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Apastamba

Born:about 600 BC in India
Died:about 600 BC in India

To write a biography of Apastamba is essentially impossible
since nothing is known of him except that he was the author of
a Sulbasutra which is certainly later than the Sulbasutra of
Baudhayana. It would also be fair to say >that Apastamba’s Sul-
basutra is the most interesting from a mathematical point of
view. We do not know Apastamba’s dates accurately enough to
even guess at a life spa‘ri for him, which is why we have given
the same approximate birih year as death year.

-Apastamba was neither a mathematician in the sense that
we would understand it today, nor a scribe who simply copied
manuscripts like Ahmes. He would certainly have been a man of
very considerable learning but probably not interested in math-
ematics for its own sake, merely interested in using it for reli-

gious purposes. Undoubtedly he wrote the Sulbasutra to provide

)

rules for religious rites and to improve and expand on the riles
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which had been given by his predecessors. Apastamba would
:have been a Vedic priest instructing the people in the ways of
\ conducting the religious rites he describes.

/ L
( ]/ ) The mathematics given in the Sulbasutras is there to ena-

/
i

——ble the accurate construction of altars needed for sacrifices. It

is clear from the writing that Apastamba, as well as being a
priest and a teacher of religious practices, would have been a -
skilled craftsman. He must have been himself skilled in the
practical use of the' mathematics he described as a craftsman
who himself constructed sacrificial altars of the highest quality.

The Sulbasutras are discussed in detail in the article Indian
Sulbasutras. Below we give one or two details of Apastamba’s
Sulbasutra. This work is an expanded version of that of
Baudhayana. Apastamba’s work consisted of six chapters while
the earlier work by Baudhayana contained only three.

The general linear equation was solved in the Apastamba's

Sulbasutra. He also gives a remarkably accurate value for v2
namely

l+l/3+1/(3><4)—‘1/(3.\4 X34 ) -
which gives an answer correct to five decimal places. A possible

way that Apastamba might have reached this remarkable result

is described in the article Indian Sulbasutras.

As well as the problem of squaring the circle, Apastamba

HERER




version of these two problems.

References for Apastamba
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1. G G Joseph, The crest of the peacock (London, 1991).
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2. R P Kulkarni, The value of known to Sulbasutrakaras, Indi-
anJ. Hist. Sci. 13 (1) (1978), 32—41. '

3. G Kumari, Some significant results 6f algebra of pre—Ary-
abhata era, Math. Ed. (Siwan) 14 (i) (1980), B5—B13.

4. A E Raik and V‘ N Ilin, A reconstruction of the solution of
certain problems from the Apastamba Sulba Sutra Apastamba
(Russian), in A P Juskevic, S S Demidov, F A Medvedev
and E I Slavutin, Studies in the history of mathematics 19

“Nauka” (Moscow, 1974), 220—222; 302.
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Aryabhata the Elder

Born:476 in Kusumapura (now Patna), India

Died ;550 in India

‘Aryabhata is also known as Aryabhata I to distinguish him
from the later mathematician of the same name who lived about
400 years later. Al — Biruni has not helped in understanding
Aryabhata’s life, for he seemed to believe that there were two
different mathematicians called Aryabhata living at the same
time. He therefore created a confusion of two different Aryab-
hatas which was not clarified until 1926 when B Datta showed
that al — Biruni's two Aryabhatas were one. and the same per-
son. s

' We know the- year of Aryabhata’s birth since he tells us
that he was twenty—three years of age when he wrote Aryab-
hatiya which he finished in 499. We have given Kusumapura,

thought to be close to Pataliputra (which was refounded as Pat-

:na in Bihar in 1541), as the place of Aryabhata’s birth but this

HERER
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is far from certain, as is even the location of Kusumapura lt-
self. As Parameswaran writes in [26]:—
*no final verdict can be given regarding the
~ locations of Asmakajanapada and Kusumapura.

We do know that Aryabhata wrote Aryabhatiya in Kusuma-
pura at the time when Pataliputra was the capital of the Gupta
empire and a major centre of learning, but there have been nu-
merous other places proposed by historians as his birthplace.
Some conjecture that he was born in south India, perhaps Kera-
la, Tamil Nadu or Andhra Pradesh, while others conjecture that
he was born in the north—east of India, perhaps in Bengal. In
[8] it is claimed that Aryabha£a was born in the Asmaka region
of the Vakataké dynasty in South India although the author ac-
cepted that he lived mosi: of his life in- Kusumapura in the Gupta
empire of the north. However, giving Asmaka as Aryabhata’s
birthplace rests on a comment made by Nilakantha Somayaji in
the late 15th century. It is now thought by most historians that
Nilakantha confused Aryabhata with Bhaskara I who was a later

commentator on the Aryabhatiya.

We should note that Kusumapura became one of the two:

major mathematical centres of India, the other being Ujjain.

Both are in the north but Kusumapura (assuming it to be close

EIEMER
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to Pataliputra) is on the Ganges and is the more northerly.

‘Pataliputra, being the capital of the Gupta empire at the time of

_ Aryabhata, was the centre of a communications network which

& |/ Jallowed learning from other parts of the world to reach it easi-
U

=71y, and also allowed the mathematical and astronomical ad-
vances made by Aryabhata and his school to reach across India
and also.eventually into the Islamic world.

As to the texts written by Aryabhata only one has sur-
vived. However Jha claims in [21] that:—

« Aryabhata was an author of at least three as-
tronomical texts and wrote some free stamnzas as
well.

The surviving text is Aryabhata's masterpiece the Aryab-
hatiya which is a small astronomical treatise written in 118 ver-
ses giving a szummary of Hindu mathematics up to that time. Its
mathematical section contains 33 verses giving 66 mathematical
rules without proof. The Aryabhatiya contains an introduction
of 10 verses, followed by a section on mathematics with, as we
just mentioned, 33 verses, then a section of 25 verses on the

reckoning of time and planetary models, with the final section

of 50 verses being on the sphere and eclipses.

‘ Now there is a difficulty with this layout which is discussed

a7, HERER
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in detail by van der Waerden in [35]. Van der Waerden sug- § ‘

¥

: 3 . &t Epaiah
gests that in fact the 10 verse Introduction was written later"'~t§md§
than the other three sections. One reason for believing that the =

two parts were not intended as a whole is that the first section '.'\ A7)

S ==

has a different meter to the remaining three sections. Howev-—7—
er, the problems do not stop there. We said that the first sec-
tion had ten verses and indeed Aryabhata titles the section Set
of ten giti stanzas. But it in fact contains eleven giti stanzas and
two arya stanzas. Van der Waerden suggests that three verses
have been added and hé identifies a small number of verses in
the remaining sections which he argues have also been added by
a member of Aryabhata's school at Kusumapura.

The mathematical part of the Aryabhatiya covers arithme-
tic, algebra, plane trigonometry and spherical trigonometry. It
also contains continued fractions, quadfatic equations, sums of
power series and a table of sines. Let us examine some of these

_in a little more detail.

First we look at the system for representing numbers

which Aryabhata invented and used in the-Aryabhatiya. It con-

. sists of giving numerical values to the 33 consonants of the Indi-

an alphabet 1o represent 19 27 3y ety 259 309 40s 509 609 70,

80, 90, 100: The higher numbers are denoted by these conso-f '

HERER
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nants followed by a vowel to obtain 100, 10000, ---In fact the

system allows numbers up to 10" to be represented with an al-

phabetical notation. Ifrah in [3] argues that Aryabhata was also

7{/

——wrltes in [3]:—

lfamiliar with numeral symbols and the place— value system. He

ssedt 1S e.rtre‘mel_‘y likely that Aryabhata knew the
sign for zero and -the numerals of the place value
system. This sup position is based on the following
two facts: first, the invention of his alphabetical
counting system would have been im possible without
zero or the place —wvalue system ; secondly, he carries

out calculations on square and cubic roots which are

impossible i1 f the numbers in question are not written

according to the place—va‘lue system and zero.

Next we look briefly at some algebra contained in the Ary-
abhatiyva. This work is the first we are aware of which exam-
ines integer solutions to equations of the form by=ax-c and by
=ax—c, where a, b, ¢ are integers. The p.rob]em arose from
studying the problem in astronomy of determining the periods

of the planets. Aryai)hata uses the kuttaka method to solve

problems of this type. The word kuttaka means “to pulverise”

and the method consisted of breaking the problem down into

/
/ BERER
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new problems where the coefficients became smaller and smal-
ler with each step. The method here is essentially the use of
the Euclidean algorithm to find the highest common factor of a

and b but is also related to continued fractions. =7 )

in the Aryabhatiya the following. —

Add four to ene hundred, multiply by eight
and then add si:rty‘—two thousand. the result is ap- -
prozimately the circum ference of a circle of diame-
ter twenty thousand. By this rule the relation of the
circum ference to diameter is given,

This gives ©=62832/20000= 3. 1416 which is a surpris-
ingly accurate value. In fact = = 3. 14159265 correct to 8
places. If obtaining a value this accurate is surprising, it is per-

- haps even more surprising that Aryabhata does not use his accu-

rate value for = but prefers to use /10 =3. 1622 in practice.
Aryabhata does not explain how he found this accurate value
but, for example, Ahmad [5] considers this value as an approx-
imation to half the perimeter .of a regular polygon of 256 sides

ifiscribed in the unit circle. However, in [9] Bruins shows that

this result cannot be obtained from the doubling of the number s

of sides. Another interesting paper discussing this accurate val-

1 w9
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ue of m by Aryabhata is [22] where Jha writes: —
Aryabhata 1's value of © isa very close approx-
imation to the modern value and the most accurate a-

) mong those of the ancients. There are reasons to be-

v

T lieve that Aryabhata devised a particular method

for finding this value. It i shown with suf ficient

grounds that Aryabhata himsel f used it » and several

later Indian mathematicians and even the Arabs a-

dopted it. The conjecture that Aryabhata's value of

n is of Greek origin is critically examined and is

found to be without foundation. Aryabhata discov-

ered this value iﬁdependently and also realised that

n is an irrational number. He had the Indian back-

ground y no doubt , but excelled all his predecessors

in evaluating ©. Thus t‘he credit of discovering this

exﬁct value of ®™ may be ascribed to the celebrated

mathematician , Aryabhata I.

We now look at the trigonometry contained in Aryabhata’s
treatise. He gave a table of sines calculating the approximate
values at intervals of 90°/24=23°45". In order to do this he used

~a formula for sin(n-+1)x~—sinnx in terms of sin nx and sin(n—

3

X
1)x. He also introduced the versine (versine=1-—cosine) into

ENEEER




