the Moon’s orbit in place of the ecliptic.

Brahmagupta has rightly criticised the above rule for being
inaccurate.!

1. See BrSpSi, xi. 29-30,

A.Bh, 19
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DRGGATIJYAS OF THE SUN AND THE MOON
- | Y .
THRTAATBRAATIET J& @R FIA |

34. (i) The square root of the difference between the squares of (i)
the Rsine of the zenith distance (of the Sun or Moon) and (ii)
the drkksepajya, is the (Sun’s or Moon’s) own dyggatij ya.l

The Sun’s dyggatijya is the Rsine of the arcual distance of the
zenith from the secondary to the ecliptic passing through the Sun.

The Moon’s drggatijya is the Rsine of the arcual distance
of the zenith from the secondary to the Moon’s orbit passing through
the Moon.

The formula for the (Sun’s or Moon’s) drggatijya stated in
the text is

drggatijya= +/[Rsin (z.d.)*—(drkksepajya)® .

This formula is correct and can be proved as follows : Let CS
be the ecliptic and K its pole ; S the Sun and Z the zenith ; KZC and
KS the secondaries to the ecliptic ; and ZA the perpendicular to
KS. Since the arcs ZC and ZA are perpendicular to CS and AS
respectively,

(Rsin ZA)*=(Rsin ZS)*—(Rsin ZC)%,
i.e., (Sun’s drggatijya)*=(Sun’s drgjya)*—(Sun’s drkksepajya)®.
Similarly,
(Moon’s drggatijya)?=(Moon’s drgj ya):—(Moon’s drkksepajya)®.
According to Brahmagupta (A.D. 628), this is wrong. Says he :
“Drkksepajya is the base and dygjya the hypotenuse ; the square root

of the difference between their squares is the dyinatijya (=drggatijya).
This configuration is also improper.’’ :

Brahmagupta’s criticism is valid if the drggati means “the arc
of the ecliptic lying between the central ecliptic point and the Sun or
Moon’’ as explained by the commentator Sturyadeva.

1. Cf. MBh, v. 23 ; LBh, v, 7(c-d)-8 (a-b).
2. BrSpsi, xi. 27.



Verse 34 ] PARALLAX 147
PARALL AX OF THE SUN AND THE MOON

EERUCH
RS @ =agmar Jearand Tameg 0 38 i

34. (ii) On account of (the sphericity of) the Earth, parallex
increases from zero at the zenith to the maximum value equal
to the Earth’s semi-diameter (as measured in the spheres of
the Sun and the Moon) at the horizon.

The word drkchaya in the text means parallax.

The instruction of the text implies, according to the commen-
tators, the following formulae :

Earth’ i-diar i
parallax in longitude = arth s semi dlat;eterxdyggatzj ya yojanas

in the sphere of the planet concerned

__Earth’s semi-diameter X drggatijya
"~ planet’s true distance in yojanas

minutes.

Earth’s semi-diameter X drkksepajya
parallax in latitude= R rkksepajy yojanas

Earth’s semi-diameter X drkksepajya
planet’s true distance in yojanas

nutes.

On the use of the word svadrkksepa, Bhaskara I observes :

“The orbits of the Sun and the Moon being different, the (five)
Rsines (viz., udayajya, madhyajya, drkksepajya, dygjya and
drggatijya) for them are said to differ. This difference is

indicated: by the words ‘svadrkksepa’ etc. of the Master
(Aryabhata I).>2

1. 'E. Taggasmr

2. MBhv. 12,
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2. The visibility corrections

VISIBILITY CORRECTION AKSADRKKARMA
FOR THE MOON

fI9uTmesar qEEATT WY HUGEEFN |

I gAuTHY SR g 5% 1 3u

35. Multiply the Rsine of the latitude of the local place by the
Moon’s latitude and divide (the resulting product) by the Rsine
of the colatitade : (the result is the aksadykkarma) for the
Moon). When the Moon is to the morth (of the ecliptic), it
should be subtracted from the Moon’s longitude in the case of
the rising of the Moon and added to the Moon’s longitade in the
case of the setting of the Moon ; when the Moon is to the south
(of the ecliptic), it should be added to the Moon’s longitude (in
the case of the rising of the Moon) and subtracted from the
Moon’s longitude (in the the case of the setting of the Moon).?
That is

aksadrkkarma Rsin ¢ X Moon’s latitude .

Rcos ¢

Fig. 11

1. AB.CEF. Ni. Ra. Su. wfwar; D. fagar 2. D, qzaedss
3. The same rule occurs in PSi (Paulisa), v, 8 ; KK, I, vi. 3;
MBh, vi. 1-2(a-b) ; LBh, vi. 1-2; KR, V.2,
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Let the figure represent the Celestial Sphere (Khagola) for the
local place in latitude ¢, SEN is the eastern horizon and Z the zenith :
YE is-the equator and P its north pole; yT is the ecliptic and K its
north pole. Suppose that the Moon is rising at the point M’ on
the horizon. Let M be the point where the secondary to the ecliptic
drawn through M’ meets the ecliptic, L the point where the hour
circle through M’ meets the ecliptic and T the point where the horizon
intersects the ecliptic. Then the arc TL of the ecliptic is called the
aksadykkarma and the arc LM of the ecliptic is called the
ayanadykkarma.

Let A be the point where the diurnal circle through M intersects
the hour circle through M’ and B the point where the diurnal circle
through M intersects the horizon. Then, since MM’ is small, regarding
the triangle M'AB as plane, we have

Rsin (BM'A)x M'A
Rsin (M'BA)
Rsin (BM'A) X M'M
Rsin (M'BA)
Rsin ¢ X Moon’s latitude
Rcos ¢ ’
Assuming the aksadrkkarma as roughly equal to arc AB,
Aryabhata gives : :

arc AB =

approx.

Rsin ¢ X Moon's latitude

Rcos ¢

This rule is generally used when the celestial latitude of the
body concerned is small. When the celestial latitude is large, a more
accurate rule is prescribed.

aksadrkkarma=

VISIBILITY CORRECTION AYANADRKKARMA
OF THE MOON

ARy sy |
SEAMIAYITIT ZRWN F49G ar#7 1l 3§

36. Multiply the Rversed sine of the Moon’s (tropical) longitude (as
increased by three signs) by the Moon’s latitude and also by the
(Rsine of the Sun’s) greatest declination and divide (the resulting

1. Sece BrSpSi, x. 18-19; S$iDVr, I, xi. 12-13; and Si$i I,
vii. 6. Bhaskara II gives a slightly modified formula for small
celestial latitude also. See Si$i, I, vii, 7. The most accurate formula
occurs in SiTV, vii, 103-104,
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product) by the square of the radius. When the Moon’s latitude
is north, it should be subtracted from or added to the Moon’s
longitude, according as the Moon’s ayana is north or seuth (i.e.,
according as the Moon is in the six signs beginning with the
tropical sign Capricorn or in those beginning with the tropical
sign Cancer) ; wben the Moon’s latitude is south, it should be
added or subtracted, (respectively).!

That is
Rvers (M 4-90°) X Moon’s latitude x Rsin 24°
ayanadrkkarma = R

where M is the Moon’s tropical longitude.

The rationale of the formula is as follows :

From triangle M'MA (See Fig. 11, p. 148), we have
Rsin (MM’A) x Rsin (arc MM’)

 arc MA= R approx.
ayanavalanax Moon’s latitude
R PpIox.

But (vide infra vs. 45), we have

Rvers (M+90°) XR sin 24°
ayanavalana == R

Rvers (M +90°) x Moon’s latitude X Rsin 24°
S.arc MA= R

Assuming the arc LM of the ecliptic (which denotes the ayana-
drkkarma) as approximately equal to arc MA, we have

R vers (M+90°) X Moon’s latitude X Rsin 24°
ayanadrkkarma—= RE

. When the ayanadykkarma and aksadykkarma are applied to the
rising or setting Moon, we get the longitude of that point of the echptlc

which rises or sets with the Moon.

There is difference of opinion regarding the interpretation of
the word utkramapnam. The commentator Some§vara interprets it
as meaning “The Rversed sine of the Moon’s longitude as increased
by three signs”, whereas the commentators Bhaskara I, Suryadeva
and Paramedvara interpret it as meaning “The Rversed sine of the

1. The same rule occurs in KX, I, vi. 2 ; MBh, vi. 2 (c-d)-3 ;
LBh, vi. 3-4; KR, v. 3. More accurate formulae occur in Sle I,

vii. 4,5 and in SiT¥, vii. 77-80, -
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Moon’s longitude as diminished by three signs.””* The commentator
Raghunatha-raja interprets it as meaning Rvers (M+90°) or Rvers
(M—90°), according as the desired ayana commences with Capricorn
or with Cancer.

We have followed Somegvara’s interpetation, because it agrees
with the teachings of Aryabhata in stanza 45 below and also because
it agrees with the teachings in his midnight system.?

Brahmagupta has modified this rule by replacing the Rversed
sine of the Moon’s longitude as increased by three signs by the Rsine
of the same. The commentator Nilakantha, however, interprets the
word utkramanam itself as meaning “the Rsine of the complement of
the Moon’s longitude”.

(4) Eclipses of the Moon and the Sun

CONSTITUTION OF THE MOON, SUN, EARTH AND SHADOW
AND THE ECLIPSERS OF THE SUN AND MOON

TN FRAF S ‘grqrgmly o qaely |
grgafy qaft ad, qfod Fedt T yesrar i 30 1

37. The Moon is water, the Sun is fire, the Earth is earth, and what
is called Shadow is darkness (caused by the Earth’s Shadow).
The Moon eclipses the Sun and the great Shadow of the Earth
eclipses the Moon.

The stat ement that the Moon is water has proved false.

OCCURRENCE OF AN ECLIPSE
TREAAESH TArEeAl 987 AR |
Y=gt 99 AR JEaEeay 1| 32 0

38. When at the end of a lanar month, the Moon, lying near a node
(of the Moon), enters the Sun, or, at the end of a lunar fortnight,
enters the Earth’s Shadow, it is more or less the middle of an
eclipse, (solar eclipse in the former case and lunar eclipse in

the latter case).

1. Govinda-svami, too, says the same thing. Writes he :
#7 gafe@emaear @ ? Fearfafy g « qdx T Frear qhesao argq |
wa g [wEwior] afsafrwaaederq 1 See his comm. on MBh, vi. 3.
2. See KK, 1, vi. 2,

3, So. qyyveTaTly
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Aryabhaté evidently takes the time of conjunction of the Sun
and Moon as the middle of a solar eclipse, and the time of opposition
of the Sun and Moon as the middle of a lunar eclipse. This is only -
approximately true. )

The phrase “more or less”, according to the commentators, is
indicative of the fact that, on account of parallax, the time of apparent
conjunction is not exactly the same as that of geocentric conjuction.

LENGTH OF THE SHALCOW
i fasg yaind g w@gfEdea )
g @ed ymaissear 1 3e |

39. Multiply the distance of the Sun from the Earth by the diameter
of the Earth and divide (the product) by the difference between
the diameters of the Sun and the Earth: the result is the
length of the Shadow of the Earth (i.e. the distance of the vertex
of the Earth’s shadow) from the diameter of the Earth (i.e. from
the centre of the Earth).?

That is,

s - Sum’s distance x Earth’s diameter
length of Earth’s Shadow = Sun’s diameter —Earth’s diameter

The Hindu method for deriving this formula, called “The lamp
and Shadow method” (pradipacchaya-karma), is as follows :

Consider the figure below. S is the centre of the sun and E that
‘of the Earth. SA and EC are drawn perpendicular to SE and denote
the semi-diameters of the Sun and the Earth, respectively. BC is parallel
to SE. V is the point where SE and AC produced meet each other.

A
C
B M
. . —
s 5 D v
' Fig. 12

1. C.E. Ni. Su. orFman @
2. Cf. BrSpSi, xxiii- 8; MBh, v, 713 LBh, iv. 6,



Verse 40 ] EARTH'S SHADOW 153

Hindu astronomers compare SA with a lamp post, EC with
a gnomon,'and EV with the shadow cast by the gnomon dueto the
light of the lamp. Consequently, they call EV ‘the length of the Earth’s
shadow from the diameter of the Earth’.

The triangles CEV and ABC are similar ; therefore
EV_BC_ SE_
EC AB SA—EC

. gy SEXEC _ SEX2EC
- SA—EC ~ 2SA-2EC

1 . N .
{.e., length of Earth’s shadow= Sun’s dl.staaniEarth S d.l ameter
Sun’s diameter—Earth’s diameter *

EARTH'S SHADOW AT THE MOON’S DISTANCE

grAmIE A sy ag wvaay |
egEan fraad frang ana: @feweag 1 ge
40. Multiply the difference between the length of the Earth’s shadow
and the distance of the Moon by the Earth’s diameter and divide
(the product) by the length of the Earth’s shadow : the result is

the diameter of the Tamas (i. e., the diameter of the Earth’s
shadow at the Moon’s distance).®

That is
Diameter of Tamas

_ (length of Earth’s shadow —Moon’s distance) X Earth’s diameter
length of Earth’s shadow

The rationale of this formula is as follows :

See the previous figure (Fig. 12). M is the position of the Moon
when it is just on the point of entering the Earth’s Shadow. MD is
perpendicular to SE ; so it denotes the semi-diameter of the Earth’s
shadow at the Moon’s distance, i.e., the semi-diameter of the T'amas.

1. B.D. gawgeq

2. Pa. wgfasse -

3. Cf. BrSpSi, xxiii. 8-9; MBh, v. 72; LBh, iv. 7,
A.Bh, 20 '
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The triangles MDYV and CEV are similar ; therefore

MD _ CE
DV EV
EV—ED)xCE
Mmp— (EV—ED)xCE
or , 5V e
EV—ED)x2 CE EV- EM)x2 CE
or 2 MD= ( — E\; =( EV) approx.

i.e., Diameter of Tamas

__ (length of Earth’s shadow —Moon’s distance) x Earth’s dameter
length of Earth’s shadow

© approx.
HALF-DURATION OF A LUNAR ECLIPSE

FegfaerRiEa: aftfgeafie e’ |
Rorerdwer g’ {4 TFERAAT N0 8 |

41. From the square of half the sum of the diameters of that (Tamas)
and the Moon, subtract the square of the Moon’s latitude, and
(then) take the square root of the difference : the result is known
as half the duration of the eclipse (in terms of minutes of arc).
The corresponding time (im ghatis etc.) is obtained with the
help of the daily motions of the Sun and the Moon.*

That is,
Half the duration of a lunar eclipse

=4/c*—p% minutes of arc

— 00X ot }/GS' B ghatis

where o=sum of the semi-diameters of Tamas and Moon
B=Moon’s latitude

d=(Moon’s daily motion—Sun’s daily motion) in minutes of
arc.

sa— ena——

1. F. Pa. gosigeq 3d:
2. Gh. So. fadiaafid ; others fadiaex afd
=3, A. B. D. Ni, afranaia@
A.D. Ni, fawad a=ge
5. Cf. MBh, v.74-76 (a-b); LBh, iv. 10-12; KK, ], iv. 4,
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This gives only an approximate value of the semi-duration of
the eclipse. To obtain the best approximation, the process should be
jterated until the value of the semi-duration is fixed. For details, see
MBh, v. 75-76.

HALF-DURATION OF TOTALITY OF A LUNAR ECLIPSE
TegsqraTdiaes afid aadarey |
frRERf e feRiag 18R I

42, Subtract the semi-diameter of the Moon from the semi-diameter
of that Tamas and find the square of that difference. Diminish
that by the square of the (Moon’s) latitude and then take the
square root of that : the square root (thus obtained) is half the
duration of totality of the eclipse.?

That is,
half the duration of totality=/s2—3* minutes of arc

= S0xve-B }/’2' B ghatis,

where  s=semi-diameter of Tamas— semi-diameter of Moon
B=Moon’s latitude

d=(Moon’s daily motion—Sun’s daily motion) in minutes of
arc.

This also gives only a rough approximation. To obtain the best
approximation, the process should be iterated until the semi-duration
of totality is fixed.

THE PART OF THE MOON NOT ECLIPSED

) freweand oRfwsngafiand |
fara=yd A Tex avmaEe | 83 |

43. Subtract the Moon’s semi-diameter from the semi-diameter
of the Tamas; then subtract whatever is obtained from the

—

1. F. transposes this verse to after 44.
2. Cf. PSi, x.7; MBh, v. 76(c-d) ; LBh, iv. 14 ; KK, I, iv. 4.

3. Ni. The text in the TSS edn. adds %=, which is not
warranted by the Com. of Ni. Moreaver, it is metrically superfluous.
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Moon’s latitude : the result is the part of the Moon not eclipsed
(by the Tamas).!
That is,
the length of the Moon’s diameter which is not eclipsed
=Moon’s latitude—(semi-diameter of Tamas—Moon’s
semi-diameter).
1t is easy to see that the obscured part of the Moon’s diameter

- (at the time of opposition of the Sun and Moon in a partial lunar
eclipse)

=} (diameter of Tamas-+diameter of Moon)—Moon’s latitude,
and hence the unobscured part of the Moon’s diameter at that time

=Moon’s diameter—{}(diameter of Tamas-}-diameter of Moon)
—Moon’s latitude}

==Moon’s latitude— (semi-diameter of Tamas —semi-diameter of
Moon).

As-stated earlier, Aryabhata I does not make any distinction

between the time of opposition and the time of the middle of the eclipse.
Hence the above rule.

MEASURE OF THE ECLIPSE AT THE GIVEN TIME
Frguetafa, RaRmsniReafimegen |
IR QTEEETER a0 88 |l

44. Subtract the ista from the semi.duration of the eclipse ; to (the
square of) that (difference) add the square of the Moon’s
latitude (at the given time) ; and take the square root of this
sum. Subtract that (square root) from the sum of the semi.
diameters of the Tamas and the Moon: the remainder
(thus obtsined) is the measure of the eclipse at the given time.

, The term ista denotes, says the commentator Suryadeva, the
Moon’s motion (in longitude) relative to Tamas corresponding to the
time elapsed at the given time, since the first contact, or to elapse at
the given time before the last contact.

Let AB be the ecliptic, the circle centred at T the Tamas
at the time of opposition of the Sun and Moon, CD the Moon’s orbit

1. The same rule occurs in LBh, iv.9.
2. A.B.C.D.F. Ni. Pa. Su. feaersifae
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relative to the Tamas at T. Mi the position of the Moon at the time
of the first contact, and Ms the position of the Moon at the given time.
M;P and M,Q are perpendiculars dropped on AB. Then

PT denotes the semi-duration of the eclipse,
PQ denotes the ista,
M:Q denotes the Moon’s latitude at the given time,

and LM denotes the eclipsed portion of the Moon’s diameter at the
given time.

M; M D
M
Pl Q@ T B
Fig. 13

1t is evident from the figure that

LM=(LT+M.M)—MiT,
where )

M,T= v/ Vi G F QT*

=4/MaQ? + (PT—PQ)?.
Hence the above.

The ista is generally given in terms of time (in ghatis) elapsed
since the first contact or to elapse before the last contact, and the above
rule.is stated as follows :

«Subtract the ista (ghatis) from the ghatis of the semi-
duration of the eclipse. Multiply that by the difference between
the true daily motions of the Sun and Moon and divide by
60. Add the square of that to the square of the Moon’s lati-
tude for the given time, and take the square root (of that
“sum). This subtracted from the sum of the semi-diameters

of the Tamas and the Moon gives the measure of the Moon’s
diameter eclipsed at the given time.”
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The portion sthitimadhyadistavarjitanmulam of the text is
defective as it does not convey the correct sense intended here. A
correct reading would have been vistasthityardhavargi tanmulam.

AKSAVALANA

qsmg“iamgrm%ﬂﬁﬁ sRTAsIiE RE |

45. (a-b) Multiply the Rversed sine of the hour angle (east or west)
by (the Rsine of) the latitude, and divide by the radius : the
result is the aksavalana. Its direction (towards the east of
the body in the afternoon and towards the west of the body
in the forenoon) is south. (In the contrary case, it is north).!

That is,

Rvers HX Rsin ¢

)/ =
aksavalana R ,

where H is the hour angle of the eclipsed body and ¢ the latitude
of local place:

The aksavalana is the deflection of the equator from the prime
vertical on the horizon of the eclipsed body.

The above formula is incorrect. Brahmagupta (A.D. 628)
modified it by replacing Rvers H by Rsin H.?2  Better and accurate
formulae were given by Bhaskara II (A.D. 1150).3

The word dik in the text means valana.

The Paulisa-siddhanta summarised by Varzhamihira gives the
following rule : ¢

_Hx¢
aksavalanq =50

m— p——————

1. The same rule occurs in PSi, xi. 2 ; MBh, v. 42-44 ; LBh,
iv. 15-16; KK, 1, iv. 7 (as interpreted by Bhattotpala) ; SMT, lunar
eclipse.

2. See BrSpSi, iv. 16.

3. See SiSi, I, v.20-21(a-b); II, viii, 68; and IT, viil.
66(c-d)-67. .

4. See PSi, vi. 8.
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The formula of the old Surya-siddhanta summarised by
Varghamihira is '

Rsin HXR sin ¢
R ’
which is the same as given by Brahmagupta.

aksavalana=

AYANAVALANA FOR THE FIRST CONTACT
freatsareRiRauia T w2 1 ogy

'45. (c-d) Making use of the semi-duration of the eclipse, calculate
the longitude of the Sun or Moon (whichever is eclipsed)
for the time of the first contact. Imcrease that longitude
by three sign® and (multiplying the Rversed sine thereof
by the Rsine of the Sun’s greatest declination and dividing
by the radius) calculate the Rsine of the corresponding
declination : this is the ayanavalana (or krantivalana) for
the time of the first contact.

(Its direction in the eastern side of the eclipsed body
is the same as that of the ayana of the eclipsed body ; in
the western side it is contrary to that).t

That is,

Rvers (M +90°) X Rsin 24°
R ’

where M is the longitude of thé eclipsed body, the Sun or Moon.

ayanavalana=

1. See PSi, xi. 2.

2. A. E. transpose this verse to after 46.

3. Govindasvami writes : Frufrafedfe asidg Mfechidiady
IAYERA AAFA: | JFAYRTAIAA | T FIZIAASATIAT Ta4: 1 So
also writes Paramedvara : frufaafgaes syeeraeamagelt Flgerasarago
wadead: 1 See Govindasvami’s comm. on MBh, v, 46-47 and Parame-
$vara’s supercommentary Sidhanta-dipika on. vs, 45.

4. The same rule occurs in PSi, xi. 3; MBh, v.45; KK, I,
iv. 7. Also see LBh, iv. 17and SMT, ch. on lunar eclipse, where
M+4-90° is replaced by M—90°. KR, iii. 14(c-d)-15(a-b) gives a
mixed rule. y '
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The ayanavalana is the deflection of the ecliptic from the
equator on the horizon of the eclipsed body. It is defined as above for
the first contact because in the .case of a lunar eclipse in the eastern
side (which is first eclipsed) the direction of the ayanavalana is the
same as that of the Moon’s ayana. The first contact is only a token ;
for the middle of the eclipse or for the last contact, it is obtained
similarly. ’

The above formula for the ayanavalama is incorrect. It was
modified by Brahmagupta, who replaced Rvers (M +4-90°) in the formula
by Rsin (M 4+90°).! An accurate expression for the ayanavalana was
given by Bhaskara II (1150).2 :

The aksavalana the ayanavalana, and the viksepavalana are
required in the graphic representation of an eclipse. For the details
of graphic representation of an eclipse according to Bhaskara I, the
reader is referred to MBh, v. 4647 and LBh, iv. 19-32.

The commentators of the Aryabhatiya are of the opinion that
the word sthityardhacca refers to the viksepavalana. “Since the
Moon’s latitude is obtained from the sthityardha, writes the
commentator Some$vara, *‘the Moon’s latitude is meant by the word
sthityardha’. So also says the commentator Paramesvara : “By the
word sthityardha are meant the moon’s latitude corrected for parallax
(in the case of a solar eclipse) and the Moon’s latitude (in the case of a
lunar eclipse) which are based on that”.

Thus, according to.the interpretation of the commentators, the
verse 45 (c-d) should be translated as follows :

“With the help of the semi-duration of the eclipse,
calculate (the Moon’s latitude for the first contact,
reverse its direction in the case of a lunar eclipse, and
treat it as the vikgepa)valana.

Also calculate the longitude of the Sun or Moon (which-
ever is eclipsed) for the time of the first contact and
increase it by three signs and (multiplying the Rversed
sine thereof by the Rsine of the Sun’s greatest decli-

——— C————

1. See BrSpSi, iv. 17,
2. See 8iSi, 1, v. 21(c-d)-22(a-b).
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nation and dividing by the radius) calculate the Rsine of
the corresponding declination : this is the ayanavalang
(or krantivalana) for the time of the first contact.

(Its direction in the eastern half of the eclipsed body is

the same as that of the ayana of the eclipsed body ; in the
western side it is contrary to that.)”’

The word sparfe in the text means ‘at the time of the first
contact’, which seems to suggest that the calculation is to be made
for the first contact. But this is not the case. ‘“The time of the first
contact is only a token™, writes the commentator Stiryadeva. “The
calculation of the valana should be made for the time of the first
contact, the time of last contact, the time of the middle of the eclipse,
and for any other desired time.”

COLOUR OF THE MOON DURING ECLIPSE
TR 5 GUSALY T WA F9O¢ |
FAMY FOQ: TFTAH@RA || 8§ |

46. At the beginning and end of its eclipse, the Moon (i.c., the
obscured part of the Moon) is smoky; when half obscured,
it is black ; when (just) totally obscured, (i e., at immersion
or emersion), it is tawny ; when far inside the Shadow, it is
copper-coloured with blackish tinge !

In the case of a solar eclipse, the obscured part of the Sun looks
black at every phase of the eclipse.

WHEN THE SUN’S ECLIPSE IS NOT TO BE PREDICTED
gy TREANASHITAATN FIAARIT: |
AFIMIGET. S=gagearsT RITRT: | 89 ||

47. When the discs of the Sun and the Moon come into contact,
a solar eclipse should not be predicted when it amounts to

1. Cf. PSi (Paulisa), vi. 9(c-d)-10.
2. Pa, gives a variant, #F%g

3. So, WRATATATY

4, Ni, TIBIAATSY
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one-eighth of the Sun’s diameter (or less) (as it may not
be 'visible to the naked eye) om account of the brilliancy
of the Sun and the transparency of the Moon.!

PLANETS DETERMINED FROM OBSERVATION

ke Rasg diFgarmy SaTEIg |
PRIAREEAT 397 TOIE: & || ve |

48. The Sun has been determined from the conjuction of the Earth
and the Sun, the Moon from the conjunction of the Sun and the
Moon, and all the other planets from the conjunctions of the
planets and the Moon,

What is meant is that the revolution numbers etc. of the Sun,
Moon and the planets stated in the first chapter of the present work
have been determined by observing the conjunctions as stated above.

According to the commentator Somegvara, the method of finding
the revolutions of the Sun, Moon and the planets in a yuga by
observing the conjunctions is as follows :

(1) Revolutions of the Sun

Let the number of conjunctions of the Sun and the Earth,
i.e., the number of civil days (including the fraction of a civil day)
in one (sidereal) solar year be c¢. Then the number of revolutions
of the Sun in a yuga=CJc, where C denotes the number of civil days
in a yuga.

(2) Revolutions of the Moon

Let the number of conjunctions (including the fraction of a
conjunction) of the Sun and the moon in one solar year be ¢. Then the
number of revolutions of the Moon in a yuga=(c+1)S, where S
denotes the number of solar years in a yuga.

1. Cf MBh, v.4l.
2. Ra, garfgawa:; So. SE1edq w99
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Alternative method. Let the number of risings of the Moon
(including the fraction also) in one solar year be m. Then the number
of revolutions 6f the Moon in a yuga=E—mS, where E denotes the
number of rotations of the Earth and S the number of solar years in
a yuga.

(3) Revolutions of the planets’ (Mars, Mercury, Jupiter, Venus and
Saturn) round the Earth

Let the number of conjunctions of a planet and the Moon
(including the fraction also) in one solar year be c. Then the number
of revolutions of the planet in a yuga=M-—cS, where M denotes the
number of revolutions of the Moon and S the number of solar years in
a yuga.

@ Revélutions of the $ighroccas of Mercury and Venus

Let C denote the number of civil days in a yuga, and d the
number of days (including the fraction of a day) between "two
consecutive :inferior or superior conjunctions of the planet and the
Sun. Then

C/d=revolution-number of the planet’s Sighrocca— revolution-
number of the Sun.

.*. number of revolutions of the planet’s §ighrocca in a yuga
=C/d+Sun’s revolutions in a yuga.

For other methods see Someé§vara’s Commentary, in Part IIL.

ACKNOWLEDGEMENT TO BRAHMA

ARACHARGLIT YIS AT JARA |
AR qaT (st SafaeET | s |

49, By the grace of Brahmi, the precious jewel of excellent
knowledge (of astronomy) has been brought eut by me by means
of the boat of my intellect from the sea of true and false
knowledge by diving deep into it.

1. - All others except Bh. and So. read RaaT for sggw:
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SR e @ |rEvgd agre freaw |
GEAGI® QY TS TAFSTH ANSET || Yo ||

50. This work, Aryabhatiya by name, is the same as the ancient
Svayambhuva (which was revealed by Syayambhi) and as such
it is true for all times. Omne who imitates it or finds fault with
it shall lose his good deeds and longevity.

[ sfa Magme: aarea: ]

 gAIWIEEEA, AR anray |l

1. B. gafa for gar

2, Ni @@® ; Pa. @aq ; Ra. So. feaw

3. C. ggaws ; F. ggags:

4. A zfa Mewr gEwEE  gmiewma Fear grarfgass’
vyfrrgfeamad Ao (in Mal.,, meaning 16,99,817 is the Kali day of
the completion of the transcription). B. geard#dtd arw wfnaesra fwarm-
sa#: 1 C. No formal col. D. gemidverarafazfaqt mams: g |

E. faqrz: @drca: | genawdd afeqel garag e F. osfa weaa:
MEE FAT |
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INDEX.GLOSSARY OF TECHNICAL TERMS
USED BY ARYABHATA

[ Note : In each reference, the initial figures 1, 2, 3 and 4
refer, respectively, to the Gitika, Ganita, Kalakriya and
Gola padas and the further figures to verse numbers in the

respectivp padas, ]

o (=wrr) (1. degree) 1.6
3.14; (2. part), 4.14

o (1. latitude), 4.19; (2. Latitude-
triangle), 4.23

smwar (Rsine latitude), 4.26, 35

#w (1. tip or end), 4.19; (2. resi-
due or remainder), 2.32, 33

st (amplitude at rising or the
Rsine thereof), 4.30

TR (residue-difference), 4.32

#aq (non-cube), 2.5

wwyw  (unit of length, 1/24th
of a cubit), 1.8

uw (sign of Aries), 4.25

wfreTw (greater remainder) 2.32,
33

afawawwgr (divisor correspon-

ding to greater remainder),
4.32, 33

atfirras (=afowa), (intercalary
month), 3.6

wARvawgw (eclipse not to be
predicted), 4.47

wgewm (direct or anticlockwise),
3.17, 20, 21

agemn (having direct motion),
o321
aigeranfa (having direct motion),
3.20; 4.9
argemfaaT (distance between two

planets in direct motion),
2.31

a3t (difference between two
quantities), 2.24

seqqq (last term in a series),
2.19

s (1. greatest declination),
1.8 ; (2. declination), 4.24,
26

A=y (subtractive), 2.28

aqwues (=aqwaAved) (ecliptic),
1.8; 4.1,2,3

sq|aq (anticlockwise), 4.16

wamfquit (a desigoation of the

second half of the yuga),
39
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seq@ (multiplication), 2.9

wax (northward or southward
motion of a planet), 4.36

swhar (Sun’s amplitude at rising,
or the Rsine thereof), 4.30

swfaw (sunrise), 1.4

Agwar (=), (I‘{sine), 2.17

aqe, (=10°), 2.2

@t (not belonging to the varga-s

which as ka-varga, ca-varga
etc), 1.2

avagy (month of Advina), 3.4

weawq (setting, diurnal or helia-
cal), 4.13

aEawataayga (rising-setting line),
429

afroenafasesw  ( day-radius ),
4.24, 25

wfe or anfagw (first term), 2.19,
20

smam (length or breadth), 2.8

swwaa (Trapezium), 2.8

vt (sidereal), 3.2

s+ (approximate), 2.10

TogT, sce gegiT

e (fruit corresponding to
iccha), 2.26

et (requisition, one of the
three quantities in the rule
of three), 2.26

g™ (ascending node of the
Moon), 4.2

%5Z (desired or given number),
2.19

g% (mandocca or Sighrocca),
1.4;34,20

Ivaftaufad ( anomalistic  or
synodic revolutions), 3.4

FeaAtag (epicycle), 3.19

gwafet  (City of Ujjayini,
modern Ujjain in Madhya

~ Bharat), 4.14

oAy (Sewwwar) (Rversed sine),

4.36

gav (common difference), 2.19,
20

@A (Iawaw), (Sun’s north-
ward journey from winter

solstice to summer solstice),
4.36

geafauit (a designation of the
first half of the Yuga), 3.9

Ieasitar (Ixawar) (Rsine ampli-
tude of the rising point of
the ecliptic), 4.33

Squreana  (heliacal rising and
setting), 4.10

gAaww  (degrees of altitude),
4.32

I=wES (equatorial horizon), 4.19
guafafa (a series in general), 2.21

FAW-Zq or “wwgw (divisor
corresponding to smaller
remainder), 2.32, 33

Fwaww (altitude or vertical side),
206
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=gw (negative or minus quantity),
322

weat (orbit), 3.14

weqoew (mean orbit, deferent
or concentric), 3. 17, 18, 21

wa (sign Virgo), 4.1

ware (hemisphere), 4.23

woi (hypotenuse, lateral side),
2.13.17 ; 3.25

waT (minute of arc), 1.6 ; 3.14

wedwar: (the 24 Rsine-differences
in terms of minutes), 1.12

L (a period of 1008 yugas),
1.5

%W (time in problems of princi-
pal and interest), 2.25

wwisar  ( computations using
divisions of time ), 1.1

wrafawwr (division of time), 3.2

%1g (a day of Brahma known as
kalpa), 15

Lo (terrestrial wind), 1. 11

wfa (square), 2.24 7

wifr, @& (1. vertical side of
a right-angled triangle ),
2,16 ; (2. complement of
the bhuja), 2.17; (3. crore),
22

w9 (Saturn), 2.1

wawd (rotations of the Earth),
3.5

wa (minus, decrease, negative),
3.22 .

fafasgmr (Earth’s shadow), 4.2
fafaw  (horizon), 4.18, 19, 28,

30, 32

fafaen (=fafasar) (earthsine),
4.26

&% (Bhagola, sphere of asterisms),
kR ,

Safawmr ( division of space ),
3.2

HARH (area), 2.8

& (1. additive quantity) 2.28 ;
(2. celestial latitude), see
under fasiq

@ (sky), 3.15; 4.6, 20
@ (sphere of the sky), 4.20
@quzugw (partial eclipse), 4.46

gasa (middle of the sky), 3.15 ;
4.6

weg (number of terms), 2. 20,
21, 22

afd (mathematics), 1.1

afa (motion), 2.31

TR (motion-difference), 2,31

guFR (multiplier), 2.27, 28

g4a3 (long syllable) 3.2

g4e2 (Jovian year), 3.4

gfawt (a thing of unknown value),
2.30

me (1. circle ; 2. celestial
sphere; 3. sphere), 1.1 ; 4.5

m® (@), (automatic Sphere,
model of the Bhagola), 4.22
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g (planet), 1.13; 3.8, 17, 20,
21, 23, 25

g (eclipse), 4.37 ff.
wgumed  (middle of the eclipse),

4.38
g@ (1. measure of eclipse),
4.35; (2. erosion by over-

lapping), 2.18
g1 ( 1. cube of a number ),
2. 3; (2. solid cube), 2.5
gama (solid sphere), 2.7

qINEs (volume of a solid
sphere), 2.7

mRfafaaa (sum of the series of

cubes of natural numbers),
222
qA%® (volume), 2.7

smwwea (Earth’s centre), 3.18

gagd (cube root), 2.5

w% (circle), 1.6 ; 4.2

wqes (quadrilateral), 2.3

=g (quadrilateral), 2.11, 13

a7 (lunar), 3.6

a#itsa (Moon’s apogee), 1.4

a%qd  (ascensional difference),
4,27

wraA (lunar month), 3.6

w (arc), 2.11

|uqeat (=van), 2.12

faft (sum of a. series of natural
numbers), 2.21

fafrga (sum of a series ssn),
221, 22

fafast (square of the sum of a

series of natural numbers),
2.22

gan (shadow) ; 2. 14, 15, 16;
4.5, 37, 38, 39, 40

gravdteded (length of the Earth’s
shadow), 4.39

87 (denominator), 2.27

sitar (Rsine), 4.23

% (sign Libra), 4.1

sat (Rsine), 1.12; 2.9

sng (=-var, Rsine), 1.12 ; 2.11,
12

& (1. Section of Earth’s shadow-
cone at the Moon’s dis-
tance), 4.42; (2. Earth’s
Shadow), 4.37

@WIRT (section of Earth’s shadow-
cone at Moon’s distance),
4.42

artfaseww (diameter of Shadow,
i.e., diameter of the Earth’s
shadow cone at Moon's
distance), 4.40, 43

awwg (Star planets, i.e., the

planets Mars, Mercury,
Jupiter, Venus and Saturn),
42

fafa (lunar day), 3.6

fafagea (=3awW, ie, omitted
tithi), 3.6

g (sign Libra), 4.1

| fasqw (triangle), 2.6, 11, 13
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dafaw (rule of three), 2.26

wfqorma (Sun’s southward motion
from summer solstice to
winter solstice), 4.36

@ (half), 2.24

faw (=awawm), (deflection due
to latitude), 4.45

fan (=faaw, day), 4.8

fama (lord of the day), 3.16

fexw (=fam, day), 3.1, 5

_ fasaa (divine year, equal to 360
years of men), 3.7, 8

gouat (designation of the first
and the last quarters of a

yuga), 3.9
WA (ecliptic-zenith distance or
its Rsine), 4.33

gwRanues (vertical circle through
the central-ecliptic point),
421

Tegar (parallax), 4.34

goufa (arc of the ecliptic between
the Sun or Moon and the
central ecliptic point or its
Rsine), 4.34

gfa(sa) (Rsine of drggati),
4.34

g (visible celestial sphere),
4.23

wEwRvRA (vertical circle), 4.21

A. Bh, 33

gramfa  ( twelve-edged solid,
particularly a cube ), 2.3

fgejMw (a number which yields
the given remainders when
divided by the two given
divisors), 2.32-33

a7 (additive, positive) ; (sum),
219; 23, 6; 3.22, 23, 24

ag (arc), 2.17

qaaaor (=wwor) (revolutions-
number), 3.3

sawat (Rsine of zenith distance),
432

aqwmear (=aasar) (Rsine of
zenith distance), 4.32

aw (hell, south pole), 4.12

awrsfeaa (sidereal day), 3.5

ar (a unit of linear measure
equal to four cubits), 1.8

atad (sidereal), 3.5

faga (=10°%), 2.2

fratw (exact), 2.7

ardt (mifew, afewr), 3.0

#tar (perigee or perihelion),‘ 34

qg (1. square root) ; (2. quad-

1.11 ;

(3. term of a series), 2.19,
21,22, 29

rant of a circle),

qaTaw  (greatest declination ;
obliquity of the -ecliptic),
430
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qeaawwsiat (°sat) (Rsine of the
greatest declination), 4.30

qoer (qwmsg)  (Rsine  of
greatest altitude, i.e., Rsine
of meridian altitude), 4.32

afkug (periphery, circumference),

2.7, 10
gficfa (circumference), 2.9, 11
afead (revolution), 3.4

awa (ascending node), 2.4, 9; 4.
2,3

qud (lateral or adjacent side),
28,9

fagad (year of the manes), 3.7
gata (east-west), 4.31

st (first contact in an eclipse),
4.46

afameea  (eccentric circle of a
planet), 3.17, 18, 19

afasmin (retrograde, clockwise),
3.17, 20, 21

waw (argument in the rule of
three), 2.26

sgat (=10%), 2.2

wagaw (provector wind), 4.10

swew (=) (rising point of
the ecliptic), 4.21

STeqIETss (right ascension), 4.25

st (a unit of time equal to
four sidereal

one-sixth of a vinadika),
16; 3.2

seconds or

%« (interest on
2.25

wuafa (fruit, one of the three
quantities in the rule of
three), 2.26

principal),

wzargd (south pole), 4.12, 16

smfeaq (a day of Brahmd, a
Kalpa), 3.8

w (=aas) (asterism), 1.6;
3.11;49 15

Wit (revolutions, number of
revolutions performed by a
planet in a yuga), 1. 3;
32,3, 4

wiitst (sphere of asterisms, with
its centre at the Earth’s
centre), 4.15, 16, 23

wasae (waw®), (circle of the
asterisms), 4.10

wafcwtg  (circumference of the
circle of asterisms), 3.12

Wt (degree), 4.32

wwgw (division), 2.4

WNFR (WHET), (divisor), 2. 27,
28, 32

wat (=vw) (lateral side of a
right angled triangle), 2.15,
16, 17

wﬁa (sphere of the Earth), 4.6,
7, 8

wiafaesea (dlameter of the
Earth), 4.39, 40

, qugmat (Earth’s shadow), 4. 38,

39, 40
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afea®@ (terrestrial day, or civil
day), 3.6

Wi (motion, daily‘motion), 4.41

e (compasses), 2.13

wuys (circle, revolution), 3.13,
14,17 ; 41,8

afa (optional number), 2.32

aea (1. centre, middle) 3.9, 15,
18,21 ; (2. mean), 3.21;
(3. middle term in a series),
2.19

weawg (mean planet), 3.21

weaeat (meridian sine, i.e.. Rsine
of the zenith distance of the
meridian ecliptic point),
4.33

wegegE (or ¥EWsA) (true-mean
position of a planet), 3.
23, 24

wg (a period of time equal to 72
yugas), 1.5

& (slow, apex of slow motion,
apogee), 1.5

wawest  (hypotenuse associated
with mandocca), 3.25

wage  (manda epicycle), 1. 10,
11; 321

wAtew  (apogee or aphelion),
1.9;3.17,22, 23

wﬁmﬁ (year of men), 3.7

wra (month), 3.1

#tt (sign Pisces), 4,1

gw (fist term in a series),
2.19

g (1. square root), 2.4, 24;
(2. principal), 2.25

geree (interest), 2.25

¥% (mountain at north pole),
1.7; 411,12, 16

Ry (sign Aries), 4.1

ga (a period of 43,20,000 years),
1.3,5;33,6,8

qara (quarter yuga), 2.10

@ (conjunction of two planets),
33

@t (a unit of linear measure
equal to 8000X 4 cubits),
1.6, 7

tfamta (solar month), 3.6

<fwad (weus, gatsd) (solar year),
35,7, 12

wfiw (1. sign), 3.14; (2. quan-
tity ), 229 ; (3. twelve),
3.4

&q (one), 2.20

®q% (a coin), 2.30

west (a hypothetical city on the
equator where the meridian
of Ujjain intersects it), 1.4;
49, 10, 13, 14

wEexaa (times of rising of the
signs at Lanks, ie, right
ascensions of the signs),
4.25

sgeasTeaTeTes  (right ascen-
sion), 4.25
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www (1. plumb), 2.13; (2.
Rcosine of latitude), 4. 26,
29, 30, 35

uf® (a planet in retrograde
motion), 1.1

a (1. square), 2.3, 4, 5, 14, 22;
' (2. odd places indicated
by letters of the vargas
viz., ka-varga,
etc.), 1.2

ca-varga

wifafees (sum of a series of
squares of natural numbers),
222

wige (square root), 2.4, 14

wg (year), 3.1

fastq (celestial latitude), 1.8

435,42,43, 44

faenifywr (faafewr), (one-sixticth
of a ghatika), 3.1,2

fawat (half-duration of - the
totality of an eclipse), 4.42

faet® (retrograde), 1.4

fasimfaax  (difference of two
planets, one direct and the
other retrograde), 2.31

fuare (difference), 2.31

fatm (difference), 2.15, 20; 4.33,
34,39

fagaweita (= we=ar), (Rsine of
Jatitude), 4.29, 31

fagwn (equator), 4.24

faswew  (diameter), 2.7, 9, 11;
4,40

APPENDIX 1I

faswewty (semi-diameter, radius),
27,9, 11, 14

fawaz (=faw), (length), 2.8

g (1. circle), 2. 10,11, 13, 17;
(2. epicycle), 3.19, 20, 21

geafoorg  (circumference of a
circle), 2.10

qaww (area of a circle), 2.7

qaaffa (circumference of a
circle), 3.19 ‘

T (=10°), 2.2

A (velocity), 3.25

s, 3.3

sag (diameter), 1.7

sy (semi-diameter, radius),
3.19,25 ; 4.24

uE¥ (gnomon), 2.14, 15 ; 4,28,
29, 31 :

wewaw (distance of the planet’s
projection on the plane of
the horizon from the rising-
setting line), 4.29 -

T (arrow, Rversed sine), 2. 17,
18

afafeaa (lunar day), 3.6

wferw (lupar month), 3.5

s (sighra epicycle), 1. 10,
11;3.21

itsivew, (§ighrocca), 3.17, 22, 23,
24; 43

wefer (a solid with six edges, a
triangylar pyramid), 2.6 -
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d@wi (multiplication), 2.3, 6, 17,
22,23 ; 3.25

e (square), 2.3
awrEwfE (altitude of a triangle),
2.6

gwafcong (circumference of a
circle), 2.7

wwaw (circle), 2.11

|W: (year), 1.28
" ge® (sum), 2.23

grawid  (half the sum of the

diameters of the eclipsed
and eclipsing bodies), 4.4

wriane (arrows of intercepted
arcs), 2.18

wa (clockwise), 4.16
adwra (total eclipse), 4.46
" @em (sum of a series), 2.29

wwoew  (reduction to common
denominator), 2.27

g (designation of the second
And third quarters of a
yuga), 3.9

gatex (solar year), 3.12

|\ (solar), 1.3

fewend  (half the duration of an

eclipse), 4.41, 44

e (first contact of an eclipse),
4.45

wz(wg) (true planet), 3.23

wgeaey, weaege  ( true-mean
planet), 3.23, 24

exam@atat ( perpendicular drawn
on the base or the face of
a trapezium from the point
of intersection of the dia-
gonals), 2.8

gt (cubit, measure of length),
1.8 ’

grw (lord of the hour), 3.16
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SUBJECT INDEX

[ Note :—The numbers refer to the relevant pages. ]

AP. Series, —mentioned in Vedic
. texts, 63 ; —number of terms
in, 63-64 ; —sum of different
types of series, 64-66 ; —sum
or partial sum, 61-63
abadha (segment of the base by
the altitude), 39

Abhidharmakosa, on the Meru, 121n

Zhoratra—v.rmi (day-circle),—radius
of, 132-33

Akga-drkkarma of the Moon, 148-
49

Aksa-kgetra (latitude triangle), 130-
32, 135, 140-43

Aksavalana, 158-59, 160

Almagest of Ptolemy, Tr., 18n, 21n, _

120n

Amsa (bhaga), (degree), —measure
of, 86, 116

angula, unit of length, 19

Anomalistic quadrants, Beginnings
of, 24-25

Apasarpini, 92-93, 94

Aphelia : See under Apogees.

Apogees of planets, 19-22, 87 ;
—motion of, 20-21

Ardharatrika (midnight) system of
Aryabhata I, 151

Area of, ~a circle, 40 ; —a plane
figure, 42-44 ; —a trapezium,
42-43 ; —a triangle, 38-39

Arithmetic progression : See under
A P. Series,

Arkagra, 1411,

Arkagrahana : " See under Solar
eclipse.

Armillary sphere, (gola-yantra),
113, 129-30

Aryabhata I,—date of birth, 95 ;
—cpoch of, bija corrections
therefrom, 95-96 ; —midnight
system of, 151 ; —named as
the author in the text, 1, 33.
For his views expressed in the
Aryabhatiya, see under the rele-
vant subjects in this Index.

Aryabhata II, on : —Ilatitude-tri-
angles, 131; —modified Rsine-
difference, 30 ; — volume of a
sphere, 42. See also Maha-
siddhanta.

Aryabhatiya, stated to be the title

of the work in the text itself,
164

182
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Aryabhatiya-vyakhya by the differ-
ent commentators : See under
the respective commentators.

Ascending nodes of planets, 19-22 ;
—motion on the
20-21, 114

ecliptic,

Ascensional difference (carardha),
136 ff,

Asterisms, —orbit of, 13, 14, 15 ;
~— position in relation to the
planets, 102-3

Astronomy, 1. The solar system, by
H.N. Russell etc., 18n

Audayika-tantra (= Aryabhatiya),
28

Automatic sphere (Gola-yantra),
129-30

Avarga letters denoting numbers,
3,45

Avarga places for numbers, 3, 4, 5

Avanti (Ujjayini) See under
Ujjayini.

Aydma-ksetra (trapezium), area of,
42-43

Ayana-drkkarma for the

149-51
Ayana-valana, 159-61

Moon,

Babuaji Misra, 7n, 20n

Badavamukha, located at the south
pole, 122-23

Baker, Robert H., on ‘northern
lights, or aurora’ vis a vis the
Meru mountain, 122

18

Bakhshali manuscript, on
Series, 63 ;
travellers, 73n

: —A.P,
——probléms on

Baladeva Misra, takes Kali 3600 as
the time of composition of the
Aryabhatiya, 98

Baudhayana-fulbasntra, on square

of hypotenuse, (Pythagoras’
theorem), 59

Bhaga (=arhsa) (degree), measure
of, 86

Bhagavata-Purana, on the com-
mencement of Kaliyuga, 10n
Bhagola (sphere of asterisms)—
motion of, as seen from the
poles, 127;—nature of and com-
putations based on, 113-27 ;
—principal circles of, 113 ; —
visible and invisible portiox'ls at

any place, 126

Bharata (battle), denoting the com-
mencement of Kaliyuga, 9, 10

Bhaskara I, on : —4, iii.5, 91 ;
—4, iv.1, 114 ; —A_P. Serics,
(4, ii.19), 62-63; —akgavalana,
160 ; —apogees, revolution-
numbers of, 21-22; -—area of _
plane figures (4, ii. 9), 43-44 ;
—area of a triangle (4, ii.6),
39 ; —beginning of Kali, 10 ;
—Brahman, 2 ; —composition
of 4, 33 ; —cube and cubing,
3536 ; —daily motion of
planets, 106; — drkksepa, 147 ;
— ghanacltighana, 66-67 ; —=
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gonomon, 56 ;—gulika (4, ii.30),
73 ; —identification of the ten
gitikas, 31 ; —kugtaksra, 17 ;
—kuvayu, 28 ; —reads kvavarta
for bhavarta in 4, iii.5, 91 ; —
location of Ujjayini, 124 ; —
manda and S$ighra epicycles,
24-26 ; —measuring of time,
99 ; —Meru mountain, 121 ;
—motion of ascending nodes
and apogees, 2l ; —nr (nad),
16; —reading of 4, i.13, 32 ;
—Rsines, 45-51 ; —sankalana
(sum of a series), 64 ; —squar-
ing (4, ii. 3), 34-35; —Sun’s
prime vertical altitude, 143 ;—
testing of level ground (4,
ii.13), 55 ; —triangles, 4, ii.6,
55 ; —vikgepavalana, 160 ; —
volume of a sphere, 41 ; —
the word utkramana in 4, iv.36,
150-51 ; —writing down of
numbers, 5

Bhaskara II, -—aksavalana,
158 ; —ayanavalana, 160 ; —
latitude triangles, 131 ; —
location of Ujjayini, 124 ; —
motion of the moon and the
planets, 115 ; —Rsine diffe-
rences, 30 ; —Sighrocca of
Mercury and Venus, 115 ; —
volume of the sphere, 42. See
also Bijaganite, Lilavati, Sid-
dhanta-§tromani.

Bhatabda, 98

Bhattotpala, 20n, 34n, 89n; —on
akyavalana, 158n

on

APPENDIX III

Bhoja, 98

Bijaganita (BBi) of Bhiskara II,
72n. See also Bhaskara II.

Brahma(n), 1, 2

Brahma, God, originator of the
science of astronomy, 1, 2, 33,
163, 164 ; —day of, 9, 118

Brahmadeva, author of Karang-
prakasa, 98

Brahmagupta, on : —akgavalana,
158-59 ; —ayanavalana, 160; —
location of Ujjayini, 124-26 ;
—volume of a pyramid, 40 ;
—wrong reading of 4, i.11, 28

Brahmagupta’s criticism of Arya-
bhatal on : 4, iii.16, 103-4 ;—
beginning of Kaliyuga, 11-12 ;
—drggatijya, 146 ; —Earth’s
revolution, 15; —Earth’s ro-
tation, 119 ; —parallax, 145 ;
—S$ighra epicycles, 27-28 ; —
Sun’s prime vertical altitude,
143.

Brahma-sphuta-siddhanta (BrSpSi),
11n, 150, 27-28, 34-35n, 37n,
39n, 40, 41, 55n, 57-58n, 60-
61n, 63-65n, 67-68n, 70-72n,
74n, 79n, 99-100n, 103-106m,
113-16n, 118n, 124n, 128n,
143n, 145-46n, 149n, 152-53n,
158n, 160n. See also Brahma-
gupta.

Brhaddevata, on A.P, Series, 63

Brhat-jataka (BrJa), of Varaha-
mihira, 34n, See also Vardha-
mihira.
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B,r'hat—k;w‘efra-samasa, 60n

Brhat-sarnhita (BrSam), of Varaha-
mihira, 89n. See also Varaha-
mihira.

Burgess, E., 16n, 20n, 21n, 30n

Candrocca (Moon’s apogee) : See
under Moon.

Carardha (ascensional difference),
1354,

Cardinal cities, 123

Catesby, R., 24n

Chatterjee, Bina, 7n, 20n

Chord of one-sixth circle (60°),
44-45

Circle (vrtta), — area of, 40 ; —
arrows of intercepted arcs of
inter-secting circles, 60-61 ; —
chord of one-sixth-circle (i.e.,
60°), 44-45 ; —circumference-
diameter ratio, '
struction of, 55 ; —divisions
of, 85-86; — eccentric, designed

45 ; —con-

for the explanation of planetary
motion, 104 ff.; —square on
half-chord, theorem on, 59-60

Circumference-diameter ratio, 45

Citi, —cit!ghana, 64-65 ; —ghana-
citighana, 65-67 ;
citighana, 65-66

Clark, W.E., Translation of Arya-
bhatiya, 37, 98

Conjunctions of planets, in a yuga,
86
Cube and cubing, 35-36

— varga-

A, Bb, 24
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Cube root (ghanamnla), 37-38

Dasagitikasatra 1-32 ; —identi-
fication of the gitikas, 31-32

Datta, Bibhutibhushan,
Brahma and Brahman, 2

Datta and Singh, History of Hindu
Mathematics, 37, 52n, 72n, 84

~—~on

Day(s) (divasa, dina), — civil, in a
yuga, 91 ; —commencement of
the first day of the yuga, 99 ;

of, 85-86 ; —of

Brahma, 92 ; — omitted ' lunar

-—measure

days in a yuga, 91 ; — sidereal,
in a yuga, 91

Day-circle (ahoratra-vrtta), radius
of, 132-33

Declination of the Sun, 17-19

Degree (armsa, bhaga), circular mea-
sure, 85

Demons, residing at Badavamukha,
122-23

Deva, — Bija correction for Saka
444, 97 ; —on the location of
Ujjayini, 124. See under Kara-
naratna also.

Dina, divasa (day): See under Day.

Diurnal motion, 130-31

Drggatijya, of the Sun and the
Moon, 146-47

Drkkarana, probably by Jyestha-
deva, 98

Drkksepa, 144-45

Drkksepa-jya, 144-45

Drkksepa-vrtta, 129
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Dramandala, 129
Dugan, R.S,, 18n
Duggama, 92-93
Dvapara-yuga, 10, 11,95
Dvigata (square), 35
Dvivedi, Sudhakara, 89n

Earth, —at the centre of the
Bhagola, 118f. ; —bright and
dark sides of, 117 ; —consti-
tution of, 118, 151 ; —increase
and decrease in size of, 118-19;
—Ilinear diameter of, 15, 16,
17 ; —occupation by living
beings all round, 118 ; —rate

" of growth of, 119 ; —shape of,

- 18, —situation of, 118

Earth’s revolution, —number of
revolutions in a yuga, 6,7 ;
—refutation by Brahmagupta,
15

Earth’s rotation, 8, 13-15, 91,
119-20 : — according to com-
mentators of 4, 8 ;—according
to Makkibhatta, 8 ; —acc. to
Prthudaka, § ;
Skanda-purana, 8 ; — objection

—mention in

to the theory, 8 ; —refutation
by Varahamihira, 8 )
Earth’s shadow (Tamas), —at _thc
Moon’s distance, 153-54 ; —
calculation of the length of,

152-53 ; =—motion on the
ecliptic, 114 ; -—nature of,
151

Earth-sine (kgitijy8), 135-36

APPENDIX 1I1

Eccentric  circles, = —planetary
motion explained through,
104-5

Eclipses of the Sun and the Moon,
151-62 ; —condition for occur-
rence, 151-52. See also under
Lunar eclipse, Solar eclipse,

Ecliptic, —motion of planets etc.
on, 114 ff. ; —obliquity of,
17-18 ; —position of, 113-14 ;
—right ascensions of, 133-34

Epicycles, —manda and $ighra, of
the planets, 22-28 ; —plane-
tary motion explained through,
105 ff.

Epoch of time-reckoning, 6, 7, 8

Flint, Richard Foster, Glacial and
Pleistocene Geology, 119

Fractions, —reduction of, 70 ;

-—inversion of, 71 ; ~—simpli-

fication of, 69-70

Ganesa Daivajiia, 98
Ganita, 1, 2

Ganita-kaumudi (GK) of Nuryana,
34n, 37n, 57-58n, 60n, 68n, 70n,
71n

Gaizita-sara-sahgraha (GSS) of
Mahavira, 34-37n, 4In, 59n,
60-61n, 63n, 68n, 70-71n,  73.
See also Mahavira.

Ganita-tilaka (GT) of Sripati, 34n,
36-37n, 68n, 70-71n

Geology of India, by DN, Wadia,
119n
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Ghana (cube), 35-36

Ghana-gola (sphere), —volume of,
40-42

Ghana-mula (cube root), 37-38

Ghana-sankalana, 66

Ghata (multiplication), 35

Gitikd-pada, 1-32

Glacial and Pleistocene Geology, by
Richard Foster Flint, 119.

Gnomon, —compufations based
on, 56-58 ; -—description of,
56

Gods (devas), —residing at Meru,
122-23 ; —visibility of the Sun
for, 127 ; —year of, 92

Gola, 1, 2

'Gola-pada, 113-64

Gola-yantra (armillary sphere), 113,
129-30

Govinda-svami, on ; —aksavalana,
159 ; —ayanadrkkarma, 151n ;
manda and S$ighra epicycles, 25.
See also Laghu-Bhaskariya and
Maha-Bhaskariya.

Graha-c8ra-nibandhana (GCN) of
Haridatta, 97n. See
Haridatta,

also

Grahalaghava of Ganesa Daivajiia,
98

Greek astronomers, ——planetary
diameters (angular), according
to, 16

Greek Mathematics, by Sir Thomas
Heath, 59n

Gulika (unknown quantity), — cal-
culation from given data, 72-73

Gupana (multiplication), 35
Gurvabda (Jovian years), 88-89
Gurvaksara (time for pronouncing

a long syllable), 85, 86
Hankel, 59

Haridatta, 97n ; on : —A4, iii.10,
98 ; —Bija correction for $aka
444, 97. See also Graha-cara-
nibandhana.

Hasta, measure of length, cubit,
19

Hati (multiplication), 35

-Heath, Sir Thomas, 59n

Hemaraja $arma, 94n

Himalayas, rate of uplifting of, 119

History of Hindu Mathematics, by
B. Datta and A. N. Singh, 37,
52n, 84

Hora (hour), —horesa-s, 103-4

Horizon (ksitlja), 128

Hour (hora),—lords of the hours
(horeia-s), 103-4

Hypotenuse (karna), —basis for
the triangle and the rectangle,
55; ~—theorems based on,
59-60

Iccha (requisition), in rule of three,
68-69

Intercalary months in a yuga, 91

Interest on principal, 68

Jaina texts, on the Meru, 12]
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Jumbndvipa-samasa, 60n
Jinabhadra Gani, 60

Jovian years (gurvabda), 88-91 ;
—asterisms in which Jupiter
rises, 89 ; —names of, 88

Jupiter,—ascending nodes and apo-
gees of, 19-22 ; —inclination
of orbit, 17-18 ; — linear dia-
meter of, 15, 16, 17 ; —manda
and $ighra epicycles, 22-28 ; —
measure of orbit, 13 ; —revo-
lutions in a yuga, 6,7 ; —
Sighroeca of, 6, 7.
under Planets.

See also

Jyotisakarandaka, on vyatipata, 87

Jyotiscandrika by
Sharma. 86n, 89n

Rudradeva

Kakgydmandala, °‘vetta, 23 ;
motion of planets along, 104-6

Kala (minute of arc), measure of,
86

Kalakriya, 1, 2

Kalakriya-pada (section on reckon-
ing of time), 85-112; —signi-
ficance of the term, 99

Kalardhajyah (Rsine-differences, in
minutes), 29-30

Kaliyuga, 95 ;—commencement of,
8-11 ; —started  with the
Jovian year Vijaya, 91; —
the measure of, 8, 9-12

Kalpa, commencement of current,
according to Aryabhata I, 8
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 Karana-ratna (KR), of Deva, 17-19n,
23n, 97n, 123-24n, 150n. See
also Deva.

Karani: (square), 34
Karna : See under Hypotenuse,

Kagyapa-samhita, on the division of
the yuga, 94n

Katapayadi system
numbers, 3n

Kaye, G.R,, 37
Kern, H., on 4, i.13, 31

of writing

Khagola (sphere of the sky), 128-30;
—observer at the centre of,
128-29 ; —principal circles of,
113

Khanda-khadyaka (Kk) of Brahma-
gupta, 7n, 17-20n, 56n, 87n,
98, 150-51n, 155n, 158-59. See
also Brahmagupta.

Krantivalana (= ayanavalana). See
Ayanavalana.

Krspa, Lord, —~leavihg the Earth
at the advent of Kali, 10n

Krtayuga 11, 95

Krti (square), 34

Ksetra, — in the sense of bhdgola,

86 ; —in the sense of a sign
of the zodiac, 86

Ksetraphala (area) : See under Area.
Ksitijya (earthsine), 135-36
Kuruksetra, 10

Kurus, 10

Kusumapura (Pataliputra), 33
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Kuttakara (pulveriser), —niragra
(non-residual), 77-84 ; —sagra
(residual), 74-77

Kuvayu (terrestrial wind), 23-28

Laghu-Bhaskariya(LBh), of Bhiskara
1, 150, 17-19n, 23n, 24, 25-26n,
109n, 111n, 115-16n,136n, 141n,
143n, 146n, 148n, 150n, 153
56n, 158-59n. See also under
Bhaskara I.

Laghu- Bhaskariya-vyakhya,
Sankaranarayana, 25 ;
Udayadivakara, 25

Laghu-manasa (LMa) of Maiijula, 98
Lahiri, N.C,, 7n, 20

Lalla, 98 ; —on manda and Sighra
epicycles, 24; —on the location
of Ujjayini, 124.
Sisya-dhi-vrddhida,

Lamp-post, —problems based on,
57-58

Lankd, hypothetical city on the
equator where the meridian of
Ujjain intersects it, 119,123-25;
—commencement of the revo-
lutions of the planets at, 6, 7,
8 ; —location of, 8 ; —planets
at the beginning of the yuga,
99

See also

Lankodaya (right ascension), 133-34
Lata, a type of vyatipata, 87

Latitude-triangles
130-32, 143

(aksa-ksetra),

INDEX 189

Level ground, testing of, 55

Lilavati (L) of Bhaskara II, 34n,
36-37n, 42n, 57-58n, 6ln, 63-
65n, 68n, 70-71n.
under Bhaskara II,

Loka-prakasa, on the Meru, 121n.

See also

Lunar eclipse, —d4ksavalana, 158-
59, 160 ; —ayanavalana, 159-
61 ; —colour of the Moon,
161 ; —eclipsed part at any
time, 156-58 ; —half-duration
(sthityardha), of, 154-55, 160 ;
uneclipsed part, 155-56

Macdonell, A.A., 63n.

Mahabharata (battle), —denoting
the commencement of the
Kaliyuga, 9, 10

Maha-Bhaskariya (MBh), of Bhas-
kara I, 13n, 15n, 17-19n, 23n,
24, 25-26n, S6n, 109n, 111n,
115-16n, 132-33n, 135n, 140-
44n, 146-48n, 150n, 153-55n,
158-59n, 160, 162n. See also
Bhaskara 1.

Maha-Bhaskariya-vyakhya by Go-
vinda-svami, 25n, 121n, 151n
Mahasiddhanta of Aryabhata II,

30n, 36n, 42n, 61n, 63n, 68n,
70n, 71n, 99n, 123n, 156n

Mahavira, —on the volume of a
sphere, 41. See also Ganita-sdra-
sangraha.

Makaranda-sirant, 96n
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Makkibhatta, on the rotation of
the Earth, 8
Manda and Sighra epicycles of
" planets, 22-28
Mandaphala of planets, 106-11
Mandocca : See under Apogees.
Manes, — visibility of the Sun for,
127 ; —vyear of, 92,127
Maiijula (Muiijala), 98.
his work Laghumanasa.

See also

Manu (yuga), measure of, 9-12

Markandeyas-purana, on the Meru,
121n

Mars, — ascending nodes and
apogees, 19-22 ; —inclination
of orbit, 17-18 ; —linear dia-
meter of, 15, 16,17 ; —manda
22-28 ;

—measure of orbit, 13 ; —

_ and fighra epicycles,

revolutions in a yuga, 6,7 ; —

fighrocca of, 6,7. See also
under Planets.

Masa (month), 85-86

Mati  (optional number), (in

Kuttakara), 171
Matsya-purana, on the Meru, 121n

Mean planets, computation of, 104-
11

Men, visibility of the Sun by, 127

Mercury, —ascending nodes and
apogees, 19-22 : —inclination
of orbit, 17-19 ;
meter, 15, 16, 17; —manda and

—linear dia-

$ighra epicycle, 22-28 ; —TevQ- !

APPENDIX 1II

lutions in a yuga, 6,7; —speci-
alities in computing, 114 ff;
—S$ighrocca of, measure of
orbit, 13. See
Planets.

Meridian of the Khagola, 128

also under

Meru mountain, — description of]
121-23 ; —linear diameter of,
15

Minute (kala), circular division,
measure of, 86

Months (masa), 85-86 ; —com-
mencement of the first month
of the yuga, 99 ; —intercalary,
in a yuga, 91 ; —lunar, in a
yuga, 91

Modern astronomers, on :—angular
diameters of the planets, 16 ;
—apogees, 20 ; —ascending
nodes, 20 ; —inclination of
orbits, 18, 19 ; —sidereal
period of planets in terms of
days, 7 ; —synodic revolutions
and periods, 88

Modern geologists, rate of uplifting
of the Himalayas, 119

Modern values, —of Rsine-diffe-
rences, 30

Moon, —colour during eclipse,
161 ;—constitution of, 151, —
drggatijya, 146-47 ; —heliacal

visibility of, 116-17 ; — incli-

pation of  orbit, 17-18;
—linear diameter of, 15
16,17 ; -—manda epicycles
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of, 22-28 ;
orbit, 13 ; —motion of,
114-16, 162, 163 ; —motion of
node, 114 ; — parallax, 147 ff,;
-—revolutions in a yuga, 6, 7 ;
—revolutions of
(candrocca) in a yuga, 6,7 ;

—measure of

apogee

—time of revolution, smallest,
1¢0 ; —visibility at sunrise
and sunset, 116-17; — visibility
of the Sun for the manes who
live on the Moon, 127.
also under Planets.

See

Mountains, rate of growth of, 119

Moving bodies, time for meeting
of, 73-74

Multiplication, 34-35

Mnula (Principal), 68

Na (Ny), unit of length, 15, 16,
19

Nadi (ghati), measure of, 85, 86

Nardyana : See under

kaumuds.

Ganita-

4, ii9, 44 ; —
Kali 3600 as epoch of zero
correction, 98 ; — location of
Ujjayini, 125-26 ;
mountain, 121 ; —plane figures,
(4, ii. 9), 44

Niragra-kuttakara  ( non-residual
pulveriser ), 77-84

Nilakantha, on :

—Meru

Notation by letters of the alphabet,
3-5

Notational places, 33-34

101
Nt (na), unit of length, 15, 16, 19

Numbers,—manipulations of, 67 ff.;
— method of writing, 3-5

Omitted lunar days in a yuga, 91

Orbit of planets See under

‘Planets’ and also under the
individual planets.

Pi (w), value of, 45

Patica-siddhantika (PSi), of Variha-
mihira, 18n, 21n, 44n, 100-1n,
103n, 116n, 117, 118n, 123n,
127n, 135-36n, 140-41n, 144n,

- 155n, 158-59n, 161n. See also
Varahamihira.

Papdavas, 10
Para-Brahman, 2

Parallax of the Sun and the Moon,
14711,

Parame$§vara, on: 4, iv. 38, on
visibility correction of planets,
150-51 ; —aksavalana, 159 ; —
identification of the ten gitikas,
31, 32; —Kali 3600 as epoch of
zero correction, 98 ; —location
of Ujjayini, 124 ; —plane
figures (4, ii 9), 44 ; —square
(4, ii. 3), 34; —sthityardha,
160 ; word ‘utkramana’ in A4,
iv.38, 150-51

Para-Sanku (Sun’s greatest gno-
mon), 144

Pata (nodes) of planets, —motion
on the ecliptic, 114

Pataliputra (Kusumapura), 33
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Pagiganita (P8), of §ridhara, 34-
87n, 61n, 63-65n, 68n, 70-71n,
73n. .See also Sridhara.

Paulisa-siddhanta, 33; on : —akga-
drkkarma, 148n ; — inclination
of the orbits, 18 ; —method
for aksavalana, 158

Phala (‘fruit’), in rule of three,
68-69

Phala (interest), 68

Plane figures in general, area of,
43-44. See also Circle, Square,
Trapezium, Triangle.

Planets, ~angular diameters, 16 ;
—anomalistic revolutions, 87-
88 ; —ascending nodes and
apogees, 19-22 ; —bright and
dark sides, 117 ; —computation
of mean positions, 104-11 ; —
computation of true positions,
104-11 ; —conjunctions of, in
a yuga, 86 ; daily motion of,
106 ; —determination of the
motion of, 162-63; — distance
of, from the Earth, 111; —
equality in the linear motion
of, 100 ; —heliacal visibility
of, 117;
orbits,

—inclination of the
17-19 ; —lengths in
yojanas of the circular divisions
in the orbits, 101-2 ; —linear
diameters of, 15-17 ; —manda
‘and S§ighra epicycles, 22-28 ;
mandaphala, 106-11 ; —mean
angular velocities, 102; = mean

motion acc. to Aryabhata, 7 ;
—mean motion acc. to mo-
derns, 7 ; —motion explained
through eccentric circles, 104-
5 ; —motion 'explained thro-
ugh epicycles, 105-6 ; —motion
of, 114-16; —motion of nodes
of, 114 ; —non-equality of the
linear measures of the circular
motions, 101-2 ; —orbits, mea-
sure of, 13-15 ; —orbits, theory
of, 14-15 ; — orbits, inclination
of, 17-19; — position in relation
to the asterisms, 102-3 ; —
revolutions of, in a yuga, 6-8 ;
Sighraphala, 106-11 ; —S$ighro-
ccas of, 6, 7 ; —synodic revo-
lutions of, 87-88; —velocity of,
111-12 ; —visibility of, 116-17.
See also under the individual
planets.

Plumb-test for verticality, 55

Prabhavadi Jovian yeé.rs, 90

Pramana (argument) in the rule of
three, 68-69

Prana (time for one respiration),
85, 86

Pratimandala  (eccentric circle),

motion of planets on the, 104-5
Pravaha-vayu (-anila), (provector
wind), 119
Prime vertical, 128
Principal and interest, 68

Prthudaka, on : —correct reading
bhah for bham in 4,i.6,15;
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— justification of 4, iii.16, 104 ;
—motion of the $ighroccas of
Mercury and Venus, 115; —
supporting the theory of the
rotation of the Earth, 8, 120 ;
~—volume of a sphere, 41

Ptolemy, —angular diameters of

planets,” 16 ; —apogees of
planets, 20; —ascending nodes
of planets, 22 ; ——distances of
the planets the Sun
when heliacally visible, 117 ;

—‘Earth is stationary’, 8, 120 ;

from

—inclination  of planetary
orbits, 18, 19 ;
Sighra epicycles, 23-24 ;

mean motion of planets, table

—manda and

for, 7 ; —synodic revolutions
and periods, 88

Pulveriser (karakara), 73-84 ; —
non-residual (niragra), 77-84 ;
—residual (sagra), 74-77

Puragas, on the Meru, 121

Pyramid (sadasri), —sum of pile
of balls in, 64-65 ; ~volume of,
3940

Pythagoras’ theorem, 59

Raghunatha-raja, on : —apogees,
revolution of, 21-22 ; —ayana-
drkkarma, 151 ; —Kali year
3600, 96; —reads kvavarta
for bhavarta in A, ii.5, 91 ;
—location of Ujjayini, 126 ;

A, Bh. 25
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—Meru mountain, 121; —plane
figures (4, ii.9), 44

Raja-Mrganka of Bhoja, 98

Rasi (sign), measure of, 85

Rectangle, construction of, 55

Revolution numbers of planets,
6-8

Right-ascension (Lankodaya), 133-
34

Romaka, hypothetical city on the
equator, 123

Romaka-siddhanta, 33; —Apogees,
20 ; —inclination of the orbits,
18 \

Rotation of the Earth : See under
Earth’s rotation.

Rsines, geometrical derivation of
45-51 ’

Rsine-differences, 29-30 ;: —deri-
vation of, 51-54

Rudradeva Sharma, 86n, 89n
Rule of three (traz'rafika), 68-69

Russel, H.N., 7n, 18n

.S"abda-Brahma, 2

Sadasri (pyramid) : See under Pyra-
mid,

Sdgra-kuttakara, (residual pulveri-
ser), 74-77

Saka 444, —Bija corrections for,

97 ; —year of zero precession,
98
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Sakabda correction, 98

Sambasiva Sastri, K., —Kali 3600
taken as epoch of zero correc-
tion, 38

Sarwvarga (multiplication), 34, 35

Sankalana, 64ff. —ghana-sankalana,
66-67 ; —varga-sankalana, 66

Sankalita-sankalita, sum of the

series 33%n, 64-65

Sankaranardyana, on : —end points
of the anamolistic quadrants,
25 ; —manda and Sighra epi-
cycles, 25

Sanku (gnomon), —computations,
based on, 56-58 ; —description
of, 56

Sanku (Rsine of altitude), 139ff.

Sankvagra of the Sun, 141ff.

Sara (arrows) of intercepted arcs
of intersecting circles, 60-61

§astri, T.S. Kuppanna, 98

and
apogees of, 19-22; —inclination
of orbit, 17-19 ; —linear dia-
meter of, 15, 16, 17 ; —manda

Saturn, —ascending nodes

and Sighra epicycles of, 22-28 ;
13; —
revolutions in a yuga, 6, 7 ;

—measure of orbit,

—S$ighrocca of, 6,7 ; —time of
revolution, longest, 100, See

also under Planets.

Sengupta, P.C., Tn, 8, 16n, 20, 2In,
30

Series : See A P. Series,

APPENDIX 1II

Shadow-sphere, radius of, 56
Shamasastry, R., 87n

Siddhanta-dipika, of Paramesvara,
159n

Siddhanta-sekhara (SiSe) of Sripati,
7n, 20n, 34-37n, 42n, 57n, 61n,
63-65n, 68n, 70-72n, 99n, 103n,
105n, 113-15n, 117-19n, 128n,
156n. See also Sripati.

Siddhanta-iromani (Si$i) of Bhas-
kara II, 30n, 55n, 99n, 103n,
1050, 113-15n, 118n, 123-24n,
128n, 13In, 149-50n, 158m,
160n. See also Bhaskara II.

Siddhapura, hypothetical city on
the equator, 123

Sidereal division of time, 85-86

Sighra epicycles of planets, 22-28

Sighraphala of planets, 106-11

Sighroccas, 8 ; —determination of
the motions of, 163

Sign (rasi), circular division, mean-
ing of, 86

Stsya-dhi-vrddhida (SiDVT), of Lalla,
23n, 24, 25-26n, 30n, 55n, 98,
100-102n, 105n, 109n, 1liln,
113-19n, 122-24n,126n,128-29n,
149n, 156n. See also Lalla.

Sixty-year cycle of Jovian years,
89-91

Skanda-Purana, supports the ro:
tation of the earth, 8

Sky, orbit of, 13, 14, 15
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Solar eclipse, 151-62 ; —parallax
in, 144-47 ; —when not to be
predicted, 161-62

Solar system, Tn

Solar year : See under Year,

Somesvara, on: —4, i.13, 32 ;—A4,
ivd, 116; 4, iv.31, 143 ;—beg.
of Kali, 10 ; —daily motion
of planets, 106 ;
nation of the planets

—determi-

from
observation, 162-63; —identi-
fication of the ten gisikas, 31 ;
~Kuttakdra, 79; —location of
Ujjayini, 124 : —Meru moun-
tain, 121; —opposing the theory
of the rotation of the Earth,
120; —plane figures (4, ii.9),
44 ; —planetary orbits, 13n ;
—sthityardha, 160 ; —word
utkramana in 4, iv.36, 150-51

Smart, W.M,, 8n )

Sphere (ghanagola),
40-42

Spherical astronomy, 13051

volume of,

Spherical astronomy, Text-book on,
8n

Square and squaring, 34-35

Square root (vargamnla), 36-37

éridhara, on the volume of a

sphere, 42
Stipati, —on the volume of a

sphere, 42. See also Ganita-
tilaka, Siddhanta-Sekhara.

Stars, apparent motion of, 119-20

INDEX 195
Stewart, J.Q., 7n, 18n
Sthityardha : See under Lunar
eclipse.
Sumati, 30

I

Sumatikarana of Sumati, 30n

Sumati-mqha- tantra (SMT), 158n,
159n.

Sumatitantra of Sumati, 30n

Sun, —Arkagra, 141ff. ; consti-
tution of, 151 ; —declination

of, 17-19 ; —determination of
the motion of, 162 ; —drggati-

. Jya, 146-47 ; —eclipse of, see
under Solar eclipse ; —linear
diameter of, 15,16, 17 ; —
manda epicycles of, 22-28 ; —
measure of orbit of, 13; —
motion along the ecliptic, 114 ;
—para-$anku (greatest gnomon),
144 ; —parallax of, 147ff.; —
revolutions in a yuga, 6,7 ;
—visibility for the gods, manes
and men, 127, See also under
Planets.

Suryadeva, on : 4, ii9, 91 ; —A4,
iii. 22-23, on the computation
of planets, 110; 4, iv.31,143; —
apogees, revolution of, 21, 22 ;
—Dbeginnings of the anomalistic
quadrants, 25n ; —drggatijya,
146 ; —examples on triangle,
4,ii.6,55; —God Brahma
1-2 ; —golayantra, 129-30 ; —
identification of the ten git/kas,
31 ; —Kali year 3600, 96 ; —
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Kali 3600 as epoch of zero
correction, 98; —kuttakara, 77;
—Ilocation of Ujjayini, 124-
25 ; —plane figures, (4, ii. 9),
44 ; —valana, 161 ; —word
utkramana in A, iv.38, 150-51

!

Surya Narayana Siddhanti, 90n

Sarya-siddhanta (SuSi), 30, 55n, 92,
100-1n, 111, 113n, 128n; —
Tr. by E. Burgess, 20n, 2In,
30n

Surya-siddhanta (Old), 33 ; —on
aksavalana, 159

Susama, 92-93

Svayambhuva-siddhanta,
siddhanta), 33, 164

(Brahma-

Syamantapaiicaka, 10
Taittiriya Samhita, —on A.P. Series,
63

Taliaferro, R.C., 18n, 20n, 21n, 24n,
120n

Tatpara (Third of arc), measure of,
86

Tamas (Earth’s shadow) : See under
Earth’s shadow.

Tantra-sangraha (TS) of Nilakantha,
156n. See also Nilakantha.

Tattvarthadhigama-sutra, 60n

Text-book on Astronomy, by C.A.
Young, 119

Text-book of General Astronomy, by
C.A, Young, 22n
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Texi-book on spherical astronomy,
by W.M. Smart, 8n.

Theon of Alexandria, 37

Third (tatpard), in circular division,
measure of, 86

Three, tule of, (trairaSika), 68-69
of, 85-86; —
measuring of, 99 ; —reckoning
of, 85-112 ; —without -begin-
ning or end, 99

Time, —divisions

Tithipralaya (omitted lunar days),
91

Trairasika (rule of three), 68-69
Trapezium, area of, 42-43
Treta-yuga, 95

Triangle (¢ribhuja), —area of, 38-
39 ; —construction of, 55

Tribhuja (triangle) : See Triangle.

“Trisatika (Tvis),of Sridhara, 42n.

See also Sridhara,

True planets, computation of,

104-11
Twelve-year cycle of Jupiter, 83-89

Tycho Brahe, angular diameters
of planets, 16

Udayadivakara, on :— beginning of
the anomalistic quadrants, 25 ;
— correct reading bhuh for
bham in 4, i.6, 15 ; —manda
and $ighra epicycles, 25

Udvartana (multiplication), 35
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Ujjain, (Avanti), —meridian at, 8 ;
—situation of, 123-26

Umasviti, 60."

——

1. Umasvati is reputed to be
one of the greatest metaphysicians
of India and is held in high esti-
mation by the two main sections
of the Jainas. Unfortunately, his
time and place of birth have not
been settled definitely. According
to the tradition of the Svetambara
Jainas, Umasvati was born in the
now forgotten city of Nyagrodhika.
His name is said to have been a
combination of the names of his
parents, the father Svati and the

mother Uma. He was the disciple.

of the saint Ghosanandi. He
lived about 150 B.C. His disciple
Syamarya or the
author of the Prajfiapana-satra, is
said to have died 376 years after
&ri Vira, thatis, in 92 B.C. and
his earliest (commentator is said to
have been Siddhasena Ganpi, or
Divakara who lived ¢. 56 B.C. The
Digambara tradition, on the other
hand, sometimes, even changes his
thinks it to be
Umasvami, not Umasvati, Accord-
ing to it, he lived from 135 A.D.
to 219 A.D. Satish Chandra Vidya-
bhushan is of the opinion that he
flourished in the first century A.D.
Ail are, however, agreed .on one
point, viz., that Umasvati resided in

the city of Kusumapura (modern
Patna).

éyamﬁcirya,

name and
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Unknown quantities, —from equal
sums, 72-73; —from sum of all
but one, 71-72

Utkramana, word in 4, iv.36, inter-
'pretation of, 150-51

Utsarpini, 92-93, 94

L
Vaidhti, a type of vyatipata, 87
Vaiasaneya - Samhita, on A.P,
Series, 63

Varzhamihira, 18, 20, 117 ; —on
aksavalana, 158, 159; —on the
location of Ujjayini, 125-26;
—refutation of the rotation of

" the Earth, 8, 119. See also
Brhat-jataka,  Brhat-sarnhitd,
Paiica-siddhantika.

Varga (square), 34-35

Varga-letters denoting numbers, 3-5
Varga-places for numbers, 3, 4, 5
Vargamala (square-root), 36-37
Vargana (square), 34
Varga-sankalana, 66

Varsa (year) : See under Year.
Vasistha-siddhanta, 33, 117
Vasubandhu, 121n

Vateévara, —justification of 4, iii,
16 against Brahmagupta, 104 ;
—reply to Brahmagupta on the
concept of the yugas, 12

Vatesvara=siddhanta, 12n, 113-15n,
122n, 128n

Vayu-purana, on the Meru, 121n
Vedanga-Jyautisa, 87n
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Venus, —ascending nodes and
apogees, 19-22 ; —inclination
of orbit, 17-19 ; ~linear dia-
meter, 15, 16, 17 ;
and Sighra epicycles, 22-28; —
revolutions in a yuga, 6, 7; —

—manda

revolutions of Sighrocca in a
yuga, 6, T; —Sighrocca of,
measure of orbit, 13 ; —
specialities in the computation
of, 114 ff. See
Planets.

also  under

Verticality, testing of, 55

Vijayadi-varsa (sixty-year cycle of
Jupiter), 89-91

Vikala (second of arc), measure of,
86

Vinadika (vighatt),
85, 86

Visnu-purapa, on the Meru, 121n

Visvanitha, on Kali year 3600, 96

Vowels, denoting numbers, 3, 4, 5

measure of,

Vrtta (circle) : See under Circle,
Vyatipata, 86-87 ;
86-87

Wadia, D.N., Geology of India,
119,

—in a yuga,

Water-test for level ground, 55

APPENDIX III

Yavakarana (squaring), 34

Yavakoti, hypothetical city on the
equator, 123

Year (abda, varsa), 85, 86 ; —
commencement of the first year
of the yuga, 99; —measure of,
15; ~—of gods (divine), 92;
—of manes, 92 ; —of men,

92 ; —solar, in a yuga, 91
Yojana, 19

Young, C.A., —on the motion of
Mercury, 22n; —on thé growth
of the Earth, 119

Yudhisthira, 10n

Yuga, —abraded, with correspon-
ding revolutions, 94 ; —ano-
malistic revolutions in, 87-88 ;
—commencement of, 99 ; —
commencement of the current,
6, 7, 8 ; —divisions of, 92-94,
95 ; —Jovian 'years in, 88 ; —
length of, 92 ; —revolutions of

6-8 ;

revolutions in, 87-88. See also

under the individual yugas.

planets in, —synodic

Yuga of five years, vyafipatas in,
87

Zero-point of time reckoning, 6
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2. Ed. with the com. of Parameé§vara, Poona, (4n.SS, No. 128).
3. Cr. ed. with Tr. and Intro., by K.S. Shukla, Lucknow Univ.,
1963. :
Laghumanasa of Muiijala (A.D. 932)
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Mensuration. Translated from the Sanskrit of Brahmegupta and
Bhascara, by H.T. Colebrooke, London, 1817 ; Reprint, 1972.
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