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That claim is just a lollipop wrapped in double speak.
India contributed efficient arithmetic

based on place value system.

This led to large numbers up to 10'? found in Yajurveda
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Was India’s contribution to math zero!?

That claim is just a lollipop wrapped in double speak.
India contributed efficient arithmetic

based on place value system.

This led to large numbers up to 10'? found in Yajurveda
17.2.

Names of 53 places (10%3 = tallaksana) in Buddhist
Lalitavistara sutta, chp. 12.
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» Large numbers needed for precise fractions for /2,
etc.
» (—8th c.) sulba sitra
1 1
V2 =141421[56] =1+ 1 + & — Ao

> (5th c.) Aryabhatiya m = 3.1416 = 52832



Precise fractions and 7

» (13th c.) Madhava (from Nilakantha's
Aryabhatiyabhasya)
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Precise fractions and 7

» (13th c.) Madhava (from Nilakantha's

Aryabhatiyabhasya)

FEAUTAST ATIT: (A TqaT T e = Hiar —

[EEREENEISIMEIENMEECEIRUE I H

FafTEafaa ghafaeay TaA=ET Sgayr: |

» Corresponds to
m = 3.1415926535922 . ..
to 11 places)

__ 2,827,433,388,233

9% 109

, (accurate
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» (15th c.) Karapapaddhati (V1, 7) (reverse sexagesimal
katapayadi system) circumference =

TOSTYEFTIARITT = 31,415,926,536
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» (15th c.) Karapapaddhati (V1, 7) (reverse sexagesimal
katapayadi system) circumference =
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Precise fractions and 7

» (15th c.) Karapapaddhati (V1, 7) (reverse sexagesimal
katapayadi system) circumference =

TOSTYEFTIARITT = 31,415,926,536

» for a radius of

FAATATAgA e = 10,000,000,000

> ie., m = 3.1415926536
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Contrast: Inefficient Greek and Roman arithmetic

» |n contrast, in Roman numerals, largest number is
myriad = 10000.
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Contrast: Inefficient Greek and Roman arithmetic

» |n contrast, in Roman numerals, largest number is
myriad = 10000.

» No systematic notation for fractions

» Greeks and Romans could not say the precise length of
the (tropical) year.

» Hence, Julian calendar had badly defective length of the
(tropical) year at 365%.

» (Julian calendar reformed the earlier defective Roman
calendar, and the Romans laughed at the Greek
calends.)
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» Hence, Europeans themselves abandoned their native
Roman system. Efficient
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» In 10th c. Christian Europe imported Indian arithmetic
from Muslim Europe (Cordoba).

» It reached Cordoba from Baghdad, Bayt al Hikma
(House of Wisdom), 9th c.

» where Al Khwarizmi wrote Hisab al Hind based on
Indian texts.

» In the first attempt Europeans failed to understand
Indian arithmetic.

» (Understood zero as blank space, but continued using
inefficient abacus.)
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Transmission of arithmetic-2

Law against zero

» Indian arithmetic again imported by Florence via Africa
in 12th c. (Fibonacci)
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Transmission of arithmetic-2

Law against zero

» Indian arithmetic again imported by Florence via Africa
in 12th c. (Fibonacci)

» Florentine merchants understood comparative advantage
of efficient arithmetic for commerce,

» but were puzzled by zero,

» as suggested by its very name from sifr = zephyr =
cypher = mysterious code.
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Hence, Florence passed a law against zero in 13th c.
Why?

Roman numerals are additive XIl =10 + 1 + 1
Indian numerals use place value: 130 # 1+ 3 + 0.
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Hence, Florence passed a law against zero in 13th c.
Why?

Roman numerals are additive XIl =10 + 1 + 1
Indian numerals use place value: 130 # 1+ 3 + 0.
Contracts were altered by adding 0's at the end.
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Hence, Florence passed a law against zero in 13th c.
Why?

Roman numerals are additive XIl =10 + 1 + 1
Indian numerals use place value: 130 # 1+ 3 + 0.
Contracts were altered by adding 0's at the end.

Florentines complained: zero has no value but adds any
amount of value to the preceding number.
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Law

contd.

against zero

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

Roman numerals are additive XIl =10 + 1 + 1
Indian numerals use place value: 130 # 1+ 3 + 0.
Contracts were altered by adding 0's at the end.

Florentines complained: zero has no value but adds any
amount of value to the preceding number.

Florentine law said numbers in financial contracts must
also be written in words. We still follow it.
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Moral of the story

» (Raju’s epistemic test) imported or copied knowledge is
hard to understand.
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(Brahma-sphuta-siddhanta, chp. 18)

» 3x + 4 acquires a value only when x is assigned one.
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(Brahma-sphuta-siddhanta, chp. 18) Algebra

» 3x + 4 acquires a value only when x is assigned one.

» Spread as al-jabr from Al-jabr wa'l Mugabala of Al
Khwarizmi
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Called avyakt ganit by Brahmagupta
(Brahma-sphuta-siddhanta, chp. 18)
3x + 4 acquires a value only when x is assigned one.

Spread as al-jabr from Al-jabr wa'l Mugabala of Al
Khwarizmi

(forcible solution by equating two quantities, one known,
one unknown)
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Called avyakt ganit by Brahmagupta
(Brahma-sphuta-siddhanta, chp. 18)

3x + 4 acquires a value only when x is assigned one.

Spread as al-jabr from Al-jabr wa'l Mugabala of Al
Khwarizmi

(forcible solution by equating two quantities, one known,
one unknown)

Solves quadratic equations.
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» Rgveda 10.2.34.1 is the aksa sukta or extraordinary
“hymn on dice".
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» Rgveda 10.2.34.1 is the aksa sukta or extraordinary

“hymn on dice".
» Story of Nala and Damayanti in Mahabharata, relates

probability (science of dice, aksa vidya) to sampling orobability and

theory: statistics
» Rtuparna teaches Nala how to count the number of

fruits in a tree.
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Rgveda 10.2.34.1 is the aksa sukta or extraordinary
“hymn on dice".

Story of Nala and Damayanti in Mahabharata, relates
probability (science of dice, aksa vidya) to sampling
theory:

Rtuparna teaches Nala how to count the number of
fruits in a tree.

No time for details. See my article on “Probability in
Ancient India” in Elsevier Handbook of Philosophy of
Statistics (or google for online version).
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Rgveda 10.2.34.1 is the aksa sukta or extraordinary
“hymn on dice".

Story of Nala and Damayanti in Mahabharata, relates
probability (science of dice, aksa vidya) to sampling
theory:

Rtuparna teaches Nala how to count the number of
fruits in a tree.

No time for details. See my article on "“Probability in
Ancient India” in Elsevier Handbook of Philosophy of
Statistics (or google for online version).

Or article on “Probability” in Springer Encyclopedia of
Non-Western Science, Technology and Medicine.
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Binomial expansion

» Binomial expansion in Pifigala’'s Chandahsitra 8.28.
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Binomial expansion

» Binomial expansion in Pifigala’'s Chandahsitra 8.28.
» Used in Vedic theory of metre.

» Meru prastara (“Pascal’s triangle”) in Halauyudha's 10th
C. commentary.
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Permutations and combinations

» Theory of permutations and combinations

> in numerous texts (e.g. Suéruta, Varahamihira, Sridhar,
Patiganita (72), Mahavira, Ganita Sara Sangraha etc.

» Used also in theory of Indian music.
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Pingree and his student Plofker say
Indians learnt trigonometry from Greeks.

Total falsehood. No evidence for “Claudius Ptolemy”
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Both developed in India.

Pingree and his student Plofker say

Indians learnt trigonometry from Greeks.

Total falsehood. No evidence for “Claudius Ptolemy’

Only 12th c. copies of Almagest available.
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Trigonometry and calculus

» Both developed in India.

» Pingree and his student Plofker say

» Indians learnt trigonometry from Greeks.

» Total falsehood. No evidence for “Claudius Ptolemy”

» Only 12th c. copies of Almagest available.

> Accretes from Indian astronomy texts via Baghdad (8th

c.).
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» Pingree and his student Plofker say

» Indians learnt trigonometry from Greeks.

» Total falsehood. No evidence for “Claudius Ptolemy”
» Only 12th c. copies of Almagest available.

Trigonometry

» Accretes from Indian astronomy texts via Baghdad (8th and calculus
c.).

» Word “sine” from Latin “sinus” is from fold, or “jaib" a
misreading of “jiba" from Indian “jiva" or “jya".
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Trigonometry and calculus i

contribution to
math and science

» Both developed in India. C. K. Raju

» Pingree and his student Plofker say

» Indians learnt trigonometry from Greeks.

» Total falsehood. No evidence for “Claudius Ptolemy”
» Only 12th c. copies of Almagest available.

Trigonometry

» Accretes from Indian astronomy texts via Baghdad (8th and caleulus
c.).
» Word “sine” from Latin “sinus” is from fold, or “jaib" a
misreading of “jiba" from Indian “jiva" or “jya".
» Involves a conceptual error.
» As the term “jya" suggests, sine relates to the circle (as
in Indian texts): word “trigonometry” is a conceptual
misnomer.



Aryabhata's table of sine differences

afe wfe & afe ol afa

she g0F hfe fasT vofe fFsg |
= fer ga0 ufe fee
WW@WWQ‘TWW 9=
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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.

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Trigonometry
and calculus



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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Increasing precision

» Over a thousand year period this process was sharpened
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Increasing precision

» Over a thousand year period this process was sharpened

» by the Aryabhata school in Kerala to
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Increasing precision

» Over a thousand year period this process was sharpened
» by the Aryabhata school in Kerala to

» Madhava's sine table
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Over a thousand year period this process was sharpened
by the Aryabhata school in Kerala to
Madhava's sine table

which used an infinite series for precise sine values.
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Over a thousand year period this process was sharpened
by the Aryabhata school in Kerala to

Madhava's sine table

which used an infinite series for precise sine values.

(Indians knew how to sum infinite sereis. Nilakantha
states the sum of infinite geometric series.)

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Trigonometry
and calculus



The infinite series for sine

» The “Taylor’ series expansion for the sine stated in two
verses, as follows.

e IT9ear 919 kAT T |
BV AT eI Taigd: AT || ¢ 9o ||
IJTT FAT ATATSHT A TG I TS |

ST, GuETSERT fagrT seataeT R 1 eer
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Translation

» Multiply the arc by the square of the arc, and take the
result of repeating that [any number of times].

» Divide [each of the above numerators] by the squares of
successive even numbers increased by that number
[literally, the root] and multiplied by the square of the
radius.
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» Place the arc and the successive results so obtained one
below the other, and subtract each from the one above.



Translation

» Multiply the arc by the square of the arc, and take the
result of repeating that [any number of times].

» Divide [each of the above numerators] by the squares of
successive even numbers increased by that number
[literally, the root] and multiplied by the square of the
radius.

» Place the arc and the successive results so obtained one
below the other, and subtract each from the one above.

» These together give the jiva, as collected together in the
verse beginning with “vidvan” etc.
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Mathematical Translation

» Let r = radius of the circle, s = arc and let t, = the
nth expression obtained by applying the above rule.
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Mathematical Translation

» Let r = radius of the circle, s = arc and let t, = the
nth expression obtained by applying the above rule.

» Numerator: multiply the arc s by its square s2, this
multiplication being repeated n times to obtain

n
s - [] s%
1
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» Let r = radius of the circle, s = arc and let t, = the
nth expression obtained by applying the above rule.

» Numerator: multiply the arc s by its square s2, this
multiplication being repeated n times to obtain
n
S H 52' Trigonometry
1 and calculus
» Denominator: multiply the square of the radius, r?, by
[(2k)? + 2k] (“the squares of successive even numbers
increased by that number”) for successive values of k,
repeating this product n times to obtain
n

[T r?[(2k)? + 2k].
k=1



Math translation: contd.

» Thus, the nth iterate is obtained by

t, =

S

2n

- S
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» Thus, the nth iterate is obtained by
oo 52n .S
T2 +2) - (42 4+ 4)- - -[(2n)2 + 2n] - r20”
(1) Irsenomey
» The rule further says:
jva = s—ti + b—t3 + ta—t5 + ... (2)
3 5
s s
= s — + - -{(3)

r2-(22+42)  r4(22+42)(42+4)



Math Translation

<+->Substituting (1) jiva = rsin 6,(2) s = r#, so
that 27+ 1 /2" = r§27+1 and noticing that(3)
[(2k)? + 2k] = 2k - (2k + 1), so that(4)

(22 +2)(4%2+4)---[(2n)? + 2n] = (2n +1)!,and
cancelling r from both sides, we see that this is
equivalent to the well-known expression

sinf =0 — — 4+ — — — + ---. (4)

Details in my book Cultural Foundations of
Mathematics, Pearson Longman, 2007.
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Madhava's sine table (in verse)

S T afeserr feATgdedTaT: |
AIAT AT = fafg g
T ATeE Y SEIETTeETET |
fomeTer FYersT FiEr TrE e S

~

BIATAAT ST AT FHAT Arfeq geged |
TET THEYTE ANTE g AET gl

I JAT FATATA: TAT AT |
FANMY ANEeAT &4 fasaeredr I |

T ERATATE] HETSAT ATIEITaTr: |

eI g T (rseTeaaEe R aaT: 11 2.2 .4 I
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Madhava's sine table (translated)

Table: Madhava's sine values

»
No. Katapayadi kala () vikala(”) tatpara(”)
1 = 9| afeseEr 224 50 22
2 fewrfedevma: 448 42 58
3 qIAr AT 670 40 16
4 wegw fafg aE= 889 45 15
21 T AT FATATA: 3371 41 29
22 ISAT AT 3408 20 11
23  FEWIY AT 3430 23 11

24 =ar fammerer . 3437 44 48
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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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Why calculus developed in India

» Why was so much accuracy needed?
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Why calculus developed in India

» Why was so much accuracy needed?
» Because two key sources of wealth in India were
1. agriculture and
2. overseas trade.
» That required an accurate calendar and accurate
techniques of navigation,
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Why calculus developed in India

v

v

v

v

Why was so much accuracy needed?
Because two key sources of wealth in India were

1. agriculture and
2. overseas trade.

That required an accurate calendar and accurate
techniques of navigation,

which required the science of astronomy.
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How and why Europeans stole the calculus

» Because navigation then was THE major scientific
problem of Europe
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How and why Europeans stole the calculus

» Because navigation then was THE major scientific
problem of Europe

> Precise sine values were needed to determine latitude,
longitude, and loxodromes.
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» Because navigation then was THE major scientific
problem of Europe

> Precise sine values were needed to determine latitude,
longitude, and loxodromes.

» Cochin-based Jesuits stole the calculus (and some
calendrical knowledge).
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» Because navigation then was THE major scientific
problem of Europe

> Precise sine values were needed to determine latitude,
longitude, and loxodromes.

» Cochin-based Jesuits stole the calculus (and some
calendrical knowledge).

» Europeans understood the practical use of precise sine
values
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How and why Europeans stole the calculus

» Because navigation then was THE major scientific
problem of Europe

> Precise sine values were needed to determine latitude,
longitude, and loxodromes.

» Cochin-based Jesuits stole the calculus (and some
calendrical knowledge).

» Europeans understood the practical use of precise sine
values

» but failed to understand how Indians summed infinite
series.
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How and why Europeans stole the calculus

» Because navigation then was THE major scientific
problem of Europe

> Precise sine values were needed to determine latitude,
longitude, and loxodromes.

» Cochin-based Jesuits stole the calculus (and some
calendrical knowledge).

» Europeans understood the practical use of precise sine
values

» but failed to understand how Indians summed infinite
series.

» Unlike Arabs, Europeans then did not acknowledge their
non-Christian sources (because of the Inquisition etc.).

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Trigonometry
and calculus



Matteo Ricci's letter of 1581

» In 1581 a student of Clavius (author of Gregorian
reform, 1582), Matteo Ricci, was in Cochin and wrote
that he was looking for “an honorable Moor or an
intelligent Brahmin to tell him about Indian methods of

timekeeping’.
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key early Indian science.
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Astronomy

» Calendar and (celestial) navigation require astronomy: a
key early Indian science.
» No time to go into it. Only two observations.

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Science



eyond zero:
Astronomy 2 odiars

contribution to
math and science

C. K. Raju

» Calendar and (celestial) navigation require astronomy: a
key early Indian science.
» No time to go into it. Only two observations.

1. Indian astronomy NOT borrowed from Greeks (who
were arithmetically challenged and could not do
astronomy).

Science



Beyond zero:
Astronomy India's
contribution to
math and science

C. K. Raju

» Calendar and (celestial) navigation require astronomy: a
key early Indian science.
» No time to go into it. Only two observations.
1. Indian astronomy NOT borrowed from Greeks (who

were arithmetically challenged and could not do

astronomy).

2. Astronomy, NOT astrology. Vedanga Jyotisa from Science
—1500 CE does not contain a single sentence on
astrology. (My challenge since 2001.)
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» Calendar and (celestial) navigation require astronomy: a
key early Indian science.
» No time to go into it. Only two observations.

1. Indian astronomy NOT borrowed from Greeks (who
were arithmetically challenged and could not do
astronomy).
2. Astronomy, NOT astrology. Vedanga Jyotisa from Science
—1500 CE does not contain a single sentence on
astrology. (My challenge since 2001.)
> Neither does ANY Indian astronomy text, across 3000
years, down to the 16th c. (including Varahamihira's
Paficasiddhantika).



Contrast: Kepler

» |n contrast, Kepler earned a livelihood from astrology.
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Contrast: Kepler

» |n contrast, Kepler earned a livelihood from astrology.

» Wrote that God created astrology as the natural
profession for astronomers!
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Indians against superstition-1
Eclipses NOT due to demons

» Lalla, Vateshvara etc. speak out against superstition,
E.g. Lalla Sisyadhivrdhida, chp. 20
» “If an artful demon is the cause of an eclipse. ..

» then how is that that an eclipse can be determined by
calculation?
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Indians against superstition-1
Eclipses NOT due to demons

» Lalla, Vateshvara etc. speak out against superstition,
E.g. Lalla Sisyadhivrdhida, chp. 20
» “If an artful demon is the cause of an eclipse. ..
» then how is that that an eclipse can be determined by
calculation?
» Why does it always occur only on poornima or
amavasya?”’
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Indians against superstition-2
Spherical Earth

> "“If the earth is flat,
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Indians against superstition-2 i
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Spherical Earth mathtandtscier:ce
C. K. Raju

> "“If the earth is flat,

» why can't tall trees, alas, be seen at great distance?”

Science



Indians against superstition-3
Earth not supported

» “If the earth is supported by a serpent ($esa naga),
tortoise etc.

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Science



Indians against superstition-3
Earth not supported

» “If the earth is supported by a serpent ($esa naga),
tortoise etc.

» by whom are they supported in space?
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Indians against superstition-3
Earth not supported

» “If the earth is supported by a serpent ($esa naga),
tortoise etc.

» by whom are they supported in space?

» If they can stand unsupported why not the earth?”
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Contrast

» Contemporary Bible (5th c. Vulgate) says earth is flat.
(E.g. Daniel:4-10-11:)
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Contrast

» Contemporary Bible (5th c. Vulgate) says earth is flat.
(E.g. Daniel:4-10-11:)

» “behold a tree...and the height thereof was
great.. . .and the sight thereof to the end of all the earth.
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» Contemporary Bible (5th c. Vulgate) says earth is flat.
(E.g. Daniel:4-10-11:)

» “behold a tree...and the height thereof was
great.. . .and the sight thereof to the end of all the earth.

Science

» On Greek superstition, Atlas held up the earth. No one
contested it in all Greek literature.



Origin of experimental method

Payasi's experiments

» The first record of the experimental method is found in
India 2500 years ago.

Beyond zero:
India’s
contribution to
math and science

C. K. Raju

Science



Origin of experimental method

Payasi's experiments

» The first record of the experimental method is found in
India 2500 years ago.

» In the Digha Nikaya.
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Origin of experimental method

Payasi's experiments

» The first record of the experimental method is found in
India 2500 years ago.

» In the Digha Nikaya.

» Payasi performed some 30 experiments with condemned
felons to test the existence of the soul and life after
death.
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> (weight of the soul?) “weigh the man, strangle him with
a string and weigh him again”
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> (can you see the soul?) “put him in a pot, cover it with
moist paste, and heat the pot till he is dead. Then make
a small hole to see if his soul comes out”
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> (weight of the soul?) “weigh the man, strangle him with
a string and weigh him again”

> (can you see the soul?) “put him in a pot, cover it with
moist paste, and heat the pot till he is dead. Then make
a small hole to see if his soul comes out”

» and so on.
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(weight of the soul?) “weigh the man, strangle him with
a string and weigh him again”

(can you see the soul?) “put him in a pot, cover it with
moist paste, and heat the pot till he is dead. Then make
a small hole to see if his soul comes out”

and so on.

This was 2000 years before Francis Bacon.
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» So, isn't all this a matter of great pride?
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Matter of pride?

» So, isn't all this a matter of great pride?

» No. It is a matter of great shame!
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Matter of pride?

» So, isn't all this a matter of great pride?
» No. It is a matter of great shame!

» Shame that we forget about calculus in India for 500
years,
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So, isn't all this a matter of great pride?
No. It is a matter of great shamel!

Shame that we forget about calculus in India for 500
years,

until my 1998-2007 project. (Part of it done here in
NMML.)
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Theft of calculus story

» Those who forget history repeat past mistakes.
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» Those who forget history repeat past mistakes.

» Calculus was stolen in the 16th c.,
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Theft of calculus story

» Those who forget history repeat past mistakes.

» Calculus was stolen in the 16th c.,

» But the story that “calculus was stolen” was itself stolen
in the 21st c.!
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Theft of calculus story

» Those who forget history repeat past mistakes.
» Calculus was stolen in the 16th c.,

» But the story that “calculus was stolen” was itself stolen
in the 21st c.!

» Repeatedly, in 2000, then 2004, then 2007 (as soon as
my book on calculus theft was published).
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» Why did we forget our traditional knowledge?
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Question 1

» Why did we forget our traditional knowledge?

» Because there were no knowledgeable people left.
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Question 1

» Why did we forget our traditional knowledge?
» Because there were no knowledgeable people left.
» Why?
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
» But: anti-vidvan policy post-independence.
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
» But: anti-vidvan policy post-independence.
» We no longer even know who is a vidvan:
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
» But: anti-vidvan policy post-independence.

» We no longer even know who is a vidvan:
» commonly mistake science babus for “eminent
scientists”.
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
» But: anti-vidvan policy post-independence.
» We no longer even know who is a vidvan:
» commonly mistake science babus for “eminent
scientists’.
» (Nehru created powerful science babus, not scientific
temper! See my EPW article on Kosambi.)
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» Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.
» But: anti-vidvan policy post-independence.

» We no longer even know who is a vidvan:

» commonly mistake science babus for “eminent
scientists’.

» (Nehru created powerful science babus, not scientific
temper! See my EPW article on Kosambi.)

» 100% reservation for ignorant loyalists.
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» Many reasons: Loss of patronage after 17th c., Colonial 0 5 1R

epistemicide, etc.
» But: anti-vidvan policy post-independence.
» We no longer even know who is a vidvan:
» commonly mistake science babus for “eminent
scientists’.
» (Nehru created powerful science babus, not scientific
temper! See my EPW article on Kosambi.)
» 100% reservation for ignorant loyalists.
» Paficatantra story: “Loyal monkey cuts off your nose”,
» repeatedly makes a joke of tradition:
» in 10 minutes discredits 10 years work of the
knowledgeable.
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Invest in knowledge

» Baghdad invested in knowledge from 8th c. and
flourished.
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Invest in knowledge

» Baghdad invested in knowledge from 8th c. and
flourished.
» Fell in 12th c. just because it imprisoned Nasir-ud-din
Tusi who then helped Hulegu conquer Baghdad.
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Invest in knowledge

» Baghdad invested in knowledge from 8th c. and
flourished.

» Fell in 12th c. just because it imprisoned Nasir-ud-din
Tusi who then helped Hulegu conquer Baghdad.

» Europeans banned vidvan-s during the Dark Ages.
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Invest in knowledge

» Baghdad invested in knowledge from 8th c. and
flourished.

» Fell in 12th c. just because it imprisoned Nasir-ud-din
Tusi who then helped Hulegu conquer Baghdad.
» Europeans banned vidvan-s during the Dark Ages.

» And flourished only after investing in knowledge
post-Toledo, 12th c.
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» Baghdad invested in knowledge from 8th c. and
flourished.

» Fell in 12th c. just because it imprisoned Nasir-ud-din
Tusi who then helped Hulegu conquer Baghdad.
» Europeans banned vidvan-s during the Dark Ages.
» And flourished only after investing in knowledge
post-Toledo, 12th c.
» Then US, and Russia, and today China invested in Gt Gritisy
knowledge and flourished.
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Baghdad invested in knowledge from 8th c. and
flourished.

» Fell in 12th c. just because it imprisoned Nasir-ud-din
Tusi who then helped Hulegu conquer Baghdad.
Europeans banned vidvan-s during the Dark Ages.

» And flourished only after investing in knowledge
post-Toledo, 12th c.

v

v

Then US, and Russia, and today China invested in Gt Gritisy
knowledge and flourished.

v

Let us invest in knowledge, and create some space for
truly knowledgeable truth-seekers.
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» Why invest in traditional knowledge? Only for cultural
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Question 2

» Why invest in traditional knowledge? Only for cultural
pride?

» Does traditional math have any practical value today?

» Has it not been superseded by modern math and
science?

» We think so, for we teach calculus (with limits) in
schools by imitating the West, not as it developed in
India.
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» Why invest in traditional knowledge? Only for cultural
pride?

» Does traditional math have any practical value today?

» Has it not been superseded by modern math and
science?

» We think so, for we teach calculus (with limits) in
schools by imitating the West, not as it developed in
India.

» We teach geometry in schools using “Euclid” not sulba
sutra-s.
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Question 2

» Why invest in traditional knowledge? Only for cultural
pride?
» Does traditional math have any practical value today?

» Has it not been superseded by modern math and
science?

» We think so, for we teach calculus (with limits) in
schools by imitating the West, not as it developed in
India.

» We teach geometry in schools using “Euclid” not sulba
sutra-s.

» The two are NOT the same.
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Question 2

» Why invest in traditional knowledge? Only for cultural
pride?
» Does traditional math have any practical value today?

» Has it not been superseded by modern math and
science?

» We think so, for we teach calculus (with limits) in
schools by imitating the West, not as it developed in
India.

» We teach geometry in schools using “Euclid” not sulba
sutra-s.

» The two are NOT the same.

» Whether or not we had it earlier, we had it different.
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» Ganita # math
» Ganita (normal math) accepts empirical proofs.
» Formal math is anti-empirical (pure metaphysics)

» Ganita (normal math) accepts approximate calculation
in real world
» formal math claims to be exact knowledge (but in a
fantasy world inaccessible to the senses; e.g. a Canitah Shaty
geometric point is declared invisible).
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E.g. 1. Geometry: "Pythagorean theorem”

» We had it earlier than Pythagoras: sulba sitra-s state
the “Pythagorean” proposition, BUT

» evidence from Egypt and Iraq is from still earlier.

» Difference: Manava sulba siitra uses square roots.
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E.g. 2: Different concept of zero

Zeroism

» Bhaskar (Lilavatr 47) allows division by zero (kha-hara)
disallowed in formal arithmetic.
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E.g. 2: Different concept of zero
Zeroism
» Bhaskar (Lilavatr 47) allows division by zero (kha-hara)

v

v

disallowed in formal arithmetic.

(xx0+3%x0)x3

=63
0

x = 14.

Division by zero (a) NOT a mistake, (b) NOT
patiganita, (c) NOT to be understood using limits.
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contribution to
math and science

C. K. Raju

0 as infinitesimal completely changes how calculus is done
(without limits, with zeroism).

» This involves doing calculus and summing infinite series
with so-called non-Archimedean arithmetic (avyakt
fractions).

» Something very recently understood in the West. Ganita vs math

» Not understood by Newton etc. or colonised
mathematicians.



» Repeat: Newton not only did not invent calculus, he did
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Repeat: Newton not only did not invent calculus, he did
not fully understand it.

Newton's physics hence failed

(he made a conceptual error about time, because he
misunderstood Indian calculus).

Correcting that error also corrects his theory of
gravitation.
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Repeat: Newton not only did not invent calculus, he did
not fully understand it.
Newton's physics hence failed
(he made a conceptual error about time, because he
misunderstood Indian calculus).
Correcting that error also corrects his theory of
gravitation.

Here are some recent papers on my new theory of
gravitation.

Ganita vs math



Retarded gravitation theory
C. K. Raju

School of Mathematical Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia
Curentaddress: Albukhary Intemationl Universit, 05200 Alr Sear Malaysia
kr@ckraju.net

Absiract, We propose a Lotntz-covariant ey of gty and expein s tearatca aigins in

the problem of time in Newtonian physics. In this retarded gravitation theory (RGT), the gravi-

tationl fotce depends Upon both retardd positon and velocy, and the equations of molon are

retarded functional differential equations. We explicily Solve these equations, under simpliying

assumplons, orvarious NASA spacecaaft, This shows thatth difetences fram Newtnian grav-
xplain the

W' Show i It e of spiral galaxy, the combined velocity drag from a large number

of co-otating stars enormously speeds up a test particle. RGT can also be tested in the laboratory. It

necessitates a reappraisal o of determining the

constanG.

Keywords: Retarded gravi. galact rotaton curves, fiby anamaly. unctional diferental equa-
tions, experimental tests
PACS: 04.80.C6, 04 50 K0 56.63.0m, 45.20.0-, 0230 s

INTRODUCTION

The notion of time is fundamental to this reformulation of gravity. Though published
long ago[1], my analysis of the notion of time is perhaps not so widely known, and this
is briefly summarized below.

The problem of equal intervals of time in Newtonian physics

itis well known that Newtonian physics had a difficulty in defining equal intervals
of time. One cannot bring back one hour from the past and put it side by side with one
hour in the future and compare the two in the present to say by inspection that the two
time intervals are equal. The equality of two time intervals is a matter of definition. Such
a definition is needed to make sense of Newton's first law: “uniform” motion means a
particle covers equal distances in equal times. This presupposes a theoretical clock: what
is uniform motion according to a pendulum would not be uniform motion according to
one's heart beats, or an atomic clock. Newtonian physics does not explicitly specify
which clock to use. For applications to planetary motion or ballistics, there are many
clocks which one could use in practice. However, the lack of a theoretical definition of
equal intervals of time became prominent when Newtonian physics had to be reconciled
with Maxwellian electrodynamics. If we define equal intervals of time so as to make
Newtonian physics valid, that makes Maxwellian electrodynamics invalid.



Physics Education 1 Apr-Jun 2015

Functional differential equations.
4: Retarded gravitation
C. K. Raju
ckrickrajunet

(Submitted 27-06-2015)

Abstract

Are (vm(tl(uml differential caaton (FDES) only about electrodynamics? No. They apply also to
gravitation. We explain a recent reformulation of gravitation, called retarded gravitation theory (RGT),
which is mez Covariant, and s Fanetional difeentil equations. RGT mocifes the Nowtonian
“inverse square law” gravitational force: the RGT force depends upon (a) retarded distance, and
(b) includes a velocity-dependent term. RGT, since Lorentz covariant, theoretically improves on
Newtonian gravitation. At the same time, RGT has the practical advantage over general relativity theory
(GRT) that a solution of the many-body problem is feasible in RGT. Hence, RGT can and ought to be
applied to the galaxy where Newtonian physics apparently fails but GRT cannot be applied. The
velocity dependence of the RGT force is amplified across a undred billion co-rotating stars in the galaxy,
50 that non-Newtonian velocitics of stars in spiral galaxics are to be expected on RGT, even without dark
matter. Possible experimental tests of RGT include the flyby anomaly observed for NASA spacecraft
which depends systematically on velocity-effects due to the rotation of the carth.
We further clarify that Laplace’s objection to pre-relativistic naive theories of retarded gravitation (NRG)
does not apply to RGT. We solve the 2-body FDES of RGT for the sun-Jupiter case: the system is stable
despite tiny differences from Newtonian gravitation. Thus, FDES are a general feature of post-relativity
physics.

1 Recap gen atom, even without radiation damping, is to use
FDEs and that changes the qualitative features of the
solution.

In three earlier articles[1, 2, 3] in this series, we saw

that functional differential equations (FDE) are fun-  What happens if we have uulmuon dmnpmg’ The

damentally different from ordinary differential equa- problem of the moti
tions (ODE). Hence, doing physi
ft in Further, FDEs arise damping has remained mathematically unsolved for a
naturally in classical electrodynamics: without any ~century because of runaways. These runaways can be
new physical hypotheses but just by doing the math —controlled by modifying Maxwell's equations at the
right. The right way to solve for the classical hydro- microphysical level, so that the equations of motion

le charged par-
s with FDEs leads ticle, in classical electrodynamics, it radintion

Volume 31, Number 2 Article Number : 1 www physedu.in



A proposed experiment to test theories of the
flyby anomaly

C. K. Raju
Indian Institute of Education
G. D. Parikh Centre, J. P. Naik Bhavan
Mumbai University Kalina Campus
Vidyanagari, Santacruz (E)
Mumbai 400 098
ckr@ckraju.net

June 25, 2017

Abstract

We use Lorentz covariant retarded gravitation theory (RGT), with-
out simplifications, to validate the earlier calculations for the flyby
anomaly as a gravitational cffect of Earths rotation at the special
relativistic (£) level. Small differences persist between the theoretical
predictions of RGT and the data reported by Anderson et al. That
reported data, however, is not direct observational data but consists
of un-modeled residues. To settle doubts, we propose a 3-way ex-
perimental test to discriminate between RGT, Newtonian gravitation
(o flyby anomaly), and Anderson et al.’s formula. This involves two
satellites orbiting Earth in opposite directions in the equatorial plane
in cccentric orbits. For these orbits, Earth’s rotation should not affect
velocity on (1) Newtonian gravitation and (2) the formula of Anderson
et al. However, (3) on RGT, one satellite gains and the other loses
velocity, by typically a few cm/s/day, which is easily measurable by
satellite laser ranging
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» Trick: Western (formal) math allows church metaphysics
to be smuggled into science

» and makes church superstitions credible.

» As in the creationism of Stephen Hawking.
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> |t also damages traditional beliefs.

» E.g. teaching formal math teaches that all systems of
Indian philosophy are wrong, for they all accept
empirical proof (pratyaksa pramana).

» But there is more. ...
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It rules out the core of Hinduism as anti-scientific.
Hinduism is about dharma, artha, kama, moksa

But only half-Hindus today, believe only in artha, and
kamal

Avoid all talk of dharma (ethics) related to moksa!
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Half-Hindus

» |t rules out the core of Hinduism as anti-scientific.

» Hinduism is about dharma, artha, kama, moksa

» But only half-Hindus today, believe only in artha, and
kamal

» Avoid all talk of dharma (ethics) related to moksa!

» Why? Because Western math-in-science has made core
of Hinduism disreputable.
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Atman and moksa
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The Upanishads teach that
that there is repeated birth.

The ultimate aim of life is deliverance from rebirth, or
moksa.

Is that science?
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Quasi-cyclic time

> Yesl!

» On the Upanishadic notion not only are individuals
reborn, the entire cosmos approximately repeats.

» Time is quasi-cyclic.
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This cosmic recurrence takes a long time (day and night
of Brahma = 8.64 billion years, according to Bhagvad
Gita (8.17-20), and Vispu Purana.).

On Newtonian physics, cosmic must recur if it is closed.
(Poincaré recurrence theorem.)
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So, rebirth across cosmic cycles is scientifically possible
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» This cosmic recurrence takes a long time (day and night
of Brahma = 8.64 billion years, according to Bhagvad
Gita (8.17-20), and Vispu Purana.).

» On Newtonian physics, cosmic must recur if it is closed.
(Poincaré recurrence theorem.)

» So, rebirth across cosmic cycles is scientifically possible

» but not moksal

Ganita vs math

» (Newtonian physics mechanistic: allows only eternal
recurrence, or repeated rebirth, with no escape [as in
Nietzsche].)
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This conflict arises due to a bad way of doing calculus.
Physics uses calculus, and

the Western (mis-)understanding of calculus forces the
metaphysical belief that time should be like the real line,

and not quasi-cyclic.

Correcting Western misunderstanding of calculus
essential for a non-mechanistic physics.
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» Don't get polarised between jokers and colonised minds.

» Don't forget past math and science:
» Spread it: (e.g. serious videos/TV serials on history and
philosophy of science).
» Teach it: open at least a few university departments for
the serious study of history and philosophy of science by
real scientists.

» Especially decolonise education, and
» teach ganita (normal math) not formal math, i.e.,

» makes math easy, makes science better.
» May restore core ethical values.

Conclusions
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