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I Was India’s contribution to math zero!?

I That claim is just a lollipop wrapped in double speak.
I India contributed efficient arithmetic
I based on place value system.
I This led to large numbers up to 1012 found in Yajurveda

17.2.
I Names of 53 places (1053 = tallaks.an. a) in Buddhist

Lalitavistara sutta, chp. 12.
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Large numbers and precise fractions

I Large numbers needed for precise fractions for
√
2, π

etc.

I (−8th c.) śulba sūtra√
2 = 1.41421[56] = 1+ 1

3 + 1
3·4 −

1
3·4·34

I (5th c.) Āryabhat.̄ ıya π = 3.1416 = 62832
20000
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I (5th c.) Āryabhat.̄ ıya π = 3.1416 = 62832
20000



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Large numbers and precise fractions

I Large numbers needed for precise fractions for
√
2, π

etc.
I (−8th c.) śulba sūtra√
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Precise fractions and π

I (13th c.) Madhava (from N̄ılakant.ha’s
Āryabhat.̄ ıyabhās.ya)

I

s½mg}Amjo mADv, p� nr(yAsàA\ pErEDs\HyAm� ÄvAn̂ –
Evb� Dn�/gjAEhh� tAfnE/g� Zv�dBvArZbAhv,।
nvEnKv
Emt� v� EtEv-tr� pErEDmAnEmd\ jgd� b�
DA,॥

I Corresponds to
π = 3.1415926535922 . . . = 2,827,433,388,233

9×109 , (accurate
to 11 places)
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I (15th c.) Karan. apaddhati (VI, 7) (reverse sexagesimal
kat.apayādi system) circumference =

c�XA\f� c�dý ADmk� \EBpAl = 31,415,926,536

I for a radius of

an� nn� àAnnn� àEn(y\ = 10,000,000,000

I i.e., π = 3.1415926536
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Contrast: Inefficient Greek and Roman arithmetic

I In contrast, in Roman numerals, largest number is
myriad = 10000.

I No systematic notation for fractions
I Greeks and Romans could not say the precise length of

the (tropical) year.
I Hence, Julian calendar had badly defective length of the

(tropical) year at 3651
4 .

I (Julian calendar reformed the earlier defective Roman
calendar, and the Romans laughed at the Greek
calends.)
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Transmission of Indian Arithmetic

I Hence, Europeans themselves abandoned their native
Roman system.

I In 10th c. Christian Europe imported Indian arithmetic
from Muslim Europe (Cordoba).

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

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

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

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

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

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

I but were puzzled by zero,
I as suggested by its very name from sifr = zephyr =

cypher = mysterious code.
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Law against zero
contd.

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

I Why?
I Roman numerals are additive XII = 10 + 1 + 1
I Indian numerals use place value: 130 6= 1+ 3 + 0.
I Contracts were altered by adding 0’s at the end.
I Florentines complained: zero has no value but adds any

amount of value to the preceding number.
I 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

I (Raju’s epistemic test) imported or copied knowledge is
hard to understand.
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I Called avyakt gan. it by Brahmagupta
(Brāhma-sphut.a-siddhānta, chp. 18)

I 3x + 4 acquires a value only when x is assigned one.
I Spread as al-jabr from Al-jabr wa’l Muqabala of Al

Khwarizmi
I (forcible solution by equating two quantities, one known,

one unknown)
I Solves quadratic equations.
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(Brāhma-sphut.a-siddhānta, chp. 18)

I 3x + 4 acquires a value only when x is assigned one.
I Spread as al-jabr from Al-jabr wa’l Muqabala of Al

Khwarizmi

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

I Solves quadratic equations.



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Algebra

I Called avyakt gan. it by Brahmagupta
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I R. gveda 10.2.34.1 is the aks.a sūkta or extraordinary
“hymn on dice”.

I Story of Nala and Damayanti in Mahabharata, relates
probability (science of dice, aks.a vidyā) to sampling
theory:

I R. tuparn.a teaches Nala how to count the number of
fruits in a tree.

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

I Or article on “Probability” in Springer Encyclopedia of
Non-Western Science, Technology and Medicine.
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I Binomial expansion in Piñgala’s Chandahsūtra 8.28.

I Used in Vedic theory of metre.
I Meru prastāra (“Pascal’s triangle”) in Halauyudha’s 10th

c. commentary.
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I Theory of permutations and combinations

I in numerous texts (e.g. Suśruta, Varāhamihira, Śridhar,
Pāt.̄ ıganita (72), Mahāv̄ıra, Gan. ita Sāra Sangraha etc.

I Used also in theory of Indian music.
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Trigonometry and calculus

I Both developed in India.

I Pingree and his student Plofker say
I Indians learnt trigonometry from Greeks.
I Total falsehood. No evidence for “Claudius Ptolemy”
I Only 12th c. copies of Almagest available.
I Accretes from Indian astronomy texts via Baghdad (8th

c.).
I Word “sine” from Latin “sinus” is from fold, or “jaib” a

misreading of “jiba” from Indian “jiva” or “jya”.
I Involves a conceptual error.
I As the term “jya” suggests, sine relates to the circle (as

in Indian texts): word “trigonometry” is a conceptual
misnomer.
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Āryabhat.a’s table of sine differences

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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Increasing precision

I Over a thousand year period this process was sharpened

I by the Āryabhat.a school in Kerala to
I Madhava’s sine table
I which used an infinite series for precise sine values.
I (Indians knew how to sum infinite sereis. N̄ılakant.ha

states the sum of infinite geometric series.)
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The infinite series for sine

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

Enh(y cApvg�
Z cAp\ t�(PlAEn c ।

hr�t̂ sm� Sy� `vg{
E-/>yAvg
ht{, �mAt̂ ॥ 440 ॥

cAp\ PlAEn cADo_Do �y-yopy�
pEr(yj�t̂ ।
jFvAp̂(y{, s\g}ho_-y{v Ev�An̂ i(yEdnA E�t, ॥ 441॥
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Translation

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

I 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.

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

I These together give the j̄ıvā, as collected together in the
verse beginning with “vidvān” etc.
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below the other, and subtract each from the one above.

I These together give the j̄ıvā, as collected together in the
verse beginning with “vidvān” etc.
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Mathematical Translation

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

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

s ·
n∏
1

s2.

I Denominator: multiply the square of the radius, r2, by
[(2 k)2 + 2 k] (“the squares of successive even numbers
increased by that number”) for successive values of k ,
repeating this product n times to obtain
n∏

k=1
r2 [(2k)2 + 2k].
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Math translation: contd.

I Thus, the nth iterate is obtained by

tn =
s2n · s

(22 + 2) · (42 + 4) · · · · · [(2n)2 + 2n] · r2n .

(1)

I The rule further says:

j̄ıvā = s − t1 + t2 − t3 + t4 − t5 + . . . (2)

= s − s3

r2 · (22 + 2)
+

s5

r4(22 + 2)(42 + 4)
− · · · .(3)
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I Thus, the nth iterate is obtained by
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(1)
I The rule further says:
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Math Translation

<+->Substituting (1) j̄ıvā ≡ r sin θ,(2) s = r θ, so
that s2n + 1 / r2n = r θ2n+1, and noticing that(3)
[(2k)2 + 2k] = 2k · (2k + 1), so that(4)
(22 + 2)(42 + 4) · · · [(2n)2 + 2n] = (2n + 1)!,and
cancelling r from both sides, we see that this is
equivalent to the well-known expression

sin θ = θ − θ3

3!
+

θ5

5!
− θ7

7!
+ · · · . (4)

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

��	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 (translated)

Table: Mādhava’s sine values

III

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
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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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Why calculus developed in India

I Why was so much accuracy needed?

I Because two key sources of wealth in India were

1. agriculture and
2. overseas trade.

I That required an accurate calendar and accurate
techniques of navigation,

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

I Because navigation then was THE major scientific
problem of Europe

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

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

I Europeans understood the practical use of precise sine
values

I but failed to understand how Indians summed infinite
series.

I Unlike Arabs, Europeans then did not acknowledge their
non-Christian sources (because of the Inquisition etc.).
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Matteo Ricci’s letter of 1581

I 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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Astronomy

I Calendar and (celestial) navigation require astronomy: a
key early Indian science.

I 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. Vedānga Jyotis.a from
−1500 CE does not contain a single sentence on
astrology. (My challenge since 2001.)

I Neither does ANY Indian astronomy text, across 3000
years, down to the 16th c. (including Varahamihira’s
Pañcasiddhāntikā).
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Contrast: Kepler

I In contrast, Kepler earned a livelihood from astrology.

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

I Lalla, Vateshvara etc. speak out against superstition,
E.g. Lalla Śis.yadh̄ıvrdhida, chp. 20

I “If an artful demon is the cause of an eclipse. . .

I then how is that that an eclipse can be determined by
calculation?

I Why does it always occur only on poornima or
amavasya?”
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Indians against superstition-2
Spherical Earth

I “If the earth is flat,

I why can’t tall trees, alas, be seen at great distance?”
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Indians against superstition-3
Earth not supported

I “If the earth is supported by a serpent (śes.a nāga),
tortoise etc.

I by whom are they supported in space?
I If they can stand unsupported why not the earth?”
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Contrast

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

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

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



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Contrast

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

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

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



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Contrast

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

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

I On Greek superstition, Atlas held up the earth. No one
contested it in all Greek literature.
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Origin of experimental method
Payāsi’s experiments

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

I In the D̄ıgha Nikāya.
I Payāsi performed some 30 experiments with condemned

felons to test the existence of the soul and life after
death.
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I (weight of the soul?) “weigh the man, strangle him with
a string and weigh him again”

I (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”

I and so on.
I This was 2000 years before Francis Bacon.
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Matter of pride?

I So, isn’t all this a matter of great pride?

I No. It is a matter of great shame!
I Shame that we forget about calculus in India for 500

years,
I until my 1998-2007 project. (Part of it done here in

NMML.)



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Matter of pride?

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

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

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



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Matter of pride?

I So, isn’t all this a matter of great pride?
I No. It is a matter of great shame!
I Shame that we forget about calculus in India for 500

years,

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



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Matter of pride?

I So, isn’t all this a matter of great pride?
I No. It is a matter of great shame!
I Shame that we forget about calculus in India for 500

years,
I until my 1998-2007 project. (Part of it done here in

NMML.)



Beyond zero:
India’s

contribution to
math and science

C. K. Raju

Introduction

Efficient
arithmetic

Algebra

Probability and
statistics

Trigonometry
and calculus

Science

Cultural pride?

Gan. ita vs math

Conclusions

Theft of calculus story

I Those who forget history repeat past mistakes.

I Calculus was stolen in the 16th c.,
I But the story that “calculus was stolen” was itself stolen

in the 21st c.!
I Repeatedly, in 2000, then 2004, then 2007 (as soon as

my book on calculus theft was published).
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Question 1

I Why did we forget our traditional knowledge?

I Because there were no knowledgeable people left.
I Why?
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Conclusions

I Many reasons: Loss of patronage after 17th c., Colonial
epistemicide, etc.

I But: anti-vidvān policy post-independence.

I We no longer even know who is a vidvān:
I commonly mistake science babus for “eminent

scientists”.
I (Nehru created powerful science babus, not scientific

temper! See my EPW article on Kosambi.)

I 100% reservation for ignorant loyalists.

I Pañcatantra story: “Loyal monkey cuts off your nose”,
I repeatedly makes a joke of tradition:
I in 10 minutes discredits 10 years work of the

knowledgeable.
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Invest in knowledge

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

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

I Europeans banned vidvan-s during the Dark Ages.

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

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

I Let us invest in knowledge, and create some space for
truly knowledgeable truth-seekers.
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Conclusions

Question 2

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

I Does traditional math have any practical value today?
I Has it not been superseded by modern math and

science?
I We think so, for we teach calculus (with limits) in

schools by imitating the West, not as it developed in
India.

I We teach geometry in schools using “Euclid” not śulba
sūtra-s.

I The two are NOT the same.
I Whether or not we had it earlier, we had it different.
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Gan. ita vs math
Key differences

I Gan. ita 6= math

I Gan. ita (normal math) accepts empirical proofs.

I Formal math is anti-empirical (pure metaphysics)

I Gan. ita (normal math) accepts approximate calculation
in real world

I formal math claims to be exact knowledge (but in a
fantasy world inaccessible to the senses; e.g. a
geometric point is declared invisible).
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E.g. 1. Geometry: “Pythagorean theorem”

I We had it earlier than Pythagoras: śulba sūtra-s state
the “Pythagorean” proposition, BUT

I evidence from Egypt and Iraq is from still earlier.
I Difference: Manava śulba sūtra uses square roots.
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Manava śulba sūtra
I Manava śulba sūtra 10.10

manava-sulba-sutra-10-10.png

I That is, instead of c2 = a2 + b2

I the statement is c =
√
a2 + b2.

I Difference 1: Impossible to evaluate all square roots
exactly, e.g.

√
2. (= saviśes.a).

I Difference 2: śulba or flexible string permits
measurement of curved lines, impossible with any
instrument in the school geometry box.

Rajju-ganit

This completely changes the teaching of school geometry.
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E.g. 2: Different concept of zero
Zeroism

I Bhaskar (L̄ılāvat̄ı 47) allows division by zero (kha-hara)
disallowed in formal arithmetic.

I (
x × 0+ x

2 × 0
)
× 3

0
= 63

I x = 14.
I Division by zero (a) NOT a mistake, (b) NOT

pāt.̄ıgan. ita, (c) NOT to be understood using limits.
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Calculus without limits

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

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

I Something very recently understood in the West.
I Not understood by Newton etc. or colonised

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

I Newton’s physics hence failed
I (he made a conceptual error about time, because he

misunderstood Indian calculus).
I Correcting that error also corrects his theory of

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

gravitation.
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Retarded gravitation theory
C. K. Raju

School of Mathematical Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia
Current address: Albukhary International University, 05200 Alor Setar, Malaysia

ckr@ckraju.net

Abstract. We propose a Lorentz-covariant theory of gravity, and explain its theoretical origins in
the problem of time in Newtonian physics. In this retarded gravitation theory (RGT), the gravi-
tational force depends upon both retarded position and velocity, and the equations of motion are
retarded functional differential equations. We explicitly solve these equations, under simplifying
assumptions, for various NASA spacecraft. This shows that the differences from Newtonian grav-
ity, though tiny, are just appropriate to explain the flyby anomaly as av

c effect due to earth’s rotation.
We also show that, in the case of a spiral galaxy, the combined velocity drag from a large number
of co-rotating stars enormously speeds up a test particle. RGT can also be tested in the laboratory. It
necessitates a reappraisal of current laboratory methods of determining the Newtonian gravitational
constantG.

Keywords: Retarded gravity, galactic rotation curves, flyby anomaly, functional differential equa-
tions, experimental tests of gravity
PACS: 04.80.Cc, 04.50.Kd, 98.62.Dm, 45.20.D-, 02.30.Ks

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

It is 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.
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Functional differential equations.

4: Retarded gravitation

C. K. Raju

ckr@ckraju.net

(Submitted 27-06-2015)

Abstract

Are functional differential equations (FDEs) only about electrodynamics? No. They apply also to
gravitation. We explain a recent reformulation of gravitation, called retarded gravitation theory (RGT),
which is Lorentz covariant, and uses functional differential equations. RGT modifies the Newtonian
“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 tiny
velocity dependence of the RGT force is amplified across a hundred billion co-rotating stars in the galaxy,
so that non-Newtonian velocities of stars in spiral galaxies 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 earth.
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

In three earlier articles[1, 2, 3] in this series, we saw
that functional differential equations (FDEs) are fun-
damentally different from ordinary differential equa-
tions (ODEs). Hence, doing physics with FDEs leads
to a paradigm shift in physics. Further, FDEs arise
naturally in classical electrodynamics: without any
new physical hypotheses but just by doing the math
right. The right way to solve for the classical hydro-

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

What happens if we have radiation damping? The
problem of the motion of even a single charged par-
ticle, in classical electrodynamics, with radiation
damping has remained mathematically unsolved for a
century because of runaways. These runaways can be
controlled by modifying Maxwell’s equations at the
microphysical level, so that the equations of motion

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
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Abstract

We use Lorentz covariant retarded gravitation theory (RGT), with-
out simplifications, to validate the earlier calculations for the flyby
anomaly as a gravitational effect of Earth’s rotation at the special
relativistic (vc ) 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
(no flyby anomaly), and Anderson et al.’s formula. This involves two
satellites orbiting Earth in opposite directions in the equatorial plane
in eccentric 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.

1
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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.
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I but not moks.a!
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