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SCIENTISTSOF MODERN INDIA

f thisperiod. Towardsthe second haf of the nineteenth century, Sir C.V. Raman

brought about an unprecedented changein Indian scientific thought, Dr. Homi J.

Bhabha, known asthefather of our Nuclear Physics, predicted thefuture of Indian science.

Dr. J.C. Bose, inthefield of plant physiology, Dr. Vikram Sarabhai, inthefield of atomic

energy andindudtridizationand Dr. Abdul Kaam, inthefield of defencetechnol ogy, brought
about revolutionary changesto reawakentheglory of ModernIndia

X oeecrives

After reading thislesson youwill beableto:

Thedevel opment of scientificthoughtinmodern Indiacan beattributed tothescientists
o)

e enumerate the important achievements of some of the great Indian scientists of
modern times: and

e enlist their contributions to the service of human society.

17.1 SRINIVAS RAMANUJAN (1887-1920)

SrinivasaAiyangar Ramanujan (FRS) better known as Srinivasalyengar Ramanujan, one
of India sgrestest mathematical genius, wasborn at ErodeinTamil Nadu on 22 December,
1887. Later on, his parents shifted to Kumbakonam, 160 kilometres from Chennai.
Ramanujan studied at the Town Hall School in Kumbakonam, where he proved himself to
be an ableadll-rounder. However, hislove of mathematicswasunusual. Numbers seemed
to draw him by astrange magnetism. In school itself at the age of thirteen, hecameacross
a book called Synopsis of Elementary Results in Pure Mathemetic by G. S. Carr.
Though outdated, thisbook introduced himto theworld of mathematics. Hestarted working
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and developing hisown ideasin mathematics. He used to write hisideas and resultsand
make noteson hisfindings.

Threeof hisresearch notebooksare availableto us. They are called Ramanujan’sFrayed
Notebooks. He could not compl ete his college education as he kept on developing his
ideasand started posing problemsand solving theminthe Journal of Indian Mathematical
Society. In 1911, he published inthe samejourna abrilliant research paper on Bernoulli
Numbers. Thisgot him recognition and he becamewell knownin Madrascirclesasa
mathematicd genius.

Lack of formal education madeit very difficult for him to make both endsmeet. With great
difficulty he could get thejob of aclerk at Madras Port Trust which proved fortunatefor
him. Here he camein contact with many peoplewho had training in mathematics. He
found abook ‘ Orders of Infinity’ written by G. H. Hardy. He wrote aletter to himin
which hementioned 120 theorems and formul ae. Hardy was quick to recognise hisgenius
and heresponded by arranging for him apassageto L ondon. Despite hislack of required
qudification hewasdlowedtoenrall at Trinity Collegefromwherehegot hisBachelor of
Science degreein lessthan two years. Heformed awonderful team with Hardy and J.E.
Littlewood and made amazing contributionsto thefield of mathematics. He published
many papersin London. Hewasthe second Indian to be elected Fellow of the Royal
Society of London and thefirst Indian to be el ected Fellow of Trinity College.

Ramanujan had anintimatefamiliarity with numbers. In 1917, hefell serioudy ill, but the
numbersremained hisfriend, though hisbody betrayed him. Unfortunately, hishedth became
worseand hereturned to Indiain 1919, “With ascientific standing and reputation”. He
diedin 1920. Hismathematical geniusisaproof that Indiaindeed isthe birthplaceand
sourceof great mathematical idess.

17.2 CHANDRASEKHARA V. RAMAN (1888-1970)

ChandrasekharaV. Raman, popularly known asC.V. Raman, wasnot only agrest scientist
but &l so believed in the promotion of human well being and human dignity. Hewonthe
Nobel Prizefor Physicsin 1930.Hewasthefirst Asian to receivethisaward.

C.V. Ramanwasborn on 7 November 1888in Tiruchirapalli, in Tamil Nadu. Hisfather
wasaprofessor of Physicsand Mathematics. Hegrew up inan environment of Sanskrit
literature, music and science. Nature had gifted him with great power of concentration,
intelligenceand spirit of inquiry. Evenin hischildhood, hewaspopular asachild genius.
Hestood first inthe Indian Audit and Accounts (IAAS) Examination and was appointed
asAssstlant A ccountant Generd intheFinance Department in Cal cuttaat theage of nineteen.
He sacrificed hishigh post for hislovefor science and joined the Science College of
CalcuttaUniversity asaprofessor of Physics. Dueto hisdeep love of music, he started
working onmusical instrumentsliketheveena, violin, tablaand mridangam. In 1921, he
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read apaper onthetheory of Stringed Instruments beforethe Royal Society of London. In
1924, hewasmade Fellow of the Royal Society.

Onhisjourney to England, hewasgrestly attracted by the blue colour of the sea. Hewas
curiousto know why it remained blue even when big wavesrolled up. Then he got the
intuitiveflash that it was dueto the breaking up of sun’slight by water molecules. He
conducted many experimentsand prepared along paper on molecular scattering of light
and sent it to the Royal Society of London. Theworld of sciencewasdumb struck at the
brillianceof hismind.

Raman Effect

When abeam of monochromeatic (having single colour) light passesthrough atransparent
substance, it scatters. Raman studied the broken light. He found that there were two
spectra linesof very low intengity (strength) parale to theincident monochromaticlight.
Thisshowed that broken light was not monochromatic, though theincident light was
monochromatic. Thusagreat phenomenon hiddenin naturewasrevealedto him. This
phenomenon became famous as Raman Effect and spectrd linesin the scattered light as
Raman Lines. While scientists had been debating over the question whether light waslike
wavesor like particles, the Raman Effect proved that light ismade up of particlesknown
asphotons.

Dr. Ramanwasagrest teacher and agreat guideaswell. He generated immense confidence
among hisstudents. One of hisstudentswasin very low morale because he had only one
kilowatt powered X -Ray equipment, whereasascientist in England wasworking with 5
kilowatt powered X-Ray equipment. Dr. Ramaninspired himto usehis 10 kilowatt powered
braininstead.

Dr. Raman'slifeisagreat examplefor ustofollow. Evenwhen Indiawasunder Britishrule
and therewashardly any basicinfrastructurefor experimentation, heused hisgreat mind
ashislaboratory. He proved through theexampleof hislife, how our ancestorsformulated
gresat theoriesusing the power of their mind.

17.3 JAGDISH CHANDRA BOSE 1858-1937

J.C. Boseanother great scientist of modem Indiabrought glory and respect for the country.
Hewas born on 30 November, 1858 at Mymensingh, now in Bangladesh, where he had
hisearly education. Hehad hishigher education at St. Xaviers College, Calcutta. In 1885
hewas appointed A ssistant Professor of Physicsat the Presidency Collegebut refused to
take salary becauseit wasnearly half of that of an Englishman. Later on, he decided to
become ascientist to recover thefamethat Indiaenjoyed all over theworld in ancient
times. He made an apparatusto study the properties of electric waves. For hispaper on
“The Electromagnetic Radi ation and Pol arization of Electric Ray” , hewasmadeaKnight
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in 1917 and Fellow of the Royal Society of London in 1920. He was the first Indian
scientistin Physicsto receivethishonour.

Dr. Boseisfamousall over theworld astheinventor of Crescograph that can record even
themillionth part of amillimeter of plant growth and movement. Dr. Bose proved through
graphstaken by the Crescograph that plants have acircul atory system too. Crescograph
hasa so shown that the upward movement of sap in plantsistheactivity of living cells.

Dr. Bosea so made many other insrumentsfamousall over theworld asBoseinstruments,
to provethat even metalsreact to outward stimuli. Bose'sinstruments have shown, how
even sted and metal sused in scissorsand machinery get tired and regain efficiency after a
period of rest.

Besides Crescograph and other Boseinstruments, hiswirelessinventionstoo antedated
those of Marconi. Hewasthefirst toinvent awirelesscoherer (radio signa detector) and
aninstrument for indicating the refraction of electric waves. When someonedrew his
atentiontowardsthisfact, hesmply remarked that itisaninventionwhichismoreimportant
for mankind than theinventor.

INTEXT QUESTIONS 17.1

1. Whoiscaledthefather of nuclear physicsinindia?

2. SinivasaRamanujanexcdledinwhichfidd?

3. Which work of Ramanujan Srinivasa was published in the Journal of Indian
Mathematica Society?

4. Whowrotethe Ordersof Infinity?

5. Whendid C.V. Ramanwin Nobel prizefor physics?

6. What attracted themost to C.V. Raman during hisjourney to England?

7. Which paper waswritten by C.V. Raman and sent to Royal Society of London?
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8. What iscaled Raman Effect?

9. What are photons?

10. What work of Jagdish ChandraBose gave him Knight positionin London?

11. Whoinvented Crescograph?

12. What does a Crescograph record?

13. Whoinvented thefirst wirelesscoherer?

17.4 HOM| JEHANGIR BHABHA (1909-1966)

Dr. Homi Jehangir Bhabhawasagreat scientist. Heled Indiainto atomic age. Heiscalled
thefather of Indian Nuclear Science. Hewasborn on 30 October, 1909 in afamous Pars
family. Even asaboy, he showed hisintelligence and won many prizes. Hedid hisearly
studiesin Mumbai. He took adegreein Mechanical Engineering in First Classfrom
Cambridge, completed research work there and received hisdoctoratein 1935. Till 1939,
he carried outstanding original research relating to cosmic radiation. Hereturned to India
when the Second World War started.

Dr. Bhabhajoined theIndian Institute of Sciencesat Banga ore asaReader at therequest
of Dr. C.V. Raman. Soon he became aProfessor of Physics. It was herethat he got the
ideaof building aresearchinstitutefor someof the new areasof Physics. Hetook avery
bold decisonandwrotealetter to Sir Dorab J Tatasuggesting that aninstitution should be
established whichwould lay thefoundation of Indiaasaworld nuclear power. Thisingtitute
would produce its own experts and the country would not have to depend on outside
sources. Asaresult, Tatal nstitute of Fundamental Research (TIFR) wasstarted in 1945,
at Dr. Bhabha'sancestral home.

India sfirst atomic research centre now called BhabhaAtomic Research Centre (BARC)
was established at Trombay. India’sFirst atomic reactor, Apsarawas al so established
under his expert guidance. Bhabha became the first chairman of the Atomic Energy
Commission set upin 1948. Hisstudiesin thefield of atomic energy are considered of
great importance in international circles. He served as the chairman of international
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conference on peaceful uses of atomic energy, supported by the United Nations. The
Government of Indiahonoured him with PadmaBhushan. In 1966, Dr. Bhabhadiedina
planecrash.

17.5 DR. VIKRAM AMBALAL SARABHAI (1919-1970)

Dr. VikramAmbala Sarabhai isanother great geniusof modem India. Hewasthemain
persondity behind thelaunching of India sfirst satelliteAryabhatta. Hereceived hisprimary
education at aschool run by hisparents. He studied cosmic raysunder the guidance of Dr.
C.V. Raman and received hisPh.D. degree from Cambridge University. His studies of
cosmic rayshave madeit clear that cosmic raysareastream of energy particlescoming
fromthe outer space. Whilereaching the earth, they areinfluenced ontheway by the sun,
the earth’ satmosphereand magnetism.

Dr. Sarabhai had amultifaceted personality. Hewasagreat industrialist. Today, thereare
many industriesfounded by him such as Sarabhai Chemicals, Sarabhai Glass, Sarabhai
Geigy Ltd., SaraBhai Merck Ltd. and many others. He al so helped in saving crores of
rupeesfor Indiaby starting themission of manufacturing military hardware and producing
antibioticsand penicillinin Indiawhichwerebeingimported from abroad. Hewasaso the
founder of Ahmedabad Textile Industria Association and Ahmedabad Money Association.
Inthisway, he established alarge number of successful industries.

Dr.VikranAmbaa Sarabha established many ingtituteswhich areof internationa repute.
Mot notableamong them arelndian Inditutesof Management (1M S) which areconsidered
world classfor their management studies.

He was the Chairman of the Indian National Commission for Space Research
(INCOSPAR) and of theAtomic Energy Commission. Hedirected the setting up of Thumba
Equatorial Rocket Launching Station (TERL S). He d so made plansto take education to
thevillagesthrough Satellite communication. He was awarded the PadmaBhushanin
1966 and the Padma Vibhushan after hisdeath. His death wasagreat |ossto the nation.

17.6 DR. A.PJ. ABDUL KALAM

Dr.A.RPJ.Abdul Kalam, the eleventh President of Indiawas born on 15 October, 1931,
intheidand town of Rameshwaram, in Tamil Nadu. Hewas awarded the Bharat Ratna,
India shighest civilian honour in 1997 for his contributionsin thefield of scienceand
engineering.

Dr. Kalam had his primary education at Rameshwaram. He passed his classten exams

from Schwartz High School, Ramanathapuram and obtained adegreein Aeronautical
Engineering from Madras| nstitute of Technology.
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Dr. Kdlam served in Indian Space Research Organisation (ISRO) from 1963 to 1982. At
Vikram Sarabha Space Centre, hedevel oped the Satdllite Launch Vehicle (SLV 3), which
put the satellite Rohini into orbit. In 1982, as Director, Defence Research Devel opment
Organisation (DRDO), hewas given theresponsibility of Integrated Guided Missile
Development Programme (IGM DP). He devel oped five projectsfor defence services-
Prithvi, Trishul, Akash,Nag and Agni. Heled Indiainto an eraof self-dependence. Agni,
whichisasurfaceto surface missile, isaunique achievement. Itssuccessful launch made
Indiaamember of the club of highly developed countries. Thelight welght carbon materia
designed for Agni has been used to make cdipersfor the polio-affected. Themateria has
reduced theweight of calipersto 400 gramsfrom 4 kgs. Itisagreat blessing for human
beings. Themateria hasalso been used for making spring like coilscalled stents, which
areusedin Balloon Angioplasty for treating heart patients.

Dr. Kalam’slifeisasymbol of thetrue spirit of India. Heisareal follower of Indian
tradition and religion. He hasintegrated science with religion and philosophy. Hestrongly
believesin being guided frominsdei.e. “relyingmoreoninner sgnasandlesson externa
cues’ aswell asdoing duties selflessly. Dr. Kalam says, “1 have no belongingsin the
worldly sense. | have acquired nothing, built nothing, possess nothing, no family, sons,
daughters.”

INTEXT QUESTIONS 17.2

1. What wastheresearch work of Dr. Homi J. Bhabha?

2. Whichingtitution wasopened at Dr. Bhabha sancestral homein 1945?

3. What wasthe nameof thefirst Atomic Reactor?

4. What arecosmicrays?

5. How did Dr. Vikram Sarabhai ableto save croresof Indian rupees?

6. WhatisTERLS?
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7. Nametheprojectsfor defence servicesdevel oped by Dr. A.PJ. Abdul Kalam.
8. How did Dr Abdul Kalam help polio-affected people?
—
Notes ~

@— WHAT YOU HAVE LEARNT

e Srinivasa Ramanujan was a great mathematical genius of Indiawho has several
outstanding achievementsinthisfield to hiscredit.

C.V. Ramanwasan outstanding I ndian scientist who wonthe Nobel Prizefor Physics
in1930. Hisfinding that light ismade up of particlesknown asphotonsisknown asthe
Raman Effect.

Dr. J.C. Boseiscredited with theinvention of the Crescograph that can record plant
growth and movement, among other achievements, like devising instrumentsknown
asBoseinstruments.

e Dr. Homi Bhabhawasanother great Indian Scientist who led Indiainto theatomic
age.

e Dr.Vikram Sarabhai wasanother great geniusof modem Indiawho was behind the
launching of India sfirst satellite Aryabhatta. Hewasalso agreat industrialist who
founded many industries. He wasthe chairperson of INCOSPAR and the Atomic
Energy Commissons.

e Dr.A.PJ. Abdul Kalam, the President of India, devel oped the SLV 3 which put the
satellite Rohini into orbit. AsDirector of DRDO, he devel oped five projects- Prithvi,
Trishul, Akash, Nag and Agni. He continuesto inspirethe Indian youthttill today.

Ea TERMINAL EXERCISE

1. Describe the contributions of Jagdish Chandra Bose in the field of sicence and
Technology.

N

Elaboratethe effortsof Dr. Homi J. Bhabhain building Indiaasuper nuclear power.

w

How was C.V. Raman able to prove that our ancestors formulated great theories
using the power of their mind?

4. DrKaam'slifeisasymbol of thetruespirit of India. Discuss.
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0.

O N o a ~ w N BRF

Homi J. Bhabha

Mahemétics

A research paper on Bernoulli numbers.
GH. Hardy

In 1930

Bluecolour of thesea

Onemolecular scattering of light

Inthebroken light, thereweretwo spectral linesof low intensity pardld to theincident
monochromatic light. Thisshowed that the broken light was not monochromeatic though
theincident light wasmonochromeatic.

Particlesthat together makelight

10. Hispaper on the Electromagnetic Radliation and polarization.
11. Jagdish ChandraBose

12. Themillionth part of acentimeter growth of aplant and itsmovement.
13. Jagdish ChandraBose
17.2

1.

o

Cosmic Radiation

. Tatalngtitute of Fundamental Research (TIFR).
. Apsara

2
3
4.
5

Cosmicraysareastream of energy particlescoming from the outer space.

. Hedarted themanufacturing of military hardwareand producing antibioticsand penicillin

inindia

ThumbaEquatoria Rocket Launching Station

Prithvi, Trishul, Akash, Nag, and Agni

Hereduced theweight of caliphersfrom 4 kgsto 400 gmsonly.
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