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Core question

I As Indians we are proud of our gaṇita heritage.

I But today we teach Western ethnomathematics (formal
math), believing it to be superior.

I Is it?
I What is really superior? Formal math or gaṇita??
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I What if gaṇita (normal math) were superior?
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Why is this question important
Example of the calendar

I For example, we uncritically adopted the religious
Christian (Gregorian) calendar as our national calendar.

I It alienates us from our culture. (Dates of Indian
festivals moveable, Christian festivals fixed.)

I It is inferior compared to the Indian calendars (e.g.
unequal months)

I and it damages our core economic interests in monsoon
driven agriculture, since it has no rainy season.

I See video “Tale of two calendars” (just google) or use
https://www.youtube.com/watch?v=MvpuC7Dg4e0

https://www.youtube.com/watch?v=MvpuC7Dg4e0
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I Worst part: The Christian calendar indoctrinates
children into Christian religious superstitions (e.g.
AD-BC superstition along with ABCD).

I That is, blindly imitating the West may harm our
interests,

I especially because colonial higher education came as
church education.

I Universities like Cambridge and Oxford were set up and
controlled by the church for centuries.
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I Colonial higher education made mission schools
important for admission to the university, as the route
to a sarkari job.

I They indoctrinated children into the stock propaganda
“The West is superior, you are inferior, imitate the
West”

I Their aim: to capture the mind of the colonised to make
them believe they are inferior, to facilitate colonial rule.

I Hence the colonised even today believe desi = inferior,
West = superior.
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I But what is unthinkable for the colonised mind may be
true:

I desi might be superior, at least in some cases.
I Calendar is a simple example,
I gaṇita vs math is more complicated.
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I To expunge the Christian propaganda in colonial
education

I we should have critically examined it after
independence.

I But we did not critically examine the issue even for 71
years since independence.
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I Almost impossible for university professors to do such a
critical examination.

I On the university definition of knowledge, it is not
knowledge unless it is published.

I It is not “quality” knowledge unless it is published in a
Western journal.

I There is no Western journal for a fundamental critique
of formal math.

I Anyway, Western journals use the (church) system of
secretive pre-censorship (“peer review”); they will reject
any critique of the West, for political reasons.

I University professors are still enslaved by the colonial
system of “fool and rule”.
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I Our agenda however is freedom: swaraj in thought.

I This is a second battle for freedom from colonial
hegemony, to drive the coloniser out of the colonised
mind.

I A battle for freedom does not require Western approval!
I Therefore, let us do that critical comparison of gaṇita

and formal math now.
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I Note: Westerners and the colonised mind simply cannot
understand

I that the opposite of blind acceptance of the West is not
blind rejection of the West

I but a critical rejection.
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1-everyone else was inferior

I Class IX NCERT text (chp. 5 “Euclid’s geometry”) says

we find that in some civilisations like
Babylonia, geometry remained a very practical
oriented discipline, as was the case in India
Babylonians and Egyptians used geometry
mostly for practical purposes and did very
little to develop it as a systematic science.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

“Greeks did superior math”?
1-everyone else was inferior

I Class IX NCERT text (chp. 5 “Euclid’s geometry”) says

we find that in some civilisations like
Babylonia, geometry remained a very practical
oriented discipline, as was the case in India
Babylonians and Egyptians used geometry
mostly for practical purposes and did very
little to develop it as a systematic science.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

“Greeks did superior math”?
1-everyone else was inferior

I Class IX NCERT text (chp. 5 “Euclid’s geometry”) says

we find that in some civilisations like
Babylonia, geometry remained a very practical
oriented discipline, as was the case in India

Babylonians and Egyptians used geometry
mostly for practical purposes and did very
little to develop it as a systematic science.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

“Greeks did superior math”?
1-everyone else was inferior

I Class IX NCERT text (chp. 5 “Euclid’s geometry”) says

we find that in some civilisations like
Babylonia, geometry remained a very practical
oriented discipline, as was the case in India
Babylonians and Egyptians used geometry
mostly for practical purposes and did very
little to develop it as a systematic science.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

“Greeks did superior math”?
2-”Greeks were superior”

I

But in civilisations like Greece, the emphasis
was on the reasoning behind why certain
constructions work.
The Greeks were interested in establishing the
truth of the statements they discovered using
deductive reasoning (pp. 78-79).
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I This claim of Greek origins of “real” math is copied
from racist/church historians, like Rouse Ball1 who said

The history of mathematics cannot with
certainty be traced back to any school or
period before that of the…Greeks…. Though
all early races…knew something of numeration
yet the rules…were neither deduced from nor
did they form part of any science.

1History of mathematics, Dover, New York,1960, p.1–2.
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the book Euclid’s Elements.

I But it is false that there was any Euclid.
I For there is no evidence for Euclid.
I My Euclid challenge prize of Rs 2 lakh standing for a

decade.
I Lack of evidence for Euclid accepted by leading Western

historian of Greek math, David Fowler, long ago:
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I Millions of students too must, therefore, do likewise:
uncritically believe whatever is written in Western
books.

I Education = colonial indoctrination (still).
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I Our NCERT school text repeats racist/church
propaganda that non-Westerners did not use deductive
reason, only Greeks did.

I But this is false.
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Anumāna or deduction

I All systems of Indian philosophy (except Lokāyata)
accepted inference (anumāna, as valid pramāṇa )

I Likewise Āryabhaṭa (Gola, 7) deduced that the earth is
round like a kadamba flower.

I He did not see the earth from space: as Lalla and
Vaṭeṣvar explained, he inferred it from the fact that far
off trees cannot be seen (and the horizon is round).
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Āryabhaṭa: earth compared to kadamba flower
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I Of course, Āryabhaṭa also used empirical proof

I E.g. (Gaṇita 13) “Horizontality (whether the ground is
level) must be tested by water, and verticality by a
plumb line”.
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I So, Indian gaṇita used both empirical facts and
reasoning

I exactly as does science today.
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Mathematics and religion
Part 1: Greece

I The Greeks did do something different: Plato connected
mathematics to religious beliefs in the soul and its past
lives.

I Proclus derived the word “mathematics” from
“mathesis” (=learning) a way to arouse the soul and
make it remember its past lives,

I on Plato’s doctrine “all learning is recollection” (stated
by Socrates in Meno.)

I (More details tomorrow.)
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I But, it is false myth that Greeks gave some different
type of pure deductive proofs.

I The proofs in actual manuscripts of “Euclid’s” Elements
are no different from what the rest of the world did.

I E.g. the proofs of Proposition 1 is an empirical proof.
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Proposition 1

I Proposition 1 of “Euclid” Elements: To construct an
equilateral triangle on a given base.

I This involves constructing two arcs, centred at the two
ends of the base, with radii equal to the base.

I Then joining the point of intersection of the two arcs to
the two ends.

I (This was called the fish-figure in India, and for its
religious significance for early Christians, see my book
Euclid and Jesus.)
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I The two arcs are seen to intersect.

I But this is an empirical proof (pratyakṣa pramāṇa),
I not based on any postulate.
I Arcs drawn on a pixelated computer screen may be seen

to intersect, but may or may not have a pixel in
common.
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SAS

I Proposition 4 of the actual book “Euclid’s” Elements is
the Side Angle Side (SAS) theorem.

I Prop. 4: If two triangles have two sides and included
angle equal then the two triangles are equal. (Note the
word is equal, not congruent, a 20th c. term.)

I The theorem was proved empirically by rotating one
triangle, moving it in space, and superposing it on the
other triangle.
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I The SAS theorem was essential for the proof of the
“Pythagorean theorem” in the original “Euclid’s”
Elements.

I Therefore, the proofs in Greek geometry texts were
prolix and hence inferior to the proofs in Indian texts

I where the Pythagorean theorem is proved in a single
step, in e.g. the Yuktibhāṣā,2

I without requiring 46 intermediate propositions.

2CKR: Philosophy East and West, 51(3) 2001, pp. 325�362,
http://ckraju.net/papers/Hawaii.pdf

http://ckraju.net/papers/Hawaii.pdf


Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I The SAS theorem was essential for the proof of the
“Pythagorean theorem” in the original “Euclid’s”
Elements.

I Therefore, the proofs in Greek geometry texts were
prolix and hence inferior to the proofs in Indian texts

I where the Pythagorean theorem is proved in a single
step, in e.g. the Yuktibhāṣā,2

I without requiring 46 intermediate propositions.

2CKR: Philosophy East and West, 51(3) 2001, pp. 325�362,
http://ckraju.net/papers/Hawaii.pdf

http://ckraju.net/papers/Hawaii.pdf


Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I The SAS theorem was essential for the proof of the
“Pythagorean theorem” in the original “Euclid’s”
Elements.

I Therefore, the proofs in Greek geometry texts were
prolix and hence inferior to the proofs in Indian texts

I where the Pythagorean theorem is proved in a single
step, in e.g. the Yuktibhāṣā,2

I without requiring 46 intermediate propositions.

2CKR: Philosophy East and West, 51(3) 2001, pp. 325�362,
http://ckraju.net/papers/Hawaii.pdf

http://ckraju.net/papers/Hawaii.pdf


Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I The SAS theorem was essential for the proof of the
“Pythagorean theorem” in the original “Euclid’s”
Elements.

I Therefore, the proofs in Greek geometry texts were
prolix and hence inferior to the proofs in Indian texts

I where the Pythagorean theorem is proved in a single
step, in e.g. the Yuktibhāṣā,2

I without requiring 46 intermediate propositions.

2CKR: Philosophy East and West, 51(3) 2001, pp. 325�362,
http://ckraju.net/papers/Hawaii.pdf

http://ckraju.net/papers/Hawaii.pdf


A

B C

D

E F
G

H

I

J

. .. .. .



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I So actual Greek proofs in geometry were inferior
(setting aside the religious aspect of Greek geometry).

I This aspect not told to students by NCERT.
I Their job only to relay Western propaganda to students?
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4. Hiding the church connection
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Elements: A church text

I Talk of Greeks hides the church connection.

I The only solid fact about “Euclid’s” Elements is that it
was used as a church text for centuries.

I The church burnt any “theologically incorrect” books
(including the earliest known Aramaic Bibles from India,
in 1599).

I Therefore, the book “Euclid’s” Elements (as
re-interpreted by the church) had to be theologically
correct.

I NCERT hides this church connection from students and
teachers.
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A “neoplatonic” religious text

I In India the Elements was long known (from Islamic
“neoplatonism”)

I E.g. Abul Fazl mentions it as part of his talim.
I But most Indians rejected it as a religious text of nil

practical value.
I And only translated into Sanskrit in the 18th c. (by

Samrat Jagannath, in 1723 as Rekhāgaṇita)
commissioned by Sawai Jaisingh (of Jantar Mantar
fame)

I under growing Jesuit influence.
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I ”Euclid’s” Elements came into our school syllabus only
after colonial education,

I replacing traditional rajju-gaṇita. (Will discuss details
tomorrow.)

I Because Cambridge University ritualistically required
blind imitation3 of “”Euclid’s” Elements until 1893

I after which it still foolishly required blind imitation of
the order of propositions in it

I (foolish because the order of proposition is irrelevant
once the empirical proofs in the Elements are noticed
and accepted).

I (“Pythagorean theorem” can be proved in one step as
in the Indian proof.)

3H. M. Taylor, ”Euclid’s” Elements, Cambridge, 1893.
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I The church used “Euclid’s” Elements as a text (e.g. as
in the church-owned Cambridge University)

I because of the church theology of reason, little known
to Indians.

I This was adopted from Islam by the church during the
Crusades, against Muslims,

I to be able to convert Muslims who accepted “reason”
(aql-i-kalām, Islamic rational theology) but rejected the
Bible as corrupted.

I Hence, proof or persuasion was the most important part
of math for the church.
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Double speak about “reason”

I Because of its church origin, the word reason as used in
our Class IX school text involves a double speak.

I It does not refer to normal reason (= reason + facts) as
most people take it to mean.

I It refers to “metaphysical reason” as in church theology
(= reason minus facts), as also used in formal math
today.

I That is “use of reason” here means “prohibition of
facts”! (No pratyakṣa pramāṇa.)

I Our school text does not explain the double speak about
reason, which aims at deliberately misleading people.
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Aquinas’ theorem

I For the church it was politically important to combine
acceptance of reason with a rejection of facts.

I For example, Aquinas reasoned about angels (who do
not exist in fact).

I He “proved” that more than one angel could fit on the
head of a pin,

I on the postulate that angels don’t occupy any space.
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I Everyone accepts empirical proofs are fallible.

I But on church superstition deductive proofs are
infallible (like the pope).

I Therefore, (the church claimed) rejecting facts makes
proofs stronger

I and is a superior method of proof.
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I Formal math is based on that church belief that pure
deductive proofs (based on the doctrine of “reason
minus facts”) are superior.

I It originated in the 20th c., when it was belatedly
admitted that there are no such pure deductive proofs
in “Euclid’s” Elements.
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Why so many lies?

I Why are so many lies needed to “prove” the
“superiority” of Western math?

I Piling on the lies is a sure sign of church propaganda.
I It strongly suggests that the “superiority of Western

math” cannot be established truthfully.
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I That brings us back to our core question:

I Is it really true that formal math is superior to gaṇita?
I Before answering, let us be clear about the difference

between gaṇita and formal math.
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Gaṇita

I Gaṇita, like most systems of Indian philosophy, accepts
both

I empirical proofs (facts), and
I proofs based on reasoning.
I Further, Gaṇita was practical calculation, and accepted

that it was inexact.
I (Inexactitude irrelevant for practical applications.)
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Formal math

I Formal math

I prohibits facts and empirical proofs
I it reasons solely from postulates also called axioms.
I It believes (on religious grounds) that

I math is about proof (its only practical value to the
church was to use reasoning to persuade others)

I math is exact (since it is eternal truth related to the
eternal soul according to Plato).
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Bertrand Russell’s definition of formal math

I “[Formal] mathematics consists entirely of assertions to
the effect that, if such and such a proposition is
true…then such and such another proposition is true.”

I “We …take any hypothesis that seems amusing, and
deduce its consequences”

I “Thus [formal] mathematics may be defined as the
subject in which

I we never know what we are talking about,
I nor whether what we are saying is true.”
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Formal proof

I To repeat, in a formal mathematical proof, every
sentence

I must be either a postulate.
I Or must be derived from two previous sentences by a

rule of reasoning.
I In formal math there is no room for any facts between

postulates and theorems.
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I Contrary to the claim that pure deductive proofs are
superior,

I pure deductive proofs are actually inferior. (Hence, so is
formal math.)

I A formal mathematical theorem is at best relative truth,
relative to the postulates.

I Therefore, if the postulates are false, the resulting
theorem will be false.

I E.g. Aquinas’ conclusions about angels are false
because there are no angels.
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The horned rabbit

I Another example (from my censored article).

1. All animals have two horns.
2. A rabbit is an animal.
3. Therefore, a rabbit has two horns.

I The conclusion is validly deduced from the postulates,
it is a valid mathematical theorem, but

I the postulate 1 is false.
I Hence, the conclusion is false.
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Wolf’s footprints

I The Lokāyata (“people’s philosophers”) rejected
inference as unreliable for this reason.

I A man artificially made wolf’s footprints at night.
I In the morning people inferred from the footprints that

a wolf was around.
I They wrongly assumed that the footprints were made

by an actual wolf.
I Because inference may begin from wrong

assumptions/postulates it is unreliable.
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I As another example, consider the mathematical
postulate of elementary geometry.

I “There is one and only one straight line between two
points.”

I If we try this with dots, this postulate is obviously
empirically false.
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Many straight lines may join two dots
They are only approximately the same
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I On the class VI NCERT texts “real” points are declared
invisible.

I How do we empirically verify a postulate about invisible
points?

I How do we even know where they are?
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I On hardcore formalism, as explained in the NCERT
class IX text (or David Hilbert’s book on Foundations of
Geometry)

I because prohibition of the empirical creates a problem
of infinite regress, a geometric point cannot even be
defined in other words.

I Points and lines are declared “primitive undefinined
notions” to avoid the infinite regress.

I In this case, points and lines obviously do NOT
correspond to anything empirical, so the postulate
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I Therefore, reliance on postulates = reliance on
authority (of some Western mathematicians who made
the postulates)

I Formal math relies on authority instead of empirical
facts.

I Authority is obviously far more fallible.
I Therefore, formal math is inferior.
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2: Errors of deduction
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I Everyone agress that empirical proofs are fallible since
there may be errors of observation etc.

I Classical example in India is that one may mistake a
rope for a snake or vice versa.

I But deduction too is fallible.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Everyone agress that empirical proofs are fallible since
there may be errors of observation etc.

I Classical example in India is that one may mistake a
rope for a snake or vice versa.

I But deduction too is fallible.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Everyone agress that empirical proofs are fallible since
there may be errors of observation etc.

I Classical example in India is that one may mistake a
rope for a snake or vice versa.

I But deduction too is fallible.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Thus, one may mistake an invalid deductive proof for a
valid one.

I E.g. for centuries ALL Western scholars mistakenly
believed the proofs in “Euclid’s” Elements were valid
deductive proofs.

I Errors in deductive proof involve errors of the mind
I more persistent than errors of the senses: issue of snake

vs rope easily resolved.
I Errors of the mind more frequent: in checking a

complex deductive proof, mistakes almost invariably
occur as in a complex deduction in a game of chess,
where the human mind invariably muffs.
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I Given that mistakes are possible in a deductive proof

I the validity of a deductive proof can only be decided
inductively

I So deductive proofs are certainly no less fallible than
empirical proofs.

I (But errors of the mind are more frequent and more
persistent as above.)

I Therefore, pure deductive proofs are more fallible.
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I Actually, few people are technically qualified to check
proofs.

I Even the proof of a simple thing like 1+1=2
I E.g. Russell’s proof of 1+1=2 in 378 pages.
I So, again, to validate a deductive proof most people

blindly trust authority.
I So, again, pure deductive proofs are more fallible than

empirical proofs.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Actually, few people are technically qualified to check
proofs.

I Even the proof of a simple thing like 1+1=2

I E.g. Russell’s proof of 1+1=2 in 378 pages.
I So, again, to validate a deductive proof most people

blindly trust authority.
I So, again, pure deductive proofs are more fallible than

empirical proofs.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Actually, few people are technically qualified to check
proofs.

I Even the proof of a simple thing like 1+1=2
I E.g. Russell’s proof of 1+1=2 in 378 pages.

I So, again, to validate a deductive proof most people
blindly trust authority.

I So, again, pure deductive proofs are more fallible than
empirical proofs.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Actually, few people are technically qualified to check
proofs.

I Even the proof of a simple thing like 1+1=2
I E.g. Russell’s proof of 1+1=2 in 378 pages.
I So, again, to validate a deductive proof most people

blindly trust authority.

I So, again, pure deductive proofs are more fallible than
empirical proofs.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Actually, few people are technically qualified to check
proofs.

I Even the proof of a simple thing like 1+1=2
I E.g. Russell’s proof of 1+1=2 in 378 pages.
I So, again, to validate a deductive proof most people

blindly trust authority.
I So, again, pure deductive proofs are more fallible than

empirical proofs.



. .. .. .



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

3: Logic is not universal
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I It is just another church myth that Aristotle invented
the syllogism.

I Aristotle of Stagira is deliberately confounded with
Aristotle of Toledo (from 1500 years later; fantasized
author of knowledge in 12th c. Arabic texts).

I But from before both, multiple systems of logic
prevailed in India. E.g. Buddhist catuṣkoṭi, Jain
syādavāda, but also 2-valued Naiyayika logic, etc.

I Westerners superstitiously believed Aristotelian logic
bound their god.4 (They misunderstood a casual
concession made to Islamic rational theology by al
Ghazali.)

I Hence, formal mathematical proofs use only 2-valued
logic.

4CKR, “Religious roots of math”, Theory, Culture & Society
Jan-March 2006, pp. 95–97.
http://ckraju.net/papers/Religious-roots-of-math-TCS.pdf.

http://ckraju.net/papers/Religious-roots-of-math-TCS.pdf
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I But logic is neither culturally unique nor empirically
certain (quantum logic is quasi truth functional).

I So, mathematical theorems are culturally colored,
fallible relative truths, relative to unverifiable postulates!
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I Proof only from some unverifiable (irrefutable)
metaphysical postulates, agreed between some
mathematicians, is not serious proof.

I Therefore, proofs of formal math (deductive proofs) are
epistemically inferior to universal empirical proof.
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SGT University: calculus without limits 

Pre-test

Answer all questions.
Blank answer fetches 0. Wrong answer gets negative marks. 
Classes refer to NCERT texts. You may have learnt from a different text in school.

1. Points. You were taught about points in class VI.
(a) Define a point. 
(b) What is the size of a point?
(c) Can something with no size be seen? If something is invisible, how do you know where it 
is?
(d) What is the difference between a fraction and a rational number?

2. Numbers. You were taught “real” numbers in class IX and class X. 
(a) Define a real number.  
(b) Write down the EXACT value of √2 . If x is that exact value, show by direct calculation 
that x2

=2 .  (Note: this should not be 1.9999999999, but exactly 2.)
(c) Can a complex number be written as the ratio of two integers? If i is the complex number   
such that i2

=−1  then is i irrational? Is it rational? 
(d) Are there numbers which are neither rational nor irrational? If your answer is yes, go back 
and re-check your definition at (a). If your answer is no, explain how -1 can have a real square 
root. 

3. Sets. You were taught about sets in class X.
(a) Define a set. 
(b) If you defined a set as a “collection of objects”, define “collection” and define “object”. Is 
“object” the same as in object-oriented programming? If not, what is the difference?
(c) Let R = { x | x∉x }. Is it true that R∈R  ? Is it true that R∉R ?
(d) Can a set have an infinite number of elements? How can you be sure? 

4. Trigonometry. You were taught about trigonometric functions in class IX.
(a) Define sin(x). 
(b) Use that definition to calculate sin (0.3o). 
(c) Is sin (92o) defined? According to my calculator,  sin (92o) = 0.9993. Is this right? Explain. 
(d) Define a radian.  Exactly how many degrees is 1 radian?

5. Limits. You were taught about limits in class XI and XII. 
(a) Define limit. 
(b) According to my calculator  √2 = 1.4142135623730950488016887242097.  Does the 
sequence 1, 1.4, 1.41, 1.414... have a limit?
(c) What is the infinite sum of all natural numbers, 1+2+3+4+... ? Can it be a negative number?
(d) What is the infinite sum 1-1+1-1+1-1+...? 

6. Derivative. You were taught about derivatives in class XI and XII. 
(a) Define the derivative of a function. 
(b) Let N denote the set of natural numbers, and let f : N → N be given by f (x )=x2 . 

. .. .. .



What is the derivative of  f ?

(c) Define the tangent to a curve at a point. Consider the function x sin(x) whose graph is 

displayed. Write the equation of the tangent to the curve at x=0. At how many points does this 
line intersect the curve? Can you list these points? 

(d) What is the derivative of atanh(x) (hyperbolic arc tangent) with respect to x? 

7. Integral. You were taught about integrals in class XII.
(a) Define the integral of  a function.
(b) Shown below is a piece of land with irregular boundaries. How will you calculate its area?

(c)  Calculate ∫
−1

−2
dx
x

. 

(d) Calculate ∫
1

√((1−x2
)(1−4x2

))
dx .

 

8. Applications.  You learnt about Newton's laws of motion and the simple pendulum from class 
VIII to class XI.
(a) At approximately what angle should you throw a cricket ball so that it travels the furthest 
distance? 
(b) Will the answer change if you use a tennis ball instead of a cricket ball?

(c) The formula for the time period of a simple pendulum is T=2π√ l
g

. Therefore, the time 

period of a simple pendulum is independent of amplitude. Is this true or false?
(d) Did you ever experimentally verify any of your answers above?

. .. .. .



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

Gaṇita makes math easy, students can solve
harder problems



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I In contrast, in calculus as gaṇita, there is conceptual
clarity: functions such as ex, sin(x), are properly
defined.

I Because calculus as gaṇita is so easy, it can be taught
in 5 days.

I Because it is so easy, students can solve harder
problems such as elliptic integrals, ballistics with
air-resistance not covered in university calculus texts.

I More details tomorrow, but glance at the tutorial sheet.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I In contrast, in calculus as gaṇita, there is conceptual
clarity: functions such as ex, sin(x), are properly
defined.

I Because calculus as gaṇita is so easy, it can be taught
in 5 days.

I Because it is so easy, students can solve harder
problems such as elliptic integrals, ballistics with
air-resistance not covered in university calculus texts.

I More details tomorrow, but glance at the tutorial sheet.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I In contrast, in calculus as gaṇita, there is conceptual
clarity: functions such as ex, sin(x), are properly
defined.

I Because calculus as gaṇita is so easy, it can be taught
in 5 days.

I Because it is so easy, students can solve harder
problems such as elliptic integrals, ballistics with
air-resistance not covered in university calculus texts.

I More details tomorrow, but glance at the tutorial sheet.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I In contrast, in calculus as gaṇita, there is conceptual
clarity: functions such as ex, sin(x), are properly
defined.

I Because calculus as gaṇita is so easy, it can be taught
in 5 days.

I Because it is so easy, students can solve harder
problems such as elliptic integrals, ballistics with
air-resistance not covered in university calculus texts.

I More details tomorrow, but glance at the tutorial sheet.



Tutorial-1
Calculus without Limits

1. (a) Define an angle
(b) Convert 32◦into radians.
(c) Convert 0.78 radians to degrees.

2. (a) Solve the ODE y′ = y with y(0) = 1.
(b) Hence, calculate the value of e.
(c) Define the exponential function ex.

3. (a) Convert the second order ODE y′′ = −y to two first order ODEs.
(b) Solve the system of two simultaneous ODEs with the initial data y(0) =
0, y′(0) = 1.
(c) Calculate π correct to 4 decimal places.

4. (a) Define the function cos(x).
(b) Calculate cos(42◦).

5. (a) The equation for damped harmonic motion is often written as

ÿ = −k2y − bẏ

. Convert this to a system of 2 ODEs, and solve with the initial data
y(0) = 0, and k = 1, and b = 0.1.
(b) How does the solution change if we use the initial data y(0) = 1?
(c) Re-calculate the solution for b = 0.2, b = 0.3. Can you guess the
solution for a general b?

6. The equation of motion for a simple pendulum is

y′2 = (1− y2)(1− k2y2). (1)

The substitutions

y = sn(x) = y1 (2)
1− y2 = cn2(x) = y22 (3)

1− k2y2 = dn2(x) = y23 . (4)

1

. .. .. .



converts this to 3-equations in Jacobi’s form

y′1 = y2y3, (5)
y′2 = −y3y1, (6)
y′3 = −k2y1y2, (7)

Solve the above equations with the initial data y1(0) = 0, y2(0) = 1,
y3(0) = 1, and parameter k=0.4.
(b) Compare the Jacobian elliptic function sn(x) with sin(x).
(c) The time period of the simple pendulum is the first zero of sn(x).
Calculate it.

7. (a) Van der Pol’s equation is

y′′ + ε(y2 − 1)y′ + y = 0, (8)

Convert this equation to two first order ODEs.
(b) Solve the resulting ODEs for y(0) = 2, and y′(0) = 0, and parameter
value ε = 1

8. (a) Solve the system of equations for the Lorenz model

y′1 = −σy1 + σy2, (9)
y′2 = −y1y3 + ry1 − y2, (10)
y′3 = y1y2 − by3. (11)

for the parameters b = 8
3 , σ = 10, r = 28, and initial data y1 = 8, y2 = −8,

y3 = 27, over the range [-2, 2].
(b) Draw the resulting phase plots.
(c) Switch to 3-d view, and animate.

9. A ball is thrown upwards at an angle θ from a height of 10 meters. Assum-
ing a simple model of air resistance proportional to velocity, and assuming
its coordinates at any instant are (y1, y2), the equations of motion are given
by

y′1 = y3, (12)
y′2 = y4, (13)

y′3 = − b

m
y3, (14)

y′4 = −g − b

m
y4. (15)

where b is the drag coefficient and m is the mass of the ball.
(a) The mass of a cricket ball is 155.9 gram and the mass of a tennis ball
is 58.5 gram. Assume b = 0.01. Both balls are thrown with the same
velocity 10 m/s, at an angle of 45◦. Which ball will travel further? By
how much?
(b) If the angle of throw is changed to 44◦ (for either ball) will it travel a
larger or a smaller distance?

2
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handful of “experts” who derive their livelihood from
formal math and may hence be dishonest?

I If math is about beauty, grants for math should come
only from the department of culture

I formal math should not be taught in engineering and
science courses, except as a cultural activity.
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I Even though we invented calculus in a different way

using easier non-Archimedean arithmetic
(Brahmagupta’s avyakt gaṇita)

I and the philosophy of zeroism.
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S
tephen Hawking’s new book, The
Grand Design: New Answers To The
Ultimate Questions of Life, has a
misleading subtitle. It aims to an-
swer the ultimate questions not of
life, but of theology. Those concern

creation and God.
Science, too, has a big bang theory of the

origin of the cosmos. How does that compare
with the religious account of creation given
by (Christian) theology?

This question has preoccupied Hawking
since his first book in 1973. (That was not the
Brief History Of Time, but a book on gener-
al relativity called The Large-Scale Structure
Of Space-Time.) The concluding sentence of
that book spoke of a “moment of creation”
(called a “singularity”) when the laws of
physics break down (see box). Hawking
claimed to have proved that the “laws of
physics” imply creation.

Does the big bang (a dense state of the cos-
mos) coincide with creation (a true beginning
of time)? People commonly confound the two;
that includes scientists—the website of the

Large Hadronic Collider also speaks of cre-
ation. But a dense state of the cosmos

need not be a moment of creation. In
the Hindu view of a quasi-recurrent

cosmos, the cosmos periodically
goes through a dense egg state (hi-

ranyagarbha). The same is true
of general relativity. If the

cosmos rotates, for example, the big bang
might not be a beginning of time, but only the
other side of a big crunch. So, while the ob-
served cosmic microwave (millimeter) back-
ground might be evidence for a past dense
state of the cosmos, it is no evidence for cre-
ation or a beginning of time. The whole
point of Hawking’s singularity theory was
to try to settle this doubt whether the big
bang did amount to creation. Strangely, this
book never comes to grips with the common
confusion between the big bang and instan-
taneous creation.

Creation and the Bible
Now instantaneous creation, a few billion
years ago, is not exactly the Bible story of cre-
ation in 7 days, some 6,000 years ago. But Chris-
tian theologians explained long ago how the
two are compatible!  Hawking’s earlier view
coincided with those of Thomas Aquinas, a
key 13th century church theologian, who stat-
ed in his Summa Theologica that after creat-
ing the world, God ruled it with eternal laws.

Theology is about power, not the Bible.
This was renamed “soft power” by Hunting-
ton, a modern strategist, who recognised its
role in the US agenda for global hegemony.

The politics of “science and creation” re-
lates to the civilisational clash between Chris-
tianity and Islam. Creation at one instant in
the past is opposed to the Islamic view of con-
tinuous creation, or the Buddhist view of non-
creation, or even the Hindu view of a quasi-
recurrent and long-lived cosmos. So, the sub-
tle propaganda point in Hawking’s work has
all along been that science is opposed to all
non-Christian views of creation, which are
hence false. This influences large numbers of
people who implicitly believe in science, es-
pecially if they don’t understand it.

FJ Tipler even argued that singularity the-
ory shows that “Judeo-Christian theology is
a part of physics”. The book under review
obliquely refers to that argument through the
Hollywood film, The Matrix, which combines
Tipler’s idea of humans as characters in a
computer-generated virtual reality with the
story of Christ as saviour.

The weaknesses of singularity theory were
pointed out by various people including CJS
Clarke and this reviewer. The theory had no
experimental consequence, and hence was
not science. A singularity is merely a mathe-
matical infinity which can be easily elimi-
nated by changing a mathematical definition.

In a public debate with this reviewer, Roger
Penrose, the originator of singularity theory,
could not defend the physical interpretation
of a singularity (it might be just a common
shock wave, as this reviewer argued). The
proofs of Hawking’s singularity theorems
used biased assumptions about time, called
the “chronology condition” (that time is not
‘cyclic’) which are central to the revised
Christian theological dogma from the 4th cen-
tury. Hawking justified those assumptions us-
ing arguments very similar to Augustine’s
(a 4th century theologian). This was ex-
plained in this reviewer’s book The Eleven
Pictures of Time. In an indirect acknowledg-
ment of this critique, Hawking’s latest book
has only a single passing line on singularity
theory: “It seems the laws of evolution of the
universe may break down at the big bang”.

The Brief History Of Time pushed that cre-
ationist idea, and gave Hawking the image of
a super-scientist, among laypersons. But the
weakness of singularity theory, combined
with its proximity to Christian theology, dam-
aged Hawking’s image among scientists. The
inspired (if devious) marketing line for the
present book is that, according to Hawking,
God is not needed for creation. So, what is the
new answer to the mystery of creation? This
is never explained in the book, surely by de-
sign. That subtlety has also been missed by
reviewers, so it needs to be made explicit.

Hawking’s earlier answer (like Aquinas’
theology) had a defect. If the “laws of
physics” break down at the moment of cre-
ation, then how can they be eternal? So the
new answer given (implicitly) by Hawking is
that God created only the laws of physics,
which are “eternal” in the sense of being out-
side time. The cosmos was created accord-
ing to these laws, and hence does not (direct-
ly) require God for its creation. That is, Hawk-
ing, the scientist, can speak comfortably only
of the “laws of physics”, while the Christian
theologian can say those “laws” were created
by God just as they had been saying all along.

Patchwork models, not reality
How do we know that there are “laws of
physics”, or that they do not change capri-
ciously with the epoch? Or that they exist
when/where the cosmos does not? Hawking
appeals to “model-dependent realism”: only
models matter, there is no reality. Even a com-
prehensive model is not needed, a patchwork
will do. Hawking advocates this “philosophy”
since he needs to patch general relativity
(which models the cosmos at large scales)
with quantum field theory (which models the
cosmos at very small scales). Though Hawk-
ing suggests that the two can be patched to-
gether, the lay reader is never warned that no
one has quite succeeded in doing that so far.

How did the “laws of physics” create the
cosmos? The authors use Feynman’s idea of
alternative past histories without pointing
out its key lacuna. (Feynman’s idea was that
all that could have happened did happen.)
That formulation can make predictions, like
astrology, but those predictions cannot be re-
futed by experiment. Science must be
refutable, but Hawking has changed that to
mean that it must be reputable.

Why did God create the world he did? The
new answer (using alternative past histories)
is that he just haphazardly created all possi-
ble worlds — billions of them — of which we
are aware of only one. The final leap in the
book is into M-theory, which supposedly ex-
plains everything, but is never explained in
the book. Instead, the book just concludes by
passing it off as the unified theory Einstein
was looking for. The authors apparently think
this is a book in the Complete Idiot’s series.

Hawking’s claim—that he has no need for
God in his system—is not original: a similar
claim was made long ago, in a similar context,
by Laplace. Not only al Ghazali, but also Isaac
Newton thought that God intervenes in the
cosmos from time to time. The universe may
be like a giant piece of clockwork, but it was
necessary to wind up the clock (or recharge
the batteries) occasionally. Newton needed
God’s intervention since he was unable to
prove the stability of the planetary system.
Laplace did so, hence his boast that he had no
need for God in his system.

So what does that mean for the layperson?
This iron “rule of law” not only eliminates
divine intervention, it also eliminates any
creative human intervention, to bring about
a particular future. This not only makes life
utterly pointless, it cuts out the basis of the
belief in science. In contrast, the Islamic be-
lief in continuous creation allows human cre-
ativity, like the Buddhist belief in conditioned
coorigination (paticca samuppada) or the
Hindu belief in creative action (karma).
Hawking’s answer to this is very very old
hat—something called Conway’s “Game of
Life” which shows how complexity may give
rise to the illusion of creativity. The authors
neglect the whole host of difficulties with
that, perhaps because they believe “philoso-
phy is dead”. But what they give in its place
is half-baked science to support full-blown
theology which suits the pursuit of world
power by one superpower. themag@dnaindia.net

Hawking: Theology in a scientific bottle

The Christian
propaganda in
Hawking’s work
What do the Pope and Stephen Hawking have
in common? Both propagate a Christian view
of how the universe came into being: While
the Pope is direct, seeing the hand of God in
the Big Bang, Hawking does it more subtly.
His popular books provide a scientific veneer
to Christian theology, while projecting 
non-Christian views of creation as
unscientific, reveals Professor CK Raju, 
who is currently with the School of
Mathematical Sciences, Universiti 
Sains Malaysia

Politics of creation
Both science and religion have
stories about cosmic creation.
The Christian belief is that God
created the world at a certain
point of time. This appears to tie
in with the Big Bang theory. But
in fact, extrapolating backwards
from an expanding universe only
tells us there was a dense state
of the cosmos, and not that there
was a moment of instantaneous
creation or a beginning of time.

To get around this, Hawking
earlier applied the notion of
‘singularity’ to argue that the Big
Bang did go back to a moment of
creation. A singularity is
commonly believed to be a
mathematical point of infinite
density into which all matter
flowed. But Hawking believed
that the laws of physics must
break down at a singularity.

So here’s the Catch-22: you can
cook up a moment of creation
with the singularity theory, but in
that case, the laws of physics
(such as the law of gravitation)
are not eternal and won’t apply
there. Hawking’s new book
makes use of some dubious
science to imply that God made
only the laws of physics, which
then created the cosmos.
(Hence, the blurb: “God not
needed for creation”.) In
Hawking’s new scheme of things,
the laws of physics are ‘eternal’
in the sense of being outside
time, which begins only post-
creation. So, Hawking, the
scientist, can speak comfortably
only of the “laws of physics”,
while the Christian theologian
can say those “laws” were
created by God just as they had
been saying all along.

More importantly, these views of
creation are contrary to the
Hindu view of a quasi-recurrent
cosmos, the Islamic view of
continuous creation, and the
Buddhist view of non-creation.
So, Hawking’s theories have

been used to argue that science
agrees with Christianity but is
contrary to other religions. Given
that people tend to believe
authoritative scientists without
understanding what they say,
this is powerful propaganda in
the ongoing clash of civilizations.   

Half-baked science
Hawking’s new theory is that the
cosmos was spontaneously
created by the laws of physics.
But how do we know there are
eternal laws of physics? How do
we know the “laws” do not
change with every epoch?

Hawking gets around such
questions by resorting to “model-
dependent realism”. He also
adopts physicist Richard
Feynman’s idea that all that
could have happened did
happen. He uses this idea to
marry the physics of the large
(gravitation) to the physics of the
small (quantum theory). But this
is a ‘shotgun wedding’ because
there is no accepted way to
match the two as yet. Also, a
universe ruled entirely by law
suggests that human creativity
or “free will” is an illusion; this is
fatal to the philosophy of
science, and makes life
meaningless.

God’s hand in Big Bang
In a sermon last week, Pope
Benedict said God’s mind was
behind the Big Bang, and
Christians should reject the idea
that the universe came into
being by accident.
“Contemplating it, we are invited
to read something profound into
it: the wisdom of the creator.” 

Benedict and his predecessor
John Paul have been trying to
shed the Roman Catholic
Church’s image of being anti-
science, a label that stuck when
it condemned Galileo for saying
that the earth revolves around
the sun, challenging the Bible.

The Grand Design:
New Answers To The

Ultimate Questions
Of Life

Stephen Hawking
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(metaphysical “proofs”, like Aquinas’)

I the import of gaṇita led to an epistemological clash.
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from India to Europe

I Because Greek and Roman knowledge of arithmetic was
inferior

I therefore efficient Indian arithmetic was repeatedly
imported by the West

I first via Arabs in Cordoba (10th c.)
I then via Florentine merchants (13th. c.)
I finally, directly from India (16th c.)
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not?

I Because it exposes that stories of Greek scientific
achievements are a total fraud

I Greeks and Romans could not have done science
without efficient elementary arithmetic.

I Not only Euclid, but stories of Archimedes,
Eratosthenes etc. are all fraud. (See my lectures”Not
out of Greece” at University of South Africa,
http://ckraju.net/unisa)
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I Greek and Roman arithmetic was so primitive, it had no
fractions (like Egyptians had)

I hence the Greek and Roman calendar was defective,
even after the Julian and Gregorian reform

I for they could not easily articulate the precise duration
of the (tropical) year (365.242... days) as a precise
fraction!

I Indeed, even addition and multiplication was a problem
(not to mention subtraction and division).
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Roman arithmetic

I Can you multiply XXIX and LXXVIII?

I (Note: Not allowed to convert to decimals perform the
multiplication, and reconvert. Do it the way Romans
did, for they did not know the decimal place value
system.)

I Romans did multiplication by repeated addition.
I Simpler question: How do you add XXIX and LXXVIII?
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The Roman abacus
Addition

I Lacking place value, Roman arithmetic used an abacus.

I Step 1: write out XXIX in its full form: XXVIIII.
I Step 2: Use counters (coins) for each of L, X, V, I.
I Step 3. Pool together all counters used for XXIX and

LXXVIII.
I Step 4: Simplify 7 I’s = 1 V and 2 I’s. 3 V’s = 1 X and

1 V. 5 X’s = 1 L, 2 L’s = 1 C.
I Answer: So, sum is CVII.
I Whew!
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I Answer: So, sum is CVII.

I Whew!
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Roman arithmetic-3

I To multiply XXIX with LXXVIII you must add LXXVIII
to itself 29 times by repeating the previous steps 29
times.

I Hence, Greek/Roman arithmetic with abacus was
excessively inefficient and inferior.
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The pope’s mistake

I First import of Indian arithmetic from Cordoba in 10th
c. by Gerbert (later pope Sylvester II).

I The pope was a learned man who wrote a book on the
abacus.

I Hence, he mistakenly thought the only way to do
arithmetic was by using an abacus.
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I So, the pope thought the efficiency of Indian arithmetic
was due to some magic in the shape of the numerals
which he inscribed on the back of counters.

I And continued to use the abacus sacrificing the
advantage of efficient arithmetic algorithms.

I The infallible pope foolishly got a special abacus
constructed for “Arabic numerals”

I as shown in this image from a book from 960 CE!
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Law against zero

I A similar misunderstanding occurred during the second
import of Indian arithmetic

I by Fibonacci (Liber Abaci) who learnt it from Muslim
traders in Africa.

I Efficient arithmetic gave a comparative advantage for
commerce,

I hence it was adopted by Florentine merchants.
I But its misunderstanding was the basis of the Florentine

law against zero.
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I Roman numerals are additive like coins: XII = 10+1+1

I But Indians used place value: 12 ̸= 1+2=3.
I Hence, Florentines complained that zero was a

mysterious entity. (Zero from zephyr from Arabic sifr =
cipher)

I Some used this confusion to cheat: a financial contract
for 120 can be easily change to 120000.

I (Not possible with Roman numerals.)
I And passed a law that contracts must also be written in

words, which we still follow with cheques.
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I These are relatively easy examples for a general
audience.

I The Western superstsition that math is exact led to the
main epistemic clash.

I Recall that
√
2 = 1.414 . . . is described in the śulba

sūtra-s as saviśeṣa (with something remaining)
I śulba sūtra-s describe the value of π as sānitya

(impermanent)
I and that Āryabhaṭa described π = 3.1415 . . . as āsanna

(near value)
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√
2

I Formula for
√
2 in śulba sūtra-s

I prmAZ\ E/tFy�n vD
y�ttQc
ct� T�
nA(mct� E-/\fon�n।
sEvf�q,॥ 2�12॥

I The measure is to be increased by its third and this
(third) again by its own foruth less the thirtyfourth part
(of that fourth); this is (the value of) the diagonal of a
square (whose side is the measure), with something
remaining.

I √
2 ≈ 1 +

1

3
+

1

3 · 4
− 1

3 · 4 · 34
= 1.4142156
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The number π
in the śulba sūtra

I Apastamba śulba sūtra 3.2 uses the word sa anitya
(“not permanent”)

I ct� r�\ m�Xl\ EckFq
n m@yA(koÔA\
EnpAty�t ।
pA[v
t, pErk� 	yAEtfyt� Ety�n sh m�Xl\
pErElK�t ॥
sAEn(yA m�Xlm ।
yAv�Fyt� tAvdAg�t� ॥ 3�2॥
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Āryabhaṭa’s value of π

I Āryabhaṭīya Gaṇita 10

I

ct� rAEDk\ ftm	Vg� Z\ dvAqE	V-tTA
sh-/AZAm ।
ay� tdvy Ev[kMB-yAsnno
Ev}ttpErZAh, ॥ 10॥

I 100 plus 4 multiplied by 8, and added to 62,000: this is
the approximate [asanna] measure of the circumference
of a circle whose diameter is 20,000.
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I By the 14th c. Indians had developed full-fledged
infinite series

I such as the Madhava sine and cosine series
I to the most accurate trigonometric values then

known—to sexagesimal thirds (about 9 decimal places)
I Europeans were primitive in navigation,
I Hence, the Jesuits stole calculus to solve the European

navigational problem
I On systematically dishonest Western history (“Doctrine

of Christian Discovery”) calculus is today attributed to
Newton and Leibniz.
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I One simple example of Indian infinite series is the
so-called Leibniz series.

I

&yAs� vAErEDEnht� !pãt� &yAssAgrAEBht�।
E/frAEdEvqms\HyABktm� Z\ -v\ EprTk̂ �mAt̂ k� yA
t̂॥ 2�271॥

I This may be translated as follows.

To the diameter multiplied by 4 alternately
add and subtract in order the diameter
multiplied by 4 and divided separately by the
odd numbers beginning with 3 etc.

I Corresponds to the value of π given by

π

4
= 1 − 1

3
+

1

5
− 1

7
+ . . . . (1)
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I Indians also had a way to sum infinite series: e.g.
Nīlakanṭha’s sum of infinite geometric series

I (in his Āryabhaṭīyabhāṣya commentary on Gaṇita 22.
I (finite geometric series very old, found in Eye of Horus,

and Yajurveda)
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I

ev\ y-t� SyQC�dprBAgprMprAyA an�tAyA aEp s\yog,
t-yAn�tAnAmEp kS=ymA�-y yog-yAdyAvyEvn,
prMprA\fQC�dAd�konQC�dA\fsAMy\ sv
/AEp smAnm�v।

I which may be translated:

The sum of an infinite [anantya] series, whose
later terms (after the first) are got by dividing
the preceding one by the same divisor
everywhere, is equal to the first term divided
by one less than the common divisor.
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I But Europeans did not understand the related Indian
number system and philosophy.

I Descartes foolishly thought the sum of an infinite series
must be obtained by physically adding all the terms.

I Therefore, alluding to the above “Leibniz” series for π,
he wrote

I “the ratios of curved and straight lines are beyond the
human mind”
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I Like it took Europeans at least 7 centuries to
understand basic arithmetic

I and by the 20th c. the West evolved a metaphysical
way to sum infinite series

I using limits, formal real numbers, and set theory.
I This results in an inferior understanding of calculus, as I

will discuss in more detail tomorrow.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Like it took Europeans at least 7 centuries to
understand basic arithmetic

I and by the 20th c. the West evolved a metaphysical
way to sum infinite series

I using limits, formal real numbers, and set theory.
I This results in an inferior understanding of calculus, as I

will discuss in more detail tomorrow.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Like it took Europeans at least 7 centuries to
understand basic arithmetic

I and by the 20th c. the West evolved a metaphysical
way to sum infinite series

I using limits, formal real numbers, and set theory.

I This results in an inferior understanding of calculus, as I
will discuss in more detail tomorrow.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I Like it took Europeans at least 7 centuries to
understand basic arithmetic

I and by the 20th c. the West evolved a metaphysical
way to sum infinite series

I using limits, formal real numbers, and set theory.
I This results in an inferior understanding of calculus, as I

will discuss in more detail tomorrow.



Indian gaṇita vs
formal

mathematics

C. K. Raju

Introduction

Is Western
ethno-math
superior?

Five lies

The comparison

Epistemically
inferior

Practically inferior

Aesthetically
inferior

Politically superior
(only for the West)

The myths of math

Conclusions

.
.
.

.

.
.

I During colonialism our own math wrapped in
metaphysics and a false history of its Western origins
was returned to us

I and declared superior.
I We never checked either that bad philosophy
I or false history,
I and refuse to do so today, on the grounds that

colonialism globalised it
I and we must only imitate the West as others do.
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Conclusions
1

I Colonial education still contines unexamined 71 years
after supposed freedom.

I Impressionable children are systematically taught
bunches of lies to claim that the West is superior.

I NCERT and our university professors cannot provide the
evidence, say we are obliged to imitate the West and
have no right critically examine what it says.

I Western approval is our sole norm for knowledge today.
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have no right critically examine what it says.

I Western approval is our sole norm for knowledge today.
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I It is necessary to dismantle Western myths about both
the history and philosophy of math.

I The slightest commonsense shows that Western formal
math is

I epistemically, practically, and aesthetically inferior.
I But it enables the West to impose authority, and slip in

politically loaded metaphysics into math.
I Use of gaṇita makes math easy, enables students to

solve harder problems, and results in better science.
I IIT’s must start teaching calculus as gaṇita, and set the

trend nationwide.
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