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This talk on Science and the Problems of Development will be
based mainly on our experience in India during the last twenty years, but
much of what we have to face here may be common to m= ny underdeveloped
countries, and some of them, [ hope, will be able to profit irom our
experiences,both successful and unsuccessful., It is interesting to note
that practically all the ancient civilisations of the world - Persia, Egypt,
India and China - were in countries which are today underdeveloped. This
is not surprising, since most of the countries of the world are still in this
category. Western Europe is in fact a small area ;:>f the globe which
outstripped _the rest, essentially from the time of the Industrial Revolution,
because of its development of modern science and the enhanced ability
this gave it to utilise the forces of nature and to thus achieve a muelt higher
mater.ial standard of life for its people. She wa.s:follox%red, and indeed to
some extent overtaken, in industrial developme nt by th;e United States, Aand
more recently the category of the industrially developed countries has been
joined by the Soviet Union, Japan and a few others. A major part of the
world however still remains underdeveloped by these standards. What the

- developed countries kave and the underdeveloped lack is modern science and
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an econoray bascd on modern technelogy. Thce problem of developing the
underdeveloped countries is therefore the problem of establishing modern
science in them and transforraing their economy lo one based on modern
science and techaology. An important question which we must consider is
whether it is possible to transform the ecconomy of a country ic one based

on modern technology developed elsewhere without at the same time establish-
ing modern science in the country as a live and vital force. If the answer

to this important question is in the negative, and I believe our experience will
show that it is so, then the problem of establishing science as a live and

vital force in society is an inseparable part of the problem of transforming
an industrially undérdeveloped to a developed country.

2. Science has formed part of the-activity of Indian universities for
many decades and Government itself has had some scientific departments,
like f};e G;eological 3urvey of India and the India Meteorological Department,
for qulite so'me time. Indian scientists such as Raman, S.N.Bose, Szha
and s.ev.eral others have made important contributions to the progress of
sciel‘;ce, which :é.re now part of the fabric of modern science. But science
as an 6rganised national activity has been given an important place in the
national life only since independence, thanks‘ primarily to the vision and
powerful support of our late Prime Minister, Jawaharlal Nehru, though
some steps in this direction had already begun to be taken a little earlier,
as for example by the establishment of the Guncil of Scientific and Industrial
Research and the Tata Institute of Fundamental .Research.

3. I think it only appropriate that I should recall at this stage the
immense debt that Indian science and sciéntists owe to.Jawaharlal Nehru.
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Science was an essential, indeed bacic, cornponent of thie Inlia which he
scught and worked so hard tc build. ‘It is now patent', he said, '‘that
without science and technology we cannot progress'. So great was his zeal
for science and for the scientific approach to life that he missed no opportunity
of imparting his views to others. To quote: '"You know that whenever th:
chance offers itself I say something about the importance of science and its
off-shoot, technology. I think we should realize how modern life is an
offspring of science and technology''. And he fully realised that modern science
and technology were as necessary for a highly developed agriculture as for
industry. "After all', he said, "how has agriculture grown in many other
countries greatly? It is because of thc application of science and technology.
If modern life depends so much on science and technology, then we must
seize hold of them, understand them, and apply them'. He saw the essential
role of science in its historical perspective, not only in transforming the
material environment, but in transforming man. To give only one more
quotation : '"Science has developed at an ever-increasing pace since the
beginning of the century, so that the gap between the advanced and backward
countries has widened more and more. It is only by adopting the most vigorous
measures and by putting forward our utmost effort into the developme ni; of
scienc(e that we can bridge the gap. Itis an inherent obligation of 2 great
country like India, with its traditions of scholarships and original thinking
and its great cultural heritage, to participate fully in the march of science,
which is probably mankind's greatest enterpgrise today'.

4, If a scientific outlook is to be m;de 'a part of the mental make-up of

every individual, then clearly his education has to be moulded accordingly.
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Not only must science be taught at the secondary schocl stape, but his scientific
education must commence rmuch earlier with the help of scientific models and
toys. Dbut to be able to do this implies that scientific activity should already
have been wcll developed in the country. Above all, scientific teachinp and
research at the universities must be strengthened and expanded. The
universities are, however, autonomous organisations, jealous of outside
interference, and the process must necessarily be slow and time consuming.
It is probably for this reason that it has been considered expedient in many
co.untries to set up national research laboratories and other scientific
organisations for specific subjects.

5. The aim of establishing science as an important national activity
has been attempted to be achieved in India through a number of governmental
and quasi-governmental organisations working more or less independently,
the most important among these bein; Atomic Energy, the Council of
Scientific and Industrial R.esearch, and Lefence Science. The methods
followed in all these have been different and it is therefore instructive to
take up the two largest of them, namely, Atomic Energy and the Council of
Scientific and Industrial Research, as case studies to see the advantages and
disadvantages of the different methods they have pursued. Both these two
organisations are approximafely of the same size, Atomic Energy being
somewhat larger in the total number of seientific and technical staff employed
and-in the total investment.

6. The Council of Scientific and Industrial Research may be taken as the
first planned attempt on the part of Government to establish a broad base of

scientific and technical research in the country, particularly with a view to
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help industry and industrial development. I would like 2t this point to pay
a tribute to the memory of my friend and collewgue, the late Di». 5. 5.
Bhatnagar, thanks .¢c whose cnthusias.m, emocrgy and dyramlic personality

a large number of nationzl laboratoricy were established within o period 1

scme seven years. His successors, “ref_sser Thackzl aad Dr. Husain
Zaheer, have carried forward his work with energy and the Council of
Scientific and Industrial Research now has some twentyfive laboratories
under it distributed throughout the country. In order to free it from the
automatic application of all the Government Rules and Regulations, the Council
of Scientific and Industrial Research was established from the beginning in the
form of a Society with a Governing Body nominated by the Government, which
included important ministers and of;‘.icials, several of the leading Indian
industrialists and noted scientists. Cne of the main advantages of this set up
‘has been that the Council of Scientific and Industrial Research has been freed
from recruiting its staff through the Union Public Scrvice Commission, whose
methods are both timé-consuming and inappropriate for the selection of
scientific and technical staff. The opportunity of framing an administrative
structure and rules and procedures appropriate for a scientific organisation,
which this set up was intended to confer on the Council of Scientific and
Industrial Research has, howevgr . been lost to a large extent by the omnibus
adoption of Government rules and regulaticns.

1. After Independence the Prime Minister himself became the President
of the Council of Scientific and Industrial Research and the Minister of the
Ministry to which the Co uncil was attached became its Vice-President.
Bgsides the Governing Eody of the Council which consisted initially of 15
members and today has 34, there was established a Board of Scientific and

Industrial Research to~advise the Governing Body on scientific matters, and
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in particular on the allocation of srants to various scientists in the waiversii.,
and dsewhere for specific research schermes. As 1 have said, the Governirg
Body took early steps; to establish a number of national labora.crics and
central research institutes. The first amons them was the National Physiceld
Laboratory, whose constructicn in New Dd hi was stirted in 1947 and which
was inaugurated in 1950, the National Chemical Laboratory likewise inaugurate
at Poona in 1950, the National Metallurgical Laboratory in the steel city

of Jamshedpur in 1950, and so'on. All these laboratories were brought into
existence in the same way. A Planning Cfficer was appointed for planning
the work and bullding of each laboratory. The plan was usually drawn up

on the basis of the work of similar laboratories abroad, divided into
divisions and seétions, and aﬁ estinr;ate of the staff required made on this
basis. An attempt to fill the posts was then made on the basis of advertise-
ment, and invitation also in the casc of the senicrmost appdantments. While
this method of setting up a laboratory might give reasoné.bly satisfactory
results in a developed country in which science is already an important
activity and a large number of scientists already exist in the universities

and in other public and private laboratories and research institutes, it

has serious disadvantages in a country in which organised science is still

in its fnfancy and the number of available outstanding scientists limited.

It either results in an outstanding scientist being taken away from a
university or another research institute, or it rgsults in 2 mediocre one,
satisfying the so-called minimum qualifications, being appointed to posts
requiring originality, initiative and leadership. As we all know the so-called
minimum qualifications laid down for a post have little meaning in a research

institute, and usually result in the floor becoming the ceiling. Ax result
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of following this metnod has ocen that & number of good scientists have bean
drawn away from the universities i1nto rhe aatiornal laporatories, leaving

the universities weesker thereoy. Thus, for example, the late Dr. K.3.
Krishnan, who was then ¥ reofessor oi Physice 2z ithe Ail2hiozd Uaiversity,
was taken as the first Direczior of the Nntional “hyeical Laboiatory, and
more recently, his successor has been obtained by taking a Professor from
the Banaras University. Similarly, the first two Directors of the National
Chemical Laboratory, were eminent scientists who were brought to }.Lndia
irom abroad, while for the third the Head of the Department cf Chemical
Technology of Ecmbay University was taken, and the appcintment of his
successor will deprive ‘Fhe same University department of yet another senior
worker. These are not isolated instances, since the attempt to fill senior
posts by mature scientists from outside must inevitably lead tc their being
taken away from the only institutions which have scientists in some measure,
however inadequate, in an underdevelcped country, namely, the universities.,
It cannot be disputed that the cost of building the na ti-nal laboratories on the
lines followed by the Council cf Scientific and Industrial Research has been

a weakening of the universities by the drawing away of some of their good
people, which is their most Vai uable asset.

8. I must emphasise that these critical remarks are in no way aimed
at individuals but at the system. The standard method of planning laboratories
and filling posts is often forced on many by the administrative and financial
requirements of Government. As Professor Blackett has said "We must
endow ability whenever it is found, and we must guard against subsidising
medioc;'ity”. The standard method is certainly not conducive to achieving

this aim. Government is spending large sums now on supporting scientific
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research and technicel deveiopment, and it is ia Government's interest t»
study and devisz de novo the best administrative and financial vrocedures
for scientific ins:iituticns and for gecting tiie maximum return oo ite raoney

spent. To apply exasting admini ~trative and finencial procedore, dev'sed
for an entirelv different purpose, to scientuic institntions = larasly ¢ defeul
the purpose which the Government has in view by letting the tail wey the dog.
9. I turn now to Atomic Energy for a case étudy of a scientific
organisation which has been built up by an entirely different method, a
method which might be described as '""Growing Science''. An Atomic Energy
Commission was ‘established in 1948 in the Ministry of Natural Resources and
Scientific Research to survey the territories of the Indian Dominina for..che
location of uéeful minerals in connection with ator;'n'.c energy, to promote
research in their own laboratories and to subsidise such reszarch in existing
institutions and universities, and to take such steps as may be necessary from
time to time to protect the interests of the country in connection with atomic
energy. Its decisions were implemented through the Minisivy of Natural
Resources and Scientific Research. Instead of planning a number of new
laboratories, the Commisrion decidad to ns= the ex: <ting institutions to do
the preliminary scientific work and to devszlop the scientific perconnel that
would be needed. Foremost among the institutions which was so used was
the Tata Institute of Fundamental Research, and the history of atomic energy
in india during ics initial stages is so bound up with this institute that it
merits special consideration.

10. The Tata Institute of Fundamental Research was founded in 1945 as

a joint endeavour on the part of the Sir Dorabji Tata Trust and the then

-
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Government of Bombay, on the initiative which I took in 1943, when I was a
Professor at the Indian Institute of Science at Bangalore. At that time there
was no scientific institution in the country which h?,d facilities for original
work in subjects at the frontiers. of knowledge in physics, in particular,
nuclear physics, cosmic rays and high energy physics. I accordihgly pointed
out to Mr. J.R.D. Tata that "the lack of proper conditions and intelligent
financial support hampers the development of science in India at the pace which
the talent in the country woulé. warrant', and suggested that the Tata Trust
might take the initiative in setting up an institute for fundamental research.

I also pointed out in a letter dated March 12, 1944, that "when nuclear energy
hag been successfully applied ior;ower production in say- a couple of decades
from now, India will not have to look abroad for its experts but will find them
ready at hand'. The Trustees of the Sir Dorabji Tata Trust decided to
accept the proposal and financial responsibility for starting the i-nstitute in
April 1944, more than a year before the explosion of the first atomic bomb
on Hiroshima and before nuclear physics had become what might be called
the "bandwagon'' of science. This was also before it had been made public
that atomic piles had been sutcessfully operated and long before there was
any talk of atomic power stations.

11, Bombay was chosen as the location for the Institute, as the then
Government of Bombay was interested in expanding and improving the level of
research work in physics, so that it became a joint founder of the Institute.
This is perhaps the appropriate place to menti‘on an important difference between
the Tata Institute of Fundamental Re search and all except a couple of the
national laboratories of the Council of Scientific and Industrial Research,
namely that this Institute has been a constituent recognised institution of the

o "
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Bombay University from the very beginning and has had close celations 7itn
many other universities in Inaia, so that students of many of them hav:
done work for the Ph..s of thciz universities in ithe Iastitute.

~

iz. No organisaticnal chart Jf the future development cf the [pszcitute

was submitied either when it was founded or later, and the philcscphy

has always been to support ability whenever it is found in the fields of work
covered by the Institute. Indeed, the philosophy underlying the founding of
the Institute was the same as that underlying the Max Planck Institutes
in Germany, namely " The Kaiser Wilhelm Society shall not first build

an institute for research and then seek out the suitable man but shali first
pick up an outstanding man, and then build an institute for him'. The
Institute received financial support from the Government of India from its
second year through the (:buncil of Scientific and Indiistrial .Research amd
fbeidiindstry »f Natural Resources, and Scientific Research. While the
recurring grants from the Tata Trust and the Government of I4faharashtre
contiﬁue, and indeed have beca increased, the mmain financial support

for the Institute comes today from the Government of India through the
Department of Atomic Energy, the Government of India having undertaken
the permanent responsibility of supporting the Institute in 1955. The
recurring budget of the Institute durihg the first year was only %.30,00C
which increased steadily at about 30% per annum during the first ten years,
and since then has increased at about 15% per arancd,- till .the current
year's budget is ®. 150 lakhs, making this the largest national laberatory
in the country with the sole exception of the #ftomic Energy Establishment
at Trgmbay‘. Since not 2 single senior post has been filled by obtaining a

professor or senior scientist from a university or other research institutes
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in Iadia, the growth of the Institute gives an indicaticns cof the rate at which
it is possible to develop scicntific research in the © untry based upon growing
ones own people, together with the absorption of those returning from
studies in universitics abrcad. 7The Institute has made it 2 special peoint

of growing scientists and has now reached the stage when it is able to feed
good scientists into the universities, an aim which will be followed to an
increasing extent in thecoming years.

13. Apart from supplying people at professorial level, the experiment
is being tried of sending small and integrated groups of 2 to 4 research
workers into the universities together with the equipment necessary for
their work. The university has to undertake to provide them space and i{reat
them as members of their own staff, an‘d it may require each one of them to
give not more than two courses of lectures per year. The group is of
course selected by mutual agreement to be in a line of work which the
university wishes to develop. At the end of the two-year period, the
university would be free to absorb the group permanently, and reciprocally
the members of the group will have the option to be so absorbed or to
return. to the Institute. It is expected that these groups will form the nuclei
for building up larger schools of research in the universities.

14, The Institute started work in 1945 in 6,000 sqg.ft. of hired space
in an existing building. By 1948 its work had grown to such an extent
that it was moved to 35,0090 sq. ft. of hired space in the building of the

Cld Bombay Yacht Club, and it was only in January 1962 that the new

i

buildings of the Institute were inaugurated by the late Frime Minister some
163 years after the Institute was founded. This is another noteworthy point

in which the ‘growth of the Institute differs from the growth of the Council
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ei rercciiiic and Industriazl Rescearch laboratories. Work has inevitably beca
built up first and the perrnanent building have come afterwards, and this

pattern has been followed 2lsc in the development cf the whole atormic enzrgy

oQ

programme. Large and excellent as some of the buildings at Trombay arc,
some of them are just being completed while the scientific staff who will
occupy it have already been built up and the work is in full swing in hired
space, much of which is extremely inadequate.

15, Before I leave the Institute it may be of interest to give two more
examples of building projects and development around psople. As early as
June 1944, Sir A.V.Hill had written io me suggesting that biophysics was a
neglected subject in India and that it should be taken under the wing of the
Institute. While I agreed with his suggestion, I did not think that it would
be wise to embark on this line till someone was found, mature enough tc be
able to work on his own and build up a group. When however in 1962 my
attention was drawn by the late Dr. Leo Szilard to 2 very promising Iﬁdian
molecular biologist, it was decided tc start work in micreobiology, which
has since then been growing very satisfactorily.

16. Another example is nrovided by the Radicastronomy Group. Four
Indian raaioastronomers had jointly written identical letters to the Chairman
of the Univer.sity Grants Commigsion, the Director General of the Council
of Scientific aﬁd Industrial Research, and to me as the Chairman of the
Atomic Energy Commission offeriné to return to India as a group and
estoblish radioastronomy here, if facilities and support could be given to
them. Haviﬁg ascertained that the members of the group had considerable

oi:iginal work to their credit and were of sufficient maturity o be able to
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work on th;air own in India, it was decided to take up radicastronomy at the
Institute. .Thirtytwo parabolic dishes presented by CSIRC of Australia,
which had been lying unpacked for several years at the National Physical
Laboratory, were handed over to the Institute through éhe willing cooperation
of Dr. Husain Zaheer and have becn installed not far from Bombay for solar
radioastronomical work. In the meantime a precject has been developed for
a large cylindrical radiotelescope for studying quasars and other radio sources
and locating them accurately by lunar occultation. The telescope, which w:.ll
have four to five times the collecting area of Jordell Bank, will be designed
and built entirely by Indign scientists and engineers and is expected to be in
operation within two years. A site for it has been sclected after a very
extended study as the axis of the telescope, which is 1, 700 fee: long, has to
be parallel to the axis of the earth. Work on the site at OCoty has already
started. It is proposed to make this radiotelescope one of the centres for
interuniversity work.

17. Returning 10 atomic energy, grouprs were established ac the
Institute to design and buil@all the electronics instrumentation without which
atomic energy work is impossible. Thus, the Physics Division and the
Electronics Division of the Atomic Energy Establishment at Trombay were
both initially housed and built up in the Institute. The Electronics Group
of the Atomic Energy Establishment has today a staff of over 1300 people
and is the strongest research and development group in electronics in the
whole country. There was a time when no less than 175 members of the
staff of the Trombay Establishment were looked after by the Institute and taec
Institute has given some 46 members of its scientific staff to man the varicus
divisions of the Atomic Energy Establishment, many of them. in senior capaciti

L.
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18. May I now turn to the Atomic Energy Establishment at Trombay

‘e,

which is today by far the largest scientific centre in the country, with a
tot@al staff of some 8,000 persons, of whom acarly 1,800 are professional
scientists and enginecrs and another 3,000 tecunical staff, wra ny of whom,
such as Scientific and Technical Assistants, are science graduates? This
Establishment has again grown like the Institute, depending con the ability

of the various groups to expand fruitfully. A nc stage was an organisationzi
chart drawn up projecting the future pattern of the Establishment. Cnly the
broad lines of work were laid down and major projects considered and
approved. Thus, within a broad overzall policy, the maximum freedom w3
given tc members of the staft to diSplay initintive in picking fruitful

lines of work and in developing new ideas. The emphasis has been througncut
on developing know-how indigenously and on growing people asle to tacklic
the tasks which lie ahead. The generation of scli-confidence and the ability
to engineer and execute :ndustrial. projects wizhout fcreiyn technical
assistance have been majeor objectives.

19. [t was decided to build a reactor of t! : swim:iing pool type carly in
1955. The basic design was frozen in July of that yezar and the entire reactor,
including the building for it, was designed and buiit entirely by ocur own scientic
and engineers in just over a year, only the fuel elements which contain
enriched uranium being supplied by the United Kingdom Atomic Enery [
Authority. The reactor became critical for the first time on the 4th ol
August 1956 and was the first reactor in Asia cutside any that the USSR r= v
have had in its Asian territories. This reactor was designed and built by
us at a time when most European countries, except of course the United
Kihgdom and France, were buying their first reactors from the Uhited 3tates-

LYo, L
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The sgccessful completion of this reactor gave 2 great deal of confidence

io our staff and was an invaluable facility around which the research and
develop.nent of the project was built during the following few years. The
céntrol system for this reactor was built by th. Flectronics Division in sowe
old wartime hutments on the site of the Tata Institate of Fundamental Reserrch
and gave trouble free cperation for four years till thc reactor was shut down
in 1960 fcr overhaul, meintenance and repairs. At that time advantage wss
taken of the shut down to give it an improved centrcl system and a
comparison of the control rod drives and shut down me chanisins installed ia
1961 with those originally installed wi%l show the advance that had been mn do
by the Reactor Contrnl Division.in its engine.ring capabilities, The importan’
fact r_e-mains however that the original control lsysi;;—;m, e¢ven if mcre cumber-
some and less elegant, gave trouble free service ior four years and the

confidence gained in doing it onesclf fully justified the course that had

o

een
followed. It may also be remarxked in passing th:t this reactor, huilt by cur
own people, waz in opecation two years befcroe the first reactor in China,
which was designed and built Ly the Soviet Unioca.

20, Having decidcd to build a reactor of the swimming pool type to Luoad
with, we were looking around for a suitauwle design of reactor to carry o
engineering experiments on the design of {uture power rcactors, whea we
received an offer from the ézmadian Government to bu:ld a reactor of th.
NRX type at Trombay. As this reactor suited our needs, the generous oficr
of the Canadian Governracnt was accepted after soma guestions had Leen
settled.” The CIR reactor at Trombay is an almeost identical copy of the
NRX at Chalk Rives, vut differs from it in onc iraportant particular, the

primary cooling water circuit is a closed loop from which heat is removed
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by a secondary sea water circuit. The CIR being a Canadian gift under the
Colombo Plan, all parts of it came from Canadz, and the erection, though
a Canadian responsibility, was carried cut jointly with our staff. Although
the total number of engincers and skilled artisans engaged on the con‘struC*
tion of CIR rose at one stage to as many as 1,20008, the maximum number
of Canadian personnel at any given time at Trombay never exceeded 30.
Indian welders had to be trained in the special welding techniques requirca,
and all welds were radiographed. Similarly, Indian engineers participated
in the erection of the reactor under overall Canadian supervision. I must
say here in appreciation of the Canadian concept of this ccoperation, that
when the project was decided upon, they asked us to send soine 40
scientists and engincers immediately to Chalk River to be trained in the
operation and maintenance of the reactor, aad it was most of these, as well
as others, who were able to participate on return in the construction of CIR.
21, CIR has fuel elements made of natural uranium clad in aluminiun.
alloy and it was decided tc tackle the problem ci n.aking fuel elements in
India from the very beginning. Accordingly, it was decided to set up a plant
for making atomically pureyuranium metal from uranium concentrate obia‘,:.u
from Indian monazite and other sources, and another plant for fabricating
this uranium metal into finished fuel clementis for CIR. In case any trouvle
arose during the initial operationef CIR, it was decided that half the first
charge would be supplied by Canada and the other half made at Trombay,
so as to be able to isolate trouble arising from the fuel elements from
trouble arising from other sources. It was as wegll that this procedure was

- followed, because quite auy number of difficulties were met in working up
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CIR to full power and it could be established that this difficulty did not arise
from the Indian fuel elements, which from the beginning performed as well
as the Canadian supplied ones.

22. The decision to build an uranium metal plant. was taken in May 1956,
its construction was started in December 1%, and the first ingot of atomically
pure uranium was produced in January 1959, the plant having been designcd
entirely by Indian scientists and enginecrs and built in about a year.
Silmilarly, the fuel fabrication facility was also designed and built entirely
by our own staff and produced the first fuel elementin June 1959. The
production of fuel elements is generally considered a rather difficult and
tricky operation and the successful production of nuclear grade uranium
metal and metallic fuel elements from it at a time when there were only
about half a2 dozen cou;ntries in the world producing their own fuel elements
added fu.rther to th-b:- self-confidence of our staff to undertake difficult tasks.
The economics of the scoperation are also noteworthy. The capital investment
in the uraniux:n metal plant and the fu;el fabrication facility ;ctcgether came 10
approximately <. 80. lakhs ($ 1.6 million) of which the foreign exchange
component on industrial equipment, which had to be imported, was R. 32 lakhs
{about $ 640,000). It costs us approximately R, 1.3 lakhs ($26,000) to
convert urahium metal into a tonne of finished fuel element. Thue;,, even
assuming a price of $ 10 per pound of uranium concentrate which. is doulil.
the présent market price, our fuel elements would cost R, 2.6 lakhs
($52,060) per ‘tonne, or 2 single charge of 10 tonnes K. 26 lakhs($520,000).
This fuel charge, if imported, would cost $ 750,000. Thus, apart from the

fact that we obtain our fuel elements at two-thirds of the price at which we

e .Le,
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could buy them, the foreign exchange saving in one fuel charge alone, which
:’Ln..full 6peration is enought to keep CIR ygoing for 1;355 than 2 year, more
than compensates; the total foreign exchange cxpenditure on setting up this
plant. What is even more important, we now have first hand technical
knowledge for the erection of such plants on a much bigger scale. Con-
struction will be started this year on plants to make zirgalloy from zircon,
atomically pure aranium oxide from uranium cox;centra.tc and fuel element:
for our two atomic power stations of 400 MW each which are being buili

in Rajasthan and Madras. These three plants together have already been
designed by our own staff and will be buily within two years. They are
estimated to cost about ~. 7.5 crores ($15 million). They will have enough
capacity to fuel not c;nly these two power stations, but those tha‘t will be
bﬁilt ﬁpto 1975, and by expansion later ones as well. However, thé value
o;f the fuel elements require:d by the Rajasthan and Madras stations .alone
wiii be f. 3 crores ( 3 6 million) per annum and a recurring drain of
foreign exﬂlanée to this extent on the import of fuel elemcn.ts will be

saved for the life of these two power stations as a rcsult of building these
three plants.

‘ 23'. It was origiﬁall& envisaged at the beginning of the Third Plan that
we would have to start building :_-m iﬁdustfial sca.ie plutonium plant to be
completed by the end of the Fourth Plan for‘ treating the used fusl from the
nuclearl power stations that would be in operation by then. In ord;i‘ té gain
first hand experiencc of the technology of bt:iilding a plutonium plant, which,
as is w.ell known, involves many special techniques, including the handling
of.v"er'y hrée amounts of radioa.ct-ivit& by complevtel remote control at the
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initial stages, and multiple precautions to avoid accidental cri;cicality at the
late‘ristages, it was decided to build a2 pilot plant at Trombay to treat somc
2(5 to 30 tonnes of used fuel per annum costing about R, 3.5 crores. The
chemical data for the process was collected in our own laboratories in
addition to what has already been published, and the plant was designed,
engineered and built by our own staff and successfully underwent trial runs
in 1964. It has been in operation since last year. As it happens, the
capacity of this plant (for the same cost) is mamygimes larger than that
originally planned, so that it has become possible to posipone the construc-
tion of the large plutonium plant. Secondly, the large plant was estimated
to cost . 14 crores, but on the basis of what we have learnt from the
construction of the plant at Trombay, we now estimate that it would be
possible to build anindustrial plant of the same capacity for «£,10 crores, ‘
thus effecting a saving which is greater than the entire cost of the plant
at Trombay. This shows the importance of undertakiz research and
development onesclf, and that research and development, if properly
carried out, effect more economies than they cost.

24, I have already mentioned the work of the Electronics Division.
It is now pr;posed to set up an electronics plant at Hyderabad for the
manufacture not only of the nuclear electronic instrumentation, including
that which is'required for routine production and use of isotopes in
hospitals and industrial establishments and laboratories, as also the control
systems of reactors, but a variety of electronic components and equipment,
which the Trombay Establishment has been able to develop and which are
required by the electronics industry generally, but are not yet produced
in the country. Among these may be mentioned high guality @gpbon
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resistors, zener diodes, thermoelectric junctions, oscilloscopes and a
variety of other componenis and equipment. An interesting example is also
worth noting. While carbon resistors are being made by a couple of
commercial firms in the country with foreigr collaboration, these are of
commercial grade and have not passed the stringent tests required for
atomic or defence equipment. Cn the other hand, the carbon resistors
developed entirely by our own efforts at Trombay have met these stringent
defence specifications and will now be produced in quantity to meet the
requirements of the country as a whole, If a more difficult variety of an
object can be developed purely by indigenous scientific and technical eflrs
there is clearly no reason why a simpler variety of it should need forei
collaboration. The fact that foreign know-how had tc be obtained for
commercial grade resisiors clearly emphasises the fact that the policy
followed in setting up industrial enterprises has been misguided and much
more self-reliance should and could have been aimed at.

- 24. These are many other examples ci vvhat might be called
'technological fallout' from our atomic enar: 7 programme which will
benefit the industry generally. The Technical‘Physics Division has
developed many diffzrent pieces of equipmeni necded for atomic work, which
can be bought off the shelf in industrially advanced countries. The result
is that we have been able to develop and make equipment needed in the
country, which -has nothing to do with atomic energy directly. For examp ..
a result of developing the vacuum technology of oil diffusion pumps is thr.
we have been able to make blood plasma freeze drying equipment on the
one hand and other freeze drying equipment for food and pharmaceutical
material on the other, Therg are a very large number of other examples
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of this type.

25, Additions to our scientific and engineering staff has been at the
rate of between 150 and 250 per annum. To meet this requirement, the
Atomic Energy Establishment in cooperation with the Tata Institute of
Fundamental Research, has run a Traiing School in which.about 150 persons
have been admitted per annum on the Beads of inviting applications from younyp
men passing out of the universities every year and selecting the best of them.
They are then given a year's lecture course and training in certain general
as well as specialised scientific subjects. At the end of the year most of them
are a..bsorbed into the Escablishment, the grading being on the basis of testis
throughout the period of their study and an examination at the end of the
year. To give an idea of the figures, last year about 3,400 applied with
first and second class degrees from the universities, 251 were selected on
the basis of an interview, 130 actually joined the School, and 125 completed
the course and were appointed at the end of the year. Cn admission these
young men become part of small scientific groups working on specific
problems, and at the end of two or three years they become very usefu}
scientists. The best amonyg them are likely to become the futurc leaders.
V¥ e have found this method of recruitment very satisfactory, and although
it has placed a heavy load on our senior staff by making the spectrum of our
scientific staff much heavier at the junior levels than as it should be, it has
provided a poweriﬁl source of able young scientists on the basis of which the
prograrmmer can be expanded continuously in the future. It will be seen also
that this method of building up our staff does not drain away senior persons
from the universities, but on the contrary gives training, employment and
opportunities to young graduates passing out of ther. universities.
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26. To summarise, of the two ways of establishing science as a
national activity in an underdevelor :d country, the standard method on
the one hand, and the alternative method of, what I have called, ""growin
science' on the other, the second seems fo lead to better results in the end
with greater potential for continucus grewth., While it may seem much
slower and harder at the beginnihz, it has the capacity for continuous growth
and to develop the people it needs, and its faster growth rate in later years
more than compensates the slow beginning. Moreover, it may lead to
concrete results sooner than the wother method in developing countries,
in which there is not a large pool of mature scicntists to draw from.

27. I now turn to the problems of industrizl development and the
question as to whether a self-generating industry can be ecstablished without
at the same time establishing a powerful scientific base. Indian industrizl
development has so far proceeded'a‘dmo‘st exclusivaly on the basis of ¥
setting up plants and industrics with foreign collaboration. Qur own
eﬁperience makes it‘ quite plain, however, that this methocd can never lead
to a self-generating industry without at the same tirne establishing a
powerful scientific rescarch and development effort to support it. A few
examples will rnake this plain.

23. The stecl industry has existed in India since the First World #¥ar,
and one cf the two steel plants was among the largest in the British
Commonwealth in the early twenties. Yet, when these steel plants had to be
expanded, it was necessary to draw upon foreign consultants and engineecring
drms to plan and carry out the expansion. When the Government decided to
establish a steel plant in the public sector at‘Rourkelajy-a German consortium

had to bé dsked to undertake.the joh. For theé next steel plant-at Bhilai the



same course was follcwed, this time with Russian icchnical collaboration.
The third public secicr steel plant at Durgapur had similarly te be set up
with the help of a British consortium,and ecsseatially the same snethod is
being followed with regard to the fourth public scctor steel plant at Bokaro.,
Thus, the construction and operation of 2 number of steel plants has not
automatically generated the ability to design and build new steel plants.
Unless powerful scientific and engineering groups are established durin
the construction and operation cof existing steel plants as a matter of
deliberate policy, the dependence on foreign technical assistance will cen-
tinue and the steel industry will not reach a stage of technical self-reliance.
A similar situaticn exists in almost every other industry.

29. On the other hand, where z stronyg scientific and technological base
has already becen laid, focreign cellaberaticn can certainly lead te a quicker
take-off. An exemple from the atomic field will make this clear. As I
have already indicated, we have designed and built our own research
reactors since 1955. However, when economic studies showed that in many
area.s of the country remote from the coalfields atomic power stations could
be ccmpetitive with conventional station, we invited tenders on a world
basis for the supply and erection of the nuclear power station at Tarapur, with
only broad stipulations regarding its certain other technical requirements.
The reason for this course is that no country has ventured to build a larc
power station of 400 MW without building first a prototype ¢f 5 to 50 MW.
The prototype takes as long to design and build as the large power station,
so that if we had chcsen to build cur atomic power station~s without external

technical agsistance, it would have taken us some four years to develop
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and build a prototype and another four years thereafter t¢ buld the full
scale station. By resorting to breign collaboration the first four years
of this developigent have been eliminated.

30. The second atomic power station of 200 MW in Ra:jasthan is
based on 2 Canadian design using natural uranium as fuel and hcavy water
as moderator and covlant. As a result of CIR, this is a type of reacicr
of which we have already considerable experience. This time the
Department of Atomic Energy has undertaken the prime responsibility ins
constructing the station but with the assistance of Atomic Energy of Conac
Limited and a Canadian engineering firm 2s consultants. The third ator..c
power station at Madras, which will be of the same size and of the sam.
basic design, will be built entirely by Indian scientists and engineers
without any foreign consultancy. This clearly demonstrates that the result
of having built up a very stronyg research and development organisation
with associated engineering skills is that we have been able to profit fxom
the forei_gn collaboration tc "buy''t scric {our to five years of time and o
make ourselves seli-reliant even in the desi_n and construction of larpe
atomic power stations.

51. The relative roles of indigenous science nnd technologydnd fereiun
collaboration can be highlighted tarough an analegy. Indigencus science
and technology plays the part of an engine in an aircraft, while foreign
collaboration can play the part cf a booster. A booster in the form of
foreipgn collaboration can give a plane an assisted take-off, but it will be
incapable of independent flizht unless it is powered by engines of its own.
If Indian industry is to take-off and be. capable of independent flight, it
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must be powered by science and technology based in the country.

32. * Disappointment is sometimes expresscd at the small return!
that has come from our investrment in science 2nd technology in the
country. It should be realised first that scienvific and technological
aevelopment on a broad basis involves the develocpment of a large number
of scientists and technologists and the maturing of rmany of them. This 1s
a process which must inevitably taxe 15 tc 20 years. It is only today that
our invesiment in science and technology has rcached the stage of bewng
Jble to make returns. The recent stoppage of foreign aid has shown cur
tremendous forei_n dependence on a vast variety of materials and equipmeont,
many of which cculd and should have been produced in ithe country long:
before this. Ve have found that a very large number of them can be vro-
duced as a result of the know-how which already c¢xists in scientific
organisations here, and steps are being taken tc preducc these in the
country without foreign assistance. The results will show themselves
within the next few years, and I have no doubt that the confidence which

Indian technclogists will gain thereby will spyead to Indian industrialists .
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administrators, many of whorn, not having any basis for technical juajement
of their own, are inclined to phy safc by selying on foreign consultancy.
Many examples can be iven of foreign collaboration resuluing in badly
engineered planys or technical mistakes, and when such technical mistakes
are corrected the foreign consultant benefits from the experience.

Whereas, if an Indian scientific or enginecring organisation had been
employcd, the expericnce gained evenifrom: initial failures would have been
a gain to the country. The Soviet Union did noi hesitate to follow this path.
Cune should als. remember that in buying foreign know-how one is paying
for an element which covers the cost-or research and deveic;pmeﬁt done by
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the foreign consultant, and it is clear that a more perrnanent bencfit would

U

result to the country if this money were made available for supporting
research and development in India.

33. There is one fix;al point I would like t. touch on, and that is the
role of administraticn in science. It is thought by many that we are reascaaonly
advanced in administration but backward in science and tcchnology. This
statement is misleading. We have fortunatcly inherited extremely competent
administrative services capable of dealing with 2ll the types of administration
which had to be dealt with before Independence in what was intended 1o &e A
static and nnderdeveloped cconomy. Consequently cxperience cof the type
of administration needed for industry and for scicnce and technology has viun
lacking. The type of admrinistration required for the grcwth of science and
technology is quite different from the type of administration required for ir
operation of industrial enterprises, and both of these are again quite
different from the type of administration required for such matters as the
preservation of law and order, administration ¢f justice, tfimanca,and so or,
It is my personal view, which is share by mai ; eminent forein scientisis,
that the jeneral abscnce of the proper adn.inistrative set-up for science is
a bigger obstacle to the rapid growth of science and technology than the
paucity of scientists znd tech nologists, because a rajority of the scientists
and technologists we have are made less effcctive through the lack of the
right type of administrative support. The administration of scientific research
and development is an even: .more subtle maticr than the administration of
in.dustrial enterprises, and [ am convinced that it cannct be dene on the basis
of borrowed knowledge. It mwust necessarily oc done, as in the techncbgically

advanced countries, by scientists and technologists themselves.



