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Extended Abstract

In my book Cultural Foundations of Mathematics: the Nature of Mathematical Proof and the
Transmission of the Calculus from India to Europe in the 16th c. CE (Pearson Longman, 2007), I
established that calculus developed in India in the 5th c. CE, in relation to agriculture (calendar,
astronomy) and navigation,1 and was transmitted to Europe in the 16th c. by Cochin-based Jesuits.2
This was in connection with the European navigational problem, the foremost scientific challenge
before Europe, the solution of which required precise trigonometric values (then available to ten
decimal place precision in India).3
A noteworthy point: Europeans then were mathematically challenged, since even elementary
fractions were absent in Greek and Roman arithmetic. Though Indian arithmetic was imported by
Gerbert (10th c.) from Arabs in Cordoba, and then by Fibonacci from African traders, it remained
with a few Florentine merchants and was introduced in the Jesuit syllabus ca. 1575 by Clavius only
after being imported for the third time direct from Cochin. Consequently, Europeans fumbled in
understanding Indian calculus and especially did not understand how to sum its infinite series.4
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On European superstitions, mathematics is exact, but the exact sum of an infinite series is
physically impossible. Hence, Descartes5 declared infinite series (ratio of curved and straight lines,
or infinite series for pi) as not mathematics, imagining that all sums could only be carried out
physically. Newton thought his conceptually confused metaphysical fluxions6 (now abandoned)
provided the way to exactitude. Later it was the metaphysics of “real” numbers, to construct which
a still bigger metaphysics of set theory was required (first Cantor’s set theory, then axiomatic set
theory of the 20th c.). Colonial education returned calculus with all that load of metaphysics (of nil
practical value) wrapping it with a false history (which declared it the work of Newton and
Leibniz), and declaring it to be superior, and teaching us to imitate it. Accordingly, the NCERT
school math text teach about real numbers (without defining what a real number is) they teach about
limits without defining what a limit is and so on. They still stick to the colonial vision that colonial
education is about teaching blind imitation of the West to students.
At no stage did the NCERT ever compare the inferior calculus that Europe returned through
colonial education with calculus as it originally developed in India, to decide which is really better.
We have done so. 7
Indian calculus began with Aryabhata who invented the numerical method today wrongly called
“Euler’s” method to numerically solve a differential equation for the sine function.8 Slight
improvements of this method are still at the heart of the calculus as used in most applications, such
as sending a rocket to the moon.
Further, to sum infinite series Indians used what is today called non-Archimedean arithmetic
(Brahmagupta’s avyakt ganit).9 With non-Archimedean arithmetic,10 unlike formal reals, there are
no limits, though there are infinities and infinitesimals (not to be confused with imperceptible).
These are to be used with a philosophy of inexactitude called zeroism11 (sunyavada): that is,
infinitesimals have to be discarded analogous to the way small numbers are discarded in a floating
point computation.
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With these three principles (powerful numerical methods vs symbolic elementary functions, nonArchimedean arithmetic vs formal reals, and zeroism vs exactitude) we have successfully taught
calculus without limits to ten groups of students in six universities in three countries.12 The pre-test
uniformly shows that the students learn nothing of calculus in schools, but the post-test showed they
become experts after the course. I will report on these teaching experiments, and their relation to the
recent attempts to decolonise mathematics teaching.13
We now propose to integrate it backward with school education since much of the decolonised
calculus course can be done at the school level instead of the undergraduate level, and the course
integrates nicely with the rajju ganit course (to be taught at the level of class IX). The key difficulty
here is a political one: that schools, unlike the university, lack any autonomy as regards the syllabus,
and those who make the syllabus, have only some colonially-recognized degrees, but lack in-depth
knowledge of mathematics and its real-life applications, and stubbornly stick to blind imitation of
the West.
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