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Some confusion about the title

“Calculus: the real story” a talk | gave at MIT in 2015
against the MIT MOOC on calculus.

Watch the video (Google: “c k raju mit").

This talk will include calculus, but is broader in scope:

decolonising math and science.
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» Generally believed that math and science are universal
and objective,

» hence, cannot be decolonised.

» Colonial education justified by Macaulay on the grounds
that the colonised needed it for science

» As believed to this day. But
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» Math is NOT universal.
» What is taught today in the university is formal math,
» which began in the 20th c. with Bertrand Russell and
David Hilbert.
» The math which prevailed earlier (since the days of the

Rhind papyrus) was normal math
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» If math is universal, let us select the universal math
» of the colonised which prevailed earlier!

» End of story!
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If, on the other hand, math is not universal, then
there are at least two types of math:

formal math

and normal math (or the math of the colonised)

(still taught in primary school).
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» there are at least two types of math:

formal math
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and normal math (or the math of the colonised)
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(still taught in primary school).

Science uses math: changing math changes science.
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» Teaching formal math justified by asserting that normal
math is inferior.

» The coloniser just asserted the inferiority of normal math

» the way racists asserted the inferiority of blacks, browns,
reds, yellows.
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» Even today, many in UCT simply assert that the “formal
math community”

» is solely authorised to decide what math to teach
» This community led by the West

» which must be convinced to accept normal math, and
reject the formal math it did lifelong

» without a public dialogue.
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» Decolonisation means decisions on what math to teach
must be made locally

» they must be made transparently: math teachers ought
to be responsible to their immediate society

» and must publicly explain why they teach what they
teach.
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» Leaders of the “formal math community” may be
dishonest,

> like Sir Michael Atiyah the top mathematician
> (only one to get both Fields medal and Abel prize)

» who twice tried to grab credit for my theory in my
published book

» once after he was directly informed.
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The American Mathematical Society ruled that no
apology or correction is needed

a belated acknowledgment is OK.
It refused to publish that Atiyah was personally informed

and then did it a second time.
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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
mwalkerS5@math.unl.edu

(Received December 29, 2006)
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authority

Introduction
especially over the local syllabus.
(Academics still remain colonised).

Because Western academics teaches us to trust Western
certificates of approval

and academics are ranked on the strength of publication
in journals controlled by the West.

Hence constantly driven by a desire for Western
approval.
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Difference 1

» So, what is the difference between normal math and
formal math?

» Normal math accepts the empirical, formal math
prohibits it.

» So, in normal math 1+1=2 because 1 chair and 1 chair
make 2 chairs (that is what most of you learnt as kids).

» In formal math, Russell needed 378 pages to prove
14+1=2.
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Since science and engineering are about the real world,
they accept empirical proofs. Normal math vs

formal math

So, the use of normal math (with empirical proofs)
involves no loss

(but a gain: normal math is easy so students are able to
solve much harder problems).

For example, non-elementary elliptic integrals are not
taught as part of usual university calculus courses

but taught in decolonised calculus.
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Formal math begins from axioms
Normal math vs

invariably laid down by Western authority. formal math

So, fall of formal math means loss of authority for the
West.

Terrible!?
But that is exactly what decolonisation is about
overthrow of colonial authority

on the last colonial frontier; academics.
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» Normal math is EASY
» a child understands 1+1=2 empirically.

» But does anyone here understands the 378 page proof of
14+1=2 in the Principia?

» Today 141=2 proved using set theory, but even most
math experts never learn formal set theory, for it is too

hard.

» (They just trust the math community, despite
paradoxes, such as Banach-Tarski paradox.)

Decolonising
Math and
Science
Education

C. K. Raju

Normal math vs
formal math



» So, formal math makes the simplest things like 1+1=2
too hard for most people.

Decolonising
Math and
Science
Education

C. K. Raju

Normal math vs
formal math



» So, formal math makes the simplest things like 1+1=2
too hard for most people.

» They have no option but to trust the West,

Decolonising
Math and
Science
Education

C. K. Raju

Normal math vs
formal math



» So, formal math makes the simplest things like 1+1=2
too hard for most people.

» They have no option but to trust the West,

» and become perpetually dependent on the West.
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» Since 1+1=2 is too hard, let us take an easier example.
» School texts (class 6) in India teach

» “geometric points are invisible".

» But this is a con-trick.

» Like the emperor’s invisible new clothes

» which are visible only to the intelligent.
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Invisible points don't exist on common sense.

Through formal math, students are taught to reject
commonsense

and trust the authority of the school text

which derives from the West.

Decolonising
Math and
Science
Education

C. K. Raju

Normal math vs
formal math



Colonial education and colonialism

courses

Conclusion

DA



» This is as per plan.

nae



Decolonising

Math and
Science
Education
C. K. Raju
» This is as per plan.
» Colonial higher education came as church education. -
olonia

education and
colonialism



Decolonising

Math and

Science

Education

C. K. Raju

» This is as per plan.

» Colonial higher education came as church education. -
olonia

» All early universities like Cambridge, Oxford, Paris, Sucationjend

colonialism

Bolgona,



v

v

v

This is as per plan.
Colonial higher education came as church education.

All early universities like Cambridge, Oxford, Paris,
Bolgona,

were set up by the church during the Crusades to mass
produce indoctrinated missionaries.

Decolonising
Math and
Science
Education

C. K. Raju

Colonial
education and
colonialism



Decolonising

Math and
Science
Education
C. K. Raju
This is as per plan.
Colonial higher education came as church education. -
olonia

education and
colonialism

All early universities like Cambridge, Oxford, Paris,
Bolgona,

were set up by the church during the Crusades to mass
produce indoctrinated missionaries.

Were 100% controlled by the church until the 20th c.



» So, colonial/church education was designed to
indoctrinate its products

Decolonising
Math and
Science
Education

C. K. Raju

Colonial
education and
colonialism



Decolonising

Math and
Science
Education
C. K. Raju
» So, colonial/church education was designed to Colont
olonial
indoctrinate its products education and
colonialism

» to fanatically trust authority against commonsense



Decolonising

Math and
Science
Education
C. K. Raju
» So, colonial/church education was designed to Colont
olonial
indoctrinate its products education and
colonialism

» to fanatically trust authority against commonsense

» e.g. virgin birth, the basis of church ethics.
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» Macaulay told the colonised (in India, 1835) they
needed Western education for science Colonial

education and

» but told the British parliament (in 1847) that education ~ colenialism
was the cheapest way to contain revolts.

» First universities set up in India immediately after the
revolt of 1857.
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Strange that the church (supposedly against science)
brought science to the heathen. Why?

To commit harakiri by introducing one enemy to
another?

Best science colleges in India are still church institutions.
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It is a myth that colonialism was established by guns.
In India, the coloniser was militarily weak,

and could not match the military might of the Moghul
empire (or even the Vijaynagar empire)

Western gun and steel technology was very inferior then

Decolonising
Math and
Science
Education

C. K. Raju

Colonial
education and
colonialism



Decolonising
Math and
Science
Education

C. K. Raju

» The first military victory (skirmish of Plassey) was won Cotonial
after 250 years in 1757 education and

colonialism



Decolonising
Math and
Science
Education

C. K. Raju

» The first military victory (skirmish of Plassey) was won Cotonial
after 250 years in 1757 education and

colonialism

» using an advanced technique



Decolonising
Math and
Science
Education

C. K. Raju

» The first military victory (skirmish of Plassey) was won Cotonial
after 250 years in 1757 education and
» using an advanced technique

» of bribery and deceit.
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» Then West was still scientifically challenged: did not
know how to navigate. o

colonialism

» The British Longitude prize was given away only in 1762

» (and only half the prize was given, for they were not
sure whether it had been won!).
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Decolonising

Decolonise education Math and

Science
Education

C. K. Raju

Colonial
education and

» For a free people we need to redesign education colonialism
fundamentally

» to free the mind, not enslave it.
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» To return to formal math
» because it originates with the church/West

» formal math is accompanied by myths and superstitions.
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Two key myths are about (a) “Euclid” and (b) his
deductive proofs.
Both are complete falsehoods taught through our math
texts.
There is nil evidence for the existence of “Euclid” (or his
yths an

Whlte Skin) superstitions of

formal math

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

The book was written by another person at another
time for another (religious) purpose.
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Some people got furious: at the point that “Euclid” was
a black woman.

But no one dared claim my prize of ZAR 40K for the
slightest serious evidence about “Euclid”.

in the last seven years

because that would involve a public discussion.
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- #EuclidMustFall
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The myths of formal math are accompanied by

superstitions.

Western claim: deductive proof is infallible.

Deductive proofs are obviously fallible:

. . . . . Myths and
an invalid deductive proof may be mistaken for a valid superstitions of

formal math

one:

all Western scholars mistook the proofs in the Elements
as valid deductive proofs for over 7 centuries.
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During the Crusades the church adopted the theology of
reason

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

However, the church notion of reasoning involved a trick
it started from (anti-empirical) metaphysical premises,

so it could be used to prove any pre-determined
conclusion whatsoever, which suited authority.
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verified,

» because even at the level of geometric points and
1+1=2
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» The premises of formal math can never be empirically
verified,

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

> they involve an anti-empirical metaphysics (fantasy) of
infinity.
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» That metaphysics (fantasy) of infinity
» is closely tied to church dogmas of eternity.
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» That metaphysics (fantasy) of infinity

» is closely tied to church dogmas of eternity. oehe ang
yths an

» See, “Curse on 'cyclic' time" in Eleven Pictures of Time, — jperstitions of
Sage, 2003, and my article on “Eternity and infinity"
(Google).
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An example of nonsense
certified by the journal Nature
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» Through the bad metaphysics of formal math
» (and, in particular, calculus)

» church dogmas creep into science.
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eternal life in exactly the same way as physicists
calculate the properties of the electron.
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Tipler quote

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

» 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.

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

» ...these claims are straightforward deductions of the
laws of physics as we now understand them.
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» | 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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» Tipler only explains

» the irrefutable theology in Stephen Hawking's singularity
theory.
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» Tipler only explains

» the irrefutable theology in Stephen Hawking's singularity
theory.

» See my newspaper article for a popular-level account.
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Is anyone here willing to laugh at the
combined authority of Nature, and Stephen Hawking?
Laugh!

For what they assert is as wrong as the case of the UCT
student who is endlessly attacked.
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A last point

Logic

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

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

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

similar to quantum logic which empirically prevails in the
micro-domain.
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Thus, a valid formal mathematical theorem
is not a necessary consequence of the postulates
theorems vary with both postulates and logic

(E.g. in calculus, existence of a Lebesgue
non-measurable set cannot be proved with quasi
truth-functional logic.)
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Interim summary

» No “Euclid”.

» No pure deductive proofs in the Elements.

Decolonising
Math and
Science
Education

C. K. Raju

Myths and
superstitions of
formal math



» Deductive proofs fallible (an invalid proof may be
mistaken for a valid one).

Decolonising
Math and
Science
Education

C. K. Raju

Myths and
superstitions of
formal math



Decolonising
Math and
Science
Education

C. K. Raju

» Deductive proofs fallible (an invalid proof may be
mistaken for a valid one).

» Anti-empirical deductive proofs can be used to prove
anything. (Any pre-determined conclusion may be
proved deductively starting from suitable premises.) Myths and

superstitions of
formal math



» Deductive proofs fallible (an invalid proof may be
mistaken for a valid one).

» Anti-empirical deductive proofs can be used to prove
anything. (Any pre-determined conclusion may be
proved deductively starting from suitable premises.)

» All postulates underlying formal math (of even 1+1=2)
are metaphysical and cannot be empirically verified.
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Deductive proofs fallible (an invalid proof may be
mistaken for a valid one).

Anti-empirical deductive proofs can be used to prove
anything. (Any pre-determined conclusion may be
proved deductively starting from suitable premises.)

All postulates underlying formal math (of even 1+1=2)
are metaphysical and cannot be empirically verified.
2-valued logic is neither culturally universal nor
empirically certain. Hence

Decolonising
Math and
Science
Education

C. K. Raju

Myths and
superstitions of
formal math



. #FormalMathMustFall

Decolonising
Math and
Science
Education

C. K. Raju

Myths and
superstitions of
formal math



A common doubt

» Doesn't formal math work in practice?

Decolonising
Math and
Science
Education

C. K. Raju

Myths and
superstitions of
formal math



A common doubt

» Doesn't formal math work in practice?
» NO.
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Resolution of the doubt R
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» What works is normal math, not formal math, for all
practical applications.

» For example, calculus is taught using formal real
numbers. Myths and

superstitions of
formal math

» But not even a single formal real number such as V2
can ever be written down EXACTLY.

» Formal real numbers are not real,

» hence can never be used for practical applications.
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» can hence never use formal real numbers.

» |t uses real floating point numbers.
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A computer (real computer, NOT Turing machine)
can hence never use formal real numbers.
It uses real floating point numbers.

Anything that can be done using computers is normal
math.
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A computer (real computer, NOT Turing machine)
can hence never use formal real numbers.
It uses real floating point numbers.

Anything that can be done using computers is normal
math.

(Most practical applications are done using computers
today.)
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The alternative math worked out by the Multiversity

group (Malaysia, Iran, India)

over the last decade

Tested with experiments with 8 groups in 5 universities,

across 3 countries.

Being taught to (school and) university students today Ui elicaetiz

in India.
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» Easiest way to understand the alternative is through
history:

» Euclid etc. not the sole falsehoods of Western history

» that includes Copernicus, Newton (calculus), and many
others.
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» Note: not proposing rejection of everything Western
> but only a critical rejection

» as publicly explained in debates in Malaysia long ago.

The alternative
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» Western myths must be replaced

» by the real history of math and science.
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To be able to learn from the past,
Western myths must be replaced
by the real history of math and science.

(Greeks were arithmetically challenged: contributed
NOTHING to math.)
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Most math (arithmetic, algebra, geometry, trigonometry,
calculus, probability)

originated as normal math in the non-West.

It was imported by the West for its practical value.
E.g. arithmetic for commerce,

trigonometry and calculus for navigation,

probability for games of chance.
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» The very names tell this story.

» E.g Zero from zephyr or sifr = cypher = mysterious
code.
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» Because primitive Greek/Roman numerals are additive,
but zero involves place value

» Hence, Florence passed a law against zero in 13th c.

» Financial contracts using “Arabic” numerals must also
be written also in words (as we still do). e
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The word "sine” derives from Latin sinus = fold
from Arabic jaib (according to OED)

a misreading of jiba from Sanskrit jiva or jya = chord,
relates to the circle.

“Trigonometry" involves a conceptual confusion: it
should be “circle-metry”

(But no instrument with which to measure the circle, in
present-day geometry box.)
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(No Claudius Ptolemy, but Egyptians and Iraqgis
probably knew circlemetry.)

Like arithmetic, trigonometry was transmitted in
multiple phases.

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

precise trigonometric values needed to determine
latitude, longitude, and loxodromes.
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and mass translating local texts to Latin (as they did in
Toledo).

These precise trigonometric values stated by Madhava
(14th c.)
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Madhava's sine table
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Table: Madhava's sine values

No. Katapayadi kala () vikala(”) tatpara(”)
1 = 9| afeseEr 224 50 22
2 feaTfedevmaT: 448 42 58
3 qUAr ATIEEST 670 40 16

4 W ﬁ.r‘—&,- ?{g‘rﬂ: 889 45 15 The alternative
21 T AT FYUTATA: 3371 41 29
22 ISAT AT 3408 20 11
23  FEWIY AT 3430 23 11

24 =ar fammerer . 3437 44 48




Accuracy of Madhava's sine values

Table: Accuracy of Madhava's sine table.

No.

Madhava's sine value

Difference

WO

22
23
24

0.0654031452
0.1305262297
0.1950903240
0.2588190035

0.9807852980
0.9914448967
0.9978589819
1.0000000000

0.0000000160
0.0000000375
0.0000000020
—0.0000000416

0.0000000176
0.0000000353
0.0000000587
0.0000000000
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Aryabhata's table of sine differences

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

» with Aryabhata in the 5th c.
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» 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.
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Translation

> 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.

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

» Aryabhata innovation: use of numerical techniques:
> Aryabhata(“Euler”) method to solve difference equations

» and calculate sine values accurate to the minute.
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» Aryabhata was criticised for using linear interpolation
» Brahmagupta (7th c.) used quadratic interpolation
(“Stirling’s formula")

» also used by Vatesvara (9th c.) to calculate 96 sine
values accurate to the seconds.
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» Madahava's sine values use 11th/12th order
interpolation/extrapolation

» to achieve accuracy to the thirds.
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» This actually involved infinite series
» “Taylor's series” for sine, cosine and arctangent

» and “Leibniz’ series for .

The alternative
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» Infinite series were summed. E.g.
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Sum of infinite geometric series

» Infinite series were summed. E.g.
» first formula for sum of infinite geometric series given by
15th c. Nilakantha in his commentary on Aryabhatiya

(Ganita 22)
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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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Today infinite sums taught using limits C. K- Raju
(a particular metaphysics of infinity).

In India they were summed differently using

(a) “non-Archimedean” arithmetic

(b) discarding infinitesimals using a philosophy of
inexactitude

called of zeroism (sunyavada). e et
which rejects the fantasy of exactitude at infinity as an

error.

(If you don't understand it, you were not properly
educated!)
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who translated also the work of Brahmagupta.

Brahmagupta called polynomials (such as 2x + 3)
unexpressed (“avyakt”") numbers

2x+43
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Word “algebra” comes from “Al jabr waal mugabla” of
8th al Khwarizmi of Baghdad

who translated also the work of Brahmagupta.

Brahmagupta called polynomials (such as 2x + 3)
unexpressed (“avyakt”") numbers

2x+43

Sxta O rational

Led to unexpressed fractions (e.g.
functions)

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

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

» Non-Archimedean arithmetic leads to better calculus
today.

» E.g. university calculus fails for discontinuous functions
» which cannot be differentiated.
» But shocks are discontinuities which commonly arise.

» How to make sense of the nonlinear partial differential
equations of physics when there is a discontinuity?
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University calculus is replaced at an advanced level by

Schwartz distributions, or generalised functions.

This linear theory also fails for shocks (since the

equations of physics are non-linear).

The solution involved Non-Standard Analysis

but the only aspect required is non-Archimedean The alternative

arithmetic and a philosophy of discarding infinitesimals.
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Decolonised calculus

» To summarise: decolonised calculus involves 3 major
changes

» Teach calculus as the numerical solution of differential
equations.

» Sum infinite series using non-Archimedean arithmetic
(no limits).

» Teach zeroism (a philosophy of inexactitude).
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The alternative
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Advantages:

v

Makes calculus easy.

v

Conceptual clarity

v

Ability to solve harder problems (such as elliptic
integrals)

The alternative

Better science.

v
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Experiment performed with 1 group in Central
University of Tibetan Studies, Benaras

4 groups in Universiti Sains Malaysia, Penang
social science students in Ambedkar University, Delhi
and in CISSC Tehran.
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Experiment performed with 1 group in Central
University of Tibetan Studies, Benaras

4 groups in Universiti Sains Malaysia, Penang
social science students in Ambedkar University, Delhi
and in CISSC Tehran.

Running as a regular course in SGT University, Delhi (72
students).

Results
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» Conceptual confusion about calculus among most
students.

» Most flunk the pre-test
> (even PG students, half of whom hence dropped out).

Results



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.

~

w
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»

Points. You were taught about points in class V1.

() 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?

. Numbers. You were taught “real” numbers in class IX and class X.

(a) Define a real number. B

(b) Write down the EXACT value of 2 . If x is that exact value, show by direct calculation
that x’=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  is the complex number
such that =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.

. Sets. You were taught about sets in class X.

(a) Define a set.

(b) If you defined a set as a “collection of abjects”, define “collection” and define “object”. Is
“object” the same as in object-oriented programming? If not, what is the difference?
(©LetR={x| xgx }.Isittructhat RER ?Isittructhat RER ?

(d) Can a set have an infinite number of elements? How can you be sure?

. Trigonometry. You were taught about trigonometric functions in class IX.

(a) Define sin(x).

(b) Use that definition to calculate sin (0.3).

() Is sin (92°) defined? According to my calculator, sin (92°) = 0.9993. Is this right? Explain.
(d) Define a radian. Exactly how many degrees is 1 radian?

. Limits. You were taught about limits in class XI and XII.

(a) Define limit. B

(b) According to my calculator 2 = 1.4142135623730950488016887242097. Does the
sequence 1, 1.4, 1.41, 1.414... have a limit?

(¢) What s the infinite sum of all natural numbers, 142+3+4+... ? Can it be a negative number?
(d) What is the infinite sum 1-1+1-1+1-1+...7

Derivative. You were taught about derivatives in class X1 and XIL.
(a) Define the derivative of a function.
(b) Let N denote the set of natural numbers, and let /N — Nbe givenby £ (x)=x" .



~
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What is the derivative of /7

(¢) 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?

. Tntegral. You were taught about integrals in class XIL.

(a) Define the integral of a function.
(b) Shown below is a piece of land with irregular boundaries. How will you calculate its arca?

(¢) Caleulate [ <5

(d) Calculate | m

. Applications. You learnt about Newton's laws of motion and the simple pendulum from class

VI 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=2x \;L  Therefore, the time
g

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



Name:

Student. Number

Math Group: Caleulus without Limits

Exam, Pre-test:

Course:
Age:
Date:

« 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 heterogencous, yoi

i some questions too easy,

or some may be too difficult. Attempt as many questions are you are able

to,

L (@)
(b)

Gt - {

(a)
(b)

5 ()

Define a complete metric space.

“The least upper bound property for R says that if A C B is no
empty and bounded above, then Ja € R such that a < a, Ya
0% b Yo A then <, Anstne th st apper b
property and prove that R is a complete metric space.

Define “infinite set”, “countable set”, “uncountable set”

Prove that R is uncountable

10N i the et of ntural umbers d PR s s pover st docs
there exist a bijective map f = P(N) —

Write down the binary representation of 41

Write down the binary representation of 2.5

Rewrite your answer using a mantissa between 1 and 2

ifr<d
r420, x>

Find the value of € which makes g continuous on (~oc, ).
With the above value of C, is g differentiable? Explain your

Suppose f, is a sequence of Riemann integrable functions which

converges o the function [ on (0, 00), convergence being uniform

on compact subsets, T it true that f i Riemmaun ntegrable and

that f; f = [

Suppose fo i 1 squence of difrentiable fncrions which con-
mly to the function f on (0,1). Is it true that f is

iferentiable and that the seanence of deivatives £, > 17




. The following ten numbers were drawn at random from [0, 1] using a w

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

(b)  Does there exist a Riemann integrable function on (0, 00) which
s not Lebesgue integrable?

form probability distribution: 0.23, 0.74, 0.18, 0.79, 0.51, 034, 0.67, 0.44,
11,04

() Find the average.

(b)  Explain why it is not 0.5.

(¢) 1 the averago does cqual 0.5 at some stage, can subsequent draves
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?

Suppose a monkey s typing at random on a typewriter which has 50 keys

(2 and 7 having been dropped), and suppose that the monkey is equaily
ikely to strike any key.

() Whatis the probability that the first six letters the monkey types

will spell the word “Hamlet’

() Suppose we consider the letters typed by the monkey in conseeu-
e blocks of s lvters. Wiat is the probabilt py that he irs.
n blocks of six letters will have the word “Hamlet

() Does lim, o0 py exist? IF so, what is it?
Differentiate the following with respect to

(a)  sin"a.sinne

,\f+1 Pl
(b)  sec R “ﬁu
© = lorg(!r‘+l+ ETIE )

Evaluate the following indefinite integrals
() [VETTZdr
) Jlogz dr
(e)

dr

I
Jsin® z -sin(z + )
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» In contrast, in calculus without limits
» within a few days they could manage hard problems

» and most found the post-test very easy.

Results



Tutorjal
Calculus without Limits

I: Differentiation

Differentiate the following functions with respect 10
1Pt

2. cosh™!(x)

[Traems
3 o\ T ooz

et (S

II: Integration

Evaluate the following integrals.

.

/.Lr‘\ﬁur
- [
.

05
1
N —

A Vi—avi-z



1T

I : Ordinary differential equations
9. Duffing’s cauation
Pr e
SZ b5 —a = acos(c)
et acos(et)
represents a particle in a quartic potential, driven harmonically. Solve this
equation with the initial data x(0) = 0, +'(0) = 1. Obtain the values of
the first six zezcs. Ts the solution periodic?
0. Sclve van der Pol's cquation

Y -0y =0,

with y(0) /(0) = 0, and find the value of the first & for which y has
a local masimum,
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Education is interconnected.
Changing the understanding and teaching of calculus
means science must change.

(No more tricks like Hawking and Tipler)
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» No more church dogmas of “laws of nature” in science

» as in “Newton's laws of motion” or “Universal law of
gravitation”
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change
» Real story: Newton and Leibniz did not invent calculus

» they did not even understand it properly.
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It also means the history and philosophy of science must
change

Real story: Newton and Leibniz did not invent calculus
they did not even understand it properly.

Hence Newtonian physics failed.
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» Correcting the Western misunderstanding of calculus
corrects Newtonian gravitation

» as in my retarded gravitation theory.
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» The simple pendulum is the first serious science
experiment

» but calculating its time period requires the ability to
deal with elliptic integrals.
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Better skills at calculus leads to better science teaching.
The simple pendulum is the first serious science
experiment

but calculating its time period requires the ability to
deal with elliptic integrals.

(That is why my software CALCODE was developed—to
teach my children science.)
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Other decolonised courses

On history and philosophy of science (taught at
AlBukhary International University several times)

and Egyptian/Indian cord geometry (being tried out
with school children in India).

No time for details: will just show you some pictures.
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Similarly backward integration with Egyptian/African
cord geometry in schools

(not because it is indigenous, but because it is better).

Current teaching conflates Hilbert's synthetic and formal
geometry with

empirical and metric compass-box geometry.
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» Teaching cord geometry leads to
» conceptual clarify about point, angle, arc, etc.
Other

decolonised
courses



v

v

v

v

Compass box inferior: has no instrument with which to
measure a curved line.

Teaching cord geometry leads to
conceptual clarify about point, angle, arc, etc.

Teachers accept conceptual confusion during workshop
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Home assignment
‘The proposed workshop will teach participants about five different types of geometry.

. Hilbert's synthetic geometry.
. Birkhoff's axiomatic metric geometry.
“Euclidean” geometry.

. Compass box (empirical) metric geometry
. The geometry of the sulba sutra.

e

The reading list for this is put up at ing-list-geometry.html.

The same open directory (htps//eksajunct/geometry/) also has (a)the orginal book by Hilbert on
synthetic geometry 8 pdf). (b) the original
paper by Birkhoff on axiomatic metric geometry 19%2 Birkhoff.pdf), (c)
Bertrand Russell's original critique of “Euclidean” geometry (http://ckraju.net/geometry/Bertrand
%20Russell%200n%20Euclid him), and (d) The Manava sulba-sutra, in the original Sanskrit
« manava_shulba_sutra.pdf). An English translation of a key verse (Manava
IO 10) from the book by Sen and Bag is also put up online in the same directory
nslation-Manava-10.10.pdf). There is also a detaled 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.

. (@) 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?

. Why, in your opinion, is the proof of “Pythagorcan” proposition so casy in Birkhoff's geometry,
when it requires a whole book in “Euclidean” geomets

. (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?

. 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 BirkhofP’s metric geometry? If so,
how?

. (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:/; agepub. 10.1177/0021934716688311). [Do not

upload this article to other websites, always use the above link.]

. (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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Ample material for decolonised courses available.
You must decide whether to use it.

You choose whether academics remain subordinate to
the West

and creates indoctrinated slave minds.
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» You have time

» until the students again revolt and burn down the
university!
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