Science, Technology and Sanskrit
In Ancient India




“In recent decades the scholarly study of science and
civilization in China has influenced historians
concerned with the history of science and technology
In India. But, alas, no comprehensive synthesis has
yet appeared to match the studies of China”

“Given its technological complexity, India actually
underwent an astonishing process of
deindustrialization with the coming of formal British
rule in the nineteenth century”

James E. McClellan Il and Harod Dorn
Science and Technology in World History: An Introduction
The Johns Hopkins University Press, 1999



“...The Hindus have made considerable advances in
astronomy, algebra, arithmetic, botany, and medicine,
not to mention their superiority in grammar, long
before some of these sciences were cultivated by the
most ancient nations of Europe. Hence, it has
happened that | have been painfully reminded during
the progress of this dictionary that a Sanskrit
lexicographer ought to aim at a kind of quasi-
omniscience.

Sir Monier- Williams in the Introduction in his
Sanskrit —English Dictionary, 1899



Vedic Scriptural Knowledge
represented as an Inverted Tree

Integrated knowledge of
Spirituality and Science

*The Roots above refer to the One Source
(Bramhan).

*The one main body of transcendental
(Apaurusheya) knowledge - Vedas - is
classified into 4 major Vedas

*Rik, Yajus, Sama, Atharva.

*The Vedic literature deals with all aspects of
life including

spirituality, philosophy, yoga,

* religion, rituals, temples,

earts and culture, music, dance,
egrammar, pronunciation, metre
«astrology, astronomy, logic, law
*medicine, surgery, technology,
*martial arts, military strategy, etc.




How to Write the Devanipgari Characters
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KEY TO TRANSLITERATION AND PRONUNCIATION

Sounds like
0 in son

Sounds like
d d
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a in master

iin if

ee in feel

u in full

00 in boot
somewhat
between r and ri

a in evade

y in my

0 in over

oW in now

k

ckh in blockhead
g (hard)

gh in log-Aut

ng

ch (not k)

chh in catch him
j

dgeh in hedgehog
n (somewhat)

t

th in ans-hill
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dh in godhood
in wader
French t

th in thumb
th in them

theh in breathe
here

n

P

ph in loop-hole
b

bh in abhor

m

r
l

v in avert

sh

sh in show
3

h

m in hum

half h in huh!
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kanta (Throod)

thalu (Polade)
murdha (ﬁ@
dhanta (Tecth)
ostam (Lx@
nasika (Nosat)|
kanta,thalu
kanta,ostam

dhania,ostam
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“Sanskrit’'s potential for scientific use was greatly
enhanced as a result of the thorough systemization of
its grammar by Panini... On the basis of just under
4000 sutras (rules expressed as aphorisms), he built
virtually the whole structure of the Sanskrit language,
whose general ‘'shape’ hardly changed for the next two
thousand years... An indirect consequence of Panini’'s
efforts to increase the linguistic facility of Sanskrit
soon became apparent in the character of scientific
and mathematical literature”

G. G. Joseph
The crest of the peacock
Princeton University Press (2000)



FEATURES OF SANSKRIT
COMPOUND LETTERS
S+ = e 33—["“&_ =W3T*fx=fq
SANDHI

F+F= g IMOT+ T - SO

SOUND CHANGE
el A4 'dv'g\ = RIR=d g
—
ROOTS( about 1900)

inel. E % > Jon /AN
{incl. proper noun) : CK ’ 3 9\\0—‘\\) N i’_/\\
~

SYNTAX FREE

T R IETEN - NG T TR

SINGULAR - DUAL - PLURAL
\
L () ?Ké\i () G

KARAKAS : CASES (7)

T (0 I () TOT (1) MR G -

FIRST- SECOND- THIRD PERSON

TS (3)  USRY (R)  OERT o)

SUTRAS (4000 in grammar)

3132@707; ﬁvirm%r |

SINGLE LETTERS (meaning)

TN = A 4 ST (fobe born) - Ligte”

RHYTHMIC STRUCTURE
(HELPS TQC MEMORIZE)




ACOUSTICAL ASPECTS OF SANSKRIT

SOUND ASSIGNED TO ALPHABET
DO NOT CHANGE

THE DESIRED WORDS USUALLY
HAVE SOME ACOUSTIC
SIMILARITY WITH THE ROOT

LARGE NUMBER OF ALPHABETS
(53 ), HENCE LARGE NUMBER OF
BASIC SOUNDS

SOFT ASPIRANT, HARD ASPIRANT,
NASALS

VERY GOOD CORRELATION
BETWEEN SOUND AND SCRIPT

EASY FOR MEMORISATION
(SHRUTHI)

EFFECT OF SANDHI RELATES TO
PLACES OF UTTERANCES




Fuieatiy far4ony (Varnasvaraadi Sikshanam)
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Cim Siksam vyakhyasyamah. Vamah svarah. Mamra balam. Sama
SAALAAL i livukiah stksadhyavh.

(Tti Dvitiyo Anuvakah)

@i¥-the science of pronunciation, saT&ar®R.-we shall explain,
FUT sound, T -accent or pitch. ®&T-measure, ¥&A-the effort employed in
articulation. ®R-uniformity, S -continuity (in pronouncing the letters) .
57-thus, 8 -has been explained, sitsreara: -the chapter on pronunciation.

.5?"’ ooty

e shall now explainthe scie

ce of pronunciation. (It consists of) the sounds, accent or
the pitch, guality or measure, the effort putin articulation, uniformity and continuity in
oronouncing ihe letters Thus has been explained the lesson on pronunciation.



Section 3 : Nida, Sruti and Svara 111
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(ii) The process of the manifestation of sound in the human
body. (3-4)

Desirous of speech the individuated being' impels the
mind, and the mind activates the battery of power? stationed
in the body, which iu its turn stimulates the vital force®. The
vital force stationed around the root of the navel, rising

upwards?* gradually manifests zada® in the navel, the heart,
the throat, the cerebrum and the cavity of the mouth as it

passes through them. (3-4)
(~ t150AD) SAnGITA RatmwakarA by JARAvaA Deva




Section 3 : Nada, rém_ti.and Svara
(vii) FEvongsIRidan: agafaw

AL ATATSGIH TR (HATGL WEE
THE AT (SIS FHHIGTA AT |

(vii) Production of svara-s (tones) by the birds and ammals

46¢-47b

The seven notes commencing with gsadje are produced
respectively by the peacock, cataka®, goat®, heron, cuckoo,
frog and the elephant. (46¢c-47b) | -

The seven, notes of the heptad?® (sapfaka) are perceived and utilised
not only by the human Beings but also by the rest of the animal
kingdom. The notes have been identified with the expressions of parti-
cular animals and birds. The author does not elaborate this theme and
merely seems to have recorded a popular concept that confirms the fact




FAFTFATATHADEIT: “gqar@if=’’ 1312130

3. DPerception, inference, comparison and word (ver-

bal testimony)—these are the means of right knewledge.
[The Cdrvikas admit only one means of right knowledge, v2z.,
perception (pralyaksa), the Vaidesikas and Bauddhas admit two, vz,
perception and inference (anuména), the Sankhyas admit three, viz., per-
ception, inference and verbal testimony (fgama or gabda) while the
Naiydyikas whose fundamental work is the Nyaya-stitra admit four, viz.,
perception, inference, verbal testimony and comparison (upaména). The
Prabhikeras admit a fifth means of right knowledge called pr esumption
alth,lpattl) the Bhattas and Vedantins admit a sixth, véz., non-existence
(abhéva) and the Paurinikas recognise a seventh and eighth means of Tight
kno“ledge namc(. plobablhfy (sambhava) and rumour (aitihya)].

HERIRRIEER IR RGeS b Ero o e S e e
murm’a “oreg=rE” 1219120

*& qed FATH TARTAfAE REATAISRIeR=a gRaNR SR T qarf seE grew
fR g ARETesT |
—(Nydyadarsana, p. 2). NYA YA SUOTRAS




Astronomer Period Place Major work(s)
Lagadha 1500 B.C. Vedanga lyotisha
Aryabhata | 476 AD. Patna Aryabhata Siddhanta
Aryabhatiya
Varahamihira 505AD. Ujjain Panchasiddhantika
Brihatsamhita
Bhaskara 600 AD. Vallabhi (Gujarat} Maha Bhaskariyom
Ltaghu Bhaskariyam
Brahmagupta 600 A.D. Bhillamala Brahma Sphuta Siddhanta
{Rajasthan)
Aryabhata i 953 A.D. Mahasiddhanta R
Bhaskara i 1114A.D. Siddhanta Shiromani -
Leelavati .
Beejo Ganitarm Ry
_ Karana Kutahola o
Parameswara 1376 A.D. Kerala . Drigganita
Goladeepika

Grahana Mandqr‘i::
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‘Like the crest of the peacock. like the gem on the head of
a snake. s is mathematics af the head of all knowledge, ™

Vedanga Jyotisha by Lagadha 1500 B.C.



Discovery and use of Zero

While explaining the number and notations
mathematics, it s interesting to mention the developmen
numeral 0. It is accepted that zero was discovered by Inds
Pingalacharya's Chandasastra (200 BC) appears to be thef

book in which application of Soonya is given for writing num
as follows:

T WEEHEAME I gaes SR T '_
T SASRIY: Y T |

Gaayathre shadsankbyaamardhe f apaneethe dvayanke _
avasispiasthrapastheshu rooparnapaneeya dudyankaadba: sooman stha

In gayatri chandas, one pada has six letters. When i
number 1s made half, it becomes three (i.e the pada can be divided
into two). Remove one from three and make it half to get one.
Remove one from it, thus gets the zero (Soonya).




Meaning: Add fourtoone
hundred, multiply by eight
and then add sixty two
thousand; the result is
the

approximately
circumference of acircle of

diameter of twenty

thousand [Aryabhata,

called it an approximate|

(Aasanna) valuel)

VALUE OF TU

VALUE OF ..

TT - Circumference =6£2 — 31416

20000

v diameler .

Modern Value 3.1415926

Aryabhata | 476 A.D.



1.6 Aigebra in Sulvasitras

(it is interesting to learn that in the ancient texts of Sul-
vastitras we are remarkably introduced to "surds” of the type v'2,
v 3ete. Infact, for example, while /2 is irrational, the Baudhayana
and Apastamba.sutras give a very good rational approximation in
the following form:

e gt gmml gt Sy
deageaT Sqisiag wow ¢ i

- (Bau.i, 61-2, Ap. i, 6)’

. 1. 1 1
le.v2 = T+g+g - 3 m

In fact, the above rational approximation to the i_rratiénal
number v'2 is correct to 5 decimal places !

Sulvasutras ~800 B.C.
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‘0 girl, out of a group of swans, seven {imes-half. of the
square-roct were seen going away anh the bank of the river and one
pair remained sporting in the water. Tell me the number.of swans
in the group".

Leelavati by Bhaskara Il 1114 A.D.



Baudhayana Theorem:
"“The diagonal of a rectangle produces both areas which its
length and breadth produce separately.”

St o i e M N i R G R Rl
=5 W YA FEasagad wUfa |

NG AN Ny
Y

Baudhayana in
2 2 2 Sulvasutras ~800 B.C.
AC” = AB“ +BC

noud;,uy,,m‘ Thaorem Pythagoras ~540 B.C.
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Sulva Sutras of Vedic Mathematics

Drevious one
where 36— 7%8. 25=5%
Simmilarly  652=4225 42
And 252 =625 where 6-2%3,
Also since 4'%= 4.5, the same method applies to squaring numbecrs

cnding in Y. So 4%42 = 20V, where 20 = 4x5 and V=42

'The methad can be applied to numbers of anv size:

5 > 3052 = 93025 where 930 — 3031

Even for large numbers like, say, 6357, 1t is still easier to multiply 63 by 64 and
put 25 on the end than to multiply 635 by 635,

Vedic Mathematics by H.H.Bharati Krishna Tirtha 1884-1960




Finally Bharati Krishna Teertha expresses x in
this verse in the Katapayadi numerical code
as: o .

i Ce

giv ﬂmﬂgmaaaﬁshaﬁ'ﬂﬁm
mﬂﬁﬁwm

‘Whichgives: . e |
k=3.14159265 3539 793 Mﬁ 2643 4
792 to 31 decimplplace A}ﬁng_g& verse can-alsa |

_jbe lnterpre’red uscl hymn to Gnd I(rishnq _nnd*

Tinie +

..w.rerse in the Frent*h iﬂhgw
identical value of 5.by counting ’rhe number Gt
.~ g%éﬁﬁ‘l’s in each of the 32 wnrda%the verse. .
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: ORBITING PLANETS
ﬁbncepi of Gravitation

I TFE T W DY T S S
TEEN T G T T TR W W W |

L

Massive celestial bodies are attracted power-
fully towards the earth by her own (gravita-
tional) force, and they appeor to fall as o
resull! of such uﬁruciiun but when equal

howcaniifali?

The universal law of gravitation was pro
pounded by Issac Newton (1642-1727 AD)

Siddhanta Shiromani by Bhaskara Il — 1114 A.D.



Force causes Motion : The following Vaisheshika sutras describe the action of force. Vega
Samskara {491 G=FR) is mechanical force.

Sufra ‘ Meaning
¥ Ffafadog 9 S Change of motiaon is due fo impressed force.

Jm. Fficoerg FH WEE Change of motion is proportional 1o the
frmatas b ymeeg: | impressed force and is in the direction of the

Force.

(3) &m TR Action and reaction are equal and opposite.

In Vaisheshika philosophy force is inferred by the chungeﬁi}f motion it produces.



FU HRRR=a Ry A, 9 |Ed 19 e
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Susruta Sharinathan 6.15.

T‘he n::rmﬂs where muscies vesseis ilgﬂmems
bones, and joints meet together are knownas -
the: mtmf spots. (marmuas) which, by virue of
ﬂ"lﬂﬂ' wln&mbdlty h::r dﬂmuge ur& knawn us_ﬁ_

Susruta ~200 B.C.




SVASTHAVRITTA -- KEEPING GOOD
HEALTH

Charaka gives choracteristics of healthy body
i.e. Swastha Sharir.

Charak Samhita (Ch.Ca.18-19)

Proportiongte musculature

Compaciness of body

Strong sensory and motor organs

Not overcome by onslought af‘_

diseases - |
Withstands hunger, thirst, heu’r of sun,

cold and physical exertion l  Charaka ~200 B.C.
6. Digest and assimilate food properly |

S SRS

o




Period ltem Location

2’500-1800 BC Copper-Bronze Technology MNorth West India

Cire-perdue pracess Rajasthan
Cupper mines found Many parts of Indm
4th Century BC. King Purushottam  Taxila

presents Indian made
steel to Alexander

370-375 AD, {Delhi} tron piliar fabricated Mathura-UFR
it was shifted to Delhi

in 1050 AD. .
8th Century AD  Wootz steel for making Export to
Onwards high quality swords Damascus, Syria
13th-18th Large scale production of  Zawar - Rajasinan

Century AD Zinc.



DELHI IRON PILLAR

“The Iron Pillar of Delhi opens our eyes to an
unsuspected state of affairs to find Hindus at
that age capable of forge-welding a pillar of
iron larger than any that have been forged
even in Europe up to a very late age, and not

frequently even now. It is almost equally
startling to find that after exposure to wind
and rain for centuries, it has remained
unrusted and the capital and inscriptions are
as clear and as sharp now as when put up
fifteen centuries ago.”.......James Ferguson in
his book ‘A History of Indian and Eastern
Architecture Il,“ 208, 1910.

Pillar Fabrication ~375 A.D.

Fig.4 : The Delhi Iron Pillar



“Whatever sphere of human mind you may select for
your special study, whether it be language, or religion,
or mythology or philosophy, whether it be laws or
customs, primitive art or primitive science, every
where you have to go to India. Whether you like it or
not because some of the most valuable and most
iInstructive materials in the history of man are
treasured up in India and in India only”

Max Muller
(ref. A short History of Sanskrit Literatrure)
T. K. Ramachandra lyer, R.S. Vadhyar & sons, 1984



The concep? of zero, the place value system of numeration, square roofs, cube roots and the
powers of ten were known 1o the ancient Indians. Brahmagupta’s solution of second degree
algebraic equations in two variables, and his work on cyclic quadrilaterals, predated the work of
Europeun mathematicians by a few centuries. : |

Constellations of stars were known, and basic aspects of the motion of the moon and #he plcmefs;
as well as the occurrence and duration of the lunar and solar eclipses were undersmod The
hehocenirlc concept of our world was known in India ceniuries before it was uccepted in Europe. -

Classical works of the Indian medical system Ayurveda, like the Choroka Sumhch:l and ’rhe
Ashtanga Hridaya on medicine, and Sushruta Samhita on surgery, are consulted even today by
Indian medical practitioners. Ayurveda is actively practised in India and Sri Lanka, and there is a
recent spurt of interest in Ayurveda in the West.

The contributions of ancient Indians in the metallurgy of iron, zinc, copper and its alloys are
acknowledged the world over. A blend of aesthetics and technical skill is reflected in the objet d’art
made from brass and bronze.

Superb temple architecture, town planning including drainoge systems, and the architecture
associated with the construction of roads, bridges, forts and ports was wel! developed.

Sound practices in irrigation and agriculture have been mentioned in our ancient texts. Good
expertise existed in the areas of ship building and navigation and there was active marifime trade
with countries in south-east Asia, as well as countries to our west. Ancient Indian expertise and
supremacy in cotton and silk textiles is well recognized in the world.
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