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Abstract :—After recalling a few historical facts concerning Aryabhata’s life and time we ist his three known works out of

which the only one extant presently is .4ryabbatiya.
are described briefly.

The content of the various chapters of this treatise on mathematics and astronomy
We present in particular the salient features of Aryabhata’s astronomy and mention also the astronomical ideas

of other cultures which bear some similarity to those of Aryabhata. Following this, we deal with the specific yuga system of Aryabhata,
its roots in Indian tradition and its possible connection with Baby-lonian and pre-Islamic Iranian astrological ideas. We then discuss
briefly the impact of Aryabhata’s astronomy on  the development of astronomy and mathematics in India and West Asia.

Finally we emphasize the importance of the study of History of Sciences in India and atgue for its recognition as a

. full discipline.

“When the methods of five Siddhantas began to yield results
conflicting with the observed phenomena such as the setting of the

planets and the eclipses ctc. there appeared in the Kali age at

'Kusumapura Suys himself in the guise of Aryabhata, the Awlapa
well-versed in astronomy.”

(Ancient Sanskrit saying)

What a vivid and lucid desctiption of Aryabhata
and his contribution to ancient Indian astronomy !

If one reflects a while on this saying', one is able to
draw a wealth of information about that great savant
and father of a new period of Indian mathematics and
astronomy. In the following we dilate it by drawing
from the history of Indian sciences as worked out and
reconstructed in the last several decades. To our know-
ledge, research on Aryabhata was first initiated as late
as 1874 by H. Kern, who first edited the Sanskrit text

of Aryabhata’s only extant treatise: Aryabhatiya 2"
1. ARYABHATA’S LIFE:

Aryabhata was born in 476 AD.E most probably
in the region lying between the rivers Narmada and
Godavri. which was called in ancient Sanskrit literature
Asbmaka country. Whereas one of the commentators
of Kautiliya’s Arthashastra identifies it with the modern
Maharashtra, according to the early Bhuddist sources
Ashmaka or Assaka was situated in Daccan (Dakkbi-
napath). In any case Ashmakians were so brave a people
that due to their gallant resistance to the Greek invasion
under Alexander (4th century B.C.) they even earned
a mention by the Greek chroniclets as Aspasioi and
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Assakenoi “> "

The petiod of Aryabhata—he wrote his Aryabhatiya
in 499 A.D. at Kusumapura, i.e. Patliputra or modetn
Patna—coincided with the Kingdom of Buddhagupta
(477-497), the last great ruler of the Gupta dynasty.
Buddhagupta ¢succeded in establishing a firm rule, re-

storing peace and order” °, disrupted after the death
of his grandfather Kumaragupta. We should note that
the Gupta empire inspite of its internal strife and power
struggle was quite a vast empire, extending from the
Bay of Bengal to the Arabian Sea and in the South upto
the river Narmada. The Gupta age is supposed to be

the golden age of ancient Indian leaming . The

* Hereafter we shall employ the convention that every Sanskrit
Word will be furnished with dicritrical marks once, when it is
used for the first time, i

- semi citcle

‘capital of this Kingdom of Magadha (modern Bihar)
Patliputra, was a great centre ot learning, the famous
university of Nalinda was situated there and one can
suppose that Aryabhata might have been the head (Kale-

pati) of the astronomical observatory of that university ..
There is evidence that in his non-extant Aryzbbata
Siddbanta he described several astronomical instruments,
see section 2 below. Unfortunately one does not know
about Aryabhatas life more than what has been said
hete, except that he must have lived for some time at
Kusumapura, whete the science of astronomy was held

. 1
in great esteem 2.

2. ARYABHATA’S WORK :

There ate three works of Aryabhata known to us
today, out of which only one is extant in several manu-
scripts.  They are (i) Arya-Siddhanta, (i) Aryabhatiya
and (ili) on Al-ntf or Alnanf. The latter secems
to be a translation of some of his work (or part thereof)
into Arabic, mentioned by the Iranian scholar Abi
Rehan al—Biriinl (973—1048) in his account of India. Al-
‘Biruni quotes about cafaryuga from this small book,
which he must have possessed 13, but which has not
been identified till to-date. On the other hand about
all other excerpts from Arybhata’s work Al-Biruni says
quite clearly that «all I know of him I know through

the quotations from him given by Brahmagupta ” 1.

Aryabhata’s Siddhanta is not extant either ; we know
it only through the writings of his contemporary Varahami-
hira (d. 587), further thtough Brahmagupta (b. 598),

his commentator Bhaskara I (6-7h c.) and also other
commentators. It is known today that the Siddbanta
was based by Aryabhata on the old Sarye-Siddbgnta
(see section 4 below), since some of the methods of
calculation and astronomical constants employed in it
(for instance, midnight day-reckoning) appear to differ
‘from those used in his treatise Aryabbativa *®. The
most significant aspect of Atyabbata’s Siddbanta, as
‘mentioned earlier, is that he described thete in
sufficient details several astronomical instruments in a
special chapter named Yanirgdbygya: Gnomon (gafiksu-
Yyantra), perfect circular shadow instrument (chgya-yantra),
(Gbanar-yantra) and circle (chakra-yantra),
yasti-yantra (resembling a cylindrical stick), chatra-yanira
(resembling an umbrella) and water clocks (cylindrical
and bow shape) 7 o



Aryabhata’s only extant treatise : _Aryabbatiya is
in fact 2 compendium of mathematics and astronomy,
written in a style of extreme brevity. It consists of 123
vetses (sitras) divided into four chapters: Dagagitaka,
Ganita, KGlakriyg and Gola.

Dasagitaka consists of a total of 13 verses. Two
verses at the beginning and one verse at the end are
not supposed to be counted (dzsz = ten). The first verse
(A) is an introductory versein gGryg metre as an invocation;
the following one (B) is in gi#; metre, giving represen-
tation of numbers by an alphabetical notation, which
he invented probably for memorizing the large numbets
employed in this chapter. The next 9 vetses (again
in giti metre) contain the basic definitions of great Indian
petiods : yugas, mann and kalpa, a2 distance measure ygjna
and astronomical parameters of his system. In the
following section we discuss them briefly . The 10th
verse of Dasagitaka gives a table of the sine function in
steps of 225 minutes of arc with first differences. The
last verse (C) of this chapter is a tail-piece in which the
importance of astronomy is stressed by asserting that
the knowledge of this section leads one beyond the

planets to the absolute Brahaman 182

The chapter on mathematics (Ganita) consists of 33
verses. ‘The organisation of the chapter is as follows :

() 7 verses on artithemetic, viz., on
square roots
rule of three.

extraction of
and cube roots, fractions and the

(ii) 12 verses on mensuration and geometty, namely
on the areas of triangle, trapezium, circle ot of
any plane figure; on the surface area of a sphere,
volumes of pyramid and sphere, value of 1t = 3.1416;
construction of circles, triangles and quadrilaterals,
Pythagoras theotem, length of a chotd and shadow
problems.

(iii) 2 verses on trigonometry, viz. geometrical deter-
mination of wvalues of the sine-function and calcula-
tion of tables of sine-differences.

(iv) 12 verses on algebra : arithmetical progression, sum
of squares and cubes of natural numbers and the

tule for the solution of the following equations b,

a) ax - b =cx 4+ d

b) ax2 4+ bx + ¢ =0

€ X—7y =1, Xy == by

d) the indeterminate equations

X+ X3 + % =g
X3 + X4 + x; = 29
X+ X+ X5 = ag

X1 + X + X3 = a4

In this paper we shall not go into the details of
Atyabhata’s’ mathematics which are amply given in
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recent works b -2t | ¢ 'may be ‘rcrriarlll:é”d, however,
that his Ganita, inspite of being not a systematic and
exhaustive exposition of the mathematics of his time,-
excercised a great influence not only on the development
of mathematics in India but also, through the Arabs

as intermediary, on eatly European mathematics -2,

The third chapter, Kglokriyg i.e. the reckoning
of time, consists of 25 verses. Aryabhata defines here
first the various units of time: yuges, solar year, lunar
month, sidereal day, civil day, the division of the day
into nadi (ghatis) and vinadika (vighatika) : 1 vighatika
or pala = 24 sec. = 6 parana 23a . Further he presents
in satra form the eccentric and epicyclic theory of sun>
moon and planetary motion.

The final chapter of 48 verses deals mainly with,
spherical asttonomy and eclipses, the last two verses
being colophon. It is controversial whether, like verse
I-A, the 50th verse of this chapter is a later addition or
not. It states: “He who disparages this universally true
science of astronomy, which formerly was revealed by
Svayanmblni and is now described by me in this Arys-

bhatiya, loses his good deeds and his long life” b, 1t
is difficult to understand how Aryabhata could give a
title like Aryabhatiya to his own work. In fact Bhaskara
I in his commentary on Aryabbatiya (written in 629)
named the treatise Ashmakatantra. It has also been
referred to in the post-Aryabhata literature by just
Dasagitikasatra and  Aryastasasta (108 verses in" Arya
metre), the latter comprising all the last 3 chapters.

Thete ate 5 editions of the Sanskrit text of Aryabba-
tiya and a number of complete translations : 4 in English,

3 in Hindi, one in Marathi and another in Telgu 2.
Besides, there are extant about a dozen Sanskrit

commentaries written in the period 525 to 1854 A
wealth of literature for historians of science indeed!
It may be mentioned that on the occasion of the 1500th
Birth Anniversaty clelebration of Aryabhata at New
Delhi on 2nd Nov. 1976, four important publications

were released ® . Besides, an international Symposium
was also held at which 25 papers were presented. The
Indian National Science Academy, New Delhi, which
sponsored the whole programme must be congratulated
for it! -

3. ARYABHATA’S ASTRONOMY :

The astronomical system of Aryabhata consists

of the following : (i) Recognition of the terresttial rota-

tion, (i) optical explanation of lunar and solar eclipses
instead of the demonic Rghw-Kess mythology, (iii) a
new ymga system and (iv) epicyclic-eccentric model of
planetary motion. Below we would like to describe
first these basic features of Aryabhata’s contribution
to Indian astronomy and in the following section critically
examine it in the general context of astronomical idess
as developed in India before Aryabhata.
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3.1 The Axial Rotation of the Earth :—

In the vetse IV-9 of Aryabbatiya, Aryabhata cleatly
identifies the appatent motion of fixed stars (asterisms)
with that of stationaty objects for an obsetver in a2 moving
boat. In another verse (I-4) he gives even the angular
velocity of the earth as 1 minute of atc per prana, i.e.
in 4 seconds. It must be stressed here that Aryabhata did
not imply at all the orbital or heliocentric motion of the
earth. This is evident from his other verses (I1I-15 and
IV-6) according to which the earth is situated in the centre
of space, surrounded by the orbits of the planets, his order
of the celestial bodies being: the asterisms, Saturn,
Jupiter, Mazs, the Sun, Venus, Mercury, Moon and Earth.
A clear geocentric view!

1t may be noted that such ideas of telative motion are
also found in othet cultures : In a Chinese text it is said
about the otbital motion of the earth: “The earth ... is
always moving and is not still, as 2 man, who sits within
a ship. The ship moves without the knowledge of the man

(Shang-shu K’ao—ling—yao)”%. According to Neugebauer27
Cleomedes, writing in 370 4 50 B.C., compated the
planetary motion “with the motion of a person on a
moving ship or of ants on a potter’s wheel”. Neugebauer
gives several refetences of ancient literature on such

cinematic equivalence %8, The similie of 2 potter’s wheel

is also used by Brahmagupta as quoted by Al-Birini®
“... But the planets move in a slow pace towards the
east, like a dust-atom moving on a potter’s wheel in a
direction opposite to that in which the wheel is trevolving.
‘That motion of this atom which is visible is identical
with the motion which drives the wheel round, whilst
its individual motion is not perceived. In this view Lata,

Aryabhata and Vasishtha®® agree, but some people think
that the earth moves while the sun resting.”

Whether Aryabhata borrowed the idea of the motion
of the earth from his predecessors of not is not the point of
discussion here. What we would like to say is that his
clear concept of relative motion was not accepted by many
Indian astronomers following Aryabhata. Some of them
even ttied to manoever his text so as to obtain just the

contrary mt:zming'il . And it is probable therefore that
Aryabhata’s idea of axial rotation of the earth could
not be developed further in India so as to extend it to
the orbital motion of the earth, as was done by Coper-
nicus in 15/16th c. in Europe. ,

3.2 Eclipses :—

In pte-siddhantic astronomy Rabs and Kets, identified
as pseudo-planetary nodes of thelunar orbit, were supposed
to cause solar and lunar eclipses. Azyabhata replaced this
mythological explanation by a scientific one. In the first
few vetses of the fourth chapter of the Aryabbatiya he in-
troduces the idea of shadows, cast by and falling on earth,
moon and planets, and in verse IV-37 he states that the
lunar eclipse is caused by the entering of the moon into
the earth-shadow. In the following verses (38-48) he
gives then formuals for the length and diameter of the
earth shadow, the timing and duration of the eclipses and

ot the size of the eclipsed part of sun or moon®.

The theory of eclipses must have been improved later
by other Indian astronomets. The accuracy of the Indian
method of eclipse calculation can be estimated by the report

of Le Gentil®® on the lunar eclipse of Aug. 30, 1765.
Accoridng to him the duration of the eclipse as calculated
by a Tamilian astromoner turned out to be only 41 sec. too
short; the same calculated by the famous tables of Tobias
Mayer (1752) was 68 sec. too long. However, for the dura-
tion of totality Mayes’s table turned out to be superior
to the Tamilian method®.

3.3 Model of Planetary Motion :—

Chronologically the Atyabhatiya is the first extant
primary Indian source in which a geometrical model of
planetary motion is clearly prsented. The salient features

. 3b-
of this model are 08,

(2) Geocentric circular orbits for the mean planets,

the true planets moving on epicycles or eccenttes with
equal linear velocities.

(b) Equivalence of the eccentric and epicyclic mo-
tions.

(c) Whereas for the sun or the moon only one epi-
cycle is envisaged, for the planets two epicycles are to be
used, the epicycles of apsis and of conjuction. In Sanskrit
they a.e called manda and shighra epicycles. Note in parti-
cular that unlike the solar or the lunar epicycle these
epicycles are of variable radii.

(d) To get the true longitude of a particular planet,
the mean longitude is to be corrected (mandaphala and

sighraphala) for the epicyclic motions *5*

In order to appteciate Aryabhata’s model we compare
his astronomical parameters with corresponding modern
values. In Table 1 we give his data for the sidereal petiod

of various planets °*+ In Table 2 we list the reciprocal
heliocentric distances in units of earth-sun distance as
calculated from the data given in Aryabbatiya and other
Indian sources **-

A rematk about a similar Greek planetary theory will
certainly be of interest “! . It is known today that the
mathematical treatment of eccentric and epicyclic models
was first introduced by Apollonius (240-170 B.C.), who
also proved the equivalence of these models. Hipparchus
(190-120 B.C.) then developed an especially simple epi-
cycle model for both the sun’s and the moon’s motions,
using Babylonian astronomical parameters. However, in
order to fit his model with the observational data of two
lunar eclipse triples (of 383/382 B.C. and 201/200 B.C.,
recorded in Babylon and Alexandria respectively) he had
to take the radius of the lunar epicycle () as different from
that of its eccentricity (e). This epicyclic anomaly, according
to Neugebauer, might have convinced Hipparchus of the
non-constancy of e and r. Much later, however, Ptolemy
(100-170 A.D.) still tried to keep in his model a fixed
and attributed the disagreement to Hipparchus’ wrong

astronomical parameters % An idea similar to the Hip-
parchian artifice is also to be found in the inscription of
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‘Table 1

Mean Motion of the Planets

Revolutions Sidereal Period : No. of days per revol.

Planets

per Mahayuga Aryabhata Ptolemy Modern
Sun 4320 000 365.25858 365.24666 365.25636
Moon 57 753 336 27.32167 27.32167 27.32166
Lunar A 488 219 3 231.98718 3 231.61655 3232.37543
Lunar N 232 226 6 794.74951 6 796.45587 6,793.39108
Mercury 17 937 020 87.96988 87.96935 87.9693
Venus 7 022 388 224.69814 224.69890 224.7008
Mats 2296 824 686.99974 686.94462 686.9797
Jupiter 364 224 4 332.27217 4 330.96064 4 332.75637 .
Saturn 146 564 10 766.06465 10 749.94640 10 759.201

A = Apogee, N = Ascending node, 1 Mahayuga = 4320000 years

(Ref. K. S. Shukla : Aryabbata, Indian National Science Academy, New Delhi, 1976)

Keskinto (on the Island of Rhodes), dated atound 100
B.C. The cinematic planetary model underlying the para-
meters of the text presupposes a knowledge of the “si-
dereal anomaly”. To this finding Neugebauer comments:
¢...The Indian shigra anomaly appears to have a prede-
cessor in the “‘sidereal anonmaly” of the Keskinto inscrip-
tion. It is of course impossible to say whether this

is purely accidental or not” ** In support of an in-
Table 2

Planetary heliocentric distance in units of
Earth-Sun distance

Planets Arya- Old New  Modetn
bhatiya S.S. S.S. ‘
Eatth 1.00 1.00 1.00 1.00
Mezcury 0.38 0.37 0.37 0.39
Venus 0.73 0.72 0.73 0.72
Mars 1.54 1 .54. 1.54 1.52
Jupiter 5.16 5.00 5.07 5.20
Saturn 9.41 9.00 9.11 9.55

S.S8. = Siirya-Siddbanta
(Ref. T. K. Shastri, LJ.H.S. 9 (1974); esp. p- 40.)

dependent origin of the epicyclic planetary model in

India Kuppanashatri gives several reasons®™  which,
though, for want of space we cannot discuss here in
detail. The interested teader may see the otiginal paper.

3.4 The Yuga System :—

In ancient Indian literature a period of time com-
ptising an integral number of years has been denoted by
the term yugz ** This concept of yuga as a unit of time
and endowed with an astronomical content (see below)
had developed in India gradually, from the Vedic age to
the period in which astronomical treatises, siddbantas, were
compiled. One can find the word yzga at serveral places
in the Vedas **, In pre-siddhantic astronomy, i.e.
in vedanga jyotisa, a yuga consisted of 5 years. Not only
was this period extended in the coutse of time, for instance
in Romaka siddbanta it is of 2850 years, but a whole yaga
system was also developed. One finds such a cosmogonic
system already existing in Mana smrti and Mahabharata 4.
We shall first summarize this system. Employing the
following notation

Brahma = B, Kalpa = K, day = d, Lifetime = L,
Mahayuga = Y, solar year = y, gods = g, Planet = P
(or yuga)
we have

1 L(B) = 100 y(B) = 100x360 d(B) = 36,000 K,
that is 1d(B) =1 K = 1000 Y(g)

I(Y(g) = 12,000 y(g) = (4,800 + 3,600 + 2,400 +1,200)
v(g)
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The mabayuga was partitioned into four smaller epochs
which wete called &ritayuga, tretaysga, dvapara- and. kali-

yuga. These terms are found already in the Vcdas"'s- Note
that the four ysgas ate unequal ; their durations are in the
order of 4:3:2:1. We are presently supposed to be in
the Kali epoch which began in the year 3102 B.C. (see be-
low).

Some time in the first few centuries of the Christian
era, this bighly imaginative system was given an astro-
nomical content by setting up the relation

1 y(g) = 360 y.

Then
1 Kaliyuga = 432,000 y, 1 Mahayuga = 4.32 X 10° y and
1Kalpa =432 x 10°y.

In what way did Aryabhata contribute to this ysgs
tradition? To answer this question we attempt to show
below on the basis of his verses that he not only modified
and simplified this system but also converted it into a
real measure of time.

Distegardingd the (itrelevant) age or lifetime of
Brahma, he equates: 1 K = 1 d(B) = 1,008 Y (verse I-3)
The difference of 8 yngas is a deviation from the tradition
for which Aryabhata was criticised by Brahmagupta49, al-

though 1,008 is a “bettet” number than 1,000, since it is
divisible by 7 and therefore every d(B) begins then on the

same week-day*’. An aesthetic modification indeed! Be"
sides, Aryabhata dispensed altogether with the afore”
mentioned unequal partition of a mabaynge. He divided it
instead into foutr equal parts, called yugapadas, namely

1 yugapada = } x 4,320,000 = 1,080,000 y.
His terminology for ecach of the quarter ysgas was taken

. 5
from Jaina canons’.

However, ths most notewotthy innovation catried out
by Aryabhata was the identification of the mabayag(Y)
with the “yuga of planets” (verse I1I-8). He writes: “The
time is measured by (the movements) of the planets and
the asterisms on the [celestical] shphere »% " The begina-
ing of the mabaynga as also those of the quarter yugas, e.g.
Raliyaga, was defined with respect to the conjunctions of
Sun, Moon and all Planets®®., The zeto-point of the
Kali-yuga thus tutns out to be Thursday/Friday 17/18th
February 3102 B.C. To have fixed this date of the Kal-
beginning is the most significant conttibution of Aryabhata
since neither this date not the use of the Kali-eta are found
in any of the Indian astronomical or other texts prior to

Aryabhata, After him only in one inscription of 634/35

A.D.—the Ajhole inscription of Pulakeshin—the Kali-era
is mentioned %,

It would be intetesting to understand how Aryabhata
could think out this date. Modern calculations have shown
that on 17/18‘:h Feb. 3102 B.C. thete did not occur any
such “grand conjunction” ®, Therefore this date could
have been found by a backward extrapolation, maybe
from the values of the planetaty positions in the year

- Aryabhata, Varahimihira (d.587)

499 A D. Another possibility could be the ideatification
of the beginning of theKs/iy«ga with that of the Mababbarata
battle as mentioned in Mahabbaraia itself and reiterated by
Aryabhata in verse I-3. However, a contemporatry of
in his Brbatsambita
dated the Mahabhdrata battle in 2448/49 B.C. 7 * %,
Furthermore one could look for the origin of Aryabhata’s

date 17/18th Feb. 3102 B.C. in the writings of his prede-
cessots in other cultutes. To generalize the ques.on:
Has thete at all been any such concept of recurtent cycles
of great lengths elsewhere ? In the following we summat-
rize the results of the work done on this question :

(i) In the early Chinese astronomy the idea of
planetary conjunctions and their cycles did occur, whence
a “Great Year” was detived : 19 cycles of great planztary

conjunctions %, each of which was believed to be of

138,240 y, made the Great Year equal to 2,626,560 y % __a
period completely unrelated to the Indian eras!

(i) In ca. 280 B.C. a priest of Bel, called Berossos,
who wrote “Babyloniaka” and founded an astrological
schoolin Kos, gave the period of reign of the ten Babylon-
ian Kingdoms before the Great Flood as 120 sars each
sar equal to 3600y, i.e 120 X 3 600 = 432000 y. ‘'This
coincides exactly with the length of the Kaliyuga.

(i) In Zetvanish works written in Pahlavi (old Pet-
sian) it is said: ““Time was for 12 000 yeats.”” This period

was then divided into four “states” of 3 000 years each ®' .

Recall that 1Y = 12 000 y(g), divided by Atyabhata into
four yugapadas of equal length :

(iv) As mentioned above, according to Manusmrti a
Kaliysga consists of

1,200 y(g) = (100 + 1,000 + 100 ) y(g),

== (36,000 + 360,000 + 36,000) y
= 432,000 y.

The first and the third term on the right side of this
equation are the so-called *twilights”, the second term
being the middle period of the Kaliyyga, which lasts for
360,000 y. From Visnaparana one finds this number as the
age of the Kaliyuga. Incidentally this period is exactly
the World Year of the Persians according to a report of

ALSijzi (102 centruy)™ and Aba Ma’shar Al-Balkhi (787-
886) dated the Gteat Flood (or Deluge) at the end of one

half of this World Year ®, i.e. 180,000 y. This numb.r is
again to be found in Indian astronomy also : It is the per-
iod employed in the old S#rya.siddbanta extant in Aryabhata’s
time and which was reported by Varahamihira in his
Paficasiddbantika (505 A.D.).

(v) According to van der Waerden™ the Persians, in
fluenced by the Babylonian asttonomical tradition, had de-
veloped a theory of their own for determining the conjunc-
tions of planets. This theory is reported by Ab@i Ma’shat
in his Book of Conjunctions: Kitab al-qiranat. It has
been shown that the occurrence of the Grand Conjunc-
tion of all planets according to the Persian system turns
out to be Thursday Feb. 16/17, 3102 B.C. near midnight
Babylonian time, just one day before the date given

by Aryabhata 1 %, According to E.S. Kennedy and van



der Waerden® the Persian theory ‘“‘could have been in-
vented between 400—450 A.D.”

...... Hence the Persian Astronomy existed before
Aryabhata and may have influenced him ...... It is...
probable that Aryabhata who was an excellent
theorist and who had rather accutrate observations
at his disposal, modified the Persian system, making
it more flexible.”

That Aryabhata had access to excellent observations
has been recently proved conclusively by Billard, employ-

ing 2 novel method, viz. probability theory® P, It has
also been suggested that perhaps an ¢/d version of the
famous Persian astronomical tables, Zij-i-Shah, complied
between 400—450 A.D., could have played some role in

. . )
the above-mentioned hypothetical transmission

(vi) The idea of the astrological significance of the
conjunctions of planets occurs already in Mababbarata®

which was composed between 400 B.C.—400 ADY.
The avthor of “Babyloniaka”, Berossos (280 B.C.), coz-
related the occurrence of fire catastrophe and Great Flood
with the lining up of all planets in the constzllation Crab

and Aires respectively” .  According to van der Waerden,
the Persians—influenced by these Babylonian astrological
ideas—also correlated the Deluge with the Grand Con-

junction® - If a transmission of astronomicalfastrologi-
cal ideas from Persia to India did occur as indicated in
paragraph (v) then, naturally the concept of Deluge had to
be substituted by another catastrophe. The Mababharata
battle leading to the “worst era” was readily availakle
in Indian tradition. Thus it is not out of question that
a creative mind like that of Aryabhata could carry out a
synthesis of Persian and Indian astronomical/astrological
ideas.

4. IMPACT OF ARYABHATA’S WORK :

To appreciate the bearing of Aryabhata’s work on the
development of mathematics and astronomy in India as
- well as abroad, especially in West Asia, one should first be
cleat about the status of Indian exact sciences in the pre-
Aryabahata period. So far as astronomy is concerned, in
the first few centuries A.D. Indian Astronomy developed
from the calendaric astronomy (vedic and vedanga jyotish
petiod) to the stage of mathematical astronomy (siddbantic
period) which culminated in the epicentric-epicy.lic pla-
netary model in the old Swryasiddbanta’ Varahamihira
(d. 587) in his Pancasiddbantika (written in 505, ie. 6
years after Aryablatiya) gave a histrical review of
siddhantic astronomy of several centuries.

In contradistinction to Pancasiddbantika, which soon

after Varahamihira was almost completely foregotten’™
Aryabbatiya became the most significant astronomical work
of the 6th c. Thic is due to its character as a compend-
ium not only of the fundamentals of astronomy but also of
mathematics relevant to astronomy. The chapters on mathe-
matical tools must have made it easier for the followers of
Aryabhata to learn quickly the art of astronomical calcula-
tions. The importanace of his treatise can also be gauged
by the fact that apart from many works based on his astro-
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nomical system like those of Brahamagupta (598—628) and
Bhaskara T (7th c.), about a dozen commentaries were

weitten on Aryabhatiya from 7th ¢, to 18t ¢.”% No wonder
that this treatise initated an era in India in which mathe-
matics (especially 2lgebra and trigonometry) was deve-
loped from being just a tool of astronomy to a full disci-
pline in its own right, cultinating in the algebraic creatise
of Bhaskara XTI (1114—1185) and Nilakantha Somyajin

(15/16th ).

It is not known to-date whether Aryablatiya was
translated directly into Arabic or was known to the Arabs
through some Pahlavi translation. In any case Aryabhata
has been mentioned as Al-Arjabhar and Al-Arjabad by
several West Asian mathematicians/astronomers, for

instance, by Abul Hasan Al-Ahwazi (8/9F c.j, Abli Ma-
shar (786?—886), ‘Ali bin Sulaimin al-Hashmi (98 c.),
Al-Sijzi (102 ¢.) and Al-Biruni (10/11 ¢.)™ . The latter

even equotes in his treatise on India the number of revo-
lutions of the Sun, Moon and other planets as given by Al-

Ahwiazi in «years of Arjabhat”™ ie. mabaynga. Except
for Mars whete thete is a difference of -4, all the other
numbezs agree exactly with those of Aryabhata. It is also
possible that the work ot Aryabbata was known to the
West Asisans through Arabic translations of Brabamasphuta
Siddbanta (628) and Khandakbadayaka (665) of Brahmagupta,
known as Sindhind and Al-Arkand respectively, especially
Azyabhata’s midnight system given in the latter. In fact
on the basis of this midnight -system the Persian King
Khosro Anushitvan (531—579) ordered the revison of the
afore-mentioned famous tables: Zij-i-Shah,

So far as the impact of Aryabhata’s mathematics is
concerned we may mention that Aryabhata’s value of

62,832 . - .
T = 30,000 3.1416 was reported by Al-Khwarizmi in

his book on Algebra. Besides, Al-Khwarizmi also wrote a
monograph on the so-called Indian mathematics, Kitab
al j-ama® w-al tafriq bi bisab al hind, only the latin version of
which as algo-ritmi de namero indoram is extant to-date. It
is through this work that the Indian decimal place value

system was introduced into Western Europe™’ .

5. IMPORTANCE OF THE STUDY OF HISTORY
OF SCIENCES IN INDIA :

Finzlly we would like to quote here an opinion of O.
Neugebauer, one of the greatest historians of science of

. 77
this century " :

““Inspite of the pioneeting work done by H.T. Cole-
brook (1765—1837), G. Thibaut (1848—1914) and
others, the study of Hindu Astronomy is still at its
beginning. The mass of univestigated manusc:ipt
material in India as well as in Western collections

. 78
is enormous”

Among the “others” I should like to include P.C.
Sen Gupta, K.S. Shukla, K.V. Sarma, T.S. Kuppanashastri
and Bina Chatterji, In fact, what Neugebauer says on
Indian Astronomy is true in general for History of Sciences
in India—as well for ancient as for medieval and modern
petiod.
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‘Howeévet, to work on a problem of history of science,
.one tequires beside primatry :outces also secondary and
reference. literature, if one wishes to be abreast of in-
ternational wotk. A cursory look through the biblio-
‘graphy of this very paper will convince everyone that
even .- the secondary literature, let alone the primary,
is.out of the reach of an Indian historian of science working

on his own ™. It is the need of the hour that Indian
. universities and especially institutions of natiopal im-
portance recognise History of Science as 4 descipline
so as to provide facilities for a directed programme of
‘tesearch and teaching in History of Scienecs in India.
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