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EARLY TRANSMISSIONS OF INDIAN
MATHEMATICS

Sreeramula Rajeswara Sarma
University of Aligarh, India

1.0 Introduction

‘Scientific activity takes place in all cultures, sometimes
independently of one another, other times from inspiration
received from other cultures. The Renaissance notion of Greece
being the sole origin of all sciences began to be shaken already
towards the end of the nineteenth century, thanks to the efforts of
early Orientalists. In recent times, the very lucid and therefore
widely accessible The Crest of the Peacock contributed greatly
in emphasizing the non-European roots of modern mathematics.
It is understandable that as a reaction to the prevailing notion of
Graeco-centrism, or Euro-centrism, other cultures too make
similar claims; thus we have now Sino-centrism, Islam-centrism
and Indo-centrism. One must naturally be cautious about these
new movements; especially the last mentioned variety in its
endeavour to read every scientific concept into the Rgveda.

But then how do we establish the origin of a scientific
notion? One way is by the first occurrence of the notion in a
particular culture, assuming of course that the chronology is
secure. It may at least show that culture A, at an early period,
was producing valuable scientific ideas. But priority is one
thing; being the sole origin is another thing. The same idea may




206 Kerala Mathematics: History and its Possible ...

have occurred to other people, say to culture B, quite
independently, even if chronologically later. Therefore, to show
that A transmitted the idea to B, or that B borrowed the idea
from A, one must be able to trace the path of transmission from
A to B and identify the facilitators of this transmission.

Sometimes, the receiving culture acknowledges the debt.
For example, the Arabs have handsomely acknowledged that the
decimal place value system and the associated symbols and
operations came from India.' In his recent work Wissenschaft
und Technik im Islam, Fuat Sezgin emphasizes that the Arab
scholars of the medieval period scrupulously mention their
sources.”

Indians were not far behind in their expressions of scholarly
gratitude. Early Sanskrit texts on astronomy refer to the Yavanas
(meaning Greeks) as masters in that subject. In an oft-quoted
verse, Varahamihira states that the Greeks, being great experts in
astral science, are honoured like Risis.’ Similarly, titles like
Romakasiddhanta, Yavanajataka suggest that these texts were
derived from outside. In 1370 when the Jaina monk Mahendra
Suri wrote the very first Sanskrit manual on the astrolabe, he
clearly states that this science of the astrolabe was derived from
Yavanas (this time meaning Muslims). A whole class of
Sanskrit astrological works produced in this and the subsequent

centuries on the basis of Islamic astrology were clearly |

designated as Tgjika.’

Sometimes philology can come to the aid. For example,
when we trace the derivation of the word zero, through medieval
Latin zephirum, Arabic sifr to Sanskrit §inya, or of the term
“sine” through Latin sinus, through Arabic jayb to Sanskrit Jjiva,
this reflects the transmission of these terms and the concepts
associated with them from India to Europe via the Middle East.’
Loan words from foreign languages can indicate transmission of
ideas; for example, the Greek words hora, kendra etc. in some
Sanskrit texts.’

Sometimes the alien element clearly stands out. For
example, oldest sources like the Vedanga-jyotisa,
Sariyapannatti, Mahabhasya, Arthasastra, Sardilakarnavadana
consistently state that the longest day has the duration of 18
muhiirtas (= 14;24 hours) as if this maximum value is true for all
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eographical latitudes. ~Albrecht Weber suggested tha:it fthls

alue, together with a host of other elements, was borroyve lr:")mh
abylonia since Ptolemy give; allmc>8st the same duration (

he longest day at Babylon. e

? n113)::)rotf'tentimges, wey can only talk of the “pOSSl.bll.lty of
transmission and not show conclusive}y that a transmission hadf
ctually occurred.” It is not my intention to give an overv]l:,w (l>

11 the transmissions that took place before the advent of er::la
mathematics. These have been well documented, most ngt; y
y the author of The Crest of the Peacock. What 1 wish to
iscuss now are the problems one encounters when onel t(;le:ht.o
map the process and the paths of transmission. 1 shall do this

hrough a few examples. |

2.1 Development and Transmission of the Decimal System

I may begin with the most impf)rtant of such transmlssmr.ltsl;
namely the transmission of the .decu_nal place value S)éster: wi -
the nine digits and zero, which is umver.sally employed to ayé t
is also universally acknowledged that it came from lndn:a. }‘:
problems start cropping up when one wishes to examine dt'e
different stages in the process of its development in India and in
i ission from India. .
3 o"fllltxr:rrlesgessflgur distinct elements that constitute the dlemma;
place value system. Only when we are sure of the. chronology on
these elements within India, we can d}scuss. their transmn;stlo
outside. These elements are (1) cpuntmg with the basc(e1 o4 te}?e’
(2) the concept of zero, 3) thg notion of place value, and (4)

he nine digits and zero.
symtzltslf(s)rt;ke the cmgmting with the 'base of ten ﬁrls.t.d I:\ tltmse
Vajasaneyi Samhita of the Black Yajurveda and allied texts,

there occur frequently series of decuple terms starting from eka,

: R g srdha which designates the
. dasa, $ata reaching up to para decimal place. Jaina

2 : e
thirteenth—and at that time, the ultnma‘ .
canonical writings and Buddhist narratives contain mu;h .large}:
series. This terminology is quite fundame(l;.tal 0to India; suc

series di i tside India.
large series did not exist anywhere outside . '

gNext, about the concept of zero ($unya), Bibhutlbhulsh:r;

Datta and Avadhesh Narayan Singh have shown, as early

i
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1935, in their History of Hindu Mathematics that siinya occurs
for the first time in Pingala’s Chandahsitra."' Adequate
attention has not been paid to this evidence in the prevailing
historiography. I may, therefore, dwell on this aspect a little.
While teaching how to calculate the number permutations
of a verse foot ¢ ntaining a certain number of syllables—each
syllable being either short or long—, Pingala lays down a
procedure in which certain steps in the calculation are to be
marked with dvih (two) and certain others with Sinya (zero).
That is to say, Pingala uses the symbols for zero and two as
markers for distinguishing between two kinds of operations.
The symbol of two marks the place where there is an even
number which can divided by 2 and where squaring has to be
done later; the symbol for zero marks the stages where there
is an odd number and consequently absence of halving, and
where a multiplication by 2 has to be performed. The whole
computation can of course be done without any markers at all
or with any other symbols. However, the fact that Pifigala uses
these two markers, that too in a meaningful way, shows that at
Pifigala’s time there existed a well recognised symbol for
Sunya, but we do not know what that symbol was. A symbol
presupposes a concept. What kind of mathematical concept lay

behind this symbol for Sinya? From Pingala’s use, it may

appear that sinya meant here the absence of an operation, akin to
the grammarian’s Jopa. But is that all, or does Sinya here imply
place value as well?

In this connection, it is useful to consider the view of
Joseph Needham who states that “Place value could and did exist
without any symbol for zero. But zero symbol as part of the
numerical system never existed and could not have come into
being without place value.”” Therefore, Pingala’s employment
of zero symbol pre-supposes place value. That it can only be
decimal place value needs no emphasis. Therefore, the invention
of the decimal place value system along with the concept and
symbol for zero must antedate considerably Pingala’s mention
of the zero symbol. But when did Pingala live?

Albrecht Weber in 1863 and, following him, some scholars
recently,” argued that the eighth chapter of the Chandahsiitra
where Siinya occurs is not genuine because certain parts of this
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chapter do not occur in some manuscripts to which Weber had
access. | have countered this by showing that “the eighth chapter
containing combinatorics and the first mention of S#nya is not a
late interpolation but an integral part of Pingala’s Chandahsutra.”

It is not necessary to repeat my arguments here.

But Pingala’s time is difficult to determine in absolute terms,
and here lies one of the serious problems of Indian
historiography.  All that can be said is that there exists a close
similarity in the method of exposition and in the mode of
notation between the Chandahsitra on the one hand and
the Astadhyayi and the Vedanga-jyotisa on the other.‘ This
affinity in style places the Chandahsiitra about 400 BC;. in any
case certainly before the commencement of the Christian era.
Therefore it will not be rash to conclude that the decimal place
value system with a symbol for zero developed in India before
the beginning of the Christian era.

Babylonians had place value in their sexagesimal system,
though not the zero. The Chinese too had a “fundamentally
decimal place value” much before the third century AD, but they
too did not have the zero. Nevertheless, could the Babylonian
notion of place value and the Chinese decimal system ha\{e
played any part in the development of the decimal place. value in
India? It is not impossible, though firm evidence is lacking. This
much, however, seems to be certain: the full development of the
decimal place value in its modern form with the use of zero toqk
place in India before the beginning of the Christian era— not in
the fifth century as most of the current literature states— and it is
from India that the system was transmitted to other countries.

Bibhutibhusan Datta and Avadhesh Narayan Singh in their
above-mentioned book, and several subsequent writers
enumerated the literary evidences for decimal place value in the
early centuries of the Christian era, such as Anuyogadvara
(probably 100 BC), Sphujidhvaja’s Yavanajataka (269/70 AD),
Lokavibhaga (458 AD) and so on. o

But what about the written symbols for the nine digits a.nd
especially for zero? It is one of the ironies of history of Indian
science that the earliest written records containing a symbol for
zero are found not in India but outside. In a valuable paper, G.
Coedés discussed the numerical expressions and symbols
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occurring in the inscriptions of South-East Asia between the fifth
and eighth centuries AD."” In one of these inscriptions, viz. in a
Sanskrit inscription found at Bayan in Cambodia, the Saka year
526 (= 604 AD) is recorded in numerals as “526” and in word
symbols as “rasa-dasra-Saraih Sakendravarse”. The decimal
place value is clearly evident both in the numerals and in the
chronogram with the word symbols. Therefore, it is argued that
this is the earliest occurrence of numerals with place value and
that, therefore, the modern system of decimal place value
originated in South-East Asia from where it spread to India.

- But Datta and Singh drew attention to an earlier occurrence
in India itself. This is the Mankhani charter found at Sankheda
in Gujarat. Here the year is written in numerals in decimal
notation as “346”; the year is in the Kalachuri-Chedi Era,
corresponding to 594-6 AD.'® Thus there is conclusive evidence
for the use of numerical symbols with place value in India, even
before the inscription in Cambodia.

Still doubts persist about the origin of the zero symbol and
its use with decimal place value. In the paper mentioned above,
Coedeés refers to two inscriptions that contain zero symbols. A
Khmer inscription at Sambor in Cambodia from AD 683 records
the Saka era 605, representing the zero with a thick dot (+); three
years later, a Malay inscription at Palembang in Sumatra from
AD 686 contains the numbers 60 and 608 Saka, where zero is
shown by a small circle as we write today (o).

Does this warrant the conclusion that the symbol for zero
developed in South-East Asia and then spread to India, as
Needham argues? It is well worth quoting Needham in full:

“Coedes does not believe that the south-east Asian
inscriptions indicate an east Asian origin for the symbolic
word system..., but rather that the Hinduising settlers of
south-east Asia already had symbolic words and the old
numerals when they first went there, or at any rate were soon
followed by them. So far so good, but we are free to consider
the possibility (or even probability) that the written zero
symbol, and the more reliable calculation which it permitted,
really originated in the eastern zone of Hindu culture where
it met the southern zone of the culture of the Chinese. What
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ideographic stimulus could it have received at that interface?
Could it have adopted an encircled vacancy from the empty
blanks left for zero on the Chinese counting boards ? The
essential point is that the Chinese had possessed, long before
the time of Sun Tzu Suan Ching (late +3rd Century) a
fundamentally decimal place-value system. It may be, then,
that the ‘emptiness’ of Taoist mysticism, no less than the
‘void’ of Indian philosophy, contributed to the invention ofa
symbol for sunya, i.e. the zero. It would seem, indeed, that
the finding of ‘the first appearance of the zero in dated
inscriptions on the border line of the Indian Chinese culture-
areas can hardly be a coincidence.”"’

i3
=

Unfortunately, there is more wishful thinking than reasoned
argument in this passage. In his eagerness to prove the Chinese
 inspiration for the invention of zero, Needham completely
_ ignores the occurrence of Sinya in Pingala’s Chandabhsiitra. P!e
ignores too the other Sanskrit inscriptions discussed by Coedc?s
_ in the same article. But, if the symbol for zero was invented in
~ South-East Asia in the seventh century under inspiration from
" China—which did not until then had a symbol of her own— and
 then transmitted to India, why then were two symbols invented
. at the same time in South-East Asia, a small circle and a thick
 dot? It should also be noted that there are several other
. inscriptions in this region which were composed in Sanskri'f;
which show that the Indian settlers brought with them Sanskrit
language, Indian calendar, Indian Saka era, decimal place value,
Sanskrit word numerals, Indian symbols for the digits 1 to 9.
Surely they would also have brought the zero symbol with them.

The fact is that these two symbols developed in India, not at
the same time, but one after the other. Of these, the dot (bindu)
is the earlier one. Later it was enlarged into a circle (chidra or
_ randhra) for purely practical reasons; so that it coulq be clearly
~ recognised as a symbol and not mistaken for an accidental dot.
An analogous shift occurred with anusvara in Kannada-Telugu
script. In early inscriptions, the anusvara was represented by a
small dot, often hardly visible on the copper plates. Gradually it
was replaced by a small circle, which is called in Telugu sunna

e it e s o e

e
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(from Sanskrit $inya) since it was identical with the symbol for
sunya.

Since these two symbols appear in inscriptions of South-East
Asia in the seventh century, it is reasonable to conclude that
both the symbols were in use in India at this time and that the
circular symbol must have developed by this century at the
latest. The change, however, was not simultaneous everywhere.
The dot seems to have prevailed longer in Gandhara and
Kashmir regions. Thus in the mathematical text known as the
Bakhshali Manuscript' and in the uniciue copy of an anonymous
commentary on Sridhara’s Patiganita,"” both written in an early
form of Sarada script some time after the ninth century, the zero
is represented by a dot (.). Moreover, even after the dot was
replaced by the circle, the symbol continued to be called bindu or
Sinya-bindu.”

While the symbol for zero was gradually transforming itself
from a dot to a circle, the symbols for the nine digits too
underwent changes. These changes can be seen in epigraphic
records in India as well as in South-East Asia.

2.2 Transmission to China

With the spread of Buddhism in China, there took place a
massive exchange of scholars between India and China.
Buddhist pilgrims visited India and carried back large quantities
of manuscripts with them; Indian scholars went to China where
they were active in translating Buddhist texts into Chinese.
These Chinese and Indian scholars were primarily interested in
religious texts, especially of Buddhism, and the reports generally
talk only about religious and philosophical texts. But they must
have also carried with them some notions or texts about Indian
systems of numeration, mathematics and astronomy. About this
activity there are some stray references.

The catalogue of the Sui dynasty, completed in 610 AD,
mentions some Chinese translations of Indian works on
astronomy, mathematics, and medicine. These works are now
lost, but their very existence shows that towards the end of the
sixth century, the Chinese had gained some knowledge of Indian
astronomy, mathematics and pharmaceutics.
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Records of the Tang dynasty indicate that from 600 AD
onwards Indian astronomers were employed at the Astronomical
Board of Chang-Nan to teach the principles of Indian astronomy
and calendar. One of the Indians named Gautama Siddhartha was
reported to have constructed a calendar, based on the Indian
Siddhantas. This calendar contains sections on Indian numerals
and arithmetical operations and sine tables at intervals o-f 3°5f1’ for
a radius of 3438 units, which are precisely the values given in !he
Indian astronomical texts. There survives a block print text, w'hxch
contains Indian numerals, including the use of a dot to indicate
zero.”! iy

Strangely enough, neither the dot for zero found in this calendar
prepared by Gautama Siddhartha, nor the dot and circle for zero
found in inscriptions in what Needham refers to as the “southern
zone of the culture of the Chinese” in the seventh century seem to
have had any impact in China proper, because the Chinese did not
start using the zero symbol until the mid—thi{teer.lth century.when it
appears for the first time in the work of Qin J lusl}ao. It is rathc?r
intriguing why the Chinese took such a long time (nearly six
centuries) to use the zero symbol which was brought up to thelr
doorstep, so to speak. Here is a case of clear transmission having
no impact in the receiving culture. The same appears to be the case
with the other elements of Indian mathematics and astronomy
introduced into China in the Tang period.” o

To conclude, there are extensive records about the transmission
of Buddhist texts and ideas from India to China. There are a}so
records of Sanskrit astronomical and mathematical texts being
translated into Chinese. In the reverse direction, we haye no
records of transmission from China to India. Still transmissnon of
ideas must have occurred as did the transmission of objects. A
number of parallel developments are also known. But one looks in
vain for firm evidence of interaction between these two cu}tures in
the realm of mathematics. This then is a grey area in the history of
intellectual exchanges between these two cultures.

2.3 Transmission to the West

Fortunately, such uncertainties do not occur in the case'of
transmission to the Middle East or the Arab culture area. During
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the reign of the second Abbasid Caliph al-Mansiir (753-774), the
Indian province of Sindh passed under the control of the
Caliphate and embassies from Sindh started visiting Baghdad.
Sometimes these were accompanied by scholars. In his /ndia,
Al-Biriini states : “These star-cycles as known through the canon
of Alfazari and Ya‘kab Ibn Tarik, were derived from a Hindu
who came to Baghdad as a member of the political mission
which Sindh sent to the Khalif Almansir, A.H. 154 (= AD
771).”%  Others also report about this mission. Ibn al-Adami
states in the preface to his astronomical tables entitled Nazm al-
igd that “an Indian astronomer, well versed in the sciences,
visited the court of al-Mansur, bringing with him tables of the
equations of planets according to the mean motions, with
observations relative to both solar and lunar eclipses and the
ascension of signs. Abu-Masher of Balkh, an astrologer at the
court of al-Mansiir, mentions that he derived the knowledge of
the Hindu great cycle of the ‘kalpa’ from an Indian astronomer.
The name of this Indian astronomer is written variously as
‘Kankaraf’, ‘Kankah’, or ‘Cancah’, ‘Kenker’....”* David
Pingree avers that the name was Kanaka and that “the later
Arabic writers slowly developed an elaborate mythology
concerning Kanaka’s role in the history of astronomy,”
attributing to this mythical figure scholarship and skills of
diverse kinds.”

Perhaps the real word was not “Kanaka” but “Ganaka”— not
a proper name but a generic name for the astronomer. Probably
this word referred not to one particular astronomer who visited
Baghdad in 771, but collectively to all Hindu astronomers or
learned people who visited Baghdad about this time. This would
explain the diverse qualities attributed to this Ganaka who may
have, in reality, represented different persons.

Be that as it may, the Indian decimal place value system
reached the Middle East not through this visit of Kanaka /
Ganaka but at least a century earlier, for already in 662 AD the
Nestorian Bishop Severus Sebokht sings the praise of Indian
decimal numbers, in a passage that is oft-quoted.”’

The embassies from Sindh to the court of Al-Mansir
resulted in the transmission of many more scientific ideas,
besides the decimal system and arithmetical operations with this
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system. At the court of Al-Mansir, Brahmagupta’s
Brahmasphutasiddhanta and Khandakhadyaka were rendered
into Arabic respectively by Al-Fazari and Ya‘qub ibn Tarikh.
These are not literal translations but adaptations and came to be
known under the names Sindhind and Al-Arkand. Through these
works, -Arab scholarship became acquainted for the first time
with mathematical astronomy, a few decades before the
discovery of Greek astronomy. In the next century, around 820
AD, Muhammad ibn Misa al-Khwarizmi symmarized the
knowledge gained thus far in three works, one on arithmetic,
another on algebra and the third on mathematical astronomy.
In the first work on arithmetic entitled Kitab al-jam ‘wal tafriq bi
hisab al-Hind, al-Khwarizmi  explained .the arithmetical
operations of addition, subtraction, multiplication, division and
the extraction of square roots according to the Indian system.
Within a century, this treatise was superseded in the Eastern
Islamic world by other introductions to Indian arithmetic.
However, the work was still available in the Moorish Spain in
the twelfth century where it was translated into Latin, under the
title Liber algorismi de numero Indorum, “The Book of al-
Khwarizmi on Indian numbers.” Soon European scholars
recognized the value of al-Khwarizmi’s treatise and there
appeared more treatises in Latin elaborating al-Khwarizmi’s
treatise. What needs to be emphasized in this context is that the
symbol for zero known to al-Khwarizmi and was transmitted
through him to Europe was a small circle.? Indeed zero is called
in Arabic, besides al-sifr, also by the expression da’ira saghira
(small circle). And it is this small circle (circulus) which appears
in early Latin manuscripts.””  While zero retained its circular
form in its transmission from the Eastern Islamic world to the
Western Islamic world, the digits from 1 to 9 gradually
underwent several changes, with the consequence that the
western forms substantially differed from the eastern ones.
These western forms came to be known as Ghubar numerals.
The eastern forms were transmitted to Italy and the Eastern
Mediterranean basin where they were used by Latin authors in
the twelfthentury. By the early thirteenth century these eastern
forms were replaced in Europe by the western forms through the
Latin translations made in the Moorish Spain.3° These then are
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the ancestors of what we call today “Arabic” numerals (or what
the Constitution of India, more accurately and wisely terms, in
article 343.1, as “the international form of Indian numerals™").

As mentioned earlier, the zero retained its form in Europe in
the shift from eastern to the western numerals. But in the Arabic
script, apparently at a later point, this circle was compressed into
a dot, in order to distinguish the symbol for zero from that of five
—a process that is the reverse of what happened in India.

But the westward transmission of Indian mathematical ideas
was not limited to the number system alone. It has been stated
that the main areas which influenced the future course of
development of mathematics are (1) the spread of Indian
numerals and their associated algorithms, first to the Arabs and
later to Europe; (2) the spread of Indian trigonometry, especially
the use of the sine function, and (3) the solutions of equations in
general, and of indeterminate equations in particular. In this
context, I may invite attention to a special case of transmission
of a rather simple procedure of calculation, namely Trairasika
or the Rule of Three.

3. Development and Transmission of the Rule of Three

Though normally employed in solving commercial problems,
such as computing the price of a mangoes, if the price of b
mangoes is known as ¢ Rupees, Trairasika or the Rule of Three
plays a far more important role in Indian mathematics and
astronomy.”  In arithmetic it is often used as a means of
verification in solving other problems. More importantly, it is
employed in astronomical computations, for example, -in the
computation of the mean position of a planet from the number of
its revolutions in a kalpa of 4,320,000,000 years. Many of the
problems of spherical trigonometry are solved by applying the
Rule of Three to similar triangles (aksaksetra). Likewise, the
Rule of Three forms the basis for computing trigonometric
ratios.  Therefore Nilakantha Somasutvan declares in his
commentary on the Aryabhatiya that the entire mathematical
astronomy (graha-ganita) is pervaded by two fundamental laws:
by the law of relation between the base, perpendicular and
hypotenuse in a right-angled triangle—which goes today under

LUT Ly 1T UIEDITEIOD VI UJ LIEALUATE LVAKLTITITIGE VD -

the name of Pythagoras theorem— and by the Rule of Three
(bhujakotikarnanyayena trairasikanyayena cobhabhyam
sakalam grahaganitam vyaptam).

Therefore it would be interesting to trace its development
and spread. In India the Rule was first mentioned by Aryabhata
in his Aryabhatiya in 499 AD.” Here Aryabhata not only gives
the name Trairasika (that which consists of three numerical
quantities or terms) for the Rule of Three, he also mentions the
technical terms for the four numerical quantities involved
(pramana, phala-rasi, iccha-rasi, iccha-phala) and gives the
formula for solving the problem. Subsequent writers, notably
Brahmagupta in his Brahmasphutasiddhanta (628 AD) and
Bhaskara I in his commentary (629 AD) on the Aryabhatiya
elaborate upon this brief statement by Aryabhata, but employ the
~ same terminology, albeit with slight modifications. It is on the
_ basis of the writings of these mathematicians that histories of
mathematics generally trace the origin of the Rule of Three to
India.

The brief manner in which Aryabhata presents the rule in
his work implies that he is referring to an already well known
rule which he is restating in order to employ it in astronomical
computations. Therefore, it is tempting to look for the
antecedents for Aryabhata’s rule.

Kuppanna Sastry sees the first mention of the Rule of Three
in a verse of the Vedangajyotisa (Rk-recension 24; Yajus-
recension 42).* Obviously, we have here a rudimentary form of
the Rule of Three and it is also obvious that the rule was needed
for the computations envisaged in the text. Although Indians
developed special terminology for the Rule of Three in later
times, the general terms jAiana<ta>rasi (the quantity that is
known or given), jiieya-rasi (the quantity that is to be known)
used here are also frequently employed in later times. Indeed it
is conceivable that the term jfiana gave rise to the later term
pramana. However, the date of this text, available in two
recensions, is uncertain. Kuppanna Sastry himself would like to
place the composition of the text in the period between 1370 —
1150 BC; others assign it to 500 BC. In either case, Aryabhata’s
rule appears to have a long pre-history in India.
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However, Joseph Needham observes that the “Rule of Three,
though generally attributed to India, is found in the Han Chiu
Chang, earlier than in any Sanskrit text. Noteworthy is the fact
that the technical term for the numerator is the same in both
languages --- shih and phala, both meaning ‘fruit’. So also for
the denominator, fa and pramdna, both representing standard
unit measures of length.” Needham goes on to add that “Even
the third known term in the relationship can be identified in the
two languages. For iccha, ‘wish, or requisition’ reflects so
chhiu lii, i.e. ratio, the number sought for.” 5

Writing in the Ganita-Bharati, N. L. Maiti, draws attention
to the passage of the Vedanga Jyotisa, in order to counter
Needham’s claim of Chinese priority.® Maiti also disputes
Needham’s linguistic equation fa = pramana, shih = phala; so
chhiu = iccha. Finally, he tries to clinch the issue by citing the
view of a Chinese scholar Lam Lay Lang to the effect that “the
Rule of Three ... originated among the Hindus ...”"

I am not competent to judge in favour or against Needham’s
linguistic equation, but there is no denying the fact that the Rule
of Three had an important place in Chinese mathematics as well.
Even if the verse from the Vedangajyotisa alludes in a
rudimentary form to the Rule of Three and thus testifies to the
existence of the rule in the centuries before the Christian era,
there is nothing to prevent the knowledge of the Chinese Chiu
Chang to travel to India in the early centuries of the Christian era
and to give impetus to the development of the Rule in India. If
India received impetus from China in this process of
development and then transmitted an elaborate system to the
Middle East and Europe, then this would testify to both the
receptivity and creativity in mathematical thought in India. It
would, however, be nice if the transmission could be mapped in
detail.

By the time of Brahmagupta in the early seventh century, the
Rule of Three and its variations reached their full development.
In the next century, various elements of Indian mathematics and
astronomy were disseminated to the Islamic world. The Rule of
Three seems to be one of the elements thus transmitted. From the
ninth century onwards, Arab mathematicians began to discuss
the Rule of Three and other variants.

Thus Al-Khwarizmi discusses the Rule of Three in his book
on Algebra. This treatise contains a small chapter on commercial
problems including the simple Rule of Three according to the
Indian model.*®  Al-Birtni (973-1048) composed an exclusive
tract on the Rule of Three entitled F7 Rashikat al-Hind, where
he discusses direct and inverse Rule of Three as well as the rules
for five, seven and more terms up to seventeen.” Together with
Indian numerals and commercial problems, the Rule of Three
was transmitted to Europe where it was hailed as the Golden
Rule.” '

This case too exemplifies that while it is possible to trace the
path of transmission between India and the West, the
historiography of mathematics has not yet reached a stage where
it could clearly define the interaction between Chinese and
Indian mathematics and astronomy.

4.0 Transmission of Perpetuum mobile

I should like to discuss another case where linguistic limitations
and national or personal biases obstruct the correct apprehension
of the transmission of ideas, this time of technical nature.”' In
the context of non-European contribution to the development of
technological ideas in Eurpe, Lynn White brought out
significant studies on medieval technology. Notable in this
connection is his seminal essay Tibet, India, and Malaya as
Sources of Western Medieval Technology.”> One of the concepts
whose origin he attributes to India is the perpetual motion
machine. Lynn White avers that the perpetual motion machines
designed by Bhaskara in the twelfth century were instantly
accepted by the Islamic world and then transmitted to Europe,
where people like Villard de Honnecourt, in their quest for
energy, received this notion with great interest and tried to apply
it to the benefit of mankind. Thus, concludes White, were laid
the foundations for the power technology of the modern world.
Lynn White’s thesis was generally accepted by historians of
technology, but his attempt to trace the origin of the perpetual
motion machine to twelfth-century India was contested by two
sides, the former contending that such machines were known to
the Arabs before Bhaskara’s time and the latter claiming that
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both the Indian and Arabic accounts owe their inspiration to
China.

Ahmad Y. Al-Hassan and Donald R. Hill argue in their
excellent book Islamic Technology: An Illustrated History thus:
“In India about A. D. 1150 Bhaskara described a perpetual
motion wheel which resembles one of the six such wheels in the
Arabic manuscripts, but the original Arabic text is of an earlier
date. The Arabic technical descriptions, the illustrations, and the
whole complex of the sixteen machines are quite elaborate and,
as we have seen, constitute a single approach. The occurrence,
therefore, of one or two perpetual-motion wheels in the Indian
text does not imply a case of transmission from one culture to
another, though there was an important transmission to the
West.””  About the original Arabic text, the authors maintain:
“It must have been copied from an original treatise which is at
present unknown to us. We can tell, however, that this original
was written between the third and sixth centuries AH (ninth to
twelfth centuries AD).”* But it is possible to show that the
Indian concept of the perpetuum mobile is much older than
Bhaskara and also older than the alleged antiquity of the
“unknown and undated” original Arabic text.

The second party of opposition to Lynn White’s view is
represented by Joseph Needham, who asserts that “Indeed one
begins to entertain the belief that the stimulus for the flood of ideas
on the perpetual motion devices may have been derived from Indian
monks or Arabic merchants standing before a clock tower such as
that of Su Sung and marvelling at its regular action.” Lynn White
dismissed this suggestion as lacking in any evidence.*’

The astonishing thing about this debate—Ilike many other
debates concerning India’s past—is that it is conducted on the
basis of just two Sanskrit texts which happen to be available in
English translation, ignoring all other texts. Lynn White traces the
idea of the perpetuum mobile to twelfth-century India on the basis
of Lancelot Wilkinson’s translation of the Siddhantasiromani,"
while Needham’s comments emanate from his perusal of
Ebenezer Burgess’s rendering of the Siryasiddhanta®® The
passage cited by Needham does not even discuss the perpetuum
mobile. No doubt, Lynn White’s conclusions are highly perceptive
even with the limited sources available to him, but in history of
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technology there are no shortcuts. One has to study all the relevant
original texts, and the material remains if there are any, and then
interpret the data in the correct space-time framework. In the
present case, a study of the original texts not only upholds Lynn
White’s view, but strengthens it further. For a perusal of the
Sanskrit sources shows that the idea of perpetual motion is much
older in India than Bhaskara’s time and that the philosophical
notion was translated into a design for a mechanical instrument by
Brahmagupta in the early seventh century. Brahmagupta’s
mercury wheel is not only earlier than Su Sung’s .clock tower
(1090 AD) but also works on a totally different principle. On the
other hand, there is much in common between Brahmagupta’s
wheel and those found in Arabic manuscripts, for both are
supposed to be driven by mercury power. As mentionefl earlier,
Brahmagupta’s writings on astronomy and mathematics were
transmitted to the Islamic world in the eighth century and these
may have included the design for the perpetual motion machine as
well.

“In today’s world of narrow loyalties, one is accustomed to
ask to whom the credit should go: is it due to Brahmagupta for
the origin of the idea, or to the Islamic world for its glaboration
and spread, or to the Occident for its practical application? Lynn
White, quite rightly, sees these three kinds of endeavour as
complementary to one another.”"

5.0 Transmissions within India

While the study of transmissions from and to India has its
own importance, [ think it is also necessary to study the
transmission of ideas within India, from one region to another,
from Sanskrit to regional languages and vice versa.

On the one hand, we have the cases of swift transmission of
ideas from one end of the country to the other. In 1185 AD, .in
his commentary on the Sirvasiddhanta, Candi$vara of Mithila
cites another commentary on the same text written by
Mallikarjuna Siri in the distant Telugu region jL‘lSt 7 years
previously in 1178 AD.*® On the other hand, certain texts like
the Candra-vakyas of Vararuci do not seem to bave been
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transmitted beyond Tamilnadu.”! Nearly all the surviving
manuscripts of the Aryabhatiya are only in Malayalam script.

Again, certain texts, indeed very valuable ones, are

irretrievably lost, although there had been no significant break
in the study of mathematics and astronomy. It is greatly
intriguing why Aryabhata’s book on the midnight reckoning
system is wholly lost; why Bhaskara’s excellent commentary on
the Aryabhatiya is just partia]ly preserved; and why the equally
excellent commentary on Sridhara’s Patiganita is not
completely available.  Indeed, Madhava’s contributions to the
power series are known only as citations from later writers; what
happened to Madhava’s original works ?

Even such a useful tool like the Katapayadi notation, which
greatly facilitated the development and spread of astronomical
and mathematical tables in Kerala, did not spread or spread very
slowly to other parts of India.”> That it was employed in Kerala
very widely, not only in works on astronomy and mathematics,
but also in non-scientific works, not only in Sanskrit writings but
in Malayalam as well, is now quite well established.” From
Kerala, the Katapayadi system spread to the neighbouring
Tamilnadu, where its use is fairly well attested.* However, no
literary works from the regions of Karnataka or Andhra have
been identified so far which employ this system of notation.

Towards the middle of the tenth century Aryabhata Il used a
variant™ of the Katapayadi system in the first thirteen chapters
of his Mahasiddhanta. Here the digits are read from the left to
the right and every member of a conjunct consonant has a
numerical value.® But we do not know where this Aryabhata
hailed from. Two centuries later, in Maharashtra, Bhaskara II
employed this notation a few times in his commentary on the
Siéyddhﬁ’l"ddhi(](l,w but not in any other work of his. In North
India proper, I know of only two instances. These occur in the
works of Ramacandra Vajapeyin®™ and his brother Harsa,”® who
flourished in the first half of the fifteenth century in
Naimisaranya, close to modern Sitapur in Uttar Pradesh. These
are the only instances from literary documents. The

Bhittasamkhya@ system of word numerals is widely employed in
inscriptions,” but the use of the Katapayadi system is limited to
very few records, that too belonging to the 14-16th centuries.®
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While cataloguing pre-modern_ }ndian astrc;lnomlcal
instruments, 1 came across two Sans'knt instruments dt atl::tri;);
the Katapayadi notation. In I‘ls)lar&lc ausrtl:(;gls)egnat?]e Scceales E

s, it is customary to inscribe the n on the sca
gllozelphabetical notation called Abjad. Clearly in lTlt;t;?lrslk;)ii
this, an undated Sanskrit astrolabe, now prfas?,rved in t1'e s
University at Varanasi, displays Ka_tqpayadz notation in <
the scales.®® In the middle of the nineteenth century,.al .
Bhalumal of Lahore, who made astrolabes and celespa glestia]
in Arabic as well as in Sanskrit, pr'oduced a Sanskrllt t::e“ed #
globe on which the scale on th? horlzontgl ring was labe raten
the Katapayadi notation. This globe is now in a privé

collection in Milan. ' ‘
Likewise, transmissions from Sanskrit to regional languages

and vice versa remain an almost unexplored area. Tl:(anks 1;obtol:‘et
bibliographical work of Professor K. V: Sarma, wle nlc;\‘:/ -
mathematical and astronomical works in Mala}/a amh %ndiar;
but very little is known al?out such .texts in qt erreuional
languages. Without explgrmg the hterat;lre ”;the,:atical
languages, a full picture will not emerge of ow ml‘ e
ideas developed and systematized in Saqskm n.]anus S widenl
they were disseminated and popularized in the reg

64
languages.

DISCUSSION
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transmissions. It recommends that more attention be paid to them
in the future.

The paper’s key contribution appears to be the controversial
claim that the decimal place-value system with zero developed in
India before the beginning of the Christian era rather than in the
fifth century as is »ften supposed. However, the argument made
for this realignmer t of mathematical history does not stand close

scrutiny. To see why such a conclusion is warranted let us .

examine case made by the paper more carefully.

The paper begins by identifying the distinct elements
constituting the Indian number system - counting with base ten,
the notions of zero and place value, and the symbols used to
represent the nine digits and zero. All of these elements, the
paper argues, can be traced to India before the Christian era.
Firstly, decuple terms occur in Hindu and Jain religious
canonical texts in that period proving that Indian mathematics
adopted a decimal system.

Secondly, the term Siinya occurs in Pingala’s Chandahsutra
in the context of teaching a method for computing the number of
permutations of a verse containing a certain number of syllables,
where Pingala uses the symbol for sunya to denote the absence
of the mathematical operation of halving. The paper goes on to
ask “What kind of mathematical concept lay behind this symbol
for sunya? From Pingala’s use, it may appear that Sinya meant
here the absence of an operation, akin to the grammarian’s lopa.
But is that all, or does $iinya here imply place value as well?”

However, instead of answering this question the paper
appeals to Needham’s view that the zero symbol could not
have come into being without knowledge of place value. The
inference is that Pingala’s employment of the zero symbol pre-
supposes knowledge of place value. Consequently, the decimal
place value system with the concept of zero must have been
known to Pingala.

However, it could be argued that the paper presupposes
what it sets out to prove — namely that Pingala had the concept of
zero. Even if Needham rightly assumes that the use of the
symbol sunya for zero presupposes knowledge of place-value,
Pingala’s use of the symbol sunya for an absence of an operation
does not need to presuppose the concept of place-value. Hence
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Pingala’s use of the symbol sunya to denote ‘absence of an
operation’ cannot be used to infer that he had knowledge of the

concept of zero.

ENDNOTES
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al-Uqlidist his book, written in 952, Kitab al-fzfsﬂl fi-l-hisab al-

Hindi, “The Book of Chapters on Indian Arithmetic”.

Fuat Sezgin, Wissenschaft und Technik im Islar.n, Ffankfurt., 2003,
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Wiesbaden 1981, pp. 95-100. o .
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to Arabic sifr. . _
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years of observations without having to borrow the idea from
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their own observations.
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that the transmission did indeed take place.
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