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Introduction XXXV

Re-examining the history of mathematics requires also a re-examination of
the philosophy of mathematics, since the current philosophy of mathematics-
as-proof excludes the possibility of any mathematics in non-Western cultures.

I The Nature of Mathematical Proof

1 Euclid and Hilbert 3
Iistory of geometry and the genesis of the current notion of mathematical proof

The currently dominant notion of mathematical proof is re-examined in
a historical perspective, to bring out the religious and political considera-
tions that have led to the present-day belief in the certainty of mathematical
knowledge and the Greek origins of mathematics. In the absence of any
evidence for Euclid, Proclus’ religious understanding of the Elements is con-
trasted with Hilbert’s synthetic interpretation, and with traditional Indian
geometry—which permitted the measurement also of curved lines, facilitat-
ing the development of the calculus in India.

2 Proof vs Pramdna 59
Critique of the current notion of mathematical proof, and comparison with the tra-
ditional Indian notion of pramana

The currently dominant notion of mathematical proot is re-examined in a
philosophical perspective, in comparison with the traditional Indian notion
of pramana. The claimed infallibility of deduction or mathematical proof
1s rejected as a cultural superstition. Logic varies with culture, so the logic
underlying deduction can be fixed only by appealing to cultural authority or
the empirical. In either case, deduction is more fallible than induction.

In preparation for the next chapter, a brief introduction is here provided
also to the understanding of numbers in the context of the philosophy of sun-
yavada, which acknowledges the existence of non-representables—necessary
also to be able to represent numbers on a computer. This is unlike Platonic
idealism or formal mathematics, which introduces supertasks in the under-
standing of numbers, whether integers or reals.
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I1 The Calculus in India

3 Infinite Series and 7 109
The thousand-year background to infinite series in India and how they were derived

The underlying philosophy of pramana and of number is brought out
in the context of the derivation of the Indian infinite series. The full de-
tails, which are here presented for the first time, show that there was valid
pramana for the Indian infinite series (in contrast to Newton etc. who could
not provide their contemporaries with any clear proof or derivation of the
very same infinite series). Further, unlike the abrupt appearance of infinite
series in Europe, starting in the 1630’s, the Indian infinite series evolved over
a thousand year period, as trigonometric precision was pushed from the first
minute (Aryabhata 5th ¢. CE) to the second minute (Vatesvara 9th ¢. CE) to
the third minute (attempted e.g. by Govindasvamin, 9th c¢. CE, and achieved
by Madhava 14th-15th c. CE.). Aryabhata used an elegant technique of finite
differences and numerical quadrature, the numerical counterpart of the fun-
damental theorem of calculus. The use of second differences for quadratic
interpolation was then extended to higher orders, using the fraction series
expansion. “Limits” were handled using order counting, and a traditional
philosophy of neglecting non-representables. In analogy with numerical se-
ries, continued fraction expansions were used to represent an infinite series
of rational functions.

4 Time, Latitude, Longitude and the Globe 201
Why precise trigonometric values were needed in India for determination of time,
latitude, longitude, and the size of the earth

The calculus developed in India to calculate precise trigonometric val-
ues needed in connection with the calendar—(still) a critical requirement tor
monsoon-driven agriculture which has long been (and remains to this day)
the primary means of producing wealth in India. The similarity of cultural
practices spread over a large area, India, led to a calendar standardized for
the prime meridian of Ujjayini, and recalibrated for the local place. Recali-
bration required determination of local latitude and longitude, early Indian
techniques for which used the size of the globe as input. These techniques of
determining latitude and longitude were needed also for celestial navigation
for overseas trade, then the other important means of producing wealth in
India.

5 Navigation: Kamal or Rapalagai 239

Precise measurement of angles and the two-scale principle
The kamal 1s a traditional navigational instrument used by the Indian nav-

igator who navigated Vasco da Gama to India from Africa. Field work in

the Lakshadweep islands led to the recovery of the instrument, used in tra-

ditional Indo-Arabic navigation, whose construction is here described. The

kamal primarily measures angles using a harmonic scale, marked by knots on

a string. The novel feature is the use of the two-scale (“Vernier”) principle



xii

Synoptic Contents

for harmonic interpolation. This enabled very high accuracy in angle mea-
surements, thus explaining also the instrumental basis of the precise early
Indo-Arabic estimates of the size of the globe, and determination of local
latitude and longitude.

III' Transmission of the Calculus to Europe

Models of Information Transmission
General historiographic considerations and the nature and standards of evidence to
decide transmission

We re-examine and reject the racist model that all (or most) scientific
knowledge, especially of mathematics and astronomy, has a White origin
either in post-renaissance Europe or in early Greece, from where others
obtained it by transmission. Alexander obtained a huge booty of books
from Persia and Egypt, some of which were translated into Greek. The
conjectured scientific knowledge of early Greeks could not grow in Athens,
but could grow only in Alexandria, on African soil, since it derived from
transmission of knowledge from Black Egypt and other non-White sources.
Since the actual evidence for the conjectured Greek knowledge in Alexandria
comes almost wholly from very late Arabic sources, or even later Byzan-
tine Greek sources, later-day world knowledge up to the 10th c¢. CE has
also been anachronistically attributed to early Greeks, and is incompatible
with the crudeness of Greek and Roman knowledge of mathematics and
astronomy exhibited in non-textual sources. As an example, we consider
the evidence that significant portions of the current Almagest text attributed
to Ptolemy, derived by such transmission from India via Jundishapur and
Baghdad. The cases of Copernicus and the rock edicts of Ashoka the Great
are used to show how much and how systematically the standard of evi-
dence varies with the direction of transmission. To avoid this racist double
standard of evidence, often masked by an appeal to authority, we propose
a new standard of evidence for transmission, involving opportunity and
motivation, together with circumstantial, documentary, and epistemological
evidence.

How and Why the Calculus was Imported into Europe
The European navigational problem and its solution available in Indian books
easily accessible to Jesuits

At the beginning of the 16th c. CE, European navigators on the high
seas could not determine any of the three “ells”—latitude, longitude and
loxodromes—since their peculiar navigational technique was adapted to the
Mediterranean. However, trade with India, China, and colonization of Amer-
icas was becoming the major source of wealth in Europe. This required good
knowledge of navigation, to acquire which European governments took nu-
merous big initiatives. Celestial navigation required accurate trigonometric
values, and astronomical data, including an accurate calendar, all of which

267

321
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were then lacking in Europe. 'This provided huge motivation for transmis-
sion to Europe of precise Indian trigonometric values, and through them
the infinite series and the calculus. Coincidentally, the {irst Roman Catholic
mission in India was founded in Cochin, in 1500, and later turned into a col-
lege for the indigenous Syrian Christians, in the neighbourhood, who spoke
Malayalam. The Raja of Cochin simultaneously patronized both Portuguese
and the authors of key texts documenting expositions of the Indian infinite
series used to derive accurate trigonometric values. 'This provided a splendid
opportunity for the Jesuits, who systematically gathered knowledge by ap-
plying the Toledo model of mass translation to Cochin, soon after they took
over the Cochin college in 1550 CE. Apart from the local languages, the Je-
suits were soon trained also in practical mathematics and astronomy. Also,
sailors and travellers returning from India routinely brought back books, as
souvenirs or to be sold to collectors in Europe. From the mid-16th c¢. CE
onwards, circumstantial evidence of the knowledge of Indian mathematical
and astronomical works begins to appear in the works of Mercator, Clavius,
Julius Scaliger, Tycho Brahe, de Nobili, Kepler, Cavalieri, Fermat, Pascal, etc.
Indian sources were rarely directly acknowledged by these Europeans due
to the terror of acknowledging “pagan” sources during the Inquisition, and
the church doctrine of Christian Discovery, which preceded racism. (lhis is
in striking contrast to the Arabs in the 9th ¢. CE who had enough religious
freedom to acknowledge Indian sources.) The prolonged difficulties that Eu-
ropeans had in understanding the epistemological basis of the calculus fur-
ther characterizes the calculus as knowledge imported into Europe like the
algorismus.

Number Representations in Calculus, Algorismus, and Computers
Sanyavada vs formalism

Berkeley’s objections re ect the doubts about the nature of uxions, infin-
itesimals etc., which neither Newton, nor Leibniz, nor their supporters could
coherently explain to sceptical contemporaries. These doubts led eventu-
ally to the formalisation of “real” numbers using Dedekind cuts and set the-
ory (itself formalised only in the 1930’s), which finally gave a formulation
of the calculus acceptable in the West. These prolonged European diffi-
culties with the calculus arose because the Indian derivation of the infinite
series used a philosophy of non-representables similar to Sianyavada, and in-
compatible with Platonic idealism or formalism—thoughtlessly taken as the
“universal” basis of mathematics in Europe. The central problem of rep-
resentation was left unresolved by the formalisation of real numbers, which
achieved nothing of any practical value. A similar problem had arisen ear-
lier in Europe, in the dispute between abacus and algorismus, which involved
zeroing of non-representables in a calculation. The sanyavada philosophy re-
gards 1dealistic conceptualizations (as in Platonism or formalism) as empty
and erroneous (e.g., mn direct opposition to Platonism it regards an 1deal
geometrical point as an erroneous representation of a real dot). It is also
better suited than Platonic idealism or formalism to numbers on a computer
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which make the representation problem explicit, for both integers and real
numbers.

IV The Contemporary Relevance of the Revised History

Math Wars and the Epistemic Divide in Mathematics
European historical difficulties with Indian mathematics and present-day learning
difficulties in mathematics

Using the principle that phylogeny is ontogeny, the historical European
difficulties in understanding the algorismus and the calculus are here re-
lated to difficulties that students today have in understanding elementary
mathematics. Historically, both algorismus and calculus greatly enhanced
the ability to calculate, but only in a way regarded as epistemologically
insecure in Europe for periods extending to several centuries. Since, in
fact, the formalist epistemology of mathematics is too complex to be taught
at the elementary level, the same situation persists in “fast forward” mode
today in the classroom. 'This epistemic divide has been exacerbated by
computers which have again greatly enhanced the ability to calculate, albeit
in a way regarded as epistemologically insecure. In view of the preceding
considerations, it is proposed to accept mathematics-as-calculation as epis-
temically secure, and to teach mathematics for its practical value, along
with the related notion of number, despite Plato and assorted footnotes to
him.

Distributions, Renormalization, and Shocks
Difficulties with the continuum approach to the calculus and an example of how
advanced formal mathematics needs empirical inputs

The belief that the calculus found a final and satistactory solution with the
formalisation of real numbers is not valid. The formalisation of real numbers
only side-stepped the central problem of representation, which persists
even in to the present-day formal mathematical extensions of the calculus
in the Schwartz theory of distributions. The differences between the two
philosophies of mathematics—(a) formalism vs (b) sanyavdda [empiricism +
acceptance of non-representability]—though subtle, are here demonstrated
to have practical applications also to areas other than computing and math
education, particularly to physics and engineering. Thus, the alternative
philosophy of mathematics is here related to suggested improvements in
(a) the current renormalization procedure used to tackle the problem of
infinities in quantum field theory, to allow use of any polynomial Lagrangian,
and (b) the theory of shock waves, to make it more accurate in real uids
like air, water etc. The suggested improvements, however, require empirical
inputs to finalize the mathematical derivation. Thus, the other key idea,
like that of Sriharsa, is to bring out the limitations of formal mathematics
also from within formal mathematics—namely, to demonstrate that formal
mathematics, without empirical inputs, quickly reaches a sterile end.
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General Introduction

It is understandable that man, shaped by Nature, would like to know Nature. The human
ways of knowing Nature are evidently diverse, theoretical and practical, scientific and tech-
nological, artistic and spiritual. This diversity has, on scrutiny, been found to be neither
exhaustive nor exclusive. The complexity of physical nature, life-world and, particularly,
human mind is so enormous that it is futile to follow a single method for comprehending all
the aspects of the world in which we are situated.

One need not feel bewildered by the variety and complexity of the worldly phenomena.
After all, both from traditional wisdom and our daily experience, we know that our own
nature is not quite alien to the structure of the world. Positively speaking, the elements and
forces that are out there in the world are also present in our body-mind complex, enabling
us to adjust ourselves to our environment. Not only the natural conditions but also the social
conditions of life have instructive similarities between them. This i1s not to underrate in any
way the difference between the human ways of life all over the world. It is partly due to
the variation in climatic conditions and partly due to the distinctness of production-related
tradition, history and culture.

Three broad approaches are discernible in the works on historiography of civilization,
comprising science and technology, art and architecture, social sciences and institutions.
Firstly, some writers are primarily interested in discovering the general laws which govern
all avilizations spread over different continents. They tend to underplay what they call the
noisy local events of the external world and peculiarities of different languages, literatures
and histories. Their accent 1s on the unity of Nature, the unity of science and the unity
of mankind. The second group of writers, unlike the generalist or transcendentalist ones,
attach primary importance to the distinctiveness ot every culture. To these writers human
freedom and creativity are extremely important and basic in character. Social institutions
and the cultural articulations of human consciousness, they argue, are bound to be expressive
of the concerned people’s consciousness. By implication they tend to reject concepts like
archetypal consciousness, universal mind and providential history. There is a third group

of writers who offer a composite picture of civilizations, drawing elements both from their
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local as well as common characteristics. Every culture has its local roots and peculiarities. At
the same time, it is pointed out that due to demographic migration and immigration over
the centuries an element of compositeness emerges almost in every culture. When, due to a
natural calamity or political exigencies people move from one part of the world to another,
they carry with them, among other things, their language, cultural inheritance and their
ways of living.

In the light of the above facts, it is not at all surprising that comparative anthropolo-
gists and philologists are intrigued by the striking similarity between difterent language
families and the rites, rituals and myths of different peoples. Speculative philosophers
of history, heavily relying on the findings of epigraphy, ethnography, archaeology and
theology, try to show in very general terms that the particulars and universals of culture
are essentially’ or secretly’ interrelated. The spiritual aspects of culture like dance and
music, beliefs pertaining to life, death and duties, on analysis, are found to be mediated
by the material forms of life like weather forecasting, food production, urbanization and
invention of script. ‘The transition from the oral culture to the written one was made
possible because of the mastery of symbols and rules of measurement. Speech precedes
grammar, poetry prosody. All these show how the matters’ and forms’ of life are so

subtly interwoven.
11

The PHISPC publications on History of Science, Philosophy and Culture in Indian Civiliza-
tion, in spite of their unitary look, do recognize the differences between the areas of material
civilization and those of ideational culture. It is not a work of a single author. Nor is 1t being
executed by a group of thinkers and writers who are methodologically uniform or ideologi-
cally identical in their commitments. In conceiving the Project we have interacted with, and
been in uenced by, the writings and views of many Indian and non-Indian thinkers.

The attempted unity of this Project lies in its aim and inspiration. We have in India
many scholarly works written by Indians on different aspects of our civilization and culture.
Right from the pre-Christian era to our own time, India has drawn the attention of various
countries of Asia, Europe and Africa. Some of these writings are objective and informative
and many others are based on insufficient information and hearsay, and therefore not quite
reliable, but they have their own value. Quality and view-points keep on changing not only
because of the adequacy and inadequacy of evidence but also, and perhaps more so, because
of the bias and prejudice, religious and political conviction, of the writers.

Besides, it is to be remembered that history, like Nature, is not an open book to be read
alike by all. The past is mainly enclosed and only partially disclosed. History is, therefore,
partly objective or real’ and largely a matter of construction. This is one of the reasons why

some historians themselves think that it is a form of literature or art. However, it does not



General Introduction X1X

mean that historical construction is anarchic” and arbitrary. Certainly, imagination plays an
important role in it.

But its character 1s basically dependent upon the questions which the historian raises and
wants to understand or answer 1n terms of the ideas and actions of human beings n the past
ages. In a way, history, somewhat like the natural sciences, is engaged in answering questions
