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FOREWORD

The National Academy of Sciences, India was born 60 years ago due to the
vision of Professor Meghnad Saha, much in the same way as the indian Academy
of Sciences was born later due 1o the vision of Professor C.V. Raman. We owe it to
these giants of Indian Science for teaching us that the health of indian Science can
be measured by the extent of emphasis ptaced on professional excellence by
Science Academies. Ouring the last 60 years, Indian science has registered
impressive progress in every direction. Before independencein 1947, our Universities
were the primary centres of origin of new scientificfindings. Afterindependence, this
base gotwidened and a large scientific infrastructure was built outside the University
system. The present volume bears testimony to this impressive infrastructure and
to the good use to which it has been put by thousands of young and old research
scholars. -

As the title of this volume indicates, what has been attempled is just a peep
into some aspects of Indian science and technology. The book is illustrative of our
scientific capability and progress and is not intended to be an exhaustive catalogue
of our achievements and shortcomings. The authors were particularly requested to
underline the challenges ahead and notf to be content with enumerating past
accomplishments. Onbehalf of the Academy, | wish {o record our gratitude to all the
authors for so willingly sparing time to write for this volume. The former President
of the Royal Society of London, Lord Porter of Luddenham, in a lecture delivered
in November 1890, said ," the pursuit of science is more than the mere pursuit of
affluence.” This statement was cbviously promoted by the growing privatisation of
science activity in industrialised countries, leading to the possibility of private profit
rather than public good becoming the major driving force of scientific research as
well asinvestment decisions. InIndia, Governmentinstitutions and universities carry
out most of the research work in various areas of science and technology. They
have, hence, a great responsibility for ensuring excellence and relevance in
scientific endeavour and also for ensuring that worthwhile scientific discoveries are
converted into economically viable and ecologically sustainable technologies. The
anticles contained in this volume bear testimony to the fact that the Indian scientific
community is by and large conscious of this twin responsibility.

| wish to express the gratitude of the Academy 1o Prof. U. S. Srivastava for
sparing time to compile ard edit this volume. My thanks also go to Prof. Anupam
Varma and to Shri Vinay Malhotra ot Malhotra Publishing House for their untiring
efforts to bring out this publication on time for release on the occasion of the Diamond
Jubilee of the Academy.

M. S. Swaminathan
President, National Academy of Sciences, India



PREFACE

Founded in 1830, the National Academy of Sciences, India — the oldest
Science Academy of the country — completed sixty years in 1890.

These sixty years have wilnessed profound changes and developments in
every aspect of our national lite — in the social, economic and political spheres and
equally, if not more so, in science and technology. Indeed, developments in science
and technology have contributed greatly to developments in other spheres — even
if this fact is not widely appreciated.

The Diamond Jubilee Year of the Academy seemed 1o be an appropriate
occasion 10 look into what the country has achieved during this period in science and
technology. Hence, it was decided 1o publish a Commemoration Volume containing
arlicles which may give an insight inlo the successes and achievements made by the
country and ts scientists inditferent areas duringthe last few decades, corresponding
roughly with the life of the Academy. Glimpses of Science in India is the outcome
of this decision.

It is impossible to cover all such areas in one volume and in a period of a few
months. The country has done a lot that it can be proud of, in many spheres, and it
isforlunate in having alarge number of very distinguished scientists and technologists.
Consequently, the volume covers afairly wide spectrumof subjects—rom agricullure
10 aerospace technology; frominformatics to cosmology. These will, one hopes, give
some idea of the country’s many splendoured achievements, at least in several of
the more significant areas.

It was neither proper nor feasible to request the distinguished contibutors to
cast their articles in a uniform pattern. Indeed the approaches and the styles in the
various articles are as varied as their contents; which not only makes their reading
less strenuous but also refreshing .

It is gratifying to record that almost every author who was approached for an
article responded favourably. Several had to work under a severe constraint of time
because of other pressing duties. Their response is a measure of their interestin the
Academy. On behalf of the Academy, | express my deep gratitude to them.

I also record my thanks to Prof. Anupam Varma for his help in many ways; to
Shri Vinay Malhotra of Malhotra Publishing House for publishing the volume almost
magically in a very short period of lime; and to Dr M. S. Sinha, Assistant Executive
Secretary of the Academy for his assistance in editing.

U.S. Srivastava
Editor



AT

—ah

-y

CONTENTS

Foreword
Preface

Development of Science and Technology in India
M. G. K. Menon and Manju Sharma

Indian Agriculture : Accomplishments and Challenges
M. §. Swaminathan

Indian Fisheries : Milestones of Progress
Arun G. Jhingran

The Changing Scenario of Disease Vector Control in India
V. P. Sharma

Exofic Material, Exolic Results : A Trail of Research on Semen {1956-90)

P. M.Bhargava

Molecular Recognition as a Basis for Designing Biosensors
Shridhara Alva, Ratna S. Pandke and Girjesh Govil

Statistics in Genetics
Prem Narain

Progress and Achievemenits in Plant Pathology
Anupam Varma and Jeevan P. Verma

Sustainable Development of Water Resources for Agriculture
N.H.Rao and 5.K. Sinha

Neurosciences : Indian Contributions
FP.N.Tandon

Molecular Basis of Human Cral Cancers
Dhananjaya Saranath and Madhav G. Deo

Recent Developments in the Drugs and Pharmaceuticals in India
N.N.Mehrotra, Sheela Tandon and B.N.Dhawan

Page

vil

25

49

69

84

119

131

147

173

209

234

256



Design and Synthesis of Bioaclive Nucleosides
Dewan S. Bhakuni

Biomaterials : An Overview
V.Kalliyana Krishnan and M.S.Valiathan

Global Warming and Changes in Relative Sea Level
P.K. Das

Monsoon Bynamics
R. N. Keshavamurly and V. Satyan

Extent and Causes of Erosion in the Indian Sub-continent
K. S. Valdiya

Remote Sensing - Physical Basis and its Evolution in india
George Joseph and R. R. Navaigund

Informatics as a Tool for Development : A long Term Perspective
N. Seshagiri

Sixty Years of Cosmology
J. V. Narlikar

Some Aspects of Cosmic Ray Research in India
B. V. Sreekantan

Radic Astronomy and the Structure of Universe
G. Swarup

Progress of Astrophysics in India
J. C. Bhattacharyya

India in Space
{}. R. Rao

Some Experiences from Aerospace Technology and Programme
A. P.J. Abdul Kalam

Defence Research in India
V. 8. Arunachalam

270

293

308

317

336

357

384

409

424

453

471

487

510

526

p -

PR

—m

Advances in Crystallography in India
Krishan Lal and Ajit Ram Verma

Development of NMR Spectroscopy
C. L. Khelrapal and K.V. Ramanathan

Role of Nuclear Fission in the Understanding of the Nucleus
G. K. Mehta

Aluminium -Oxygen - Carbon Derivatives ( Alkoxides, B-diketonates
and Carboxylates)
R.C. Mehrotra and A. K. Rai

Sustained Release Systems Based on Swelling and Shrinking Polymers

Some New Horizons
M. G. Kulkarni and R. A. Mashelkar

CSIR Through 48 Years : A Glimpse
A.P. Mitra

531

551

572

581

611

641



g

Glimpses ot Science in India, Ed. U. S. Srivastava.
&) (1991} Maihotra Publishing House, New Delhi-110 064, India.
i

DEVELOPMENT OF SCIENCE AND TECHNOLOGY IN INDIA

M.G.K. Menon* and Manju Sharma**

The National Academy of Sciences {NASc) was founded in 1930. On the
occasion of its Diamond Jubilee in 1990, when we look back on the past sixty
years, one cannot bul be amazed at the changes which have taken place in the
world of science and technology, which has now become the primary determin-
ing element in the functioning of human society. The advance of science has
been truly revolutionary, covering mathematics, modelling and computational
techniques; astronomy and astrophysics; the structure of matter; science of
condensed matter: nuclear, elecironics and space sciences and technology,
chemistry and material sciences; and our understanding of the structures and
functions of living systems at the molecular and cellular levels; and much else.
These advances in science have brought about new technological capabilities
relating to nuclear energy, lelecommunications, remote sensing, global TV and
radio broadcasting, wide-bodied jet Iransportation, pharmaceutical and health
care syslems, the new age of lelemalics and informatics, instrumentation and
a vast number of fields transformed through the availability of new materials.
The world that we see around us is a product of these new scientilic and
technological capabilities. These have led to rising expectations and aspirations
in society.

During the same period, Indian science and technology has also developed and
in a manner of which we can be proud, over a wide front, with significant
understanding, compelence and capabilities, and largely contemporaneous
with international levels. The development of Indian science and technology
has, on the one hand, been in relation to the great advances that have been
taking place in science and technology in the world as a whole, and on the other
to the compulsions of ensuring thal it is refevant and serves the overall purposes
of Indian national development.

* Member Rajya Sabha and President ICSU, 77, Lodhi Estate, New Delhi-110 003.
** Advisor, Depariment of Biotechnology, Ministry of Science and Technology, New Defhi - 110 003,
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The Historical Background

However significant these advances in Indian science over the past sixty years,
it is imporiant to realize that this was not the starting point of scientific activities
in the country. Since the Indus Valiey Civilization of about 5000 years ago,
scientific thought and innovative ideas have been part of Indian culture, and the
basis of its civilization, throughout its history. There have been greal discoveries
and achievements in India. These include : the decimal place-value counting
system vsing @ digits and the zero; pioneering discoveries in mathematics and
astronomy; development of metallurgical skills of a high order, a holistic and
highly developed system of medicine, Ayurveda, encompassing a comprehen-
sive psychosomatic approach leading to body-mind harmeny, and techniques
for surgery advanced for thal time; the discovery of the process of distiflation in
chemistry; and so on. These are only a few illusirative examples of the glorious
ancient indian scientific past, and this tradition continued through the centuries
that followed. Over 10,000 books were wriiten in India on science and
technology over the six hundred years from the 12th to the 18th century. Indian
manuscripts were translaled into Persian and Arabic, and knowledge firavelled
outwards from India; likewise, india assimilated scientific ideas and techniques
from oulside displaying the open-mindedness and a rational attitude
characteristic of a scientific tradition.

It is clear that Indian civilization over this whole period was characterized by
scientific thought, capabilities and techniques, at levels certainly contemporary
with anywhere eise in the work, and in many cases more advanced. However,
when the Scienlific and Industrial Revolutions took place in the West a few
hundred years ago, there was a period of stagrnation in India because of
developments in society leading to a highly feudalistic structure and internecine
strife. Lack of development over this period was a result of a hierarchic
approach, irrational subjective thinking, and build up of superstitions and super-
ficial rituatism, which acled as a dead weight; the earlier great traditions were
allowed to decay. It was in this state of its society that India came under colonial
domination.

During the colonial British period, development in science and technology did
take place, but basically 1o cater to the requirements of the then existing
government, A number of scientific institutions and organizations were set up
which include : the first scientific and comprehensive survey mapping of the
country; the establishment of a nationwide network of meteorological observa-
tories organized as the India Meteroological Department in 1875; setting up of
the Geological Survey (1851), Archaeological Survey (1867), Botanical Survey
(1890) and Zoological Survey (1916) of India; the discovery of the malaria
parasite by Ronald Ross and transmission of malaria through the anopheles
mosquito; the work of Donovan on Kala-Azar and so on. Colleges of Agriculture
were established from 1880, This institutional framework was largely created for
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scientific investigations in applied areas. This established the traditions of large
scale objeclive surveys, mapping and measurement. An imporiant development
was the founding of the Asiatic Society in 1784 by Sir William Jones, which
started publishing papers from the middle of the 19th century in physics,
chemistry, biclogy and medical sciences.

However, the real Indian awakening in modern science took place through the
efforts of a large number of outstanding Indians, who worked over the three
quarters of the century prior to Indian Independence. These were the products
of the ferment in Indian society which motivated the freedom struggle. They
were greatly influenced by interaction with Western liberal thought, and through
information on the great new developments in science that were taking place in
Europe, following the Scientific and industrial Revolutions.

The Renaissance in Indian Science

In 1876 Mahendra Lal Sircar founded the Indian Association for the Cultivation
fo Science in Calcutta, modelled on the Royal Institution of London. Sircar was
motivated by the patriclic need to have an insfitution where Indian scholars
could by trained in science by Indian teachers, to be able lo carry out original
research in physical and biological science, without foreign tutetage. It was at
this institution that C.V. Raman laler discovered (in 1928) the Raman Effect, for
which he won the Nobel Prize. The Asscciation was the tarch-bearer of a
national effort for the promotion of science in India based on self-reliance.
Asutosh Mukherjee played a pioneering role in enlisting the benevolence of
private benefactors to ensure the accomplishment of original research in univer-
sities. f was because of his vision that scientists like C.V. Raman, S.N. Bose,
Meghnad Saha, S.K. Mitra and others were provided opporiunities and encour-
agement 1o work at Calcutta University and do outstanding research. P.C. Ray
was a pioneer in ushering, through sheer patriolic zeal, an indigenous chemical
and pharmaceutical industry, and epitomized the spirit of Swadeshi.

Jagdish Chandra Bose was the earliest of the pioneers who blazed new trails at
the frontiers of fundamental knowledge. He first worked on the experimental
demonstration of the production and detection of electromagnetic waves of
wavelengths from 5 to 25 mm and establishing their characteristics; this was
around the same period as the great work of Hertz, Rutherford and others. He
later worked on accurate measurements of biophysical parameters relating 1o
plant growth and behaviour, designing very sensitive instruments himself. The
Bose Institute in Calcutta was set up by him. A high point in the development of
Indian science was the work of C.V. Raman in Calcutta, and the discovery of the
Raman Effect in 1928, Raman built a major school in physical sciences in
Calcutta and continued to do outstanding scientific work later in Bangalore at the
Indian Institute of Science and then at the Raman Research Institute, which he
created. Meghnad Saha, a self-laught physicist, was responsible for the Saha
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Theory of thermal ionization, on which is based our understanding of the spectra
of stars: he established the Saha Institute of Nuclear Physics in Calcutta named
after him. The work of S.N. Bose, another outstanding theoretical physicist, led
1o the Bose-Einstein stalistics; and particles following these statistics are called
Bosons. P.C. Mahalanobis was responsible for ushering in researches in theo-
relical and applied statistics in a systematic manner, and their use in areas of
great interest to national devetopment, such as planning; he founded the Indian
Statistical Institute at Calcutta. In chemistry there were many who built up
schools; P. Ray, who worked on coordination compounds, R.C. Ray (chemistry
of boron), P.B. Sarker (chemistry of rare eanhs). and N.R. Dhar, J.C. Ghosh,
J.N. Mukherjee, S.S. Bhatnagar who were the earliest o initiale researches in
physical chemistry. Birbai Sahni, a great botanist, was a pioneer in pataeobo-
tany, who set up what is now the Birpal Sahni Institute of Palaeobotany in
Lucknow. D.N. Wadia, an outstanding geologist, after whom is named the Wadia
institute of Himalayan Geology, did pioneering work on Himalayan geclogy.
Particular mention must be made of the mathematical prodigy Srinivasa
Ramanujan, who had no formai university education; he was a true example of
a genius. In Engineering, M. Visvesvarayya laid the foundations for self-refiance
and self-confidence in taking up large complex projects of dams, irrigation
systems, and the like. There are many other names like K.S. Krishnan, the great
physicist who worked with Raman in the heyday of the discovery of the Raman
Effect and was the first Director of the National Physical Laboratory: K.R.
Ramanathan who also worked with Raman in the discovery-filled years at the
Indian Association for the Cultivation of Science, and was later the doyen in the
fields of atmospheric and radio sciences; T.R. Seshadri a pioneer in the
chemistry of natural products; P. Maheswari the great botanist in Delhi; SK.
Mitra in Calcutta, who was also, with Ramanathan, a pioneer on radio sciences
and upper atmospheric research in India - all these created schools and
students in their areas of specialization.

Apart from these pioneers, there were large numbers of their students who
moved out to various educational institutions and centres for research through-
out the country. Apan from Calcutta, which was initially the most important
nucleating point, centres of scientific importance developed (within present day
India) in Banaras, Allahabad, Aligarh, Delhi, Bombay, Pune, Hyderabad, Wal-
tair, Madras, Bangalore and several other places. To illustrate these wilh
examples from only one field, namely, mathematics, one can name Ganesh
Prasad, Anand Rao, Vaidyanathaswamy, Vijayaraghavan, N.R. Sen, V.V. Nar-
likar, B.N. Prasad, Narsinga Rao, A.C. Banerjee, Ram Bebhari and many others
who themselves made significant contributions to various branches ol mathe-
matics and also, developed a further generation of mathematicians of high
caliber. In physics also one can refer to the great influence of scientists like
Bhagavantam, Asundi and the like and the schools they created in Hyderabad,
Waltair, Aligarh and Banaras. An important point to emphasize is that all of these
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scientific aclivities were more or less wilhin educational institutions and retated
to pure or basic research.

It is interesting to recall that Raja Ram Mohan Roy, in the early part of the last
cenlury, in a well known petition to Governor General Lord Amherst, had
exhorted him to “encourage instruction in scientific subjects and not 1o leave the
minds of youth with grammatical niceties and metaphysical distinctions of little
or no practical use lo the possessors or society.” This was the standing in which
science was held and the potential envisaged for those trained in science to do
practical things of value o society.

During the British period, three major Universilies were established in Calcutia,
Bombay and Madras in 1857. This grew 1o twenty Universities at the time of
Independence. An imporant institulion which has contributed so much to the
growth of Indian Science is the Indian Inslitute ot Science set up in 1911. It was
these which acted as Centres of learning and excellence where science found
a nalur_all place for its development. One of the developments during this period
of renaissance in Indian science was the setling up of various institutional struc-
tures. The Indian Science Congress held its first Session in 1914 .in Calculta
under the auspices of the Asiatic Society of Bengal with Asutosh Mukerjee as
its first President. The National Academy of Sciences, Allahabad was estab-
lished in 1930, the Indian Academy of Sciences, Bangalore in 1934 and the
In_dian National Science Academy New Delhi, in 1935. The Bombay Natural
History Society set up in 1883 has been an institution of great significance in its
area of work, particularly through the massive and wide ranging conlribution fo
the field of ornithology by Salim Ali.

The Ethos of Scientific Deveiopment in the
Two Decades Prior to Independence

in May 1929, the All India Congress Commitiee had passed a Resolution which
essentially emphasized the importance of poverly removal through changes
that would bring about social juslice; two years later, the Congress indicated
approval for a commanding role of the public sector in vital areas of national
dev_elopmem. In this connection ane should recall that economic planning at a
nahonat_ level had started in the Sovist Union in 1927; this created a strong
impression on Jawaharlal Nehru during his first visit 1o Moscow in 1927. it was
thus that, at the later stages of the freedom struggle, fundamental thinking
staried on economic problems of India; the National Planning Committee was
set up in 1938 which had a sub-committee on Science and Technology. As
Chairman of this Committee, Jawaharlal Nehru sent a message to the Silver
Jubilee Session of the Indian Science Congress at Calcutta in 1938, in which he
said: "It _is science alone that can solve the problems of hunger and povery, of
insanifation and illiteracy, of superstition and deadening customs and traditions,
of vast resources running to wasle, of a rich country inhabited by starving






