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SCIENCE AND ENGINEERING
by A. N. Kuos1a, F.N.I.
President, National Institute of Sciences of India
(Delivered at Cuttack, January 2, 1962)

It is a rare privilege for me to preside over the Anniversary Meeting
of this premier Institute of Sciences of India. 1 have had the opportunity
of presiding over a number of national and international engineering institutes,
associations, conferences and boards and also some scientific bodies like
the Engineering Section of the Indian Science Congress, the Central Board
of Geophysics, the Fifth Congress on Theoretical and Applied Mechanics, but
this is the first opportunity for me to address a gathering of the foremost
scientific talent of the country, including engineering.

I happen to be an engineer by training and by profession. I have had
opportunities for carrying out research in engineering and related sciences,
notably in the field of flow of water through subsoils in relation to the stability
of structures founded on permeable soils. Other researches pertained to
levelling of precision across wide expanses of water or widely separated
mountain peaks; rational concept of run-off as residual of rainfall after making
allowance for evapotranspiration loss expressed as a function of mean tem-
perature; long-span roofs of the order of 500 ft. without intermediate supports
made up of 3 in. thick reinforced concrete precast trough units, etc., but I
must confess that, while some of my work may rank as classical and constitute
an original and significant contribution to engineering, my achievement and
contribution in the realm of pure science can only be considered as relatively
insignificant. '

I have made this plain confession to highlight the generosity and spirit of
accommodation of the Fellows of the Institute in electing me their President
despite my limitations, the all-embracing character of this National Institute
and finally the oneness of science and engineering.

I understand it is customary for the President to take for his Anniversary
Address a subject of his specialization in which, by virtue of his deep study and
research over the years, he has acquired special competence and expert know-
ledge. But I propose to make a departure from tradition and talk on a subject
which, though not in the field of my specialization, is nevertheless within
my purview as Member, Planning Commission for Education and Scientific
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Research. This subject is Science and Engineering. It is of fundamental
importance for the successful implementation of the Third and subsequent
Five-Year Plans and for the achievement of the ultimate goal of all scientific
progress, namely, the spiritual and material advancement of the human race.

I am conviuced that science and engineering are only different facets of the
same entity and that the somewhat common misunderstanding among us that
science and engineering are two different entities must go, if science in this
country has to make its full contribution in the development of our human and
natural resources. Basic research leads to new knowledge. It provides
scientific capital. It creates the fund from which the practical application of
knowledge must be drawn. Basic research is also the pace-maker of tech-
nological research. Science creates new ideas. Engineering, faced with
unsolved problems, demands knowledge and this stimulates further scientific
investigation. It also provides new tools, materials and techniques for
science and for the exploitation of previous scientific breakthroughs. The
interplay of science and engineering, of discovery and invention, have brought
about the evolution of machines and techniques to meet and provoke the
demands of modern society. The steam engine, for instance, is a product of
science but science, in turn, owes much more to the steam engine, because of
the stimulus provided by it to thermodynamics. ‘New discoveries like
Faraday’s electromagnetic induction brought into being new industries and
new techniques; applied mathematicians like Rankine and Lanchester did
much to remove empiricism from engineering design; and new inventions
like Parson’s turbine and Whittle’s jet engine changed fundamentally the
path of development. It made possible the huge generators we use today
with manifold economies. Faraday’s theories based on experimental
researches were given form and precision in Clark Maxwell’s electromagnetic
theory, which prompted Hertz to investigate resonating circuits, the starting
point of radio communication.” The discoveries by J. J. Thomson and
Rutherford ‘of the electron and the nuclear atom opened new vistas. The
science of electronics with Fleming valve and Appleton’s discovery of the
ionosphere led on to the development of radar and eventually to radio astro-
nomy.’

Electronics have provided industry with devices swifter and more accurate
than the human senses and made possible the modern computer which, with its
speed and memory, has intensified so much the power of the human brain,
The development of the nuclear reactor has removed any fear that the world
may be short of energy in the future. The space ships, the atomic power
plants, solar batteries, transistors, means for desalting sea water, etc., are
other examples of the interplay of science and engineering. Taken together,
these two aspects of research, science and engineering are the mightiest force
in human advance.
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Research investment in the scientifically and technologically advanced
countries has been growing at an exponential rate, this growth being maximum
during and since World War IT.

The U.S.A.’s total expenditure in 1961 for science and engineering edu-
cation and for basic and applied research is about $10 billion (nearly 4,800
crores of rupees) or approximately 2 per cent of the $505 billion gross national
product. This is made up of :

Science and engineering

education (a) high school level $2-6 billion
» (b) college and postgraduate level $2-1
research (a) basic $1-8
. (b) applied 32,
Total $97

The anticipated expenditure on scientific and technological research in the
Third Five-Year Plan of India is about Rs.200 crores, or Rs.40 crores per
year, or 0-21 per cent of the Rs.19,000 crores national product in 1965-66,

With the growing pace of development of natural resources and industry,
the need will be increasingly greater for a pattern of engineering education
which has an integrated course content of engineering and basic sciences,
more particularly mathematics and physics. Our aim must be to find new
knowledge through basic research and prepare future scientists and engineers
through science education. In our scheme of teaching, it should not be so
much the passing on of established truths as showing the way to criticize
and discover new truths, the emphasis being on discovery rather than know-
ledge. Scienice education and technology are interlinked. Improvement
of one raises the quality of the other.

The aim of science is to know and understand the ways of the universe —
‘from the forces in the atomic nuclei to the motion of stars, from the growth of
a living cell to the functions of the brain, from the measured responses of man
to the dynamics of social organization’.

The foundation of scientific progress is the college and postgraduate
education of scientists and engineers and the research that is integrated with
that education; and these latter have as their base all that is taught in ele-
mentary and high schools, particularly in mathematics and science.

Advancing technology has transformed life in Europe, the U.S.A., and
the U.S.S.R. and has helped these countries to achieve the highest standards
of living. Machines have relieved man of drudgery and freed him for less
arduous tasks and far greater leisure. Mechanization and use of fertilizers
have increased the productivity of the farm. The average life span has
risen to almost 70 years as a result of advance in medical sciences.

But technology cannot advance except through interaction with science.

7
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The engineer increasingly meets problems which can no longer be solved
through empiricism. The trial and error approach of the past is too slow and
too costly and may involve risk of failure. So he must turn to science. With
the new information from science and existing technology, the engineer will
be in a position to progressively solve most problems. The broader under-
standing of science speeds development, cuts the lag between idea and product.
The greater the pace of technological advance, the greater and more frequent
the need for science.

Scientific talent is a scarce resource. KEvery young person who shows
desire and the capacity to become a scientist should be ensured the opportunity
to do so and every scientist who is prepared to make and is capable of making
scientific contribution should be ensured the opportunity to do so. Our aim
should be superior quality and not mere numbers of our scientists and
engineers. This can be achieved through superior teaching. High intelli-
gence alone will not ensure quality. Success further requires creativity in
conceiving new ideas, ingenuity in devising new techniques and experiments,
vigour and tenacity in pursuing new ideas and experiments to the very end.

Science and technology have made progress at a fantastic pace during
World War II and have registered tremendous advances in all fields of human
interest. More spectacular among these are the advances in nuclear science,
space research and earth satellites. Of the scientists that have brought about
the present status of development in science and engineering, some were pure
theorists who worked with and dug deeper into the basic concepts of science,
There were others who, in addition to theory, explored and experimented.
There were still others who spent most of their thoughts and time in a labora-
tory, proving things, developing things and bringing the theorist’s theories
closer to reality. These latter were the realists of scientific fraternity. And
then there were the engineers who consummated the research effort into physi-
cal reality and brought into being the modern offsprings of science, such as
automation, transistors, computors, television, submarines, earth satellites,
space ships, and so on.

Organized research in pure science in India has been in existence for over
a quarter of a century. Research in engineering, except in the field of hydraul-
ics, is, however, of recent growth. By and large, we are still living on the
discoveries and inventions of other nations. Due to political dependence
before 1947, we made a late start in scientific research and that too in the
abstract without any incentive to translate its results into concrete physical
reality. Engineering research started still later and much after independence.

A chain of National Laboratories, the Atomic Energy Establishment,
Defence Science Laboratories, various departmental research laboratories,
research centres and schools at the universities and some private research
organizations have sprung up since independence; but there is insufficient

7B
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co-ordination of research, firstly, between the various research activities,
secondly, between the national laboratories, departmental laboratories, the
universities, other research organizations and industry, and thirdly, there is
insufficient liaison and understanding between pure scientists and engineers.
There is considerable lag between scientific discovery and its utilization for
production. If India has to catch up and be reasonably self-sufficient in
relation to her needs in science and technology and has to be in a position to
contribute to world knowledge in keeping with what she receives out of that
world pool, there must develop among scientists, engineers and politicians a
sense of awareness, of urgency and of purposeful action. The lag between
discovery and production has to be cut down. There has, in effect, to be
some sort of a ‘ crash programme’ as in a war emergency—a type of approach
where research is entrusted not to a few experts but to hundreds, in teams,
so that many difficult lines of investigation can be followed simultaneously
and things scientific can be accomplished in a fraction of the time normally
required. In other words, we have to move forward from the abstract to
the concrete and from the individual to team action. But in all this, we
must make sure that the basic requirements of independence and objectivity
of the scientists are scrupulously respected. We are no longer in a position
to wait for things to happen in the routine course-—we have to force the pace,
define objectives, formulate programmes and take vigorous and sustained
action to achieve their implementation.

Such a ‘ crash programme’ was successfully carried through during World
War II in the U.S.A. under the purposeful and dynamic guidance of Dr.
Vannevar Bush as Director of the Wartime Office of Scientific Research and
Development. Dr. Bush, known as a scientists’ scientist, was a scientist, an
engineer and an administrator, all rolled in one.

‘Dr. Bush fathered and guided the War Science programme so well that,
for the first time, research was put on a highly co-ordinated basis. The work
of at least a decade was compressed into the three and a half war years.
Duplication of effort was greatly reduced. Instead of many scientists working
independently in many directions towards a single solution. a problem was
split up and a crew of experts, each in the top of his own specialized field,
worked on portions of it towards a co-operative result. The research varied
from jet planes and new medicines to radar and atomic energy.”

Vannevar Bush was science’s skilled organizer with thirty thousand
physicists, chemists, engineers and doctors under his direction. He achieved
spectacular results despite the persisting prejudices against scientists and
the petty professional and political jealousies.

Born in 1890, Dr. Bush graduated in engineering from Tufts in 1913 and
¢ot his Doctorate in engineering both from Harvard and M.I.T. During
World War I, he perfected the submarine-detecting device. He made many
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important contributions to science and engineering. In the 1920’s he
developed a miniature power network analyzer and in 1935 M.I.T.’s advanced
differential analyzer, the giant electronic brain, which later helped solve
many of the wartime problems in atomic physics, acoustics, ballistics and
structures. In him, nature has seen fit to compound harmoniously many
elements—science, engineering and more than that, those human characteristics
which command the respect, admiration and loyalty of his co-workers.

I have dilated on the story of Dr. Vannevar Bush, because he combines
in himself the best that is in a scientist, an engineer and a man, and because
the way he organized science to do the wartime job assigned to him is the one
way which scientifically and technologically backward nations must follow if
they mean to catch up.

Dr. Atma Ram in his Shanti Swarup Bhatnagar Memorial Lecture
delivered at Delhi on 6th October, 1961, On the Making of Optical Glass in
India, drew pointed attention to the phenomenal success in the 1880°s of the
German venture ‘Jena Optical Glass’ as a result of the close collaboration
between science and engineering through Ernest Abbe, the physicist; Otto
Schott, the chemist and glass-maker; and Carl Zeiss, the optical instrument
manufacturer. In contrast, he mentioned the failure, in the same period,
of the British venture of optical glass-makers for lack of such collaboration
between the scientist and the glass-maker, both of whom, while striving for
the consummation of their long researches, failed to achieve results because
of lack of collaboration.

This again demonstrates that science and engineering must be harnessed
in full collaboration, if science and technology are to take a real jump forward
and make effective contribution to the economic growth of the country.

It is only through science and engineering that modern society can hope
to advance, attain higher living standards and a fuller life. But are we doing
enough in this direction and following the line of action which will ensure
achievement of our planned objectives ?

The Scientific Policy Resolution of 4th March, 1958, with the approval of
the Parliament, became the basic document of national scientific policy for the
support and encouragement of science education, scientific research, technology
and training of scientific and technical personnel. Sections 6 and 7 of the
Resolution read as follows:

‘6. Science has developed at an ever-increasing pace since the
beginning of the century, so that the gap between the advanced and
backward countries has widened more and more. 1t is only by adopting
the most vigorous measures and by putting forward our utmost effort
into the development of science that we can bridge the gap. It is an
inherent obligation of a great country like India, with its traditions of
scholarship and original thinking and its great cultural heritage, to
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participate fully in the march of science, which is probably mankind’s
greatest enterprise today.’

‘7. The Government of India have accordingly decided that the
aims of their scientific policy will be—

(1) to foster, promote, and sustain, by all appropriate means, the
cultivation of science and scientific research in all its aspects—
pure, applied and educational;

(2) to ensure an adequate supply, within the country, of research
scientists of the highest quality, and to recognize their work as
an important component of the strength of the nation;

(3) to encourage and initiate, with all possible speed, programmes for
the training of scientific and technical personnel, on a scale
adequate to fulfil the country’s need in science and education,
agriculture and industry and defence;

(4) to ensure that the creative talent of man and woman is encouraged
and finds full scope in scientific activity;

(3) to encourage individual initiative for the acquisition and dissemina-
tion of knowledge, and the discovery of new knowledge, in an
atmosphere of academic freedom;

(6) and in general, to secure for the people of the country all the
benefits that can accrue from the acquisition and application of
scientific knowledge.’

‘The Government of India have decided to pursue and accomplish
these aims by offering good conditions of service to scientists and to
accord them an honoured position, by associating scientists with the
formation of policies, and by taking such other measures -as may be
deemed necessary from time to time.’

This Scientific Policy Resolution sets forth in clear terms India’s problems
and objectives and the steps the Government have decided to take in achieving
these objectives. Among others, it assures to the scientists good conditions of
service, academic freedom and an honoured position by associating them with
the formulation of policies.

The two giants of science and technology today are the U.S.A. and the
US.S.R. The USSR. is said to be somewhat ahead in the content of
science teaching in the high schools, in the wide coverage in numbers, in
liberal provision of funds and in improving the conditions of work of scientists.
The U.S.A. has taken quick note and is making adjustments. Both countries
are encouraging initiative and freedom of action in matters concerning science
and technology. India can with profit take lessons from the direction in
which the energies and resources of these two giants are being channelized.

In the U.8.A., it is recognized that science, and science education starting
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from the high school, are of vital importance in the growth of the nation and
that the teaching and course content must undergo frequent review for up to
dateness. They also recognize that the wisdom with which science is brought
to bear upon the problems of coming years will determine, in large measure,
the future of the nation, and further that a nation which depends on others for
its new basic knowledge will be slow in its industrial progress and weak in its
competitive position in the world trade, regardless of its mechanical skill.

It is also recognized that the simplest and most effective way in which
industrial research can be strengthened is to support basic research and to
develop scientific talent. Colleges and universities must furnish both new
scientific knowledge and the trained research workers. It is through basic
research in biology, biochemistry and other sciences, for example, that solu-
tions of major disease problems are to be reached. It is wholly probable
that progress in treatment of cardio-vascular disease, renal disease, cancer
and similar refractory diseases will be made as a result of fundamental
discoveries in subjects unrelated to these diseases and perhaps entirely un-
expected by the investigator.

Economic growth and development of new products in industry are
dependent upon rich resources of basic knowledge in relation to methods
and techniques of basic research essential to training and full development of
skilled research investigators.

During the Second Five-Year Plan, there were set-backs and gaps in the
implementation of the Plan in the vital sectors of industry, power and trans-
port mostly as a result of shortage of foreign exchange and technical know-
how. The priorities in the Third Plan, apart from agriculture, are for basic
industries, power, transport and their essential complements—technical edu-
cation and scientific and technological research. Adequate provision has been
made in the Plan for technical education but not enough for science education
or basic and applied research. TUnless science teaching improves and catches
up with up to date developments, and indigenous basic research provides
increasingly new knowledge, our progress of basic industries is going to be
slow and expensive mainly because of lack of adequately equipped scientists
and engineers in required numbers and of lack of specialized knowledge.
Industry can fully meet internal demands and provide goods for export at
competitive rates only if bulk of the raw materials, technical skill and basic
research are of indigenous origin. It will, therefore, be necessary in the
Third Plan to lay special emphasis on science teaching, technical education,
research and co-ordination of research, and on cutting the lag between dis-
covery and its utilization. It will be necessary to co-ordinate more effectively
the various research activities, the work of the national laboratories, the
atomic energy establishment, departmental laboratories, universities, private
research organizations and industry and in particular to encourage basic
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research in universities. The training of scientific research workers will have
to be given high priority.

Indian science and technology have already started achieving results in
various fields of industry. The development of stainless steel out of indi-
genous materials, the manufacture of optical glass with techniques and
materials exclusively developed in India, of electronic instruments and
isotopes, the utilization of low grade coals for metallurgical purposes and of
industrial and agricultural wastes and the development of several new pro-
cesses and techniques are a significant contribution to the industrial and
economic progress of the country. But all said and done, we have only
touched the fringe of the problem.

The National Institute of Sciences is presumed to be the nerve centre of
science in India. It can and must play a positive role in recommending
policies and directing research towards concrete achievement in the shortest
possible time. For this purpose, science and engineering must advance side
by side, each one enriching the other, so that discovery leads to production
without lag. The Institute has to ensure up to dateness in everything relating
to science and engineering education and in basic and applied research,
through a carefully planned programme of documentation and literature ex-
change with national and international scientific bodies.

The International Geophysical Year of 1957-58 and the International
Conference on the Peaceful Uses of Atomic Energy are two impressive ex-
amples of international co-operation in science and India has been an active
member in both. It may be in the common good if nations could agree and
co-operate on the scientific and practical aspects of outer space research.

India may consider the appointment of Scientific Attachés to our selected
Embassies, say in the U.S.A., the USS.R., Canada, Germany, France,
Switzerland, Japan, etc., 80 as to remain informed of latest developments in
the fields of science and engineering education and basic and applied research.
A Scientific Attaché has already been posted in the U.K.

Advancement in science and technology will be rapid or slow depending
on the number of really first class men who are engaged in the work in
question. So in the last analysis the future of science in this country will be
determined by our basic educational policy. We must ensure improvement
and up to dateness in the teaching of science. We must evolve programmes
to provide to gifted students at the graduate, undergraduate and secondary
school levels research experience and educational opportunities far beyond
those offered by the normal curriculum and to ensure that those with special
aptitudes and ability, from whatever walks of life, have the fullest oppor-
tunity for the realization of their talent.

For the young research worker, we must make sure that his talent and
potential for creative work are not suppressed or hampered by hierarchy or
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bossism and that he gets full credit and recognition for original and creative
work. Originality and creativity are not the monopoly of advanced age
and long experience. They can equally be the privilege of younger people,
if they are given the opportunity and the scope for the development of their
potential talent.

We have many young Indian scientists of outstanding talent scattered
over Europe and America, holding responsible positions in universities, re-
search organizations and industry, who would willingly return to serve their
motherland if they can be assured of opportunities for research and creative
activity in an atmosphere of scientific freedom. We should take all possible
steps to utilize the exceptional experience and talent of these young scientists.

In conclusion, I would like to refer to one of the greatest mathematicians
of the world, Ramanujan, called by G. H. Hardy ‘ the most romantic figure in
the recent history of mathematics’, who, although failed to pass the First
Arts Examination of an Indian University, became a Fellow of the Royal
Society (the first Indian to be so elected) in 1918 at the age of 31. He died'in
1920 at the age of 33. To perpetuate the memory of this great genius,
the National Institute of Sciences of India has decided to institute a gold medal,
which will be awarded every alternate year to an eminent scientist—Indian or
foreign. May his memory inspire us in our search for truth and knowledge!

JAI HIND



