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Some reflections on the history of Indian science

The language of science: A brief look at notations of the ancients
The centers of science in the ancient world
Origin of the Indians and kindred populations
The periods of Indian science
Religion as the substratum of science: not something different from it
The common origins and parallel developments of Indian and Greek science
The early Indian scientific (philosophical) schools
Some examples of early concepts:
 Early mathematics, astronomy and cosmogonic ideas
* Hindu Atomism and physical theories
 Theories in physiology, zoology and medicine
e Linguistic thinking
o Illustration of modern relevance: An e.g. from computational biology
Scientific principles
Indian scientific culture



The language (notation) of science

How many balls are there in the above pile?



The language of Indian science: Sanskrit

A AT I ITT | 9 —hU3: (Glottal)

Periodic functions

< _5? A5 T AT — dlg:  (Soft Palate) | > of position of the

ARSI ESELY | U — FHI (Hard Palate) tongue

2 edYdYs ga Y | 94— qd: (Dental)

IS T9F Y9 | _)3:T'|'g; (Labial) N Or.igirols of ontological
principles

9 — T + E:
TU — HUS: + %
RN A Letters can denote
3 — AqFANEHRY
F+U=8 T

Inspired Mendeleev’s periodic table of elements



The language of Indian science: Religio-cultural milieu should be
understood

H-a[dd: % R

M WARIREd e Saorgd: aide: 9 gg9: |

) o O o O

gty foed S9! SYal ¥E, Fqaer-arng: |

An expression for the value of nt: the ratio of the perimeter of a circle to its diameter
Note: Use of special cultural encodings to refer to numerical values.



If you are curious...

Bhanandagni: bha+ nanda+agni: bha =27; nanda= 9; agni= 3 — 3927
Khabanastiirya: kha+bana+siirya: kha=0; bana=5; siirya=12 — 1250

5927 = 3.1416
TS 1250 7
Sailah=7; dvavim$ati=22
2
~ — = 3.142
"ET

nanda = 9 Nanda emperors of Magadha; agni = 3 ritual fires; kha
= space=0; bana = 5 arrows of Kamadeva etc; stirya = 12 Aditya-s,
solar deities; Sailah: 7 mountains in tradition (Mahendra,
Malaya, Sahya, Suktimat, Rksa, Vindhya and Paripatra.)



Some centers of science in the pre-modern world
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The ancient cosmopolis: Mediterranean, Iran, India, East Asia



The genesis of Indians

Ancient hunter-gatherers
>35 KYA

Iranian hunter-
gatherer — Neolithic
transition (farming) —
Harappan Civilization
? 11KYA-4KYA

Indo-Europeans:
Defining cultural force
— Emergence of Indian
scientific tradition as
we know it

3900-3500 YA

Austro-Asiatic tribes
~3000 YA onwards




Broad periods of Indian scientific tradition
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oW ' Lagadha Prasastapada Kamalakara



Indian and Greek science arose from substratum of religion
and not something different from it

Performance of rituals at right time: calendrics — astronomy

Accurate construction of altars for rituals: mensuration — Geometry;

Animal sacrifice: careful offering of dissected parts of animals — Anatomy
Accurate preservation of incantations for ritual: Linguistics — Axiomatic principles
Classification of ritual actions and economical communication — Ontology

Use of biologically active plants (E.g. soma) — Botany, medicine

Philosophical meditations on rituals — Theories on nature of existence



Religion and science were not at loggerheads in old India

Ige-Ffex WIS Uied sUE: Wa-ady a |
g sHae-fae sHe: fRieufy weryg |
sG] IX B9 YT JRIves foRg: |
g: St -UHH-TT%: UHIH-GRIA Hid: B |
Fg-TuI-TTiora-u g -wmy - fedd fed-g9: |
fagarfy-af<a-ugr s/afd sivmema=a: |

Learned in the bhatta-doctrine (i.e. mimamsa of bhatta Kumarila), unlimited
in Samkhya, and an independent thinker in the tantra; of unblemished knowl-
edge in the Veda, and not inferior to any in architecture and other arts; he who
could deploy meters as he wished, a special knower of Vaisesika; he was a re-
spected teacher of the Prabhakara doctrine and poet in the realm of poetry;
in the manifold mathematical procedures of the three branches of the [mathe-
matical] sciences he was like the three-eyed [god]; triumphant is this respected
Bhaskaracarya whose feet are worshiped be the wise.

An account the scholarship and the breadth of knowledge of Bhaskara-II by
one of his successors found on an inscription attached to a college of
mathematics founded by his grandson in the late 1100s of CE



Several parallels between Greek and Indian scientific traditions

Periods of interaction

Shared Indo-European ancestry: Common ideas inherited from ancient Indo-European
days on the steppe

Pre-Alexandrian exchange via the Iranian Achaemenid empire (especially in north-west)
which employed both Greeks (yavana-s) and Indians

Alexandrian collision of the Greek and Indian worlds

Common ground and exchange of ideas

Platonism closely parallels Indian philosophical traditions

Samkhya-yoga and Empedocles: evolution of organisms from individual organs

Panini and Euclid: Axiomatic thinking as the foundation of knowledge

Influence of Hindu medicine on Greek medicine: the theory of dosa-s (bodily substances)
Influence of Greek astrology (yavana-jataka) on Indians. Acquisition of geometry concepts
from astrological texts.



Panini and Euclid

Panini: Attempt to create a description of all of language from a small number of

starting axioms (Mahe$vara-siitrani)

 Euclid: Attempt to create description of the geometric and number world with a
small number of axioms: the famous 5 postulates

 Panini: Proving grammatical forms through serial application of axioms

* Euclid: Proof of geometric theorem

HENE®: broad-chest
TR~ + I ~F —
Ted~4 + I ~g +F~-1 —
Hed + 3™+ % - (SAT-HEd:)—
T+ IW+ F — HEEE: |l

Donkey's theorem for AABC

m ABDC  /BDC = /BCD
LACD > ZBDC

coin DADC  AD > AC
c.ct+e>b
Sa+e>bQ.ED




Some Insights from the earliest Indian scientific texts



Vedanga-jyotisa

Composed ~3300 Ybp by Lagadha in the Paficanada region (the Greater Panjab)

First clear-cut demonstration of computational algorithms in Indian astronomy: e.g.
use of Modulo function in computation: (e.g. 13 mod 4 = 1)

The water-clock as measure of time (a very Indian way of time keeping): the volume
of water of weight 50 pala-s, at room temperature, is one adhaka (a volume measure).
In this water-clock that volume of water that drains in one 1 nadika. This ancient
time unit corresponds to 24 minutes. 60 nadika-s in a day

Reasonable determinations of lunar periods: synodic month, the period between two
new moons=29.51 days (modern value= 29.530). Sidereal month (time taken by Moon
to complete one full revolution around the Earth with respect to the background
stars) = 27.31 (modern value=27.32)



A verse as a stop-watch

HT Shi~d T&TRIT=] TIThIR - FICHT:

ST I3 g1 tI'UTti-s‘\ Rakil REIRCEH

&Jc&lTH: HICRI 'C{(‘léll\ dl g < AMi-lq

TEATE W RIS RIS hdAT || (B TSHED:)

Do not, pretty girl, at the end of the [bright] fortnight sleep in a place open to the sky.
Should at night taking [your| beautiful face to be the round full moon,

the hunger-stricken cruel Rahu wandering about here and there eat you up.
Therefore, at nightfall you ought to make your bed in an isolated place inside the

house.

If you recite the above continuously in the “madhyma-gati” it should take you
24 seconds: an ancient Indian unit of time called vinadika



Science in the Bhrgu-smrti

A text today preserved as part of the Mahabharata
Presented as the knowledge emerging from teaching of ancient teacher Bhrgu to his

student Bharadvaja
Covers a wide range of scientific, philosophical and social questions
One of the key proto-scientific texts in Indian tradition: begins with the below
questions marking curiosity about existence
FETE: TR OO qaatgeh: | T arirrasr s w7 [T || |

How has the universe, with all its oceans, its firmament, its mountains, its clouds,

its lands, its fire, its wind come into being?
F T AT F2T TOATHRA: | =TT F2F 07 GHIeH a2 F249 || ||
How did the elements come into being and how did the distinction into various

categories come to be? What are the [rules] of cleanliness and proper conduct?

F1ZT ST St F AT T=gied T JAT: | TLATHHE =TT T 909 AT 99717 || 3
What is the nature of life of the living beings and what happens upon their death?

Tell us every thing about this world and the yonder world [3].



Science in the Bhrgu-smrti

Concept of vast space with numerous self-luminous bodies

T AT T T9ATeq THE: TIAF T | FhAcarad-qeartaa 7 &g 7 || 24|
Even the above [celestial bodies] of great luminosity do not illuminate the limits of

the nebulous sky, due its inaccessibility and infinity. It is so, O giver of respect.

STREIEN TSadg: TIFTH: | MEaHaasheaa T T T || R €|

Arrayed after the other are the blazing self-luminous bodies which fill space

whose measures incognate to the very celestials.



Science in the Bhrgu-smrti

First physical theory for the origin of the universe

2T A TAa T e ATRT A= ATTH | T Fearehee TEHe Jw=T || 3|

In the beginning there was only the motionless and immovable space. Without

bodies like the sun or moon or the gaseous element it was as though in a state of
dormancy.

qT: AIAAH s THEATTE TH: | TEATY AIAATI ISR A 9d ATET: || £ 0|

Then the liquid element emerged, like something denser than the existing

emptiness|[11]. From the outward pressure in the liquid element arose the

gaseous element. Rl
TAT ATAAH 8 e TA&Tq | TETEAET THHT0 - Fe=a-gadstad: || ¢ ¢||

Like a vessel without a fissure the universe was without sound. But when filled

with the liquid element sound was transmitted gaseous element.



Science in the Bhrgu-smrti

AT AT 5 ATAIs [H7way | fo=arora ae ar: aeaatd =qra || 23|

Thus the space permeated throughout by the liquid element, and from it [liquid
element] penetrated by waves arose the vibrating gaseous element.

T U LA AT TS | ATHTLEATTHTATE T ATienm=aid || ¢ 3|

The gas thus by the pressure of the waves in water keeps moving. In the midst of
space where there is no countering force it never stops.

TR AT T SrEasT WgTae: | TEsaered o Fear fAfafas 797 || 0|

Where the gas encountered the liquid element, there was friction and this gave
rise the light and heat filled with energy. These radiated forth with upward-

directed rays and dispelled the darkness from the space.



Science in the Bhrgu-smrti

TR TEAEIh: ETeaHcTdd STod | AsaTed S M aaaqaaad || 24|

The heat acting on the gaseous element spread the liquid element into space.
Through the combination with heat and the gaseous element it [the liquid
element] gave rise to dense structures.

FeaeRTdr fafee: sefasfy Tiswe: | 7 agerdeas gy || 25|

These condensates of the liquid element fell of from the sky and solidified to give
rise to the solid element.

THTAT FA=LTAT JETHT ST AT | TR 37 T97 99 99749 || 29|

This solid element as the earth is known to be the source from which all liquids,

substances, smells and living beings originated.



Science in the Bhrgu-smrti

Early (fairly accurate) ideas on plant biology: ascent of sap; sensory capacity
Growth using absorbed nutrients

FFATITA ATAT TATEH TAHTEaq | TAT Taqag<h: qTe: foata araam: || ¢4
Just as one can suck water through tubes in a bent lotus stalk, thus plants, by

means of the force of the gaseous element suck water with their roots.

U@ ST e = [ ord | Std T93mH Femoma=a= 7 &= || 29|
They are affected by pleasures and pains and regenerate when cut up. Hence, |
conclude that plants have have life and are capable of sensory perception.

AT TSTAHTET SEAATAATEAT | AMEIRATATY Fal rad ST || 44|

The action of heat and the gaseous element cause the sap that has been thus

sucked to be digested. Depending on the amount of sap that has been

consumed there is an advance in [the plant’s] growth.



Science in the early philosophical schools

Sp——r— Other focus

Samkhya-yoga Origin of universe, structure of  Alleviation of sorrow, acquisition
matter, origin of organisms, of special capabilities
sensory perception

Vaisesika Physics, atomic theory of Physical laws, understanding
universe universe

Nyaya Atomic theory, scientific logic Logic in general, asceticism

Plirva-mimamsa Theory of sound, logic Logic, correct performance of

rituals

Uttara-mismamsa Role of consciousness Consciousness and soteriology

Vaiyyakarana Algorithmic and axiomatic Grammar to understand ritual
thought texts

Bauddha Nature of consciousness Alleviation of sorrow

Jaina Zoology, nature of life, logic kevalajfiana



VaisSesika: physical theories

Formal founder: Kanada Kasyapa ~2800 YBP
Earliest text: Vai$esika-sutrani
Famous expositors: Pradastapada, Sridhara, Vacaspati Mi$ra, Jayanta

All matter is made up fundamental atomic units called paramanu-s.

Time, space and consciousness are also made of discrete units that are
further indivisible

Explain all of existence through physical laws: concepts like force and work
operating on particles of matter.

Completely physical explanation for the universe after the initial
conditions that set the atomic interactions in motion

Successfully explained several natural phenomena



Vaisesika: concept of force and work

eI AEd IdTH Tgadd | AT TAT AEA HA-FHON 2A<h: &Fd qd1 qdqT H-
g ayHIS-Te-I=Yq IUSTad |

When the existing force “samskara” causes motion, as it keeps performing work
against a counteracting force when the energy is consumed its attains states of
reduced work etc (i.e. culminating in rest)

e This, while in our modern language looks somewhat clumsy, was a central concept for
the Vaisesika-vadins. It might be seen as the closest one gets to the Newtonian first law
of motion from classical physics in the ancient world

* The capacity to perform work depends on the available energy and when the force is
balanced, motion decreases and rest is attained



VaisSesika: use of coordinate system: atomic packing

Qﬁﬁ T Bﬂfﬁcd‘lqi@fel HCQIHH_\-?{QI ‘Hgfh\l I: 9 WHHI%W-{%QI ﬁﬁ?*lqu'{trmﬁ:
T4: | TAIScan - SX- U Ha-S3-Ggwhl I: | Taverrs. fAuse-S31 | aeEmon:
qfad: o ¥ qAURESH UTHIY] YT I GAGATEdHY-o3l-[AUFT-SI-GANT: | HeAadl |
U UAEl [qASR-HAA HeaEg S sFareddl qrdatHl of Sy 9eE] |
Tg HeAfead-afqgaai-ey-fAuss o/uel SUTIEl 58T: | Grg<h anTedcd Jaedd =
Ay fAuws EEaEteed 9 edcad WaEaaesac 9 Jaeaq

Explains octahedral packing
of atoms in a solid

Today known as “cartesian
system” after the French
philosopher-scientist Descartes




Vaisesika: theory of sound

HRINT-TRT-TSTHTE, JRT-H-aH9Y §ea-H-d14 5 UaH H=dT-4
HTH-TSRH 3T TGUH | HATF-eGAL THATNHARTETE, 3TUTHE

U AT | IR -8 31 |

Sound arising {rom conjunctions and disjunctions, like a series of water-waves,
is indeed produced in a wave-series. When the wave-series arrives in the re-
gion of the ear it is sensed. As the ear does not go to the sound and the
sound-source does not arrive at the ear, there would be no sensing |of the

sound] if something does not [physically| reach the other. Therefore, one has
to conclude that [sound is transmitted| as a waves-series.

* First physical theory of sound

 Correctly understood it as a transport phenomenon involving wave motion
« Widely used by other Indian traditions



Vaisesika: use of molecular theory to explain state change

AR T GIUA-dSTH T STHHANTSH | Y HUL Jd-TY gl

~ - Bt = ~ Y o
YUY TLHTUSE ATI-HYG SIMIAT hACIT d3RAT TSR]
S - L i e -
SRTRTh-HANT-T9 AT hI-KF-T1gTq TTH-HATTE- 3 TUITI&ITd
TARY UHY SIaH ||

The emergent fluidity of solid [with| energy is produced by contact with heat.
How is it produced in butter, lac, wax and the like? It is because when the
atoms |of the substances come in contact with a heat source they acquire
momentum, which results in a force; this produces a disjunction of their
atoms and the destruction of their substance-forming bonds. From this the
loriginal state of] the substance ceases to exist. [Thus,| from the conjunction
with the heat-source and the effect of the heat, the atoms are freed [from
their cohesive bonds| and fluidity [emerges

We find a rather “contemporary” explanation for the state change: i.e. liquefaction of a
solid in the Vaisesika tradition.

Here the “atom” should be understood as the minimal molecular unit of the substance
Theory of bonding of atoms



Vais$esika: Recognition of gravity as force

O ST AR | G- H-ShIYUTH | 3T CTRTH Ud-- chi—:]j#—iw-l |
FRINT- - HERL-TAUN | T FEI-ILHV[-EU1E 59 AT -

o |

The liquid and solid substance possesses gravity. It is the force for the action
of falling. Tt is imperceptible [but] is inferable from the action of falling. It
is neutralized by the conjunctive force [between atoms| or work done against
it or the momentum possessed |[by a body]l. Its permanence and imperma-
nence are like the appearance of color of the fundamental particles of liquid

and other substances?.

1. Commentators like Sridhara explain samskara in terms of momentum us-
ing the example of the arrow shot from a bow.

2. Sridhara clarifies that by this Pradastapada means that the gravity is
an eternal, i.e. nitya, property of the fundamental particle of the liquid ete
substance. Its anityatva relates to the gravity of the molecular state which
is impermanent, insofar as it exists only till the molecule lasts,



Vaisesika: the concept of elasticity

FTGTITEITIY FEIHIH T UTHhd JUTEEId TT9gd | FTav-
FIHT $d HHeId | AT @-TTHaA =Y THdd |

Now elasticity exists in substances with contact whose [molecules| are densely
packed, and can come close and move away from each other, which when at
a given time point the have their position changed tend to restore their orig-
inal position. In products of plants and animals, [such as] a bow, a branch,
a horn, teeth, bones, fibers, cloth etec, which contract and expand the force

of elasticity is observed. The permanence of an impermanence of elasticity
are like that of gravity.

* Earliest molecular account of elasticity (sthiti-sthapakah)
 Based on density of molecular packing



VaiSesika: end of the universe

SITETOT |- TY-IdT=d TAHTHET STV STaI-hicy HHTL-G=T-THq
HI-TToATH AR-TIsme iy SRo-{ga9dy Hgag Hiogul-
HHABIGH T ST-HgNAT-THTIh =T HaT T TR
RN AT | Fg g IR TS - TN 5J-ShUTU[-
TR aq F=INT-TAgl quTH ATILHTE =T To-Ta: ||

- [

TIT G Iqh-SAGH-TITTH 31T HERIATATH 39 ShH U eH =]
ST 9T q99 Q9T 99T | ad: Wi e 9ErrEr
SATAE~ THATIH-HER NI GG ATHH dra-aH 79 HoH ||

By the measure of Brahman, at the end of 100 years, at the time of the The span Of Brahrnan
release of the existing Brahman, for the the [final] nightly rest of all beings p
fatigued by [their passage through| existence, the lord of all the worlds, Ma- 311,040,000,000,000 years

hesvara, wishes to destroy. Simultaneously [with this wish], the cessation
of the action of the unseen forces that are the cause of the existence of the
bodies, [sensory and motor]| organs and the fundamental matter of all beings
happens. From Mahesvara’s desire and the action arising from the conjunc-
tion of the molecules and the consciousness, the molecules comprising the
bodies and organs undergo disjunction. From this destruction of the combi-
nations of molecules comes about the destruction of all [matter| to the state
of elementary particles. Dissolution into elementary
Thus happens the successive destruction and reabsorption of the [particles| of partlcles
the fundamental substances of the solid, liquid, radiant energy and gas state,

one after the other into the next. Thereafter, only the elementary particles

exist in the disjoint state and at the same time intermixed with these are

units of consciousness with their potential dharma and adharma.



Theories and ideas pertaining to biology in
early Indian science



Caraka’s physiology of digestion

Reasonable understanding of the different stages of
digestion in different parts of the digestive tract

ALY O HATT g9 Hqied: |

HYATd F%[ 9Ed 6 SeEd |

Immediately on consumption of food, six tastes are sensed and initial digestion begins.
From that it becomes sweet and secretion of frothy mucus [to ingest it] takes place.

W = faraegarad: |

ARTATEITAAE U o=9q 3<ad ||

Then in the stomach the ingested food being further digested becomes acidic.
The food descending from the stomach induces clear bilious secretion.

UERTE d AT ASIH0E digel |

RS d-9&ed a1g: T1q &weaEa: |

The food reaching the intestines is then successively dehydrated physiological absorption.
The digested food then clumped into solid lumps by the peristaltic force acquiring a pun-
gent odor.




Umasvati’s zoology

Group I invertebrates
apadika = nematodes
niipuraka = annelids
Gandiipada = cnidaria

Sankha, Sutika,samubuka= molluscs
jaluka=leeches

Group III (“higher arthropods”)
bhramara, varata, saranga=hymenopterans
Maksika, puttika, damsa, masaka=Diptera
Vrscika, nandyavarta, liitika=scorpions and spiders
Kita=lepidoptera
Patanga=orthoptera (locusts and hoppers)

Group II (“lower arthropods”)
pipilika
Rohinika
upachika, kunthu, tuburaka = bugs
trapusavija, karapasasthika = beetles
Satapadi, utpataka=myriapods
Trinapatra = plant hoppers
Kastha-haraka = termites and cockroaches

Group VI (The vertebrates known as tiryagyoni-s)
matsya=fishes
uraga/nakra, godha, kiirma=crocodiles, lizards and
turtles
Bhujanga=snakes
Paksi=birds
Jarayuja-s=mammals



Caraka’s parasitology

TRt HIASITAT STd | JohT TGS =T TgTadT aig-AoSIT:
hHIMET SHATRT SHGIT: HLHT = STqHTTR] Iid 9¢
TMOIASIT: | 3TAET ISIAET gRATQIR] XAl I ST: HIT-reht

HTd HH HHSI: | Hohdh] HhGR SAgk HIHh:
HIHOR] = Td s
There are 20 types of pathogenic organisms. Lice, mites are the 2 arising in
external secretions. The kesada, lomada lomadvipa, saurasa, audumbara and
jantumatara are the 6 arising in blood. The antrada, ndaravesta hrdayada,
curu, darbhapuspa, saugandhika mahaguda are the T arising in the mucosa.
The kakeruka, makeruka, leliha, sasulaka and sausurada are the 5 arising in
the lower gut.

FYTEH WETE WA 35F: -- §8 @og oA  f&afa-fadm:
ThE: YaH 3TQE AFNaYT UToE=+ 370 Hgohd:; o I
N

SITOTASTT, HSSITY Ad |

The respected Atreva then replied to him: “O Agnivesa” there are 20 varieties
of pathogens previously taught to vou classified in different groups in addition
to normal ones in the body. Now again they are classified according to their
nature into 4 classes. They are those that arise in the lower gut, in the
mucosa, in the blood and the external secretions.

Observation and
inference of parasitic
organisms

Pippilika == mite here?

Existence of normal
“microbiome” /commensal
load inferred



Caraka and Susruta: mosquitoes

HRIT: g IRAvGE! giRraee: FT: Ui 3fd ugd: | o) gEE e FUS GRI-RIHR 9 | TTadEg
dhic: UTIT-24d dod A& ||

TEaFy s ot fUew-gre-urd vaf=l | Sielleal gu-aguH Ia Rfefard = |

Mosquito|-species are| five: samudra, parimandala, hasti-masaka, krsna and parvatiya. From
their bite there is sharp itching and swelling at the bite-mark. These symptoms of the par-
vativa are like the bite of a fatal insect. The bite-marks when excessively scratched by the
nails result in pustule, a burning sensation and discharge. The symptoms of a leech bite and
its treatment has already been stated.

HUGHT AL 399 BIth: W Agdg: |

ST -hie-HexH THIH-HAS- 4 ||

-Tich:

From the itchy |bite| of the mosquito there is slight swelling and mild pain. The incurable-
moscquito bite is quite like the incurable insect bite.

Both samhita-s recognize the well-known effects of mosquitoes. Susruta also recognizes the
possibility of an inflammatory reaction which is today called Skeeter syndrome. Both also mention
a “serious” type of fatal mosquito bite. That is odd. Is that a vague recognition of a mosquito-borne
disease resulting in fatality?



Caraka and Susruta: pharmacopeia/pharmacology

Ethnopharmacology: prospecting for potential drugs from
hunter-gatherers and forest dwellers in Susruta

TTIOTATY dT9ET ST I T T |
HATERIR[ T & d%T HYSI-ATRR 3 |

From those who are cowherds, ascetics. hunters, these and other forest-tribes,
and those who are root-eating foragers, the particulars of drugs may be known

Note how he is increasing the pH and obtaining an alcohol extract

EITSTehT SST-RTha-&T: HLHET SYTadSsh: |
HTGL-HUS-HY<h! Taa: TqUal-ay ||

Sodium Carbonate, alkali obtained from goat-shit, tulasi, Ctenolepis com-
bined with the supernatant obtained from madira alcohol is helpful [in treat-

ing] centipede poisoning.



Ancient pharmacopeia: still relevant

Forskolin: A substance from the makandika plant described in Indian
medical texts

adenylyl cyclase inducing molecule




Vaiyyakarana-s: Panini

Panini lived ~2500 YBP: Was born in a place called Salatura (today Chota Lahur in
Pakistan). A statue of his existed in the town when China visitor Xuanzang visited
India.

How did Panini create his grammar of Samskrta ?

1) Data collection: Collected and gathered usage of the Sanskrit language from
what’s today Tajikistan to Assam. Systematically classified the words into that
was called the Ganapatha: the database

2) Then he extracted roots for all those classified words and created a library of
roots called the Dhatupatha

3) From these he created a series of axioms the Mahe$§vara-sutrani

4) He then derived all of the language through a series of rules (sutra-s) acting on
the above: the Sutra-patha



Vaiyyakarana-s: Linguistic analysis: “principle of homology”
Panini, Katyayana and Pataiijali: ~2500-2180 YBP

o

q31d Read
eads
pathati
Reading
pathanam
“" Teach
eacher
pathakah
Identify homologous
root path-

dhatu-s

o

qdld
. Cooks
pacati
Cooking
pacanam
qrh:
_ Cook
pacakah
Identify homologous
root pac-

Homologous element: ati

Homologous element: anam

Homologous element: akah;
Note elongation of root

pratyaya-s



Vaiyyakarana-s: “principle of homology”: modern application

* Proteins are comprised of domains: These are structural,
evolutionary and functional units

* Understanding the roles of domains leads to biochemical
and biological understanding

Examples of domains in DNA polymerase:
1) “Palm”: RRM: Catalytic

2) “fingers”: holding template

3) ,4) DNA-binding domains




Vaiyyakarana-s: “principle of homology”: modern application

TMs
cNMPBD HTH cNMPBD HTH

<>- <> Helix-turn-helix domain

DSBH HTH HTH

Ol e nucle
Cyclic nucleotide
HTH ACT }H binding domain

-. PBP1 lon-channels DSBH, ACT, PBP1,
PBP2: other ligand-
binding domains

Transcription factors

HTH TMs TMs
HTH



Scientific principles and logic Nyaya: The law of excluded middle

Nyaya: promulgator: Aksapada Gautama
Later proponents: Udyotakara, Udayana, Jayanta

Given any proposition, either that proposition is true or its contradiction

qg I dd U=sHd | 3Ig sFafes-id |

JAI-THRHE = G | T TH-THU-SMR: |

That which is stated is the identity. The other is its contradiction.

The third type’s exclusion is indicated (Aristotle: it will not be possible to be and not to

be the same thing). This is the operation of the “one proof™.

Leibniz: Every judgment is either true or false



Nyaya: correlation and causation

* Not every event which is correlated, even if strongly, implies a causal connection.
* Even when causality exists it is necessary to understand which causes what
 There could be a third common or related cause for observed events

aﬁ‘lﬁlerﬁ %‘gﬁﬂ’ U SHTI qqiﬂq | q\qimﬂ ERE 3+|<$|ore4 obcrt[{% cII(Ob‘\IQQ: 1
Lg\wt{rilwc\ algg wga{wm:lﬁ | 6|<id~1|d,H|6|rc| {-H(d @FHQIIJH |

INJ('L glté"l Llell"(‘l ]_Cfgllr('l TIN5 | |'4'4||<’)°h|US H%l'{"{EI:':UHCI I: |
afed YreT: UIFR STHIo=Ear: ||
Observation of strongly correlated events does not always mean causation [by the preced-
ing]: Upon the Sun setting, the stars are seen rising. With the full moon rising the ocean
swells (tides). The rivers dry up when the star Canopus rises. The flocks of birds stay
put till the rivers dry. Ants carrying their eggs and the coming of rains. Etc.

* Which of the above are causal ?

 Nyaya tradition gives examples such as the above to illustrate the distinction: The
ants carrying their eggs is correlated with arrival of rains, but it does not mean the
action of the ants causes the rain.



Nyaya: Creation of scientific theory

FOqdl  — IqAR: —— (9O — fqgra:
Hypothesis Does it explain the Successfully Theory
facts? explains

=gy 7 =Y Fod q =EEEEE |
An unseen postulate is considered valid only if it is consistent with observations not if it
contradicts them

qqﬁqﬁ%a:_[; FTIg-<g3:  Principle of proximal explanation and parsimony
for choosing between hypothesis

The Nyaya proposal for generation of a siddhanta resembles Karl
Popper’s philosophy of science and principle of hypothesis testing



Indian scientific cosmopolis: 250-1100 CE

Indian scientific knowledge spread widely via the vehicle of Sanskrit



Indian scientific system: ages of success of some notable figures

Name Accomplishment Age
(years)

Jivaka biologist/physician: acarya at Ujjaini 20
Lolimbaraja Physician/teacher of medicine/poet; composed pharmacopeia 25
Aryabhata Astronomer, engineer, mathematician; acarya 23
Vate$vara Astronomer, mathematician from Kashmira 24
Maiijula Astronomer, mathematician, early use of differential calculus 20
Ganesa daivajna Astronomer, mathematician, hyperbolic approximation of sine function = 14
Jayanta Philosophy of science, nyaya, vaiyyakarana-treatise 10
Raghunatha pandita Scientific logic, atomism 18
Bhaskara-II Astronomer, mathematician, Siddhanta shiromani 36

* Most ancient Indian authors are not prone to giving any
biographies but those who do present a striking pattern.

o List gives ages when they composed their first major treatise

 Lesson to learn: identify scientific talent early and fast track



Further reading

The Positive Sciences of the Ancient Hindus by Brajendranath Seal
Written in 1915 CE (more than 100 years ago!)

Still remains a good wide-ranging survey citing the original sources
with not fancy extrapolations

Science Across Cultures: An Annotated Bibliography of Books on
Non-Western Science, Technology, and Medicine by Helaine Selin

More work needs to be done!



Proof of sum of squares: pyramidal numbers

Nilakantha somayajin’s proof for formula of the sum of squares (slide 2)
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