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B.R.NANDA 

INTRODUCTION 

India has witnessed a phenomenal development of science and 
technology since the attainment of independence, but the record 
before 1947 was not entirely barren. Some of the greatest 
IUdiaUScientists of this century-C.V. Raman, S.N. Bose, M.N. 
Saha, and Birbal Sahni-did their best work in the pre-independence 
era. In 1947, eight out of the nineteen universities in the country 
offered post-graduate courses in science, and there were thlrty
eight engineering colleges with nearly three thousand students on 
their rolls. Outstanding research institutions, such as the Indian 
Institute of Science, Bangalore, the Tata Institute of Fundamental 
Research and the Indian Institute of Agricultural Research had 
already been established. The former had started a course in elec
trical engineering as early as 1915; two years later the Benares 
Hindu University had introduced a course in metallurgy. The 
Indian Research Foundation-the precursor of the Indian Medical 
Association-had been inexistence since 1911, and the Indian Council 
of Mines at Dhanbad since 1926. 

ConSidering the size of the country and the magnitude of the 
problems it faced, the scientific and technological infra-structure 
which India inherited from the British regime was, nevertheless, 
pitifully small. Of the potentialities of economic development 
through the application of science, there was very little awareness in 
the higher echelons of the Raj. The few research institutions which 
existed suffered from unimaginative bureaucratic parsimony and red
tape. As Dr. Ramalingaswami tells us, the Haffkine Institute 
started its career in Grant Medical College, Bombay in 1893 with 
" one clerk: and three peons". Fifty years later, even an organization 
like he Indian Council of Agricultural Research lacked both the 
authority and the resources to make a tangible contributi(;ri to 
agricultural development. Whenever there was a clamour for 
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economy in civil expenditure- such as during the economic depres
sion (1929-32) and the second world war (1939-45)-research 
institutions were among the first victims of the axe wielded by the 
Finance Ministry. It was not merely that most British officials 
were deliberately unsympathetic to Indian progress; many of them 
had grown up at a time when in their own country the idea of large
scale state aid for scientific research had not won wide acceptance. 
To these officials, harassed by intractable administrative and politi
cal problems, science and technology must have seemed academic 
issues. That India should continue to produce raw materials and 
import manufactured goods must have seemed a natural part of the 
Imperial scheme of things. No wonder that in the decades preceding 
the second world war, agriculture stagnated, and industry made 
slow progress. 

It was fortunate that the government of independent India was 
headed by a man, who considered science and technology as essential 
levers for lifting the country out of poverty and backwardness. 
Jawaharlal's interest in science had been stimulated in his childhood 
by his Irish-born tutor who rigged up a little laboratory in 
Anand Bhawan. Nehru studied botany, zoology and geology at 
Cambridge, but took to law and politics: he had thus little time to 
devote to science. Curiously, politics brought him back to science. 
As Nehru told an assembly ofIndian scientists: "Politics led me to 
economics and this led me inevitably to science and scientific approach 
to all our problems and to life itself. It is science alone that would 
solve the problems of hunger and poverty." During the years 
1939-41 , as chairman of the National Planning Committee of the 
Indian National Congress, Nehru gained a deep insight into the 
basic problems of the Indian economy. "There are three funda
mental requirements for India," he wrote in 1940, "and these are a 
heavy engineering and machine building industry, scientific research 
institutions and electric power. These must be the foundations of 
all planning." . 

Nehru had the prescience to realise thirty years ago that the day 
of the individual scientist working in isolation was passing, and that 
India could not do without an adequate infra-structure for science. 
Two able scientists, Homi Bhabha and S.S. Bhatnagar, who were 
also men of great energy, drive and organizing ability, helped Nehru 
in building this infra-structure. Bhatnagar planned a chain of 
national research laboratories and Bhabha laid the foundations of 
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India's nuclear research programme. Nehru indicated the new 
status ~ntific research in India by agreeing to be the President 
of the Council of Scientific and Industrial Research, and by kee ing 
th~ Department of Atomic Energy under the direct control of the 
Prime Minister. Several new research institutions-for example the 
Central Statistical Organization, the N~tional Sample Survey, the 
Indian Standards Institution and the Indian Science Academy-owe 
their origins or development to the inspiration or support they 
received from Nehru. Long before he came into office, Indian 
scientists had seen in him an ally and a patron of science. He had 
been elected to preside over the Indian Science Congress session in 
] 942 but being in jail could not do so. As Prime Minister, he made 
it a point to be present at the annual meetings of the Indian Science 
Congress. Such gestures were not without their significance. As 
Nehru put it, "I have felt the need for encouraging the scientific work 
and research and I have concerned myself with important organi
zations; that does not mean that I know very much about science ... 
but I felt and it was agreed that it would be helpful if I were some
times to play the part of a showboy ... . My interest largely consists 
in trying to make the Indian people and even the Government of 
India conscious of scientific work and the necessity for it." S 1958 

) 

Nehru iloted through the Parliament a "Science Policy Resolution," 
pledging the country to oster, promote and sustain cultivation of 
science and scientific research "by all appropriate means." This 
reso uti on was not merely a dramatic gesture, but an expression of 
Nehru's faith in science as an instrument for ushering India into 
the modern age. He saw research in science and technology not as 
an end in itself, but as an essential part of a socio-economic fral1'lt
work. He assigned to science a crucial role in planning, and went 
so far as to describe pl,anning as "science in action." It was Nehru's 
government-as G.H. Keswani, says in the first article in this 
volume-which lifted Indian science from its small beginnings to a 
national effort. 

Nehru's interest in science found one of its earliest expressions in 
atomic research. It is significant that, despite the distractions which 
the government of independent India had to face in the aftermath of 
the partition of the sub-continent, t e Atomic Energy Commission 
was set up as early as August 1948. Nuclear power was then in the 
words of Homi Bhabha, "still in its infancy and its economics 
unknown; it needed the farseeing vision and imagination of a great 
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man to embark an industrially backward country on a programme 
of atomic research development." To the success of this programme 
Bhabha's own contribution was tremendous. His personal access 
to the Prime Minister and his contacts with scientists in other COUn
tries were an asset to him, but he had also a genius for organization. 
He knew how to inspire those who worked with him in a spirit 
of cooperation and team-work. He took the precaution of main
taining a strong base in pure science in the new set-up. He 
established a nuclear fuel complex at Hyderabad and also made 
arrangements for electronic instrumentation. He set up a training 
school, which was useful not only for the instruction of the new 
entrants, but as a link between generations of scientists. The young 
scientists became, as Dr. Ramanna tells us in his survey of the 
development of nuclear energy in India, "question masters to their 
senior colleagues and therefore provided an intellectual background 
which is the only wayan aging scientist can remain youthful in the 
field." When Bhabha became the Secretary of the newly created 
Department of Atomic Energy in 1958 he made it a condition that 
he would not be cut off from direct participation in scientific work. 
Indeed, the secretariat of the new department was shifted to Bombay, 
close to the scene of operations. Thanks to Nehru's unstinted 
support, Bhabha was assured of ample authority and resources for 
his projects. Bhabha was grateful for this support, but reckoned that 
the heavy investment which the nation was making in atomic research 
would be more than justified if cheap electric power could give a 
fillip to economic development. This was also the ambition of 
lawaharlal Nehru, who always saw science and technology essentially 
a~ tools for human welfare. 

Though the Indian Agricultural Research Institute and the 
Indian Council of Agricultural Research were venerable institutions, 
having been established in 1905 and 1929 respectively, agriculture 
and agricultural research- as Dr. B.P. Pal reminds us in his article 
on Indian agriculture-occupied a lowly status in that regime. The 
agricultural scientist commanded scant respect and ranked rather 
low in the official hierarchy. In the district the deputy director 
of agriculture was considered a subordinate official. In some 
provinces there was just one "agricultural demonstrator" for the 
whole district who could at a pinch be diverted to such routine chores, 
as the issue of kerosene rations. 

Contrary to a widespread impression, Nehru did not ignore the 
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agricultural sector. He gave a high priority to multipurpose hydro
electric and irrigation rojects. True, he did 'iiOt himself preside 
over t e institutions connected with agricultural research, as he did 
over those of atomic and industrial research. Nevertheless, most 
of the programmes which culminated in, what has come to be known, 
as the "green revolution" were initiated when Nehru was in office. 
These programmes included the revitalisation of the Indian Council / 
of Agricultural Research and the Indian Agricultural Research 
Institute, the formulation of the "All-India Coordinated Projects" 
and the emergence of the agricultural universities as centres of both 
teaching and extension work. Dr. Pal has narrated the "inside" 
story of the "green revolution," how with modern technology and 
international cooperation, Indian scientists succeeded in developing 
new strains of plants, and then through well-thought-out schemes of 
inter-disciplinary cooperation, high yields were ensured from the new 
strains. One of the most surprising and heartening aspects of the 
"green revolution" was the response from the farmers who were 
believed to be old-fashioned and conservative, but took up the new 
technology readily and used it with great enthusiasm and skill. 

The "green revolution" was thus brought about not with a magic 
wand, but through hard and ceaseless toil by scientists in the labo~ 
ratory followed by careful planning and field work. If the yields of 
crops other than wheat are to be raised significantly, similar ingenuity, 
perseverance and multi-disciplinary cooperation will be required in 
future years. The axiom "whosoever sits on his laurels, wears them 
in the wrong place," is one which those concerned with the future of 
our agriculture can forgd only at their own peril. 

Nehru realised the importance of extending facilities for studies , 
in the sciences and technical training. Soon after assuming office, 
he appointed a Scienfific Manpower Committe, and had the satis
faction of seeing five institutes of technology come up at Kharagpur, 
Bombay, Madra, anpur and Delhi, besides a number of regional 
engm eflllg colleges. This enabled the country to build up a reservoir 
of highly qualified engineers. A parallel expansion took place in 
the training of technicians in polytechnics. A number of institu
tions for specialised training such as the National Institute of 
Foundry and Forge Technology, School of Planning and Archi
tecture, the Institutes of Management and the All-India Institute of 
Medical Sciences were set up. Professor M.S. Thacker, who was 
himself associated with some of these developments in technical educa-
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tion, has given us a resume of them in his article on technical 
education. 

A similar expansion took place in science education. The 
number of universities multiplied manifold and science graduates 
and post-graduates poured out of the portals of the universities in 
their thousands every year. Though excellent work was done in 
some universities-especially in the centres of advanced study in 
science such as those at Delhi, Calcutta, Chandigarh-few critical 
observers would differ with Professor Mahanty's melancholy conclu
sion in his paper on 'IScience in the Universities," that the quality of 
doctoral research "is alarmingly low." One of the reasons for this 
decline may have been owing to the creation of some of new uni
versities as "political status symbols" of state-level politicians. 
There is, however, no doubt that there was also a brain-drain from 
the relatively less endowed and equipped universities to central 
research institutions, such as the Department of Atomic Energy, 
the Defence Science Wing and national research laboratories. In 
retrospect, it seems, that the scales were heavily weighted in favour 
of "Big Science" financed by the government. Only a clearer appre
ciation of the differing needs of research in pure and applied science 
could help to readjust the balance. 

"The true scientist," Jawaharlal Nehru wrote in the Unity of 
India "is the sage unattached to life and fruits of action, ever seeking 
truth, wherever this quest might lead him to." This may sound a bit 
too idealistic, but it is noteworthy that Professor Sudarshan, while 
describing "the human condition that fosters and rejoices in the 
pursuit of science" lists vision, ability, integrity, energy, enthusiasm, 
flexibility, humanism, creativity and humility, among the qualities of 
a man of science. Pure basic research is an endless quest; to 
fUnction effectively, the scientist needs an atmosphere conducive to 
intellectual freedom, self-criticism and uninhibited communication 
with fellow-scientists. Obviously, such an atmosphere can be pro
duced more easily in an academic institution than in a centralised 
research body where the organization is necessarily hierarchicaL 

The problems of applied science- technology-have to be seen in 
a different context. The technologist uses already confirmed know
ledge about the natural world for practical purposes. As Dr. 
Varadarajan explains in his article, "Science and Industry," industrial 
research is an economic activity although of a very special nature 
involving science as a major in-put, and demanding a wide range of 
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skills from scientists, engineers, economists, financiers, production 
experts and marketing men. Applied science, like all economic 
activity, should be subject to cost-benefit analysis, and aim at the 
highest prossible return for a given investment of human and material 
resources. Dr. B.D. Nag Chaudhuri, in his article on "Science and 
Defence", points out how science can help to rationalize defence 
expenditure; within the same techno-economic 'constraints it may be 
possible to acquire greater military strength at the same cost. In 
other spheres of national planning too the same approach would 
yield optimum results. The choice of technology for development of( 
mineral resources- of which V.S. Krishnaswamy gives a thorough
going survey in his paper-is especially subject to cost-benefit analysis. 
In his survey of bio-medical research, V.S. Ramalingaswami shows 
how the staunch pursuit of concrete objectives, especially in preven
tive and community medicine, may pay rich dividends. Our greatest 
resource, he says, "is human resource, the large number of men and 
women with manifest and potential talents." The central problem 
of "science management" is how to identify men and women of 
outstanding merit and to place them in an environment in which 
they can give their best. 

The challenges facing us today call for a high degree of sophisti
cation and sagacity in the application of science. The choice 
of technology is not so simple a matter as it may at first 
appear. Unfortunately, owing to the colonial interlude, India 
missed the industrial revolutions of the j 8th and 19th centuries, and 
must now make up for lost time. However, as Dr. Jagjit Singh tells 
us, it is not easy "to leap-frog the technological gap unaided and 
alone." He draws a distinction between "low" and "high" 
technology, and reminds us that most of our research laboratories' 
are equipped at present for "low technology" involving "small 
improvements in widely used products." High technology cannot 
be acquired quickly and must need be imported; even Lenin did 
not spurn the aid of American capitalists in building great hydro
electric dams in the Soviet Union. A developing country cannot, 
however, afford to fritter away its limited resources indiscrimi
nately; the import of technology must be confined only to a few 
essential fields. The wholesale reproduction of western technology 
may be not only wasteful but harmful. Apart from the ecological 
hazard inherent in uncontrolled industrialization, there is the 
implicit assumption in western technology that the need for human 
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labour should be reduced if not altogether eliminated. For 
India, with its vast reservoir of unemployed and under-employed 
millions, such an assumption is wholly irrelevant. Moreover, we 
cannot in the foreseeable future, accumulate enough capital to adopt 
capital-intensive technology on a large scale· It has been calculated 
that while in a labour-intensive industry it takes six months' salary 
to provide work for one man, in a capital-intensive industry the 
investment would be the equivalent of 350 months' salary. Clearly, 
economic growth wholly on the western model would be a snail
pace affair. 



G.H. KESWANI 

JAWAHARLAL NEHRU AND SCIENCE 

Before Jawaharlal Nehru went to Harrow at the age of 16, he was . 
educated privately at Allahabad. Sufficient record is not available 
to estimate the level of scholarship attained by Nehru before he left 
India, but a sketch can be thinly drawn. We know about the books 
he read. But more significantly for our present purpose, we know 
that his English tutor Brooks, an ardent theosophist appointed on 
the recommendation of Annie Besant, fitted a small laboratory 
in Nehru's house at Allahabad, for experiments in physics and 
chemistry. Nehru tells us in his autobiography that he spent long 
and interesting hours in these experiments. It seems, however, that 
he did not get sufficient instruction in mathematics. As is well known, 
mathematics has to be learnt when one is young: later it is difficult 
to grapple with it. The result was that at Cambridge, Nehru had to 
abandon physics midway, because he did not know enough mathe
matics. He said so candidly in his letters to his father.1 Years later, 
when Jagjit Singh took his book, Great Ideas in Mathematics, to 
Nehru, he enquired whether that book for the popularization of 
mathematics contained any forbidding formulae. In the meantime, 
he chanced to see a Lebesgue integral on page 140 of the book. 
Nehru, whose sharp visual sense was matched by his humour, 
exclaimed: " It is enough of a scorpion to scare away the most stout
hearted non-mathematical layman." Still Nehru admired mathe
matics. He had the basic ingredient of this discipline- that is , logic
very much in his thought and methods. The only scholar at Trinity 
whom he mentioned admiringly in a letter to his father, was e.G. 
Darwin, a grandson of the famous Darwin, saying almost enviously, 
"most people think he will be a Sr. W. (Senior Wrangler)."2 

IS. Gopa l (ed .) , Selec/ed Works of Jowoharlal Nehru (Delhi , 1972), Vol. 1, 
p. 61. 

' Ibid., p. 52. 
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Although, Jawaharlal did some elementary algebra, geometry and 
mechanics, as additional subjects at Harrow, he had only two years 
at this school, during which he could not have gone much beyond 
where Brooks had left him. 

At Harrow, Jawaharlal's housemaster summed up his performance 
as "very creditable stand"3 and he was specially praised for some 
papers in history in which he was later to take so much interest 
and even greater part. At Trinity College, he ultimately took the 
Natural Science Tripos in geology, chemistry and botany, in second 
class with honours, somewhat to the disappointment of his father, 
who confidently expected him to get a first. In fact Motilal had 
hoped earlier that his son would be a Senior Wrangler.4 In his own 
words, Jawaharlal completed his academic career at the Inner 
Temple, before he was called to the bar, "with neither glory nor 
ignominy." He toyed with the idea of another degree at Oxford or a 
course at the London School of Economics, but ultimately decided 
to return home in 1912. 

We may ask a somewhat fanciful question. If Jawaharlal had 
continued with his career in science, it is probable that he would 
have become a notable experimental scientist.s Indeed, he was an 
experimentalist. To experiment is to plan and take a course of 
purposive action, while keeping an open mind as to the results. 
Nehru's political philosophy could best be described by one word 
"experimental" as we shall further argue in the sequel. 

II 

The ethos of science is governed by a spirit of free-ranging inquiry 
which in turn is begotten by curiosity. Asked about his special 
talents, Einstein remarked: "I have no special gift- I am only 
passionately curious";6 and Jawaharlal was always stirred by 
curiosity. He was with his father in Germany to see Count Zeppelin's 
dirigible airship in 1909.7 He was one of the first Indians to fly in 1912. 
He admired the pioneer aviators of America and Europe. As Prime 
Minister, he went to the Delhi airport personally to receive Yuri 

3Emil Lengyel, Jawaharlal Nehru: The Brahaman Jrom Kashmir (New York, 
1968), p. 38. 

4V.N. Chhibber, Jawaharlal Nehru: A Man oj Leiters (Delhi, 1970), p. 11. 
5G.H. Keswani, "Nehru and Science in India", The Illustrated Weekly oj 

India, January 24, 1965. 
6Banesh Hoffman, Albert Einstein (New York, 1972), p. 7. 
'Walter Crocker, Nehru: A Contemporary's Estimate (London, 1966), p. J 38. 
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Gagarin, the first earth cosmonaut in space. He liked big machines 
and fast travel. Krishna, his sister, relates an episode showing how 
keen his curiosity was.s In 1948, when he was the Prime Minister 
of India, someone gave him an electric razor. He was so fascinated 
by it that at a dinner party in his house, he sent for the razor and 
demonstrated it to his guests by shaving himself at the table. Nehru 
was then fifty-nine years old. Nehru preserved this child-like innocence 
and curiosity almost till the end. I suggest these are the qualities 
characteristic of a scientist (even if he does not practise science), 
and of an experimentalist. 

Talking of young Nehru's innocence, one might recOllL1t his ' 
attitude towards matters of sex, marriage and personal looks. A 
recent writer on Nehru tells us that while in England as a student 
he was untouched by the temptations of youth.9 Doubtless he had 
sophisticated conversations on morality, referring casually to 
Havelock Ellis, but essentially he remained untouche~, if not 
quite an ascetic, during this period.10 His letters of that period, 
written to his father, abundantly show this. There does not seem to 
be any guile in these letters. 

When he was in his twenty-first year, Jawaharlal wrote to his 
father: "Joys of matrimony appear to me wholly inlaginary, and do 
not at all appeal to me." ll And he wrote to this effect more than once. 
During those seven years in England, he played tennis, swam, rode 
horses, visited Europe a number of times, worked mod.erately for 
his academic career, and kept in touch with political developments 
in India, but did nothing intensely. It was as if young Nehru was 
eeing things from a distance. 

Handsome Jawaharlal started losing hair at the age of twenty-two 
but he reported their gradual disappearance to his father with 
complete equanimity, setting aside with scientific reasoning the 
application of lotions and "what-have-you", uggested by his loving 
father.12 

He reflected later that he was essentiall y an abnormal per on with 
a sense of mystery and unplumbed depths, which he could not him
self fathom. Tho e who have gone through this process of fathoming 

"Krishna HlIthcesing, We NelrrllS (Bombay, J 967), p. 58. 
'Emil Lengyel, op. cit., p. 44. 

10M. Chalapathi Rall, JawallUrla/ Nehru (Delhi, J973), p. 8. 
llSelected Works of Jawalrarlal Nelrl'll, op. cit. , Vol. J p. 68. 
121bid., p. 92. ' 
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and self-probing, would know that while it reveals, it creates even 
deeper mysteries. Yet the process is not without its reward of detach
ment and peace. Nehru seems to have won many of these rewards 
from nature and bathed blissfully in a sea of detachment,l3 There is 
no doubt that from the beginning, a kind of universal spirit moved 
him. Sarvatmabhava was his nature and presiding mood. Scientific 
inquiry too is moved by this spirit, this bhava, because science is uni
versal and common to all creeds and countries. It prevails equally on 
the earth, the solar system and the yonder astronomical universe. 

Why did Nehru then work the wobbling wheel of politics? He him
self once quoted George III of England: "Politics is a trade for a 
rascal, not a gentleman."14 However there is no doubt that he him
self made the choice of a political career owing to the enormous 
opportunities for service it offered, far exceeding those open to a 
doctor, an engineer or a scientist. 

Nehru does not seem to have got much out of Brooks in Allahabad, 
Edgar Stogdon, his tutor at Harrow, the dons of Trinity College and 
the legal wizards at the Inner Temple. Like Einstein, Nehru was his 
own tutor. As is well known, Einstein was a "drop-out" in school 
and had failed in the entrance examination to the Swiss Federal 
Polytechnic School; he found the usual systems of education stifling.Is 

Nehru seems to have taught himself and introspected deeply, 
mostly during the many years in jail. During these years he read 
widely, wrote down important passages and commentaries, and 
disciplined and sharpened his intellect. He upbraided himself in his 
diaries if he had lazed on any day in the jail. When outside, he had 
hardly any time to study. Since the lists of all books which he received 
in prison are available, we have almost a complete record of what he 
read in jail. Also Nehru mentioned most of the books he read, in 
his jail diaries, often giving the date of completion of the book. 
His well-known works like the Glimpses of World History, his 
Autobiography, and The Discovery of India, were beneficial outfall 
from these various unjust imprisonments. As to science, it is known 
that he read James Jeans, Eddington, Einstein, Russell and Pavlov. 
These were not dilettante readings. His grasp of fundamental ideas 
seems to have been rather secure. Crocker has recorded an episode 
to bear this out. He took an eminent biologist, a Nobel Laureate, 

lsJawaharial Nehru, The Discovery of India (Calcutta, 1946), p . 47. 
HSelecfed Works of Jawaharlal Nehru (Delhi, 1972), Vol. lIT, p. 390. 
16Jeremy Bernstein, Einslein (London, 1973), p. 26. 
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to Nehru, then Prime Minister. The biologist made a careless 
statement about some work. "Nehru pounced upon it, politely, and 
demolished it."16 But, of course, history was his metier. 

His jail-notes of 1922 are entitled, "Notes and Quotations, Volume 
I, Indian History and Miscellaneous,"17 and these studies continued, 
more or less until he became the Prime Minister of India. 

III 

I do not know who first used the phrase, "scientific temper," in the 
emphatic manner in which Nehru did. But I learnt it from Nehru's 
writings and speeches. Even his early works pulsate with the spirit of 
science-that intellectual adventure informed by a critical method, 
the goal of which is knowledge, which is the truth . This truth of science, 
as distinct from the truth of ethics, for example, is not immutable. 
It is subject to revision and renewal. It is in the nature of science to be 
falsifiable. This doctrine would not have been accepted by many 
scientists in the last century to whom science was immutable and 
abiding truth. The present generation, mainly under the influence of 
Karl Popper, regards falsifiability of science as the central pillar of 
the methods of science. The important thing about science is that 
only disproof is conclusive: proofs are tenable only tentatively. The 
greatest of theories in science can be toppled by just one unfavourable 
but indisputable test. Science must, therefore, continuously experi
ment to support, extend and refine its structure if experiment or 
observation shows it to be wrong, it has to be ever ready to 
change to accommodate itself to the new evidence. It is remarkable 
that Nehru should have formed these views and he expressed them 
with great lucidity and emphasis.1s "And so truth has ever to be 
~oug.ht and renewed, so that as understood by man, it might keep 
III lme with the growth of his thought. . . . This is the scientific 
approach, the adventurous and yet critical temper of science, the 
se~rch for truth and new knowledge, refusal to accept anything 
wIthout a test." 

This continuing characteristic of science, its programme of trans
form~tion and change, is its main charm, because, in the words of the 
mystIc English poet, William Blake : "Eternity is in love with the 

"Walter Crocker, op. cit., p. 137. 
17Selecfed Works of Jawaharlal Nehru (Delhi, 1972), Vol. J, p. 309, pp. 299-

30~; also, see Vol. IV, (Delhi, 1973) pp. 319-88 . 
John Gunther, Procession (London, 1965), pp. 189-92. 
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productions of time." It is this "endlessness" of science, to borrow 
a word from James Joyce, its continuous creative faculty, almost 
equalling God's, which is the inspiration and thrill of science. 

Science, yes, but science is not enough. It is necessary but not suffi
cient. Those who practise and direct it, have to be quickened to seek 
legitimate goals of science. The important point that Nehru made 
was that, although these goals lie outside of science proper, they are 
reachable through the scientific method, a theme dear to Russell 
also. Here Nehru must be quoted at length: 

Though 1 have long been a slave driven in the chariot of Indian 
politics ... my mind has often wandered to the days when as a student 
I haunted the laboratories of that home of science, Cambridge .... In 
later years, through devious processes, I arrived again at science, 
when I realised that science was of the very texture of life .... Politics 
led me to economics, and this led me inevitably to science and the 
scientific approach to all our problems and to life itself. It is science 
alone that could solve these problems of hunger and poverty.19 

There is no doubt that the future will see more and more applica-
tions of science and the scientific method to all human problems, 
particularly economical and social problems, into which science has 
just begun to enter. If you look at many modern works of economics, 
you would find that they are science. Some indeed, like Samuelson's 
are almost pure science. The idea that science is the Prometheus of 
humanity, recurs in Nehru's thought. Addressing the Ceylon Associa
tion for the Advancement of Science, in Colombo, some months 
before his death, Nehru asserted: "I do believe quite stoutly that the 
whole method of science, the approach of science is essential for the 
survival of humanity. "20 That day is to come when in the words of 
the poet, Shelley, whom Nehru read in prison, 

All things are void of terror : man has lost 
His desolating privilege; and stands 
An equal among equals: happiness 
And science dawn though late upon the earth. 

Nehru maintained that even religion has to be transformed by 

19Jawa harla l Nehru, The Vnity ofJndia (London, 1941), p . 176. 
20JawaharlaI Nehru, Science ill the Development of a Nation (Colombo, 1962) 

p. 16. An address to the Ceylon Association for the Adva l1cement of Science, 
October 1 S, 1962. 



Jawaharlal Nehru and Science 7 

science. The minimum requirement is that religion must conform to 
science. As he put it, "Dharma is good so long as it does not get into 
conflict with the rational or scientific attitude." Indeed, his preference 
seems to have gone even further. He desired direct application of the 
scientific method to the religious experience itself. There are good 
reasons, therefore, for his high opinion of Buddhism which he regar
ded as a scientific religion.21 He averred that Buddha's method was 
One of psychological analysis and that Buddha had insight in the 
latest methods of science.22 He paid a high and patriotic tribute to 
Buddha in these words, "And the nation and the race which can 
produce such a magnificent type must have deep reserves of wisdom ' 
and inner strength." He was not the only person of sensitive judge
ment to do so. Arnold Toynbee echoed this in his contribution to a 
Nehru memorial volume. Toynbee regards Buddhism as the first 
movement in history, to think and feel in terms of the human race as 
a whole.23 I should not let go this opportunity to reproduce what is 
perhaps the highest homage to Buddha, paid by the poet, Rilke : 

Buddha in del' Glorie 
Doch in dir ist schon begonnen 
was die sonnen ilbersteht.24 

Since the sun will burn for more than five billion years, and the age 
of the universe acco'rding to reliable cosmologists is only somewhat 
longer, we are assured by Rilke that Buddha is immortal, for all 
practical purposes, I like to think that Nehru, and Gandhi even more, 
carried their fire fro111 the same source as Buddha. 

IV 

It can scarcely be denied that the state of science III India even 
before 1947 was quite robust. Bose, Raman, Krishnan, Saha, 
Mahalanobis, Kothari, Birbal Sahni, Chandrasekhar and even 
Bl~abl~a were the products of the pre-independence generation. 
SClentlfic research then was the effort of a few inspired individuals. 
For experimental work expensive equipment was not required and the 

21JawaharlaJ N ehru, The Discorery 0/ India , p. 15. 
22 lbid. pp. 486-88. 

:?h~ Emerging World (Bombay, J 964), p. 238. 
RaIner RIlke, Selected Poems, with English translation (California, J 962). 
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eontemplative lndian genius was bound to strike out, here and there, 
in new directions, no matter how little the government patronage 
might be. This was not an exclusive Brahmanical talent. It was 
Nehru 's government which lifted Indian science from its small 
beginnings to a national effort. The Indian government spent 
Rs. 550 million on research in 1964, the year of Nehru's death. In 
1947, it was merely Rs. 24 million. 

It is not so well known that even before 1947, Nehru was very 
dear to the Indian scientists. Indeed, he was the president-elect 
for the session of the Indian Science Congress which was to be held 
early in 1943. Unfortunately, he could not preside over it, since he 
was in jail for his part in the Quit India movement. Wadia, the 
outgoing president, feelingly referred to Nehru's leavening effect on 
the organization and working of the National Planning Committee, 
which from 1938 onwards had examined the problems of application 
of science to industry. At the Indian Science Congress session in 
1944, the president, S.N. Bose, again poignantly referred to the 
absence of Jawaharlal Nehru. It is remarkable that Nehru, a "non
practising scientist" should have been elected as the president, not 
once, but once more in 1946, for the session held in January 1947. 
From then onwards, Nehru was a part of the Indian Science 
Congress, and never missed any of its yearly sessions upto his death 
in 1964. 

Why did Nehru as Prime Minister, unfailingly go to each science 
congress? It appears to me that there were two reasons. The first, a 
psychological one, was that he felt exhilarated in the company of 
scientists and recovered some of the glory he had himself aspired to 
but had not attained in the academic field. The other and, I should 
say in fairness to Nehru, the more important reason was that he want
ed to raise the prestige of the science congress itself, and thus subtly 
carry the message of science to everyone who read the daily news
papers. He said so himself at the 1958 Congress: "Now I come here 
because honestly I feel that by my coming I may not perhaps do much 
good to you. But I think I can do good to others, that is to say, to 
make many people of India, who may not be interested in science, 
think of it, and that is, I think, a worthwhile task." It appears that 
he never prepared his speeches for the science congresses. These 
speeches rolled on naturally and revealed the many-coloured patterns 
of the kaleidoscope that was Nehru. Generally there was no stock
taking of the past or a comment on what he had said earlier. These 
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speeches were more or less philosophical soliloquies, about what the 
scientist should do or be, but 110t so much, about what was to be 
achieved. They invariably hit the truth but then the hammer 
rested. 

In 1949 he said that scientists must develop organic knowledge 
of human history and human advance, but those in charge of science 
teaching learnt nothing from it. In the following year, he asserted 
that the present problems of India required, not classical philosophers 
or the approach of a lawyer, but a partly scientific and a partly 
engineering approach. The western societies, as Betrand de 10uvenal 
remarks, "were first ruled by clerics, then by jurists; now the scientists 
were replacing the jurists." However, in India, the jurists still ruled 
supreme. It was an ideal state for the administrator, the policeman 
and the judge, because law and order was still considered the most 
important activity of the government. Science and technology 
required highly ordered societies for fruition. Nehru returned to the 
cognate theme of the role of young talent in science and govern
ment many times. At the Science Congress addressed by him in 
1963, he said : "The best scientific work is done by a person in his 
twenties arid thirties, and I feel that, perhaps it is somewhat better to 
give opportunites of leadership to younger people than to follow 
the Government's example of giving too much credit to age and 
seniority." Nehru's advice does not seem to have been followed. 
In 1963, Kurt Mendelssohn from England visited India and China to 
assess the development of science in the two countries. Nehru was 
anxions to learn from him what he thought about India's progress 
in science and technology. I do not know what Mendelssohn told 
him but among other things, Mendelssohn wrote in the Listener that 
it was not the know-how of science that the Indians needed so much 
as the know-how of talking to their government.25 

It is as easy as it is unjust, to say that Nehru should have imple
mented all his ideas about the management of science and govern
ment. The truth, to which we shall return with remorse at the end of 
this essay, is that we expected Nehru to do almost everything himself. 
After ali, he carried a burden, heavier than that of any other Prime 
Minister, the indefatigable Churchill not excepted. 

25Kurt Mendelssohn, "Science in India," The Listeller (London), September 
24, 1964. 
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v 
While Britain ,ruled India and jailed Indian nationalists, there were 
Englishmen who remained remarkably free from rancour. This was 
the more true of British scientists. They proposed and elected a num
ber of Indians as prestigious Fellows of the Royal Society of London. 
By far the most sympathetic and appreciative among the British 
scientists were Lord Rutherford, Sir James Jeans and Sir Arthur 
Eddington. Rutherford accepted the presidentship of the annual 
session of the Indian Science Congress in 1937, but he died before 
the session was held, and Sir James Jeans presided in his place. Nehru 
was also invited and spoke at tIus session.26 The British Government 
in India, however, showed no great interest in the promotion of 
science, research and technology in the country. Indigenous develop
ment was encouraged only to the extent it was necessary, but could 
not be provided by Britain. The number of engineering colleges, for 
example, was only eight, and they were designed merely to provide 
supporting cadres for the British engineers whose main objective was 
the maintenance of an efficient mechanism for governance, rather 
than extensive public welfare. Even the many irrigation schemes which 
were executed were primarily measures Jor maintaining food supply 
at a level necessary to ensure subsistence and law and order. Thus 
India lost valuable time in the race for industrialization. As Nehru put 
it, India had to jump over these lost centuries. That in essence was 
the problem at the time of independence. A small beginning was no 
doubt made by the British in 1942, when the Council of Scientific 
and Industrial Research (CSIR) was established. But the purpose 
again was to bolster the war effort. 

The Indian Agricultural Research Institute and other similar insti
tutions established earlier hardly scratched the surface in a vast 
country. However, when Nehru joined the Interim Government in 
1946, S.S. Bhatnagar was already in charge of CSIR. It was a case of a 
good horse waiting for a good spur. Bhatnagar with Nehru's encoura
gement and support projected a chain of national laboratories. On 
January 4, 1947, Nehru laid the foundation stone of the National 
Physical Laboratory. His theme at the ceremony was the importance 
'of starting atomic research in the country. And God sped the plough. 

As we enter the National Physical Laboratory at Delhi, we 
see an inscription from Louis Pasteur: "Take interest, I implore 

26Jawaharlal Nehru, The Unify of India, p. 175. 
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you in the sacred dwellings which one designates by the expressive 
term, laboratories. Demand that they be multiplied and advanced. 
These are the temples of the future- temples of well-being and happi
ness. There it is that humanity grows greater, stronger, better." Nehru 
set out to build as many of these temples as were required for the 
worship of science. He himself remained the president of the CSIR 
until his death in 1964. By then thirty national laboratories or kindred 
institutions had come into existence. The CSIR spent Rs. 82 million 
in the year 1963-4, the financial year, preceding Nehru's death . . 
Research in fuel, food, physics, electronics, aeronautics, cosmic rays, 
chemistry and many other branches of science could now be carried 
out in India. 

The temples were ready but where were the worshippers? I shall 
return to this question later. 

Planning has been regarded by some as a magnificent obsession 
of Nehnl. This is tnle and this is as it should have been. To see the 
force of a proposition, it is usually useful to examine its opposite. 
The alternative to planning was laissez-Jaire, almost a refusal by the 
government to participate in the building up of a new India. It is 
doubtful if any other person in India had Nehru's experience in 
planning. In 1938 Subhas Bose, who was then Congress President, 
constituted the National Planning Committee with Nehru as its 
Chairman. As was his wont, Nehru took this job extremely seriously. 
In the twenty-one months, before he was sent to jail in September 
1940, he presided over seventy-one formal meetings of the committee. 
He resumed his work in 1945 after he was released from jail and 
no sooner had the Interim Government been formed in 1946, than 
Nehru set up a Planning Advisory Board (and also the Scientific 
Manpower Committee). This became the Planning Commission in 
1950. The five year plans commenced on April 1, 1951 and Nehru , 
as Prime Minister, became the Chairman of the Commission. 
Throughout his chairmanship he visited the offices of the Planning 
Commission about twenty times a year on the average. He presided 
over the last meeting of the Planning. Commission, a fortnight before 
his death. At this meeting he said he would be glad to give as much 
time as was equal to the Planning Commission since he was deeply 
interested in planningY 

1'Ta rlok Singh, " Jawabarlal Nehru and the F ive Year Pla ns" in B. K . 
Ahluwalia (ed .), Facets of N e/ifll (Delhi , 1967), p. 5\. 
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Nehru had been steeped in the problems of planning even earlier. 
In England he was some kind of a Fabian. He thoughtfully read the 
Webbs in jail during one of his early "trips", as he called them. In 
February 1927, he attended the Congress of Oppressed Nationalities 
at Brussels, as well as the League Against Imperialism, the execu
tive committee of which included Nehru, Einstein and Madam Sun 
Yat-sen. From there he went to Moscow in November 1927 as an 
invitee of the "Society for Cultural Relations with Foreign Countries" 
to see the tenth anniversary celebrations of the Russian Revolution. 
It was there that he saw what he described later as "the mightiest 
experiment in history." On return to India he wrote a series of 
articles in The Hindu and Young India. These articles were largely 
descriptive. They had little of radical jargon.28 Nehru was interested 
in the results of the experiment, not in the abracadabra of its 
philosophy. The results were very impressive and continued to be 
more and more so. Nehru, the Prime Minister, looked for the 
techniques. Soviet Russia had commenced its five year plans 
(Piat iletk) in 1927. These were the prototypes for husbanding the 
resources of a free country and for building it. With his 
background of science, he had rightly concluded : "Planning is 
science in action."29 We see the unmistakable experimentalist 
peering out. 

All this is right and amiably in place. Planning is necessary and 
almost a "mathematical formula", as Nehru maintained in an 
interview.30 The question is: which formula? Now, the All-India 
Congress Committee had set the political goal of planning for the 
national government immediately after independence. It said unmis
takably that the formula was to find "an alternative to the acquisitive 
economy of private capitalism and the regimentation of a totalitarian 
state." Mahalanobis called it the principle of the middle-way.31 But 
this was not precise enough. There can obviously be many middle 
ways. More than this, there was the question of participation of the 
people in the execution of the plans. Philosophically the question 
crystallizes into the simple words: "Can you create prosperity without 

28See Selected Works of Jawaharlal Nehru, Vol. n, pp. 379-451 . 
"Presidential Address at the Institute of Public Administration , New Delhi, 

April 6, 1957. 
30R.K. Karanjia, The Mind of Mr. Nehru (London, 1960), p. 49. 
31P.C. Mahalanobis in R. Zakaria, (ed.) A Study of Nehru, (Bombay, 1959), 

p.314. 
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capitalism or totalitarianism? This question gets roughly translated 
into: Can you create wealth without incentive or by compulsion to 
work? The answer can be yes, but only in a society where men are 
actuated by a deep and voluntary discipline. Unfortunately, we do 
not seem to have attained such a discipline. The stark and 
unmitigated fact about our people is that industrial and urban 
populations do not work hard enough. Nehru thought climate had 
something to do with capacity for hardwork,32 but the fact is that 
up to the fifteenth century, the East (Eastern countries such as 
China and India) was ahead of the West, in spite of the differences 
in climate. 

In my opinion the first three five year plans were as good as they 
could have been. A lot can of course be seen with an economist's 
sharp hindsight, but it is important to remember that these plans ' 
were generally accepted by some of the most eminent economists of 
the time. The third plan, which was to cover the period till March 
31,1966, epitomized the results of the Nehru period in planning. 

The following figures should give an overall view of planning 
during these years :33 

._----------

Year Expen- Index GNP GNP at Popula- Per 
diture 0/ (Rs. 1961·62 tion Capita 
0/ Union whole- Billion) prices (Billion) income 
& States sale (Rs . BiIl- at 
(Rs. prices ion) constant 
Billion) prices 

1961·62 20.5 100 149(100) 149(100) 4.39(100) 340 
1962·63 26.1 102 158 155 
1963-64 31.1 108 181 167 
1964-65 35.4 122 212 174 
1965-66 40.6 132 218(146%) 165(111 %) 4.90(112%) 340 

(interpolated 5.5 in 1971) 

These figures tell a tragic sisyphean tale. The governmental expen
diture doubled but GNP (at constant price) increased by 11 per cent 
only, while the population also increased by about 11 per cent. The 

··Karanjia . op. cit., p . 50 . 
• 3Statistical Outline of India, Tata Services Ltd. (Bombay, 1961-66). 
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government doubled its expenditure, but produced enough only to 
compensate for the increase in prices and population. 

In the year 1928, Nehru wrote a pamphlet in Hindi entitled: The 
Poverty of India and its Cure. He quoted in it the figures of per capita 
income in India.34 Dadabhai Naoroji who worked it out first, put it 
at Rs. 20 per year.35 Lord Curzon got a figure of Rs. 30 per year. 
These amounts at the then prevailing p rices had probably the same 
purchasing power as the current figures . 

Gunnar Myrdal has blamed the poverty of Asia 011 "softness" , 
a lack of will to do what even the Asians themselves believe is necess
ary. According to him an aspect of this "softness" is corruption.3G 

I believe that during the period in question the government was as 
clean as any other democratic government, but there is no doubt 
that there was managerial incompetence as well as indiscipline among 
workers. It was a lack of synergy, to use a fashionable word: there 
was no union between the goals of the individual and the community. 
The people were called upon to work and lift themselves to the pro
mised rewards of the plans, but by and large, they failed to respond 
adequately. To what extent the leaders themselves can be blamed for 
not having aroused the people to discipline and work, is difficult to 
assess. There is no doubt, however, that Nehru spent himself extra
vagantly in the service of the country. Most of our achievements in 
the field of indl,lstry and I should say, even of agriculture, we owe to 
him. Even the seeds of the " green revolution" were sown by him, 
what with the irrigation schemes, fertilizer plants and new varieties 
of seeds. A more fine-grained analysis of the plans may have to go 
into such issues as the optimum degree of governmental expenditure, 
the magnitude of deficit financing and the correct mix of public and 
private expenditure, but I do not think a clear-cut resolution of 
these issues is possible . 

The basic problem of the world is that the white races command 
80 per cent of the resources of the world although they constitute 
only 25 per cent of the world's population. Moreover, the fact is 
that they have multiplied much faster than the rest of the world in 
the last five centuries. 

34Se/ected Works o/Jawahar/al N ehru, Voi. 111 , p. 363. 
35 Ibid., see D adabhai Naoroji, Poverty and UII-British Rille ill Illdia , (London. 

1901 ). 
3"Gunnar MyrdaJ , The Challellge 0/ Poverty (London , 1970), p. 208 . 
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As Nehru astutely observed in 1928, the population of India 
increased in the preceding 50 years by 19 per cent only, but in England 
it did by 58 per cent. Similar relativity exists for the preceding 500 
years. We are now being "taught" birth cntro!' Incidentally, 
Bertrand Russell congratulated Nehru in 1959 for his enlightened 
policies in the matter of population control, adding that too many 
western countries had policies governed by superstitious dogmas. 37 

The white man has extended his lebensraum to half of the world. 
Meadows, et aI. , of the Club of Rome in their book, The Limits of 
Growth, prophesy doom in a century, owing to population growth, 
resources consumption and environmental pollution. The predictions 
of the MIT group are even more gloomy. But the game, in which the 
"developed" countries purchase raw materials for a. song, put a fat 
premium for their know-how, sell the product at their price to the 
"developing" countries and enjoy the bulk of the resources of the 
world, continues unabated. 

VI 

Plato, quoting Protagoras, said that man is the measure of all things. 
One may ask: What is the measure of man? May I propose that one 
measure may be the capacity to see into the future? This is the Pisgah, 
all prophets of science endeavour to reach. As a seer, Nehru like 
Russell was capita!. In the welter of events, he could spot and separate 
the significant from the ephemeral. He lost no time in recognizing 
the importance of nuclear science. As we mentioned earlier, even be
fore independence, when Nehru was in the interim Government, his 
main theme while laying the foundation stone of the National 
Physical Laboratory, was the importance of starting atomic research. 
Another Indian, as early as March 12, 1944, much before the first 
bomb was dropped on Hiroshima on August 6, 1945, and on Nagasaki 
three days later, wrote that when nuclear energy was successfully 
used for power generation, say, within a couple of decades, India 
would not have to look abroad for experts. He was Homi Bhabha, 
then pleading for the programme, of the Tata Institute of Fundamental 
Research. 

It was the tryst between these two men, Nehru and Bhabha, that 
was the most glorious chapter of Indian science after independence. 
Nehru gave liberally of his trust and time ; Bhabha reciprocated with 
high talent and practical achievement. Events followed each other 

37 A Study of Nehru: In Search of Peace (Bombay, 1959) p . 241. 
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rapidly. The Board of Re~earch in Atomic Energy, with Bhabha as 
its Chairman, met eleven days after India attained independence. The 
Atomic Energy Commission was set up in April 1948 and a full
fledged Department of Atomic Energy, with Bhabha as its Secretary, 
in August 1954. The measure of its signficance was that Nehru 
himself was the minister-in-charge of the department all along. 
The first atomic reactor in Asia became "critical" in August 1956, 
at Trombay, and Nehru formally opened the reactor and gave it 
the feminine name Apsara-a dancing beauty from the heavens-in 
January 1957. It was the dance of the neutrons, probably, that 
Nehru and Bhabha had in their minds. Whether neutrons belong to 
hell or heaven is, however, not certain. 

In the meantime, USSR exploded an atom bomb in September 
1949, followed by an explosion of the dreadful hydrogen bomb by 
USA in November 1952. The former, not to be left behind in this 
race, detonated a hydrogen bomb of its own in August 1953, and 
soon developed monstrous bombs, each with a devastating power 
of the order of 50 million tonnes of TNT (dynamite). England, 
Canada and France followed. The world lived under the spectre 
of a nuclear war. Russell drew up a manifesto in 1955, which, among 
others, was signed by Einstein, a few days before his death, asking 
mankind bluntly, "Shall we put an end to the human race: or shall 
mankind renounce war?" Another one from Asia, Nehru, now speak
ing full-throated the language of Gandhi, echoed back the question. 
It reverberated round the world. The United Nations chose an Indian 
(Bhabha) to be the president of the first Conference on the Peaceful 
Uses of Atomic Energy held in Geneva in 1955. Bertrand Russell 
arranged a conference of the scientists of many nations including 
USA and USSR in 1957 in the small Canadian town, Pugwash, to 
urge their governments to acknowledge that their purposes cannot be 
furthered by a world war. Incidentally, Nehru proposed to Professor 
C.P. Powell that the first conference might be held in India,3B but it 
could not be held in this country owing to the intervention of the Suez 
crisis. However, the 13th Pugwash Conference was held in Udaipur 
in January 1964 but Nehru could not attend it on account of his 
failing health. I believe that, for the first time in history, the voice of 
humanity was united (only China was silent) and although no ballot 
was taken, the answer to the above question was unmistakable: 

38Science Reporter, Nehru Commemoratioll Number, Council of Scientific and 
I ndListrial Research (New Delhi, 1964), p. 13. 
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"Mankind must renounce war." The test-ban treaty, and subsequent 
agreements came slowly, but they were certainly the result of universal 
strivings for peace. 

India's nuelear capabilities were growing and shaping well. So 
Nehru had to make our position clear. While inaugurating the reac
tor, Apsara, Nehru stated the position of the Government of India 
unequivocally, committing also the future governments. "But we 
should like to say on beh~lf of our Government- and we think we 
can say with some assurance on behalf of any future Government of 
India- that whatever might happen, whatever the circumstances, 
we shall never use this atomic energy for evil purposes. There is no 
condition attached to this assurance, because once a cond ition is 
attached such an assurance does not go very far. " 

Soon after, in 1962, China delivered a swift and heavy military blow 
on India's north-east frontier. Still, there was no visible change in 
India's nuclear policy. However, in ]964, soon after Nehru's death, 
China itself exploded an atom bomb. 

The statements of the Indian leaders, even of Prime Minister 
Lal Bahadur Shastri, in regard to the development of the bomb in 
India were somewhat vague, to the effect saying that India could but 
would not manufacture atomic weapons, although Shastri saw no 
objection to nuclear explosions being used for blasting. Now, if 
dynamite can be used for blasting as well as for war, so can nuclear 
explosives be. The western countries ultimately recognize only two 
things: power and efficiency. What we are trying to do in the present 
case is to follow some kind of a middle way which does not appeal 
to them. But let me not digress . What I wanted to say in brief was 
that the nuclear advance of the country has been owing wholly to 
the inspiration and far-sightedness of Nehru. There was hardly any 
one else in the government who had any clear idea about what the 
whole thing wa . 

VLJ 

Nehru wanted the existing and the future governments of India to be 
committed to a policy of promotion of science. So, in the year 1958, 
Parliament passed the "Science Policy Resolution" drafted by Nehru. 
It proclaimed that the country's policy would be to foster, promote 
and sustain the cultivation of science and scientific research by all 
appropriate means. This was an unusual thing to do. Parliaments 
hardly ever pass such resolutions. But in a country which had been 
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slumbering for a thousand years, a clarion had to be sounded again 
and again. In 1962, Nehru constituted the Indian Parliamentary and 
Scientific Committee to involve the Parliament in science. Lal 
Bahadur Shastri was its first chairman. As Professor M.M. Newitt 
remarked in the Nehru commemoration number of the Science 
Reporter of the CSIR: "Jawaharlal Nehru had the distinction of being 
almost the only Prime Minister of his day with any real comprehen
sion of !he fundamental importance of science and technology in 
the modern state; and his interest in this field was dictated not by 
political expediency but by a deep-rooted conviction that it afforded 
the only ready and practicable means of establishing a stable economy 
and raising the standard of living of the great masses of the Indian 
people."39 

There are many branches of the tree of science and Nehru was 
anxious that as many of these blossomed as was humanly possible 
during his life. It was with his support that C.D. Deshmukh was able 
to set up the Central Statistical Organization and the National Sample 
Survey. Without these tools for the assessment of the plans, much 
of the planning would have had to be based on guess-work. But for 
Nehru, the great work of the Indian Standards Institution, under the 
directorship of Lal C. Varman, to introduce the metric system, 
would have been impossible. Perhaps, India was the first country, 
originally on the foot-pound system, to change over to the metric 
system during the present century. In 1948, he directed the CSIR to 
prepare a National Register of Scientific and Technical Personnel. 
The Defence Science Organization was set up in 1948, with the advice 
of Professor P.M .S. Blackett, for the scientific evaluation of weapons 
and equipment, operational research and special studies using scienti
fic techniques. Much good work has been done by this organization 
under the leadership of Kothari and Bhagvantam. Nehru recognized 
independent scientific bodies, like the Indian Statistical Institute, 
as institutions of national importance, and established national 
professorships for eminent scientists. He took keen interest in the 
National Institute of Science of India (now called Indian National 
Science Academy), Indian Association for the Cultivation of Science 
and the Association of Scientific Workers of India. Many scientific 
institutions, old and new, owe their existence or progress to Nehru. 
I like to take as an example, the Institute of Mathematical Sciences, 
Madras. Its director, Alladi Ramakrishnan, has feelingly described 

39Science Reporter, op. cit., p. 19. 
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the meeting with Nehru at which he agreed to the creation of this 
institute. Research institutes of this kind suit a poor country like 
India.40 All that one requires to run them are pen, paper, chalk
sticks, board and an active mind. 

Finally, a few words about the social position of the scientist in 
Nehru's India. Nehru said: "The administrator has, no doubt, his 
place, but that is secondary to that of the scientist and engineer." 
He held scientists and engineers in great esteem; but there has been no 
widespread appreciation of the fact that the scientist must have greater 
scope for initiative and control of policies, if he is to be effective and 
if promising talent is to be attracted towards scientific work. 

We may here recall the remark of Sir Edward Mellanby, ;Vho was 
the first director of the Central Drug Research Institute, Lucknow, 
after he retired as the Secretary of the Medical Research Counci l of 
UK. He said: "Recruitment of first class administrators was an easy 
matter compared with securing men of the best type of research .. .. 
Such men are limited in number and cannot be appreciably increased 
by any known method." This limited number of men must, therefore, 
be sought and given an honoured place in society if they are not to be 
lured away to pursuits of lesser consequence to the well-being of the 
people. 

I have been concerned here with contributions of Nehru to the 
development of science, and the scientific culture. All these combine 
into a mighty significance. I have left out of account educatioR" in 
science, medicine and technology. Developments in these fields 
followed rapidly on parallel lines. Indeed, till recently, India seemed 
to have more engineers than it could use . 

VIII 

What was the total effect of the contribution of Nehru to the develop
ment of science and the scientific temper in India? During the first 
ten year of his prime-ministership he had a kind of Midas touch. 
Everything he touched glittered and glowed. In the last few years of 
his life, what remained was the charm of a noble serenity which 
accompanies a dedicated life. He was a shrewd and instant assessor 
of character and event. But he was a man of extreme compassion 
who would not force his will upon others. He worked by offering a 
gentle precept, and personal example of logic, insight and hardwork. 

CO/bid., p. 83. 
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To appreciate fully his contribution to the awakening of India, one 
must see the material he had to work on. An ancient people had been 
weakened by centuries of foreign rule. A nation fettered by centuries 
of servility and deadening tradition had to be aroused, stirred and 
made self-reliant. Nehru launched his assault upon the inertia of 
ages. A whole continent had to be moved up and to be kept moving. 
He took the country upward. But there remained much more to move. 

If the results of Nehru's efforts at promotion of science and 
technology have not yet been fully realised, it is because many of us 
have not yet set down to finish the job for which he fashioned the 
tools. I, the scientist, the engineer, the administrator, the worker, 
and the man of politics failed him. 

I would that I spoke the truth, but can I even discriminate? 
I would that I had wisdom, but I can see only other's ignorance. 
I would that I did not hate others, but I have learnt to love only 

myself. 
I would that I was patient but I am like a strung bow, waiting for 

the arrow. 
I want to be strong but inside I am brittle and inelastic. 
I want to attain to spiritual proportions, but lack any symmetry 

in my nature. 
I want to reflect, but I cannot recover the immediacy of the events. 
I want to be morally correct but where is my inner watch and ward? 
I have drunk from the heady fountains of knowledge but lack 

the means to apply it. 
I want to be natural, but instead I hammer screws into wood. 
I want to do things concrete, but my schemes are thin-drawn 

abstractions. 
I want to say things in precise phrases but do I not cause confusion 

instead? 
I toy with great ideas but they turn into strangers. Oh! I would that 

I rose to greatness; I haven't but I yet could. 



E.C.O. SUDARSHAN* 

THE TEMPER OF SCIENCE 

I propose to share some thoughts and observations on the "Temper 
of Science," the human condition that fosters and rejoices in the 
pursuit of science and which is ultimately responsible for making 
science possible at all. Jawaharlal Nehru, patron of science, was fond 
of this phrase; and for a good reason too. It is the temper of science, 
more than any other factor that will bring about quality science. 

I 

Science is vijnana, differentiated knowledge. It is knowledge restricted 
to a particular domain, a universe of discourse which has been identi
fied as a natural domain by the body of scientists. Physical sciences 
deal with the physical universe around us : with inanimate matter 
and its orderly and relentless laws that govern the motion of motes 
and mountains, of groundwater and galaxies. It deals with condensed 
matter at one extreme and elementary particles at the other. 

The study of living systems is the domain of the biological sciences 
and it comprises the range from molecular biology, which deals with 
elementary living systems, to natural history, which deals with exis
ting life forms. Here, too, traditional compartments are being 
abandoned and the life scientists roam the range. The natural ques
tion arises: are life sciences and physical sciences different? We know 
that all matter, whether living or dead, is subject to physical laws ; 
but is there something called life, in addition? Modern biologists seem 
to say: no, all living things are dead matter but functioning in an 
unexpected, though natural, way. 

*1 am grateful to Gope Keswani. Nag Chaudhuri. B.R. Sesh~char and Uma 
Shankar Joshi for sharing their thoughts with me. 
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The behavioural and social sciences deal with relation of living 
systems, especially of man to his everchanging environment inclu
ding other living systems. These sciences select special areas for their 
study and identify laws which are applicable in these domains. Again 
one can ask: could we deduce these laws from the primary biological 
laws? At the present time we do not know and it seems premature to 
speculate on this question. 

Science, as differentiated and qualified knowledge, is essentially 
incomplete and fragmented; but it is so pursued and dealt with, since 
the richness of the universe surrounding us is so great that no one 
person or even group of persons can hope to comprehend this rich
ness unless some deliberate selections are made. These selections 
imply criteria which are themselves changeable in the light of further 
discoveries. 

Often we tend to speak of science as authoritative knowledge of 
scientific laws, of facts established by science. As I understand it, 
science is neither concerned with truth nor with facts or laws, but 
with comprehension and understanding of the universe. Science does 
not deal with ultimate truths, just a little more light and preferably 
a little more sweetness; today's problem and today's solution may 
become irrelevant tomorrow. One strives to bring harmony and order 
into one's comprehended universe, one's model of the universe of 
discourse, and this is a process of continual evolution. This becoming 
is the being of science. 

11 

A scientist is a man enchanted by the universe, for no man in his 
senses, who is not under her enchantment, would undertake this 
austere path. A man in love with nature, who is captivated by her 
enchantments, is the only one who finds unending fascination in the 
smallest details. Anyone who has been in love would recognize this 
fascination with the most trifling detail about the beloved: love has 
the magic to transmute the ordinary into the divine, the everyday to 
the exquisite. And knowledge of the facts about the beloved does not 
detract from the enchantment, but enhances it. The facts do not get 
collected like a rubble heap but are woven by the admirer-scientist 
into a lotus and he discerns nature as enthroned in this lotus. The 
words that come to me are from a hymn of adoration: 

dhayet padmasanastham vikasitavadanam padmapatrayataksint 
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hemabham pitavastram karakalita saddhemapadmam varangim 
sar valankarayuk tam . ... 

However, this is only a phase of the scientific procedural mode. 
Observation leads to analysis, which, to the extent that the observa
tion is new, leads to puzzlement and discomfort. In due course. we 
discern a new entity, a new model of the system. This model tends to 
unify the observation and analysis with earlier observations and tends 
to replace the puzzlement and discomfort by delightful wonder and 
we feel harmony has been restored. As we move on in time, we make 
new observations and the cycle repeats itself. It is through this conti-· 
nuing investigation that we comprehend the world. We build and we 
destory, all for increasing harmony. Search for harmony for the 
scientist is through this dogged insistence, or understanding things 
for himself, come hell or highwater ; comprehension is the sustenance 
of the scientist. 

I would interpose at this juncture a point of digression, lest what I 
say be misconstrued: it is neither necessary nor possible for most 
of us to evolve our own individual cosmology. We have to use the 
community of scientists as an extension, and a substantial extension 
at that, of ourselves. We use our collective "wisdom," pool our 
findings, share the jobs and make the task possible by breaking it 
up into manageable bits, ask each other for critical examination of 
our work and generally work together as grown-up human beings are 
supposed to work. But I wish to enter a caveat to this picture of 
science as a social enterprise: ultimately each scientist has to make 
the decision: what is it that he has comprehended, who are his fellow 
scientists whose findings he will accept? This choice, this willingness 
to take responsibility, this integrity distinguishes the scientist from the 
scientific worker. In science, as in art the norm, is a "Banach norm," 
the excellent is contrasted with the mean, or the median. This is what 
distinguished Jawaharlal Nehru from his contemporaries of similar 
persuasions ; and for science we can do no less. 

III 

The qualities of the man of science that emerge thus include vision, 
ability, integrity, energy, enthusiasm, flexibility, humanism, humility 
and creativity. And except for creativity and vision, these are the 
attributes of a person characterized traditionally as a dhira, a term 
loosely translated as a courageous man. But a dhira, is much more; 
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he is a man whose courage is as spontaneous as it is steady, born of 
his one-pointed determination , his samkalpa. The ability is not 
unrelated to his samkalpa ; it is coexistent with it. It is not as if one 
must be a genius to be a scientist ; many of us are just moderately 
endowed. 1t is, however, a clearly discerned ability born of the 
anguishing need to understand the world around us. Of the same 
mother is born the twin quality of energy, of zeal, of the urge to carry 
on his scientific studies and investigations. As long as it is his own 
puzzlement and its resolution in a newer, more comprehensive model, 
the scientist automatically learns to be flexible. He has to discover, 
not dictate. For a scientist,who has after many years evolved a theory 
or made a discovery, it is not a happy event to have his painstaking 
work upset by newer discoveries or by further deductions from his 
theory at variance with known results. Yet when his disappointments 
are over, he has to start rebuilding: the unexpectedness is also the 
guarantee of authenticity. Just as the farmer, whose life is disrupted 
by the muddy flood waters, recognizes that his soil is enriched by the 
flood, the scientist too recognizes the enrichment of his field. 

Contact with and participation in these cycles of creation, destruc
tion and recreation, being witness to this eternal dance of Siva, 
inculcates a pervading sense of humility in the scientist: and at the 
same time makes it impossible for him not to remain truthful , to 
develop his integrity in the pursuit of science. While integrity and 
humility are virtues, it seems to me that for a scientist, who has pur
sued science in a creative sense, they are minor attainments, siddhis, 
which develop along the way. Scientific work involves and inculcates 
in the scientist the principal ingredients of humanism which are 
cooperation, communication and detachment. Every problem solved 
creates new problems to investigate, every resolution brings to light 
a new landscape. The field is so extensive, the ideas so overpowering 
and the tasks so formidable that one has to communicate and cooper
rate with others ; it is an authentic humanism, since it emerges in 
response to a need. ' 

I hesitate to pursue vision and creativity in depth, since these are 
most intimate subjects to a working scientist. I will return to these 
aspects later. 

The working scientist may then choose as his symbol the bulldog, 
undisturbed by the trivial, sensitive, hardworking and pursuing with 
one-pointed attention his specialized and apparently narrow object
ive. Once that objective is reached he is again the sensitive animal. 
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This obsession with the essential, but limited, immediate objective is 
sometimes misunderstood by the nOD-scientist humanist. writer or 
critic for an inhuman, narrow, parochial preoccupation. But I humbly 
submit to you that this is a caricature, and if it is not to be attributed 
to malice it should be attributed to lack of acquaintance with the 
psycho-dynamics of a scientist. C.P. Snow has talked about two 
cultures: perhaps there is only one culture which displays itself in 
two ways. 

IV 

This brings us to the temper of science. We may distinguish six princi-
pal elements: . 

(1) Rationality (Karyakaralla vireka): The appeal to reason, the re
moval of one's own ego and practice of detachment, the refinement 
of the fruits gathered by our five senses by an ego-less pan cali in order 
that we may see things as they really are. This faith in the rational 
approach, the appeal to this praman.a is itself an act of faith for the 
scientist and may be subjected to scientific investigation. Rationalism 
may then be identified with this self-correcting, discriminating tool. 

(2) Humility (anahamkara): The recognition that the scientific 
pursuit contains in itself the destruction of the old and unworkable, 
the creation of the new and the useful, and the wisdom to know 
the difference between them. To steer clear of both credulity and 
stubbornness one must be blessed with humility. If you do not have 
humility in the beginning, the practice of science is the discipline that 
will generate and nurture it within you. 

(3) Experimentation and innovation: (s vatantranvesana): Even 
if a theory or a model is accepted generally and for some time, it is no 
guarantee that it is right. One must consider the possibility that things 
could be otherwise, lest we do not see things as they really are. All 
that a scientific theory or model can hope for is the certification: 
Not yet found wanting. 

(4) Relentlessness (nirdaksinya): The scientists' work is never 
done. Hardly is one task finished when a host of new tasks demand 
attention. Every theory is challenged by new experiments; every 
careful experiment demands a satisfactory theoretical structure 
incorporating its findings . One goes on and on; and in this maha
prasthana only destiny has a greater claim on our time. My cherished 
recollections of Professor C.V. Raman in his library or wandering 
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around the grounds of his laboratory in his later years; and of the 
continually fertile minds and humming writing pads of Professor 
W. Heisenberg and Professor P.A .M. Dirac have shown me more 
than anything else that a scientist never arrives. In Carlos Castaneda's 
Journey to Ix tlan, Don Juan says of. Don Genaro, the "man of 
knowledge": "There will never be any final outcome. Genaro is still 
on his way to Ixtlan." 

(5) Integrity (arja vam): You cannot cheat Nature; you can only 
fool yourself. The scientist's methods of study of Nature breed sin
cerity in his pursuits. There has to be correspondence between thought 
and word, between word and deed. This is not to say that scientists 
are more sincere than, say, musicians or agricultural labourers. I am 
unhappily aware that perhaps the contrary is the case, alas; and to 
this extent we have not integrated ourselves; we have not been made 
whole. We have not yet achieved integration, yoga, since we have not 
succeeded in cittavrttinirodha. But in his pursuit of science the scientist 
does achieve limited integration; imagine the world if only a fraction 
of us succeed in allowing it to happen to our whole being. 

(6) Creativity (pratibha): As the sixth element we recognize creati
vity, the seeing of things as they really are, the flash of lightning that 
illuminates the lay of the land, the incredible that with the flux of time 
appears as the inevitable. This by itself would remain only a flash 
unless preceded by and followed by hard painstaking effort; but with 
it, we are enabled to be creators ourselves. The wellsprings of creati
vity are beyond reason and intellect, but by their very presence com
mand humility in the scientist. 

I have talked about these six elements of the temper of science as 
if they are distinct things. But that, too, is a partial picture and to that 
extent untrue. It really is a six-faced entity, a sanmugha. Like the my
thological sanmugha it is a lovable thing in one of its aspects, the giver 
of refuge and bestower of boons in another aspect, ever shining, 
ever glorious. 

v 

According to legend, the young Isaac Newton was lost in contempla
tion of nature under an apple tree when the law of gravitation liter
ally "descended" on him, in the form of a falling apple, to awake 
him from his meditations and illuminate his mind to the true law of 
universal gravitation. But to most, if not all of us, neither bird-drop-
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pings nor cocoanuts falling on us would make us discover anything 
very much except at the most a severe headache. It had to involve a 
man prepared for this illumination by hard and relentless study of the 
universe. And it had to be folJowed by much work not only on the 
motion of heavenly bodies but also of the commonplace affairs of 
the tides. How many of us would like to undertake the detailed work 
involved in this, even if we had discerned the possibility? 

The discovery of quantum theory at the turn of the century is 
another case in point. That a heated cavity emits heat and light must 
have been known to people for centuries; but apart from knowing ' 
that "white heat" is hotter than "red heat" why should we be con
cerned? Who would have suspected that the essential clue to the major 
scientific revolution in our times was hidden in this commonplace 
phenomenon? It remained for a small group of people at the turn of 
the century to look at this in more detail until it culminated in the 
discovery of the quantum of action by Max Planck three-quarters of 
a century ago. Planck, honoured by his peers and by his country for 
his extraordinary work, was not satisfied. He spent his later years 
trying to reconcile his shattering discovery with the rest of physics 
as he knew it. The returns were poor for the effort he put in: he did 
discover "zero-point energy," but he died without being fully satisfied 
with what he had been able to achieve; he sought a synthesis satis
factory to himself. Albert Einstein, another great revolutionary in 
science, too was dissatisfed with the degree of synthesis of physics 
in his time. Werner Heisenberg cannot reconcile himself to our scheme 
of a world where there are many species of elementary particles and 
fundamental interactions. As with Don Genaro, for these great men 
and many like them: "There will never be any final outcome." 

It was known that light behaved at times as if it consisted of parti
cles, the photons. It could therefore be argued that a heated cavity is 
really a box containing a photon gas. But we know how to deal with 
a gas, when heated. Looked at, in this way, we find that the correct 
treatment of the statistical mechanics of a gas is different from the 
standard theoretical treatment, if we are to get correct results for the 
hot photon gas. This change involves a new convention to count 
the distinct physical states of a collection of identical particles; and a 
more stringent notion of strict identity. Thus was born "Bose 
Statistics," of which the fiftieth anniversary year fell in 1974. 

In addition to these landmark discoveries in physics, let me mention 
two scientific discoveries in which I have been personally involved. 
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The first concerns the discovery of the so-called Law of Universal 
Weak Interaction. When I went to the University of Rochester almost 
twenty years ago as a young graduate student (on leave of absence 
from the Tata Institute of Fundamental Research), Enrico Fermi's 
theory of nuclear beta radioactivity was a more or less accepted theory 
and there were known to be some other similar processes. People had 
talked about the possibility of generalizing radioactivity to include 
a variety of physical processes and of formulating a "universal Fermi 
interaction," but this still was considered as "interesting specula
tion." 

During my first semester as a graduate student, parity violation was 
discovered in nuclear'beta radioactivity following a theoretical sugges
tion of two young Chinese physicists, T.D. Lee and CN. Yang. This 
discovery had upset most physicists; but they soon found in it a source 
of new information on elementary processes and a wealth of new 
information poured in. I was a student of Professor Robert Marshak; 
he suggested that this is the kind of area that was best suited to my 
abilities and aptitudes. I still remember reading through mountains 
of reprints and preprints and heaps of books to learn all that was 
known about the field. Our miniscule apartment in Rochester left 
barely room for my wife and myself and for a couple of young gra
duate students, whose total earnings came to the grand total of 
$ 1,000 per year, there were hardly any distractions. This period of 
intense study and the illuminating discussions with Professor Mar
shak (together with the causeless illumination that can only come 
from beyond oneself) showed me that if there was a universal weak 
interaction, it could be only of a special form which has since been 
called the Universal Vector-Axial Vector Theory of Weak Interac
tions. Almost immediately came new experimental corroboration of 
the theory and its further elaboration by Richard Feynman and Mur
ray Gell-Mann. The second decade of this theory has shown that there 
are still more ingredients that should be incorporated and the theory 
should be generalized to include a wider class of processes. This has 
kept many of us almost completely occupied during the last few years. 

The creative element may manifest itself in a natural and effortless 
way under suitable circumstances. I can recall a number of such 
instances. The discovery of the benzene ring structure is legendary. 
The organic chemist, Friedrich von Spradonitz, who was working on 
this structure had toiled for long without finding a completely 
satisfactory structure. One night as he slept he had a dream in which 



The Temper of Science 29 

he saw a snake devouring its own tail: that gave him the clue and 
chemistry was enriched by the knowledge of the ring structure of 
benzene. Sir Frederick Banting, the discoverer of insulin, was obsessed 
by the need to find a cure for diabetes which had cruelly claimed his 
sister in her youth. He experimented with a numer of dogs and found 
that he could cure artificially induced diabetes in dogs by giving 
them extracts obtained from the pancreatic tissue of cattle from 
slaughter-houses; and in due course he identified insulin. 

While much hard experimental work preceded the flash of insight, 
the possibility of using cattle pancreas from the slaughter-house 
came out of a casual conversation. In the absorbing book, The Prize 
by Irving Wallace, a doctor facing a fellow Nobel Prize winner in the 
throes of a heart seizure, looks around in desperation and seizes a 
tabJe lamp, which he strips to make an electric shock apparatus to 
restore the heart action. 

An instance in which I was personally involved concerns the 
development of the quantum theory of partial coherence. Emil Wolf, 
the founder of the rigorous theory of partial coherence in classical 
optics, is a friend of mine. One day he looked rather unhappy and 
I asked him why he was not his usual self. He told me that he felt 
that the many years of his work on partial coherence were worthless, 
since he was now convinced that we had to have a quantum theory of 
this, rather than a classical theory. It was a casual conversation and 
I had to go on to teach a class, but something about my friend's tone 
must have affected me deeply. In the evening I felt vaguely uneasy and 
to pass the time I sat down with a pad and pencil. All of a sudden, 
I found myself writing down a proof that what Wolf had done, upto 
that time could be shown to be quite correct in quantum theory with 
a natural reinterpretation of the symbols. I took my page of notes to 
show him the next day. He was delighted with it and insisted that 1 
write a paper on this proof sitting in the same chair, got his secretary 
to type it and got me to sign it and send it off to a scientific journal. 
In subsequent years other people and I have improved on the proof 
and the scope of this fundamental connection. This discovery 
could not have come but for my professors at Madras who taught 
me optics and for the company of Emil Wolf, but still the essential 
discovery came by itself. 

VI 

I have talked about science as seen by the creative scientist, that is, 

1_ 
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about living science in which the working scientist is both the actor 
and the audience. The manifestation of creativity comes often 
without advance notice. But creativity is nurtured in an ambience 
that enables the scientist to acquire the necessary skills and techni
q ues by instruction, example, experiment and accident. It is necessary 
for the poet to have mastery of the phrase, for the musician the 
mastery over sound: likewise for the scientist mastery over technique 
and information. To discover the antiproton we require the sophi
sticated experimental techniques of a super-laboratory; to bring about 
sustained thermo-nuclear fusion, we need the best experimental and 
theoretical techniques and perhaps even develop newer techniques. 
This kind of work that leads to the development of a helium cryostat 
or a bubble chamber, the discovery of the structure and functioning 
of bio-molecules, or the study of the further reaches of our universe 
need the concerted effort and teamwork of a complex of skilled and 
gifted people. The contribution of the scientific manager, the engineer
ing expert and the technologist to the project may be very important. 
That is why we feel that great science may often be big science. 
Even in less hardware-oriented scientific studies, the teamwork ma), 
turn out to be essential, in that in a frontier field the nature of the 
questions that one asks, the kind of problems that concern one and 
the extent to which a discovery can be pushed and exploited; all 
this depends to some extent on the company one keeps. Those of 
us who deal with the ultimate nature of matter, space and time are 
keenly aware of this and grateful to any and every assistance that 
our society and nation provide us. 

Scientific insights, like their counterparts in literature and music, 
are identified as such only when they are communicated and it is often 
this efficient communication that feeds back criticism and encourage
ment, provides perspective and enhances the joy of the creator. In 
maintaining the temper of science and the ambience of creativity it 
is essential to pay attention to the art of communication and feed
back. And science management involves not only procurement 
and allocation of funds and the logistics of projects but also develop
ing critical appreciation and the ensuring of a fair assessment of 
creative and substantial work within the nation and within the world 
community. 

In literature and in music it may happen that technical mastery 
and virtuosity may overshadow originality and creativity. Virtuosity 
and mastery should be acclaimed and rewarded but not to the detri-
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ment of the flowering of originality. In science, too, there is the ques
tion of technical mastery and skill: they should be rewarded and 
appreciated. But, often, it happens that this is all that is rewarded. 
Instrumentation and hardware for the experimentalist, scholarship 
and analytical tools for the theorist; buildings, funds and organiza
tions for both; these, if not seen in their proper light, become surro
gate values, and tend to suffocate creativity. 

In a nation like ours where resources are severely limited we have 
to be extremely careful in the allocation of resources to one scientific 
activity or another. Since science and technology are given favoured 
treatment, it is only fair for the nation to ask what science and techno
logy can do for the nation. For most, the easiest answer is that it 
should be for the betterment of the quality of life of the people: I 
believe this is the proper answer. Yet one has to be ruthlessly precise 
in the definition of the phrase "betterment of the quality oflife of the 
people". Ifwe expect the space programme to be an important device 
in the strategy for adult literacy and cultural education, should we, 
at the same time insist that it be a vehicle for the development of the 
electronics industry or for the employment of the highly educated 
unemployed? We may keep these goals in mind, but it would be 
unscientific to treat this as of equal importance with the primary 
aim. If we consider that study of mathematics or molecular biology 
is important in their own right, let us not confuse it with accountancy 
or agriculture. The concern of the scientist for society should not 
lure him into surrendering his integrity as a scientist. 

These are important and difficult questions and in this presenta
tion I should guard against the temptation to delve into them. The 
increasing difficulty of locating and fostering excellence in our insti
tutions of higher education, the paradox of the co-existence of the 
educated unemployed and of illiteracy and ignorance; the increasing 
preponderance of mediocrity in the higher reaches of the nation's 
intellectual enterprises; and the confusion of physical plant and tech
nology for leadership in science: all these show that either the abler 
ones amongst us do not see or they lack the courage of expression: 
or perhaps we do not hear what they say! 

Science applied to human affairs and to the exploitation of natural 
resources is technology. And technology naturally enters into any 
discussion of science in relation to society in general. But in the appli
cation of technology to social good, the control and development 
of technology, the choice of an appropriate technology, all these 
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contain scientific questions. We must apply the same techniques to 
these questions as for a physical science programme. Science 
planning, too, involves scientific questions. We must bring the temper 
of science to bear on these questions also. 

In the mundaka upanishad there is a stanza which talks about two 
birds: 

dva suparna sayuja sakhaya 
samanam vrksam parisasvajate 
tayoranyah pippalam svadvattya 
nasannanyo abhicakasiti 

To me it appears that the phrase "sayuja sakhaya" (together ill 

friendship) is a most happy choice for the inter-relationship of public 
science and private science, of science for society and science in 
search of insights and integrity. To me this phrase and this sloka 
evoke the true temper of science. 

Science sees the world as it is, as it could be. It deals with the large 
and the small, selecting what it chooses and ignoring others. In this, 
science is like art, and we may state that creative science is an art 
form. 

Science involves communicatioll and creativity. It seems to me 
that it differs from poetry only in the kind of questions that it asks: 
science deals with the measurable and the reproducible. 

The scientist is essentially a seer. He sees the relevant, the signi
ficant, all in relation to other things in its universe of discourse. 
Discrimination is part of seeing and discriminating differentiated 
knowledge is living science. It i the temper of science that makes it 
possible. 

It is this temper of science that makes it possible for one to be the 
creator, the destroyer. By destroying the obscure, the misleading, 
the irrelevant and the ugly; and creating in its place the clear, the 
relevant and the appropriate, we maintain the universe of science 
and guarantee harmony. What is needed for this functioning more 
than laboratories and research grants is the six-faced temper of 
science. 

VlI 

I will conclude by retelling you an olel story. In the kiratarjuniyam 
kathakali we see Arjuna preparing to acquire weapons from Lord 
Siva, the Auspicious One, be encounters a hunter. He does not 
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approve of the hunter and they fight. Arjuna uses all his might to 
no avail and he is completely exhausted. It is while he is so totally 
exhausted, lying on his back without even being able to close his eyes, 
that he sees the ft sh of the crescent moon on the hair of the hunter, 
whom he was fighting. The hunter is no longer the hunter, but the 
Auspicious One. Arjuna is lost in rapture and has forgotten his duty. 
Yet, by the way, the pasupata is gained. The original purpose is served. 
Arjuna is in ecstasy, and has long forgotten that he lost out in his 
fight with the hunter. 

I submit that this mythical story may well be viewed as a stylized 
drama of an incident in a creative scientist's life, that the kiratar- . 
juniyam is a paradigm for the temper of science. 
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SCIENCE AND SOCIETY 

I personally became aware ofthe deep interest lawaharlal Nehru took 
in Indian scientists for the first time in 1960, when he allowed me to 
present him a copy of my first book, Mathematical Ideas, and later 
to dedicate to him my next book, Modern Cosmology. I recorded 
my reminiscences of these two interviews, which he was pleased to 
grant me, in the Illustrated Weekly of India, immediately after his 
death in May 1964. 

It was Nehru who first stated that the goal of our national endea
vour after independence was the eradication of disease and destitu
tion by recourse to science and technology. Almost alone among 
our pre-independence leaders, he knew that societies in transition or 
in distress from ancient days till today, from King Heron (whose 
director of defence services was Archimedes), through Napoleon to 
Lenin in our own times, have always called upon scientists and techno
crats to shoulder the responsibility of reconstruction in war and peace. 
Lenin, in particular, reduced even his political credo to science and 
technology when he announced his celebrated equation: 

Communism = Soviet power + Electrification. 
So did lawaharial Nehru, when he made the Indian Parliament 

pass his "Science Policy Resolution", committing the nation to the 
eradication of our age-old poverty by recourse to science and techno
logy. 

During the decade following Nehru's death, there has been, I am 
afraid, a growing disenchantment with science and technology even 
in the affluent West, recently epitomised in the doomsday predictions 
of Professor Jay Forrester et al. It is quite likely that futu~e historians 
may speak of an age of scientific discovery and technological recons
truction that began with the advent of industrial revolution two 
centuries ago and perished a century hence with the depletion of our 
fossil fuels and mounting environmental pollution. 
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If our civilization is indeed doomed to peter out in a century or so, 
it will be because of the failure of the affluent countries to cry a halt 
to the incessant increase in their demand for material goods they no 
longer really need. As Professor Jay Forrester and others have 
warned, if the developed countries continue to increase their demand 
for material goods as hitherto, life on earth may come to a horrible 
end around 2070, owing to either massive starvation or fatal levels of 
pollution. Consequently, the only way in which they could survive 
would be to decrease their demands sharply.- For the affluent coun
tries are spending themselves to destruction in a mad pursuit of · 
growth that has ceased to have any meaning for them. 

The pursuit of growth in the affluent countries is senseless now, 
because the industrial system is already more than adequate to meet 
the real (physical) needs of the masses like food, clothing, shelter 
many times over. In the absence of artful sales-campaigns, specially 
contrived to create artificial demand, increasing abundance would 
have Soon reduced the interest of the people in acquiring more goods. 
They could not have felt the need for multiplying the artifacts-the 
autos, appliances, gadgets, detergents, cosmetics-by which they are 
surrounded. But then the stoppage of growth would mean that the 
power and profits of the corporations, the owners of the industrial 
system, would also cease to grow. It is this relentless pursuit of power 
and private profit that is responsible for the means-and-ends inversion 
whereby the industrial system in these countries has been over-blown 
to the point that it no longer accommodates itself to man's basic and 
real wants but rather increasingly moulds men to its own needs. It is 
increasing awareness of this means-ends inversion that is responsible 
for the current disenchantment with science. It is becoming more and 
more obvious that science and technology are no longer being pur
sued to serve the needs of the people. On the contrary, the people 
are being increasingly· accommodated to the needs of the existing 
techno-structure that science has created. 

This means-ends inversion in turn is only an amplification of that 
fatal flaw of capitalist production which, as Marx noted a century 
ago, develops technology by sapping the original source of all wealth, 
land and labour. During the hundred years since Marx wrote this 
indictment, capitalism in its struggle for survival has undergone 
radical changes. In particular, it has tempered its erstwhile insensate 
exploitation of its own labour, sufficiently to create mass affluence 
in the developed countries. But the more it changes, the more it re-
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