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States, and more recently the category 
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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 have and 
the underdeveloped lack is modern sci- 
ence and an economy based on modern 
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This talk on science and the prob- 
lems of development is based mainly 
on our experience in India during the 
last 20 years, but much of what we 
have to face here may be common to 
many underdeveloped countries, and 
some of them, I hope, will be able to 
profit from our experience, both suc- 
cessful and unsuccessful. It is interest- 
ing to note that practically all the an- 
cient civilizations of the world-Persia, 
Egypt, India, and China-were in coun- 
tries which are today underdeveloped. 
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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 of the globe which out- 
stripped the rest, essentially from the 
time of the Industrial Revolution, be- 
cause of its development of modern 
science and the enhanced ability this 
gave it to utilize the forces of nature 
and to thus achieve a much higher 
material standard of life for its people. 
Western Euirope was followed, and in- 
deed to some extent overtaken, in in- 
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Between 6 and 11 January, the Tata Institute 
in Bombay served as host to the International 
Council of Scientific Unions on the occasion of 
the latest of its biennial assemblies. Homi 
J. Bhabha, director of the Tata Institute and 
chairman of the Indian Atomic Energy Commis- 
sion, addressed the assembly on the role which 
science can and should play in a developing 
country such as India. To those of us who knew 
Homi Bhabha and his dynamic nature, it was 
apparent that he was undertaking the task with 
even more than his normal vigor. During the 
address he spoke with a species of intensity that 
was unusual even for him. 

At a reception later in the evening I asked 
if he would give me a copy of his manuscript for 
publication in Science. He expressed gratitude 
for the suggestion. His sudden death at the top 
of Mont Blanc two weeks later prevented him 
from reading the galley proof, but I am certain 
he would have wanted the address to appear in 
its current form.-FREDERICK SEITZ 
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the underdeveloped countries is there- 
fore the problem of establishing modern 
science in them and transforming their 

economy to one based on modern sci- 
ence and technology. An important 
question which we must consider is 
whether it is possible to transform the 
economy of a country to one based on 
modern technology developed elsewhere 
without at the same time establishing 
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-then the problem of estab- 
lishing science as a live and vital force 
in society is an inseparable part of the 
problem of transforming an industrial- 
ly underdeveloped to a developed 
country. 

Science has formed part of the ac- 

tivity of Indian universities for many 
decades and Government itself has had 
some scientific departments, like the 
Geological Survey of India and the 
India Meteorological Department, for 

quite some time. Indian scientists such 
as Raman, S. N. Bose, Saha and several 
others have made important contribu- 
tions to the progress of science, which 
are now part of the fabric of modern 
science. But science as an organized 
national activity has been given an im- 

portant place in the national life only 
since independence, thanks primarily to 
the vislion 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 Council of Scientific and Industrial 
Research and the Tata Institute of Fun- 
damental Research. 

Debt to Nehru 

I think it only appropriate that I 
should recall at this stage the immense 
debt that Indian science and scientists 
owe to Jawaharlal Nehru. Science was 
an essential, indeed basic, component of 
the India which he sought and worked 
so hard to build. "It is now patent," he 
said, "that without science and technol- 

ogy we cannot progress." So great was 
his zeal for science and for the scien- 
tific approach to life that he missed no 

opportunity of imparting his views to 
others. To quote: "You know that 
whenever the chance offers itself I say 
something about the importance of sci- 
ence and its off-shoot, technology. I 
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think we should realize how modern 
life is an offspring of science and tech- 
nology." And he fully realized 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 the application of science 
and technology. If modern life depends 
so much on science and technology, 
then we must seize hold of them, under- 
stand them, and apply them." He saw 
the essential role of science in its his- 
torical perspective, not only in trans- 
forming 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 back- 
ward countries has widened more and 
more. It is only by adopting the most 
vigorous measures and by putting for- 
ward our utmost effort into the devel- 
opment of science that we can bridge 
the gap. It is an inherent obligation of 
a great country like India, with its 
traditions of scholarship and original 
thinking and its great cultural heritage, 
to participate fully in the march of 
science, which is probably mankind's 
greatest enterprise today." 

If a scientific outlook is to be made 
a part of the mental makeup of every 
individual, then clearly his education 
has to be molded accordingly. Not 
only must science be taught at the sec- 
ondary school stage, but his scientific 
education must commence much earlier 
with the help of scientific models and 
toys. But to be able to do this implies 
that scientific activity should already 
have been well developed in the coun- 
try. Above all, scientific teaching and 
research at the universities must be 
strengthened and expanded. The univer- 
sities are, however, autonomous organ- 
izations, jealous of outside interference, 
and the process must necessarily be 
slow and time consuming. It is probably 
for this reason that it has been consid- 
ered expedient in many countries to set 
up national research laboratories and 
other scientific organizations for specific 
subjects. 

Achievement of the aim of establish- 

ing science as an important national 
activity has been attempted in India 
through a number of governmental and 
quasi-governmental organizations work- 

ing more or less independently, the 
most important among these being 

Atomic Energy, the Council of Scien- 
tific and Industrial Research, and De- 
fense 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 stud- 
ies, to see the advantages and disad- 

vantages of the different methods they 
have pursued. These two organizations 
are approximately of the same size, 
Atomic Energy being somewhat larger 
in the total number of scientific and 
technical staff employed and in the 
total investment. 

Council of Scientific 

and Industrial Research 

The Council of Scientific and Indus- 
trial Research may be taken as the first 

planned attempt on the part of Gov- 
ernment to establish a broad base of 
scientific and technical research in the 
country, particularly with a view to 

helping industry and industrial develop- 
ment. I would like to pay a tribute to 
the memory of my friend and colleague, 
the late S. S. Bhatnagar, thanks to 
whose enthusiasm, energy, and dynamic 
personality a large number of national 
laboratories were established within a 

period of some 7 years. His successors, 
Professor Thacker and Husain Zaheer, 
have carried forward his work with 
energy, and the Council of Scientific 
and Industrial Research now has some 
25 laboratories under it, distributed 
throughout the country. In order that 
it should be free from the automatic 

application of all the government rules 
and regulations, the Council of Scien- 
tific and Industrial Research was es- 
tablished from the beginning in the 
form of a society with a governing 
body, nominated by the government, 
which included important ministers and 
officials, several of the leading Indian 
industrialists, and noted scientists. One 
of the main advantages of this setup 
has been that the Council of Scientific 
and Industrial Research has been freed 
from recruiting its staff through the 
Union Public Service Commission, 
whose methods are both time consum- 

ing and inappropriate for the selection 
of scientific and technical staff. The 
opportunity of framing an administra- 
tive structure and rules and procedures 
appropriate for a scientific organization, 
which this setup was intended to confer 
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on the Council of Scientific and Indus- 
trial Research, has, however, been lost 
to a large extent by the omnibus adop- 
tion of government rules and regula- 
tions. 

After independence, the prime min- 
ister himself became the president of 
the Council of Scientific and Industrial 
Research, and the minister of the min- 
istry to which the council was attached 
became its vice-president. Besides the 
governing body of the council, which 
consisted initially of 15 members and 
today has 34, there was established a 
Board of Scientific and Industrial Re- 
search, to advise the governing body 
on scientific matters and, in particular, 
on the allocation of grants to various 
scientists in the universities and else- 
where for specific research schemes. 
As I have said, the governing body 
took early steps to establish a number 
of national laboratories and central re- 
search institutes. The first among them 
was the National Physical Laboratory, 
whose construction in New Delhi was 
started in 1947 and which was inaugu- 
rated in 1950; the National Chemical 
Laboratory, likewise inaugurated, at 
Pona, in 1950; the National Metallurg- 
ical Laboratory in the steel city of 
Jamshedpur in 1950; and so on. 

All these laboratories were brought 
into existence in the same way. A plan- 
ning officer was appointed for planning 
the work and the building of each lab- 
oratory. The plan was usually drawn 
up on the basis of the work of similar 
laboratories abroad, divided into divi- 
sions and sections, and an estimate of 
the staff required was made on this 
basis. An attempt to fill the posts was 
then made, through advertisement, and 
through invitation also in the case of 
the seniormost appointments. While this 
method of setting up a laboratory 
might give reasonably satisfactory re- 
sults in a developed country in which 
science is already an important activity 
and in which a large number of scien- 
tists already exist in the universities and 
in other public and private laboratories 
and research institutes, it has serious 
disadvantages in a country in which 
organized science is still in its infancy 
and the number of available outstand- 
ing scientists is limited. Either it results 
in an outstanding scientist being taken 
away from a university or another re- 
search institute, or it results in a medi- 
ocre one, satisfying the so-called mini- 
mum qualifications, being appointed ,to 
a post requiring originality, initiative, 
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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. 

A result of following this method has 
been that a number of good scientists 
have been drawn away from the uni- 
versities into the national laboratories, 
leaving the universities weaker thereby. 
Thus, for example, the late K. S. Krish- 
man, who was then professor of physics 
at the Allahabad University, was taken 
as the first director of the National 
Physical Laboratory, and, more recent- 
ly, a successor has been obtained by 
taking a professor from the Banaras 
University. Similarly, the first two di- 
rectors of the National Chemical Lab- 
oratory were eminent scientists who 
were brought to India from abroad, 
while, for the third, the head of the 
department of chemical technology of 
Bombay University was taken, and the 
appointment of his successor will de- 
prive the 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 to 
their being taken away from the only 
institutions which have scientists in 
some measure, however inadequate, in 
an underdeveloped country-namely, 
the universities. It cannot be disputed 
that the cost of building the national 
laboratories on the lines followed by 
the Council of Scientific and Industrial 
Research has been a weakening of the 
universities by the drawing away of 
some of their good people-their most 
valuable asset. 

I must emphasize that these critical 
remarks are in no way aimed at individ- 
uals but at the system. The standard 
method of planning laboratories and 
filling posts is often forced on many 
by the administrative and financial re- 
quirements of Government. As Pro- 
fessor Blackett has said, "We must en- 
dow ability whenever it is found, and 
we must guard against subsidizing me- 
diocrity." The standard method is cer- 
tainly not conducive to achieving this 
aim. Government is spending large 
sums now on supporting scientific re- 
search and technical development, and 
it is 'in Government's interest to study 
and devise, de novo, the best adminis- 
trative and financial procedures for sci- 
entific institutions and for getting the 
maximum return on the money spent. 
To apply existing administrative and 

financial procedures, devised for an en- 
tirely different purpose, to scientific in- 
stitutions is largely to defeat the pur- 
pose which the government has in view 
and to let the tail wag the dog. 

Atomic Energy 

I turn now to Atomic Energy for a 
case study of a scientific organization 
which has been built up by an entirely 
different method, a method which might 
be described as "growing science." An 
Atomic Energy Commission was estab- 
lished in 1948 in the Ministry of Nat- 
ural Resources and Scientific Research 
to survey the territories of the Indian 
Dominion for the location of useful 
minerals in connection with atomic en- 
ergy, to promote research in the minis- 
try's own laboratories and subsidize 
such research in existing institutions 
and universities, and to take such steps 
as might be necessary from time to 
time to protect the interests of the 
country in connection with atomic en- 
ergy. Its decisions were implemented 
through the Ministry of Natural Re- 
sources and Scientific Research. Instead 
of planning a number of new labora- 
tories, the commission decided to use 
the existing institutions to do the pre- 
liminary scientific work and to develop 
the scientific personnel that would be 
needed. Foremost among the institu- 
tions which were so used was the Tata 
Institute of Fundamental Research, and 
the history of atomic energy in India 
during its initial stages is so bound up 
with this institute that it merits special 
consideration. 

Tata Institute. The Tata Institute of 
Fundamental Research was founded in 
1945 as a joint endeavor on the part of 
the Sir Dorabji Tata Trust and the then 
Government of Bombay, on the initia- 
tive which I took in 1943, when I was 
a professor at the Indian Institute of 
Science at Bangallore. At that time there 
was no scientific institution in the coun- 
try which had facilities for original 
work in subjects at the frontiers of 
knowledge in physics-in particular, 
nuclear physics, cosmic rays, and high- 
energy physics. I accordingly pointed 
out to J. R. D. Tata that "the lack of 
proper conditions and intelligent finan- 
cial support hampers the development 
of science in India at the pace which 
the talent in the country would war- 
rant," and suggested that the Tata Trust 
might take the initiative in setting up 
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an institute for fundamental research. 
I also pointed out, in a letter dated 12 
March 1944, that "when nuclear en- 

ergy has been successfully applied for 

power 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 re- 
sponsibility for starting the institute in 
April 1944, more than a year before 
the explosion of the first atomic bomb 
on Hiroshima and before nuclear phys- 
ics had become what might be called 
the "bandwagon" of science. This was 
also before it had been made public 
that atomic piles had been successfully 
operated and long before there was any 
talk of atomic power stations. 

Bombay was ichosen as the location 
for the institute, as the then govern- 
ment of Bombay was interested in ex- 
panding and improving the level of 
research work in physics, so it became 
a joint founder of the institute. This is 
perhaps the appropriate place to men- 
tion 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 institue has been a 
constituent recognized institution of 
Bombay University from the very be- 
ginning and has had close relations 
with many other universities in India, 
slo that students of many of them have 
done work for the Ph.D. at the institute. 

No organizational chart of the future 

development of the institute was sub- 
mitted either when it was founded or 
later, and the philosophy 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: 
"The Kaiser Wilhelm Society shall not 
first build an institute for research and 
then seek out the suitable man but shall 
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 sec- 
ond year, through the Council of Sci- 
entific and Industrial Research and the 
Ministry of Natural Resources and Sci- 
entific Research. While the recurring 
grants from the Tata Trust and the 
government of Maharashtra continue, 
and lindeed have been increased, the 
main financial support for the institute 
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comes today from the government of 
India through the Department of 
Atomic Energy, the government of In- 
dia having undertaken the permanent 
responsibility of supporting the institute 
in 1955. The recurring budget of the 
institute during the first year was only 
80,000 rupees ($16,000); this was in- 
creased steadily at about 30 percent 
per annum during the first 10 years, 
and since then has increased at about 
15 percent per annum, till the current 

year's budget is 15 million rupees 
($3 million), making this the larg- 
est national labloratory in the country 
with the sole exception of the Atomic 

Energy Establishment at Trombay. 
Since not a single senior post has been 
filled by obtaining a professor or senior 
scientist from a university or from other 
research institutes in India, the growth 
of the institute gives an indication of 
the rate at which it is possible to de- 

velop scientific research in the country 
through growing one's own people and 

through absorbing those returning from 
studies in universities abroad. The in- 
stitute has made a special point of 

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

In addition to supplying people at 

professional level, the experiment is be- 

ing tried of sending small and inte- 

grated groups of two to four research 
workers into the universities together 
with the equipment necessary for their 
work. The university has to undertake 
to provide them space and treat them 
as members of its own staff, and 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 engaged in 
a line of work which the university 
wishes to develop. At the end of the 2- 

year period the university will be free 
to absorb the group permanently, and, 
reciprocally, the members of the group 
will have the option of being so ab- 
sorbed or of returning to the institute. 
It is expected that these groups will 
form the nuclei for building up larger 
schools of research in the universities. 

The institute started work in 1945 in 
6000 square feet (540 square meters) 
of hired space in an existing building. 
By 1948 its work had grown to such 
an extent that it was moved to 35,000 
square feet of hired space in the build- 
ing of the Old Bombay Yacht Club, and 
it was only in January 1962 that the 

new buildings of the institue were in- 
augurated by the late prime minister, 
some 16/2 years after the institute was 
founded. This is another noteworthy 
respect in which the growth of the in- 
stitute differs from the growth of the 
Council of Scientific and Industrial Re- 
search laboratories. Work has inevitably 
been built up first, and the permanent 
building has come afterward, and this 
pattern has been followed also in the 
development of the whole atomic en- 
ergy program. Large and excellent as 
some of the buildings at Trombay are, 
some of them are just being completed, 
while the scientific staff which will oc- 
cupy them has already been built up 
and the work is in full swing in hired 
space, much of which is extremely in- 
adequate. 

Before I leave the institute it may be 
of interest to give two more examples 
of building projects and development 
around people. As early as June 1944, 
Sir A. V. Hill had written to me sug- 
gesting 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 em- 
bark on this line till someone had been 
found who was mature enough to be 
able to work on his town and build up 
a group. When, however, in 1962 my 
attention was drawn by the late Leo 
Szilard to a very promising Indian 
molecular biologist, it was decided to 
start work in microbiology-work 
which has since then been growing very 
satisfactorily. 

Another example is provided by the 

Radioastronomy Group. Four Indian 
radio astronomers had jointly written 
identical letters to the chairman of the 

University Grants Commission, to the 
director general of the Council of Sci- 
entific and Industrial Research, and to 
me as the chairman of the Atomic En- 
ergy Commission, offering to return to 
India as a group and establish radio 
astronomy here, if facilities and sup- 
port could be given to them. When it 
had been ascertained that the members 
of the group had considerable original 
work to their credit and were of suf- 
ficient maturity to be able to work on 
their own in India, it was decided to 
take up radio astronomy at the institute. 
Thirty-two parabolic dishes presented 
by the Commonwealth Scientific and 
Industrial Research Organization of 
Australia, which had been lying un- 
packed for several years at the National 
Physical Laboratory, were handed over 
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to the institute through the willing co- 
operation of Husain Zaheer, and these 
have been installed not far from Bom- 
bay for solar radio-astronomical work. 
In the meantime a project has been 
developed based on the use of a large 
cylindrical radio telescope for studying 
quasars and other radio sources and 
locating them accurately by lunar oc- 
culation. The telescope, which will have 
four to five times the collecting area of 
the Jodrell Bank instrument, will be 
designed and built entirely by Indian 
scientists and engineers and is expected 
to be in operation within 2 years. A 
site for it has been selected after a very 
extended study, as the axis of the tele- 
scope, which is 1700 feet (500 meters) 
long, has to be parallel to the axis of 
the earth. Work on the site at Ooty 
has already started. It is proposed to 
make this radio telescope one of the 
centers for inter-university work. 

To return to atomic energy, groups 
were established at the institute to de- 
sign and build all the electronics instru- 
mentation 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 elec- 
tronics group of the Atomic Energy 
Establishment has today a staff of over 
1300 people and is the strongest re- 
search and development group in elec- 
tronics in the whole country. There 
was a time when no less than 175 mem- 
bers of the staff of the Trombay estab- 
lishment were ilooked after by the in- 
stitute, and the institute has given some 
46 members of its scientific staff to man 
the various divisions of the Atomic 
Energy Establishment, many of them 
in senior capacities. 

Trombay. I now turn to the Atomic 
Energy Establishment at Trombay, 
which is today by far the largest sci- 
entific center in the country, with a 
total staff of some 8000 persons, 'of 
whom nearly 1800 are professional 
scientists and engineers and another 
3000 technical staff, many of whom, 
such as scientific and technical assist- 
ants, are science graduates. This es- 
tablishment has grown like the institute, 
depending on the ability of the various 
groups to expand fruitfully. At no stage 
was an organizational chart drawn up, 
projecting the 'future pattern of the 
establishment. Only the broad lines of 
work were laid down, and major proj- 
ects considered and approved. Thus, 
within a broad overall policy, the maxi- 
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mum freedom was given to members 
of the staff to display initiative in pick- 
ing fruitful lines of work and in devel- 
oping new ideas. The emphasis has 
been throughout on developing know- 
how indigenously and on growing peo- 
ple able to tackle the tasks which lie 
ahead. The generation of self-confidence 
and the ability to engineer and execute 
industrial projects without foreign tech- 
nical assistance have been major ob- 
jectives. 

It was decided early in 1955 to 
build a reactor of the swimming-pool 
type. The basic design was frozen in 
July of that year, and the entire re- 
actor, including the building for it, 
was designed and built entirely by our 
own scientists and engineers in just 
over a year, only the fuel elements 
which contain enriched uranium being 
supplied by the United Kingdom Atom- 
ic Energy Authority. The reactor be- 
came critical for the first time on 4 
August 1956 and was the first reactor 
in Asia, apart from any the U.S.S.R. 
may 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 
Kingdom and France, were buying 
their first reactor from the United 
States. The successful completion of 
this reactor gave our staff a great deal 
of confidence, and it was an invaluable 
facility around which the research and 
development of the project was built 
during the following few years. The con- 
trol system for this reactor was built 
by the Electronics Division in some old 
wartime hutments on the site of the 
Tata Institute of Fundamental Re- 
search and gave trouble-free operation 
for 4 years till the reactor was shut 
down in 1960 for overhaul, mainte- 
nance, and repairs. At that time ad- 
vantage was taken of the shutdown to 
install an improved control system, and 
a comparison of the control-rod drives 
and shutdown mechanisms installed in 
1961 with those originally installed will 
show the advance that had been 
made by the Reactor Control Division 
in its engineering capabilities. The im- 

portant fact remains, however, that the 
original control system, even if more 
cumbersome and less elegant, gave 
trouble-free service for 4 years, and the 
confidence gained in "doing it oneself" 
fully justified the course that had been 
followed. It may also be remarked in 
passing that this reactor, built by our 
own people, was in operation 2 years 
before the first reactor in China, which 

was designed and built by the Soviet 
Union. 

Having decided to build a reactor of 
the swimming-pool type to begin with, 
we were looking around for a suitable 
design of reactor for carrying out en- 
gineering experiments on the design 
of future power reactors when we re- 
ceived an offer from the Canadian Gov- 
ernment to build a reactor of the 
NRX type at Trombay. As this reactor 
suited our needs, the generous offer of 
the Canadian Government was ac- 
cepted, after some questions had been 
settled. The CIR reactor at Trombay 
is an almost identical copy of the NRX 
at Chalk River, but differs from it in 
one important particular: the primary 
cooling-water circuit is a closed loop 
from which heat is removed by a sec- 
ondary sea water circuit. The CIR being 
a Canadian gift under the Colombo 
Plan, all parts of it came from Canada, 
and the erection, through a Canadian 
responsibility, was carried out jointly 
with our staff. Although the total num- 
ber of engineers and skilled artisans 
engaged on the construction of the CIR 
rose at one stage to as many as 1200, 
the maximum number of Canadian per- 
sonnel at any given time at Trombay 
never exceeded 30. Indian welders had 
to be trained in the special welding 
techniques required, and all welds were 
radiographed. Similarly, Indian engi- 
neers participated in the erection of the 
reactor under overall Canadian super- 
vision. I must say here, in appreciation 
of the Canadian concept of this coop- 
eration, that when the project was de- 
cided upon they asked us to send some 
40 scientists and engineers immedi- 
ately to Chalk River to be trained in 
the operation and maintenance of the 
reactor, and it was most of these, as 
well as others, who were able to par- 
ticipate, on their return, in the construc- 
tion of the reactor. 

The CIR has fuel elements made of 
natural uranium clad in aluminum al- 
loy, and it was decided to tackle the 
problem of making fuel elements in 
India from the very beginning. Ac- 
cordingly, it was decided to set up a 
plant for making atomically pure ura- 
nium metal from uranium concentrate 
obtained from Indian monazite and 
other sources, and another plant for 
fabricating this uranium metal into 
finished fuel elements. In case any 
trouble arose during the initial opera- 
tion of CIR, it was decided that half 
the first charge would be supplied by 
Canada and the other half made at 
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Trombay, so that trouble arising from 
the fuel elements could be isolated 
from trouble arising from other sources. 
It was well that this procedure was 
followed, because quite a number of 
difficulties were met in working up 
CIR to full power, and it could be es- 
tablished that this difficulty did not 
arise from the Indian fuel elements, 
which from the beginning performed 
as well as the Canadian-supplied ones. 

The decision to build a uranium 
metal plant was taken in May 1956, 
construct'ion was started in December 
1957, and the first ingot of atomically 
pure uranium was produced in Janu- 
ary 1959, the plant having been de- 
signed entirely by Indian scientists and 
engineers and built in about a year. 
Similarly, the fuel fabrication facility 
was also designed and built entirely by 
our own staff, and it produced the first 
fuel element in June 1959. The pro- 
duction 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 
a dozen countries in the world pro- 
ducing their own fuel elements added 
further to the confidence of our staff 
in their ability to undertake difficult 
tasks. 

The economics of the operation are 
also noteworthy. The capital investment 
in the uranium metal plant and the 
fuel fabrication facility together came 
4to approximately 8 million rupees 
($1.6 million), of which the foreign- 
exchange component on industrial 
equipment, which had to be imported, 
was 3.2 million rupees (about $640,- 
000). It costs us approximately 130,- 
000 rupees ($26,000) to convert ura- 
nium metal into a ton of finished fuel 
element. Thus, even if the price of 
uranium concentrate is assumed to be 
$10 per pound, which is double the 
present market price, our fuel ele- 
ments would cost 260,000 rupees ($52,- 
000) per ton, or a single charge of 10 
tons would cost 2.6 million rupees 
($520,000). This 10 tons, if imported, 
would cost $750,000. Thus, apart from 
the fact that we obtain our fuel ele- 
ments at two-thirds of the price at 
which we could buy them, the foreign- 
exchange saving on one fuel charge 
alone, which, when CIR is in full oper- 
ation, is enough 'to keep it going for less 
than a year, more than compensates the 
total foreign-exchange expenditure in 
setting up this plant. 
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What is even more important, we 
now have first-hand technical knowl- 
edge for the erection of such plants 
on a much bigger scale. Construction 
will be started this year on plants to 
make zircaloy from zircon, atomically 
pure uranium oxide from uranium con- 
centrate, and fuel elements for our two 
atomic power stations of 400 mega- 
watts each which are being built in 
Rajasthan and Madras. These three 
plants have already been designed by 
our own staff and will be built within 
2 years. It is estimated that they will 
cost about 75 million rupees ($15 mil- 
lion). They will have enough capacity 
to fuel not only these two power sta- 
tions but those that will be built up to 
1975, and, by expansion, later ones 
as well. However, the value of the fuel 
elements required by the Rajasthan and 
Madras stations alone will be 30 mil- 
lion rupees ($6 million) per annum, 
and a recurring foreign-exchange drain 
for the import of fuel elements will 
be saved for the life of these two 
power stations as a result of building 
these three plants. 

It was originally envisaged at the 
beginning of the Third Plan that we 
would have to start building an indus- 
trial-scale plutonium plant, to be com- 

pleted by the end of the Fourth Plan, 
for treating the used fuel from the nu- 
clear power stations that would be in 

,operation by then. In order to gain 
first-hand experience of the technology 
of building a plutonium plant-which, 
as is well known, involves many spe- 
cial techniques, including the handling 
of very large amounts of radioactive 
materials by remote control in the ini- 
tial stages, and multiple precautions to 
avoid accidental criticality in the later 

stages-it was decided to build a pilot 
plant at Trombay costing about 35 
million rupees, to treat some 20 to 30 
tons of used fuel per annum. The 
chemical data for the process, in addi- 
tion to what has already been pub- 
ilished, were collected in our own 
laboratories, and the plant was de- 
signed, engineered, and built by our 
own staff and successfully underwent 
trial runs in 1964. It has been in opera- 
tion slince last year. As it happens, the 

capacity of this plant (for the same 
cost) is many times larger than that 

originally planned, so it has become 
possible to postpone the construction 
of the large plutonium plant. Secondly, 
the large plant was estimated to cost 
140 million rupees, but, on the basis of 
what we have learned from the con- 

struction of the plant at Trombay, we 
now estimate that it would be possible 
to build an industrial plant of the same 
capacity for 100 million rupees, thus 
effecting a saving which is greater than 
the entire cost of the plant at Trombay. 
This shows the importance of under- 
taking research and development one- 
self, and shows that research and de- 
velopment, if properly carried out, ef- 
fect economies amounting to more 
than their cost. 

Electronics Division. I have already 
mentioned the work of the Electronics 
Division. It is now proposed to set up 
an electronics plant at Hyderabad for 
the manufaicture not only of nuclear 
electronic instrumentation-including 
that which is required for routine pro- 
duction and use of isotopes in hospitals 
and industrial establishments and lab- 
oratories and for the control systems of 
reactors-but of 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 this country. 
Among these may be mentioned high- 
quality carbon resistors, Zener diodes, 
thermoelectric junctions, oscilloscopes, 
and a variety of other components and 
equipment. 

An interesting example is also worth 
noting. While carbon resistors are being 
made by a couple of commercial firms 
in this country, with foreign collabora- 
tion, these are of commercial grade 
and have not passed the stringent tests 
required for atomic or defense equip- 
ment. On the other hand, the carbon 
resistors developed entirely by our own 
efforts at Trombay have met these 
stringent defense specifications and will 
now be produced in quantity to meet 
the requirements of the country as a 
whole. If a more complex variety of an 
object can be developed purely by in- 
digenous scientific and technical effort, 
there is clearly no reason why produc- 
tion of a simpler variety should require 
foreign collaboration. The fact that 
foreign know-how had to be obtained 
for making commercial-grade resistors 
clearly emphasizes the fact that the 
policy followed in setting up industrial 
enterprises has been misguided, and 
that much more self-reliance should 
and could have been aimed at. 

Technical Physics Division. There are 

many other examples of what might be 
called "technological fallout" from our 
atomic energy program which will bene- 
fit the industry generally. The Techni- 
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cal Physics Division has developed 
many different pieces of equipment 
needed for atomic work, which can be 
bought off the shelf in industrially ad- 
vanced countries. The result is that we 
have been able to develop and make 
equipment, needed in this country, 
which has nothing to do with atomic 
energy directly. For example, a result 
of developing ithe vacuum technology 
of oil-diffusion pumps is that we have 
been able to make equipment for freeze- 
drying blood plasma on the one hand 
and for freeze-drying food and phar- 
maceutical material on the other. There 
are a very large number of other ex- 
amples of this type. 

Training Program. Additions to our 
scientific and engineering staff have 
been at the rate of between 150 and 
250 per annum. To meet this require- 
ment, the Atomic Energy Establish- 
ment, in cooperation with the Tata 
Institute of Fundamental Research, has 
run a Training School in which about 
150 persons have been admitted per 
annum, through inviting applications 
from young men passing out of the 
universities every year and selecting 
the best of them. Those selected are 
then given a year's lecture course and 
training in certain general as well as 
specialized scientific subjects. At the 
end of the year most of them are ab- 
sorbed into the establishment, the grad- 
ing being on the basis of tests given 
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 3400 applied, with first- and 
second-class degrees from the universi- 
ties; 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. On admission, these young men 
become part of small scientific groups 
working on specific problems, and at 
the end of 2 or 3 years they become 
very useful scientists. The best among 
them are likely to become the future 
leaders. 

We have found this method of re- 
cruitment very satisfactory, and al- 
though it has placed a heavy load on 
our senior staff by making the spec- 
trum of our scientific staff much heavier 
at the junior levels than it should be, 
it has provided a powerful source of 
able young scientists, on the basis of 
which the program 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 
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persons from the universities but, on 
the contrary, gives training, employ- 
ment, and opportunities to young grad- 
uates of the universities. 

To summarize, of the two ways of 
establishing science as a national ac- 
tivity in an underdeveloped country- 
the standard method on the one hand, 
and the alternative method of what I 
have called "growing science" on the 
other-the second seems to lead to bet- 
ter results in the end, with greater po- 
tential for continuous growth. While 
it may seem much slower and harder 
at the beginning, it has the capacity for 
continuous growth and for developing 
the people it needs, and its faster growth 
rate in later years more than com- 
pensates for the slow beginning. More- 
over, it may lead to concrete results 
sooner than the other method in de- 
veloping countries, in which there is 
not a large pool of mature scientists 
to draw from. 

Industrial Development 

I now turn to the problems of indus- 
trial development and the question 
whether a self-generating industry can 
be established without simultaneous es- 
tablishment of a powerful scientific 
base. Indian industrial development has 
so far proceeded almost exclusively on 
the basis of setting up plants and indus- 
tries with foreign collaboration. Our 
own experience makes it quite plain, 
however, that this method can never 
lead to a self-generating industry with- 
out simultaneous establishment of a 
powerful scientific research and devel- 
opment effort to support it. A few ex- 
amples will make this plain. 

The steel industry has existed in 
India since the First World War, and 
one of the two steel plants was among 
the largest in the British Commonwealth 
in the early 1920's. Yet, when these 
steel plants had to be expanded, it was 
necessary to draw upon foreign con- 
sultants and engineering firms to plan 
and carry out the expansion. When the 
government decided to establish a steel 
plant in the public sector at Rourkela, 
a German consortium had to be asked 
to undertake the job. For the next steel 
plant, at Bhilai, the same course was 
followed, this time with Russian tech- 
nical collaboration. The third public- 
sector steel plant, at Durgapur, had 
similarly to be set up with the help of 
a British consortium, and essentially 
the same method is being followed in 

the case of the fourth public-sector steel 
plant, at Bokaro. Thus, the construction 
and operation of a 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 dur- 
ing the construction and operation of 
existing steel plants as a matter of de- 
liberate policy, the dependence on for- 
eign technical ass,istance will continue, 
and the steel industry will not reach a 
stage of technical self-reliance. A sim- 
ilar situation exists in almost every 
other industry. 

On the other hand, where a strong 
scientific and technological base has 
already been laid, foreign collaboration 
can certainly lead to a quicker takeoff. 
An example from the atomic energy 
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 areas of 
the country remote from the coalfields, 
atomic power stations could be com- 
petitive with conventional stations, we 
invited tenders, on a world basis, for 
the supply and erection of the nuclear 
power station at Tarapur, with only 
broad stipulations regarding certain of 
the technical requirements. The reason 
for this course is that no country has 
ventured to build a large power station 
of 400-megawatt capacity without build- 
ing first a 5- to 50-megawatt prototype. 
The prototype takes as long to, design 
and build as the large power station, so 
that, if we had chosen to build our 
atomic power stations without external 
technical assistance, it would have taken 
us some 4 years to develop and build 
a prototype and another 4 years to build 
the full-scale station. By resorting to 
foreign collaboration, the first 4 years 
of this development have been elimi- 
nated. 

The second atomic power station of 
400-megawatt capacity, in Rajasthan, 
is based on a Canadian design in which 
natural uranium is used as fuel, and 
heavy water, as moderator and coolant. 
As a result of CIR, this is a type of 
reactor which we have already had 
considerable experience. This time the 
Department of Atomic Energy has un- 
dertaken the prime responsibility for 
constructing the station, but with the 
assistance of Atomic Energy of Cana- 
da, Limited, and a Canadian engineer- 
ing firm as consultants. The third 
atomic power station, at Madras, which 
will be of the same size and of the 
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same basic design, will be built entirely 
by Indian scientists and engineers with- 
out any foreign consultancy. This clear- 
ly demonstrates that the result of having 
built up a very strong research and 
development organization with associ- 
ated engineering skills is that we have 
been enabled, through foreign collabo- 
ration, to "buy" some 4 to 5 years of 
time and to make ourselves self-reliant 
even in the design and construction of 
large atomic power stations. 

The relative roles of indigenous sci- 
ence and technology and foreign col- 
laboration can be highlighted, through 
an analogy. Indigenous science and 
technology play the part of an engine 
in an aircraft, while foreign collabora- 
tion can play the part of a booster. A 
booster can give a plane an assisted 
takeoff, but the plane will be incapable 
of independent flight unless it is pow- 
ered by engines of its own. If Indian 
industry is to take off and be capable 
of independent flight, it must be pow- 
ered by science and technology based 
in this country. 

Disappointment at the small return 
that has come from our investment in 
science and technology is sometimes 
expressed. It should be realized, first, 
that scientific and technological devel- 
opment on a broad basis involves the 
development of a large number of sci- 
entists and technologists and the ma- 
turing of many of them. This is a proc- 
ess which must inevitably take 15 to 20 
years. It is only today'that our invest- 
ment in science and technology has 
reached the stage of bringing returns. 
The recent stoppage of foreign aid has 
shown our tremendous dependence on 
a vast variety of foreign-made materials 

and pieces of equipment, many of 
which could and should have been pro- 
duced in our country long before this. 
We found that a very large number of 
these items can be produced as a re- 
sult of the know-how which already 
exists in scientific organizations here, 
and steps are being taken to produce 
these without foreign assistance. The 
results will show themselves within the 
next few years, and I have no doubt 
that the confidence which Indian tech- 

nologists will gain thereby will spread 
to Indian industrialists and administra- 
tors, many of whom, not having any 
basis for technical judgments of their 
own, are inclined to play it safe by 
relying on foreign consultancy. 

Many examples can be given of 

foreign collaboration resulting in badly 
engineered plants or technical mistakes, 
and when such technical mistakes are 
corrected the foreign consultant bene- 
fits from the experience. Whereas, if 
an Indian scientific or engineering or- 

ganization had been employed, the ex- 

perience gained even from initial fail- 
ures would have been a gain to the 

country. The Soviet Union did not 
hesitate to follow this path. One should 
also remember that, in buying foreign 
know-how, one is paying for an ele- 
ment which covers the cost of research 
and development done by the foreign 
consultant, and it is clear that a more 

permanent benefit to the country would 
result if this money were made available 
for supporting research and develop- 
ment in India. 

There is one final point I would like 
to touch on, and that is the role of 
administration in science. It is thought 
by many that we are reasonably ad- 

vanced in administration but backward 
in science and technology. This state- 
ment is misleading. We have fortunately 
inherited extremely competent admini- 
strative services capable of dealing with 
all the types of administration which 
had to be dealt with before independ- 
ence, in what was intended to be a 
static and underdeveloped economy. 
Consequently, experience of the type 
of administration needed for industry 
and for science and technology has been 
lacking. 

The type of administration re- 

quired for the growth of science and 

technology is quite different from the 

type of administration required for the 

operation of industrial enterprises, and 
both of these are again quite different 
from the type of administration re- 

quired for such matters as the preserva- 
tion of law and order, administration of 

justice, finance, and so on. It is my 
personal view, which is shared. by many 
eminent foreign scientists, that the 

general absence of the proper adminis- 
trative setup for science is a bigger 
obstacle to the rapid growth of sci- 
ence and technology than the paucity of 
scientists and technologists, because a 

majority of the scientists and tech- 
nologists we have are made less effec- 
tive through the lack of the right type 
of administrative support. The adminis- 
tration of scientific research and de- 
velopment is an even more subtle mat- 
ter than the administration of industrial 

enterprises, and I am convinced that it 
cannot be done on the basis of bor- 
rowed knowledge. It must necessarily 
be done, as in the technologically ad- 
vanced countries, by scientists and tech- 
nologists themselves. 
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