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I Some confusion about the title

I “Calculus: the real story” a talk I gave at MIT in 2015
I against the MIT MOOC on calculus.
I Watch the video (Google: “c k raju mit”).
I This talk will include calculus, but is broader in scope:
I decolonising math and science.
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The stock belief

I Generally believed that math and science are universal
and objective,

I hence, cannot be decolonised.
I Colonial education justified by Macaulay on the grounds

that the colonised needed it for science
I As believed to this day. But
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My thesis

I Math is NOT universal.

I What is taught today in the university is formal math,
I which began in the 20th c. with Bertrand Russell and

David Hilbert.
I The math which prevailed earlier (since the days of the

Rhind papyrus) was normal math
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I Even today, many in UCT simply assert that the “formal
math community”

I is solely authorised to decide what math to teach
I This community led by the West
I which must be convinced to accept normal math, and

reject the formal math it did lifelong
I without a public dialogue.
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I who twice tried to grab credit for my theory in my

published book
I once after he was directly informed.
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Letters to the Editor

Retarded Differential Equations 
and Quantum Mechanics
G. W. Johnson and I wish to draw 
attention to the work of C. K. Raju 
that is related to some of the ideas 
discussed by Sir Michael Atiyah in 
his talk “The Nature of Space”, which 
we reported on in the June/July 2006 
issue of the Notices. Ideas suggesting 
a link between retarded differential 
equations and quantum mechanics 
were put forward some years ago 
by Raju, and we, along with Atiyah, 
believe they deserve attention. Inter-
ested readers are encouraged to read, 
in particular, the following papers 
written by Raju:

1. Time: Towards a Consistent The-
ory, Kluwer Academic, Dordrecht, 
1994 (Fundamental Theories of Phys-
ics, vol. 65), ch. 5b “Electromagnetic 
time” (pp. 116–122), and ch. 6b “Quan-
tum mechanical time” (pp. 161–189).

2. The Eleven Pictures of Time, 
Sage, 2003, pp. 298–302.

3. “The electrodynamic 2-body 
problem and the origin of quan-
tum mechanics”, Foundations of 
Physics, 34, (June 2004), 937–962.

 
—Mark E. Walker 

University of Nebraska 
mwalker5@math.unl.edu

 
(Received December 29, 2006) 

The Proof of the Poincaré 
Conjecture
In recent months there has been 
considerable attention devoted to 
the proof of the Poincaré conjecture 
that was started by Hamilton and 
completed by Perelman, both among 
mathematicians and in the media. 
Although most of the reports are 
largely true to fact, some incorporate 
false statements or innuendo which I 
believe are irresponsible. I am writing 
this letter to set the record straight.

Let me say first that the Hamilton-
Perelman proof of the Poincaré con-
jecture is a great triumph for math-
ematics in general and for geometric 
analysis in particular. I am privileged 
to have participated in the nurturing 
of geometric analysis from its infancy 

to its adulthood. There were the good 
old days when ideas were shared and 
new frontiers were explored. It was 
during this period that the Ricci flow 
was introduced and investigated by 
Hamilton. Thirty years later, geomet-
ric analysis has reached maturity, and 
the proof of the Poincaré conjecture 
is perhaps its most spectacular suc-
cess to date. I expect many more 
successes to come.

The achievements of Hamilton and 
Perelman in solving the conjecture, 
especially their major breakthroughs 
on singularities of nonlinear para-
bolic systems and the structure theo-
rem for 3-dimensional manifolds, are 
unparalleled. They far exceed the 
established standards for Fields Med-
als. I fully support, and have always 
said so, the award of the Fields Medal 
to Perelman. (In my view, Hamilton 
clearly deserves the Fields Medal 
also, but he is not eligible at this time 
because of the age restriction.) For 
anyone to suggest in words or a car-
toon that my position has ever been 
anything but that is both offensive 
and completely untrue.

Proving the Poincaré conjecture is 
an intricate and daunting process. In 
a work of this scale, it is understand-
able that when Perelman released 
his manuscripts on arxiv.org, several 
key steps were merely sketched or 
outlined. These manuscripts posed 
a tremendous challenge for the math 
community to digest. For two years 
many top experts in the field of geo-
metric analysis worked hard and 
made steady progress in understand-
ing and clarifying Perelman’s papers. 
At the end of 2005, Cao and Zhu com-
pleted a three-hundred-plus-pages 
manuscript that provided a complete 
account of the Hamilton-Perelman 
proof of the Poincaré conjecture. 
This paper provides the proof in a 
form that finally can be understood 
by researchers in the field.

This past summer while I was in 
China, I held a press conference and 
also gave a public lecture on the Poin-
caré conjecture. My press conference 
addressed a group of Chinese report-
ers. Its intention was to encourage 
young Chinese mathematicians and 
scientists to be more ambitious and 
seek the frontiers of research being 
done worldwide and not just in China. 

Young mathematicians in China need 
not just encouragement but a better 
perspective of what the most exciting 
and promising directions of research 
are. My public lecture in Beijing on 
June 20 [2006] was addressed to the 
mathematics community and a large 
group of string theorists. In that talk 
I focused on the achievements of 
Hamilton and Perelman. Since Cao 
and Zhu managed to put together in 
writing the details of the deep ideas 
of Hamilton and Perelman, I praised 
them as well, hoping this would en-
courage their fellow mathematicians 
in China.

Over the years I have inherited 
from my teacher S. S. Chern the 
strong belief that it is the duty of 
any mature mathematician to train 
the next generation. Since he and I 
both come from China and there are 
many talented young Chinese math-
ematicians who are not exposed to 
modern mathematics, we have spent 
a lot of time helping mathematicians 
and students in China. We devoted a 
lot of time discussing the challenges 
and working together to address 
them. Thanks to his leadership, there 
are now many outstanding Chinese-
trained mathematicians in Western 
universities. Over the last twenty 
years, Chern and I have also been 
trying to develop mathematics within 
Chinese universities. Because of the 
Cultural Revolution, the recovery has 
been slow. But thanks also to the help 
of many friends from the West, the 
situation is improving.

There have been uninformed re-
ports on how the Cao-Zhu paper was 
handled by the Asian Journal of Math-
ematics, as well as on the joint work 
by Lian, Liu, and me on the mirror 
symmetry conjecture. Regarding the 
former, rumor has it that the normal 
peer review process had been tossed 
out the window. On the contrary, it 
took the journal several months to go 
through the established process until 
the paper was accepted for publica-
tion. After receiving the submission 
in December 2005, I asked, without 
success, several leading experts on 
geometric flows, including Perel-
man, if they would referee the paper. 
Under the circumstances, I myself 
took on the referee’s task. After at-
tending more than sixty hours of 
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I overthrow of colonial authority
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I Normal math is EASY

I a child understands 1+1=2 empirically.
I But does anyone here understands the 378 page proof of

1+1=2 in the Principia?
I Today 1+1=2 proved using set theory, but even most

math experts never learn formal set theory, for it is too
hard.

I (They just trust the math community, despite
paradoxes, such as Banach-Tarski paradox.)
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Another example
Geometric points

I Since 1+1=2 is too hard, let us take an easier example.

I School texts (class 6) in India teach
I “geometric points are invisible”.
I But this is a con-trick.
I Like the emperor’s invisible new clothes
I which are visible only to the intelligent.
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I Invisible points don’t exist on common sense.

I Through formal math, students are taught to reject
commonsense

I and trust the authority of the school text
I which derives from the West.
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Colonial education and colonialism
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I This is as per plan.

I Colonial higher education came as church education.
I All early universities like Cambridge, Oxford, Paris,

Bolgona,
I were set up by the church during the Crusades to mass

produce indoctrinated missionaries.
I Were 100% controlled by the church until the 20th c.
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was the cheapest way to contain revolts.

I First universities set up in India immediately after the
revolt of 1857.
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I In India, the coloniser was militarily weak,
I and could not match the military might of the Moghul

empire (or even the Vijaynagar empire)
I Western gun and steel technology was very inferior then
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sure whether it had been won!).
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I Two key myths are about (a) “Euclid” and (b) his
deductive proofs.

I Both are complete falsehoods taught through our math
texts.

I There is nil evidence for the existence of “Euclid” (or his
white skin)

I There is not a single pure deductive proof in the book
Elements he supposedly wrote.

I The book was written by another person at another
time for another (religious) purpose.
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I But no one dared claim my prize of ZAR 40K for the
slightest serious evidence about “Euclid”.

I in the last seven years
I because that would involve a public discussion.
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I The myths of formal math are accompanied by
superstitions.

I Western claim: deductive proof is infallible.
I Deductive proofs are obviously fallible:
I an invalid deductive proof may be mistaken for a valid

one:
I all Western scholars mistook the proofs in the Elements

as valid deductive proofs for over 7 centuries.
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I During the Crusades the church adopted the theology of
reason

I and used the Elements to teach reasoning to its priests
(we still follow that Cambridge syllabus).

I However, the church notion of reasoning involved a trick
I it started from (anti-empirical) metaphysical premises,
I so it could be used to prove any pre-determined

conclusion whatsoever, which suited authority.
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I The Lokayata in India rejected inference when done
without empirically verifying the premises.

I E.g. wolf’s footprints.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I The Lokayata in India rejected inference when done
without empirically verifying the premises.

I E.g. wolf’s footprints.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I The premises of formal math can never be empirically
verified,

I because even at the level of geometric points and
1+1=2

I they involve an anti-empirical metaphysics (fantasy) of
infinity.
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Finer point

I That metaphysics (fantasy) of infinity

I is closely tied to church dogmas of eternity.
I See, “Curse on ’cyclic’ time” in Eleven Pictures of Time,

Sage, 2003, and my article on “Eternity and infinity”
(Google).
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Tipler quote

I “theology is a branch of physics, . . . physicists can infer
by calculation the existence of God

I and the likelihood of the resurrection of the dead to
eternal life in exactly the same way as physicists
calculate the properties of the electron.

I the central claims of Judeo-Christian theology are in fact
true,

I . . . these claims are straightforward deductions of the
laws of physics as we now understand them.
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I I have been forced into these conclusions by the
inexorable logic of my own special branch of
physics. . . the area of global general
relativity. . . created. . . by the great British physicists
Roger Penrose and Stephen Hawking.
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I Tipler only explains

I the irrefutable theology in Stephen Hawking’s singularity
theory.

I See my newspaper article for a popular-level account.
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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
and Leonard

Mlodinow
Bantam Books

199 pages
Rs599
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A last point
Logic

I Lastly, formal math uses 2-valued (“Aristotelian”) logic
for proofs,

I on the naive theological assumption that logic is
universal (“logic binds god”)

I But, from before even the real Aristotle, Buddhists and
Jains used a different logic

I similar to quantum logic which empirically prevails in the
micro-domain.
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Interim summary

I No “Euclid”.

I No pure deductive proofs in the Elements.
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I Formal real numbers are not real,
I hence can never be used for practical applications.
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I can hence never use formal real numbers.
I It uses real floating point numbers.
I Anything that can be done using computers is normal
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today.)
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across 3 countries.
I Being taught to (school and) university students today

in India.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I The alternative math worked out by the Multiversity
group (Malaysia, Iran, India)

I over the last decade

I Tested with experiments with 8 groups in 5 universities,
across 3 countries.

I Being taught to (school and) university students today
in India.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I The alternative math worked out by the Multiversity
group (Malaysia, Iran, India)

I over the last decade
I Tested with experiments with 8 groups in 5 universities,

across 3 countries.

I Being taught to (school and) university students today
in India.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I The alternative math worked out by the Multiversity
group (Malaysia, Iran, India)

I over the last decade
I Tested with experiments with 8 groups in 5 universities,

across 3 countries.
I Being taught to (school and) university students today

in India.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I Easiest way to understand the alternative is through
history:

I Euclid etc. not the sole falsehoods of Western history
I that includes Copernicus, Newton (calculus), and many

others.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I Easiest way to understand the alternative is through
history:

I Euclid etc. not the sole falsehoods of Western history

I that includes Copernicus, Newton (calculus), and many
others.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I Easiest way to understand the alternative is through
history:

I Euclid etc. not the sole falsehoods of Western history
I that includes Copernicus, Newton (calculus), and many

others.



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

I Note: not proposing rejection of everything Western

I but only a critical rejection
I as publicly explained in debates in Malaysia long ago.
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I It was imported by the West for its practical value.
I E.g. arithmetic for commerce,
I trigonometry and calculus for navigation,
I probability for games of chance.
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understand what it imported.

I The very names tell this story.
I E.g Zero from zephyr or sifr = cypher = mysterious
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but zero involves place value

I Hence, Florence passed a law against zero in 13th c.
I Financial contracts using “Arabic” numerals must also

be written also in words (as we still do).
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I The word “sine” derives from Latin sinus = fold

I from Arabic jaib (according to OED)
I a misreading of jiba from Sanskrit jiva or jya = chord,

relates to the circle.
I “Trigonometry” involves a conceptual confusion: it

should be “circle-metry”
I (But no instrument with which to measure the circle, in

present-day geometry box.)
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Conclusion

I (No Claudius Ptolemy, but Egyptians and Iraqis
probably knew circlemetry.)

I Like arithmetic, trigonometry was transmitted in
multiple phases.

I Final phase: directly from India (16th c.) for the
specifically European navigational problem:

I precise trigonometric values needed to determine
latitude, longitude, and loxodromes.
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Madhava’s sine table

��	W\ nAm vEr	WAnA\ EhmAEdý v�
dBAvn,।

tpno BAn� s� Äâo m@ym\ EvE� dohnm̂॥

EDgA>yo nAfn\ k	V\ CàBogAfyAEMbkA।

Em}gAhAro nr�fo_y\ vFro rZjyo(s� k,॥

...
CAyAlyo gjo nFlo Enm
lo nAE-t s(k� l�।

rA/O dp
ZmB}A½\ nAg-t� ½nKo blF॥

DFro y� vA kTAlol, p� >yo nArFjn{B
g,।

k�yAgAr� nAgvSlF d�vo Evõv-TlF B� g� ,॥

t(prAEdklA�tA-t� mhA>yA mADvoEdtA,।
-v-vp� v
Evf� �� t� Ef	VA-tt̂K�XmOEv
kA,॥ 2�9�5॥
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Madhava’s sine table

Table: Mādhava’s sine values

No. Kat.apayādi kalā (′) vikalā(′′) tatparā(′′′)
1 ��	W\ nAm vEr	WAnA\ 224 50 22
2 EhmAEdý v�
dBAvn, 448 42 58
3 tpno BAn� s� Äâo 670 40 16
4 m@ym\ EvE� dohnm̂ 889 45 15

. . . . . . . . . . . . . . .
21 DFro y� vA kTAlol, 3371 41 29
22 p� >yo nArFjn{B
g, 3408 20 11
23 k�yAgAr� nAgvSlF 3430 23 11
24 d�vo Evõv-TlF B� g� , 3437 44 48



Decolonising
Math and
Science

Education

C. K. Raju

Introduction

Normal math vs
formal math

Colonial
education and
colonialism

Myths and
superstitions of
formal math

The alternative

Results

Decolonising
science

Other
decolonised
courses

Conclusion

Accuracy of Madhava’s sine values

Table: Accuracy of Mādhava’s sine table.

No. Mādhava’s sine value Difference
1 0.0654031452 0.0000000160
2 0.1305262297 0.0000000375
3 0.1950903240 0.0000000020
4 0.2588190035 −0.0000000416

. . . . . . . . .

. . . . . . . . .
21 0.9807852980 0.0000000176
22 0.9914448967 0.0000000353
23 0.9978589819 0.0000000587
24 1.0000000000 0.0000000000
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Āryabhat.a’s table of sine differences

I Process of calculating accurate sine values began a
thousand years earlier

I with Āryabhat.a in the 5th c.

I

mEK BEK PEK DEK ZEK �EK

REK h-J -kEk Ek	g [GEk Ek]v ।

]lEk Ekg} hÈ DEk Ekc
-g [J R̂v ?l =t P C klAD
>yA ॥ 12॥
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Translation

I 225, 224, 222, 219, 215, 210, 205, 199, 191, 183, 174,
164, 154, 143, 131, 119, 106, 93, 79, 65, 51, 37, 22,
7—[these are the] Rsine [differences] [for the quadrant
divided into as many equal parts, each part hence being
225′] [in] minutes.

I (Circumference of the circle in minutes is
360× 60 = 21, 600.)
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Beginning of calculus

I Āryabhat.a innovation: use of numerical techniques:

I Āryabhat.a(“Euler”) method to solve difference equations
I and calculate sine values accurate to the minute.
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I Āryabhat.a was criticised for using linear interpolation

I Brahmagupta (7th c.) used quadratic interpolation
(“Stirling’s formula”)

I also used by Vat.es.vara (9th c.) to calculate 96 sine
values accurate to the seconds.
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I Madahava’s sine values use 11th/12th order
interpolation/extrapolation

I to achieve accuracy to the thirds.
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Sum of infinite geometric series

I Infinite series were summed. E.g.

I first formula for sum of infinite geometric series given by
15th c. N̄ılakant.ha in his commentary on Āryabhat.̄ ıya
(Ganita 22)
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164 Cultural Foundations of Mathematics

That the tradition itself used infinite series in addition to indefinite series is clear from
the way in which Nı̄lakan. t.ha, in the Aryabhat.̄ıyaBhās.ya,74 gives an expression for the sum of
an infinite geometric series,

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

which may be translated:75

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.

(The divisor in question is assumed to be everywhere greater than 1, so that the common
ratio is less than 1.) As pointed out earlier, such an understanding of infinitesimals, too,
is a direct extension of the standard idea of non-representable built into the (non-idealist)
number system.

Computing the Sum of the kth Powers: Vārasaṅkalitā

Consider, next the varga-saṅkalitā or the series

s2 = 12 + 22 + 32 + · · · + n2. (3.95)

If each term in the mūla-saṅkalitā series (3.86) had been multiplied by n, then we would have
obtained

1 · n + 2 · n + 3 · n + · · · + n · n = s1 · n. (3.96)

Write the varga-saṅkalitā (in the original order) under the above series, and subtract, to
obtain

1 · n + 2 · n + 3 · n + · · · + n · n
−1 · 1 − 2 · 2 − 3 · 3 − · · · − n · n =

n2(n+ 1) / 2

−s2.
(3.97)

That is,

(n− 1) · 1 + (n− 2) · 2 + (n− 3) · 3 + · · · + (n− n) · n =
n2(n+ 1)

2
− s2. (3.98)

The series on the left of the above expression can be written as a triangular sum consisting
of (n − 1) occurrences of 1, (n − 2) occurrences of 2, (n − 3) occurrences of 3, etc., each
occurrence being stacked vertically:76
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I Word “algebra” comes from “Al jabr waal muqabla” of
8th al Khwarizmi of Baghdad

I who translated also the work of Brahmagupta.
I Brahmagupta called polynomials (such as 2x + 3)

unexpressed (“avyakt”) numbers
I Led to unexpressed fractions (e.g. 2x+3

3x+4 , or rational
functions)

I which constitute what is today called a
non-Archimedean ordered field.
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Better calculus

I Advocate it NOT because it is Indian in origin, but
because it is BETTER.

I Non-Archimedean arithmetic leads to better calculus
today.

I E.g. university calculus fails for discontinuous functions
I which cannot be differentiated.
I But shocks are discontinuities which commonly arise.
I How to make sense of the nonlinear partial differential

equations of physics when there is a discontinuity?
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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?



Math Group: Calculus without Limits

Exam, Pre-test: A

Name:

Student Number:

Course:

Age:
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• Please attach this question paper and return it along with your answer
sheet.

• This is not a competitive test. The aim is to obtain feedback to decide
what to teach and how.

• Since the group is heterogeneous, you may find some questions too easy,
or some may be too difficult. Attempt as many questions are you are able
to.

1. (a) Define a complete metric space.

(b) The least upper bound property for R says that if A ⊂ R is non-
empty and bounded above, then ∃α ∈ R such that a ≤ α, ∀a ∈ A,
and if a ≤ b, ∀a ∈ A then α ≤ b. Assume the least upper bound
property and prove that R is a complete metric space.

2. (a) Define “infinite set”, “countable set”, “uncountable set”.

(b) Prove that R is uncountable.

(c) If N is the set of natural numbers, and P (N) is its power set, does
there exist a bijective map f : P (N) → R?

3. (a) Write down the binary representation of 41.

(b) Write down the binary representation of 2.5

(c) Rewrite your answer using a mantissa between 1 and 2.

4. Given g(x) =

{
x2 − C, if x < 4

−
√
Cx+ 20, if x ≥ 4

(a) Find the value of C which makes g continuous on (−∞,∞).

(b) With the above value of C, is g differentiable? Explain your
answer.

5. (a) Suppose fn is a sequence of Riemann integrable functions which
converges to the function f on (0,∞), convergence being uniform
on compact subsets. Is it true that f is Riemann integrable and
that

∫∞
0
fn →

∫∞
0
f?

(b) Suppose fn is a sequence of differentiable functions which con-
verges uniformly to the function f on (0, 1). Is it true that f is
differentiable and that the sequence of derivatives fn

′ → f ′?

1



6. (a) Give an example of a real-valued function f which is not Riemann
integrable on [0, 1]. Is this Lebesgue integrable?

(b) Does there exist a Riemann integrable function on (0,∞) which
is not Lebesgue integrable?

7. The following ten numbers were drawn at random from [0, 1] using a uni-
form probability distribution: 0.23, 0.74, 0.18, 0.79, 0.51, 0.34, 0.67, 0.44,
0.11, 0.44.

(a) Find the average.

(b) Explain why it is not 0.5.

(c) If the average does equal 0.5 at some stage, can subsequent draws
of further random numbers change that value?

(d) An unbiased coin is tossed 100 times. The first toss is tails, and
the subsequent 99 tosses are heads. At the 101st toss (i) is the
probability of tails greater than that of heads or (ii) is the prob-
ability of heads greater than that of tails?

8. Suppose a monkey is typing at random on a typewriter which has 50 keys
(z and Z having been dropped), and suppose that the monkey is equally
likely to strike any key.

(a) What is the probability that the first six letters the monkey types
will spell the word “Hamlet”.

(b) Suppose we consider the letters typed by the monkey in consecu-
tive blocks of six letters. What is the probability pn that the first
n blocks of six letters will have the word “Hamlet”?

(c) Does limn→∞ pn exist? If so, what is it?

9. Differentiate the following with respect to x

(a) sinn x. sinnx

(b) sec−1

√
x+ 1√
x− 1

+ sin−1

√
x− 1√
x+ 1

(c) x− log
(
2ex + 1 +

√
e2x + 4ex + 1

)

10. Evaluate the following indefinite integrals.

(a)
∫ √

3x+ 2 dx

(b)
∫
log x dx

(c)
∫ dx√

sin3 x · sin(x+ α)
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Tutorial

Calculus without Limits

I: Di�erentiation

Di�erentiate the following functions with respect to x.

1. x2e
√
x.

2. cosh−1(x)

3. log

√
1 + x cosx

1− x cosx

4. tan−1
(
e2x + 1

e2x − 1

)

II: Integration

Evaluate the following integrals.

5. ∫ √
2−√x

1−
√
2x

dx

6. ∫
sec−1

√
x dx

7. ∫
cot5 x dx

8. ∫ 0.5

0

1√
1− x2

√
1− x

dx

.

1



III : Ordinary di�erential equations

9. Du�ng's equation

d2x

dt2
+ b

dx

dt
− x+ x3 = a cos(ct)

represents a particle in a quartic potential, driven harmonically. Solve this

equation with the initial data x(0) = 0, x′(0) = 1. Obtain the values of

the �rst six zeros. Is the solution periodic?

10. Solve van der Pol's equation

y′′ + (y2 − 1)y′ + y = 0,

with y(0) = 2, y′(0) = 0, and �nd the value of the �rst x for which y has

a local maximum.

2
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Home assignment

The proposed workshop will teach participants about five different types of geometry.

1. Hilbert's synthetic geometry.
2. Birkhoff's axiomatic metric geometry.
3. “Euclidean” geometry.
4. Compass box (empirical) metric geometry
5. The geometry of the sulba sutra.

The reading list for this is put up at http://ckraju.net/geometry/Reading-list-geometry.html. 

The same open directory (http://ckraju.net/geometry/)  also has (a) the original book by Hilbert on 
synthetic geometry (http://ckraju.net/geometry/Hilbert-Foundations-of-Geometry.pdf), (b) the original 
paper by Birkhoff on axiomatic metric geometry (http://ckraju.net/geometry/1932_Birkhoff.pdf), (c) 
Bertrand Russell's original critique of “Euclidean” geometry (http://ckraju.net/geometry/Bertrand
%20Russell%20on%20Euclid.htm), and (d) The Manava sulba-sutra, in the original Sanskrit 
(http://ckraju.net/geometry/manava_shulba_sutra.pdf). An English translation of a key verse (Manava 
10.10) from the book by Sen and Bag is also put up online in the same directory 
(http://ckraju.net/geometry/translation-Manava-10.10.pdf). There is also a detailed critique of geometry 
in NCERT school texts, class 6-9 in the same directory (http://ckraju.net/geometry/NCERT
%20critique-and-outline-of-alternative.pdf) which critique will be covered during the workshop.  

Please glance through these references, (You are not expected to fully understand these references; it is 
the purpose of the workshop to help you understand them, and the key differences between these 
different types of geometry.) But try to answer the following preliminary questions.

1. (a) Is the length of a line segment defined in Hilbert's synthetic geometry? If so, from what 
axioms? 
(b) Is Hilbert's notion of congruence of triangles the same as the equality of two triangles?

2. Why, in your opinion, is the proof of “Pythagorean” proposition so easy in Birkhoff's geometry, 
when it requires a whole book in “Euclidean” geometry?

3. (a) Why is the proof of the first proposition of “Euclidean” geometry wrong according to 
Russell? 
(b) Does this mean that the proof of the “Pythagorean” theorem in “Euclidean” geometry is also 
wrong?

4. The length of a line segment can be easily measured using a ruler in the compass box. Does this 
differ from the way the length of a line segment is defined in Birkhoff's metric geometry? If so, 
how?

5. (a) Is the statement in Manava 10.10 equivalent to the “Pythagorean” theorem?
(b) If not, what is the difference? (Hint: read the last part of my article “Black thoughts matter: 
decolonized math, academic censorship, and the “Pythagorean” proposition” in Journal of 
Black Studies, online first, 31 Jan 2017. The article can be downloaded from the publishers site 
(http://journals.sagepub.com/doi/pdf/10.1177/0021934716688311). [Do not subsequently 
upload this article to other websites, always use the above link.]

6. (a) Which of the above geometries are included in your school texts? which are excluded? 
Why?
(b) Does the school text explain the difference between the various types of geometry that are 
included? Are they all mutually compatible?
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