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Background of
Nidhu Bhushan Memorial Lecture

This lecture was instituted in 1966 by the illustrious metallurgist-
philosopher Late Prof Guru Prasad Chatterjee in memory of his
father Late Nidhu Bhushan Chatterjee. In Nidhu Bhushan, we find
a man who, without being an engineer in the conventional sense,
had the urge to serve mankind through his knowledge of science
coupled with great inspiration derived from his knowledge of
metaphysics. Although he got admission to Bengal Engineering
College through a stiff competitive examination, he could not
complete his studies on pecuniary ground. He wanted to be an
engineer since he believed that one with love for scientific studies
should alone become an engineer who has better opportunities to
prepare himself for better service to his fellow beings.

With strong determination, Nidhu Bhushan, a science graduate,
could raise himself to the position of an Inspecting Accountant in
the Finance Division of Central PWD. He continued to serve the
society never caring for name or fame. Nidhu Bhushan was a firm
believer in the fact that only fundamental discipline in the life can
help man to set around from within to face life without fear or
frustration.
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Technology — A World-Unifying Force

Professor N S Govinda Rao

President Gen. Vohra, Dr. Chatterji, Fellow Members of the Institution, Ladies and Gentlemen:

Let me at the outset thank the President and the Council of the Institution of Engineers (India) for having given
me this opportunity to share my thoughts on this important subject of the part played by technology in unifying
the world.

Before | start with my lecture, | must express my gratitude to my friend Dr. G. P. Chatterji for having instituted
the "Nidhu Bhushan Memorial Lecture” to commemorate the name of his departed revered father Nidhu
Bhushan Chatterji. It is unfortunate | had not the privilege of knowing his father. Knowing intimately as | do,
Dr. Chatterji, and if he is only a chip of the old block I can well imagine how the huge solid block could have
been. Dr. Chatterji is one of the few who have successfully practised the tenets enunciated in the Bhagavat Gita.
He is a true Karma Yogi, true to the definition given for this path:

AN FE FAOT §F TFAT A7 |
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(Ch 11 SI 46)

(Translation - Being steadfast in Yoga, O Dhananjaya, perform actions, abandoning attachment, remaining
unconcerned as regards success and failure. This evenness of mind (in regard to success and failure) is known as
Yoga). A follower of this Karma Yoga has no personal motive for any action. His action without motive
becomes colourless, losing its character of virtue and vice. As stated in the next sloka of the same chapter, it is
the nature of all work to produce bondage, But Karma Yoga is the very embodiment of it dexterity of work".

AT FAY ATEY

Any work dope by a Karma Yogi automatically becomes the very means by which freedom from all bondage is
achieved. It is like using a thorn to remove a thorn. It is in this spirit of a Karma Yogi, Dr. Chatterji has made
this endowment. The same Gita, (Chap. 17, sloka 20) describes the various types of gifts. It says “to give is
right- gift given with this idea, to one who does no service in return, in a fit place and to a worthy person, that
gift is held to be Satt-Vika”. This gift is something unique, in as much as it can be considered as an ever lasting
tribute to this great Institution of ours and that by a man like Dr. Chatterji who stands great, head and shoulders
above all of us. Sir, we are grateful to you for this gift. In remembering you the donor, I assure you, we will not
forget to pay our tribute to your worthy father of a worthy son. | was told that the subject to be chosen for this
lecture must be related to Science, Philosophy and Spiritualism. | hope the subject of today's lecture,
Technology- A World-Unifying Force, meets this requirement.

It has been truly said that all human activity tems from a desire for happiness. This quest for happiness has gone
on ever since man came into existence. Many have given up the attempt as hopeless. It was, | think, Lord
Buddha who said to be born is to be miserable. At the time of birth, the yet to be born babe depends for its very
life and future happiness on the midwife. During the first five years, the child has to depend entirely for its
happiness on its mother and those that are near her. When the boy enters school, he has to submit himself to the
discipline of the teacher who largely moulds his career for his future happiness. When the youth joins a
profession for a living and settles down to a family life, his happiness is dependent on his boss in the profession
and his partner at home. When the old infirm man retires, his happiness is dependent on the assistance he
receives from his children and often on the family doctor as well. After his death, the decent burial of his body
depends on the goodwill of those he has left behind. So it is, that from the time of inception of birth, to the
termination of his physical existence, man has to depend for his happiness on somebody or other. The solution
offered by Lord Buddha was that your actions and the motives ehind your activities should be such that they do
not lead to your rebirth. As already mentioned, the same advice is also offered in the Bhagavat Gita. But then
how many can follow this advice? Not one in a million.

Another solution of this problem for getting happiness has been put forth by our ancient Rishis. It has been
stated that happiness is a state of mind. As long as the mind is kept free from all desires, there is nothing that can
disturb the serenity of the mind. It is the mind thatis the root cause of all unhappiness. All agitations of the mind
start with desires. It may be desire for more and delicious food, attractive clothing, luxurious and comfortable
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homes, and a thousand other necessities, to better satisfy our physical wants. Desires may arise from
psychological dissatisfactions - desire to put down another because he is getting on better than us, desire to take
away the wealth of another because he is richer than we are and so on. Saints live in isolated caves, up on the
Himalayas, on the Vindhyas, in Danda Karanya, near burial grounds, perfectly happy with whatever they get to
keep body and soul together, utterly free from all desires. This solution can only be of theoretical interest to
most of us.

Other saints, to name only a few, Swami Ramakrishna, Swami Vivekananda, Swami Ramadas and others have
told us that it is perfectly in order to have desires — as long as desires are not allowed to dominate your mind to
cloud your power of judgement. To be in the world yet to be out of it is the path to perfection.

To be in the world is to live fully enjoying all the bounties of nature, Exploitation of these natural resources for
the benefit of man is the work of the technologist. Planning the use of these resources is done by the scientist.
The design and development of the products is the work of the engineer. The actual fabrication in a form to be
used is the work of the technician and the craftsman. Thus technologists, who comprise of scientists, engineers
and craftsmen, have promoted the well-being of man, to such an extent that today men are striving to live for
ever, if only to enjoy all the physical pleasures.

Men, who have achieved worldly success even to an extent when they can practically get anything they want
complain they are not bappy. That is because, saints tell us, such men are unable to remain mentally unaffected
by such successes. They are not "out of the world" that is they cannot remain beyond the orbit of worldly
influences. Many saints have demonstrated by actually living a life of detachment while quite busy in all human
activities that a perfect synthesis of physical activities and mental control is quite feasible. Mabatma Gandhi, in
recent times can be cited as an example.

This synthesis of activities, consummation of physical desires coupled with mental detachment need not
necessarily be confined to a few persons. This unification whic is synonymous of synthesis which is the step
leading to perfect happiness is a world movement. How far technology has been successful in the evolution of
such a world order of universal plenty and peace is the theme of my lecture today.

There is a very large school of thought composed of persons like me (shall | say you also) who think by the
attainment of objectives which for the moment they are lacking will give them perfect happiness. If he is sick,
his one desire is to get well. He thinks he has only to get wen to be happy. If a man is suffering from poverty, he
desires to acquire wealth so that he can be happy. If he is a subordinate in an office, his desire is to become one
day an officer, so that he can acquire the power to do what he likes without being questioned and thus be happy.
It is mostly by the striving of these persons who were dissatisfied with their present condition and desired to be
happy by acquiring what they thought they lacked, technology has grown.

One of the earliest revolutions in technology must have been in the production of food. Man was at first
dependent on the flesh of the animals, on the fish of the rivers and the seas, on the tubers and fruits of the forest.
This was a precarious method of sustenance as his very existence depended on the vagaries of rainfall and other
climatic conditions. Quite often he must have gone without food. It was only natural, a desire should have arisen
to make himself free from such predicaments. He liked to grow and store food which he could use whenever he
liked.

He began to grow crops by sowing seeds. Procurement of food was a full time occupation. He had hardly any
leisure to do anything other than searching for food. From this primitive stage, we have now come to a stage,
when in a country like U.S.A. only nine per cent of the population can grow enough food to feed the entire
country and thus set free the remaining 91 per cent to take to other avocations. Not only that, we are now
consuming greater varieties of food, rich with vitamins and high in their calorific and energy contents. We can
preserve them for days, weeks, months and years in warehouses, silos and bins, in cold storages, in tins and
cans, and even as tablets. Technology has advanced to such an extent that it is now possible to grow food in
places where growth of any plant was considered impossible. This has lead to migration of population from one
area of the world to another. People from Europe went to the Americas, Australia, Africa and to Asia to grow
coffee, tea, cocoa, sugar-cane, cereals, oil seeds and many other crops. People from Africa and Asia also
migrated but more often they were taken in chains to slave for their white rulers as labourers. Whatever the
reasons, history records that there was a great intermingling of population. In course of time, today, people
whose original home was in diverse parts of the world have not only united together in the newer continents but
have learnt to coexist without Kkill ing one another. The force generated by the development of technology of
growing, processing, storing and cooking food have unified the world to many common habits. Over ninetyfive
per cent of the population eat practically the same types of food, thus indicating a certain unity in food habits.
Just to quote an example, many Indian dishes and condiments can be found on the dining tables in European
countries. Many European delicacies, vegetables and fruits have found their way to Indian homes. This is true
not merely of India but of all countries of the world.
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The progress made in the production and utilisation of clothing - which is one of the essential requirements of
man has been equally remarkable. These technological advances have stemmed from the desire to be free from
the effects of variations of temperature and humidity and to prevent giving cause to intemperate outbursts of
lust. As a result of our advances in textile technology, there is a world unification in the materials we use for our
clothingleather, wool, cotton, silk and artificial fibres. All countries import or export or do both textiles of
various materials, colours, textures, finishes, stitched and unstitched. This has promoted a common desire to
trade peacefully between man and man in the goods that are essential for our living.

The other primary need of man has been housing. In the dawn of history, man lived in caves, on tops of trees,
and other places exposed to ravages of the sun, wind, and rain, the dangers of wild animals and reptiles.
Naturally he desired security against these forces. In addition he desired security not only for himself, but also
for his family, his possessions, and in some cases his community against attack from his enemies. This desire
was the incentive for building houses, forts and villages enclosing groups of houses. The technology of town
and country planning, and the building of structures for dwelling and other purposes has made great strides since
then. The technology of village construction has lead to unifying hundreds to live together within its boundaries.
There are several cities which have unified thousands and millions of people to live together peacefully within
the compass of their limits. They have united to have common sources of power, water-supply, roads, transport
services and the like. Technology has developed now to an extent when it is possible to construct one single
multistoried building to bring hundreds of people within its roof so as to live together in amity and peace. Great
strides have been made since the advent of the primitive man, in the use of materials for constructing structures -
mud, bricks, stone, cement, steel, timber, paints, plastics, glass and a host of others, in the size and methods of
construction and in the planning and design of different structures for different uses. Huge temples and churches
bring masses of people together. Materials useful for construction are moved over long distances, sometimes
from one part of the world to another. This force generated by the development of this technology has embraced
in its orbit the entire world as it has been responsible to bring about a common understanding in our living in
our homes, villages, cities, countries, that is in the entire world.

Next in importance to housing is the technology of water resources development. The desires to lead a healthy
life, to grow more food, to harness power so as to lessen the drudgery of work, have been the main motivating
forces for development of technology in this field of activity. In the past, wells, lakes and rivers were the main
motivating forces to bring people together to live in villages. As technology advanced, reservoirs were built,
huge canals were excavated and often gigantic pumps were installed. These activities created forces which
brought together thousands and millions united in their sole purpose of exploiting these resources for
development of irrigation, navigation, flood control, fisheries, drinking water supplies, sanitation and the like.
Huge hydro-electric projects have been developed which have generated the motivating force for bringing large
numbers of people together to develop industries. When the technology of its conversion to steam was mastered,
the pace of progress towards unity of manjumped from its snail-speed to that of the mail train. It became the
force to bring thousands together to work in factories, in railways, ships and other transport undertakings.

Other successes In technology were the discovery of coal, metallic ores, oil and gas below the ground and their
exploitation to a million uses. A systematic technology was developed to find the various natural resources a
vailable on and below the earth. Thus started the development of the earth sciences of geology, mineralogy,
geophysics, botany and the like, the life sciences of biology, zoology, ecology, etc., the basic sciences like
mathematics, physics, chemistry and so on, and the applied sciences like engineering and medicine with all its
branches, the social sciences like economics, and sociology, and the mental sciences like psychology. There was
a knowledge explosion which widened and deepened to the farthest limits of understanding almost to the
boundary where the mind dissolves to exist as such. Humanity as such has yet to reach the boundary. Millions
are today united in their purpose of exploiting nature for the benefit of man. Millions and millions of men have
had their desires to possess many things fulfilled. The scientist, the manufacturer and the consumer have all
been brought together. This impressive development in the technology of our understanding, application, and
processing of the bounties of nature, specially during the present century, has accelerated our ideas of
community living in peace and harmony from that of the mail train of the railways to the speed of the jet plane
and the satellite. We have yet to reach the speed of light, - we are hopelessly far behind when it comes to
synchronising our physical movement with the speed of thought. Our progress in this field is still in its infancy.

When walking was the only method of transporting both himself land his possessions, we can very well imagine
the suffering the primitive man must have gone through, perspiring heavily under the hot sun or shivering to the
bones exposed to the blast of a cold piercing wind. Maybe, he was compelled to undertake this journey to meet a
near and dear one lying on his death bed about to breath his last. Maybe he had to run away from a foe out to
kill him. Dear audience, | leave to your imagination, how intense, how burning could have been the desire of
this primitive man for wings, for a magic carpet, for anything that could take him to his destination in an instant
of time. He started training the horse, the donkey, the camel, and the bullocks. This desire for better and better,
faster and faster means of movements on the roads, on the seas, up in the clouds in the air, has been the
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foundation for development of a technology whose progress specially in the last decade has been breathtaking.
The following table taken from 'Science and the future of Mankind' by Huge Boyke (published by Uitgeverij Dr
W Junk- Den Haag 1961) gives an idea of the shrinking of our planet by man's speed to travel round the globe.

Year Time needed Means Area traversed

500,000 B.C. a few hundred on foot over —
thousand years land and ice-

bergs
20,000 B.C. afew thousand on foot and a small val-
years canoe ley, foreshore
of a lake

3,000 B.C. a few hundred small sails, smallpartsof
years paddles, relays a continent.

of runners
500 B.C. a few tens of big sail ships big parts of
years with paddles, continent

horses, relays with coastal
of runners, colonies
carts; camels

and riders

1,500 A.D. a few years big sailing big parts of
ships with com- continents

pass with trans-
oceanic
colonies
1,900 A.D. a few months steam boat, -do-
railway ( Suez
Canal, Pana- ’
ma Canal)

1925 A.D. a few weeks Steam boat, Whole conti-
railways, auto- nents
mobiles, and
airplanes

1950 A.D. a few days Steam and pet- the globe
rol boats, rail-
ways, automo-
biles, jet planes

1960 A.D. a few hours Steam boats, globe -
railways, auto-
mobiles, space
rockets

1963 A.D. a few minutes Space satellites globe

1967 A.D. ~do- ~do- globe and
the moon (?)

We are able to start today from one part of the globe and be in yesterday at another part. We have come to a
stage when we have to revise our ideas of time. So much force has this development created, that any number of
persons from one country is pushed to the other areas of the globe. People are brought together in trains, buses,
ships and in planes. Development of tourism has been the means of welding peoples of different nations
together in having not only common means of locomotion but also common habits of wearing dresses, taking
food, and sharing ideas.

Along with solving the problem of quicker movement of his family and his belongings, the early man must have
been equally worried about communicating his thoughts to others. History has recorded instances when persons,
after a long and dangerous voyage across the seas landed in a strange land, met the inhabitants, and tried to tell
them of their predicaments. These have been mistaken, for hostility and they have been beheaded. At the instant
when the axe was to fall on the neck of one of those heroes of the seas, the fervour, the anxiety, the intensity
with which he should have wished he knew the language of his enemies can hardly be described. Even the
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English language with all its developments of a rich vocabulary of words can hardly describe the desire of this
innocent yet condemned man. The history of the development of the technology of communications of thought
starting probably from signs and a few sounds to the present day development of the radio and the television is
thrilling. What would have taken hundreds of years, for thought to travel from one end of the globe to the other
(globe as it was known in those prehistoric days), it is now possible not only to communicate the same thoughts
but even to transmit the photograph of the man from whom the thoughts originated in the matter of a few
seconds.

The number of spoken languages must have been legion at one time, gradually reducing to a few hundreds when
the art of writing was invented. Each spoken language united a few. The groups knowing languages which were
both spoken and written were naturally greater in numbers. With the development of technology of the printing
press, the type-writers, the telex services, and the shorthand, and photography, millions of copies of books,
magazines, journals, and newspapers are produced. Millions of people have been brought together. They speak
the same language, many of them read the same newspapers, and a good many the same books and journals.
Development in the technology of' translation service, documentation and library service has further forged
greater unity in the methods of communicating one another's thoughts.

Coupled with this development, there has been even more astounding progress in the movement of the thoughts
translated into the written word. Long past are the days when letters were carried on horseback from one place
to another at great cost. With the development of the paise postage, the trains and the planes, the movement of
the written word quickened. It became incredibly faster with the development of the telephone, the radio and the
television. Millions and millions are brought together. They can not only converse easily with one another but
also have a common share in the enjoyment of radio, televisron and other programmes. The force with which
people have been brought together by the progress in this field has been a force to reckon with. It has made a
substantial contribution towards forging a one world.

The desire to live as long as possible (if not for all time to come) and to be free from all ailments is an
instinctive one. Love of life takes its birth with life itself. At first man thought he could get over disease by
propitiating tbe gods with sacrifices of men and cattle. He also found that decoction from certain herbs, and
sometimes surgery of the affected parts cured him. From these crude beginnings, grew the highly sophisticated
art of surgery, and the science of medicine with its innumerable branches of pharmacology, pathology,
biochemistry, etc. Doctors and hospitals have been the focal points for bringing men together. Medicines, drugs,
and the special foods for the infants, the invalid and the convalescent are manufactured in millions of bottles.
Every improvement of technology in medicine has enhanced the expectation of living. The myth that life of a
man was three score and ten was exploded long time back. The force of this technology has brought within one
fold, practically the entire humanity to take to one system of medicine, to offer themselves to injections and
surgical treatment again of one system, and to carry out vigorously measures advocated by these doctors to
protect themselves from the attack of diseases.

Apart from these desires which are basic to our very existence, there are others which arise out of admiration for
one's own physical body. Every man, specially women, want to look young and attractive. Out of this desire, the
technology of cosmetics, perfumes, soaps, and the like took its origin. The innumerable make-up of the hair,
diverse types of costumes and dresses, myriad patterns of jewellery, and similar activities have all come up
because of the desire of every person to fight against the aging forces of nature. This desire common in every
human being has been the main motivating force to bring together millions wearing the same types of hair, using
the same types of cosmetics, soaps, jewellery, costumes and dresses and a thousand other articles. Persons can
now change the colour of the hair, remove the hair and put on new makeup, remove wrinkled skins replacing
them with fresh ones, replace broken or ugly parts with lovely looking plastic ones, or the like; wear costumes
which emphasise only such features which they wish to exhibit, or put on powders, scents and jewellery which
make them look young, lovely and attractive. Every advance in this technology has brought revolutionary
changes in the exterior appearance of persons, and has given them satisfaction, though often of a temporary
nature.

Another natural desire of every man is to work as little as possible, if not avoid working altogether under
compulsion. The compulsion in most cases is to work to maintain himself and his family. As already mentioned
before, the early races of men spent practically all their time in moving about acquiring food. The desire to
escape this drudgery lead to the technology of the development of simple devices like the wheels of the cart, the
pulley, the spinning wheel, the pikota (Persian wheel) and the like. From these simple devices, we have moved
on to the present age of automatic machines and computors. There are computors which can do calculations in
an hour what a thousand men cannot do in their life-time. There are machines which can do in one day, the work
of thousands of labourers. There are machines for practically every conceivable job. This has given man plenty
of wealth - many times more than he could ever hope to earn by his manual labour, and in addition, lot of
leisure. He is now the master of his own time practically every week end, and also for many full days in a year.
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No one can dispute that the development in this technology of making machines to increase productivity has
brought happiness to millions. This force has brought into existence mass production methods, has brought
down prices of articles within the reach of more and more of the population. It has reduced the daily drudgery of
cooking, washing and cleaning. This has been responsible in unifying the peoples of the world in using articles
produced by such mass production methods, in adopting methods which reduce drudgery of work, and in
increasing productivity in divers other ways.

Man is impatient especially when he is hungry and poor. The desire to possess wealth, women or other means of
enjoyment or to acquire power over his fellow being has been the cause for many battles. In the early years, this
covetousness lead to duels, to bloody fights between groups of tribals, to battles between kingdoms and later on
to wars enveloping the whole world. The progress of technology of war, has also been indirectly a progress in
bringing unity amongst groups of people. Wars were fought by hurling stones, with bows and arrows, with guns
and shells. Technology has so much advanced that wars are fought today with every instrument that can be
devised by the ingenuity of man. It is fought on land, on the seas, below the seas, in the air, and in fact at any
place, at any time. War is fought not merely by raining bombs and shells between two armies. The entire
civilian population is involved. People of one group of countries, millions and millions of them get united with
one and the only object of winning the war against an equally determined set of people in another group of
countries. In the short space of a few years a war lasts, stupendous advances in technology are made in the
methods of mass destruction, in medicine and surgery, in increasing the speed of movement of weapons of war
on the land, on the seas and in the air. There is terrific advance in every branch of knowledge. After each war,
man gets repentant of his cruelty and exhibition of his basest and the meanest of his qualities. During this
century as a result of one war, the League of Nations was born which was an attempt at world unification. At the
end of the second war, the United Nations was born which is even a better attempt at world unification.
Technology has far advanced after the Second World War. Atomic and hydrogen bombs have been made in
such numbers and sizes that they can destroy the entire mankind. Guided missiles have been developed which
are certain to convey these monsters of destruction to their destination. Nothing can halt them. Pathogenic
bacteria, poison gas, the death rays, and other sure and deadly weapons have been developed. These
developments have generated a force so great that it has firmly and securely united the thinking of all men of the
world (except a few stupid Chinese) not to precipitate another war. This force of technology of waging wars has
no douht wrought terrible destruction. It should not be forgotten that it has been equally powerful in acting as a
deterrent against future wars and in binding all people to work in the paths of peace.

Our machine age, while reducing our hours of work, has also brought in its wake, the problem of using our
leisure. The desire to enjoy leisure without getting bored, has lead to the development of the technology of the
fine arts. The art of writing and reading of books, music, painting, sculpture, dancing and the drama, have
thrived from time immemorial. This century has seen the advent of the photographic arts, tbe movies and the
television and the radio. In addition tbere are the museums of various types, zoos, aquariums, archealogical
monuments and the like which fascinate us. Then we have circuses, sports at national and international levels
which display the physical might and skill of men. Development of tourism, whether it be as a pilgrimage or for
merely sight' seeing bas been the means of bringing people together. Huge hotels, motels, the choultries (free
lodging houses) have also contributed in forging unity in the eating habits of the people. In the past, the
enjoyment of the fine arts and its related activities mentioned above was the exclusive privilege of the kings and
their selected few. With the advances made in this field of technology, it is now within the reach of everyone.
Millions and millions hear the same music on the radio, see the same sights on the television sets, enjoy the
same sights of the works of art, or of the animals in a zoo or the fish in an aquarium. Copies of the same book
are read by millions. These have been responsible for bringing unity in our tastes, in the appreciation of the fine
arts, and the like.

The world has given birth to a gifted few from time to time who have convulsed it by their discoveries in the
field of science and technology. These discoveries have been the result not of any ego centred (selfish) urge to
secure immediate possession of what they think they require to complete their happiness, but of an inordinate
urge to satisfy their curiosity. They are ever after finding out the why and wherefore of the many physical
phenomena happening in Nature.

Archimedis wanted to know how he could distinguish pure gold from its alloys. Newton wanted to know why
apples of all sizes fall to the ground with the same speed. The great astronomer Varahamira Charya wanted to
know how he could exactly predict the advent of the rainy season for sowing seeds, by fixing the exact time
taken by the earth to go round the Sun. The great discoveries of Sir Jagadish Chandra Bose, Sir C.V. Raman, Sat
yen Bose, and many other Indians and others like Darwin, Faraday. Maxwell, Einstein come under this category.
The result of these discoveries has been to tear away superstitions and dogmatic beliefs perpetuated by the many
successors of the great founders of religion. If all the rituals and blind beliefs associated with each religion, is
torn off leaving only its essence, as Swami Ramakrishna pointed out one will be astonished to find that the
experience of the TRUTH has been the same by all religious leaders. Technology has shown conclusively that
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the wrath of gods are not responsible for thunder and lightning, the storms on the seas, the ravages of plague,
cholera and small pox, and a thousand and other events which in the past struck terror into the hearts of the
people. The progress of technology in exposing irrational beliefs has been impressive. This desire to know the
why and wherefore of things which is synonymous with the technology of scientific method of thinking, has
generated a force which has united most of us into a common way of thinking objectively without heat and
without fear on all- problems that affect the well-being of humanity.

Again desires of the noblest and the most exalted kind has been the motivating force of the god's chosen few to
become leaders to spread His message of ‘Shanti’ (peace) and ‘Prema’ (universal love) to one and all.
Technology followed by these leaders for spreading their message has varied from time to time. This is one
technology where it is difficult to assess whether there has been any progress in its application. Each leader has
adopted a technique which was most effective in the period and the environment in which he lived. Each leader,
Christ, Mohammed, Buddha, Shankara, Ramakrishna, Ramadas and many others have been responsible for
unifying millions and millions of people to one particular way of thinking. This force is easily the mightiest of
all the other forces. In fact this is the one and the only force which can bring everlasting happiness to one and
all.

We have seen, how every phase of technical activity has lead to unification of groups of men, the size of the
group and the duration over which this grouping lasts, varies from one type of technology to another. We have
also the other side of the picture. The modern developments in technology have lead to systematic and ruthless
exploitation of man by man. It has created slums in cities. Economic independence is now enjoyed by youth,
male and female by getting employment at an early age at a salary which enables them to live in greater luxury
than their parents. The widespread knowledge of family-planning methods, and the smaller size of present day
families have raised the physical standards of living in material comfort. It has also given greater freedom from
restraints which our old economy and culture imposed on the moral and social activities of the youth. It has lead
to occupational diseases like blood pressure, heart attacks and mental disorders as a result of rise in pressure of
work and other anxieties which go with. it in a competitive world. Death and injury by accidents in factories, in
travelling by rail, cars, planes and other means of fast movement have increased. This has also resulted in a
psychological revolution in thinking. Everybody wants to have the best of everything, with no regard to how it
hurts others. This overemphasis on one's own ego has naturally lead to indiscipline everywhere - indiscipline in
family life - the children caring a straw for the advice of their parents, the students defying their teachers and
elders, the employees breaking all discipline and creating chaos in their relations with their employers and so on.

Inspite of these many failings, man today is more alive and more responsive to the appeals made for living in
peace and harmony with one another. We have seen, how every transient desire of man has lead, in the course of
history, into a new technological development. We have also seen how everyone of these developments has
generated a force with which it has forged one more link in the chain which binds us all together. No two men
are identically the same in height, weight, personality, nor are they identical in their requirements of food,
clothing, housing, for that matter even in their thinking. Such a mass of diversity is being welded, as though
piece by piece, by every technological advancement, ultimately to form the ONE, from which our saints tell us,
we have come. There is no doubt, peoples of the world are all moving fast towards their ultimate destination -
the realisation of the same ONE in all of us who has within HIM the fountain which quenches for ever our now
unsatisfying desire for eternal perfect happiness.

OM Shanti. Shanti. Shanti.
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1. Introduction
My co-partners in the technological revolution, Ladies and Gentlemen-

I am indeed honoured by being invited to deliver the Second "Nidhu Bhushan Memorial Lecture™ instituted in
the memory of the great soul Nidhu Bhushan Chatterji, father of our dear friend Dr. G. P. Chatterji.

My task has been rendered difficult by the stature of both the personalities late Shri Nidhu Bhushan himself and
my predecessor Prof. N. S. Govind Rao who delivered the first Lecture last year.

Prof. Govind Rao, a veteran educationalist and a man of profound thought, has emphasized Technology as a
World Unifying Force. I, however, propose to highlight the enormity of technological advance that is trying to
engulf humanity which is not prepared for it.

The speed with which technology is advancing is such that beth the, technologists and the society are slower to
recognise it's implications and to doubt whether it is good for mankind or whether it will lead to the destruction
of it. There is, therefore, a heavy responsibility that devolves on the technologists to create a society, to
regulate, it and channelise the results of technological inventions, resulting in overall betterment and happiness
of mankind.

| have, therefore, drawn profusely on the writings of humanists, leaders of society, great technologists and
scientists, to analyse the future trends in social environments in the West and to compare it with that in the
underdeveloped countries in the East.

Let me, therefore, share my thoughts with this august body.
THE TRILEMMA

Our civilization faces three great dangers. The first is destruction by nuclear war, the second is being crippled by
over population, and the third is the Age of Leisure.

If the first happens, people will know what to do. Most of the civilization may be destroyed, but not all
mankind; even some pockets of "white" people will survive here and there. This will face the survivors with a
familiar problem, one can perhaps call it an archetypal situation, for which man is psychologically well
prepared. As a beetle which has dropped into a glass seems to gather new strength every time when it slips back
to the bottom, man will start scrambling up vigorously towards what will then appear as a lost paradise.

If the world is stricken with overpopulation, people will also know what to do. It will be a harsh world, with
hard work and strict discipline, and with very little freedom. But though such a crippled life runs contrary to
some of man's basic instincts, we know, alas, that men can survive as slaves. So long as the daily bread is a daily
victory, there will be enough incentive left to survive.

Only the Age of Leisure will find man psychologically unprepared. Leisure for all is a complete novelty in
human history. There have been small earthly paradises before, such as Samoa, or Bali, where people worked
little and were satisfied with what they had. The new technological paradise in which the work of a small
minority is sufficient to keep the majority in idle luxury is an entirely different matter. It is not yet with us, but it
is coming towards us with rapid strides. This is what J. M. Keynes, casting his eyes a few generations ahead,
wrote of it in 1930.

We notice with dread the readjustments of the habits and instincts of the ordinary man, bred into him for
countless generations, which he may be asked to discard within a few decacies. Must we not expect a general
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nerbous break-down? We already have a little experience of a nervous breakdown of this sort which is already
common enough in England and the United States amongst the women of the well-to-do classes, unfortunate
women, many of them, who have been deprived by their wealth of their traditional occupations - who cannot
find it sufficiently amusing, when deprived of the spur of economic necessity, to cook and clean and mend, yet
are quite unable to find anything more amusing. To those who sweat for their daily bread leisure is a longed-for-
sweet until they get it.

Material prosperity and the cold war have made the cost-war world entirely different from the epoch between
the two wars. These two factors are of course closely connected, in more than one way. It is a sad but
undeniable fact that the enormous military expenditures make it much easier for the West to maintain a
satisfactory level of employment. It is also a fact that there is little left now of the torpor, of the sleeping
sickness of the inter-war years. The cold war is perhaps the best answer found so far for that 'Moral Equivalent
of War' for which William James asked - but evidently it cannot be the final answer.

The reaction of the intellectuals to the post-war epoch was also somewhat different. They are mostly aloof, but
looking back this can be considered as progress. We do not know of anything in modern poetry as violently
hostile to contemporary life, as was the poetry of T. S. Eliot, which so perfectly fitted the mood of the young
people between the two wars. We also find much more benevolence towards humanity in younger historians
than there was in Spengler or in Toynbee. Still, it is not difficult to sense the disgust of the intellectuals at the
new prosperous working class, ‘with their eyes glued to the television screen’, who have become indifferent to
radical ideas.

The creative imagination we are talking of works on two levels. The first is the level of-social engineering, and
the second is the level of vision. Both have lagged behind technology, especially in the highly advanced
Western countries, and both constitute dangers.

The present sum of working hours in the West, especially in the United States, is in no way in conformity with
the level of our technology. It is kept up artificially, in the first place by enormous defence expenditures, and in
the second place by waste. This is only partly a waste of products; to a much larger extent it is waste in
unproductive man-hours. The last is summed up in Parkinson's law: "Work automatically expands so as to fill up
the available time.' The tool-pushers who have become unnecessary change into paper-pushers whose numbers
can grow beyond any limit because they can always give work to one another. Yet one may be inclined to
consider this growth not as a tumour, but as a healthy reaction of a virtuous society, in which people have been
brought up to work not only to earn money, but also as they want to feel useful, and to keep their self-respect.
Nobody has planned the growth of bureaucracy and of office work in general. It has come about by the
unconscious wisdom of the social organism, which can be as admirable as the wisdom of the body, but who can
be happy with a prosperity based on defence expenditures, waste and Parkinson's- Law. It can be considered as
dangerous, not because it is artificial - but because it is unstable. It is a makeshift device .which will collapse in
all probability, and its collapse might lead to war, unless there is the vision to guide us into a stable state.

Some may also argue that the situation today is entirely different because both the Americans and the Russians
want to preserve peace. We would even go a step further and credit the leaders on both sides with the best
general intentions. Unfortunately, this is far from enough. Let me quote what P. M. S. Blackett said on this
point.

"l have not the slightest doubt that the main danger today is not from the rational act of responsible statesmen,
but is due to essentially irrational acts of irresponsible, frightened, humiliated, revengeful or just mad people- or
perhaps, more likely still, from the confused actions of well-meaning people overwhelmed by complex
circumstances beyond their mental or moral ceiling."”

This is not a Utopia, neither is it a forecast of the future. We cannot predict the future, nor can we imagine a
world' so perfect that it would deserve to remain unchanged forever.

We will start by reviewing the material and social state of our world, in which the greatest dangers and strongest
trends are not difficult to detect. They are thetrends towards self-destruction by war, by overpopulation, racial
deterioration and instability created by a technology which has taken the bit between its teeth. We take for
granted that everybody will agree that these are undesirable trends, however divergent the opinions may be
regarding the means of avoiding them. No progress could be made just by fighting present evils without
pointing out goals, we will scan, however imperfectly, the future trends of the triple problem and by implication
the role of technologists in creating or solving the same.

2. THE FUTURE OF COMPUTERS

The computers themselves and the methods of using them are still developing at breakneck speed. The use of
tunnel diodes may raise their speed by a further factor of a hundred. The high-speed memory capacity of the
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machine - which is now one of the major limiting factors - may be much increased by working at very low
temperatures where the electrical resistance of metals entirely disappears. Early in 1964 the Radio Corporation
of America claimed to have produced such a store which can memorise, the equivalent of about 5,000 decimal
digits on a piece of material 2 inches square and a ten-thousandth of an inch thick.

The computer's memory works at present on what is known as the 'address' system. That is to say, in order to
recall a particular piece of information when required, the programme must specify a number that identifies the
particular pigeon-hole in which the information is stored. The process is like that of obtaining one's coat from a
cloakroom by presenting a numbered ticket. If the ticket is lost, one gets the attendant to search by giving such
clues as: "It is a raincoat; light brown; beltless; rather dirty at the collar. | handed it in just before seven, while
you were having an argument with a man who sported a ginger moustache.” And with this information the
attendant finds the coat - not by knowing where it is, but by knowing that it is associated with the properties like
'light brown' and 'dirty round the collar'. The human mind, when solving a problem, uses its memory in a way
that is much closer to this method than to the numbered ticket syntem. "An Associate Memory System" (as it is
called) if' less precise than an address system, but much more flexible; it lies at the root of the more creative
aspects of thinking, when the mind searches associations to discover something that might be relevant to the
problem in hand. Already computer stores can be arranged to reproduce some very simple cases of finding
information by association - they could solve the problem of the lost cloak-room ticket if it were worth the
trouble. And we have the prospect that the associative stores will in the future greatly increase the complexity of
problems that computers can tackle, bringing them closer to human ways of thinking.

We are, therefore, only at the start of the computer age. In the not very distant future we may have computerised
information system that store all the knowledge of the world's libraries, and can produce any piece of it on
request, not only when we can say exactly what we want, but also (using associate stores) when we can say
rather vaguely the sort of thing we want (for example, ‘any facts or any speculations by others that might help
me to understand why literary researches by computers have concentrated on theological questions." We may
have other machines fed with up-to-the-minute data on all that is going on in industry, agriculture and
commerce, continually analysing and collating this information, and ready at a moment's notice to provide the
essence of any part of it, in order that some economic decision can be taken on a fully rational basis. At present,
computers which have been instructed in the little we know about, how weather systems develop are giving
modest help to forecasters. In future we may tell our meteorological computer what we know, feed it continually
with new information on temperatures, pressures and the like, and leave it to discover trends in weather
development which the complexity of the data would prevent us from finding out for ourselves, Computers
storing all the medical information about the population (assuming greatly improved health services, so that the
medical state of every individual is thoroughly known) could give us far greater powers in the control and
prevention of disease. Already there are demonstration machines that can obey instructions given verbally,
provided one speaks carefully and sticks to a vocabulary of a dozen words or so. In future a computer may
'listen' to the speeches at an international conference and almost instantaneously speak the translations in other
languages. And in all this we have again done no more than predict that computers will enable us to do
efficiently and speedily things that we already do clumsily and slowly. But surely, when we really come to
understand them, they will also help us to do things that at present we cannot even imagine.

Already computers are relieving us of much of the drudgery of routine brain work. And soon this sort of mental
hack-work will be entirely taken over by — electronic slaves. Whether computers do (or will in future) think is
probably a meaningless question. But certainly they can do for us a very great deal of the work that we do by
thinking and will be able to do much more. We can imagine the time coming when the scientist or scholar at
work on a piece of creative thinking has the input and output connections of a computer at his elbow. Some new
idea requires a lot of mental hack-work to test and develop it. But instead of devoting his brain-power for the
next few weeks or months to this low grade drudgery, he speaks to his computer. By virtue of its superior speed,
the computer gets through this hack-work in a few seconds and tells him the result, and he can get on with the
next creative step in his work.

All this does not mean that we shall be encouraged to become mentally lazy. On the contrary one has to think
much harder to provide the problems that are to keep the computer going. Its function is not to reduce the
amount of our thinking, but to relieve us of the simpler types of mental work and so leave us free for more
creative thought, while at the same time greatly increasing the effectiveness of the whole process.

3. SCIENCE AND VALUES

With Tolstoi and Aldous Huxley, and to a lesser extent even Swift and Wells, the focus of interest shifts from
the aesthetic to the ethical aspects of science. Science itself depends for its life on the prior acceptance of certain
fundamental values such as the value of curiosity and learning. the value of truth, the value of sharing
knowledge with others, the value of respect for facts, and the value of remembering the vastness of the universe
in comparison with the finite knowledge of men at any particular moment. Historically, such values have been
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held by outstanding scientists. One thinks of P. W. Bridgman's well-known dictum that - "in the face of the fact,
the scientist has a humility almost religious", or of Newton's description of his own work as the play of a child
with pebbles on the shores of the ocean of knowledge, or his reference to the sharing of knowledge with others
by describing his own achievements as being due to his having stood "on the shoulders of giants". Beyond such
evidence, it could perhaps be shown that the cumulative work of science could not go on if any of the values just
listed were rejected.

As science rests on certain values, so do almost all values depend on knowledge, and thus to some extent in turn
on science, if they are to proceed from the realm of words to that of action. This implies a circular chain of
causation or a feedback process, as do many processes of social and cultural development. To act morally is in
one sense the opposite of acting blindly. It is acting in the presumed knowledge of what in fact it is that we are
doing. Almost every significant action of this kind implies serious assumptions in some field of science. To love
one's neighbor requires at the very least that we find out where and who our neighbor is. If we are to respond to
his needs we must first ascertain what his needs are and what action in face is likely to be helpful to him. To
feed the hungry requires first of all the ability to distinguish food from poison, as well as the ability to provide
food or produce food when needed. The same principles apply, of course, to clothing the naked or healing, the
sick. Indeed, it can be said that perhaps no action can be evaluated as good or bad without some knowledge or
surmise about its consequences.

Attempts at hermetic separations of science from values are thus bound to fall. Science without at least some
values would come to a dead stop; ethics without at least some exact and verifiable knowledge would be
condemned to impotence or become an engine of destruction. Much of the anxious discussion of international
politics between statesmen and atomic scientists, or between the so-called schools of "idealism™ and "realism"
among political writers, hinges upon the discrepancy between the strength of the moral convictions involved and
the poverty of reliable knowledge of the probable consequences of the proposed courses of action.

The relationship of science and values thus implies a double question: the mutual interrelation of science and the
general values of a civilization; and the relationship of a specific state of scientific knowledge to the pursuit of
specific purposes or policies. The first of these problems, the general relationship of science and value, and thus
to some extent of truth and goodness, leads us close to the heart of every civilization within which it is
examined. If convinced as mutually incompatible, science and values may frustrate or destroy each other,
dragging their civilization towards stagnation or decline. As a mutually productive and creative partnership,
science and values may suceed in strengthening each other’s powers in a self-enhancing pattern of growth,
rendering their civilization increasingly open and able to learn from the hopes and dreams of the individuals
within it, as well as from the universe around it.

We might, similarly decide to bet on the potential goodness rather than on the potential evil of knowledge, arid
concentrate on providing a human and social-environment for science, in which its constructive possibilities are
likely to, be realized. It is possible, of course, to imagine extreme situations for some times and places in which
the short-term potentialities for destruction might seem so great in the case of a particular invention or
discovery, and the prevailing political regime might seem so unlikely to avoid its suicidal misuse, that a policy
of temporarily restricting, delaying, or withholding such knowledge might appear as the least of several likely
evils for the time being. Even granting all these assumptions, however, such a policy of fear of knowledge
would have to be viewed as extremely transitory and exceptional in any modern technological civilization that is
to continue to advance or indeed to survive. A civilization so prone to commit suicide that it could be saved only
by concealing from it the means of it own destruction would not endure for long. Rather, for the-long run and
for most conditions that are likely to occur, we might do better to adopt the opposite assumption; that any
modern civilization that is to endure will have to learn how to live with its new knowledge of its vast means of
destruction.

4. CRISIS OF OUR THERMO-NUCLEAR AGE THE COSMIC CIVILIZATION

Man's scientific knowledge has crossed the Rubicon today: it has ultimately stamped its invincible m~rk of
domination over the entire domain of the mysteries of Nature — the so-called baffling and bewildering
mysteries, which the great English dramatist Shakespeare interpreted thus: "there are more things on this earth
and in heaven than are dreamt of in thy philosophy......". The suprascientific know ledge of man, having tamed
the awsome elements of material realm, has soared higher to unmask the hitherto known as the eternally
cloistered mysterious face of space and succeeded in criss-crossing the entire mighty expansion of unlimited
cosmos. The space has been conquered and modern man, guided and inspired by the great leader-teacher,
Science, is out to set up an inter-planetary civilization, after conquering space. While we are out to usher in a
splendidly unique inter-planetary civilization, guaranteeing free and unrestricted space’ communications
between our earth and the distant planets, including Moon, we have not been able to guarantee safe and free
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traffic flow between London, New York, Tokyo, Bombay and their suburbs. Is this not irony of human
evolution!

SPIRITUAL DISINTEGRATION

The theme of the drama of our modern life is indeed, of the coming closer and together of men and of the human
society becoming something of ‘cosmos'. Nevertheless, we are daily getting disintegrated amid all the factors
that can contribute to the grand integration of the human world. It is the result of our perverted scientific genius,
which again tends to lead us to a stagnant state of spiritual and ethical bankruptcy. "The giant strides, Science
has taken in the physical, natural, industrial, mathematical and technological spheres have left in their wake a
proud world bereft of social and moral values - a world forgetful even of the existence of a person God, the Sole
Author of every Science."

Bergson, in a well-known phrase, has said that modern man needs "a bit more soul”. Ours is a soul-less
civilization of mechanical temper. The spirit that dominates the life of modern man is the spirit of the machine.
Like an unbridled and unsaddled wild horse, like an over-drunken gladiator, modern science has become the
greatest terror to man. Terror-stricken, the peoples of the world have had to witness a newly planned immense
advancement of the means and arts of an inner decay, which through the hardening of the moral sensibility,
precipitates the complete suppression of every sentiment of humanity and rushes them towards a darkening of
reason and deadening of the soul.

If we are to re-build our civilization, we have first to build again the walls that have been pulled down. The
science, philosophy and art will once again recover their lost significance. Without the recognition of an end
which totally transcends this world, science can only become a system of idols; philosophy can only
contemplate the meaninglessness of human existence; art can only disintegrate into fragments; politics will
continue in its fostering of the germs of Cold War; and economies will go on fer getting the ethical maxim that
man does not live by bread alone. "Attempt at international solidarity can yield fruit only if the doctrine of the
Brotherhood of Man is supported by an ethical belief in the Fatherhood of God."”

The irony, however, is that we refuse to recognize our inner values and llke a perverted child. would go on
crying for the moon - to achieve the unachievable. We have, dogmatic-ally, been changing to the final image of
a scientific civilization which breeds 'crisis after crisis. The 'result is that our modern age has become a crisis-
laden nge in — a problem-ridden world. As soon as one crisis is being bridged over, another crisis raises its hood
of poison.

5. ATOMIC HOLOCAUST
If an insane world '‘power chooses to destroy United State-of America, it will estimate as follows:

1. To kill 60 per cent of the U.S. population (about 120,000,000 people): 500 10-megaton bombs dropped on
centres of industry.

2. To destroy 100 per cent of the port capacity of the U.S.: Forty 10-megaton bombs (400 megatons total)
dropped on ports

3. To destroy 100 per cent of petroleum refinery capscity of the U.S. : 150 10-megaton bombs dropped on
petroleum refineries.

4. To destroy 90 per cent of U.S. heavy industry: 300 10-megaton bombs (3,000 megaton total) dropped on
centres of such industry.

5. To burn out about 10,000 square miles of vegetation: One 10-megaton bomb. Under very "favourable”
conditions in the forest area a single 1-megaton bomb would burn out about 8,000 square miles.

6. To burn all vegetation on 50 per cent of the U.S. land area: an attack with a total of about 7,500 megatons of
weapons. (Estimates are extremely variable: the area that would be burned out in a 1,500-megaton attack has
been estimated at from 5 to 80 per cent of the total U.S. area).

7. Tho destroy by fall-out radiation the usefulness of 91 per cent of U.S. crop land and to destroy 95 per cent ot
hog production, 94 per cent of milk production and 88 per cent of all cattle: an attack totalling 23,000 megatons
on combined military and population targets.

Taking into account these effects (which assume that bembs are delivered to different targets with complete
accuracy), the probable inaccuracy of missile (which is rather small), and the different possible patterns of
attack, we can arrive at a general estimate of the overall destruction. An attack of 5,000 to 10,000 megatons
would not immediately "wipe out" the nation; some people (about 30 per cent), and some food-producing
capacity (something less than 50 per cent) would remain. A heavier attack — at the 23,000 to 25,000 megaton
level which might be possible in the 1970s — would reduce the surviving proportions of people and industry to
perhaps 10 per cent of their former value. "Total" obliteration, at least as an immediate consequence to attack,
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would require a considerable increase over the 25,000 megaton level. It might be achieved by radiological
warfare involving deliberate land contamination with cobalt 160, or by a 23,000 to 25,000 megaton attack
followed by intensive chemical and biological warfare.

But these numbers do not tell the whole story. A major nuclear attack could not only drastically reduce the size
of the surviving population, but would also markedly change its composition. Because of the uneven
geographical distribution of people engaged in various professions, those occupations most important in national
recovery would be especially hard hit. Thus a 2,000 megaton .attack could kill 73 per cent of the nation's
architects, 69 per cent of the chemists, 62 per cent of the physicians, 72 to 86 per cent of various kinds of
engineers (with the exception of mining engineers), 64 per cent of all machinists, 76 per cent of tool and die
makers.

Expchc!.1"ure on military reaearch
and develcpment, all derence depariments
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loce +» 19&]) 218 .o L4800
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it had more than dJdoubled 1n ten years. (£:28 dollors "al  the
current e,xc'nunﬁe rate .

6. OVERPOPULATION

For anybody who wants to look into the future the unexpectedness with which the problem of overpopulation
has burst upon us after the Second World War is sobering, and even discouraging.

One may look at the unforeseeable turn which world population trends took shortly after 1935, as shown by the
graphs on the next page and by the following figures:

Year 1920 1930 1940 1950 1960
World Population in millions 1,810 2,013 2,246 2,495 2,970

If one had extrapolated these figures in the year 1940 to the year 2000 with the rate of increase between 1930-40
one would have arrived at 4.4 billion, taking into account the decreasing rate from 1920 to 1940, the result
would have been nearer 3.5 billion and this was indeed at that time the figure considered as the most reliable
estimate. Repeating the calculation in 1960 the estimate would have been almost 6 billion on the basis of the
rate of the last ten years, and almost 7 million, taking into account the increasing rate in the last twenty years.
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This is sufficient to caution anybody who wants to make a forecast even for the relatively short span of forty
years. Only one thing is certain, the population of the world is increasing at an alarming rate.
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It is clear from the graphs of birth and death rates, we must distinguish between two very different types of
population growth. One is the population "explosion"” in the backward countries, which is due entirely to the fall
of the death rate, and at steady or even slowly falling birth rates (It is entirely wrong to think that these poor
natives have indulged in an orgy of procreation). The other type is the upsurge of population in the industrially
most advanced countries, due to an unexpected increase of the birth rate at a very low and still slowly dropping
death rate. Around 1930 it was expected that the population of the United States would level out around 145
million. It has already topped 186 million.

If we want to look far ahead we can consider the poulation explosion in the backward countries as a tragic but
temporary phenomenon. The population of India, for instance, grew between 1950 and 1955 at the rate of 5
million a year, in the next five years at the rate of 7 million, and the present growth has been put at 10 million.
The Indian population was about 345 million in 1947, but in 1966 it reached 480 million and in spite of frantic
efforts the agricultural development has lagged far behind this rate. Barring a succession of bumper harvests or
greatly increased foreign food supplies one must expect many millions of Indians and other Asiatics will suffer
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from starvation before the end of the century. But however tragic this may be, one can consider it as a passing
phenomenon. Sooner or later, with increased industrialization and education the birth rate will fall to adjust
itself to the lower death rate. This process is well on the way in Japan, where the birth rate was cut in half but
not before the population of those small and infertile islands had risen to 92 million, and the density of
population to more than 4,600 per square mile.

The crucial question is at what density the equilibrium will be reached: at the Malthusian starvation level, or at
something more worthy of the dignity of man? This is why we must scrutinize the situation in the advanced
countries rather than that in the backward regions. Thirty years ago, at the time when Margaret Sanger agitated
for a "birth strike" one would have confidently predicted that the population in the rich countries would become
steady at the level which was actually reached around 1950, and that the individual would fully benefit from the
progress in national wealth. This has now become more than doubtful. It has turned out that in our healthy and
virtuous civilization people whose livelihood is assured, and who could think of new and rare luxuries, have
turned back instead to the simple pleasure of their ancestors: the joy of having large families. But this is just the
one luxury our civilization cannot afford. Our ancestors could afford to have many young children around them
because they paid a price for it which we would not be willing to pay viz, seeing many of them die young. At
our stage of hygiene and medicine, large families — of an average of about 2-3 children per family — are
synonymous with a rapidly increasing population.

We can call the increase of birth rate in the advanced countries a defence mechanism against the Age of Leisure,
and this is what it is, not only socially but individually and psychologically. Nobody can doubt this, who knows
young American middle-class couples with 4-6 children. Rich as they are measured by world standards, it.
means a sacrifice to them, but what is this compared with the necessity of giving an outlet to the tremendous
energy of the young American woman? As regards the men, when asked what workmen would do with more
leisure time, the American labour union leader - Walter Reuther, replied characteristically : They would have
more time for their kids. This is an admirable reply and it is painful that one has to comment that in a
civilization, in which child mortality is almost non-existent, adult people will have to look for other pastimes
than playing with young children.

Almost everybody will agree that overpopulation will have to be stopped by birth control - some time.

Admittedly, the first stages of the fight against hunger are beautiful and inspiring. Reclaiming land from the sea,
as the Dutch have done for centuries, or turning the desert into orange groves as the Israelis are doing now,
brings out most of the best in men. But these are ancient techniques. To show what new technologies might do;
let us think for a moment a little science-fiction of the nastiest sort.

Assuming that at some time in the future, reason will prevail all over the world, an agreement may corrie about
on the optimum population density. The area which a man requests for his food may have been about one square
mile in the time of the nomadic hunters, it has shrunk to about half an acre with modern methods of agriculture,
allowing a — population of about 1,300 per square mile of fertile land. By-this measure the U.S. with about 60
persons per sq. mle. is grossly underpopulated. Europe with 716 is still comforfable, while-the "ECAFE" region
(Asia and the Far East, east of Siarn) with 9.75 in an area which contains many deserts, is critical, and Japan
with 4,600 p.sq.mle. is overpopulated by any standard. About 10-15 per cent of the world’s population of 3
billion suffer from chronic under-nouzishmerit, about half from malnutrition, by monotonous food deficient in
proteins and vitamins. Solving this problem by redistribution of the populations, such as allowing the Chinese to
flood into Siberia or into the Americas, and the Africans into Europe could be contemplated only in a nightmare.
Feeding the excess millions — at least 1000 but possible 3000 million by the end of the century —will have to
be achieved, in the areas where they are now, with as much help from the few surplus producing areas of the
world as possible — but there is scant hope that the problem will be satisfactorily solved. At the best there wiil
be a stunted, under-nourished population in the Far East, but at tbe worst a great part of the excess population
will becondemned, to death by, starvation.

But even if it were possible to feed, say 6 billion people according to modern-health standards, nobody could be
satisfied with it, except perhaps the people who still remember starvation — so long as they remember it. A
hungry man wants nothing but food, but the man with a full belly asks far more, or else he is not a man. The
modern European asks for a car per family — the American for two large cars — with garage, parking places,
and a little free road between bumper and bumper. Everybody knows that he is frustrated even in these modest
demands. The private car is undoubtedly an expression of personal freedom, or at any rate it was so intended. It
was not expected to be the last invention in the line of personal freedom. Between 1900 and 1931 every self-
respecting Utopian writer gave private helicopers to the men of the future, even before it was invented. The
helicopter is now invented, engineered and safe, but there can be no question of private helicopters except in
very sparsely inhabited places. Overpopulation has blocked a fine avenue for adventure before it was ever open.
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Modern man also wants playing fields, golf courses, football fields, tennis courts. Will these be declared
antisocial as they occupy areas where wheat or corn could grow? He also wants to see a little of unspoilt nature,
and this is where frustration strikes him worst. Not so long ago there was much beautiful free country within
walking distance of New York, Paris, London and Bombay. The motor-car has made everybody, who could
afford it, flee the cities - some of them masterpieces of human culture which may soon change into slums - and
ribbondevelopment, and cluttered up the approaches for miles and miles.

For a prosperous civilization even the Western population density is already well beyond its optimum. This was
not obvious so long as only a very small fraction of the population could travel, but now millions can afford it,
and it is pitiful to behold the masses which are ushered as fast as possible through the Piazza San Marco or the
Louvre, or who try to enjoy themselves in the seaside places, but hardly able to get a glimpse of the sea.

We are going the wrong way, as fast as we can, the East into starvation, the West into frustration. At the
moment the best we can hope is that the East following the example of Japan will stop its headlong rush into
famine. In the West we cannot even start to preach reason. How can we persuade these nice, loving and lovable
young people to forego the pleasure of large families? If not even the danger of the hydrogen bomb can change
their mind, what hope is there of persuading them without coercion? This is a grave question to answer.

7. POLLUTIONS OF ENVIRONMENTS AND RESPONSIBILITY OF SCIENTISTS
High productivity results in high undesirable waste products and pollution of air, water and soil.

According to report by the Committee on Pollution, National Academy of Sciences, we need to plan for a
complete transformation of urban waste-removal systems, in particular to end the present practice of using water
to get rid of solid wastes. The necessary technological problems involved are so complex that the report
recommends, as an initial step, the construction of a small pilot-city to try out the new approach.

The high productivity of American agriculture, and therefore its economic structure, is based on the use of large
amounts of mineral fertilizers in which phosphate and nitrate are major components. This fertilizer is not
entirely absorbed by the crops and runs off into streams and lakes. As a result, by nourishing our crops and
raising agricultural production we help to kill off our lakes and rivers. In the absence of any foreseeable means
of removing fertilizer run-off from surface waters, it will become necessary, to impose severe restrictions on the
present unlimited use of mineral fertilizers in agriculture. Proposed restraints on the use of synthetic pesticides
have already aroused a great deal of opposition from the chemical industry and from agriculture. Judged by this
response, an attempt to regulate the use of mineral fertilizers will confront us with an explosive economic and
political problem.

And suppose, that the accumulation of carbon dioxide begins to threaten the entire globe with catastrophic
floods. Control of this danger would require the modification, throughout the world, of domestic furnaces and
industrial combustion plants, for example by the addition of devices to absorb carbon dioxide from flue gases.
Combustion driven power plants could perhaps be replaced with nuclear ones, but this would pose the problem
of safe disposal of massive amounts of radio-active wastes and create the hazard of reactor accidents near
centres of population. Solar power, and other techniques for the production of electrical power which do not
require either combustion, or nuclear reactors, may be the best solution. But, here too, massive technological
changes in all industrial nations will be needed.

The problems of industrial and argicultural pollution, while exceedingly large, complex, and costly, are,
nevertheless, capable of correction by the proper technological means. We are still in a period of grace and if we
are willing to pay the price, as large as it is, there is yet time to restore and preserve the biological quality of the
environment. But the most immediate threat to survival — nuclear war — would be a blunder from which there
would be no return. We know of no technological means, neither from civil defence or counter-offensive
warfare, which could reliably protect the biosphere from the catastrophic effects of a major nuclear war. There
is, only one way to survive the threat of nuclear war — and that is to ensure that it never happens. And because
of the appreciable chance of an accident nuclear war, we believe that the only way to do so is to destroy the
world's stock of nuclear weapons and to develop less self-defeating means of protecting national security.
Needless to say the political difficulties involved in international nuclear disarmament are monumental. It is said
that U.S.A. had a stock pile of 60,000 megatons capacity of nuclear weapons and Soviet Russia having about
20,000 to 30,000 megatons.

Despite the dazzling success of modern technology and the unprecedented power of modern military systems,
they suffer from a common and catastrophe fault. They provide us with a bountiful supply of food, with great
industrial plants, with high-speed transportation, and with military weapons of unprecedented power - but they
threaten our very survival. Technology has not only built the magnificent material base of modern society, but
also confronts us with threats to survival which cannot be corrected unless we solve very grave economic, social
and political problems.
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How can we explain this paradox? The answer is, that our technological society has committeed a blunder
familiar to us from the nineteenth century, when the dominant industries of the day, especially lumbering and
mining, were successfully developed — by plundering the earth’s natural resources. These industries provided
cheap materials for constructing a new industrial society, but did so by accumulating a huge debt in destroyed
and depleted resources, which has to be paid by later generations.

The earlier ravages of our resources made very visible marks, but the new attacks are largely hidden.
Thoughtless lumbering practices left vast scars on the land, but thoughtless development of modern industrial,
agricultural and military methods only gradually poison the air and water. Many of the pollutants — carbon
dioxide, radioisotopes, pesticides and excess nitrate — are invisible and go largely unnoticed until a lake dies, a
river becomes foul, or children sicken. This time the world is being plundered in secret.

The earlier depredations on our resources were usually made with a fair knowledge of the harmful
consequences, for it is difficult to escape the fact that erosion quickly follows the deforestation of a hillside. The
difficulty lay not in scientific ignorance, but in wilful greed. In the present situation, the hazards of modern
pollutants are not geenrally appreciated until after the technologies which produce them are well established in
the economy. While this ignorance absolves us from the immorality of the knowingly destructive acts that
characterized the nineteenth-century raids on our resources, the present fault is more serious. It signifies that the
capability of science to guide us in our interventions into nature has been seriously eroded — that science has,
indeed, got out of hand.

In this situation, scientists bear a very grave responsibility, for they are the guardians of the integrity of science.
In the last few decades searious weaknesses in this system of principles have begun to appear. Secrecy has
hampered free discourse. Major scientific enterprises have been governed by narrow national aims. In some
cases, especially in the exploration of space, scientists have become so closely tied to basically political aims as
to relinquish their traditional devotion to open discussion of conflicting views on what are often doubtful
scientific conclusions.

What can scientists do to restore the integrity of science, and to provide the kind of careful guidance to
technology that is essential if we are to avoid catastrophic mistakes? No new principles are needed; instead
scientists need to find new ways to protect science itself from the encroachment of political pressures. This is
not a new problem, for science and scholarship have often been under assault when their freedom to seek and to
discuss the truth becomes a threat to existing economic or political power. The internal strength of science, and
its capability to understand nature, has been weakened whenever the principles of scientific discourse were
compromised, and restored when these principles were defended. The medieval suppressions of natural science,
the perversion of science by Nazi racial theories, Soviet restraints on theories ot genetics, and the suppression by
U.S. military secrecy of open discussion of the Starfish project, have all to be paid for in the most costly coin,
knowledge. The lesson of all these experiences is the same — if science is to perform its ‘duty to society, which
is to guide, by objective knowledge,” human interactions with the rest of nature, its integrity must be defended.’
Scientists must find ways to remove the restraints of secrecy, to insist on open discussion of the possible
consequences of large-scale experiments before they are undertaken, to resist the hasty and uncondition support
of conclusions that conform to the demands of current political or economic policy.

RESPONSIBILITY OF SCIENTISTS

Apart from these duties towards science, scientists have a responsibility in relation to the technological uses
which society derives from scientific progress. The proper duty of the scientist to the social consequence of his
work can be fulfilled neither by aloofness, nor by an approach which arrogates to science the social and moral
judgments which are the right of every citizen. Scientists are now bound by a new duty which adds to and
extends their older responsibility for scholarship and teaching. We have the duty to inform in keeping with the
traditional principles of science, taking into account all relevant data and interpretations. This is, an involuntary
obligation to society; we have no right to withhold information from our fellow ctizens, or to colour its meaning
with our own social judgments.

Scientists alone cannot accomplish these aims, for despite its traditional and independent scholarships, science is
a dependent segment of society. In this sense defence of the integrity of science is a task for every citizen. And
in this sense, too, the fate of socience as a system of objective inquiry, and therefore its ability safely to guide
the life of man on earth, will be determined by social intent. Both awareness of the grave social issues generated
by new scientific knowledge, and the policy choices which these Issues require, therefore become matters of
public morality. Public morality will determine whether scientific inquiry remains free, P'ublic morality will
determine at what cost we shall enjoy freedom from insect pests, 'the' convenience of automobiles, or the high
productivity of agriculture. Only public morality can determine whether we ought to entrust our national
security to the catastrophic potential of nuclear war.

The Justitution of Hngineers (India)



The Second Nidhu Bhushan Memorial Lecture was delivered during
the Forty-eighth Annual Convention, Ahmedabad, February 13, 1968

There is a unique relationship between the scientist's social responsibilities and the general duties of citizenship.
If the scientist, directly or by inferences from his actions, lays claim to a special responsibility for the resolution
of the policy issues which relate to technology, he may, in effect, prevent others from performing their own
political duties. If the scientist fails in his duty to inform citizens, they are precluded from the greatest acts of
citizenship and lose their right of conscience.

In recent times the gap between traditional moral principles and the realities of modern life has become so large
as to precipitate, beginning in the Catholic church, urgent demands for renewal — for the development of
statements of moral purpose which are directly relevant to the modern world. But in the modern world the
substance of moral issues cannot be perceived in terms of the casting of stones or the theft of a neighbour's ox.
The moral issue of the modern world are embedded in the complex substance of science and technology.

Nowhere is this more evident, or its solution more urgent, than in the case of nuclear war. The horribleness of
nuclear war can only be described in scientific terms. It can be pictured only in the language of roentgens and
megatonnage; it can be understood only by those who have some appreciation of industrial organization, of
human biology of the intricacies of world-wide ecology. The self destructiveness of nuclear war lies hidden
behind a mask of science and technology. It is this shield, which has protected this most fateful moral issue in
the history of man from the judgment of human morality. The greatest moral crime of our time is the
concealment | of the nature of nuclear war, for it, deprives humanity of the solemn right to sit in judgment on its
own fate; it condemns us all, unwittingly, to the greatest dereliction of conscience.

The obligation which our technological society forces upon all of us, scientist and citizen alike, is to discover
how humanity can survive the new power which science has given to it. It is already clear that even our present
difficulties demand far-reaching social and political actions. Solution of our pollution problems will drastically
affect the economic structure of the auto industry, the power Industry, and agriculture, and will require basic
changes in urban organization. To remove the threat of nuclear catastrophe we will be forced — at last — to
resolve the pervasive international conflicts that have bloodied nearly every generation with war.

Every major advance in the technological competence of man has enforced revolutionary changes in the
economic and political structure of society. The present age of technology is no exception to this rule of history.
We already know the enormous benefits it can bestow, and we have begun to perceive its frightful threats. The
political crisis generated by this knowledge is upon us.

Science can reveal the depth of this crisis, but only social action can resolve it. Science can now serve society by
exposing the crisis of modern technology to the judgment of all mankind. Only this judgment can determine
whether the knowledge that science has given us shall destroy humanity or advance the welfare of man.

8. THE BIOSPHERE

What we know about living things and about the biosphere — the community of life in the environment — is
that they are exceedingly complex, and that this complexity is the source of their remarkable staying power. The
web of relationships that ties animal to plant, prey to predator, parasite to host, and all to the air, water, and soil
which they inhabit, persists because it is complex. An old farmhouse practice is a simple illustration of this
fundamental point. Farmers who keep cats to control the ravages of mice find it necessary to offer the cats a
doorstep feeding. Only if the farmer provides this alternative source of food can the cats withstand a temporary
shortage in the mouse supply and remain on hand to catch the mice when they reappear. A stable system that
will keep mice in check must comprise all three components: cats, mice and domestic cat food. This principle is
well established in environmental biology: anything which reduces the complexity of a natural biological system
renders it less stable and more subject to fatal fluctuations.

The biosphere is closely governed by the connections among its numerous parts. The connections which
comprise the biological food chain, for example, greatly amplify the effects of environmental pollution. If soil
contains one unit of insecticide per gram, earthworms living in the soil will contain 10 to 40 units per gram, and
in woodcocks feeding on the earthworms the insecticide level will rise to about 200 units per gram. In the
biosphere the whole is always greater than the sum of its parts; animals which absorb one insecticide may
become more sensitive to the damaging effects of a second one. Because of such implifications, a small
instrusion in one place in the environment may trigger a huge response elsewhere in the system. Often an
amplification feeds on itself until the entire living system is engulfed by catastrophe. If the vegetation that
protects the soil from erosion is killed, the soil will wash away, plants will then find no footholds for their seeds,
and a permanent desert will result.

It is not surprising, then, that the introduction of any killing chemical into the environment is bound to cause a
change somewhere in this tangled web of relationships. For this reason, and because we depend on so many
detailed and subtle aspects of the environment, any change imposed on it for the sake of some economic benefit
has a price. For the benefits of powerful insecticides, we pay in losses to bird-life and fish. For the conveniences
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of automobiles, we pay in the rise of respiratory disease from smog. For the widespread use of combustible
fuels, we may yet be forced to pay the catastrophic cost of protecting our cities from world-wide floods. Sooner
or later, wittingly or unwittingly, we must pay for every instrusion on the natural environment.

DANGEROUSLY INCOMPLETE KNOWLEDGE

There is considerable scientific disagreement about the medical hazards of the new pollutants: about the effects
ot DDT now found in human bodies, about the diseases due to smog, or about the long-range effects of fall-out.
But the crucjal point is that we have risked these hazards before we knew what harm they might do. Unwittingly
we have loaded the air with chemicals that damage the lungs, and water with substances that interfere with the
functioning of the blood. Because we wanted to build nuclear bombs and kill mosquitoes, we have burdened our
bodies with strontinum-90 and DDT, with consequences that no one can now predict. We have been massively
intervening in the environment, without being aware of many of the harmful consequences of our acts until they
have been performed, and the effects - which are difficult to understand and sometimes irreversible - are upon
us. Like the sorcerer's apprentice, we are acting upon dangerously incomplete knowledge. We are, in effect,
conducting a huge experiment on ourselves. A generation hence — too late to help — public health statistics may
reveal what hazards are associated with these pollutants.

To those of us who are concerned with the growing risks of unintended damage to the environment, some would
reply that it is the grand purpose of science to move into unknown territory, to explore, and to discover. They
would remind us that similar hazards have been risked before, and that science and technology cannot make
progress without taking some risks. But the size and persistence of possible errors has also grown with the
power af science and the expansion of technology. In the past, the risks taken in the name of technological
progress, boiler explosion on the first steamboats, or the early injuries fromr adium, were restricted to a small
place and a short time. The new hazards are neither local nor brief. Air pollution covers vast areas. Fall-out is
world wide. Synthetic chemicals may remain in the soil for years. Radio-active pollutants now on the earth's
surface will be found there for generations, and in the case of carbon-14, for thousands of years. Excess carbon
dioxide from fuel combustion might eventually cause floods that could cover much of the earth's present land
surface for centuries. At the same time the permissible margin for error has become very much reduced. In the
development of steam engines a certain number of boiler explosions were tolerated as the art was improved. If a
single comparable disaster were to occur in a nuclear power plant or in a reactor-driven ship near a large city,
thousands of people might die and a whole region rendered uninhabitable — a price that the public might be
unwilling to pay for nuclear power. The risk is one that private insurance companies have refused to underwrite.
Modern science and technology are simply too powerful to permit a trial and error approach.

It can be argued that the hazards of modern pollutants are small compared to the dangers associated with other
human enterprises. For us, the fall-out hazard is, for example, much smaller than the risks we take on the
highway or in the air. But what of the risks we inflict on future generations? No estimate of the actual harm that
may be done by fall-out, smog, or chemical pollutants can obscure the sober realization that in each case the risk
was undertaken before it was fully understood. The importance of these issues to science — and to the citizens
— lies not only in the associated hazards, but in the warning of an incipient abdication of one of the major
duties of science — prediction and control of human interventions into nature. The true measure of the danger is
not represented by the present hazards, but by the disasters that will surely be visited upon us if we dare to enter
the new age before us without correcting this basic fault in the scientific enterprise. And if we are to correct this
fault, we must first discover why it has developed.

9. THE COMING CONQUEST OF SPACE

Let us look into the future. The space we have started to explore is vast, almost beyond imagination. To get an
idea of it, let us consider a scale model in which the Earth is represented by a globe 6 inches in diameter. The
distance across the Solar System on that scale is about 90 miles. The Luniks and Rangers have shown that we
can reliably send instruments the mere 16 feet to the Moon. Beyond that, we still depend on a great deal of luck,
but Mariner Il sent back infomration about Venus from a distance of some 750 yards, and our record so far is
the signals from the Soviet Mars probe at 1,400 yards. As to manned flight, the three-man team of October 1964
circled this 6-inch globe a mere fifth of an inch above its surface! Obviously we have a long way to go before
we can master the exploration of even the Solar System.

Yet it seems clear that space journeys throughout the Solar System can be achieved by the development of
techniques of rocketry we already know, or perhaps using nuclear-powered rockets, ion rockets or photon
rockets which we can visualise theoretically now and may put into practice soon. But we cannot yet say how
long it will take — whether a manned Moon-landing will be achieved by 1970 as the Americans hope, or within
the following decade; whether men will visit Mars and Venus this century or next. Having studied the
persistence with which the little creature "man" has made the Earth his own, we can hardly doubt but that he
will in due course also make the Solar System his own. No part of it would be habitable in its natural state. But
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similarly few parts of the Earth's surface would have been habitable to the primitive men with whom we began.
Just as our ancestors developed techniques which enable us to live almost anywhere on Earth, so our
descendants will develop the new techniques that will allow them to live beyond the Earth. And within a few
centuries there may well be human colonies on Mars and Venus or on the satellites of bigger planets — perhaps
even colonies living in open space. We must resist the temptation to speculate on the new opportunities and new
problems that will face them.

One thing, however, is certain. They will not, within the confines of the Solar System, meet any other intelligent
life. But then the Solar System is, as it were, only our own back-yard in space. Our Sun is just a typical member
of a family of about 100,000 million stars which we call the Galaxy — a conglomeration of stars in the form of
a disc, bulging a bit at the middle, and something like 6,000 million miles across even on our reduced scale! Of
course our own Galaxy is just one of millions upon millions of other galaxies, which stretch out to distances a
hundred thousand times as great again, and probably much more. But let us be content with our own Galaxy -
the city of stars in which our Solar System is just one house and garden. Though we are very far yet from any
positive knowledge on the subject, theoretical considerations suggest that a very large number of these stars
should have planets providing environments rather like that of the Earth — 600 million of them according to a
recent sober estimate — and very probably intelligent life will have evolved there.

What are our chances of visiting these distant planets and getting to know their inhabitants? This is a very much
tougher proposition than anything we have considered so far. For the distance to even the nearest star has gone
up by a factor of thousands or tens of thousands compared with distances inside the Solar system. Even on our
reduced scale, with the Earth 6 inches in diameter, this nearest star would be 300,000 miles away — and so far
we've lifted Gar natural state. But similarly few parts of the Earth's surface would have been habitable to the
primitive men with whom we began. Just as our ancestors developed techniques which enable us to live almost
anywhere on Earth, so our descendants will develop the new techniques that will allow them to live beyond the
Earth. And within a few centuries there may well be human colonies on Mars and Venus or on the satellites of
bigger planets — perhaps even colonies living in open space. We must resist the temptation to speculate on the
new opportunities and new problems that will face them.

One thing, however, is certain. They will not, within the confines of the Solar System, meet any other intelligent
life. But then the Solar System is, as it were, only our own back-yard in space. Our Sun is just a typical member
of a family of about 100,000 million stars which we call the Galaxy — a conglomeration of stars in the form of
a disc, bulging a bit at the middle, and something like 6,000 million miles across even on our reduced scale! Of
course our own Galaxy is just one of millions upon millions of other galaxies, which stretch out to distances a
hundred thousand times as great again, and probably much more. But let us be content with our own Galaxy —
the city of stars in which our Solar System is just one house and garden. Though we are very far yet from any
positive knowledge on the subject, theoretical considerations suggest that a very large number of these stars
should have planets providing environments rather like that of the Earth — 600 million of them according to a
recent sober estimate — and very probably intelligent life will have evolved there.

What are our chances of visiting these distant planets and getting to know their inhabitants? This is a very much
tougher proposition than anything we have considered so far. For the distance to even the nearest star has gone
up by a factor of thousands or tens of thousands compared with distances inside the Solar system. Even on our
reduced scale, with the Earth 6 inches in diameter, this nearest star would be 300,000 miles away — and so far
we've lifted Gar-garin and his followers a fifth of an inch towards this journey! If we got our rocket away at
25,000 miles an hour (on the real scale this time) after overcoming the gravity of the Earth and then of the Sun -
which would be a very tall order by present standards - it would still take 100,000 years to reach this nearest
star, which is hardly a practical proposition.

This calculation was made on the assumption that we should be using rockets which, like our present ones,
could only have their engines running for a few minutes, and must coast for the rest of the journey. If we could
create space ships whose engines would run continuously for years on end, then they would be steadily
accelerating all the time; and even with very modest engine power, they would reach such enormous speeds that
journeys to other stars would become quite feasible. Such rockets are quite impossible at present. And even if
we assume perfectly efficient use of the best energy source we know - namely the building up of hydrogen into
helium in a fusion process - and even if we could arrange to re-fuel continuously on the journey by picking up
the hydrogen that is scattered between the stars, they would still be quite impossible. But it would only require
another step comparable in magnitude to the step from chemical to nuclear energy that has .been taken in the
last few decades — and with that, these continuously accelerating rockets would be on the cards. In view of the
headlong advance of science nowadays, it would be foolish to deny the possibility of such a discovery within a
few decades or centuries. And so the prospects of journeys with continuously accelerating rockets are worth
considering.
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Let us, then, imagine a journey made in a rocket which has a steady acceleration of 1 g — that is, the same
acceleration as a stone falling near ground level. Travelling in such a ship would be comfortable, for one would
feel all the time as if ordinary gravity were pulling one towards the tail. For half the outward journey the rocket
accelerates; it is then turned round so that the motors act in reverse, decelerating it to a stop at the target point
and then accelerating it back towards the Earth; at the half-way mark the rocket is again reversed and
decelerates to land at its starting point. With such a vehicle this journey of about 25 million million miles (that
is its real distance) to the nearest star and back would take only about seven years and three months — not much
worse than a voyage round the world in the time of the first Elizabeth.

But now comes a curious point. That seven and a quarter years is the time taken for the return journey as
measured by the traveller. But the people that he left behind on Earth will say that it took him nearly twelve
years. Time is not the universal thing, the same for all, that it seems to be in everyday experience. It only
appears so to us because we have never had the experience of moving very fast. Time is something that, as it
were, each individual carries with him; and when people travel at very high speeds in relation to one another,
their individual times will get out of step. In this case the traveller will have reached nine-tenths of the speed of
light, and as a result he will have aged less than his friends at home.

Let us consider a much longer journey - right across the Galaxy, coming to a stop on the far side. Even this
enormous voyage would only take twenty-two years of the traveller's life. But he need hardly bother to consider
making the return trip of forty-four years, for his friends at base will have been dead for 120,000 years when he
returns. With this continuously accelerating rocket, if and when it can be built, virtually no part of the universe
would be barred. A trip to the farthest galaxies that our radio telescopes can detect would take only forty-five or
fifty years (of the traveller's time). And every time one multiplies the distance to be travelled by ten, one only
adds four years seven months to the journey time.

It is an exercise in wishful imagination and arithmetic.
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10. AFFLUENT SOCIETY AND LEISURE

Let us examine future world in which people will sing and laugh spontaneously when they go to work, and
when they return from work. A world in which there is much happiness for the common man, and much creative
struggle for the uncommon man.

For the common man, life is a cycle. It starts with the discovery of the world around the child in which
everything is new, it then goes on to the great discoveries of sex and love, and it culminates in the young family.
It contains the smaller cycles of work, rest, and recreation, of modest wishes and their fulfilment. It can be a
happy life to the end if there is not much physical suffering, and if the old man or woman has learned to love the
new generation more than oneself.
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US. FERTILITY RATES BY OCCUPATION 0F HUSBANDS
OCCUPATION GROUP OF
HUS BANDS 19562 387
PROFFE S8IONALS 840 64.0
PROPREITCRS 65.0 6920
CLERICALS 583 6%5
SALES WORWERS 59.0 6.0
CRAFT MEN 7.0 5%
QPERATWES 78.0 81.C
SERVICE.WORKERS 6.8 77.0
LABOURS CEXLUDING FARM ¥ORKERS) as.0 89.0
FARMERS 100.0 400.0

The uncommon man wants to leave a world different from that he found; a better world, enriched by his
personal creation. For this he is willing to sacrifice much or all of the happiness that the common man enjoys.

A society composed entirely of the first type of men would be very stable, but dull and stagnant, a society of
dedicated world-improvers would be explosive and shortlived. Far be it from us to believe that the common man
needs nothing but material comfort, but we must begin with the problem of production. Forty years ago Bertrand
and Dora Russell estimated that if all waste and extravagances were cut out, an average of four hours' work per
day would be sufficient to produce the goods which at that time were considered as necessary for a 'goodlife'.
This estimate still stands as a reasonable one, though the technological progress in the meantime would now
allow us to include in the 'good life' many things which were considered as luxuries forty years ago. On the
other hand we have not got a single step nearer to cutting out waste. The average hours in industry have dropped
in the advanced countries from something like 60 hours per week to about 40, and real income has at least
doubled, but the waste in armaments, unnecessary transport, obsolescent goods, and Parkinsonian office work
has increased all the time.

Even if one disregards ihe revolutionary changes which may come about by cutting out waste one is driven to
the conclusion that the material paradise of the common man cannot be far away. A 'glandular optimist', but
highly practical man, Morris Ernst, has made a forecast of production and consumption in the United States in
1976by a cautious extrapolation of the data and trends available in 1955.

According to Ernst, the weekly hours of work in the U.S.A. were

in 1766 1925 1933 1953
80 60 47 40 (farmers 52 hours)

from which he concludes that by 1976 the working week will amount to 30 hours (This incidentally, is the same
figure at which Thomas More arrived in 1516 - but at a rather different standard of living). Such a straight
extrapolation can be of course entirely falsified by the facts. It is true that in 1962 the New York electricians and
plumbers obtained an official 25 hour week. This however, means something like 35 hours actual work, the
extra 10 hours to be paid at overtime rates. There is very indication that on the way from a 40 hour week to a
real 30 hour week there will be a formidable hurdle to take - psychological rather than economic.

By 1976 the gross national product in the U.S.A. can be expected to rise, according to Ernst, and also - to other
forecasters, to 700 billion dollars, and the population to 200 million. Personal consumption may reach 500
billion dollars amounting to more than 11,000 dollars per family, about three, times, more than in 1929 at the
height of the first great American boom. Lest it might be objected that this will be consumed ‘by the rich’ the
table below gives the percentage trends in the distribution of income in the U.S.A.:
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Wages and Salaries Entrepreneurs Dividents Interest Rents
1913 57 27 6.4 44 5.2
1953 71 20 3.6 24 24

From this it appears likely that by 1976 the ‘workers', even in the narrowest sense of the term, may receive
perhaps 80 per cent of the national income, especially if one considers that workers are also shareholders and
receivers of interest on their savings.

The United States are of course a unique case, because of their size, their material resources, and the skill and
energy of their population. The target figures for the U.S.S.R. in 1980,which Khrushchev presented to the 22™
Party Congress, fall mostly between the present-day figures of the U.S. and their forecast for 1976. These are
based on a very much steeper extrapolation, involving an enormous effort and further ‘temporary' sacrifices of
consumers, for which there is no need in the U.S.A., but the hours of work are about the same. In the European
industrial countries the average income per head is now around one-half of the level in the U.S., but the annual
increase is steeper, except in Britain. It is not over-optimistic to expect that by 1976 Western Europe may not be
much behind the 1955 U.S. level of consumption.

How does the U. S. worker spend his money? Most of it of course goes into food, clothing, housing — primary
necessities, though satisfied far above the traditional level — and new 'necessities’ such as motor-cars, but some
6 per cent go into recreation. Not surprisingly, a huge industry has grown up in the U.S. to cater for the leisure
of the common man. According to Ernst, three and a half billiondollars are spent annually on 'do-it-yourself'
tools and materials, of which not less than 150 million are spent on power tools. Many Americans have a real
little factory in their homes, and play at work after ‘working hours'. A billion per year goes into photography.
Billions are spent on pleasure boats, of which there are already 5 million, owned by 17 million people (Ernst
quotes an estimate ot 50 million boats by 1976!) At least 3 billion dollars are spent on foreign travel, and not
much less on pets. Passive entertainment makes a comparable sum, 1.8 billion on theatres and movies, about
twice as much on television and radio. The sale of music records (which was about a quarter of a billion at the
time when Ernst made his estimate) has shot up to a billion, a quarter of which is classical music. With this we
have reached the fringe of what is traditionally called ‘culture'. We find that, in 1954, 45 million dollars were
spent on classical music concerts, 5 million more than on baseball, but only 12,000 book titles were published,
as compared with 18,000 in Britain (where the 1961 figure was 25,000), and fewer than 150 American authors
made a living exclusively from book royalties. Three-quarters of the books were bought by 10 per cent of the
population.

Any paradise of the Common Man would be incomplete in which nothing is done to satisfy his need for
gambling. This is a subject which is seldom mentioned by philosophers; it has grown empirically. Horse races,
dog races. lotteries, premium bonds, the Stock Exchange, all cater for this need. They create a circulation of
money in the social body which is economically unnecessary (with the exception of the Stock Exchange), but
psychologically indispensable; similar to the Parkinsonian whirl, but far less dangerous. Even the communist
countries had to recognize this psychological need by allowing premium bonds and lotteries. It appears that for a
great many people life loses much of its interest unless they can hope to get something for nothing - something
beyond their deserts!

Barring catastrophies, material prgoress appears assured in the near future in the industrially advanced countries,
but it would be bold to assume that it will accelerate at the rate as it has done in the past. It becomes increasingly
easier to make a living, more difficult to make a fortune and the young people seem to adapt themselves to this
sltuation, though with a visible loss of zest. This process will go on, but it must not be allowed to lead to
complete apathy. We shall need a moral equivalent of the economic game, as we shall need a moral equivalent
of war. Even discounting those who assert that an industrial civilization stabilized at a high material level is
economically impossible, one must admit that there are grave psychological difficulties. Do what you will,
stagnation, at whatever level, remains an ugly word to intellectuals who have grown up in an epoch of material
progress, except to those few who are longing for a pastoral Arcady which has never existed. Even two terrible
world wars were not sufficient to give to people, except to the meek and weak, a longing for a peaceful
existence at the price of stagnation.

A more urgent question must be considered first, and this is whether the common man can be happy in a world
in which his security is assured, and in which his time is spent between mild work, designed at least as much as
occupational therapy as for the production of goods, and healthy recreation. Few people would have doubted
this fifty years ago; an affirmative answer would still be considered as self evident in Russia or in China, but
grave doubts have arisen in the advanced Western countries.

There are today four million compulsive alcoholics in the United States, tying in rate with Sweden. The rate is
highest in the rich West, which by climate and wealth is the nearest thing to an industrial paradise. In lovely
San. Francisco one adult male in ten is an alcoholic. In criminality the U.S. have the highest rate of all countries.
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In Britain between 1939 and 1961 crimes of violence by the 14-21 age group have increased nearly fifteen-fold.
This, writes Anthony Crosland, ‘come as a particularly poignant shock to liberals who had traditionally equated
crime with poverty and bad housing: the new violence, on the contrary, seemed actually a product of prosperity'.

This would be a high price to pay for prosperity, and it would be terrible if the only cure for it were the return to
old times, when the young were broken in early to hard work, cruelly thrashed when they misbehaved, and the
drunkard perished miserably in a world which did not know of public assistance. But the conclusion is
inescapable, that the education which was good enough in the times of poverty is not good enough in prosperity.

The more permissive the society, the less permissive must be the education which makes the individual fit to
ive in it. If the adult is not to abuse his freedom, self discipline must be impressed into the mouldable character
of the child or adolescent. Some of the more auccessful of the old privileged classes had a inkling of this;
witness the harshness of the old English public schools, or the Spartan upbringing of the Samurai. Those who
did not have this instinct, like the French nobles of the ancient regime, perished by violence unless they perished
first from boredom.

PARADOX OF THERMO-NUCLEAR AGE
11. SPIRITUAL CRISIS

The philosopher Kant's words are very apt in present paradoxical situation: "Two things fill in my mind with
ever increasing wonder and awe, the more often and more tensely the reflection dwells on them: the starry
heavens above me and the moral law within me. . . . .. | often brood, sometimes pessimistically, over the
question of a link between the apparently chaotic state of affairs prevailing over man's life and the conscience of
Mankind." (IMANUEL KANT).

Our present age is allied to a queer paradox - the paradox of the sublimity and humility of human spirit. From
the point of view of material advancement, our life today offers a uniquely exalted panorama of hope and
prosperity, while on the other hand, dark and grimly horrifying clouds of frustration and defeatism fall over the
horizon. The paradox, more elaborately explained, is that of life and death - of man’s survival and extinction on
the earthly planet.

THE RHYTHM OF CHANGE

"The fundamental fact of today", according to Nehru, "is the outstanding rhythm of change in human life". Says
he: "l have seen many astonishing changes during my life time and J am sure that in the course of the next
generation even greater changes will take place, if humanity is not overtaken and crushed by an atomic
War............ But though man has come to conquer external conditions he has lost, at the same time his moral
strength and his ethical power to control his self. He has failed to conquer himself. This is the tragic paradox of
this nuclear age."

While on one hand, modern man is torn into fragments by the tyrannical ethos of self-conflict, on the other, he is
frightened fatally by the continuously lurking spectre of a nuclear war. As a matter of fact, modern man's
external danger is not so alarming or grave as the inner Peril that has crept into his soul. This spiritual
bankruptcy of modern man has made him ethically barren and completely destitute of the inner values which
make up sum —total of the essence of humanity.

THE COSMOS AND YET DISINTEGRATION

"Humanities are no substitute tor medicine or psychiatry”, says a modern Free Thinker, Jacques Barzun. "They
will not heal diseased minds or broken hearts, any more than they will foster political democracy or settle
international disputes.” In fact, the so called humanities have meaning chiefly because of the inhumanity of life;
what they depict or discuss is strife and disaster. "The Iliad" is not about world peace; 'King Lear' is not about a
wellrounded man; 'Madam Bovary' is not about the judicious employment of labour time. The humanities,
again, are certainly not more human than science. To quote late George Bernard Shaw: "the humanities, too, like
science, are a form of knowledge — a misbehavioural science.”" And this misbehavioural science, according to
Shaw, deals not with what is uniform and regular in nature or man but with what is individual and anarchic.

The theme of the modern world, is of its coming closer together and the human society has become something
of a 'cosmos'. But our worst trouble is that we have not yet acquired towards the welfare of the whole, the kind
of feeling we have towards our own well-being, and there is yet one more trouble with us - to quote the words of
Bertrand Russell, "we are beset in our daily life by fret and worry and frustrations.” Our minds, as another
modern philosopher, L'Zo Mawton believes, have become a pond of stagnant thoughts, where "there flows not a
single rippling current”. A shrewd scientist or a philosopher, like Huxley, may suggest a scientifically balanced
psychological remedy - "brainwashing of modern man with the brush of ethical principles.” The question again
crops up — as to how thisbrain-wash is to be accomplished and that who is to initiate the adventure?
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The atom bomb and its allied engines of mass-destruction, have been a terribly-shocking nightmare for the
innocent men and women, awaiting with heavy breath the first exploding of a megaton bomb from a rocket.
Human civilization, thus is in a state of perpetually depressing downward- sinking pessimism despite all hopes
of the U.N.O. is offering us and the signing of the East-West Nuclear Test Ban Treaty.

The world today faces a gravely stern challenge that assumes a variety of features. There is the material and
economic problem arising out of widespread social equalities. Allied with the need of food and raiment :for the
body, specially in the underdeveloped countries, there is the necessity of ensuring cultural progress of man.
There is, further, the intellectual and spiritual crisis, which lies in the circulation of new- ideas, claiming to be
true, ana at the same time, destructive of the old,; it lies in the view that nothing is in firm possession of the field
and that faith itself needs justification and must secure it if faith is to remain. Moreover, a world that glorifies
sex and hates restraint, which identifies purity with coldness and impurity with manliness, innocence with
ignorance, and meakness with weakness, is dead to spiritual perception.

THE CAUSE

The root-cause of all this unrest is the fact that the world today is in a state of spiritual and moral bankruptcy.
Terror-stricken, the people of the world have had to witness a new immense advancement of the means and arts
of destruction, and, at the same time, be spectators of an inner decay, which, through the hardening of the moral
sensibility, precipitates the complete suppression of every sentiment of humanity and rushes them towards a
darkening of reason and of the spirit. “"The giant strides, science has taken in the physical, natural, mathematical
and industrial spheres have left in their wake, a proud world bereft of social and moral values, a world forgetful
even of the existence of a person God, the Author of every Science !" If this, then, is the ultimate cause of the
deplorable condition of the world today, it will avail us nothing to try and heal the prevalent economic and
social evils unless we first attend to the root of these troubles - any more than it will profit us to cure an external
ulcer leaving untouched the deadly cancer causing it within.

It is only when the great rulers of the world are armed with such spiritual weapons as Charity, Love and
Humility that they can arise courageously and confidently to meet the gathering storms. A spiritual approach is
the only way to the world out of its present manifold ills, a solution that will first reconstruct the broken
relationship between God and man. The great leaders of the world will do well to bear this in mind that when
aiming at world peace, and building up their nations according to set economic principles, and joining in
Summit Parleys to provide for the safety of their respective countries, they will be wise to remember these
lines:-

"Vain is the builder's toil if the house
Is not of the Lord's care:
Vainly the guard keeps watch, if the
City has not the Lord of its guardian.”

RADICAL HUMANISM - THE NEED

One thing, and only one, is needed to save our beautiful earthly Paradise from being transformed into a terribly
spectacled ever-burning inferno — a radical change in man's outlook on his self, in his attitude to his fellow
human beings. Adjustment in the code of human relations and behaviour on the plane of ethical principles must
be made to redeem the world of the present spiritual crisis that has darkened the future of human civilization.
We have to count in terms of moral and spiritual re-orientation of life and not in those of material and scientific
facts alone. Man does not live merely by satisfaction of this material or political needs and requirements. He
must satisfy his inner spiritual and moral urges. What we need today is radical humanism, and this is the only
beacon that could guide the ship of human destiny through the storm of selffrustration.

Radical humanism, according to Gandhiji, is the greatest sociological truth — a truth which was preached and
established by the great masters of the world, like Swami Vivekananda, Tolstoy, John Ruskin and Franklin. This
radical socialist humanism, preached by Mahatma Gandhi, demands effective practical action; it involves an
obligation to struggle for the achievement of its ideals. "Effective action means co-operation and this requires
selfle'ssness and discipline. There are great moral values, and these values are to be rediscovered and re-
developed by modern man.

The most dominantly striking impact which our present civilization bears is the latest scientific and
technological achievements. 'Science has almost perfected our civilization, having purged it of the stupid
superstitions and sordid narrowness, and made it a reality - a nuclear reality. It has enabled our civilization to
grow into a cosmic stretch of all - embracing possibilities, making man an all conquering .force. Yet science has
miserably ignored its ultimate purpose and looked at stark facts alone. It made the world jump forward into a
leap, built up a glittering civilization, opened up innumerable avenues for the growth of knowledge, and added
to the power of man, to such an extent that for the first time it was possible to conceive that man could triumph
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over and shape his physical environment without the aid of nature. Man became almost a geological force,
changing the face of the planet-earth chemically, physically and in many other ways. Yet when this sorry
scheme of things entirely seemed to be in his grasp, to mould it nearer to the heart's desire, there was some
essential lack and some vital element was missing. There was no knowledge of ultimate purposes and not even
an understanding of the immediate purpose, for science had for us nothing about any purpose in life. Nor did
man, so powerful in his; control of nature, have the power to control himself, and the monster, he had created,
ran amuck.

"1 have devoted most of my life to science”, says Aldous Huxley. "This has been largely because | am so made
intellectually that | want to know all about the things. | cannot help valuing knowledge for its own sake or
finding interest and excitement in the pursuit of new knowledge. But | would not continue to devote my energies
to science if | did not believe that science was also useful, and indeed, absolutely indispensable to human
progress. It is the only means by which man can go on increasing his power over nature and over the destiny of
his race. On the other hand, without an adherent of any sect, orthodox or un-orthodox, | have been always
deeply interested in peace and believe that religious feeling is one of the most powerful and important of human
attributes. So here | do think myself as a representative of science, but want to talk as a human being, who
believes that both science and peace are of the utmost values."

A civilization, which is entirely built and supported on science and technology and whose very facets are
varnished by the tyrannical ethos of cold war-springing out of the latest mass-destructive scientific inventions -
cannot claim to maintain a substantially satisfactory stability. Human civilization, it must be noted, counts for
much more in human affairs than politics. According to Swami Vivekananda, “civilization is not a pose of
intellect only, nor is it a code of certain conventions; nay it is an inner attitude of life, which finds nothing
human alien, common or unclean™.

BANKRUPTCY OF SOUL

"The whole of Nature is for the Soul, not the Soul for Nature. The very reason for Nature's existence is
education of the soul; it has no other because the Soul must have infinite and ultimate knowledge - and it is
through the realisation of this supreme knowledge that the soul achieves its liberation from the material
imprisonment”, says Swami Vivekananda.

Work is worship — as Carlyle has said aptly. But the "world must not be too much with us!" "We have
abandoned our spiritual heritage and auctioned the serenity of our soul", lamented Saint Beauve. Today, the
most complicated and complex problem which our Nuclear-architected civilization is facing in a bewildering
stun, is the anti-climax of our drama of material pursuit. Work is indeed worship, provided that it has an ethical
standard of assessing one's life's purposes and aspirations. "God has been dethroned, His sceptre is being broken
and in His place we have enthroned the demon-god of nuclearism."

One more history is about to repeat itself, for today under the fiercely - dazzling light of modern science, when
the strong, invulnerable sacred beliefs have been shaken to their very foundations, when the special claims laid
by different groups and sects upon the allegiance of mankind have all been blown to atoms - when the sledge-
hammer blows of modern antiquarian researches are pulverising when Religion is mocked at and ethical codes
of life booed and jeered at — we have to evolve a new pattern of thought to steer the bewildered and dazed
vessel of human judgement to the right shore. Our vision, which has been dimmed and paled, must be enkindled
into ethical broadness.

Crude theological phantasies of the old have been smashed into fragments by modern man, and in it he certainly
deserves a good deal of credit. How beautiful our modern scientific civilization can be if we see the vision of
divine beauty in our souls through the aid of science. When the modern tremendous theories of evolution and
conservation of energy and so forth are dealing death blows to all sorts of hackneyed and crude theologies, what
can hold any more the allegiance of cultured humanity but their most convincing, broadening and ennobling
ideas that can only be found in the most marvellous product of the soul of Man — the Wonderful voice of God
in His guiding-message to humanity!

12. SPIRITUAL TECHNOLOGISTS
Both the need and the aptitude for technology are rooted deep in human nature.

The goal of all technology, is to make matter serve the human spirit as the most pliant instrument possible for
authentic human growth. This involves both the gradual liberation of man from all inhumane, degrading, purely
animal-like drudgery and subservience to matter, and also the positive transformation of matter to express man's
own spiritual vision of the meaning and purpose of the universe.
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On the debit side it must also be admitted that there are grave dangers inherent in the pursuit of technology, as in
the use of all natural human aptitudes. These perils arise, it seems to me, from two main sources: first, lack of
subordination to the higher spiritual good of man: second, lack of the proper rational control of the rate and
timing of technological development.

The danger of the first is that what should be a mere means, at the service of the spiritual growth of mankind,
may become so all-absorbing that it will upset the proper hierarchy of values and reduce the spiritual
intelligence of man to the role of a mere servant of technological progress pursued for its own sake. Technology
would then become like an overdeveloped organ or the runaway growth of cancerous cells - a threat to the basic
cultural and spiritual health of mankind.

The second main danger is that the tempo of technological development be allowed to follow unchecked its
own inner dynamism, independently of its relation to the balanced over-all good of the people it is supposed to
serve, too rapid a tempo of change can produce an atmosphere of such constant flux and severe social
dislocation that the people subjected to it will be in grave danger of becoming culturally rootless and deprived of
all fixed landmarks as they are whirled hectically along by the racing current of "progress”. Thus the even
increasing mobility made possible by the automobile (though not so much, strange to say, by the airplane) has
so far proved to be a very mixed blessing, whose dissipating effects we have not yet learned to control.

Another form of the same danger is to so-called "enslavement of man to the machine™. The harsh rhythms of the
machine and its artificial environment will, it is said, dominate or destroy the heathy natural rhythms of the '--"
living body in harmony with nature as God made it. The example of the assembly line, with its impoverishment
of creative ability and subjection of the workers to a monotonous, repetitive routine, is sufficient warning of
where technology can lead.

All of these dangers are real and serious, in addition to the very special and obvious perils connected with the
use of the immense power now at our disposal. Uncontrolled technology can certainly bring down disaster,
perhaps irreparable, on our race. The only protection against it is a growth in man's spiritual ana moral maturity
proportionate to his growth in technical skill and power. Either we grow in both dimensions or We perish, like
the overgrown monsters of our prehistoric past. But this is already a law in the development of every individual
personality. If individuals can solve it there is no reason why people generally cannot either. Actually, it seems
that there is already a rapidly growing recognition on the part of both scientists and political leaders - who are
also the ones most able to do something about it - of the urgent necessity of greater moral control over the
exploitation of scientific and technological advances.

Furthermore, as technological development proceed along its oourss among a people still endowed with basic
biological, social and moral vitality, certain laws of equilibrium and self-correction seem to be constantly and
unobtrusively at work. Thus, losses in one area are compensated for by gains in another, or exaggeration in one
direction generates its own counterreaction in the other direction. Thus the very mobility which seems, at least
temporarily, to be weakening our roots in the family and the local community is at the same time strengthening
our bonds with the rest of the world. The very increase in perfection of the means of communication at a
distance, as in television, may eventually make it neither necessary or desirable to move about so feverishly on a
small scale as we now do. We may end up by visiting our friends and clients relaxedly on a two-way television
circuit rather than by transporting ourselves physically to them along over-crowded highways or airways. Or by
the mysterious providence of God it may happen that the insistent challenge of outer mobility may succeed more
effectively than pulpit sermons in making us turn within and discover that it is possible to achieve a sense of
permanence, self-identity and rootedness in more interior, supramaterial and universal values than we now
believe capable of winning our allegiance.

What of the threatened enslavement of man to the machine? The danger is real. But we are convinced that it is
limited by the very inner logic and laws of equilibrium of technology itself to certain transitory types of
techniques and local or temporary abuses during periods of transition. The whole innate drive of technology is
to substitute machines for man in all areas where monotonous, repetitive actions are the rule, and to leave man
free for more intelligent, creative Or supervisory work. The true danger lies in the moral dispositions of those
who use technology. The true danger lies in the moral dispositions of those who use technology. The far greater
peril is that men may become slaves to their fellow men rather than to their machines. If we have the courage to
assume with full moral and intellectual maturity the responsibility of actively guiding and controlling the mighty
power of technology that is now in our hands, far from being ruined by it, we shall be able rather to turn it into a
profoundly beneficent instrument for the authentic growth of the human family. And no one has greater inner
resources for rising to this chanllege, nor more urgent .motives for doing so, than the spiritually bent
Technologists.

13. AWORLD SOCIETY
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"Freedom from misery, the greater assurance of finding subsistence, health and fixed employment; an increased
share of responsibility ... in security from situations that do violence to their dignity as men: better education —
in brief, to seek to do more, know more and have more in order to be more: that is what men aspire to now.

The younger or weaker nations ask to assume their active part in the construction of a better world, one which
shows deeper respect for the rights and the vocation of the individual.

Excessive economic, social and cultural inequalities among peoples arouse tensions and conflicts, and area
danger to peace. Peace cannot be limited to a mere absence of war, the result of an ever precarious balance of
forces. No, peace is something - that is built up day after day, in the pursuit of an order intended by God, which
implies a more perfect form of justice among men.

AN END TO ISOLATION

The peoples themselves have the prime responsibility to work for their own development. But they will not
bring this about in isolation. Regional agreements among weak nations for mutual support, understandings of
wider scope entered into for their help, more far-reaching agreements to establish programmes for closer co-
operation among groups of nations — these are the milestones on the road to development that leads to peace.

NEED FOR A WORLD SOCIETY OF TECHNOLOGISTS

This international ‘collaboration on a world-wide scale requires institutions that will prepare, co-ordinate and
direct it, until finally there is established an order' of justice which is universally recognized.

Some would consider such hopes Utopian. It may be that these persons are not realistic enough, and that they
have perceived, the. dynamism of a world — a world which, in spite of its ignorance, its mistakes and even its
sins, its relapses into barbarism and its wanderings far from the road of salvation, is, even unawares, taking slow
but sure steps towards its Creator. This road towards a greater humanity requires effort and sacrifice, and
suffering, accepted for the love of our brethren.

14. TOWARDS A CLASSLESS SOCIETY?

Our question as to. whether the disappearance of classdivisions is also a necessary step if our Technological
Revolution is to lead to abundance far all — is a much more controversial one, and there will (as yet) be no
general agreement an the answer. Fundamentally the question is not concerned with the equalisation of personal
incomes, but rather, with the ownership and control of the factories, mines, railways, ships and other means of
production. The paint at issue is whether these shall be the property of the community as a whole (as they were
in primitive societies and are in the socialist countries of today), or shall be owned and controlled by some
privileged class as they have been in all societies from the beginning of civilisation down to the capitalist
economies that still cover two-thirds of the world. And since all ather systems are now clearly aut of the
running, the choice reduces to one between capitalism and socialism.

Which of these .can make a better job of using modern technological advances to create a world of plenty?
Surely the evidence surveyed, suggests that the answer is socialism. it would be tedious to recapitulate the
features of capitalist society Which we find to. be acting as brakes on progress, unemployment, vested interests
etc. We have witnessed that the socialist countries, though most of them started from; very backward industrial
situation, have already taken over the technological leadership in several fields. And the statistical survey shows
that they are doing much better than their capitalist counterparts in using science and technology to make a
wealthier world.

Furthermore, capitalism seems to have reached a limit in the speed at which it can advance — for Britain in
recent years shows rates of expansion on only a little higher than those achieved by the capitalist world between
1920 and 1938, while the U.S.A., though certainly bettering those very lean years, can only just equal the
progress that capitalism was achieving between 1860 and 1913. It appears that capitalism can expand its
economy no faster than it has been doing. And one can be doubtful whether even this rate can be maintained —
if, for example, the rate of automation in America causes unemployment to increase in the way we discussed,
there must come a point, at which either the introduction of automation will be slowed down or some drastic
break will occur. But, while the capitalist economies seem to be at or near their limits, the socialist countries
continue to expand their industries two or three times as fast.

Then, there is a case for the thesis that we are today in one of those periods in which the advance of technology
has outstripped social development, and that in order to permit further progress to go on unhindered, it is now
necessary to make big political and social changes — namely, to complete the transition from capitalism to
socialism that has already taken place in a third of the world.

ON THE WAY TO THE WORLD OF PLENTY
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We begin to get some idea at this point of what is meant by saying that the Second Technological Revolution is
capable of bringing us rapidly to a state of universal plenty. But before we pursue this subject, let us look at a
more sobering side of the picture. In India the national income per head on 1962 was about £24. If it has been
growing at the Soviet rate since 1953, it would have been £36 — which may be 50 per cent better, but is hardly
high enough to be encouraging. Even at this speed it would be very many years before India (and all the other
under developedcountries of which she is typical) came within sight of the land of plenty. And in the world of
today, unified by the very technological advances we are considering, it is surely meaningless to consider the
possibility of achieving riches in a few advanced countries, while others remain abjectly poor. The antagonisms
created by the envy of the have nots would be certain to lead to confiicts that would (at the very least) retard
progress all round.

The problem of the underdeveloped countries is, of course, to find means of providing capital investments so
great that they can catch up with Europe and North America within a reasonably short space of item. And
evidently out of a national income of £24 per head (for India is typical), this cannot be done. It is clear that the
advanced countries must help the less fortunate with loans and gifts. And indeed they do so, but on a scale that
is far too small to solve the problem. On the other hand, it has been calculated that if one-third of what the world
at present spends on war and war preparations were given instead to te under-developed countries — in the form
of new factories and equipment, scientific and technical advice, new schools and colleges and the staff to get
them going, and all the other essentials of industrial civilisation — then their progress could be so speeded up
that it would only be a few decades before all the world reached a standard of living comparable to that of
Western Europe today. To the people of Africa, South America and Southern Asia this would indeed seem to be
a world of plenty.

It is naturally not possible to assess accurately how fast the world could grow rich, if all the artificial restraints
imposed by inadequate social organisation were removed. But many lines of approximate calculation converge
to suggest that at the very least it would now be possible to double the output of wealth per head, would be
multiplied by 4 in 20 years, by 8 in 30 years, by 16 in 40 years. Would a country in which everybody was
sixteen times rich as he is in Britain today be a land of plenty? Each individual (not each earner) would have an
income for personal use of between £4,000 and £5,000 a year-getting on towards £20,000 a year for each
family. Many rich people in U.S.A. demand things that even such an income could not buy, but surely their
diamonds, mink coats and private swimming pools are not things that people really want, but status symbols
used to display the fact that they are more prosperous than others. This level or something like it would indeed
be universal plenty. If the reader disagrees, he may choose his own figure. Would sixty-four times the present
level be enough? Then it would take sixty years to achieve. If one insists on a thousand-fold increase (with
personal income per head approaching £ 300,000 a year!), even that would only take a century.

Such a rich world would have no use for either war or class-division. These are merely bad habits (as it were)
which arose in the special situation of the last few thousand years, when the partial wealth of the world made
them profitable to some. Contrary to what those who have a vested interest in the status quo would have us
believe, the desire to dominate others is not an inherent human characteristic. It was not shared by the men and
women of the Old Stone Age. It was not found among primitive peoples who survived unaffected by civilisation
down to the early years of this century. It appears to be gradually dying out in the socialist countries of today.
Trying to benefit oneself at the expense of others is merely a mode of behaviour that has arisen in the
exceptional conditions of the last few millennia during which mankind has been passing from the state of
general poverty to that of universal wealth. When abundance is available for all, there will be no incentive to
dominate others, to seek one's own good at the cost of others' loss. And so, in the world of plenty of the not very
distant future, these degrading rivalries will completely vanish.

But the dilemma of our time is that the customs and institutions of class-division and war are the very things that
are preventing us from rapidly moving on into the Golden Age of abundance. While we still have not quite
enough wealth available to give a sufficiency to all, there are those who benefit from class-division and even, let
it be said, from war. They will not voluntarily surrender their privileges. And they command the power to resist
change, whether by force or by persuasion through the mass media of propaganda. These resistances have to be
overcome before the world of plenty can be attained. But when it has been attained, class-division and war will
be so obviously useless that they will never recur.

And what will life be like in this future that some of us may live to see? It is unlikely that we shall want to take
our increased wealth in the form simply of more material goods and services. Rather than multiply their material
riches by sixteen (let us say), people would probably prefer to have twice or four times as much, and to reduce
their working week to 10 hours or 5 hours, and so have more leisure to enjoy. But indeed the distinction
between work and leisure will presumably disappear. With ample power, automation and computers - and all the
new developments that are to come - available to work for us, the task of providing material goods and services
will occupy a small part of each person's life. The rest of his time will not be spent in aimless amusement, but
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people will discover how to occupy themselves together in companionship, in joyful adventure - in space
exploration or scientific research, in poetry or music, or in other creative activities which we primitive people of
today cannot yet visualise. Naturally ample wealth will not solve all the difficulties of the future, for people will
have to learn new ways of living to make the best use of their new conditions. But the universal plenty will give
men for the first time the opportunity to tackle the really important problems, instead of having to devote their
energies to scraping a living from nature or quarrelling and fighting among themselves about the sharing of the
little that is available.

This is the uniqueness of our time: the prospect that the really constructive and creative period of human history
is about to begin - provided we learn the lessons of earlier history and do those things that must be done to bring
us quickly to a state of plenty.

What we know of science tells us that there can be no end to discovery and hence to the extension of man's
control over nature. But it is unlikely that men will want to use this power to multiply their material wealth for
more than another century or so. After that they may well decide that they are rich enough, and that they are
better purposes for which they can use their knowledge and their mastery over the universe. In that sense, at
least, our Technological Revolution will draw to an end.

15. FUTURE OF CIVILIZATION

Civilization is within ourselves, in our moral conceptions, religious ideas, and social outlook. We cannot call
ourselves civilized simply because we use the steamship and the railway, the telephone and the typewriter. A
monkey trained to ride a bicycle, drink a glass, and smoke a pipe is still a monkey. Technical efficiency has little
to do with moral development. Though the achievements in exact science and mechanical organization of
Ancient India or Greece or Medieval Italy are immensely inferior to ours, it cannot be denied that they had a
truer perception of spiritual values and the art of life. If civilization is not to be confused with a feverish thirst
for new things or a mad race for wealth, there are many salutary lessons in the art of liviing which we can learn
from India or China or Ancient Greece. Not that the latter had not their own defects. The leisure and
enlightenment of the citizen-body in Greece was made possible by the exclusion from this privilege of the large
body of artisans and slaves who followed the necessary but laborious pursuits of the community. Though the
Hindu civilization by her wise toleration of local customs and beliefs gradually absorbed the indigenous races of
the country into a free and organic synthesis, it neglected the education of the backward people. Hinduideals,
however admirable, did not penetrate the mass of the people. In later times there was a sad falling away from the
high ideals consequent on the stunting of free manhood under autocratic rule.

Modern civilization is in the stage of economic barbarism. It is concerned more with the world and its power
than with the soul and its perfection. It asks us to make the best of the business in hand, for first and final
principles are beyond our ken. We have the assertion of mind over life and matter and not yet of spirit over
mind, life, and body. To control life and body we have understood their processes and possibilities. In the first
triumphs of scientific progress it tended to cast aside philosophy, despise thought, and almost succeeded in
slaying religion. Though we are more learned and scientific than our - ancestors, we cannot say that we are less
brutal and more humane. Our education has not freed us from intellectual boundage. It stimulates the mind
without satisfying it. Economics is our religion. We wage wars to increase our trade, extend our territories and
acquire colonies. For the sake of business and markets, we sacrifice our intellectual freedom, as it may impair
our efficiency in the exploitation of labouring-classes and government of backward races. Our civilization is a
conquering one, based on the rivalries of indivduals and races.

The mechanical virtues of speed, quantity, standardization, and absorption in things material have resulted in a
spiritual hardening. Weare suffering from an inner lack of unity and general mental anarchy. A spiritual ideal of
a truly human life of freedom and beauty, love and virtue, is professed along with an unintelligent attachment to
the life of the body, its vital needs and impulses, a low mental life of sense and emotions, and grossly utilitarian
code of practice.

The present era of plenty should end in idealism as | defined in Geeta ?

Szagey ey aaer 7 fen
AAFTATEHT GO0 9T AT 1)
WAAZAAT A, 3.93 (Geeta Rahasya)

16. KALIDASA'S WAY OF LIFE
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It will be interesting at this stage to glance at our past civilization and to examine the classical way of life of our
ancient civilization as ennunciated by Kalidas in his plays, in Raghuvansha. In Raghuvansha Kalidas describes
how in life of King Dilip, Artha, Kama, and Dharma were harmoniously synthesized.

HAAAFTH] TEATEAT 90 UF RATTAOT: 11

AT
Kalidas emphasizes that progress of the society and security thereof is in no way conflict between religion and
morality. He maintains that neither of these are hostile to each other but are complimentary and inter-dependent
for the harmonious way of life. This is a natural but a moral phenomenan resulting in temporal success and

harmony, Its essense lies in the spiritual strain throughout once life. We must comprehend the inward moral
dynamism so that men's ethical will result in liberty and creativity of the human mind.

Kings of the Raghu race pure in birth as they were ruled over vast stretches of earth. They amassed riches for
the sake of charity, spoke measured words for the sake of truth, were eager for victory for the sake of glory and
reared their family for continuation of civilization. They gained knowledge in childhood, enjoyed pleasures of
life in youth, adopted ascetic life in old age and in the end cast away their bodies after Yoga and Meditation.
Discipline
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was essential for a decent human life. The Laws of Dharma were not static but progressive as per needs of the
society and technology. We are not inheriters of the past, but also trustees of the future, and one should perform
his duties in the best interest of the individual and the society. This brings us to the Karma Yoga of Bhakawat
Gita.

Lokmanya Tilak, in his Geeta Rahasya explains the duties of human beings in the society saying that knowing
the unity of truth of the knowldge of the universe and self once should keep our mind and intellect detached,
serene, balanced and unenvious, one should not ignore our common or ignorant brethren, and without discarding
our cardinal duties should live a full life, moulding it to the circumstances of the time and the country, and
continue to undertake and execute duties without expectation so that one contributes to the progress of our
fellowmen and hence the Society.

It is also pertinent to mention the advice of the Dhutarashtra in Mahabharat *Mahabharat Adi Parva 115.36 and
Sabha Parva 61.11
FA® FHEATE ATACATT FS AAT |

L%

T STATIEaTd AcATd Ifadt rdg |
HETATT
AT 2435

For the welfare of the family, one individual should be sacrificed; a family for the village; a village for the entire
community i.e. nation and the whole world for the uplift of one's soul.

17. CONCLUSION

Having taken you through the panorama of the projected future resulting from technological upheaval more in
the West than in the East, one is flabbergasted with its enormity, unpredictable implications and the resulting
complications in the well being of the society. Results of the present technology are awfully evident in the
delinquency in some parts of the world. One is sorry to find its reflected adverse effects in the underdeveloped
countries in the East. The social upheavals are in evidence everywhere. Although the advantages of the affluent
society in the western countries are not available in the underdeveloped countries the disadvantages of human
values are seen and are apparent more forcefully in the East. Fortunately the East and especially India has still
its moral and spirtiual fabric still in tact. How long it will remain so from the onslaught of technology is
anybody's guess. It is, therefore, the paramount duty of the technologists and scientists to see that this spiritual
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and moral fabric is retained by acquiring leadership in the society. The politicians are taking undue advantage of
the technology and viciating the results of technological progress. It is therefore the duty of the technologists to
curb the violent, the fissiparous and disintegrating tendencies generated by political ideologies, so that the
humanity is served to the better purpose by the fission or fusion of atoms, the mutations of genetic code or space
travel. Technologists should take a lead to form a classless and universal society of which the initiatives and
leadership should be in the hands of great minds, eminent technologists and engineering fraternity who can
bring to bear their unbiased, selfless and balanced point of view on epoch making decisions for the bettermend
of the mankind, contributing to its happiness.

Let us pray:
q39q giaw: avg &9 avg faamar |
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18. APPENDIX
POSITIVE SIDE OF THE IMAGE OF THE SCIENTIST

He is a very intelligent man a genius or almost a genius. He has long years of expensive training - in high
school, college, or technical school, or perhaps even beyond - during which he studied very hard. He is
interested in his work and takes it seriously. He is careful, patient, devoted, courageous, open minded. He knows
his subject. He records his experiments carefully, does not jump to conclusions, and stands up for his ideas even
when attacked. He works for long hours in the laboratory, sometimes day and night, going without food and
sleep. He is prepared to work for years without getting results and face the possibility of failure without
discouragement; he will try again. He wants to know the answer. One day he may straighten up and shout: "I've
found it! I've found it!"

He is a dedicated man who works not for money or fame or self glory, but - like Madam Curie, Einstein,
Oppenheimer, Salk - for the benefit of mankind and the welfare of his country. Through his work people will be
healthier and live longer, they will have new and better products to make like easier and pleasanter at home, and
our country will be protected from enemies abroad. He will soon make possible travel to outer space.

The scientist is a truly wonderful man. Where would we be without him? The future rests on his shoulders.
NEGATIVE SIDE OF THE IMAGE OF THE SCIENTIST

The scientist is a brain. He spends his days indoors, sitting in a laboratory, puring things from one test tube into
another. He work is uninteresting, dull, monotonous, tedious, time consuming, and, though he works for years,
he may see no results or may fail, and he is likely to receive neither adequate reconpense nor recognition. He
may live in a cold-water flat; his laboratory may be dingy.

If he works by himself, he is alone and has heavy expenses. If he works for a big company, he has to do as he is
told, and his discoveries must be turned over to the company and may not be used; he is just a cog in a machine.
If he works for the government, he has to keep dangerous secrets; he is endangered by what he does and by
constant surveillance and by continual investigations. If he loses touch with people, he may lose the public's
confidence — as did Oppenheimer. If he works for money or self-glory he may take credit for the work of others
as some tried to do to Salk. He may even sell secrets to the enemy .

His work may be dangerous. Chemicals may explode. He may be hurt by radiation, or may die. If he does
medical research, he may bring home disease, or may use himself as a guinea pig, or may even accidentally Kill
someone.

He may not believe in God or may lose his religion. His belief that man is descended from animals is disgusting.

He is a brain; he is so involved in his work that he doesn't know what is going on in the world. He has no other
interests and neglects his body for his mind. He can only talk, eat, breathe, and sleep science.

He neglects his family - pays no attention to his wife, never plays with his children. He has no social life, no
other intellectual interest, no hobbies or relaxations. He bores his wife, his children and their friends - for he has
no friends of his own or knows only other scientists with incessant talk that no one can understand; or else he
pays no attention or has secrets he cannot share. He is never home. He is always reading a book. He brings
home work and also bugs and creepy things. He is always running off to his laboratory. He may force his
children to become scientists also.

A scientist should not marry. No one wants to be such a scientist or to marry him.
"TRILEMMA OF TECHNOLOGY'
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Technological Affluence and the Quality of Life
Dr S Bhagavantam

President, Current Science Association, Bangalore

| consider it a privilege to have been invited to deliver this lecture in honour of Shri Nidhu Bhusan Chatterjee.
The charter for this memorial lecture specifies that it should deal with a subject allied to science, philosophy and
spiritualism. It is an interesting charter. It is somewhat are that these seemingly diverse disciplines coexist in an
individual at a point of time, although it is not uncommon that one gets involved in them in succession and at
different periods of one's life and one's career. Against such a background and keeping in mind the fact that
many distinguished engineers are likely o be present at this Annual Convention of the Institution of Engineers
(India), I have chosen 'Technological Affluence and the Quality of Life' as the title of my lecture.

Technological affluence is closely related to industrial growth. Industrial growth carries with it many economic
advantages. These aspects of a nation are capable of being measured in cash terms. For instance, the gross
national product (GNP) and the rate at which it is growing in regard to anyone nation are fairly good indices of
that nation's technological affluence. Such parameters can be worked out by a competent accountant, critically
apprised by a trained economist and meaningfully put across to an understanding citizen. To this extent,
technological affluence as reflected by our industrial growth is a tangible feature of the society. Per contra, the
quality of life is a cultural and sometimes even an ethical issue. It cannot be measured in cash terms and
intangible factors like belief and conscience come into the picture when one attempts an assessment thereof.
Competence amongst persons claiming to make such an assessment is not so readily found as in the case of
those engaged in estimating economic factors such as the GNP, and so on. In fact, considerable experience
accumulated over generations of traditional living is required even to make qualitatively valid statements in
regard to what we understand by the words 'Quality of Life'. Thus, two concepts are contained in the title of my
lecture, one of them measurable in terms of well understood units and the other not easily expressed in so clear a
manner but can certainly be experienced by those who have a feel for values. The former is like the emoluments
of an individual and the latter is like the happiness he derives out of his life. Very often, there is no obvious
correlation between the two.

Technology has, in a superficial sense, furnished us with many gadgets and a variety of appliances. No one can
deny. the usefulness of the gadgets or the comfort which they provide. No one can deny the efficiency that we
derive in conducting our daily routine with the help of the several appliances that have been produced, but the
side effects in some cases are beginning to look extremely worrying. For instance, if one seeks to find a solution
for the population problem by advocating the use of the pill, one is in constant dread of some yet unforeseen
side effects taking hold of the user and thus creating a new problem. Taking yet another illustration, if we race
against time and take recourse to frequent jet travel, our biological clock is sure to get completely upset even if
we manage to keep our digestion in tact. A facility like the closed television today enables one to increase the
tempo of one's work if one adopts the method of holding conference with one's colleagues at a distance but this
will, sooner than later, carry with it the obligation to use heavy doses of a tranquilizer.

The United States of America is at the present time the technologically most affluent nation and yet, ironically
enough, it has developed and alarming awareness of the need to watch out on the quality of life which its
citizens are acquiring. There are some who fear the danger of things happening in this regard before people are
made aware of what is happening. Such a fear has its origin in the fact that while economic growth is a
quantifiable aspect of life and more easily or readily understood by the common man, the quality of life on the
other hand is a less tangible aspect of social conditions with features that can be appreciated only by the trained
critic, a situation which makes the latter more vulnerable to distortion by propaganda put out on behalf of vested
interests. For instance, it has been quite easy to convince people that science and technology are the musts of
modern economy and that they can be the great deliverers of all under-undeveloped and developing countries
from drudgery and hunger. No one can hold out the promise of a golden age today, without insisting on
adequate resources being put into modernizing a nation's output with the help of technology. Engineers who
have devoted their lives to many different disciplines know this to be an incontrovertible statement. The position
is different with regard to quality of life. It required a few decades of actual living in such a high level of
technological affluence for the now advanced countries to realise that there are side effects which had eroded
into the fabric of life enjoyed by their citizens — the abuse of countryside in which we live, the pollution of the
very air we breathe, a possible radioactive contamination of the very water we drink, the high level of nervous
teusion in which we work, the constant fear of mutual annihilation by the deployment of weapons of mass
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destruction in case of war, being some aspects of the all too familiar picture co-existing alongside the currently
affluent economy.

Such a deterioration in the quality of life of a nation can come in many ways. | am one who will strongly
support economic growth as a prerequisite for improving quality of life but will not advocate this in an
unqualified or a superficial manner. To make my point clear, | wish to quote from a recent description, by a
noted U.S. economist, of the state of economy of that country.

'Economists have misled themselves and the nation by relying on a functionally undifferentiated measure of
economic growth. Thus the rise of G.N.P. From $503 billion in 1960 to $932 billion in 1968 does not
distinguish between growth that is economically productive and the growth that is parasitic." Productive
growth includes goods and services that form part of the level of living, or that can be used for further
production. By this economic-functional criterion, apart from other ya:dsticks, goods and services that are not
part of the level of living or cannot be used for further production are economically parasitic.'

‘By July 1969, while President Nixon was hailing the lunar landing as the greatest work since the Creation,
New York City was suffering a combined breakdown in central power supply, the telephone system and
railroad transportation. Reliable power, communication and transportation are the key elements of the
infrastructure required for an industrial society. Accordingly, the largest city of the richest nation on earth
displayed the main aspects of an underdeveloped economy.'

One other factor which may contribute to such a deterioration is the excessive importance that a group of people
may attach to material wealth at the expense of other kinds of well being. The growing challenge, particularly
from the younger generation, to the established concepts of opulent nations is only a manifestation of this truth.
Unfortunately, it is an inescapable fact that when we grow roses, we grow thorns as well. Every new discovery
of modern science and technology has been ambivalent. While, for instance, the discovery of Archimedes
principle or of Newton's laws of motion during the early stages of scientific development stood on a different
footing, the more recent ones such as nuclear fission or laser action have caused us great concern by the
tremendous potential which they created both for good and for evil. Hence the heed for safeguarding, more
zealously than ever, the quality of life and the ethical principles that go to preserve it, while we press technology
into the service of mankind in an attempt to raise our standards of living. | can take an illustration, with a view
to explain how ambivalent technological developments of recent times have been, from an almost infinite
number of examples that are available but let me spend a few minutes on what are called chemical agents, | shall
commence by mentioning a chemical by name phosgene. Since it is amongst the milder of the so called
chemical warfare agents, it is classified as a choking gas but even so, was responsible for 80 percent of the
deaths caused by gas in the First World War. Phosgene is, however, currently produced in a number of
countries. There are countries in which the annual production is of the order of 100,000 tonnes. It is widely used
as raw material in the manufacture of synthetic plastics, insecticides, paints and pharmaceuticals. There is
another lethal agent by name hydrogen cyanide. It is classified as a blood gas and was also developed during the
First World War. Hydrogen cyanide is, however, a valuable intermediate stage in the manufacture of many
organic chemicals and dye-stuffs. Hydrogen cyanide is currently produced on a large scale in the United States,
several countries in Europe, Japan, the U.S.S.R. and China, total annual production being in the neighbourhood
of one million tons. The two chemicals just named are of the First World War vintage and considered very mild
in comparison with the more recently discovered ones such as the nerve gases. Nerve gases are
organophosphorus compounds, very similar to some commercial pesticides widely used in agriculture. The total
world output of the organophosphorus pesticides is estimated to be around 130,000 tonnes a year, the United
States alone accounting for about 65,000 tonnes, produced by 14 different manufacturers. | have refrained from'
giving figures about agents which are even mor .deadly such as the Botulinum toxin which is one of the most
poisonous substances known to science. What is specially noteworthy is that the capacity for producing such
deadly chemical warfare agents is linked up and to some extent synonymous with the status of the commercial
chemical industry of a country. How do we then distinguish evil from good or assure ourselves a quality of life
and a safe world to live in while building up an industrially prosperous world and enjoying a higher standard of
living by drawing upon the gifts which the technological monster can confer on us?

The idea that scientific knowledge is a useful power having had its origins in the two world wars has in recent
decades been transformed in some degree into the idea that scientific knowledge is a dangerous power. The
frightening implications of nuclear weapons, accumulated to an overkill capacity in the arsenals of the world
powers, live with us. A possible disaster, if chemical or biological agents get to be used in warfare, hangs over
our heads. The potential implications of genetic manipulation cause us great concern and man seems to be on
the threshold of acquiring such a capacity. In all this confusion, questions such as what really constitutes
progress and how it is different from growth; whether scientific knowledge per se is dangerous or whether the
application thereof to satisfy man's lust and greed is the real danger and so on continue to occupy our minds and
rightly so.
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What is the position of our country in all this. The people of India are poor. The per capita income increased
being Rs. 248 a year in 1948 to being Rs. 297 a year in 1957, a period of two decades. We have a large
population, about 550 millions at the present time and we are adding to this figure another 13 millions each year.
The latter figure is about the entire population of a vast country like Australia. Many of our people go hungry or
are undernourished, ill clothed and poorly educated. What is the solution. The only solution that one can foresee
has to have its base in modern technology and has to draw on all that it can do to promote our economic growth,
to arrest the population expansion and to make the benefits available more evenly amongst the people than at
present. The scientists, technologists and engineers have to play their part but in doing so, they should learn
from the mistakes of other already opulent nations. We should, in the process, stick to our ideals and our
traditions steadfastly and remember that means are as important as the objectives. The philosophy of life, which
Indians had accepted through ages, always denounced accumulation of large personal wealth and its utilization
for personal aggrandisement. Today, we have given up traditional methods of moving towards a socialistic
pattern and have not replaced them with new ones. Alas! 95 percent of our population die prematurely because
they have not enough to eat and the other five percent also die prematurely because they have so much to, eat
and they over-eat.

At the commencement of this memorial lecture, | stated in a lighter vein that science, philosophy and
spiritualism do not generally co-exist at a point of time in an individual. Be that as it may, it now appears almost
a truism that we have to strive and get them to co-exist in the life of a nation, if we want to enjoy the fruits of
technology and yet maintain the quality of life. | believe that the Indian outlook on life and the generally
accepted Indian traditions in regard to moderation and, devotion to duty but with detachment, place India in a
position of vantage it we really wish to achieve such a synthesis. | recall that our late Prime Minister Jawaharlal
Nehru used to state that what India needs is modern science and technological development tempered with a
spiritual outlook. Technological development will surely take us up and up the ladder of material prosperity but
when we reach the summits tliereof we will need to balance our thinking by toning it up with a human outlook,
so that we do not feel giddy and fall down into depths of barbarity.
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The Engineering & Social Responsibility
Dr P K Kelkar

Although, engineering has been as old as humanity it is only Trom the eighteenth century onwards that it started
growing and today it has succeeded in transforming the entire social fabric on a world scale. India has an ancient
civilization but its paricipation in the technological growth has been marginal and comparatively recent. The
role that the engineer played in Indian society in the past was essentially a subsidiary one. The vitality of the
Indian civilization which has made it survive till today unlike so many other highly developed civilizations,
derived its sustenance more from a social structure based on metaphysics which identified the main purpose of
existence as enlightenment. The consequence of this was that the life of the people as a whole was organized on
the basis of caste system, a host of rituals, codified duties and obligations. Pursuit of true knowledge was given
priority over acquisition of useful knowledge, thus inhibiting the scientific and practical attitude of mind
towards nature and man's environment. Pursuit of happiness as we understand today through material
transformation, energy, goods an explotion of nature and natural resources did not form an important part of
social development in traditional India.

The machine is symbolic of the contribution of the engineer and in India, social conditions did not encourage the
growth of machine civilization. The most interesting point is that the waging of war and defence have provided
the most powerful support for the growth of engineering. It is in this context that India had to pay a very heavy
price during the last several centuries. Economic growth, industrial growth, urbanization, national consciousness
in relation to war and defence are the various facets, where engineering contribution had the most profound
influence on the structuring of a modern sticiety.

An important feature of our times is the drive towards uniformity which engineering and technology imposes on
every country, Pattern of travel, communication systems, medicine, consumer goods - all these have a similarity
all over the world. Mass-production and mass-consumption impose a kind of sameness from which few can
escape. As consumers, there is no difference between one individual and another irrespective of the ceuntry of
origin. For the first time in human history it seems possible, through engineering and technology, to provide a
reasonable material standard for every body. This seems to have become the basic objective of our national
effort. The, rising tide of expectations generated in the minds of people because of this, constitutes, the most
fundamental social challenge to engineering. It looks as though the scientist, the engineer and the advertiser
have between them succeeded in creating ‘one world' consisting of consumers.

The American approach to consumption has brought into sharp focus the conflicts between the natural order and
the technological order. The rate at which natural resources are being depleted the emergence of transport,
housing and disposal problems created by affluence, all these indicate that open ended approach to economic
growth and productivity may face serious obstacles. From India’s point of view in terms its productivity there
seems to be no hope at all of reaching anything like the consumption pattern of the advanced countries. This is
s0, because of the limitation imposed by the availability of natural resources this planets.

India which has a tradition of encouraging genuine non attachment has a fundamental dilemma which it has to
face. It has to define afresh what it means by a genuine standard of living. Pursuit of happiness through
economic equality will have judged by economic indicaters and the majority of people will have to be treated as
consumers. This releases forces which make the society acquisitive as also competitive, thus, making it difficult
to minimise the importance of economic consideritions from the most of organized activity. It becomes obvious
that 'standard of life' unrelated to ‘quality of life’ falls to give meaning to life. The professional competence of
the engineers depends on logic and reason. His contribution to the society, therefore has to be related not only to
econcmic considerations, but other considerations which may generate and Eustain those qualities of personal
and collective behaviour, by which it will be possible for individuals to live not only in harmony with each other
and with nature but above all with themselves.

The history of India is full of instances of the powerful influence on the minds of people of ethical, moral or
spiritual values, although they had no direct bearing on the material benefit they could bring. The modern idea
of progress in time is somewhat alien to the Indian tradition of giving purpose to life in relation to timelessness.
Each individual has to resch salvation through his own efforts which are unique to himself. That is why as a part
of the traditional requirement, conditions were always such as would ensure the supply of the minimum number
of enlightened and liberated individuals, so that the society as a whole could be preserved from decay and the
vision kept undimmed.
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The engineer, therefore, has to be awar that human beings consist not only of the physical self but also the spirit.
Whichever way one looks at the problem, as a fact of experience one has to acknowledge that the road to
happiness is from the inside out, through physical well-being, through awareness, through a change in one’s
attitude towards the world. It is in this aspect which ought to have a bearing on our present attempts to briug
about a quick and complete technological transformation in India.

India is waging a major struggle against poverty and ignorance. Engineering and science are the instruments of
overcoming poverty and ignorance arising out of lack of possessions and opportunities. Indian tradition in the
past has shown the way of overcoming poverty implicit in the largeness of desires and of achieving
enlightenment which leads to compassion and undarstanding which are essentially products of total awareness.
It is in this context that the engineer of today has to discharge his social responsibility.
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Nidhu Bhushan Lecture 1973
Shri N G K Murthy

1. At the outset let me acknowledge how greatly | feel honoured by the Institution of Engineers in calling upon
me to deliver the Nidhubushan memorial lecture to-day.

2. | thank your Secretary for the kind words of introduction.

3. You will have noted already that | had never been in the teaching profession, like the illustrious previous
speakers who gave you the. Nidhubushan memorial lectures, such as Prof. Govinda Rao. Prof. Roy, Prof.
Bhagawantarn and Dr. Kelkar. Professionally we speak through drawings and design calculations. | share the
handicap of the profession in public speaking.

4. Secondly no scripts of previous speakers are available for reference and guidance. It is then that | realised
what | have let myself into, in accepting the invitation when it was extended to me by my esteemed friends Sri
Bodhe and Dr. Yiswesvarayya. The attraction to my alma mater overpowered any discretion I may have had.
Kalidasa's expression in Raghu Vamsa, describes how ill equipped | felt

Titurshuh Dustaram Mohat
Udupenasmi Sagararn

5. Nidubushan lectures are to be on a subject related to Science, philosophy & spiritualism. An odd mixture is
not inadmissible. Be that as it may, | have chosen to speak to you about "water in our lives and water for India's
survival & prosperity”

Mythology

6. The fountain head of our philosophy & spritualism is embodied in the Gita about which Warren Hastings
wrote prophetically in an introduction to its English Translation by Sir Charles Wilkins.

"When the British Empire is lost in oblivion, when its sources of wealth and prosperity are not remembered, this
scripture and the lessons it contains, will continue to inspire millions of people in this world".

Lord Krishna says therein

"Annath Bhawati Bhutani
Parjanyat Anna Sambhavah
Yagnat Bhawati Parjanyo
Yagnah Karma Samudbhavah

Life is sustained by food, grown through water, obtained by devout action and work.

7. Mythologically Ganga (Water) was brought down to Earth by Bhagirath and Lord Shiva received the impact
from the heavenly fall in his matted locks and let it flow without turbulance on an onward journey to the nether
world to sanctify the ashes of Bhagirath's forefathers: Looked at allegorically if the mighty Himalayas sprung up
from an upthrust from the sea of Tethys, the intense erosive action of heavy downpours of rain on top sea bed
soils is not difficult to imagine. We have experienced what ravages the Kosi rivere has caused with its heavy silt
charge. Ganga in 1970 silted up the Upper Ganga Canal with 40 mcft of silt in a matter of days. The only
remedy is a well maintained thick forest cover. Can we not interpret the matted locks of Lord Shiva on Mount
Kallas, as well preserved forests in the Himalayan slopes? We practice less than we preach.

8. By referring to any good atlas you will notice the Sugar island at tho mouth of Bhagirathi (now Hooghly) and
further downstream the swatch of the Bay of Bengal meaning thereby a bottomless marine canyon or the nether
world where the ashes of Bhagirath's forefathers had to be sanctified.

9. We also call Ganga, Jahnavi. This name is derived from Sage Jahnu. As Ganga flowed it flooded the Ashram
of rishi Jahnu who got angry and swallowed it up, and let it out in a regulated flow through his ears. So the word
Jahnavi. Allegorically there could have been an obstruction or a dam which impounded all the flow, and passed
on a moderated outflow of a spill.

10. We thus possess a rich heritage in the management of water & land. Only there was a break in the continuity
of such knowledge and its why & wherefore.

Modern Hydraulics
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11. Hydraulics as we arc now taught in the Engineering colleges had its history traced by Profs. Hunter Rouse &
Ince in a masterly way. Pascal in the 17th century in his "Principes de Philosophic" said "As for the first cause,
it seems to me evident that it is nothing other than God, who by His Almighty power created matter with motion
and rest in its parts, and who thereafter conserves in the universe by His ordinary operations as much of motion
and of rest as He put in it in the first creation". Pascal who experimented "with Syphones, syringes, bellows and
various tubes of different lengths, sizes, & shapes with various liquids such as quicksilver, water, wine, oil, air
and so forth" lived only a brief 30 years of extreme ascetism, devoted intensely to religion.

12. In the 18th century we had Daniel Bernoulli whose name every student of hydraulics knows. He belonged to
Basle in Switzerland. where his father Johann was a famous Professor of Mathematics. So was his uncle Jakco.
Daniel’s brother Nikolous Was also a mathematician of repute. He won his first prize (out of the ten he won)
from the Paris academy des Sciences at the age of 24. His third prize he shared with Euler & Maclaurin. 11
Scotch mathematician whopresented his first paper to the academic of Sciences at the age of 13, and was elected
to the academy at the unprecedented age of 17 through his second paper.

13. We feel dwarfed before those giants. Should we be frightened to emulate and carryon the rich legacy we
have received from them.

Water for man

14. That no human existance could be sustained on the m aon is now clear from the experiences of the
astronauts. We have therefore to live with our problems and solve them on this planet. It is now increasingly
realised that fresh water which is essential for human existance is a finite quantity and not unlimited. The
increasing population and that disharmony between the distributiou of population and of fresh water is a global
problem. Fresh water in the shape of ice bergs in the polar regions are far separated from places of dense human
habitation. The Natural resources Committee of the U.N. is already seized of this problem of "outlook for the
future; availabilities and demands". They are collecting background information geared to years 1985 & 2000 to
be presented on a global, regional and basin wide basis.

Pollution

15. At this juncture a new aspect of water resources development is very much talked about. | refer to the
environmental pollution & ecological imbalances caused by the present processes of water resource
management. Some believe that this aspect is being over emphasised to act as a brake on the developing nations
who are out to catch up with the developed nations. It would also be unwise-to ignore the after effects of
atmospheric & fresh water pollution that the developed nations are facing now. The present pollution levels in
developing countries are low and polluted areas are widely scattered. So long as certain reasonable ceilings are
observed and concentrations avoided, the financial loading on the costs of projects due to environmental &
ecological considerations should neither upset the benefit cost picture, nor prove to be a constraint on the pace
of development.

16. For mere survival, we have to prudently manage our water resourses, conservation by interbasin transfers,
by observing economy in the use thereof and by not polluting the available and limited resource.

Before going over to the problems of water availability and demand in regard to India, some dilation on the
environmental & ecological problems related to water resources management would seemcalled for.

Trade efflents

17. These are highly toxic and the toxicity varies with tho Industries and processes. The Central Public Health
Engineering Research Institute is fully qualified to conduct research and ad vise the entrepreneurs about the
treatment and the quality of effluent that could be let into the streams where no dilution is possible for 9 months
in the year. It is a subject by itself.

Demestic & Municipal Effluents

18. More and more cities are adopting water borne sewerage systems. Blessed with it tropical climate and many
sun shine days, effluent from shallow aeration ponds used on land for irrigation, alternated with flow irrigation
from canals ought to keep down pollution levels, of the regenerated flow in the nallas within limites.of Public
hygene standards.

19. In domestic use, the highly polluted are the closet waters whereas waters from baths, kitchens, & wash
basins form the major part are relatively harmless and susceptible of being recycled at low costs. Can we
therefore segregate these two? Can the closet water volume be reduced? We are accustarned to use 3 gallon for
every flushing. In Sweden, a vaccurn flushing system only uses one litre of water. It is a problem of the urban
areas. In India major population is in rural areas, people go out into the open, and far away from the residential
area. The problem is nipped in the bud. One should address himself the question. Is universal urbanisaticn good?
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In a world of limited fresh water resource, with the threat of an increasing population looking forward to a mere
and more comfortable life, where should one draw a line for urbanisation?

Irrigation Canals

Though not a pollutant. unplanned, & undrained borrow pits are ideal breading places of malarial mosquitoes.
Whether it be in canal construction or in road construction, need we have borrow pits on both sides? Could
Wenot plan all borrowing of Earth from one side and see that the borrow areas arc well drained. This can be
done and has been done - but a will to do so seems lacking in general.

Dams and lakes

21. This activity of building dams, to conserve the surface water resource has gained increased momentum all
over the world particularly after the World War 11. After quarter of a century of such activity, the negative side
of these new storages, are being brought to notice.

22. The imbalances most talked of are (3) interference with aquatic life and its biological cycles particularly
fish. (b) trapping of silt which otherwise was enriching the fields in the flood plains and in the deltaic regions.
For example, the catch of fish in the Nile delta is said to have dropped down drastically after impounding started
in the Lake Nasser behind the High Aswun dam. The Nile delta, it is feared will be impoverished hereafter by
the total arrest of silty flood waters in the lake. These need to be quantified in a benefit cost study,
Quantification is either slurred over or brushed aside, in the high pitched sentimental protests.

A new phenomenon which Seems to be (so far as I know) mostly restricted to the African continent, is the
infestation of the big lakes by snails & worms responsible for biherziasis. Aquatic weeds render the lakes
unusable for recreation or domestic use. Particularly the Volta lake formed by the Akosornbo dam in Ghana has
such a high concentration of manganese that the whole concrete structure of the spillway & the chute was coated
in deep chocolate brown colour and the waters are unfit for domestic purposes. Secondly at the same place the
conditions on the spillway were conducive to the breeding of the "blinding fly" increasing the incidence of
blindness.

23. Increased seismic activity has manifested itself, may be fortuitously, but simultaneously with the formation
of some half a dozen large lakes. Particularly after the Koyna earthquake of December, 1967, this phenomenon
received so great a publicity, that a famous physicist Prof. Rothe of Strasshourg came out with an article "Fill
lake, and start an earthquake". It is not possible to deal with this subject in depth, in the present talk. The
mechanics of such triggering a majer shock has not been so far satisfactorily explained at Koyna. Based on
hardly one or two percent cases of the total number of dams, where such phenomenon is experienced,
generalisation ill unwarranted. If we further separate out the dams in known seismic regions from those in
regions of low seismicity (if you do not want to use the word non seismic regions) the oc-currences in regions of
low seismicity are rare exceptions. Even in areas of known seismicity, such increased, seismic activity has not
be experienced at most dam sites. In India itself, the mighty Bhakra and the Umium Bara Pani, in a known
seismic belt, did not show any increased seismic activity after the first impounding for nearly 12 years,
Nevertheless dam designers & builders have to be alert to the fact that in this vibrant globe, what vary are the
periods of quiescence between the shocks, on different regions. Prudence would call for normal designs being
adopted in areas of low seismicity, along with seismic instrumentation to study in advance the intensity of pre-
project and post-project seismic activity. Provide for a modification of the section of the Dam durimg the initial
construction itself but in the later period of construction in case increased seismic activity is noticed on and after
the first filling.

24. We need not therefore entertain any apprehensions about ecological imbalances and environmental
pollution. An acceleration not retardation of dam building is our need.

25. We may devote some time to economy in the use of water together with the availability & projections of
future demands. Water is used for (a) Domestic & municipal purposes, (b) agriculture i.e., irrigation (c)
Industrial needs (d) Hydro-power generation, (e) navigation (f) Pisciculture (g) recreation. Flood moderation
and therefore flood control is an aspect of a dam building but not a use of water. Hydro power generation,
navigation, pisciculture recreation and flood control are non-consumetive uses where economy does not arise.
Data regarding the consumptive uses of water in selected countries is tabulated here below:
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MAJOR WATER-USE DATA OF SELETED COUNTRIES
Distribution of withdrawals among major categories
-Country Total Maunicipsal and Agricultare ludostry
withdrawais rarsl water-supply
(1965)
(incubic met- (Percentage)
res perperson
per yedr)
Belgium 80 20 ' 2 78
Bulgaria 615 8 72 20
Czechoslovakia 285 13 6 B1
Federal Republic of 245 20 10 70
Germany
France 540 13 38 49
German Democratic 380 8 12 80
Republic
Hungary 390 9 45 46
India a 600 3 96 1
Israel & 630 16 80 4
Japan 710 10 72 18
Mexico ¢ 920 4 91 5
Mongolia 135 12 80 8
Netherlands 125 " 16 4 80
Poland 250 13 17 70
Romania ¢ : 160 7 48 45
USSR 4,000 8 53 39
United Kingdom 200 31 3 66
United States of 2,300 10 42 48
America
a/ Data for 1968
b/ Data for 1960
</ Data for 1970
d/ Estimation on industrial uses based on indirzct data.

India is at one end of the spectrum with 96% of water being used for. Irrigation and a total of 99% for Irrigation
and water supply. Mexico is somewhat similar to us. Developed countries like - Czechoslovakia & Netherland
& German Democratic Republic are at the other end using 80% for industries 31% of its water utilisation in
U.K. is for domestic purposes.

26. Our case is obvious; economy in the use of water for irrigation, is needed Self introspection in each state
administration will do some good.

27. The main irrigated food crops are wheat and rice.

28. Wheat is grown mostly in winter and bulk of it in the Indo-Gangetic alluvium under irrigated conditions.
Quite a large quantity is also grown on rain in the Madhya Pradesh Malwa plateau and adjacent areas. The
Mexican dwarf varieties adapted to Indian conditions, are successfully grown because of one climate, one soil
variety and irrigated conditions. With chemical fertilisers, people believe that more water is needed than in the
past for the native varleties grown without fertilisers.

29. The case of rice is different. It is, we believe, a water loving plant. | have used the wordt "we believe"
advisedly because we do not know what the rice plant feels about this matter! Does is need all this water for its
growth? A delta of 60" i.e. 5 acre feet would mean about 6250 tons of water per acre. And what do we get as,
the weight of rice crop including the straw? A fraction of the weight of watcr applied.

We also know that the weight of soil in the field does not at all reduce after a crop is grown.
The plant is the result of interaction plant nutrients, solar energy and water on theseed sown.

Economy in the use of water for irrigation would call for intense agricultural practices involving more human
effort than what is put in at present by the farmers. Israel is a country where, fresh water is as scarce as gold.
They show a film on irrigated agriculture with phenomenal yields for export to Europe. Through a perforated
plastic pipe drops of water literally impinge into the root zone of each plant. Quantity of water is regulated.
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measured and controlled by the farmers using Walkie & Talkie pbones & electronic devices. This film should be
shown to the farmers all over India. to rcalisc the gap that we have to bridge.

30. Secondly unlike wheat, rice is grown all over India:- from Kashmir in the north at high altitudes to Kanya
Kumari at the south and at sea level, from Gujarat to Meghalaya, in alluvial deltas as well as in hard rock areas,
in high & low rainfall zones, both in the cloudy hot humid monsoon season with lesser number of sun shine
hours as well as in the Rabi season with sunshine all the time.

To ask for the development of one high yielding variety of rice which responds to chemical fertilisers in any
location, any climate, and any season is not easy.

31. The eating habits form another constraint in the case of rice:- glutineous varieties (good for eating with chop
sticks) versus non-glutinuous pulav varieties areappreciated in India. Commendable, work has been done at the
International Rice Research Institute Philllppines and at our Agriculture Universities of Orissa, Andhra, Madras
etc. Work on biological implications requires time.

32. So long as water is not sqld on volumetric basis in the manner that any other commaodity is sold and so long
as there is tendency to give water free for food crops, why should any farmer exercise economy & increase his
working hours & working days? In Maharashtra Water is sold to sugar cane farms larger than so acres, on a
volumetric basis. In Israel they assess the amount of water that is needed for a crop and sell about 80 to 85%
thereof at a low price and thereafter every % at exorbitant prices as an incentive to exercise economy by the
farmers.

Projections

33. Along with steps to economice in the present irrigational use, it is a pre-requisite that we should conserve
and put to use all the useable surface water resource, conjunctively with ground water. By not using ground
water we do not lose it. It gets recharged annually to restore the ground water balance, except where the annual
draft is far in excess of the annual recharge. It is not so with the surface waters. We lose every monsoon what
we do not store to regulate the flow throughout the year.

34. Estimated trends of water demands in some selected countries is presented here below:

Table (2)
ESTIMATED FUTURE TRENDS IN WATER DEMANDS IN SELECTED COUNTRIES
Total withdrawal Municipal Distribution of withdrawals among
Count S Populstion  (In cubic metres  and rural major categories of water use
ountry y (in millions) per person per water- Agriculture Industry
year) supply (Percentage)
Hungary 1965 10.2 390 9 45 46
1985 11.0 1150 B 39 53
India 1968 530 600 3 96 )
2000 19 850 4 75 21
Japan 1965 98 710 10 72 18
1985 121 570 18 50 32
Mexico 1970 49 920 4 91 5
2000 132 1100 8 77 15
Netherlands 1965 12.4 125 16 4 30
2000 17.9 250 39 3 58
United {970 13 36 63 as 2
Republic of 2000 34 200 20 80 No estimation
Tanzania

In India Irrigation drops from 96% in 1968 to 7.5% in the year 2000. Industrial use will shoot up from 1% to
21%. Per capita annual consumption rises in the same period by 45% (600 to 850) with a population increase by
74%.

35. The cultivated area & irrigated areas in India as of now is as below. For this purpose we have assumed North
as above Lat. 23° (Tropic of cancer) and central as the belt between Tropic of Cancer and Lat. 20° and south the
peninsula below Lat. 20°.
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IN MILLIONS OF ACRES
Cultivated —_— IRRIGATED
ultivate Surfa U -
1 ce Und‘fg;c:und I Total
North 181 41 17 58
‘Central 74 5 3 8
400 13 . 27 100

Present Per Capita annual consumption of 600 cm i.e. 21,000 cuft represents 1/2 acre foot i.e. = 260 mart for
530 million people of which (pro-rata to areas) 190 maft could be from surface water resource.

36. Our surface water resource has been estimated at 1350 mart, out of which only 450 maft were said to be
useable. To use even this quantity, much of it has to be stored. The unusable is the yield of the Himalayan rivers
Gagnga, Gandak, Kosi of the Ganga Basin, Brahmaputra, and the west flowing rivers of Konkan coast receiving
intense rainfull.

37. At the present estimates, a population of 550 million & a usable run-off of 450 maft yields a ceiling of 0.8
rnaft per capita per year of surface water resource. As the population increases the per capita availablity
decreases. Should not the targets in the plans for irrigation be better mentioned by maft. to be conserved and put
to use or by the projected rise in per capita use in maft. per year, instead of in money values or expenditures in a
plan period? Such physical targets may be more meaningful to the farmers & the common man, better than the
expenditures which are inversely proportional to physical targets because of the annual price hike.

38. Apart from efforts to harness us much of the usable surface & ground water resource, we should examine
how to meet the future demands of the increasing population. Increasing expectations add pique to the situation,
New sources, or ways and means of bringing into use as much of the presently unusable resource, are the
obvious solutions. Simultaneously the imbalance in availability and demand within the country has also to be
rectified.

39. In a global startcgy the floating of lee bergs to places of need is considered till now infeasible.

40. The quality and availability of geothermal and geopressurc sources in India are still to be known. We may
not expect much from these sources and furthermore they are exhaustible.

41. We are therefore left with the idea of attempting to use the presently unusable part of the surface water
resource and in so doing rectify the imbalances between demand & availability. With the given global political
structure, ajdustments of population according to a vailability of water bas more hurdles than we can solve. A
similar approach within India looks no more easy, as Socio-economic problems involved transcend financial
evaluation. Secondly the regions blessed with adequate & usable water resources in India are already very
heavily populated.

42. The diversion to the east of the West flowing, narrow, steep & numerous water courses has to overcome
problems of scattered numerous dams of inadequate capacity, erraticity of pumping capacities. So germinates
idea of linking Brahmaputra with Ganga & Ganga with the rest of the country to the south. In so doing, our
studies aim at "how best can more water be made available to the scarcity prone areas". The twin objectives of
trying to bring into use a part of the presently unusable part of the surface water resources and of rectification as
far as possible the inadequacy of water supply to scarcity prone areas are not disputed but the idea of the linking
canals for trans-basin transfers of waters has been the recipient of praise and also some crticism. The Secretary
General to tho U.N.H.E. Kurt Waldheim made a special mention about the scheme in his inaugural address to
the 3 Session of the U.N. Committee on Natural Resources and praised it. The criticism has neither brought out
alternatives nor constructive new-Ideas nor suggestions for improvements for an earlier achievement of the twin
objectives, nor modifications which would improve the present idea. There is lot to be investigated in detail.
What has been narrated is only in a skeleton or conceptual form & not at all in any shape of finality nor with a
closed mind to helpful suggestions to improve and to give our best to our country .

43. We may not perish, but we shall definitely not prosper if we fear from a boldness of conception, and if we
r,It.er in our faith and.in our ability to work together for a high aim. The poor are to be raised to prosperity. It
cannot be done by the proud being brought low. We can aspire, for heaven-on earth, but we must have an
unflinching faith in the words of Adi Sankara.

"Swadeso Bhuvanatrayam™
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Technology, Revolution and Spiritualism
Dr Triguna Sen

Friends and Colleagues,

The invitation to deliver this year's Nidhu Bhusan Memorial Lecture came to me as a and a temptation ---
challenge, because the purpose of the lecture is so novel and comprehensive that even the most knowledgeable
among us will find himself completely disarmed before coming to the rostrum to tackle such a theme, and
temptation, because it gives me a rare opportunity of self-introspection and self-clarification in matters which in
my otherwise so-called busy career | had practically laid aside. What | would try to say today is all
commonsensical, but | can assure you that this will be commonsense plus confession plus anxiety expressed on
behalf of all my countrymen and all mankind.

The world today is passing through what is called technological revolution. The process started towards the end
of the 18th century with the beginning of the Industrial Revolution in England, and today with cybernetics and
computer, space research and Atomic physics, mankind is experiencing another unprecedented revolution. The
world has gone through a number of other revolutions too, such as the French, the American, the Aussian and
the Chinese revolutions, that have so radically changed the political maps and social value structures of the
world. In our life-time, Shri Aurobindo in India visualized still another kind of revolution which we may call
spiritual revolution that promises to transform man into superman.

Revolutions are always supposed to be spectacular and dramatic happenings, and are not usually looked upon [
end products of a long chain of evolution. But the fact is that all the rapid changes in science and technology,
were had e possible through a series of break-through, just as the democratic and socialist revolutions were
ultimately possible, thanks to a series of change in political thoughts and organizations and a long series of
struggle for the Rights of Man. It may sound paradoxical that although technology is supposed to be
antagonistic to spiritualism, it is the technological revolution which is actually hastening the process of spiritual
growth and evolution, thereby preparing mankind for an ultimate spiritual revolution. It is true, no revolution
can be predicted in all exact details, for, a revolution chooses its own time and comes when it comes and in a
manner that often belies all forecasts and expectations.

Man's two major aspirations have been Power and Peace. The quest for power has led man to suffering and
misery and consequently he has been compelled to forsake the booty of power and go in search of peace and
happiness in other places. Spiritualism is the result of this search of man for peace and deeper tranquility. If we
agree that science, culture, art, religion and spiritualism - everything is, first and foremost, for man, then the
question of human well-being, cannot be ignored or bypassed in any of our philosophical queries or socio-
political investigations. Man the known and man the unknown, man who is social and political, and man who is
individual and alone, both have to be taken into consideration with equal emphasis in all our serious
deliberations. Any lopsided growth or development, any excess in one direction, is bound to affect his future
adversely, and may even blight the human species for good.

It is through trial and error, and sometimes through terrible devastation and holocaust, that a society learns its
lesson. Those who come first in the field bear the burnt and suffer most. This is true in technology as also in
politics. The country that plays the role or the first mid-wife of a social, political or industrial revolution, suffers
its shock most. Those who come after become wiser by earlier instances and get an opportunity of avoiding the
possible pitfalls and side-effects. Those who are late in the field can plan and reap the harvest more rationally
and more economically. In the West today there is already a kind of hangover from-over-technicalisation and a
consequent yearning for spiritual anodyne. We in India, stooping too intently to sophisticated mechanization, are
on the threshold of a sort of mini-revolution in technology; and being late in arrival we should take the
maximum benefit of others experiences, and should plan our affairs in such a way as not to foster an extremely
lop-sided growth in any direction. An explosion of material riches, whenever that occurs, demands balancing by
a corresponding explosion of spiritual riches, and in India it needs no extraordinary effort to prepare the nation
for such balancing, as we have indeed a very long tradition of such a viewpoint in our cultural history. In order
to reap the best results of material growth and prosperity, it is essential, said the wise men of the Orient, that
such prosperity be buttressed by spiritual affluence also. In USA, for example, we see there is a definite groping
today for spiritual solace for which their technocrats forgot to make any provision whatsoever. The Hippie or
the Harekrishna movement and other similar movements are but an index of the unrest and angst caused by an
appalling spiritual vacuum in the midst of plenty and abundance.
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Technology may be taken as the spearhead of science, and the marvelous achievements of modern technology
have helped the rapid conversion of man to a faith in science and scientific attitude. Science is daily
demonstrating how it can accurately predict without the help of any divine inspiration or esoteric power. The
prognostic power of science is generated by its systematic study of the laws of nature. Science can invent no
law, it can only demonstrate and utilize the law that already exists and operates in nature. It seeks to confirm
that the natural phenomena are regulated by certain uniformities or rhythms. Had there been no rhythm in nature
there could be no system or law in nature and, in that case, nature would have been totally incomprehensible to
man, and in consequence there could be no possibility of any science at all. Human activities in that case would
have been mere operations of chance or just a bundle of accidents. A scientist is merely a kind of seismographer
in a limited field carved out of the universal rhythms vibrating throughout the creation. The real epicentrum of
the seismos may not be known to ran except in a very dim way. Science deals with the functional existence, but
existence itself may be derived from and integrally connected with, the more fundamental essence of matter.
Science is not revelatory, its truth is prognostic, and all scientific prediction is really a predication, that is, an
assertion according to the known paradigm of a natural phenomenon. The functional existence of a phenomenon
which science seeks to study has no basic antagonism to ontological 'essence' of the same phenomenon, which
spiritualism seeks to probe. For, the whole truth of creation is simultaneously functional and ontological, and
while science specializes in the former, spiritualism does in the latter.

In India, ontology was more than mere philosophic speculation; it was developed as science, and its findings
were placed as verifiable by all. The 'science' of ontology has both theoretical and applied sides. The, theoretical
side is covered by Metaphysics and the practical by Yoga of which the greatest exponent in modern times, and
perhaps one of the finest in the present millennium, is Sri Aurobindo. | had the fortune to serve as Principal to
an Institution of which the first Principal was Shri Aurobindo whose centenary we observed all over the country.
Shri Aurobindo signifies today the most universal implication of Yoga whose earliest cradle and laboratory was
India. It was Shri Aurobindo who asserted that whatever is natural is also supernatural and whatever is human is
by implication, also superhuman. The civilizations of the world, despite their local manifestations of suspicion
and arrogance, are drifting unmistakable towards a grand congruence which we may call a mega-civilisation,
just as the micro-polities are tending through local strife and struggles to one macro-polity or another. Planning
for prosperity is all right, but planning for happiness and pence is no less important, and surely far more
difficult. A simple limitation or transplantation cannot give satisfactory result even in the sphere of creature
comforts, for, even comforts have local colour and flavour, India, therefore, has to choose, pick, modify, adapt
and absorb, and cannot affort to ba just a blind imitator. Unless and increase in quantum means also an
augmentation in quality, more accumulation or acquisition cannot be called progress or regarded as relevant for
human needs. Progress should be determirled by the addition of value. Value is the vertical axis of progress
while the mere increase of consumer goods is just linear growth end a description of pseudo-progress. In the
human society today there is a widespread demand for quality. The piecemeal revolts here and there, all over the
world, are perhaps a prologue to an overall socio-cultural revolution in the making. It will be foolish to try to
meet this new revolt by the old concept of discipline. The new revolt calls for a new discipline, quality to match
quality. Confronted by unrest or revolt we often pose to be responsible by condemning outright any and every
challenge that comes up as breach of discipline. But to condemn a revolt without going deep into the root of
revolt is nothing but colossal irresponsibility. The world-wide hankering for justice and sanity is engendering
this new revolt against a society ruled by profit, motivated by cash nexus, dominated by ruthless competition
and run by mutual aggressiveness. Even in the midst of plenty, people are finding that man who invented tools,
is himself now reduced to a mere tool of his tools. The heartless, competitive society allows no room forth self-
identity of man and, as a reaction, a large number of young men and women feel alienated from society
altogether. Although affluence seems to be the only reply to object poverty affluence itself has to be balanced by
mental and spiritual well-being, as otherwise it will only pave the way to alienation and self-annihilation.

According to the theory of Evolution, all life process is progressive differentiation of the relatively simple into
the relatively complex, the increasing differentiation being also more and more individuation. But this is an
incomplete and one-sided account of the process; for in the total span of evolution, differentiation is balanced by
new integration, difference by unity, and development by regression. Even this description, taken as a whole, is
one of mechanistic causation. Bergson, initiating his theory of Creative Evolution, challenged this stand of
mechanistic biology by suggesting elan vital or life-force as the real impulse or electromotive forced, behind all
evolution, thus turning the tame concept of pre-determined selection into a great creative adventure of life-force.
This vital principle introduced by Bergson in the idea of evolution made the theory of evolution a little more
meaningful, but not direction-oriented. Life-force is a kind of urge without which no creation is possible.
Bergson did not admit any goal for evolution; he described it as an open, indeterminate phenomenon with
divergent multi-directional possibility inherent in it. Bergson compared evolution, which is always
unpredictable, with a work of art. It is prompted by an undefined urge in the artist which can only be fore
glimpsed but can never be foretold.
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Like art or poetry, evolution is a kind of creative outburst or explosion that surprises everybody by its outcome.
The Emergent Evolutionists went one step forward end admitted two simultaneous principles in nature - the
resultant principle and the emergent principle. The resultant principle reveals what is latent and already
underlies, while the emergent principle admits the advent of something absolutely new, not predictable from the
given data. According to this view, there have been two critical stages in evolution at the first, there is
emergence of life, and at the second, there is emergence of mind; and neither of the two was predictable before
the event of its actual emergence. Shri Aurobindo goes one step further, he claims that the third critical stage of
evolution which is maturing, is the emergence of spirit and this is going to raise man on to a higher plane.

Life is a unique kind of energy which is awake. All other energies are locked in eternal unknowingness. Being
more

and more awake, it is aware of itself and becomes free as nothing else in the universe is. Its freedom is
constituted by its awareness of choice or alternatives of action. Life is unique because it is creative, capable of
developments beyond the power of prediction. It is unique in that it learns to become a master over other
energies by utilising them for its own expression and manifestation. Life is forever aspiring, trying, needing,
building, annihilating, rebuilding and seeking again. It reveals its deeper nature in its constant weaving or
relationships with its environment, with other lives, even with the dreamy cobwebs of its own imaginings.

Man gifted with mind has acquired power. Power always wants to be free, that is, more and more powerful. But
it often misunderstands the conditions of freedom. Freedom of action which is almost synonymous with power
is called forth by the creative urge of youth, but when this is not controlled by a sense of responsibility, it
becomes destructive and proves inimical to the freedom or others. Historically speaking, the power of man over
man has existed from the dawn of society. It is rooted in the regulation within a family, in the parents ruling
over children, the seniors over the juniors and the patriarch over the clan. But we should note that this power has
never been primarily a question of' physical strength. Authority was inherent in the very nature of society.
Seniority was reinforced by indoctrination and training, by the accumulated know-how of longer life and greater
experience.

Power that rules the world of men, exists always within a system or relationships. It is not something which men
possess exclusively like the quality of perseverance or strength of muscles; nor is it like legacy or gift which can
be transferred in toto from one person to another irrespective of other things. What can at best be transferred is
only a potentiality; an opportunity, a congenial possibility, no more'. The Hobbesian concept of power did not
take into account the social matrix of' power, and, therefore, Hobbes mistakenly regarded force as the power that
keeps in subjection. But, Power, on the human level, means capacity for effective action which depends on the
utilisation of resources through the know-how, know-what, know-when and know-where. The knowing is
primary, for knowing itself can subsequently be in possession of the resources it needs, and it is knowledge that
triggers all worthwhile achievements.

The two basic abstractions in the heritage of modern thought - the Newtonian doctrine of the Simple Location of
material bodies and, the Cartesian principle of the Separation of Mind from nature are also arbitrary and by no
means absolute. First, the doctrine of Simple Location. It regards the independent individuality of each unit of
matter whose properties could be tabulated correctly without reference to what was happening elsewhere in the
world. Its reality is supposed to be fully manifest at particular moment without any need or reference to its past
or future. Modern physics has abandoned this Newtonian doctrine of Simple Location and the physical entities
like the sun, the stars, the planets, the molecules, the electrons are each regarded as modification of conditions
within the Space-Mme continuum. There is a focal region where we say a thing is, but its influence really flows
away from it and pervades the remotest recesses of space and time. Secondly, the Cartesian bifurcation of nature
into two systems-one, governing the nature of electrons and light quanta, which are the domain of physics, and
the other, governing the nature of the poets and painters-nature endowed with the glorious rainbow in the sky
and the vernal wood, causing remantic ripples in the lover' s mind, which the scientists have so far excluded
from their enquiry-cannot also be accepted as absolute bifurcation. in the name or science can we exclude a
significant part or fact of nature—the glorious sunrise and sunset, the sunflower in the bush end the down chorus
that generate emotion and poetry and music-as if it belonged to an ‘unscientific' nature? Are not these surprises
and surprising segments of nature as much natural as are the molecules, electrons and protons? Perception gives
us only n structural not qualitative knowledge of the external world. Science can quantify, but not qualify; it
leaves untouched the mystery of the emergence of quality in the creation. Besides, the experiments of the post-
Einsteinian world, the handling of the astronomical data and the far-off phenomena in the super-steller universe
have raised new doubts about the scientific cocksureness of the past. The time-lag however small, between the
causal nature and, the apprehended nature brings in the possibility of a gap between' what the philosophers
traditionally demarcate ns Reality and Appearance. It is, after the perceptual reality which the scientists accept
as reality. But if we ponder well, we may see that there is no objective existence as such, and what we normally

The Justitution of Hngineers (India)



The Eighth Nidhu Bhusan Memorial Lecture was delivered during
the Fifty-fourth Annual Convention, Poona, February 14, 1974

accept as objective is invariably an subjective-objective continuum in which matter and mind are not disparate
items but coherent pulses in the total flux.

Humanity seems now to hoist in its own petard. The nuclear weapons have put mankind into such a dilemma
that it does not know whether it has already reached a point of no return. Escalation is a definite danger, but in
the logic of nuclear logistics, deterrence-threat plays a key role. The possibility of escalation spirals upward,
through the intermediate levels of violence towards the highest violence-total nuclear war. What appears at
higher level to be mutually oriented deterrence is really a balance of terror only- the reciprocal capability of
launching massive reprisal to annihilate or nearly annihilate each other. It implies ability which is sufficient to
annihilate the enemy's society but inadequate to destroy the latter’s retaliatory weapons. The ‘balance of power’
at various levels of violence, issues from the balance of terror which throws a pall over the entire society and
brings - in its wake anxiety and alienation. This balance of terror does not imply any capability to halt the
enemy’s advance, but to punish the enemy by paying it back in its own coin. Against this background, the
question arises: Was a new world really born on the 6th of August, 1945, when Hiroshima was bombed? For
many centuries mankind has dreamed of an age of everlasting peace when nations ‘will beat their swords into
ploughshares’ and violence among men will have vanished from the earth. With the same optimism, mankind
has adopted a technological view of history that it embodies a 'hidden purpose’ which is fulfilled through ages.
But today we find, ironically enough, that Pax Atomica or atomic peace has been reached by means of nuclear
deterrence. Surely this is not the kind of peace of which mankind has dreamed for generations. The peace we are
confronted with is ‘peace in the shadow of terror' ; this is a negative coercive peace imposed by improved
technology, peace with latent violence and aggressiveness. It is a hostile peace with constant preparedness for
war, an armed peace, over which violence hovers like an evil cloud. It prevents war without solving the conflict
and without trying to eradicate the source or tension. In our age of deterrence, ‘co-existence’ does not mutual
tolerance based on ‘live and let live’ or anything of the kind. Co-existence is double- edged term in the
international political vocabulary, it means continuation of conflict by avoiding mutual destruction. This is
neither peace nor war, a paradoxical situation which allows war in the political arena and peace in the military.

Peace as a military or political proposition has thus been blunted. Peace has ceased to be a matter of agitation,
protest end sloganning, it has become a difficult subject of research in depth. 'If you wish for peace, understand
war’ is an old Roman dictum. If prevention of war is peace, the circumstances that cause was must be
investigated, and a general theory of peace and war has to be evolved by taking into account both positive peace
and negative peace. The conventional weapons were used to be produced, on the assumption, that they would
have to be used; but today the nuclear weapons are developed on the contrary assumption and hope, that they
will not have to be used at all. At the same time it is feared in some quarters that if in Europe nuclear deterrence
is not actually implemented and aggression is met only by conventional weapons, Europe will be defeated and
lost, but if they are used, Europe will be destroyed. The politicians of deterrence hold that nuclear weapons.
have become a kind of force for peace. But this politics does not, and cannot ensure that peace will endure. Mere
lack of war is surely not peace, and whatever results nuclear peace may have achieved, it has not achieved
peace of mind. This peace in a global community of fear is, in the very nature of it, very dehumanizing. People
have started saying that with the advent of the nuclear era mankind has entered into a blind alley and that his
survival depends upon beating a retreat and changing his ways and wants together. A new world order based
completely on different postulates is on the agenda, but there seems to be no power or agency capable capable
of bringing it into reality. Man has travelled a long way and has tt his credit a lot of important achievements.
Nevertheless, the world is farthest away from his cherished goal of peace, joy and serenity. Ours is still the earth
suspended over an abyss as it is described in the Book of Job in the Bible. Uptill now peace has been tackled by
war, as if war is the only means of peace. Now we have to think of tackling war by peace, believing that peace
alone, not war, can win against war. And this means a total change of outlook, a total re-structuring of the
societal ethic and attitude. India can play vital role in this matter by recalling her ancient tradition and
championing the cause of world peace by setting it in a new spiritual key.

The scientists of the first two Worlds are still using terms of conflict and warfare while they are supposedly
working for peace. Take the example of the ecologists. The ecologists invariably use the term environmental
control. They do not realize that the very idea of control or controlling the environment may defeat the very
purpose for which the aid of ecology is being sought. They are trying to control the environment when they
should rather ‘free’ the environment. How can we use the environment for the freedom of man without first
freeing the environment? The notion of antagonism between man and nature is the legacy of western thought,
and unfortunately our Indian ecologists are just repeating their western gurus without even once trying to
reformulate their borrowed knowledge and avoid their extensive blunders. Technological revolution limited to
technology alone, can be as disastrous as atomic revolution limited to atomic experiments; both can easily lead
to sort -of escalation not originally meant. The monotony of over-organized , over-urbanized life, standardized
stereotypes of education, breathless, unimaginative and uncomfortable transport and communication media—all
these are going on in the name of technology end progress. The abominable uniformity of our neighbourhood
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cannot but cripple the mind of the growing child and blunt his imagination. It is often repeated that human
progress means, and depends upon, man' s ability co conquer nature. In reality, however, there has always
existed in man' s long history the biological and emotional need of collaboration with, and not conquest of,
nature. what we see today is very dismal in most parts of the world. Everywhere men seem to be willing to
accept ugliness and squalor on the ground of economic wealth and prosperity. A landscape can retain its
beauty—as in the old Indian concept of Tapoban like Naimisharanya-only so long as it is not found suitable for
economical or industrial exploitation. In the name of taming nature, technological civilization has only turned
wilderness into sorts of dump heaps through a process the raping the nature, and destruction of the
environmental harmony and beauty. It should be the task of our new technology to reconvert the drab
wilderness that has been generated by technology itself, into new kind of civilized nature, in conformity with the
well-being and spiritual growth of man. To forget the geographical imperatives and the topographical and
climatic peculiarities attached to a spot is to doom urban planning ab initlc. The physical and biological
implications have so far been disregarded in favour of economic and political urgencies. Planning without the
proper use and utilization of the environment and without the human inhabitant and his free growth in focus, is
bound to be a failure. Air pollution, noise, misuse or overuse or drugs-everything results from the environment
being manipulated exclusively on the basis of technological imperatives without making provision for man's
psychological, and | should add, spiritual well-being and growth. Ecology, which the German scientist Ernst
Haeckel introduced as a scientific term in the last century, has to be taken now in a much broader concept. It has
now to include the mental as well as spiritual environment of man. But unfortunately questions of man’s
spiritual ecology well-being are still ignored. They talk of ecological equilibrium and harmony in the external
world, but what is the use of equilibrium and harmony in the external world if the competitive motive in the
structure and organization of society continues to create disharmony and disequilibrium in the inner
environment of mind, necessitating more psychiatric clinics and more tranquillizer pills? Man’s brief
honeymoons to the moon or even the possibility of an interplanetary shuttle service in near future should not
make us blind to the grim fact that our gardens on earth are overgrown with weeds, and the chamber of our mind
is cobwebbed with angst and worry. An astronaut's journey in space is much safer than pedestrian’s evening
walk in the city, and it proves that we are now able to do the impossible but cannot do the possible and
necessary.

We cherish knowledge, but no knowledge can be all-knowing. Between the known and and unknown there will
always be a dividing line. There are frontiers even between the inorganic and the organic, between life and
mind, and between life and spirit. Our progress in science does not mean demolition of the frontier completely,
but only pushing the frontier a little further. The frontier, however, still remains. Science gives no explanation of
the world it describes and analyses. Science seems to deal with the book of creation whose first and last pages
are torn. We do not know, therefore, the beginning and the end of the process, we only deal with the middle, in
the words of the Gita:

Abyaktadini bhutani vyaktamadhyani bharata
Abyaktanidhananyeba tatra ka parivedana

- (O Bharata, all living things are implicit or unknown at the beginning, and so also at the end, they are explicit
or known only in the middle. What use lamenting over this state of things?)-The world of science is not self-
sufficient; it rests on something which lies beyond it und cannot be known in the physical or material way. A
seeker of truth, if he is a scientist, will follow his scientist’s conscience and will reach the frontier which he
cannot pass unless he consents to follow the path of another kind of order and experience. This was admitted by
Einstein when he said: “The supreme task of the physicist is to arrive at those universal elementary laws from
which the cosmos can be built up by pure deduction. There is no logical path to these laws, only intuition,
resting on sympathetic understanding of experience, can reach them". The reality is not merely the material or
physical reality. The most wonderful thing - and the most real of all — is the human mind which has unravelled
thc mysteries of nature. Man has to take the whole view of reality-the subject and object, Puruse and Prakiti,
spirit and matter, freedom and necessity, existence and essence. In the name of science, technology, progress,
revolution, pragmatism or any other ism we cannot squeeze freedom into necessity, and truth into untruth. It is
man's birthright to aspire after the infinite and cry :

A-sato ma sad gamaya
Tamaso ma jyotir gameya
Mrtyor ma amrtam gamaya.

— (Lead me from nonexistence to existence, from darkness to light, from death to life eternal).

Even those who declare themselves to be atheists, agnostics or skeptics and are opposed to spiritualism as such,
cannot avoid a tinge of spiritualism in their very intimate thinking and living. Art, beauty, culture, social service
and love become to them substitutes of spiritualism. Whatever uplifts, ennobles, frees, is at bottom spiritual, and
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is needed the enrichment and fulfillment life. One of the greatest intellectuals of this century, Bertrand Russell,
wrote the following, in the Prologue to his Autobiography.

"Three passions, simple but overwhelmingly strong, hove governed my life: the longing for love, the search for
knowledge, and unbearable pity for the suffering of mankind. These passions, like great winds, have thrown me
hither and thither, in a wayward course, over a deep ocean of anguish, reaching to the verge of despair.”

"l have sought love, first, because it brings ecstasy — ecstasy so great that | would often have sacrificed all the
rest of life for a few hours of this joy. | have sought it, next, because it relieves loneliness—that terrible
loneliness,. in which one shivering consciousness looks over the rim of the world into the cold unfathomable
lifeless abyss. | have sought it, finally, because in the union of love | have seen, in a mystic miniature, the
prefiguring vision of the heaven that saints and poets have imagined. This is what | sought, and thought it might
seem good for human life, this is what—at last—I have found.”

"With equal passion | have sought knowledge. | have wished to understand the hearts of men. 1 have wished to
know why the stars shine. And | have tried to apprehend the Pythagorean power by which number holds sway
above the flux. A little of this, but not much, I have achieved.”

"Love and knowledge, so far as they were possible ,led upward toward the heavens. But always pity brought me
back to earth. Echoes or cries of pain reverberate in my heart. Children in famine, victims tortured by
oppressors, helpless old people a hated burden to their sons, and the whole world of loneliness, poverty, and
pain make a mockery of what human Life should be. I long to alleviate the evil, but | cannot, and I too suffer”.

"This has been my life. | have found it worth living, and would gladly live it again if the chance were offered

th)

me .

The ecstasy, the shivering consciousness of terrible loneliness, the Pythagorean power of knowledge and the
infinite pity for the suffering humanity — all these have been mentioned by Lord Russell with great fervour.
They are a vivid proof and expression of the essential spiritualism in man which Lord Russell himself would
vehemently deny In his other writings.

Man has developed new weapons for global destruction, but ever since the dawn of civilisation his dream has
been to surmount death and decay end to attain light and unlimited freedom. His pursuit of medieval alchemy or
modern science has aimed at the gaining of immorality. But this dream of the human race has most of the time
been contradicted by its actual experience and suffering. Now at last is time when man should look inward, not
as an escapist, but with a view to bringing out the inner light which alone can illuminate his path. That we look
upon matter as merely ‘material’ may be due to our limited vision. We say matter evolves life and mind. But we
could also say, like a Vedantist, that life and mind are already involved in matter. The domain of the material
study of matter is Physics, the mental study of mind is Psychology and vital study of life is Life Science or
Biology. They are all limited studies within a given, rigid frame. But why should we be so dogmatic as to
suggest that there can be no other study of matter than material and no other investigation of mind than mental
or psychological? The more modern developments of para-psychology phenomenology are only hints of the
many other possible realities yet unfathomed or unsuspected by men. Spiritualism is an approach to matter,
mind and life from an altogether different plane, and if it serves our need and gives us peace of mind and thrill
of joy, there can be no objection to spiritualism, simply because it is different. According to Sri Aurobindo, just
as the animal is a living laboratory, in which nature has worked out man, so man himself in his turn can be a
thinking and living laboratory of nature of work out superman. Nature has not ceased to work just after reaching
a particular stage of evolution, it is working on, and its goal is to go beyond to man to superman, beyond mind
to overmind and so on. According to this view, matter has become, through evolution, living matter or animal,
animal has become thinking and reasoning animal or man, and next, man is to evolve himself Into conscient
spiritual man or superman when the indwelling spirit in him becomes so manifest. The veil of inconscience and
insensibility, will then be torn as under and only purest intuition will reign. The spiritual and suprementel
possibility of man cannot be dismissed as mere speculation, since spiritualism as a science was established in
India long before Patanjali. It is a science, a para-science in sofar as it does not ask anybody to believe or accept
any of its conclusions a priori but to test, in all science, its validity or otherwise by individual experiment and
mental experience a posteriori. Yoga is nobody’s monopoly or patent. Whoever consents to follow its steps
experimentally will realize its validity and practical efficacy. It does not even require to be a believer in God in
order to follow Yoga, and Patanjali’s system of Yoga itself does not believe in God: ‘Isvarasiddheh.

Today both atheist Russia and Christian America are showing eagerness to study and practice Indian Yoga,
whereas in India, far from accepting it as a subject for research in depth, it has been quietly relegated to
pretenders, charlatans and mountenanks. We forget that Yoga has no more mystery in it than mountaineering
has for the planes people. If you want to climb the mountain, you to practise mountain-climbing, and the
practice may be very strenuous and difficult but there is nothing occult or mystical about it. So also in Yoga. It
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is stated in the Gita that Yoga is a kind of skill in work or spiritual know-how: 'Yogeh karmasu kausalam’. We
often claim that man is a rational being, but we know very well that man is also a bundle of irrationality. But
what we do not care to know is that man can go beyond rationality to supra-rationality. Man’s journey from
irrationality to rationality and from rationality to Supra-rationality can be accomplished successfully by our
instrument of perception, which is mind. The light of reason which science has utilised fruitfully is indeed very
feeble flickering light. It never reaches the depths which generate the greater creative force. The creative power
comes from the darkness below and the illumination above, in the language of Yoga and Tantra from the bodily
centres of Mualadhara and Sahasrara or from a combination of Sakti and Siva or Vija ( seed) and Vindu (point)
or Prakrti and Purusa, being the nomenclature according to d schools or belief. The transition from mind to
supermind is a so transition from nature to super-nature, aided by, what Shri Aurobindo calls, the descent of
superconscience or the supramental consciousness-force, so that human intelligence may climb by degrees to the
higher mind or illumined, intuitive mind and overmind .

In ancient India, the wisest thinkers realized the profound truth of harmony in nature and they made astounding
progress in all spheres, material well as spiritual without suffering from any crisis or alienation. The supposed
antagonism between science and spiritualism is a legacy of the western thought, and culture; and our tendency
to imitate the west without modification has put us into so much unhappiness and confusion.

The spiritualisin of the ancient Indians did not prevent them from their magnificent and most revolutionary
discoveries in Mathematics, Metallurgy, Medicine, Surgery, Botany, Agriculture and Zoology, rather it
sustained them in their high pursuits. The conception of the 'Sunya’ (zero) and the system of numeration were
invented in India centuries before Christ, and while the Greeks developed Geometry almost to the exclusion of
other branches of Mathematics, the Indian developed the Mathematics of Numbers with a rare sense of
abstraction and boldness of conceptions. It is to be noted that by the 5th century A D Aryabhata wrote
practically the whole of Arithmetic that is taught in High Schools now including extraction of square and cube
roots, decimals and fractions, the rules of proportion including inverse proportion, arithmetical and geometrical
progression, etc, whereas we find no trace of the geometrical propagation use of modern system of arithmetic
outside India before the 10th century, not even in Europe, Middle East or China. In Algebra also it was the
Indian mathematics who first used the letters of the alphabet to denote unknowns. The Indian mathematicians
also realized that all arithmetical operation could be done with alphabetical symbols and arithmetical signs.
Brahmaguptau clearly states in Sphuta Siddhanta: "The product of a positive and a negative is negative; of two
negatives is positive; positive multiplied by positive is positive. Positive divided by positive or negative divided
by negative becomes positive, but positive divided is negative, and negative divided by positive remains
negative’. Having evolved the necessary by the 5th century, the Indians found the general solution of the
quadratic equation and solved completely the general indeterminate equation of the second degree. The results
arrived at by the Indian mathematicians were unknown then in Europe, were rediscovered only in the 17th; 13th
and 19th centuries. The Greeks also studied indeterminate equations but they failed to make much headway
because they approached the point of view of Geometry and had evolved the proper symbols. In ancient India,
although the general belief was geo-centric, Aryabhata differed from all other astronomers in his belief in helio-
centricism. He also maintained that the problem from the Earth actually rotates about its axis. The spherical
shapes of the earth, the moon; the sun and the planets was also well-known the Indian astronomers. India also
substantial in Metallurgy. She was famous for her skill in the tempering of steel and the manufacturing of the
so-called ‘Damacus blades was from her by Persia end then from Persia by countries. The rust-proof wrought
iron pillar at, Kutub Minar in Delhi over fifteen hundred years old is an unmistakable proof the high
metallurgical skill of the Indians. They knew the different processes or extraction, purification, melting and
casting of metals. The Indians were highly rated by Imperial Rome as industrial experts specialising in dyeing,
bleaching, tanning, calico-printing, soap-making, glass-making, steel-manufacture, gunpowder and fireworks,
and even manufacturing of cement (vajra-lepa). In Medicine, the two great Indian names are Caraka (medicine)
and Susruta (surgery). Surgery, as a well-developed skill was recognized by about the second century, while
materia medica grew from age to age with the introduction of new drugs, vegetables and minerals.

Whatever be the ultimate outcome, all revolutions profess to bring freedom to man; freedom which is willed by
man freely and also achieved freely, and dependently. Political and other freedoms provide only partial glimpse
of the potentiality of man for freedom. Freedom in the fullest sense of the term, can be gained only by crossing
the frontier of the domain or materialism and stepping into the region of spiritual illumination. Since there is
basic opposition between the two, and since the one rather leads to the other, let us refuse to be short-sighted as
we are in our bigotry and arrogance in the notice of science and technology, and strive to different and difficult
harmony which alone is the sine guo non of the highest technology, revolution and spiritualism.
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Saintliness in Science and Science in Saintliness
Prof H C Guha, Fellow

INTRODUCTION

The subject on which | intend to speak today is 'Saintliness in Science and Science in Saintliness'. It is obvious
that the subject is both important and intriguing and the choice of it cannot be over-appreciated.

The subject is important, for it not only draws our attention to the pitiful and tragic conditions of our
'Progressive' time, but also hints at the way, the best possible way of curing it of such conditions. It is also
intriguing in that it is an invitation, a challenging invitation to analyse and understand two basic concepts, viz,
'science’ and ‘'saintliness’ and as it is 'man’, who builds science and as it is man again who becomes a saint, to
analyse in its depths also the concept of man.

Accordingly, my exploration of the subject will be (a) a descriptive account of the crisis in our present culture
and oivilization; (b) an analysis of the concepts of science and saintliness; (c) an investigation into the nature of
man to find out if one may be a scientist at the cost of being saintly and vice versa or if one can be not only a
successful scientist but a true scientist if and only if he is saintly as well and also if one can be saintly not only
in appearance’ but in reality if and only if he is scientific as well; and (d) finally, an attempt at - understanding
man in his depths, man in his empirical and transcendental nature.

CRISIS OF THE PRESENT AGE: A DESCRIPTION

The present age, it has already been said, is both pitiful and tragic and it is ironical to describe it as progressive.
One need not be too careful to find out that it is an age of alarming paradoxes or, if you like it, of horrible
contradictions. There is plenty of scientific and technological knowledge. Indeed it is increasing at every
moment and increasing at such a rate that it is becoming difficult, if not impossible, to keep pace with it. But,
unfortunately, side by side with it our sense of values is withering even at a faster rate. Our sense of insecurity
and helplessness is widening and filling us with despair. The most advanced scientific and technological
civilization the world has ever known appears to any man of sense and judgment, using the words of
Schweitzer, 'a strange medley of civilization and barbarism'. Social and political upheavals in every part of the
globe are daily occurrences. They may rightly be judged to be the symptoms or manifestations of a deep-rooted
moral and spiritual disease. Every sensible and thoughtful man seems to be a stranger to this atmosphere. The
growth of science and technology has not brought mankind to the promised land. It seems that humanity has met
with a shipwreck. One school of contemporary philosophy, viz, existentialism, is occupying itself with the vivid
description of dread, nothingness, ennui (boredom) and the like, which to a student of philosophy of earlier days
would have appeared as signs of a diseased mind. But the existentialist thinkers are in a sense the spokesmen of
this age; they are articulating, though in a dramatic way, the ever-increasing loss of freedom, the total collapse
of the sense of values, the obvious outbursts of the Dinosyian elements of man's nature, the eclipse of the
Appollonian elements, the growing sense of insecurity. the dread of anonymity or the sense of estrangement or
of being thrown in an unkind if not hostile Universe and paradoxically the Universe of 'civilized' men. The same
sense of estrangement is expressing itself in the works of the poets, the novelists and the dramatists. Kaffka in
his novel, The Trial, tells the story of a man who goes through a trial without being able to find out what
precisely is the charge against him. The same author in his book, The Castle, narrates the sad plight of a man
subjected to the arbitrary decrees of a mysterious sovereign and fails to get access to ‘The Castle'. The poet Rilke
in his poem, The Great Night, describes how the big city is inaccessible, how the landscape darkens and makes
the human self practically non-existent, how everything becomes unintelligible, how the street becomes
oppressively near, how even the nearest things are without shape and the human soul is as it were hemmed in by
angry towers and inscrutable mountains and everyone is alone. Rose, the principal character of one of Marcel's
.plays, utters, There is only one suffering: to be alone'. This loneliness is not the U panisadic asangatva of
purusha of the saint who has conquered all his passions and inclination and is in communication- contemplative
communication in silence with his deeper self-but of a typical modern person who, while surrounded by clever
people finds that his longings for an honest companion are unsatisfied. Similarly the initial thesis of the novels
of Camus, particularly of The Plague and The Stranger is the absurdity of existence.

From what has been said it would be evident that the human situation is precarious. It may be mentioned in
passing that the economic, social, and political structure prevailing in the non-socialistic countries does not
sufficiently account for it. It is rooted in our perverse concept of science and well-being. The crisis is moral and
spiritual. It is embedded in our false evaluation of the nature of man and misunderstanding of science. Lest this
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appears to be vague and obscure it should be said that social, economical, and political structures may be to a
certain extent responsible for such a condition. But they are not enough to account for the situation-for / even
where this kind of structure does not exist, the situation is not as happy as the admirers of the said structure, say,
though it is not as ugly as the hostile critics declare. True, it is a question of fact and we do not know what the
facts are. We are prepared to accept that changes, qualitative changes in the modes of production demand
corresponding changes in the modes of distribution and this requires are-structuring ofthe socioeconomic-
political pattern. But we would also add that rapid developments in science and technology are introducing
qualitative changes in modes of production so that the socio-economic-political structures of yesterday are
becoming out-moded today. Moreover, we do not intend to base our description on an insecure foundation like
ill-arranged facts. We intend to obtain an analytically satisfying consideration. And, in fine, it is; that we have
misunderstood the true spirit of science. We have entertained the idea that science is ethically neutral, valuefree,
in that it aims at knowledge and knowledge for the sake of knowledge. But while entertaining this idea we,
whether intentionally or otherwise, did not take into consideration the obvious proposition that science not only
investigates its subject but also presents us with a view oflife and so a sense of values. It is strange that even
today we do not give sufficient thought to it even though with the development of science and technology the
old system of values has crumbled or is crumbling. In other words, if science has brought about a change in our
sense of values, it cannot be value-free and the recommendation that the scientist should seek knowledge for the
sake of knowledge is hollow. We also did not take into consideration that to everyone except the pure and
perhaps anaemic savant, knowledge is power and power is indivisible and so science gives us power not only to
control nature but also society and in fact science itself. This power may be exercised not by the truth-seeking
scientist but by the power-loving adventurer- the kind of power that makes one corrupt and unscrupulous, the
kind of power the power-loving politicians seek. The historians of the middle ages tell us what misery men had
to experience because of the unholy union of the unscrupulous kings or politicians and equally unscrupulous or
helpless men of the church. And we may say that when the history of this age will be written, if human beings
survive the present crisis and survive to write candid history, it will be observed that incalculable sufferings
were the lot of men of our age on account of the unholy union between unscrupulous politicians and
unscrupulous or helpless scientists and technologists. And if this be the case, then the crisis of this age is a moral
and spiritual one.

The sense of estrangement on which many poets and philosophers of today dwell was foreseen in the nineteenth
century by thoughtful persons who were not ‘idolators of the actual’ and they rightly, if sometimes clumsily, hit
the nail on the head. Nietzsche spoke for the trans-valuation of values. One may not accept his concept of
values, but one cannot deny that he felt keenly that with the rise and triumphant advance of science, the
traditional scheme of values collapsed or was collapsing miserably. That is why he often spoke of man as if he
was a forelorn wanderer. In one of his books he considers the case of a man, who is not one of the featureless
crowd or of the class of people with presumptuous pride, but though behaving like brutes, is worse than brutes
in that he is not gifted, as the brutes are with instincts or natural sense to keep them within their natural orbit, but
looks at his world with open eyes and is not possessed by the possesing instinct. Such a man is a wanderer. He
will have hIS bad nights when he comes home tired and finds the city-gate locked, the gate of the city in which
he had hoped to find rest .... then the terrible night descends upon him like a desert in a desert and his heart feels
tired of wandering. And when at last the morning sun rises glowing like a god of wrath and when the city-gate is
opened then he may discover in the face of the citydwellers an even greater desert, more filth, fraud and
insincerity than outside the Igate-e-and the day will be worse than the night'.

Nietzsche is, in the opinion of many people, notorious for his wild exaggerations and there are some reasons for
holding that the frustrations and the sufferings that were his ill-fortune contributed to a great extent to the
formation of his ideas about the nature and destiny of man. Accordingly the above pronouncement of Nietzsche
may be viewed with suspicion, though it will be unfair to discard it as false. But none would attribute the same
attitude to Goethe, and the fact is that he was also not happy with the policies we adopted to make ourselves
‘civilized'. And he observed: 'Men will become more shrewd and clever, but they will not be better or happier. |
see a time approaching when God will no longer be pleased with man, when he will have to smash His creation
to pieces in order to rejuvenate it'.

Indeed when one considers carefully the rise and growth of science and technology and also the emergence and
development of the scientific and technological civilization, one cannot fail to note that the sense of values
which for centuries sustained man's faith in himself and lent to the consolidation and healthy development of the
social, moral and political institutions and practices weakened and started to wither away. So what Nietzsche
was pleading for passionately was the cultivation of a new sense of values, which he expressed in his
characteristic style as the ‘'trans-valuation of all values'. Similarly, Goethe, the incurable optimist, not only
feared that God will one day smash His own creation but also rejuvenate it. Indeed, He will smash and
rejuvenate and, | may be excused if | am imitating his manner of speaking, implant in it with a sense of values. |
may make bold to add that Marx or a Marxist should not object to it. What a Marxist wants is not a mere re-
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structuring of the socio-economic order or a change in the political set-up. For any de-structuring that precedes
re-structuring is not revolution as any change is not a change for the better. Hence, he is after a better socio-
political order and 'better' is a value-word. That socio-political order is better which promotes human welfare in
a better way, which creates conditions for the expression and enrichment of men in a more meaningful way.
This we may say is an innocuous' description of a better order; and a Marxist would not challenge it. What he
would demand is an anaiysis of the concept of human welfare, or to vary the mode of speaking, a map of the
world of values.

Now the world of values is a heno-dimensional world. It has many dimensions, but pursuit of every dimension
not only demands devoted and zealous attention but impresses upon him who pursues it that if it is not the only
dimension the other dimensions are subordinate to it. In other words, the world of values is a pluralistic world, a
world of many sets and none of these sets is unrelated with the other sets though each set claims to be the super-
set, of which the other sets are sub-sets. In plain language, there are economic, social, political, moral, religious
and various other kinds of values. They are all connected. But the connection is to a great extent as you connect
them. In other words, we do not take them as co-ordinates. We try to find out which is more comprehensive,
which is less comprehensive, which is higher which is lower, which is extrinsic a value for and which is intrinsic
a value in itself. Accordingly, we arrange them in a hierarchical order, we grade them. And here we differ. What
is identified by one school of thinkers. as a value of the highest grade is not so identified by a thinker of another
school. And this is not arbitrary. It depends upon the different way of conceivijng man. But before we consider it
even briefly, it may be mentioned that even at the common sense level, it is - quite obvious that promoting
human well-being is essentially promoting moral values; and in support of it | may quote the following from
Winston Churchill who beyond all doubt was a man of abundant practical wisdom.

'Projects undreamt of by past generations will absorb -our immediate descendants; forces terrific and devastating
will be in their hands. Comforts, activities, amenities, pleasures will crowd upon them but their hearts will ache,
their lives will be barren if they have not the vision above material things. And with the hopes and powers will
come dangers out of all proportions to the growth of man's intellect, to the strength of his character or the
efficacy of his institutions. Once more the choice is offered between Blessing and Cursing. Never was the
answer, that will be given, harder to foretell. .. without an equal growth of Mercy, Pity, Peace, and Love.
Science herself may destory all that makes human life majestic and tolerable. There never was a time when the
inherent virtues of human beings required more strong and confident expression in daily life-there never was a
time when the hope of immortality and disdain of earthly power and achievements were more necessary for the
safety of the children of men.' (from Thoughts and Adventures).

Winston Churchill desires that the inherent virtues of human nature should assert themselves strongly and
confidently. But a large amount of contemporary thinking is directed against the recognition of anything
inherent or essential to human nature. Indeed the very expression 'human nature' is viewed with suspicion .. The
existentialistists, by and large, are of the opinion that the idea of fixed human nature or human essence is a
fiction. So also the behaviourists hold that a man is how he is conditioned. Recent developments in the science
of psychology and in genetic engineering indicate that it is possible to create or manufacture a new kind of
human beings and the possibility is not a remote one. This is a fresh case of alarm-the kind of alarm that was
behind the satirical works of Huxley and Orwell. Men of sense cannot help being alarmed. The alarm which has
been created by the nuclear armaments has been intensified by genetic engineering. For who is going to lay
down the rule on the kind of men to be manufactured? If they be the unscrupulous politicians, then obviously
they would direct that a species of slave-men be produced and the consequences of it are not difficult to
imagine, If in reply it be said that the new species of men would pursue higher values, then we ought to ask if
without knowing these values and also without knowing how these values may be cultivated, it is possible to
manufacture this kind of man. If the ability to choose be denied to the manufactured men, then the question of
their being morally responsible will not arise, and those who choose to create morally responsible creatures
would stand morally condemned. Recent developments in the science of linguistics suggest that language has
apriori structures, which are the basic structures of man. And so it is reasonable to argue with Kant that moral
consciousness has its own apriori structures. In other words, however strong may be the arguments against a
fixed human nature, they do not convince us that it may be to totally changed that the laws of logic, the
principles at the back of sciences, the creative elements of human nature, articulating themselves in art and
literature, the moral laws, indeed everything that makes a man a man proper will cease to hold or exist. .

We may say that the virtues of which Mr Churchill speaks would not cease to be, though, they may be veiled.
And we should always keep ourselves ready to tear the veil that we may thoughtlessly have covered them with.
In other words, they are imperishable, as their perishing would imply perishing of men, but they cannot assert
themselves strongly and confidently if we are not active to keep them shining. Increase in our scientific and
technological knowledge is covering them with thicker veil and we should always be alert and resolve and act
firmly to tear those veils and this requires that we understand what science exactly is, and that the abuse of
science is a consequence of our failure to understand science.
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CONCEPTS OF SCIENCE AND SAINTLINESS

Analysis of the Concept of Science | have stated more than once that the crisis of this age is a moral and
spiritual one and that this is a consequence of our failure to understand the nature of science. And | have also
stated that we are accustomed to think of science as ethically neutral. Now in this section I intend to analyse the
concept of science and to make the analysis relevant to our purpose. We would seek an answer to the question
how the current notion that science is ethically neutral has gained such a wide acceptance and also to the
question as to what the limitations of this notion are.

Modern science dates back to the seventeenth century, and what idea the builders of science had about its nature
may be gathered from Dialogues on the Two Systems of the World. Here we find Galileo and his adversaries at
hopeless cross-purposes. Galileo holds that- an event is scientifically explained when it is shown 'how' it
occurred. But his adversary Simpliceus thinks that to explain an event we should demonstrate ‘why' it occurs.
This distinction between the' 'how' and the ‘why' approach is precisely the distinction between the scientific
approach to nature and the medieval largely theological approach to nature and to define our attitude to science
as well as saintliness we should dwell on it a little.

So let us have a look at the scientific attitude. Nature is a mighty stream of events with many currents and cross-
currents. The events occur. Occurrence of every event is preceded as well as followed by events. The scientist
has first of all to identify his objects. This identification "is usually called classification. It is the first step in his
explanation of nature. But classification does not lift science much above common sense. The next step that a
scientist takes is one of finding a relation between events. Thus the scientist will be able to say 'why' a thing
happens when it happens and *how' it happens as it happens. It may be mentioned that this is done by us at the
common sense level. But the scientific way of doing it is qualitatively different. It is very careful and precise,
and the concept of cause is given a thorough over-hauling. According to Aristotelian doctrine, there are four
kinds of causes, viz, material, formal, efficient and final. We are here interested in the final cause, which is
represented by ‘'why' in a question. If we hold that it is relevant even in the cases, where things are not made or
manufactured by man, we would then have at the back of our mind the theological idea that even objects like
mountains have their authors. And in our daily life we often think in this way, particularly when we raise the
question. Who has created the Universe? And there comes the stock answer: 'Not any human or finite being,but
God, the infinite being-a being with purpose, reason and intelligence’. Thus we compare the work of reason in
the deductive sciences and the role of purpose in our goal-seeking acts-put the two together and arrive at the
mighty speculative conclusion that the Universe has been created by an infinite being with reason and purpose,
and so to account for the occurrence of every phenomenon we should relate it with this infinite reason and so
also to determine what purpose it serves. To a man at this level of thinking a 'why-question' is a question about
final cause. But the builders of science did not think that it was within the competence of science to attack a
question of this type. Indeed, it holds that the pursuit of such questions is not rewarding. Thus Newton did not
make any attempt to answer the question why there is gravitation, but being a believer in God he did not declare
that such a question is meaningless. So also Galilee was both a scientist and a believer. But Bacon banished the
concept of final cause from the logic of the sciences. The distinction between the non-consideration of final
cause while tackling science and the elimination of it from all rational discourse is very thin and so the search
for final cause has been treated as foolish and anthropomorphic. This is at the basis of the conflict between
science and religion, a conflict that has lasted for three centuries and one is thought to be suffering from
intellectual dyspepsia if one cherishes the hope that it may be satisfactorily resolved. So when we are making an
attempt to show that the attempt at being scientific at the cost of being saintly or similarly the attempt at being
saintly at the cost of being scientific is suicidal; we ought to say a word or two on how the conflict is essentially
the outcome of the failure to assess the role of final cause in human reflection.

The belief that a supreme intelligence created and sustained the Universe or was articulating itself in nature, was
at the basis of our sense of values, particularly of moral values for centuries. Thus if we take the disvalues- sin,
crime and the morally wrong, we would see that they were not carefully distinguished before. Thus to tell a lie
or not to keep one's promise, is morally wrong, is a crime, is a sinful act. Indeed, to the question why one should
not tell a lie the traditional answer was- not that it offends our moral intuition, but that God forbade it. The
doubter was thought to be the devil's disciple. In short, the moral imperatives were not considered to be
categorical but hypothetical. True, some inspired persons spoke of virtue for the sake of virtue, or that virtue
was its own reward. But such persons were thought to be dangerous. At least it was a common belief that such a
creed would be ruinous to the poor mortals, the beings of flesh. Accordingly, thus the idea of final cause being
ruled out or God being dethroned the sense of moral values collapsed or as was put 'God is dead, everything is
permitted'.

.Now if our thirst for knowledge is strong, our moral nature or the thirst for moral values is not weak. So our
moral nature revolted against progress of science. What the outcome of this revolt would have been if there were
free and fair fight is anybody's guess. Actually the fight was not free and fair. For, progress of science brought
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along with it the power to control nature, which had as a consequence economic and political power. We tried to
make easy compromises, recommended science on the week days of action and religion on the Sundays of rest.
Easy compromises do not last. They introduce more diseases than they cure. So we are today at the edge of a
precipice. Anyway, the motto 'knowledge for the sake of knowledge' ceased to work. It was replaced by
knowledge for the sake of power, and the claim which is still made these days by some that science is ethically
neutral sounds hollow, if not hypocritical.

Some existentialists of today declare that the most depressing thing about contemporary culture is that after
inventing machines man has not only become slave of them, but take them as their ideal. Not a saint or a wise
man or a hero is the ideal of our age but a machine in good order. Our institutions should run as a machine does;
our society, our family, or everyday life, indeed everything should be modelled after machines. No wonder we
are at the edge of a precipice.

Kantian concept of moral teleology presents both science and saintliness in a new light. Thus, science assumes
that nature is intelligible. This implies that nature is embediment of intelligence-a purpose. The purpose is the
emergence of man, the moral man, a being endowed with good will and sense of values. This moral is
autonomous and so categorical. In other words. it is not deduced from divine will. Moral commands are not
hypothetical. To go behind the appearance of diversity and dive deep into the mighty current of unity is not an
intellectual task.

Shri Ramakrishna Paramahansa was not a University don or doctor. Nor was he a commentator. Indeed, he was
not a man of learning at all. And not by interpreting the scriptures he realized the oneness of all religions. He did
it by his living. Such living is denied to most of us. We hardly ever feel the pang of separation from the ultimate
one. It is not for us to understand God first then refine and cultivate our sense of values. We shoulz start from it
and think in consonance with it.

Now the question arises, if a man does not believe in God, is he therefore immoral. We are accustomed to the
affirmative answer to this question. But this is not a satisfactory answer. Either moral will is autonomous or
virtue for the sake of virtue is a statement without meaning. No lucid thinker can assert them in the same breath.
Besides, if one intends to deduce moral statements from religious statements one undertakes an impossible
logical task. So it is extremely unwise to deny the autonomy of moral consciousness or sense of values. This is a
pint that ‘was seen through and through by the wise men of India. Indeed, it was Indian wisdom not to
subordinate moral sense to belief in God. The word 'saint' stands for yogi and their denotation overlaps. Yoga
consists in chittabritti nirodha, arresting of the mental states and processes. We may put it also as controlling all
the disturbing and rebelling forces of human nature. Thus the relation between a belief in God and being saintly
is not either necessary or sufficient. It is not necessary; as one may be saintly without knowing God. It is not
sufficient as one may believe in God but may not be saintly. Saintliness forms the essence of human nature. That
it is at the back of the pursuit of science would be evident from the following observation of T H Huxley, one of
the fathers of modern science.

'Science seems to teach to me in the highest and strongest manner the great Truth which is embodied in the
Christian conception of entire surrender to the will of God. Sit down before fact as a little child, be prepared to
give up every pre-conceived notion, follow humbly wherever and to whatsoever abysses Nature leads or you
shall learn nothing. | have only begun to learn content and peace of mind since | have resolved at all risks to do
this.'

In our way of putting it, the scientific attitude is also the attitude of the saint, Duty for the sake of duty is its
motto. The motto is not cognitive. It is moral. And accordingly it is a pursuit of values arranged hierarchically,
the highest value being freedom from or conquering of passions and appetites. It is Nirlipta as Gita puts it.

To bring this point home we may refer to the life and teachings of Gautama, the Buddha. He has been held by
some as an atheist by others as an agnostic and by many he has been identified with God or held as an
incarnation of God. All such descriptions are incomplete and hence false. If one reads his teachings between the
lines one cannot fail to find out that he was the follower of the middle path. He did not think it wholesome to
'waste time and energy on metaphysical, subtlties. Nor did he think that a man is essentially an animal. The true
being of man was his moral being. The same is true of Vardhamana, the founder of the Jain faith. Indeed the
Indian philosophical systems are by and large reluctant to expound subtle philosophical theories on the nature of
God. Their chief concern lay in propounding the ephemeral character of the worldly values. Their attitude was
that these values were not of the highest order, the highest value being complete realization of the self, the
proper being of man. Anyway, a critical analysis of the scientific attitude makes it apparent that it is not opposed
to saintliness. Indeed, a scientist who is not nirlipta or sthitadhi fails both as a man and as a scientist. He is a
danger to the human 'race as he is a danger to himself. He suffers from dissociation. His is a self divided. The
present crisis is largely due to the cultivation of science by persons suffering from dissociation.
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Analysis of the Concept of Saintliness

The concept of science has been analysed in detail. The concept of saintliness has also been incidentally
analysed. We need not, therefore, dwell on it at length. We often think that a saint is other-worldly. It is a
mistake. This distinction between this-worldly and otherworldly is a false distinction. The real distinction is
between higher and lower values. Again a statement 'that to be a saint one should repudiate the world of sense
and science' rests on misunderstanding of saintliness.

It is true that a saint is one who renounces. But renunciation means pursuit of higher values. Gautama, the
Buddha, Acharyya Sankara were sannyasins. They practised great renunciation. But their social consciousness
was as strong as that of anyone. Indeed, it was stronger and more responsible. It has never been their contention
that everyone should renounce the world and live the life of a recluse. It is the question of being an adhikari.

It is unfortunate that some weak-minded escapists parade themselves as saints. The one to one correspondence
of which the Yogins speak between the microcosm and macrocosm is sufficient to establish the contention that
they do not dichotomise the world into this and other. Bhuh, Bhavah, Sva etc, the seven lokas of which they
speak are said to be designations of the different structures of the human organism as well as of the different
stages of the progress in spiritual life.Similarly they assert that there is an essential identity between self (atman
and the absolute (Brahman).

Saints had profound knowledge not only of the spiritual nature of man but also of his bodily nature. One
example should suffice. The Asanas, on which they gave so much stress are indicative of the knowledge they
had of the human body and its functions. It is becoming more and more fashionable everyday .to take Yogic
exercises. This tendency is based upon the demonstrated values of these exercises. But what I should like to
underline is that the bodily exercises are not for the sake of the body but for the healthy' mind in a healthy body.
We often flock to the ashramas of some saint. who trains us to meditate and we learn how to meditate and feel
reconciled. But here also we do not take care to see that meditation is not for the sake of the body or the social
and commercial self only. It nourishes them. But it is for the development of the total self, the self in a state of
equilibrium, unruffled by passions and desires. It should be noted, and it cannot be over emphasized, how deep
was the knowledge of the saints about the nature and function of the body, the food that one should take, the
kind of life that one should live, the nature and function' of mind and also the order of values.

The popular idea that a Yogin is concerned with the supernatural rests on a confusion. The confusion is a deep-
seated one in that the distinction between the natural and the supernatural is widely held and while the science is
allotted the natural; to the saint is allotted the supernatural. This distinction is false. There is no distinction
between the natural and the supernatural. Science may have its limits and this is due to the method it uses. But
beyond science is not beyond nature. The real distinction is between the natural and the artificial. The deviant,
be he a scientist or a saint is artificial. Therefore, saintliness properly understood is not antithetical to science;

Every object or situation is complex. We may never be sure that we have observed it fully, and so every
statement is corrigible. Hence science would patiently collect facts, observe their repeatability, would ascertain
their unconditionality before it would make an assertion. In other words, in science we would not say that we
know unless we are in a position to demonstrate. Science involves patient observation, pairing, comparing,
grouping, finding out invariable relations and many such things. One cannot be a scientist unless one learns to
be methodical, viz, how to identify the area of study, how to isolate it from the irrelevant, how to proceed step
by step from what follows from something to what follows from something else. A scientist is a man, who
applies this method almost effortlessly. It is a habit with him. The method is comparable to the method of the
saint. Yama, Niyama and Pranayama, etc, form a part of his way of life. Now, if we consider the cultivation of
saintliness in our daily life, we will see that the scientific habit, the scientific way of meeting a situation helps us
in developing saintliness in us. In science, we proceed methodically in a disciplined way, from the demonstrated
to the not yet demonstrated, from the known to the not yet known, from the clear to the not yet clear and the
journey from 'from' to 'to' is always careful. When in our daily life, we adopt this attitude to the identification of
values and also in the realisation of them, we just promote saintliness in us. To put it differently, science is an
intellectual discipline. But this isnot disciplining the intellect alone. Intellect is a part of our nature. If the other
parts remain indisciplined one cannot discipline one's intellect. Besides, to discipline one's intellect one should
see that one's wish is not the father of one's thought, that one is not guided by bias and prejudices, that emotion
does not have charge of one's intellect. So disciplining intellect is acquiring a character. It is picking up a way
ofliving. While we train the intellect we train the mind, the entire psycho-physical complex. Now this training
may be put to service to explore nature, to obtain knowledge and information. But if we stop there, we do not do
justice to the training. If we use it only to know and control nature, we are not valuing it properly. It should be
used to identify the values and to guide us in living up to the values. So a mind trained up in science becomes
free from superstitions, and biased thinking, and in its attempt to live up to the values it helps us in developing
our saintly nature effectively and almost effortlessly. Science properly understood and cultivated informs
saintliness.
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SCIENCE AND SAINTLINESS

From what has been said above, it is clear that one can be neither a successful nor a meaningful scientist, unless
one has a sense of values, unless one knows how to distinguish between higher and lower values. And so we
may say that we are properly scientific if and only if we are saintly as well.

The converse of this proposition is also true. For values do not float in empty space. They are grounded in the
factual. Distinguishing between higher and lower values is a barren exercise if it is not guided by a sense of
realities, a knowledge of actual state of affairs. In other words, the ideal is the ideal to be translated in to the
actual and the actual actualises if and only if it is infused with the ideal. To oppose ideal to the actual is to make
the ideal empty and the actual dirty. In concreto the ideal and the actual are not opposed.

So we would conclude that one may be saintly if and only if one is scientific, and that one may be scientific if
and only if one is saintly.
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Why Are We Here ? — A Scientific and Philosophical
Study on Human Existence'
Shri R N Joshi, Fellow

INTRODUCTION

| have been asked to deliver the Tenth Nidhu Bhushan Memorial Lecture. The pleasure and privilege are mine. |
thank the authorities for giving me this honour. It is my good fortu ne that | got a chance to pay my humble
homage to the memory of late Shri Nidhu Bhushan. This Lecture offers an opportunity for me to organize my
stray thoughts inspired by and collected from a thousand sources. | claim no originality, but have an open mind
and have a desire to understand the 'how' of science and the 'why' of philosophy-the two aspects on which my
lecture is based.

I am addressing engineers who are essentially practical persons with a scientific base actively engaged in putting
scientific principles and advancements to the service and comforts of the society. | am particularly glad that |
am giving this Lecture on the auspicious banks of the river Sabarmati, where Mahatmaji carried out his valuable
experiments with the truth, and where Vikram Sarabhai got inspiration for scientific achievements.

The purpose ofthis exercise is to locate the position of man in the vast arena of existence; to try to thi nk ou t the
meaning of this big game if there be any such meaning; whether man has any significant role to play; what are
his potentialities?; what and how he is discharging himself? ; and to try to see if the study indicates any line of
action.

THE UNIVERSE

To start with, | like to say a few words about the size of the Universe. According to science, universe though
vast is finite. Long distances are measured in light years. A light year is the distance travelled by light in one
year at its speed on 186000 miles per sec. The size of the universe is estimated at 21.2 billion light years.

We live on the earth. one of the planets of the solar system. Man is a tiny speck on the globe which itself would
vanish into oblivion in comparison with the universe. | would suggest a relationship between the size of the
earth and the universe, being expressed for convenience of memorization by the word 'STESSGAUN,' meaning
grain of sand, height of tree, diameter of the earth, diameter of the solar system, diameter of the Galaxy and
diameter of the universe being in geometrical proportion with about a million as a multiplying factor. There are
billions and billions of planets which are located in zones of comparable temperatures as of the earth. Apart
from the feasibility of any different forms of life than those perceived on our planet, it would be hazardous to
say with certainty that- ours is the only planet to beget life. With the limitations of our knowledge it is proposed
to limit this study to the framework of life on our planet the earth.

It is seen that situations on this planet, the earth, have been meticulously planned to sustain and support life.
This indicates that life may not be a mere accident.

LIFE VS NON-LIFE

The origin of life on earth is estimated to have been two billion years old. Nothing is known as to how life
originated once upon a time, what preceded such an event, and whether the process except by reproduction,
repeated any other time, or continues in some form even now.

The most significant aspect of a living body is that it consists of an equipment and an operator. The equipment is
a sort of meshanism built of material composed of highly complex organic substances different from the
inorganic compositions of the inanimate world. Life commences when the operator takes charge of the
equipment and terminates when he leaves it. The functioning of the equipment is rhythmic in character
involving several cyclic and periodic operations and events such as hunger, sleep, pulsation of beart, breath,
secretion of glands and sex. Science concerns itself more with the equipment of life; and philosophy with the
operator thereof.

Again matter in non-life is in itself well organized and involves regular rhythmic movements of its minute
constituents and obeys well-defined laws of stress-strain relationship, fatigue, expansion and contraction and so
on, which should indicate in matter some lower level of life than total deadliness. Non-life has no free will. Life
introduces free will which goes on developing with higher forms of life. Mobility in animals indicates more
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freedom. Man is endowed with full freedom of thought and action. God is great and His creation vast; yet man
has freedom of thought even beyond the great God and his vast creation.

DISTINCTIVE ROLE OF MAN

The greatest attribute of man as distinct from the rest of the animate world is that he is endowed with a kilo and
a half of grey matter-his brain-which works as an automatic computer and even something more. The design and
working of this highly complex human organ, so compact and protected is a mystery of mysteries.

Another speciality of man in the animal kingdom is the use of hands. The advancement of man has been
possible through the coordinated and complementary functioning between thought and action through the brain
and the hands; his two distinctive features.

Advancement of man has further been possible through the activity of communication he has so ably developed.
He developed language to decipher and label emotions, objects and ideas by words and action symbols with
tremendous amount of nicety and subtlety. He has been able to extend the scope of his senses many-many-fold
beyond that of the bare senses with the help of instruments devised by him. Thus through a 200 in telescope he
can see stars 8 000 millions of light years away.

Apart from the qualities of his brain, use of hands, extended use of senses and art of communication, the real
attributes of man characterising him are his developed mind and soul, conscience and sub-concience, sense of
art and culture, and quest for knowledge and deeper understanding. Man is endowed with a superb equipment
and is a superb 'operator' and, therefore, he has excellent life opportunities. The anotomical and physiological
evolution must only be a superficial exposition of the finer equipment of man and must be a part of the larger
and total evolution.

Man is on a progressive march; and his equipment looks to be tuning itself. It is likely that if the present model
of equipment of man has the potentiality of larger attainments to fit in the scheme of larger evolution the model
may well continue, of course, with due tuning and balancing. It is too early to judge if the present equipment is
good enough for the purpose. If it is not, further evolutionary processes would be inevitable.

Man has two roles of play-the animals role and the superanimal role. This often creates a conflict in him. He has
to play the animal role successfully enough to safeguard himself and his species and to keep him fit and healthy
to be able to play the superanimal role with distinction. The superanimal role is an end in itself the main
objective of mankind, the animal role a means to an end. With his superanimal urge for understanding and
realization he can establish unison in apparently diverse observations and can resolve all conflicts. It is for man
to find out the via media between his two seemingly conflicting roles-the animal and the superanimal. How far
man has been doing it will be examined in what follows.

PROBE OF WESTERN THINKER

Study of sciences has demonstrably brought out universality of behaviour of objects irrespective ot variation in
time, place and the observer. The scientist is however acutely conscious of his limitations. The scientists search
in the vast space and his probe in the analysis of a n atom has yielded bounties of information. Yet he finds that
depth of bis information is proportionate to the efficacy of his observations and that he is howhere near the
totality of knowledge. The scientist gets baffled and the scientist-philosopher gets frustrated. Analysis leads
nowhere but deepens the problem.

An important aspect of investigation has been the relationship of matter, body and mind and to locate the seat of
animation in the human body. The man of science has some knowledge of how senses function and of the
external processes of perception. We have some knowledge as to the regions of the brain to carry out the
assigned functions. Something is known about the biochemical processes controlling pituary and other glands
producing either the tears of sorrow, the blush on the cheeks, or fountaining the mother's milk. But neither
science nor the science-based philosophy has a glimpse of the operator behind. The biochemical processes are
just the modus operandi of how things are brought about. It is not the master operandi. It is not the crown that
rules nor the pen that writes. These are but the transferred epithets. The real ruler and writer are different. Who
is it that really perceives through the senses. Who is it that experiences the joy or the sorrow? Where is he
seated? The scientist has no knowledge of the operator proper and none as to who prompts the operator.

APPROACH OF ORIENTAL SEERS

Whatever the stage of scientific knowledge and its application to daily life that prevailed in the Vedic and
Upanishadic times, some of the oriental seers of that age had obtained considerable insight in metaphysical
matters on which hardly anything is known to the modern science. It is often supposed that science of the
present day was obviously beyond the reach of mankind in those days. Obscurity regarding the exact knowledge
prevailing at that time is due to the fact that the knowledge through the scriptures is allegorical in form. It is
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however likely that some scientific truths in astronomy were known to them and here are a few illustrations. The
sun god washighly respected and the number 108 is considered holy in relation to the sun. It cannot be just
coincidence that the diameter of the sun is 864 000 miles, ie 108 times the equatorial diameter of the earth. That
the earth was round was known in the Vedic times some 10 000 years ago. It was allegorically suggested to be
resting on Shesha, the cobra. The philosophic interpretation is that the earth has sprung from a very
insignificantly small fraction of the Absolute. A science based interpretation could be that the earth is supported
on or is balanced by the rest of the universe. Still another instance may be the concept of Brahrna's day covering
4.32 billion years which is not far different than the age of earth as ascertained by modern science. There are
descriptions indicating the manner of creation of the cosmos such as it started with the nebula or ocean of gases
which seems to have some relevance in the light of modern theories on the subject. Several evidences indicate
that at least some scientific truths were known to the Rishies of old. As to how they acquired this knowledge is
anybody's guess. In passing it might be mentioned that depth of thinking and preciseness of expression had
reached a fairly high level in those days as can be judged from the fact that there are more than hundred words
for water to indicate the propriety of its source and user, and there are different words to indicate several
decimals upto billion-billions.

It can be said with certainty that the old oriental seers did not give much value to physical sciences of the mortal
world and possibly did not utilize them much in securing comforts of daily life as in the modern age. They had
however given considerable emphasis on metaphysical aspects. All manifest and non-manifest arise from the
Absolute, the one beyond description and beyond the perception of human senses, for the Absolute is beyond
limitations of time and space. It is at His Will and His sacrifice that the formless has taken form and split into
infinite forms, different and distinct. The ultimate reality is one, though the learned describe it in various ways.
The entire diversity has a core of unity, since unity has created the diversity. One in the many is the corollory of
many from the one. The Absolute is involved in the entire creation. The process of evolution continues. It is
what is involved that gets involved. Matter, life and mind are the stages of evolution.

Man with his tremendous potentialities is at the helm of the evolutionary process. Realization of the Absolute by
man is the object of the evolution. Realization is possible through the concerted effort by man coupled with the
grace from the Almighty. He is liberal in offering all graces and hence it is the self-effort of man which is all
important to put in the necessary self-effort, self purification is needed, starting with healthy body, alertness of
mind, and clarity of thought.

AN APPRAISAL

In the history of mankind, to the extent it is known or can be guessed, during the last 10000 years, say, we have
had towering personalities who can be said to have had the insight of the mysteries of existence and had an
approach to the ultimate reality. If this is so, a question arises if the mankind is really progressing, or otherwise;
in fact degenerating. In respect of physical sciences and its application in fulfilling the daily needs and looking
to the comforts of man, the progress is unquestionable. But is man making any significant contribution in
quenching the human thirst for the knowledge of the ultimate? Man is an animal and something more. It is the
quantum and proportion of 'something more' that makes the quality of man as distinct from an animal. Man has
a belly in ornmon with the animal, and he has to fill it to keep the machine going. But man's special privilege
and distinctive attributes are his mind, his capacities for experiencing and his latent thirst for the knowledge of
the ultimate reality. If he uses his brain merely for filling his belly, he is only living as a polished animal, not as
a man. His manness is to be judged from his attainments in human qualities. Is man really progressing in his
"manness'?

If it is considered that in the age of ancient Rishies man had made substantial spiritual progress; it had to be said
that mankind could not retain the acquired treasure. The sublimating principle of the dictum of ‘work without
attachment' was lost sight of in subsequent period, and people tended towards inaction. Surrender to the Master
turned into renunciation of life. Realization or communion with the ultimate developed into the concept of
freedom from the repetitive cycle oflife and death, therey contributing to the negative approach to life. Life
came to be considered as a tyranny and as a most dreaded punishment, Life presented a serious and gloomy
look. In the misconstrued pursuit of transcendental fulfilment and happiness, charms and relish in enjoying
several experiences in life, individual as well social, were denied, taking all existence as illusory. It appears that
the consequent escapism and denial led to a dark period wherein spiritualism was forgotten and material
prosperity shunned.

In the West, on the other hand, materialism has been n trial. Industrial revolution gave it a great fillip. Man has
not only produced a machine but has converted himself into a machine, losing all individuality and insiration. In
his life-long preoccupation in earning a living in most cases and, amassing more and more wealth in others, man
has no time nor the peace of mind f r any superanimal attainments. Enjoyment of worldy pleasures of ‘eat, drink
and be merry type, to whatever extent they are available to a man do not seem to satisfy him. Aquisition of such
illusory pleasures gives him no satisfaction but makes him more greedy. The drink paradoxically enhances the
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thirst. Man leads life of acute stresses and strains. He has conflicts all round-conflicts with nature, conflicts with
his fellow being and conflict with his inner self. In trying to catch happiness far himself he gets engulfed in deep
worries and sorrows. To forget his sorrows he tries tranquillizers. His mind is the abode of envy, His vision is
distorted. His action is croocked. Devoid of idealism, he manage; viceous acts, multiplies, and defends them.
The pollution also extends to his physical surroundings; air is foul, water contaminated, food adulterated.
Mankind seems to be at the turning point. Man derives no happiness from materialism. The outcome is total
frustration.

Rapid advances in science seems to be having toxic side effects on the society. Man has become intoxicated
with the pride of his treasure ‘catch’ of inventions and discoveries, which stand in sharp contrast not only with
the achievements of animal world but also with the history of mankind. Man has brought about the explosion of
sciences during the century. He took wings and started flying. He has exploded atom bombs and released
tremendous amount of energy by breaking open the tiny atom. He sent his messengers and has planted his flag
on the moon. He thinks of snatching away the nature's privilege h the allotment of sex to the newborn. He might
succeed in rearing a baby in a test tube. He is on way to produce a living cell, however, tiny. The discovery
howsoever creditable for man is actually tantamount to uncovering life in matter. Though the discoveries have
turned some scientists in to philosophers and have made them humble with the realization of the tremendous
potentialities of nature, science has converted the outlook of an average man and has given him a feeling that he
has captured nature. He seems to be in a mood to challenge the creator. This is changing his manner of life. To
him life becomes artificial. Sex usurps the seat of love. Culture is obsolete. Art is the whim of the whi misical.
Idealism is the way of the faddist. Visionary is con sidered an idiot. God has been expelled from the scene.
Well, the dog is barking at its master. The child rebukes at its parents. Man finds nature as worthless, even
enernical.

The West has captured the world and drags it westward. The world has been benefitted by the advances in
science. Bounties of experimental results and their far reaching inferences are available to the thinking mind to
enable some understanding of the reality. The greatest service of science to mankind is in fighting natural
calamities; in protecting man from all odds; providing him food, shelter and clothing; and in offering him all
comforts. If science is filtered of its toxic effects on mankind it can be a great tool indeed for man to fulfil not
only his animal needs but his super-animal attainments as well.

In the materialistic attitudeto life as we have atpresent, man deals with transactions in which if one gains the
other loses. Happiness and sorrow look to be two sides of the same coin. Man splits into classes, one against the
other- the employer versus the employee, the landlord versus the tenant, the merchant versus the customer and
the haves against the have-riots. In such cases, conflicts are inevitable. Happiness for all is an impossibility. This
is so because of the short sighted and selfish attitude of the participants. For want of a better word | will call this
attitude as 'bipolar attitude’, which tries to set the interest on the one part as against the interest of the other part.
It would be advisable to change the attitude to a unifying attitude in which both the participants stand to get
happiness out of the deal. Unifying approach in certain respects is not unknown in-our life. Thus love begets
love, goodness inspires goodness, symphony enriches the harmony, one torch enkindles another, wisdom
spreads wisdom. It will be possible for man to replace the bipolar attitude by a unifying attitude adopting super-
animal approach. He has to learn to live with a larger and benevolent mind and with a wider and illumined self-
interest leading to unison and no conflicts. In his daily life and in carrying out several transactions he should
accentuate basically on points of common interest.rather than a few advantages he would apparently gain for
himself by manoeuvring some tricks. This approach would humanise man's life andwould bring happiness for
the mankind.

Man is exposed to pain and suffering-both physical and mental. This often leads him to attribute pain to some
harassing forces. The physical pain is nature's method of timely intimation offaults in body functioning and
asking for attention and correction which otherwise would lead to more serious disorders. The. modus operandi
of such timely signals in the working of so complex a machinery as the human body, exposed to variable
situations both natural and man-made-ismore to be welcomed and admired than to be complained against. His
mental suffering may be due to loss of possessions or due to loss in financial transactions he might have
undertaken. These could be reduced to the minimum if mankind adopts unipolar approach in life as suggested
earlier. Sometimes man gets disturbed by obvious injustice in life wherein the vicious prosper and the virtuous
suffer. The fact of the wide matter is that man's understanding is based on patchy and incomplete information
from the short portion of the spectrum of the total knowledge. Not much is known to either science or
philosophy of nature's administration of justice or of the face of an individual electron (without free will) or of
man (with his free will) in certain situations. What they know is only the general trend. In any case it may be
generalisedithat mental suffering of man on whatever account could be amply toned down with a proper frame
of mind.

CONCLUSION
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I now like to' draw some conclusions from this study. It was mentioned earlier that though the universe is vast
and extensive, our knowledge regarding it is limited and hence this study was restricted to the life on earth.
After having made a general survey of life on earth and more particularly of human existence it is observed that
man has been quite active on the dynamic wheels of science, but he very much lacks direction and even basic
understanding regarding the purpose of creation and the objective of evolution, a process of continuous
unfolding of life forms and events. His advancement has been lopsided and unbalanced. Anyway, whatever be
the process of evolution in terms of development of matter, life, mind, and anything further, whether man with
his present limitations can reach the desired objective and if any creature with superhuman powers would be
coming on the scene, it is pretty sure that such happenings would be a long drawn process and would need an
extensive period of time. It looks therefore desirable for us to lay down a still lesser framework, wherein we can
get an answer to what we can do here and now, so long as the line of action for the lesser framework does not go
counter to that in the larger framework and is consistent with it. Understanding of the ultimate reality and the
realisation of the Absolute is supposed to lead a person to eternal. fulfilment and happiness ever afterwards;
both in this life and any other. As against this objective in a larger framework, we could very well consider life-
long happiness of a type which will not fade or wither away as our immediate objective in the lesser framework.
We can also ask for such pure happiness for one and all. It is hoped that this objective would be universally
acceptable irrespective of differences of caste and creeds, or religious faiths, or political ideologies. In fact it
may be considered to be the highest common factor of all religions, the bridge between earth and heaven.
Achieving this objective of real and life-long happiness for one and all is not that easy. Raselus wandered the
world over in search of a happy man and could not meet one. Tn the modern world things look to have
worsened. We have to ask ourselves as to what is it that would make one fully happy and also what is it that
would make everybody in this world equally happy.

For a man to be happy it is necessary that his animal needs are met within a reasonable way and his superanimal
expectations fulfilled. He needs food, clothing and shelter. Man needs protection against natural calamities and
perils such as floods, draughts, earthquakes and thelike which, as we know from our sad experience, can cause
tremendous hardship to mankind. Man is to be guarded against diseases and epidemics, and should be enabled to
lead a healthy, active and alert life. He has to be supplied with the needs of a community life. He must be
furnished with recreation facilities. He must have venues to develop and express art and culture as an important
feature of his extended skill in conimunication and self expression. These needs of man, | would call, are his
earthly needs. Satisfaction of these needs is necessary to make a person happy. But happiness demands much
more than thesatisfaction of these basic earthly needs of man.

Whereas pleasure and comfort are the attributes of senses, happiness is the attribute of mind. Pleasure and
happiness are not synonyms in that sense, nor are the suffering and happiness antonyms. Comforts may make a
person happy for a short while. True happiness comes from within; it is inspired. A balanced mind and clarity of
thought can make one happy. Fulfilment of super-animal urge in man brings him happiness. Dedicated selfless
service to humanity is the royal path to achieve the objective of pure and life-long happiness for mankind.
Leading an active life with unipolar attitude in mutual interest is indicated as the directive for our action here
and now. This would amount to action without attachment and without desire to earn something for oneself,
taking care that this does not degenerate into inaction. Life must remain dynamic but one might well consider
all actions being offered to the fact of the Almighty. The consequent effect would be to raise the potential of
happiness all round, and not to have happiness in some quarter being cancelled by unhappiness in another. This
can lead to the realization of our immediate objectives in the lesser framework wherein happiness would be pure
and real, life-long and all pervading.

Ishopanishad has given a directive in connection with the larger framework as

formrt = stfaert = awag 3T 399 98 |

afqear geg qrat fazaisgas s

This means one who has understood both spiritual knowledge and non-spiritual knowledge severally and jointly
would overcome death through non-spiritual knowledge and would acquire immortality through spiritual
knowledge. (This translation may be taken as a liberal one as the word Avidya is interpretated in different ways,
sometimes as non-knowledge, sometimes as Karma as against spiritual knowledge). On similar lines, | take the
liberty of stating the objective for the lesser framework as

famm acafaat = awag 33 I9% 95 |

fermmaa gegarat faeaTr gam, e o

one who studies both science and philosophy separately and in relation to each other, would enable man to
overcome mortal or earthly problems (like the ones to fight natural calamities, disease etc) with the help of
science and would make one happy through the knowledge about oneself in relation to the creation.

The Justitution of Hngineers (India)



The Tenth Nidhu Bhushan Memorial Lecture was delivered during
the Fifty-sixth Annual Convention, Ahmedabad, January 20, 1976

The universe exhibits infinite manifestation of the becoming and consists of multiple differentiations and
distinctions. As such it poses a highly complex differential equation. By mathematical analogy the solution
indicated is one of integration. For the highly complex philosophical problem of understanding the meaning of
multiple existence, the indicated solution is synthesis. In tune with both of these indications what is suggested
herein is the integral approach. It is not the matter alone that matters; the spirit matters even more. Mind the
spirit; mind the body as well for it embodies the spirit. Take care of the equipment. Also take care of the
operator and the control organization. Take due care of bodily needs which forms a necessary part of the final
objective of spiritual fulfilment. Combine the qualities of head and heart. The brain offers powerful tools and the
heart provides motivation and gives proper direction. Tuned combination of head and heart can lead man to
perfection. As an immediate step to reach the final objective man' can attain pure and lifelong happiness for his
entire race through the prudent combination of science and philosophy. Man is on right path if he synthesizes
science and philosophy.

I thank you once again for giving me an opportunity to present to you some of my thoughts.
I conclude my lecture with the prayer:

Let All be happy and free from disease

Let all look at others with regard and respect and

Let no one cause pain to anybody else

Let silence, Peace and Tranquility pervade the entire world.

"aq gfaa: @y a9 gg faeman

a9 #zifor qwaeg AT Sieq gEE ATy
3% wifa: 1 wifa: 0 wifE
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Humanism — the Base Fabric of the Engineer's Ethics

Dr H C Visvesvaraya, Fellow
Director, Cement Research Institute of India, New Delhi

INTRODUCTION

I am extremely happy to have this privilege of paying my respectful tribute to (he great scientist, philosopher
and humanist, the late Nidhu Bhushan Chatterjee, in whose memory this series of lectures has been instituted. |
have had the privilege of being present at most of the previous lectures in this series; these lectures have covered
various aspects of science, technology, humanism, Ruman existence, quality of life, philosophy, spiritualism
and, in fact, have gone on to discuss the universe itself; They covered these subjects in a perspective of great
depth, and if I indulge myself in dealing with such basic aspects, it would mean traversing the same areas which
have already been covered in the earlier lectures, though in different words, and in any case with less
competence and knowledge compared to my predecessors. | have therefore chosen for this lecture the theme
"Humanism-the Base Fabric of the Engineer's Ethics." Under the title of 'Humanism', | propose to stress that the
meaningless rituals, superstitions and dogmas that appear to have become parts of what is commonly practised
as spiritualism should give place to philosophy, truism and service.

The following remarks that E F Schumacher made in the context of Appropriate Technology are relevant in
pointing out that technology has a human face:

'What is the meaning of democracy, freedom, human dignity, standard of living, self-realization, fulfilment?
Is it a matter of goods or of people? Of course, it is a matter of people. But people can be themselves only in
small comprehensible groups. Therefore, we must learn to think in terms of an articulated structure that can
cope with a multiplicity of small-scale units. If economic thinking cannot grasp this, it is useless. If it cannot
get beyond its vast abstractions, the national income, the rate of growth, capital/output ratio, inputoutput
analysis, labour-mobility, capital accumulation; if it cannot get beyond all these and make contact with the
human realities of poverty, frustration, alienation, despair, breakdown, crime, escapism, stress, congestion,
ugliness, and spi ritual death, then let us scrap economics and start afresh." .

Stating that it is the intrusion of human freedom and responsibility that makes economics metaphysically
different from physics, and that all real human problems arise from the antinomy of order and freedom,
Schumacher calls for a blending of both in a healthy business corporation:

'Without order, planning, predictability, central control, accountancy, instructions to the underlings,
obedience, discipline-without the magnanimity of disorder, the happy abandon, the entrepreneurship
venturing into the unknown and incalculable, without the risk and the gamble, the creative imagination
rushing in where bureaucratic angels fear to tread-without these, life is a mockery and a disgrace.’

The need today is for us to see the human face in engineering.
WHO IS AN ENGINEER?

An engineer is basically a man, a, social being; a few years of his professional learning does not make him
either a sub-or a super-human and in the discharge of his professional responsibilities, he has not only to keep in
view that he himself is a man, but also is applying his professional knowledge for the sake of man and through
the man. Thus he has tobe all the time vigilant of the human face of his profession.

Chamber's Twentieth Century Dictionary defines an engineer as 'one who designs or makes engines or
machinery; an officer who manages a ship's engines; one who constructs or manages military works and
engines; and the last definition amongst the lot is that an engine driver is an engineer'. This is the state of affairs
of material knowledge. So we cannot blame the youngsters if they so define an engineer. It is therefore
important for us to educate those concerned as to what an engineer's responsibilities are and how an en~ineer
should be defined.

An engineer has acquired certain skills and knowledge and competence with the help of the society for serving
the very same society by providing it goods and services. He converts natural resources into concrete goods and
purposeful services; in so doing, he makes use of science and technology and gives due weightage to all other
parameters-economic, social and even political. It is wrong for us to think that politics is out of an engineer's
realm of decision-making. | have heard this often; even this morning sornebody'mentioned to me that a technical
decision was taken to put up a dam at a place' A", whereas the political decision was to put up the dam at a place
'B'; and so, naturally, the engineer was upset about the matter. Well, 1 would only say that perhaps he did not
take into account the question that there is a political parameter. If he had, he would have perhaps greater
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courage and conviction to argue his proposal. Notwithstanding the fact that we are out of active political
working, notwithstanding the fact that we are not occupying the chairs of bureaucracy or dealing with the files,
we must realize that we are a conceptual part of it in carrying out our professional responsibilities. It is then only
that we will be able to define the whole engineer. A prudent engineer, specially at high level, has necessarily to
take into account the social and political aspects in addition to the technical ones. Building up or generation of
wealth and the productivity of the processes related thereto cannot be conceived to be independent of the
policies of distribution of wealth. Towards this end, the engineer is also very much concerned with the social
ends and the distribution policies relating to the results of his toil.

NEEDS OF OUR SOCIETY

Having defined the engineer and having related his task to the needs of the society, we must know what these
needs are. Naturally we all know the needs of man; the needs of man are: food, clothing, shelter and
environment. But today when we ask ourselves a question that by providing enough food, by providing enough
clothing and enough shelter and the proper environment, is the human being satisfied? We find he is not. On the
other hand, the more the material wants are fulfilled we find him less satisfied as an individual. For example,
take some of the advanced countries; they aspired for all the material benefits that a human being could possibly
do in the availing environments, they got it; they went step by step and in the course found there was perhaps
nothing more they could materially aspire for. So their minds went elsewhere. Without going into whether they
turned towards hippyism or perverted yoga or even narcotics, the fact is that mere satisfaction of these needs
alone, though they are basic indeed, cannot be taken as having met all the needs of the individual. Why?
Because an individual is a part of the society and the needs of the society are different. The human being in a
society has certain other responsibilities to look after; there are certain other things he expects from the society.
What is it that he expects from the society to which he belongs? This is the point which is beyond the individual
needs. We except good people, proper discipline, laudable ideals, selfless help to others, happy relations with
others, willingness to lead a whole life, willingness to lead a life compatible with the social context and having
what is called an altogetherness. One may call all these as being responsive to the national or societal cause. If
this expectation is satisfied then we have satisfied the needs of the society in which we live. Therefore, we must
now examine what the needs of the society are.

No doubt, the society needs many things; one of them being the fulfilment of the tasks before us and until those
tasks are brought to a minimum level-which will be a changing one with time-we have to move in that direction.
If we take our own country we have a number of major and challenging tasks before us. We have to increase our
food production from 120 mt to 175 mt; in order to provide this we have to increase the area to be irrigated from
38 million hectares to 65 million hectares within reasonable plans. We have also to provide agricultural
implements, necessary fertilizers, etc. We have then the responsibility of providing shelter to the millions of
shelterless. It is estimated that we need a minimum of 100 m dwelling units at present in order to meet the
demands of housing for all our brethren, we need to put up about 150 m units by the turn of the century whereas
the present rate at which we are building is only about 0.3 million units per year.

Then we come to the question of laying half a million kilometres of roads to improve communications-both
urban and rural. Energy output has to be increased from 86 billion kwWh to 180 billion kwh. Again, in terms of
basic measures, we need to increase the steel production from 9 m tonnes to 15 m tonnes, cement production
from about 19 m tonnes to 32 m tonnes and so on. When we compare ourselves with some of the advanced
countries, we find that even these great advances we may make will only marginally improve our position. For
example, for a population of about 600 m people in India, we are having the per capita production of wheat flour
at 3 kg, against 54 kg in the USA, 36 kg in Japan, 49 kg in Sweden and 50 kg in Germany. Similarly, in the case
of steel, we are producing about 15 kg per capita against 554 kg in the USA, 548 kg in the USSR and 957 kg in
Japan and so on; power, by way of electricity, we are producing 143 kWh per capita against 9 800 kWh in the
USA, 4 200 kWh in the USSR and 9 200 kWh in Sweden. In the case of cement, we are producing about 31
kgper capita as against 485 kg in the USSR, which is the largest cement producing country in the world, 596 kg
in Japan, 285 kg in the USA and 330 kg in Sweden. All this indicates that before we are able to think of our
societal responsibility, we have to have the basic needs of living. It is here that we have to see and draw
somewhere a reasonable line as to what are the basic needs in the present generation or the present times and, in
order to meet these basic needs, how engineers can discharge their responsibility in filling these gaps keeping in
view that employment generation and rural development are basic components of the strategy.

There is yet another way in which we can think of the basic needs. As we have said, one Bhakra Dam could
have perhaps electrified the whole of Switzerland at the time it was put up, and so in a country with a large
population almost anything expressed inper capita terms will give figures at a very low level. Therefore we take
the principle of Socrates; somebody having the agony of misery went to Socrates, and said, 'Sir, | am a very
miserable man. | pray, you solve my misery'. So it is said that Socrates replied him, 'Alright, my dear friend,
give me all your misery; but on one condition. I will ask all the people to pool their miseries, and divide it
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equally among all so that you may have an equal share'. When he saw what this equal share would be, he said,
'Sir, | would rather be with my original misery than the equal share".

When we come to the per capita aspect in our country, the position is somewhat similar but conversely. When
we take the world production and divide it by the world population and assess India's standing against the
average, we find that in power production we have 9 % of the world average per capita, which means that even
to reach the world's average, we have to make up by 91 %. In steel our performance is 8% and in cement 17% of
the world average. India is basically an agricultural country with 80 % of the population engaged in agriculture
but our food production is only around 40 % of the world average. This figure | had collected sometime back;
there may be a slight variation but this is the situation where we stand.

When we talk of humanism, we must remember we are living in a condition of such wants. If somebody
becomes inefficient in working, there is no point in implanting our foreign knowledge in the situation. There
may be a farmer who gets nourishing food, has a good house, all amenities, television set, motor car and all the
luxuries of life and he may work hard during the eight hours he works. But if our farmer does not have one
square meal a day, can you expect him to work hard? It is this point that we have to see basically. What | am
appealing to you and submitting is that we have to go a step beyond seeing the pure material aspect of how his
conduct has been at a given moment, that is, to the causes for this. When we examine this, we find that the
reasons are not very difficult for us to find. For example, | am sure, we all would have come across the case of
an irritant official in the office, the basic casue for whose irritation we find, on a cool and close examination,
perhaps a quarrel he might have had with his wife. Why did he quarrel with his wife? May be the milk did not
come in the morning and he could not take his cup of coffee! Whatever the reasons may be, the situation under
which we are today living is to be seen from this background of wants. Therefore, any action we take and any
decision we make have to be made keeping in our minds the background ofthe environment in which this
society or this part of the human society is living. Our approach and strategy therefore must be appropriate to
that particular situation.

The next point is the complexities that an engineer has to face in his profession. Almost every activity of the
society today has a substantial engineering component and, therefore, it is not merely from the point of view of
demanding importance to the engineer that | am talking but from the point of view of realizing that we are a part
of making a success of almost every endeavour before the society. In order to look into the problems of poor
people who live below the level of poverty, it is not enough for us to realize their wants or the environments in
which they are working. We must acquire a confidence to deliver the goods. How do we deliver the goods? |
will give you one small instance. Long ago in 1951, | was in charge of a survey team for a water supply scheme
covering an area of approximately 6200 km? in Rajasthan. During the course of the survey work we came across
some villages where the survey party was not allowed to go in. So | went myself and discussed with the chief of
one of the villages. He told me that his farm was 'Laxmi' and he would not allow people to enter in with shoes
on. | also found they were afraid that their land might be taken away after this kind of surveys. It took me some
time in convincing him about the nature of my job and my respect for their sentiments. | had to make him
comfortable that he was not at all going to be advorsely affected by the scheme. He then showed me a place
where construction of -a small dam would be useful to the villagers. To my great surprise, when | asked our
team to do a brief survey, we found the villagers knew the survey data better than what our instrument could
show. We found that the site shown by the farmer was the right place for storage of water and supply to the
fields. The people were prepared to give their labour and we did put up a small bund about 20 m long to supply
water to their lands. We.could not have ignored these needs which were met with at practically no cost.We
respected the views of the people and we wanted their cooperation. So, we could on our part get along with our
job and they were left happy. The point, therefore, we have to appreciate here is that we can deliver the goods
even under adverse circumstances, but confidence is necessary. And it is this confidence that is most important
in our beingable to reduce poverty if not banish it totally.

NOBILITY OF THE PROFESSION

This confidence arises out of certain ethical norms in our profession and for that matter ethical norms are
necessary for every human being in every activity. We appreciate that the profession that we have come to
occupy either by choice or by circumstances is a noble profession. You know that we have the privilege of being
a class of people who have been trained only to look at the progress of the society and to identify our interest
with the progress of the society. In a lighter vein it is said that a politician makes his living on the ignorance of
the society, a doctor on the diseases in the society, a lawyer on the quarrels of the society; and an engineer on
the progress of the society, An engineer has no other way of making his living. He must think of progress. If he
does not work out more schemes to come up, the engineer will have no job. Undoubtedly, the politician, the
doctor, the lawyer, the engineer and so on, all are important, each of them being an essential limb of a healthy
nation; each of them is very much required in his own sphere. But the fact is that we are proud of the noble
profession that we have taken upon ourselves. And it is possible for us to reach the highest goals that any saffron
robed man may aspire for provided we are true to our profession-based on ethical norms which themselves are
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based on humanism. This is the message that we have to have in our life day in and day out. Ifwe miss this
message we will not be true to ourselves and it is then, we are failing not only ourselves but the society in which
we are living. This message comes from a series of norms which we have to consider.

BASIC ETHICAL NORMS
Self Imposed Discipline

What are the things which form the basic points of the ethical norms? First is the discipline-a self-imposed one
instead of an externally imposed one. | am talking this as a part of a conviction. It is known that any amount of
imposed discipline is not going to be what a self-imposed discipline would bring in. I must say if we all examine
truely our conscience, we find that self-discipline is far lacking than what it ought to be. This is not a matter of
light-heartedness. We have a serious responsibility.

Simple Living
The second point is simplicity. This might be conventionally called simple living and high thinking.
Service to Others Main Aim

Service should be our motto, that is, how I can serve my neighbour, another person. Here | am reminded of the
prayer meetings of Mahatma Gandhi where one of the shlokas recited was:

Nathvaham Kama ye Rajyam
Na Swargam Na Punarbhavam
Kama ye Dukha Taptanam
Praninam Arthi Nashanam

That is, Oh Lord, I do not desire a kingdom, 1 do not desire the pleasures of heaven nor do | desire to be free
from the bondage of birth and rebirth but | very much desire to see the cause of misery in those engrossed in it
completely destroyed.

This may look like more a sermon but | do want to submit to you that unless we make some of these basic tenets
as part of our life, a part of our blood stream, it is not likely that we will be able to achieve much success.

Professional Competence

The next point of importance which | have come across very often during my 27 years of professional career
relates to the evils that the lack of professional competence often breeds. The lack of necessary knowledge and
competence to do the work sometimes comes in the way of our being able to deliver the goods. It is here that
professional institutions like The Institution of Engineers (India) are doing great service to the engineering
community whereby we have an opportunity to up-date our knowledge and be professionally competent.
Therefore, nothing can replace competence. Here | am reminded of the motto of the Mysore University from
which | first graduated Na hi gnyanen sadrisham. Nothing is higher than knowledge.

Sometimes when knowledge is lacking other forces occupy that place and it is only to avoid the other forces that
we must have to make sure that we have the competence. When | am using the word ‘competence’ | would like
to submit that it is not possible for all of us to have all knowledge in the world-not even an infinitesimal fraction
of it but what is important is we must recognize knowledge wherever it is and in whatever form it is. In other
words, in an organization if | am the top man, | am not the custodian of the intellectual property of all the people
who work with me. The intellectual properties exist and work in their own environments and parameters but |
have a certain responsibility to direct them and harness them towards the given goal. The competence is in
seeing that whatever are the inputs required to do a job are acquired-may be through a handbook, may be
through a mental machinery, may be through a thinking machinery, may be through help of others, horizontally
or vertically; whatever it is. So it is.this that I am meaning when | am talking of necessary knowledge and
competence. It is not uncommon for us to find in our own profession, some of the senior people avoid
competent young people and have their No 2 the duddest possible man so that they could shine against the dud.
This is the basic philosophy which is against the tenet of a competent man. | would like to shine better than a
diamond. | would like to have the largest caratted diamond next to me if! want to shine and not to shine against
the dusty old corroded piece of iron. This is the competence that we have to develop and that courage must have
to come.

Unattached Action

The next requirement as part of our basic ethical norms is what we have been talking and we all know is the
unattached action. Of course, one can give a talk on this itself, but | do not want to make a talk on Bhagwad Gita
or its philosophy but the unattached action which is reflected in the very commonly known shlokas from the
Gita.

Karmanyevadhikaraste ma paleshu kadachana
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and

Yogasthah kuru karmani sangam tyaktva dhananjaya
Siddyasiddhyoh samo bhutva, samatvam yoga ucyate

When | was going through the Granth Sahib, | found

Seva karat hoye naha kami
Tis ko hot parapat Swami

He realizes the Lord (the Truth) who serves without any desire for remuneration. In every religious scripture this
is said. But what does it mean? It does not mean that we have to refrain from action but we have to be detached
to the fruits of that action in the sense ofrelating it to ones own self but relating it to the society to which we are
serving.

Internal and External Integrity

The next requirement is integrity. We all know what we mean by integrity, but there is something more than the
usually accepted meanings; that is, what are called external integrity and internal integrity. External integrity is
what we know and we all generally talk about. But internal integrity is another matter which has to form a part
of our lives; In our own reasoning and thinking it is important for us to appreciate that we have to maintain a
sense of integrity. | am here reminded of Prof Magnel, a very famous author ofa book on prestressed concrete. |
happened to hear his lecture just a few days before he died after 40 years of a brilliant career. As you may know,
his books and his papers are known to be highly mathematical and highly complicated. | had a lot of difficulty in
following him and so | was carrying a very wrong impression of the man that he was a very complicated man.
But when | happened to attend his lecture in Belgium, the last sentence he said was 'Friends, my 40 years of
professional experience has taught me one thing: nothing can replace engineering judgement in engineering
jobs'. Today we know that youngsters come with all sorts offormulae half-baked,half-cooked orraw cooked.
They feel bad if we do not accept them. But the fact remains that till today nobody has found an alternate to
engineering judgement. Similarly, there is no alternate to internal integrity. It is an experience; it is not
something that we can say. The internal integrity depends upon our inner reasoning, our inner personal
principles and so on.

Aim Towards Perfection

The next point is our approach to perfection in whatever we do. It is not uncommon for us to find that at the
same cost and in the same time with the same people we could do better. This unfortunately has gone out of our
cult and | am sorry that this is a very sad state of affair in out present situation. Here 1 would like to quote from
the Gita: Yogah Karmashu Kaushalam. In fact ten years ago the first publication that | brought out from the
institute which | have the privilege of heading, | put this shloka on the back cover of the book; not because |
wanted to give any publicity that we knew Sanskrit or something of Gita, but because | wanted to make every
possible endeavour to make an institution give attention to this aspect and show that it is possible for us to aim
at perfection in everything we do. And it is said perfection is unity with God, no matter whether | am doing the
largest and the most complicated planning for a country or whether | am doing sweeping of a lavatory. There is
something like perfection and that is God, that is Truth and that is the Highest.

In our profession we must ask ourselves a question whether what we have done is perfect.lt does not take any
more time or any more effort to do a perfect job. It only require an attitude of mind and similarly in our jobs we
can do hundred and one things which are better than what they are, no matter how low or how high the job we
are doing. This type of an attitude is another component of the basic norm for our ethics.

Adaptability to Changes

The next one is adaptability to changes; changes in environment. And in fact change is the law of nature.
Change must take place. Every day and every moment changes are taking place in environment, in the people, in
the circumstances, etc. Changes do take place depending on the position we occupy, the age in which we are and
so on. The norms we adopted for our wives, we change by the time our daughters grow. Therefore, the
adaptability to change is an important component in forming these norms.

CODE OF ETHICS OF IE(l)

Having got this | would now like to refer to a few points in our own Code of Ethics of the Institution of
Engineers (India). Keeping these norms in view | think a review of our own code of ethics is necessary because
I find that an indepth reading of our code of ethics gives me an impression that we are branding ourselves being
lower than being humanistic. | will just read out one or two points. Code 4 says, ‘A Corporate Member will
express an opinion only when it is founded on adequate knowledge and honest conviction if he is serving as a
witness before a court or commission’. Why only as a witness before a court or commission? When | express an
opinion to my Minister | talk precisely the same as | talk to my assistant. This is the conviction we want and this
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must be based on sound knowledge. The exception or a special case made in the code should be generalized as
part of our life.

Another example (Code 13): 'A Corporate Member will not associate in work with an engineer who does not
conform to ethical practices'. Why only an engineer? Why should an engineer associate himself with a politician
who does not have ethical practices? This requires certain amount of courage.

Similarly, there are other codes as well which | do not want to go on listing here. But | would only like to
submit that it is time we looked on these ethics with a view to basing them on humanism since humanism is of
an unchangeable value. The norms arising out of this humanism, change with time, change with the
environment, change with social structure; yet humanism is eternal; it is the base fabric on which you can have
different paintings conforming to certain rules of the game, as you may call it.

CONCLUSION
Good Triumphs over Evil

Finally, I would like to quote two distinctly different types of people. One is once an American Presidential
candidate, Wendell Wilkie, a politician and the other is Albert Einstein, a scientist of highest eminence. Wendell
Wilkie in his book 'One World' has said: 'World contains men but the tragedy is all men are not human.'
Imbalance of this nature is the evil. We celebrate Diwali and Dussehra and the philosophy behind these festivals
is not merely burning lights or invoking the goddesses, but it is the significance of the fight between good and
evil, which is a constant principle of nature. But it is one triumph over evil that takes place now and then. Wilkie
said that when humans integrate, humanism becomes actuality and when humanism becomes more dominant,
good wins over evil. Therefore, it is a question of our making man a human. It is not possible that we convert all
of them into humans, whether it be in the engineering profession or in the administrative services or in the law
or the medical profession. What we can do is only to have the norms applicable to ourselves.

Sympathetic Understanding of Experience

Einstein said towards the advanced part his research that humanism is above material aspects. 'The supreme task
of the physicist is to arrive at those universal elementary Jaws from which the cosmos can be built up. There is
no logical path to these laws; only intuition resting on sympathetic understanding of experience can reach them'.
Let us therefore realize that even for the brightest and the most intellectual brains we have, our rationality and
reasoning have some components outside them which we have to sympathetically view and understand the
experience. So the experience is what the richness of our culture and heritage gives us. When | am talking of
culture let me also quote Mathew Arnold, the famous philosopher poet. He defined culture as "The pursuit of our
total perfection, by means of getting to know, on all the matters which most concern us, the best which has been
thought and said in the world'. In fact, this is Yogah Karmashu Kaushalam.

Freedom from Fear

The next question is under what circumstances can | think of all the humanistic things? Is it when | am peaceful,
when | have had my food, when | am having all happy circumstances-that | think of humanism. But where is
humanism when | am under terribly shocked condition? The real human quality will come under the most
adverse circumstances. It is not under normal circumstances that we see the real human qualities, it is at a time
when the greatest challenge is before us that we react and show our inner selves. | have seen people run away
from complex problems and in doing so they adopt unethical practices because they find the circumstances are
complicated. We ought to perform a duty even under the most complex challenges that many come before us.
We have to face them and face them on the basis of these ethical norms which are based on humanism. We can
acquire the courage or strength to face these through freedom from fear. I am sure you will agree with me that
when we all analyse the many events of our lives we find we have acted in a certain manner at that point of time
out of a fear. What was the fear? We had a fear either that we may lose a job or something may be written in our
confidential report or may be something else adverse would happen. This fear can be banished only by
following ethics based on humanism as | have indicated earlier, and we stick to the truth. Let us not think of
apriest as an agent to reach God. Mother Theresa, in her long number of | years ofhuman service, said that she
saw and sees Christ in every suffering human being. Let us see humanism in every engineering task that we
have undertaken. Let us make our conscience the agent to reach the higher glory and let us not at any time
detract from the call of conscience. The true happiness, joy and contentment comes from true service for which
the engineering profession gives abundant opportunities.
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Science, Technology and Philosophy!'
Dr V M Ghatage, Fellow

Consultant in Science and Technology, Bangalore

INTRODUCTION

| take this opportuntiy to thank the Council of the Institution for doing me the honour in asking me to give The
Nidhu Bhushan Memorial Lecture today. | had not the fortune to know either Shri Nidhu Bhushan Chatterjee or
his illustrious son, Dr G P Chatterjee who instituted this Lecture in his father's memory, but looking at the
stipulation of the subject, | have a suspicion that Dr Chatterjee must have developed a regard for the older
school of thinking and must have considered that his success in life was due to his father's influence in the
impressionable age of his life. | am reminded of somewhat similar feeling myself. My father had only a
vernacular education and had learnt Sanskrit as a tradional accomplishment but was deeply interested in
knowing what the modern sciences had to say about many things discussed in the scriptures. At that time | never
thought there was anything common between the two modes of thinking-partly due to lack of knowledge of
advances in modern physics at that time and partly lack of understanding of the symbolic language. Age and
maturity have changed the situation since. | believe that Dr Chatterjee's interest in spiritualism and philosophy
must have arisen out of respect for the wisdom of his father. I am, therefore, making an attempt to correlate
some ideas from science and philosophy.

SCIENCE, TECHNOLOGY AND PHILOSOPHY

More and more people are beginning to believe that science and technology can achieve a complete mastery
over the universe around us. This is due to spectacular achievements of scientific thought and development of
complex technology. Landing on other planets, utilizing the energy of the atom, development of stage
miniaturization of mechanical and electrical machines to be accommodated in very small volumes, etc, has
naturally increased one's faith in the progress in this direction and led one to imagine that as knowledge and
capabilities increase, one can almost reach a stage where man would be the master of the universe. Strange as it
sounds, the ancient philosophical thought 'l am the ultimate (=g ==5ifew)" almost describes this state of man's
knowledge. How far this parallelism is justifiable in the background of our present knowledge of science and
technology, as well as basic thought of our philosophy, is the theme of my talk.

In the beginning, 1 must confess and admit. | am no expert in all these branches of knowledge, but for my study
I have taken recourse to the best known. Authorities in these subjects. Physical sciences and achievements in
civil, mechanical and electrical engineering are very closely connected. Science, in the general sense, is
knowledge ascertained by observation and experiment, critically tested, systematized and brought under general
principles. These principles can then be utilized for technical application by taking into account the peculiar
conditions of the case in consideration with its limitations. In abstract form where such scientific principles are
formed into mathematical models, the special circumstances in application appear as boundary conditions or
determination of constants. It must be remembered that such laws originate from observation of phenomena
round us through our senses and power of reasoning.

For technical purpose, an approximation of scientific theories, where qualities of very minor importance are not
taken into account, is sufficient. This is perfectly justifiable as the focus is on the utility of the application for
man, and the things that would be affectd by the inexactitude are of no consequence to him. For instance, the
simple laws of motion of solids without any resistance are good enough to technology to estimate power
required to move objects by minimizing friction or resistance of any other type to move towards the limiting
case of zero resistance. The Euclidian geometry is good enough for our purposes of many engineering problems
where dimensions do not approach the sizes of the major portion of our globe. If we were to discard the concept
of a plane surface, parallelism or the properties of a triangle, machines of common use would be an
impossibility. However, refinement in scientific information and methods of predicting results by use of
mathematical aids continue, as the need arises in many applications, where previously ignored parameters
become important, Structures such as buildings, roads, bridges differ from structures of aeroplanes, high speed
machines, scientific instruments, etc. The materials used differ in homogeneity, strength qualities and
supervision exercised during fabrication. The engineer allows sufficient margin in using their strength as well as
estimating the stress they would be put to in actual use. If experience shows that some of these assumptions are
not sufficient, a change is introduced to cope with the new information and further sophistication takes place in
the design and fabrication.
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The desire of man to get the best out of the materials used for his purpose starts scientific inquiry into the
relationship of strength of the material and its inner structure. A simple example is the method of heat treatment
of certain alloys to increase its mechanical strength. This was possible by the study of the aggregates of grains
of the constituents in different condition of existence at different temperatures and by choosing 'l suitable
condition where the grain size of the material become finer and closer to each other and then freezing them in
that state by suddenly lowering its temperature.

Another example of how requirements made scientists to develop their theories where more properties of the
material were taken into account is the laws of hydrostatic and hydrodynamics. In the beginning, when dealing
with substances like water and oil, the fluid was considered incompressible but had other inertial qualities as
well as viscosity. The neglect of the viscous property served many applications and the deviation of the actual
result from the calculated one was accounted for by use of suitable constants. In the case of lighter fluids like air
or gases, the viscosity was small but compressibility was obvious. However, the neglect of compressibility was
shown to have a negligible effect at fairly low speeds that were involved in many applications in the early days.
The mathematical model of a fluid where shearing forces do not exist but is compressible introduced a new
parameter, namely, the speed of sound (or the speed of a small pressure disturbance) in the fluid concerned. The
phenomena changed abruptly at this speed and what was happening to body moving below this speed, was
completely different from the picture presented at speeds above this limit.

A difficulty with the concept of mathematical fluid was that it failed to explain the phenomenon of resistance
offered to the body and the appearance of a complex pattern of vortices observed in the wake. Obviously the
ideal fluid theory was insufficient for the purpose.

The use of viscous terms in dealing with a real phenomenon, made difficulties in solving the problem in most
cases as known mathematical methods could not give a close solution. The development of the boundary laver
theory for fluids of small viscosity, where a small laver in which viscous forces are predominant was separated
from the rest of the region and treated separately baving same conditions at the boundary of separation. This
method was able to explain and estimate the drag, separation of flow. Stalling of airfoils, etc. This method was
equally applicable to the subsonic and supersonic cases. Recardina the fluid as a continuum was also to be
discarded in regions where the pressure was negligible and the mean free path of the molecules was
considerable.

Obviously the method used had to be of a statistical nature. where impact of discrete molecules with the body in
question had to be considered according to mechanics of sol id particles. In the realm of physical sciences, the
concepts of space and time underwent considerable change. The rational method used - in scientific thought
found it difficult to define these concepts. For instance, a symbolic equation of type f (A) = f (B) assumes that f
(B) = f (A) where A and B are parameters considered. If one of these consists of derivatives with respect of
time, we assume reversal of time is not possible. The concept of time as intuitively understood assumes that it
runs in one direction ina unique way and does not return. In our normal experience, within the span of time in
which we live, the assumed property of time seems to be in conformity with our experience and helps us to
analyse and estimate the effects in changing phenomena. Not only time and space but progress in modern
physics has changed our ideas about matter and the sequence of cause and effect. If every event has a cause,
which itself is an event, then it must also have a cause, and the event considered mav be cause of its effect. It
can run into infinite series of events on either side of the event considered, However, if we limit the field of our
investigation to the physical phenomena occurring in our every day life, this does not seem to produce very
serious difficulties.

The desire to tind out the nature of ultimate reality either by using rational methods as in science or intuitive as
in philosophy, has compelled us to change our concepts about matter, space and time, which an average person
finds it difficult to imagine or describe accurately in words. It was assumed that nature could be described
objectively if one knew all the forces acting on things and their position in space, without reference to the
observer, in our case a conscious human being. This method has succeeded in most cases where classical
mechanics was used to obtain solutions. The electromagnetic phenomenon was the first which could not be
described correctly by this method. The concept of electrical and maznet ic field had to be introduced. The
property of space, capable of producing a force is known as a field, This field is created by an electrical charge
and the force it produces on another charge brought in this space.

The development of 'Theory of Relativity' and 'Atomic Physics' Changed our ideas based on classical mechanics
where space andtimewere taken to be absolute, the matter was considered to consist of elementary solid particles
and all natural phenomena were strictly according to the law of cause and effect.

It would be a difficult task to consider these theories in detail in a talk of this type but we could consider some
of the results of these theories.
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The mass is nothing but a form of energy as is known from the famous equation
E = mc?

where c is the velocity of light. The force of gravity, according to Einstein, has the effect of curving space and
time, which will make normal Euclidian geometry invalid in such a curved space. The discovery of X-rays and
other radioactive substances shows that atoms of such substances undergo a transformation by giving out
various kinds of radiations.

The representation of an atom on the model of planets, represented the chemical properties by the number of
electrons in the atom. In trying to explain many results in terms of normal methods. the physicist met with a
number of paradoxes. This had to be accepted as in the quantum theory of representing the small particles as
abstract entities having a duality depending on the observers attitude. For example, light can be in the form of
electromagnetic waves or particles, the photons.

All this led to a set of opposite concepts such as the presence of a particle at a given place. It is not present at a
given place nor absent; it does not change its position nor does it remain at rest. What really describes it is its
probability pattern, which gives it a tendency of existence at a given place.

In the words of W Thirling in 'Building Bricks of Material’, "The outlook on matter has changed from particles
to concept of field. The presence of matter is a disturbance of the perfect state of the field at that place. There is
no unique law to describe forces between elementary particles. Order and symmetry must be sought in the under
lying field'. This leads 10 the concept of fieldas a continuum present everywhere in space and yet when
considering the particle Las to be visualized as having a discrete granular structure. In other words, the concept
of space and matter. form and emptiness seem to get united and resemble the philosophical thought ‘What is
form is emptiness and what is emptiness is form.'

The classical concept of a repulsive force between two similarly changed particles such as two electrons, seems
to be not a correct description. Neither of the particles experiences a force on approach but merely interacts with
exchange of photons, and the force is nothing but a gross effect of this exchange of photons.

Researches in exploring the sub-atomic region, has shown that the matter has a dynamic nature, as the
consituents of atoms; the sub-atomic particles do not exist as isolated entities but in the form of exchange of
particles. In fact the gross concept of a particle as a tiny grain of matter disappears. Most of the unstable
particles have an extremely small life, in terms of our concept of time but viewed from a point where their
movement is considered in terms of their size, it is quite large. This corresponds to the idea of the Mandukya
Upanishad regarding three different cases of consciousness, namely, 'Wakeful state’, 'Dream state' and 'Deep
sleep state' where the time scale changes from the normal in the first to very minute in the second and to almost
zero in the third.

I would now consider a few thoughts from the Upanisliadic philosophy. First of all, the language used to
describe ultimate reality is in terms of paradoxes and correspon.ds to the similar situation existing in describing
sub-atomic processes. Normal language to convey thoughts depends on common concepts which are restricted
by our three-dimensional existence in space and irreversible concept of time. The concept of a combined space-
time does not give us a mental picture as ordinary processes do, and as such has to be conveyed by a symbolic
abstract representation in mathematical form. A common description can only be done by attributing
contradictory properties. existing simultaneously.

soirforar wgat wdlam (Fo)

(minuter than the minute and still greater grcaicst.)

AraFY g% aurd gaAr aife g9

FT AFWE a9 WAl IR 11 (Fo)

(Sitting still goes far, sleeping goes everywhere. It is both full of joy and without it, who else but me deserves to
know that effulgent being)

In order to grasp such ideas which lie outside our common experience one has to describe them by a simile.
araE Wgq fafz o) oawEg -

afgg aru+ fafg a7 mwsg = 0 (o)

(Know Atman as lord of the chariot, the body as the chariot, the intellect as the driver and the mind as the reign)

Regarding relative consciousness of time, consider the description of reality in Mandukya Upanishad.
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Fgafr FiFTe 07 1

(‘'Om' -this syllable is everything. The past. the present, the future are all its description, anythi ng that
transcends the normal temporal concept is also ‘Om’)

This is illustrated by splitting the symbol 'Om' in four parts, namely, =, =, & and &i (as whole). Each
represents a different state of consciousness. The first three states are familiar to every human being while the
fourth state transcends by the realization of the ultimate reality.

L. gmta Tgi=t afg-ao:
In a wakeful state, one is conscious of the outside world and represents our normal experience.
2. ¥ TYTAISAAT: T

In a dream state. one is conscious of thincs that are within him and bear no relation to happenings regardmg time
sequence, rorrn or rationality of cause and effect.

Medical science tells us that mostly the dream lasts a few moments and yet the cxper iencer in a vivid dream
lives through a number of years and experiences strange things such as one's own death. To put it in another
way, the concept of t rrne has changed and shortened as the life of an unstable atomic particle.

3. o gl 7 fF9q &% FrHaw § F99 A qwafy ag g9 |

(In deep sleep the sleeper desires nothing. sees no dreams.)

Here the time has approached zero but not quite, as on waking up he is able to contact his wakeful experiences
again.

4. Fraws Jfafg: 95 9w 95 T IS T 97 W |

This is a combination of the first three stages of consciousness and is verv difficult to describe in words. One is
not conscious of outside world or inside world. he is neither conscious nor unconscious. neither enlightened nor
ignorant. This state of consciousness can be considered to be so minute as to penetrate everything as well as so
great as to occupy the cosmos. A scientist who is convinced that the fundamental constituent of matter are
certain sub-atomic particles, and they alone are the reality as far as all objects he deals with in his life, and yet
he neither eats the glass and throws away water. However, this knowledge changes his emotional outlook on the
world around him. All our feelings of love, hate, fear, etc, presuppose that the observer in each case is separate
from the objects which create these emotional reactions in him. For the feeling of fear there has to be an outside
agency which will do harm to the person. If this separateness disappears, one is truely fearless. This state of
consciousness is described in Bhagvad Geeta:

TAAIYTE  OFEd gl |
7 uaw faea< a@r ®9wd qar

When one begins to realize that there is one common clement in all things. then one's outlook is expanded
enough to realize the ultimate reality.

I have tried to compare the Slmilarity of thought in science and philosophy when attempting to understand
ultimate reality. In the normal life of the philosopher or the scientist, limited approximations which govern our
existence are adequate and sufficient. It is not necessary to have up-to-date knowledge of modern physics to
differentiate between tasty food from putrid one, nor it is necessary to realise the nature of the ultimate to live in
peace and harmony with fellow beings. Our concepts though not absolutely correct, are useful in a limited sense.
The search for absolute reality is inherent in man and, in a sense, an attempt to understand himself which forms
a part of the universe. Whatever method we choose, we approach the same reality. It is an asymptotic approach
to the same unimaginable end.
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Technology in a Crisis of Confidence

Prof G R Damodaran, Fellow
Vice-Chancellor, University of Madras

| deem it a great honour bestowed on me to be invited to deliver the 13th Nidhu Bhushan Memorial Lecture at
1he 59th Annual Convention of the Institution' of Engineers. A grateful son has perpetuated the memory of his
father by an endowment for memorial lectures ou a very wide field which covers science, spiritualism,
philosophy and engineering and | have chosen for my talk "Technology in a Crisis of Confidence' which
encompasses all these disciplines and will challenge all our intellectual endowments for a solution. As engineers
who arc expected by society to deliver 'the goods', we have a great social responsibility because we will be
judged ultimately by the impact we make on human welfare. We are very much concerned with the question
whether this impact has been of the right type and dimension. This assessment raises many questions whether
there is any antithesis between technological progress and human happiness; whether there are reasons to
believe as anti-technologists say, that there has been a decline, or, as optimists say, an increase in welfare as a
result of the phenomenal material progress that technology has | made possible. The answer involves criteria
which raise issues of great analytical and philosophical complexity and these can vary with the philosophical
outlook of the person who is called upon to answer such questions.

The power that technology has bestowed on the engineers is so vast that all the evils in society tend to be
ascribed to the so-called errors of technology.

A BALANCE SHEET OF TECHNOLOGY

Let us start at the more mundane level and prepare a balance sheet of credits and debits of technological
advancement. The engineers, as representatives of technology, are put in the dock and called upon to account for
the debits in the social account, without much credit for the credit entries. It has been well said that medicine has
given mankind health, that humanities have given mankind pleasure and that technology has given mankind the
time to enjoy both. We have tamed, rather enslaved, the five elements and we are no longer overawed by their
turbulence or intractability, we lord over them rather than their lording over us. We have, over a span of hundred
years (from 1850 to 1950), had our golden age of spectacular achievements and social benefaction. We have
annihilated distances not only over this planet, but also between the planets. We have spanned rivers, walked up
to the tallest of mountains, landed on the moon, harnessed the terrific energies of wind. water and the sun. and at
a lower level we have reduced the demands on animal and human labour, and with the advancement of the
computer even the demands on the human brain. Let us note the chief items on the credit side of the balance
sheet.

(1) One can perhaps claim that man's greatest achievements over the last 200 years had been in the medical
field.The result is a doubling of the life-span as compared to that of our grandfathers. Rapid and creditable
strides had been made in the sphere of preventive medicine, health care and surgery. We can now hope to live
and work not only for longer number of years but also sit back in good health and rest for longer number of
years at the end of the career. '

(2) We have so improved the agricultural methods that enough food can be produced to feed the whole world. In
a developed country the productivity per man in agriculture has risen so much that while in 1930one man could
produce for ten persons, today one can produce enough for fifty-fivepersons. To this end technology has
conferred benefits on agriculture through improvement in the quality of the soil, regulated supply of water, of
insecticides, improvement in plant nutrients and in the quality of seeds. The historical developments in the past
warrant us to believe that we can through a more integrated and ecologically-oriented approach to agriculture
and through food processing and distribution face the problem of food supplies confidently, especially when we
remember that food can come not only from land but from the still unexploited sources in the plant, animal and
marine kingdoms.

(3) The importance of energy is equivalent only to that of food and the main uses of energy are for transport, for
home, industry and agriculture. With the growth' of population and the diversification of the uses of energy, the
demands will be many times the level of the present. We can no longer depend upon coal and mineral oil, We
have begun to look more to gas for the home and we are even making efforts to exploit solar energy, but the
most important source of the future is likely to be nuclear energy. Even with regard to this, there is a fear that
even the supply of natural uranium might get exhausted in Course of time. There are also unfounded fears that
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time may come when the world may feel the shortage of supply of many of the essential metals. This cells for a
new technology, since we have only a limited earth space to exploit for energy or metals. While this is a
hallenge to the engineers and technologists of the future, to date technology has not allowed the world to starve
for energy.

Then, turning to the debit side, the entries include:

(1) environmental pollution,

(2) international mal-distribution of technical knowhow and the consequent gap in material welfare,
(3) the threat of total annihilation by radio-activity and nuclear weapons,

(4) the exhaustion of the world's natural resources, and

(5) according to some, especially the anti-technology group, the destruction of the quality of life-noise, dirt, ugly
matchbox buildings, monotonous jobs, keeping up with the Joneses leading to despair and neurosis.

It is not necessary to explain in detail these items on the debit side. We do know the several sources from which
the pollution of our environment is taking place. Almost all industrial processes are capable of polluting the
atmosphere.

The exhaustion of world's natural resources is a real serious problem. Man removes from earth 2 000 million
tons of petroleum in a year, 600 million tons of iron, 4 million tons of lead and each of these has taken hundreds
or thousands of million years to form.

While the proportion of the people in the developed countries achieving a higher standard of life has risen in the
first-half of the century, the technological gap in the less-developed countries has widened the material gap
between those well off industrially developed countries and the others. At least, half of the world suffers from
serious threats of hunger or malnutrition. Lastly radioactivity resulting from nuclear experiments are already
posing a serious problem.

What is the net balance-debit or credit? The present fashion is to say that the debit balance has definitely begun
to outweigh the credit balance and they have put technology in the dock.

TECHNOLOGY IN THE DOCK

But one interesting phenomenon is that technology has a mate in this distressing predicament. That mate is
economics and it is not surprising to have economics as a sharer of this misfortune. The two disciplines of
economics and technology are linked. Economics is concerned with human behaviour arising from scarce
resources in the context of multiplicity and growth of wants and economics looks to technology to solve this
problem of scarcity since technology knows how to produce most with the least that is available. Economics
presents her technical problems and technology solves them. Both have thus responded to the demands of man.
Technology has over the last 175 years made rapid progress towards solving problems handed down by
economics, but economics, is still confronted \\ith the problems of distribution if not of production. She has to
solve the problem of poverty of one-third or one-half of the world and technology is expected to share the
burden of this task. Technology has been a trustworthy friend of economics.

It was with the help of technology that economics has had revolutions in agriculture, industry, transport,
commerce, finance, etc. But the sad aspect of this prosecution of technology is that pure science, the basis of
technology has not been called into the dock. Possibly the reason is that it is the misuser of knowledge that is the
criminal, not the originator of knowledge. Economics has had, like technology, its golden age in the 19"
century, and since the thirties, a period of denunciation, from which it was saved only by Keynesian Modern
Economics. This so called New Economics has tried to solve the problems of economic ups and downs over the
time which were responsible for periodic economic distress. Then again, economics had a phase of sceptism or
cynicism from which she was saved by the evolution of Growth Economics, Economics is now in the doc IC
again for not solving the problems of the less-developed or developing countries. Meanwhile the ‘growth' has
come into disrepute and the alleged sins of technology which led to an anti-technology movement, are also laid
at the doors of economics. It is said that 'growth' has involved environmental pollution, urban problems,
widening disparities, etc, and an anti-economics movement has begun. Now let us stop our evaluation of
economics here and look at the anti-technology movement.

ANTI-TECHNOLOGY MOVEMENT

This anti-technology movement may be said to have had its origin with the development of the hydrogen bomb
which exposed the potentialities of technology for the good or bad of man. Then people began to speak about
the sins of science, or, rather its application by technology, and engineering became the scapegoat. The writers
against nuclear explosion were followed soon by writers who began to focus the world's attention on the huge
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pollution of the atmosphere from sources other than radio activity, such as the automobiles. Peoples' attention
was drawn to the potential dangers to animal life from many of the wastes that were being deployed on sources
of human sustenance like air and water. Treatises and novels came to be written to publicise and dramatise the
possible | dangers. The engineer was pictured as the arch villain of the world's destruction. It was environmental
crisis that tilted the balance against him. Till then the world was appreciative of his achievements and applauded
him as the benefactor of mankind. The engineer himself began to lose his self-confidence and his smug
satisfaction and social prestige were demolished in the span of a decade or so. The philosopher, the theologian
and the anti-materialist cynic have joined hands with the humanists and romanticists to tarnish the face of
technology.

It is suggested that had the engineer been socially and morally responsible, this environmental crisis could have
been avoided and his prestige would have been unsullied, that if he had given a warning to the society and had
refused to work on evil projects, the society would have been saved and he could have saved himself, from this
present predicament. In the event, the critics have called for a new concept of professionalism on the part of the
engineers, with an emphasis on social obligations. | think the suggestion of lack of moral courage is uncharitable
to the profession. If there ever was a profession dedicated to morality, upright in conscience and conscious of
social responsibility it has been the engineering profession. Its avowed aim as well as its chartered path has been
to direct the great sources of power in nature for the use and benefits of man. This has been the ethics of
engineering both in theory and practice. One shudders to think what the world would be like today had this not
been so. The real fact is the engineer in the docks is a proxy of entrepreneurs who in search of profit had
employed technology for purposes whose consequences on society were not or could not be foreseen, however,
moral the engineer had been. The engineer's powers as against these entrepreneurs are limited, unless he is
prepared to quit. Can we say that the employer could be swayed by the engineer's individual conscience alone?
It is society's conscience expressed through the Government that must protect man from the nefarious
entrepreneurs, though we have many instances the world over of individual engineers fighting against the
dangerous practices of private institutions especially in the municipal field. It is a difficult alternative for an
engineer to choose between the loyalty to his employer and loyalty to the society. Were engineers to prefer
loyalty to the public above loyalty to the employer, is there a mechanism in society to protect him? Further,
under what circumstances could we say allegiance to the public is called for and when not? For instance, the
thought of the engineers designing and manufacturing weapons of war is horrifying to some of us but many
engineers may consider such an activity as a patriotic function. The engineer may, like the economist, consider
that he is there 'to do and die rather than to question why'. There are amongst engineers, as among any other
class of people, persons of different persuasions; conservatives and radicals, idealists and pragmatists, hawks
and doves. We can find amongst them conflicting beliefs and objectives, which govern their actions. It is not
possible to restrict the practice of the engineer to those who have what we think to be the proper social and
moral attitudes. If anyone were to define engineering morality by one's own philosophical predilections, we will
only succeed in factionalising and politicising the engineering profession. The engineer has as much right, as
any other to act according to his own right, unimpeded by any impositions from outside.

If we seek to impose on the engineer what accorcmg to us is the right thing to do in public interest, are we
certain that our judgement of public interest is the only right one? Further, it is not always possible to foresee the
consequences of our judgement and in some cases it is not possible even to agree on scientific and engineering
facts or interpretations, ego the consequences of banning the DDT, artificial colouring of food, smoking, etc.
Engineering experts may differ in their answers, and cases of such differences on technical issues are many.
There is nothing unethical about such differences of opinion and Ne cannot impeach one as against the other.'
Honest diffe ences of opinion will do good to the community at large.

Assuming that engineers can agree on certain interpretation of scientific facts, it is riot easy to say whether
public interest will be served best by allowing the engineers to force their decision. It will be dangerous to give
any organized group such powers over matters of public interest. Further, stressing the moral dimension of each
engineering task might diminish the engineer's effectiveness and enthusiasm. Constant apprehension and anxiety
about every move of his, might result in his lack of enthusiasm for innovation. We should not expect from him
an assessment of social or environmental impact of each assignment. There are aspects of his work which others
only are capable of analyzing and he expects others to be alert in this job while he himself is alert as to his
aspect. Professional competence and protection of public interest do not go together. In a competitive world,
where his employer is anxious to meet his rival's onslaught, an engineer refusing to co-operate on grounds of
public interest will be sacked. The engineer is bound to consider product safety but cost of production increases
with every increase in the degree of safety incorporated in the product and a trade-off is necessary, subject to the
acceptability to the public of the risk in the use of the product. An engineer cannot be expected to assume a
hard-line moral position which moves far ahead of public opinion or exceeds the requirements of the law. But in
matters pertaining to product quality, the engineer's obligation is only to inform the employer and it is the
employer who will be liable to the public and the law. He has been trained over the centuries to think mainly in
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terms of his efficiency and progress as interpreted by the market mechanism and he felt that he was discharging
his professional duties in the most ethical way ifhe did the bidding of the market. We should not expect to find
in the private sector the public spirited engineer of our definition. The public interest must be protected mainly
by engineers hired by the public (consumer groups or public agencies). Possibly, professional societies like ours,
should take more interest in fulfilling the engineer's moral obligation to the public, but with the well-known
professional differences of opinion, their effectiveness cannot be great.

The current crisis in technology should call for a calm reflection rather than for dejection or penitence. The
engineer cannot simply run away from his job. He just cannot, he is so much intertwined with the society. The
legacy of the past and the call of the future chain him to his seat. Since technology cannot be abandoned on
grounds of its past sins or future dangers, we have only to consider what can be done to avoid the repetition of
technological mistakes which have brought him to this position. For this, we have to consider the types of
mistakes technologists have made andthe reasons for them ..The technologists might have made mistakes by
carelessness or error in calculation; for instance, mistakes made by the builder of a dam or a steel structure. Such
a human error is a rare happening and is bound to decrease in the future with the advent of mechanical aids like
the computer. Mistakes may result from lack of imagination; from a failure to take into account of all the
possible sources of trouble. A designer of steel tower or dam may, for example, fail to make a correct
assessment of the ravages of the wind and the weather, or of metal fatigue. Mistakes may arise from ignorance,
pure and simple. Scientific ignorance of the consequences of an action is possible. Engineering practice is a
constant struggle against these three kinds of mistakes and the engineer does not deny that he can be guilty of
anyone or more of this and is prepared to be responsible for them. But in fixing of responsibility on him for
things turning out to be different from what he expected, we have to be very careful. For instance, the engineer
alone may not be responsible for the environmental crisis, pollutants have been emptied into the environment
from a myriad of sources and the designer of each course does not know how many other sources were active or
were being planned. Nobody can have a total picture of the net outcome of the aggregate of the individual
activities present and future. Something other than engineering failure is at issue here. There has been a failure
of environmental planning for the future, plans which take into account the aggregate effects of the individual
actions. Such a planning is beyond the capacity and means of individual engineers. It is the society that must
plan and pay for such activities. Individual engineers have in fact been aware of problems of pollution but they
could not do 'much about it. One may say that they could have spoken out as professionalists and refuse to have
anything to do with certain projects; but it would have like a judiciary declining to enforce certain laws because
they thought the laws should be changed, Professionalists have an obligation to lead, but they also have a duty to
obey and serve. Having been served as desired, society has no moral right to blame the profession for its own
short-sightedness. In such matters as pollution, it does not require much technical knowledge to foresee dangers.
How many letters to the editor do we not find in the. dailies warning us of the dangers of many public policies.
Hence It IS a lame excuse for the society to say it has been misled by the experts, as if only the expert can smell
the rat. Further, society is not only shortsighted; it also has a disconcerting way of unexpectedly changing its
standards of taste, People want a particular public facility at a particular place and if, after its provision, find
some inconveniences, condemns the engineer outright. It is irrational to blame engineers for things done at the
behest of a society, which changes its tastes and standards rather frequently. We cannot expect from the
engineers the omniscience which even the collective wisdom of the community does not have. They are as much
perplexed as others about many outcomes of past , actions taken at the dictates of society, and they are not alone
to be blamed as the scapegoats for society's omissions.

While on the one hand the environmental crisis was the first to put the technologists in the dock, there are others
who got impleaded in the suit to frame up their own charges. They are not satisfied with saying that
technologists have been irresponsible, foolish or immoral, but go further to decry the very role of technology
itself. There has been a philosophical swing of the pendulum from unstinted praise for the achievements of
science and technology until the hydrogen bomb burst, to an ungrateful condemnation of all that technology
stands for. This anti-technology is not merely concerned with the environmental problem but with the entire life-
style based on technology. Many writers especially in the United States have been crusaders against technology
or technocracy. They are not against any particular technique and its effects or even about the use of machines,
but they are against all deliberate and rational behaviour and efficiency in organization that formed the
foundation and contribution of technology. They think that this contribution of technology lias damned mankind
rather emancipated it, that it has destroyed the quality of life. This anti-technology movement is almost an anti-
civilization movement. They personify technology as a monster, with a separate existence of its own,
dominating society as an evil force. They allege that this evil force enslaves man and forces him to perform
work which he detests. The target of attack is the time-bound, machine-aided, factory and office labour. The
complaint is that all organized productive institutions are there only to make human beings more efficient tools
of industry and commerce. Next, the technology devil is said not only to enforce production but also to drive
men to consume things he did not care to. The consumer buys not what he fully needs or desires but what
technology forces on him. Technology creates new wants and expanding body of consumers crave for their
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satisfaction through technology. Selfish technocrats are said to dominate the society with their expertise and
supporting hierarchy and undermine democracy.

TECHNOLOGY AND DEMOCRACY

It is said that democracy is rapidly loosing its ground as the power is increasingly concentrated in giant
corporations and managerial cadres, and that decisions involving the welfare of society are made by experts and
professionals who are insulated from the feeling of the people. Technology is said to cut off man from nature,
his natural habitat and dehumanise him in a soulkilling atmosphere. Finally, technology is said to debase human
taste by providing technical diversions which dull his natural sensibilities and prevent his self-realization. Thus
the charges against technology are that it is an evil force, a slave driver, supplier of unwanted things, a
regimentor through technocrats, thwarter of human nature and fulfilment. All these in short seem to suggest that
it is better than man goes back to the early stages of human civilization, where there would be no disciplined
work, no scope for the play or fulfilment of desires, no organized production and no diversion. involving
technology.

REBUITAL OF THE CHARGES

We have now before us the charge sheet from both the environmentalists and anti-technology sages. It is now
time for us to meet their arguments and to create a positive case for the retention and growth of technology. Can
we agree with them that technology is a necessary evil? One would not. It will not be true and it will be against
our own conscience, knowing as we do what technology has done and can hope to do for mankind in the future.
Most people will not say technology is an evil. The several charges levelled, by anti-technology sages are
obviously false. But they have an appeal and a following and we have to examine why they have an appeal. The
first element of anti-technology campaign is the description of technology as an evil force, left free and
uncontrolled to tyrannise. Is technology an independent force apart from men? It is merely one aspect of human
activity just like economic or political activity. It is a reflection of an aspect of human nature. It is an activity of
choice, of relish and fulfilment of human urge to create. One philosopher has said, "Technology is not separate
from man because man is by nature a technological animal. To be human is to be technological." True, but we
cannot ignore the fact that people do separate man and technology, when as a result or technological activities
there flow several consequencesphysical, intellectual, psychological and cultural-which appear to be
independent of human will or direction. It is this potentiality of technology that gives handle to the anti-
technologists. That these flow from technology, not from man, though he sets it in motion clouds the fact that
technology is merely a servant of man, an instrument to fulfil his desire and that man must bear the
consequences of his decision to get his desire fulfilled through technology. It is irrational to blame the
instrument for the mistakes of the agent. Technology is what the society as a user wants it to be.

It is absurd to say that people work because machines make them work. The fact is all of us have mixed feelings
towards work. We try to void it but we seem to need it for our emotional well being. Studies do not show that
most people hate their normal work. The antitechnologist romanticises the work of the earlier times just to
condemn the current technological age but with a httle imagination we can picture what hard work did our
forefathers had to put in, on land, just to make a living.

It is a canard to say that technology forces people to ‘consume things they do not want. If people indulge in,
vulgar desires they are to blame. To cry against technology is to bark against the shadow, for how many people
are there amongst engineers who have such a — dominating position as to control others as old slave .drivers
and feudal exploiters of bygone days? In spite of the power and technological aids available, even governments
are helpless against the law-breakers and criminals .and it is just not true that technology has increased the
‘powers of any group in society as to deserve the blame .all to itself. That the people are hypnotized to consume
what they do not need or want is a half-truth because the same technology is capable of enlightening the 'public
and aiding the consumer movement. The common man's technical knowledge today is not so poor as alleged,

Lastly, comes the cry that technology is cutting man far from his natural habitat and affecting the quality of life
he leads. But we may ask: who prevents a man from living closer to nature if he so desires? In fact, technology
does not force people to live in flats if they choose to live in the countryside, nor does it appear to be true that
living in the midst of nature is essential to human well-being. Is it true that all people would like to live their
entire life in the woods? Why then the rush to the cities from the villages? A desire for occasional outdoor trip
does not mean a lasting desire to live permanently outside the cities. Man has become a city dweller and likes
the hum and bustle there, though he may long for .a change now and then. Are there not garden cities like this
Bangalore that give him what he wants? As for technological diversion. if people desire one type of diversion in
preference to another and the preferred diversion is technologically furnished, who is to blame? Not the
technologists. The arguments of the anti-technologists are nothing but distortion of reality or mis-statements
from prejudices.
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A CONTINUING NOSTALGIA

While defending technology for its contribution and absolving it of the sins attributed to it, it is not maintained
categorically that life in the technological age of today is better than it was ever before. From the beginning of
the recorded history, we have had in every age prophets, poets and politicians who had deplored the
contemporary situation as uniquely distressing and looked for some scapegoat to throw the blame on, and anti-
technologists are the latest in this tradition. However, it is true we have problems .that are unique in degree if
not in kind, which are manifested in a vague generalised discontent permeating even the best of informed minds.
What is the reason? This is a complex question of sociology. The contemporary man is not content with what he
has, because he wants more than he can ever have. Man is a unique combination of curiosity, creativity and
daring. These traits have always been pushing him forward in search of new things or better things, daring
inherent dangers. New technologies are only a part of man's elementary impulse to experiment, to create and
venture into the unknown. The '‘Contemporary restless man is only recapitulating his forebear. Possibly he will
be happier if he had not had this urge to go up. This urge is not the work of technology but is inherent in human
nature and technology is merely a manifestation of this urge. The spread of education and communication has
widened his horizon and raised his expectations. Thus we see what it is that makes the modern man disgruntled
and escapist. It is this unsatisfied desire that has been taken advantage of by anti-technologists to decry
technology. They try to sell their vision of ideal society which will provide serenity and spiritual peace. But the
fact is man will not br his nature long remain contended with serenity. It is hlS nature to become restless and to
seek some new adventure: If he flees the city to go into woods, he will not long remam there. The anti-
technologists want a change in this human nature and their prescription is anti-technology.

If they hope to .succeed in their effort, technology will not stand 111 their way. But they will get disillusioned
because they are not the only people who claim to know the answer to so-called ills of society. The mistake of
the anti-technologists is that they want to reverse the gear all of a sudden. What the society wants today is more
thinking and courage, but they play upon despair and suggest retreat. Which way will man go? It is anybody's
guess! The anti-technology trend is related to the antimaterialistic trend that has a long history. Ever since the
days of the Greek philosophers, there has been in the West an emphasis on the greatness of thinking rather than
doing. Another source of anti-materialism has been the New Testament, which forbade interest in material
gratifications. The effect of these two influences has been to convince that materialism is a defect in human
nature. But there is ample material even in Greek literature to prove that the people were interested in material
aspects of life. If we look at the evolution of man we see how in the process of natural selection, material
civilization has also played a part. In our own country of sages, seers, philosophers and religious founders there
has been no dearth of preaching and writing against materialism. But the fact that we have not had so much
technology amidst us as in the West, has so far saved us from the onslaught of the anti-technologists.

THE CARICATURE OF ENGINEERS

We have so far been concerned with the charges against technology. But there have also been charges against
the engineer too. Often he is caricatured as a dull person who is too practical, analytical and non-emotional and
some studies seem to bear out the existence of such a general type. It is alleged that their interests are almost
limited to mechanical matters and some outdoor activity and that their restricted interests show themselves in
their indifference to human relations, to social sciences, to public affairs, to fine arts and even to aspects of
physical science not related to their profession. Although he gets along well enough in society he would rather
deal with things than with human beings.

Can we defend the engineer against these charges? How can we account for this description which seems to be
true in a general way? Partly these characteristics may be the result of the profession's increasingly scientific
orientation reflected in the engineering education an ever-increasing reliance on theoretical science which meant
little time for the students or the practitioners to be interested in anything else. But we cannot blame entirely
science because we do see scientists who are cultured and concerned with other things. A partial explanation
may be. the heavy load of the theoretical and technical subjects in the curriculum though the recent trend is
towards lightening it. But may not the problem be ascribable also to the sort of persons that come into the
engineering profession? Most of them come from the middle or working class families and they take seriously to
the profession. They come to this profession with deliberate choice and highly screened intellectual calibre, not
expecting either great monetary reward or high social prestige, but prepared for dull and hard work. Possibly
with their career at stake they get so much absor bed that in due time they find the profession itself sufficiently
satisfying and interesting so that they would not be deflected by other attractions of life. They are pleased with
the work which is acknowledged to be socially important, and sufficiently creative to give a sense of social
importance. The engineers are gratified that their education helps them to understand the physical world and to
manipulate it for the betterment of society. Thus both by education and by training as well as necessity they tend
to be highly practical and unemotional. It is on this ground that there is how-a-days a demand for introducing
more humanities in engineering education.
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TECHNOLOGY AND HUMAN HAPPINESS

It is the part of this anti-technology to question whether technology has contributed anything to human
happiness. Welfare is a difficult thing to quantify. It is one thing to catalogue the possessions and enjoyments in
physical terms but another to estimate their impact on the human mind. Economists have been struggling with
this problem of estimating the quantum of welfare which material wealth brings about. They are not sure if
money value of possessions and consumption units is a dependable measure. They are content with merely
comparing two states or levels of consumption, assuming that the state with more plentiful supply of material
requisites of life is more contributory to the welfare than the other with less. It is on this basis that changes in the
gross national product and the per capita income are taken as indices of progress or backwardness. But the
unfortunate thing is that this emphasis on growth rate has now come under cloud because of the real cost of the
growth in terms of environmental pollution, resource exhaustion, etc. Doubts ale now raised whether
technological progress and resulting material progress do indicate greater welfare. Thus the anti-technological
wave has partly affected economic thought also.

THE FUTURE

Now the question arises as to the directions in which technology should proceed in the future. It is not possible
now to cry a halt to the pursuits or directions of technology, nor is it desirable. Whatever the diversity of the
content and source of human happiness, no one can deny that material requisites contribute to human well-
being. Technology has improved and can improve the supply of these material requisites. If these are granted it
is the duty of technologists to extend the frontiers of technology so that the gaps in the sup oly of necessary
material between nations are reduced if not abolished. The less-developed countries are anxious to catch up and
they look to technology for the fulfilment of their desires. It is not the duty of the technologists to question the
wisdom of this choice, but it is their duty to adapt themselves to fulfil their desire lest they should be open to
charges of discrimination. Thus while in view of the recent misgivings about their past and future performances
they have to reassess their position in relation to society and technological research they have also the task of
universalising teir services.

The first requirement for the discharge of their future duties is that the technologists should be able to exert their
influence over society's deliberations. Now the technologist is too tied to his job and too retiring tomake himself
felt in the world which is run by politicians and entrepreneurs who are subtle and devious in their ways and who
are quite willing to exploit the fears and ambitions of the average man. If engineers weremore assertive they
would be able to influence social thinking and social choice which would then be based on an awareness of the
technological implications. The technologist is quite skilled analysing the likely consequences of. alternative
courses of action and his knowledge in analytical methods will sharpen his own appreciation of social
references. This means that theengineer must widen the area of his cognitions beyond his own 'sphere of
activity. It is in this context that wehave to consider the role of liberal education for engineers. But we must be
clear about the extent to which humanities will help. We should not make the exaggerated claim that humanities
will change the engineer's character or mental preoccupations. It is not true that the students of engineering are
in any way worse in, emotional awareness than students of other disciplines, nor is it true that humanities will be
the proper panacea for all the ills of the world, much less of such professional mental lopsidedness. Their main
contribution to theeducated mind is to kindle the motions and to make: all aware of the complexities of the
drama of human life. But the literature depicting this drama deals not only with the noble and the virtuous but
also with the seemy side of the world. But exposure to such literature will perhaps make the engineer less
innocent and sereneand more subtle and worldly wise, so that he can meet others on their own level, while at the
same time imbuing. society with the play of his integrity and rationality.

While reorienting his outlook on the world, thetechnologist has to survive the present' credibility crisis only by
the success with which he tackles the problems. which have already arisen and are likely to arise. He hasto
prove that the society can still depend upon him as in the past to solve his problems, but the problems he has to
find solutions for are numerous. There are numerous startling studies that predict quick damnation to the world
due to population explosion, exhaustible resources, insufficient fuel supply and pollution of the environment,
apart from problems of nuclear proliferation and of transfer of technology to the less-developed countries, He
has to solve all these problems without creating new problems as in the past, by a proper total assessment of the
effects of ail these solutions. Since he cannot finance such projects individually, nor can professional bodies do
it, he must rouse public conscience and through it force government to set apart enough funds for suchglobal
calculations. Of course, it is not to be expected that he will ensure against all risks of error because to err is
human. Nor can he be expected to find solutions. immediately for all the problems. Such an impossible demand
would only cripple his venturesomeness and enthusiasm for experiment and the society would be worse for that.
Already nations have made important advances towards a solution of the environmental problems, but their
impact may take some more years to be felt. We can be sure that all these problems will be solved soon enough.
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The problem of resource exhaustion in the context of population explosion is a real one. The implications of
such population growth and the consequential resource consumption are obvious in terms of food, water,
energy, living space, transport, recreation, schooling, etc. Already we are feeling the effects of food crisis and an
energy crisis. Though the former has to a large extent been solved, the tackling of energy crisis is not going "to
be that easy. Even nuclear energy has its limits, because ultimately the fuel has to come from the bowels of the
earth and we have already started thinking in-terms of solar ener gy. The Club of Rome shocked the 'world by
publicising the 'Limits to Growth' and predicting disaster by 2100. Among its solutions to avoid such
catastrophe are resource-recycling and pollution control. They have posed a challenge to the technologist but
there is no reason to despair; the technologist has seen and solved many such crisis in the past. It is only a
question of how far society is prepared to pay for the cost of finding and applying the solutions. One can
confidently say that the engineer will not falter or fail because it is not in his nature to falter or rest while a
problem faces him.

As for the problem of peace, | am afraid that much politics is involved in its solution over which the
technologists have no control. The devil has been let loose and .it is only informed conscience of mankind that
can chain the devil. True, technologist has a share of responsibility for the emergence of the devil along with the
scientist and he is now to share the responsibility also. He has to educate the nations to enable him to redirect
the application of nuclear science for peaceful purposes only.

The other problem to which technology is expected to contribute is that of bridging the gap between the
developed and developing countries. The role of the technologists in this sphere is a challenging one. Transfer of
technology to them is not a simple question of financing the transfer. The real problem is the transfer of
technology from one climate or environment to another. Advanced technologies cannot be transferred in zeta
because of the difference in the social and physical environment of the country of origin of technology and that
of the country of adoption. On account of these differences, their use in a developing country will sometimes be
uneconomic and technically retrogressive. The most obvious difference lies in the physical environment. The
difference between the temperate climate of origin and the tropical climate of adoption is a quite obvious
handicap to technology especially in the case of agricultural techniques. Similar difficulties arise in regard to
animal husbandry, medicine and public health. As in the case of physical environment, differences in the social
environment and economic context of technical operations may prevent direct transfer. Since scope for such
direct transfers may be limited, we have first to recognize what can be transferred directly and what can be
adapted, then adapt advanced technologies to the low proproductivity economy and possibly restructure the
context of operations to provide a more nospitable environment for the advanced technology. Taking first the
adaption, there are three different levels to be considered, At the simplest level, advanced technologies may be
adapted on-the-spot by adjusting or modifying the machines or the process or techniques; along with this goes
the need for the transfer of knowledge coupled by this machine or technique and this must also be adapted to the
new environment.

Since the advanced technologies are based on knowledge of science, transfer of technology equires competent
scientists and engineers who are also familiar with the circumstances and needs of the transferee country. At the
third level, inasmuch as existing knowledge was born of a different set up and so many not suffice the transferee
country set up, there may be need for producing new knowledge. This requires a problem-solving apparatus
which must be mastered, adapted and applied. This means, science itself must be developmentoriented just as
economics got oriented into a developmental economics.

We find some persons supporting intermediate technology while others oppose this as implying return to
primitive technology. This is intertwined with the question of pattern of economy and nation votes for whatever
the degree of adaptation. Whether or not it will be economical to use a particular technology will depend on the
cost patterns of materials and of labour. Difference in the cost patterns will check the transfer. Particularly
significant are cost differences which reflect the relative lack of skilled labour in low productivity economics.
This may perhaps really call for some capital intensive techniques in a labour plenty society, because it is
cheaper to adopt the capital intensive technique than to train the indigenous labour. Here is a dilemma which
can be solved only by a political decision.

Advanced technology must be adapted also to prevailing forms of social and economic organizations or
conversely forms of social and economic organizations might have to be changed to exploit the potential
benefits of an advanced technology. For example, the use of processing and other computer-based techniques
may be warranted only when large scale organization is involved. Therefore, the assimilation of such advance
technology presumes the existence or desirability of large organizations. On the other hand, not only can
advance technology be adopted to the new environments, the latter itself can also be adapted to facilitate the use
of the former, as for instance by the provision of infrastructure required for the employment of the advanced
technology.
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CONCLUSION

From what has been said so far, it might be presumed inspite of the present crisis of confidence that technology
and science promise a bright hope for man that critics point out that the substance of my argument has been
industrial civilization, which has for two centuries given us not only material prosperity but also a sense of
direction, now seem to be losing its justification for survival and that if we are to forge a good future,
selfconfidence in our destiny is required. Technology and science are closely interwined with human civilization
and there can be no parting of the ways, unless man migrates to a non-technology planet. But engineers must
endeavour to regain public confidence by solving alJ the problems and soon enough.

Let us remember that we live in a world ever-renewing itself with new hopes and achievements. Let us keep
alive the exploring spirit which is the hallmark of science engineering and technology. The pursuit of truth is |
endless and Satyameva Jayathe.
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Bhagwat Kripa ya kachimmaya labdha
Sa bhabata eba Ashisha
Sanghata bahuleshmin Yanmani
Manasi me ya kachidba prapid
Sapi Bhababa sabriti kalpat.
Shikghd gnBnayorme bhabaneba Adi guru,
Tat eboridan sabhakbikam arghyam adya
Maya Guru Prasadena,

Bhaban Charnkamaloyor nibedyata

(Father, through God's grace whatever little | have been able to achieve in my life is only through your
blessings.

In the many-facet struggle of this life, whatever little light | have seen is but a part of the Solar Radiation of
which you are the Sun.

Of all my learnings and wisdom, you are the Prime Preceptor — the great Guru and hence Guruprasad, your
humble son stands today to offer unto thy lotus feet these few thoughts in thy Memory)

INTRODUCTION

That was a million, perhaps two million, years ago, when man lived and loitered somewhere on this planet [J
somewhere in the now famous and the well known Olduvai Gorge — the grand canyon of human evolution.
Project your mind unto that dim distant past when that primitive primat an ape like creature, crouched in his
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cave and struck with the grief of his dead dear one, was left pondering over the question of life and death, of
pain and pleasure, of the fate of his children and eventually of himself.

And in the process of such pondering over the phenomena around him and about himself, the ape — like
creature was evolving into- man, — the thinking man, the man with reason the man with emotions, the man, the
devil and the man the divine, man with his physics and metaphysics, man with his physical and his spiritual
science, with his science and Technology.

SCIENCE AND TECHNOLOGY

Science is Systematic Knowledge based on Experiments and Experiences

Science, as you know, is systematic knowledge — knowledge not only theoretical and philosophical but
knowledge based on-experiments and erperiences, involving many methods and materials, many techniques and
tools.

Prehistoric Man Toiling with Primitive Tools and Technology

Man has teen toiling with tools of bones and stones, hides, hoofs and horns almost from prehistoric age. He had
then his primitive tools and also his primitive technology — though not the technology of the kind that he
defines today. What is Technology?

Technology is Basically Applied Science

Some area of science covers the so-called exact knowledge — predictable and reproducible with precision.
Some area of technology similarly is exact knowledge, predictable and reproducible with precision. Some of the
laws of science which are at the base of technology are universal and hold good equally well for all countries
and nationalities. Technology from this point of view is a world — unifying force.

While some area of science is exact, quite some area is empirical, not prediclable with mathematical precision.
Weather physics, for example, is a science. But no one yet can predict with precision the exact himidity,
temperature or pressure of the atomosphere at some point of time in future. No one similarly can predict the
exact silicon, sulphur or manganese content of the pig iron to be tapped from an iron blast furnace. Nevertheless
weather physics is a discipline by itself. So is blust furnace technology a science and a discipline by itself.

Apart from the so-called exact and empirical areas, a vast area of science is unknown (and in fact, in finer
details quite some significant area is unknownable). Nevertheless, in recent years, attempts have been made to
utilize science, its tools and techniques (and in a few cases even to use its basic laws) to develop specific and
new disciplines covering man’s endeavour and enterprises in human society. Like science of social planning,
science and technology of life (Bio-technology.) and others leading to techno-social, socio-cultural and even
socio-ethical' aspects of Technology.

Science and Technology are inter-wover in the entire Fabric of Society to-day

You know already the manifold blessings Science has brought to the human society — better medicines, better
housings, better and swifter means of communications and travel and host of other comforts. Science has put
into Man’s hands more production and leisure, better control of diseases and prolonged life. But science, on the
other hand has put into man's hands the Atom Bomb and other weapons of destruction. This has raised serious
questions in the minds of all. True it is Science in this ‘atomic’ age will put into man’s hands enormous power,
energy and speed. But can it be that this tremendous energy to move without the right-direction of motion will
lead us all to disaster? Can it be that man, who has not much changed from what he was thousands of years ago
in his mental and emotional set-up, will in the long run perish with the weapons of his own make? Will the
products of human reason under the impulse of human emotion set up a grand explosion in which civilization
will perish? If science produces health and wealth and also produces the means for death and destruction, should
we not call a ‘halt’ to scientific research? Or if that be not possible, should we not divert science towards useful
discoveries and constructive researches only?

Before attempting to answer such questions it is necessary to clarify a few simple yet fundamental issues:
A FEW FUNDAMENTAL ISSUES

It is necessary to clarify a few Fundamental issues, some of which are well known to a good Scientist but which
often create doubt and confusion to the young learner and the common men.

Scientific Research by itself is not Destructive

Firstly scientific research yield results which are by themselves not in any way destructive. The nature of the
application of that research depends on the object alive in mankind. Inventions, materials or machines, you will
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all agree, are not by themselves good or evil. The part that a machine shall play in the human drama depends not
on the machine itself but on the user of that machine namely man himself. The tragedy is thus not due to
science or scientific discoveries but due to the human weakness or inhuman motives and desires.

Science not Responsible for War

Secondly, although wars in this age of science are far more destructive than those in previous ages when men
fought with clubs and arrows, science itself is not responsible for war, There have bean terrific warfare even
before the age of science. The War of Crusade was waged in the name of Christ. But certainly Christ was not
rsponsible for the crusade. Similarly war may be fought with scientific weapons but neither the weapons nor
science are responsible for the war. The cause lies far deep-seated in the dark corners of the human heart.

Man has much Advanced in Maching But- Not in Mind

Thirdly, man has advanced so much with his machines but so little with his mind. His mental set up has
remained almost the same as thousands of years ago . And today he is as barbarian wth atomic warfare or aerial
bombing as he was in prehistoric ages with his clubs and arrows. The solution lies not in the postponement of

scientific research but in the refinement of man’s mind in the improvement of his degraded and unethical ways
of life.

Science Not Restorable for Ethical Degradation

Fourthly science is not rosponsible for the present degradation in the ethical standard of human behaviour. It is
often said that science has made man more naterialistic in outlook. The tremendous advances all along the
sciantific front have made man more greedy running after more comforts. Science is a modern devil to which
mankind has sold its soul in return for a handful of material benefits. This is certainly not right. It is true that
science deals with the material world but scientific outlook cannot for that reason, be identified with the so-
called materialistic outlook. Science is not merely an accumulation of facts or only a body of formulae and
equations; within that body lies the heart and soul of science — the spirit of science which enables one to seek
and attain truth and creates an attitude of mind which can resolutely employ certain methods to materialize that
truth for the common benefit of mankind. Newton's reverence for truth and his unselfish devotion to seek that
truth for the benefit of all mankind have values no less important that all the laws he discovered. The spirit with
which scientific knowledge is sought and attained is indeed as important and as real as that knowledge itself.
And if this spirit of science be distorted by unscientific men leading to death and destruction, it is neither
science nor the scientist, but the purpose alive in the darker corner of the mind of taan, in the world Within man.
The greatest problia facing man today and which may continue to haunt him tomorrow is no other species but
his own, namely, man himself. Tomorrow it will not be so much of a problem related to science of matter or
machine but the problem very much related to the science of man.

SCIENCE OF MAN

Through the efforts of many minds man has djireloped same of the fundamentals underlying the se ;.ence of
matter and metal. Can man develop the ttindamentals of the science of man? Certainly yes: There has been in
recent years tremendous advances in man's quest for knowledge of himself. And in that quest we find that:

(i) Man is not only a community of cells, fibres and fluids — not only a body dissocted by the anatomist but a
balanced blend of atoms and aspirations — aspirations born out of an amazing community of atoms, attempting
not merely to build a body but a mind and a spirit that dwells within it.

But what is spirit? This question again cannot be answered stisfactorily in human language as much as in
physical science the question ‘what is an electron' or even 'what is matter’ cannot be answered satisfactorily in
human language.

(i) Nevertheless, the tangible matter and the intangible forces that dwells within it are both real. And so are the
tangible body and the intangible spirit that dwells within it. There is nothing metaphysical about the existence of
the conscious or spiritual part of man, as much as there is nothing metaphysical about the existence of the
conscious or spiritual part of man, as much as there is nothing metaphysical with regard to the spiritual aspects
of the laws of nature —To quote Einstein,

“every one who is seriously involved in the pursuit of Science becomes convinced that a ‘spirit’ is
manifest in the laws of the Universe”

As it is with the physics of the body, as it is with the mind — nay even with the spirit that permits it. There are
unguestionable evidence, scientific evidences and demonstrations that apart from the physics-chemical basis of
the human body, there is a physics-chemical basis of the hunian mind. And man is ambitious today to step into
the field, the most fascinating and exciting field of the present age, namely a physics-chemical basis of the
human spirit.
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(iii) This body the physical body-- the physi cal aspect of man though transient, is real and is important. This is
well known. But what is not so well-known is the fact that there is another aspect of man which, in the absence
of a suitable word, we call 'spiritual’ which is more fundamental and more important.

Because science deals with all laws of nature and man being a part of nature, may well learn lessons from the
laws of nature.

MAN IS A PART OF NATURE — LESSONS OF NATURE

The first lesson — Pinciple of Least Action

Every entity in the universe — electron,atom, molecules mtter, metal, machine and man — all are impelled by
the principle of least action.

When | learnt the lesson of the principle of action in my college days and again when | learnt from my great
father about the principle of ‘Karma’ or the ‘Karma Yoga in Gita’, I was fascinated to discover a fundamental
link between the two. For example, matter, the scientists say, is constrained to move under the principle of
action. Man, the spiritualistws say, is constrained to move in the current of ‘Karma’. Matter has no free-will.
This is well understood. But what is not so well understood is the fact the man has no “free-will’, either with
emphasis on ‘Ege’” man ordinarily feels that he is ‘free” to will and to think. But such a feeling can hardly have a
scientific base today. A will that wills from within (apparently spontaneously) is conditioned by the constraints
closely linked with the rest of the universe. As Albert Einstain said “All will is caused will”.

This scientific conviction helps man to free himself from the fetters of the error of ego, with no room for
impatience for the attainment of success nor any fear of frustration to face failures.

With no freedom of action, no freedom of speech, no freedom of will also, man is impelled to move under the
constraint of the principle of action and other laws of science under the constraint of cosmic forces completely
beyond the control of man. When looked through the eye-piece of modern science, one gets convinced that man
fundamentally is more or less a cog in the wheel of a cosmic prime mover.

Through the eye-piece of the physical science thus one get some glimpse into the value and the scientific value
underlying the spiritual science of Bhagwat Gita namely ‘Twaya Harisikesha Hridisthitene Yakta Niyuktosmi
Tatha Karomi’

The fundamental concept is that man, though a minimum member, is a significant and important member of the
great Cosmic Wheel, the great Cosmic Law — the Principle of Action the Prime Mover of all forms of energy
and forms of work.

We all say that work is worship and Gita, the book of spiritual science, helps to provide the scientific foundation
about man’s inevitable involvement in some form of work. And work needs energy.

THE SECOND LESSON — ENERGY AND WORK

(a) The second lesson is that non-living matter or metal, as well as living organisms like man, all are involved
in an everlasting engagement with energy.

You all know what energy is. Energy is the capacity to do work.

It is fact of science that non-living matter as well as the living organism — the Atom, the Ameeba and the Man
— all, are involved in an everlasting engagement with energy in so many forms and functions, leading
eventually to some form of work — thermal, mechanical, chemical, electrical, electro-chemioal, magnetic,
electromagnetic and so on. The fact stands that at the base of all phenomena that take place outside as well as
inside the human body, at the base of all our actions (eating, drinking, breathing, sleeping, thinking and even
meditating and praying) work comes into the picture at every instant and at every state.

We write this symbolically by the simple relation
dU =TdS + PdV + Edq + = (u; dN;)

where dU = change in internal Energy
T, S = Temperature and Entropy
TdS = Thermal work

Semilarly

PdV = mechanical work
Edq = eletrical work
udN = Chemical work
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Work in the world around man in industrial plants and projects, in the field and in the farm, produces products,
varieties of products — bricks, and mortars, metals and machines and many more, produces food to feed the
body — a body that toils with tools and that smelts and shapes steel with hammers and wheels. This is well-
known and important. But what is not so well-known, but what nevertheless is more important, is that there is a
world within man that can smelt and shape his mind and grind it down to new dimensions.

The work in the world around, within the shores of our land here and beyond the borders of the seas there, help
build man’s physical wealth.

Man equips his educational institutions and universities, the laboratorias and the libraties. He equips well his
temple of learning. But what, if the world within is not equipped for an urge to learn. He equips his research
laboratories — his temple science and meditation. But what, if there is no mood to meditate?

Man invests so much today for the world around but so little for the world Within. He furnishes his hearth and
home, clean and well but what than.? What, if he does not furnish the world within and remains empty ‘Inside’?
Thus fundamentally the second lesson for man to learn is his inevitable involvement in some form of work.

The third lesson — Energy and Entropy

It is a fact of science and law of nature (and this is the third lesson) that whenever a system, no matter what that
system is, does some work, its potential ability to do further work decrease. And this potential inability to do
further work we call Entropy.

Entropy is usually associated with 'Disorderliness’. Is the universe then ruled with the law of disorderliness? To
avoid such erabarrasing questions, | have often defind entropy as the potential inability to do work

WHAT IS ENTROPY

As indicated before the concept of entropy is closely associated with the core opt of disorderliness. Entropy is
therefore sometimes defined (and for good reasons) as the quantum of disorderliness in a body. The law of
entropy is therefore the law of disorderliness. And when the teacher says that the law of Entropy governs the
Universe, the student questions — ‘Is then the Universe governed by the law of Disorderliness’?

The answer to this rather embarrassing question is both Yes and No. It is "Yes' if one puts eraphasis in the word
‘law’ and says the law of entropy governs the universe’. The answer is 'No' if one says 'Disorderliness governs
the 'Universe'. To avoid such embarrassing concepts, the author as a teacher has preferred putting to his students
that Just as energy is the capacity to do work entropy is the negation of that capacity. Energy of a system is the
potential inability to do work.

From this rather negative definition, it is now well known that entropy has positive actions and effects virtually
in all processes and in all types of transform actions and has many important implications in virtually all fields
of human discipline.

ENERGY AND ENTROPY — INTRODUCTION TO A FEW FUNDAMENTAL CONCEPTS ON THE
IMPORTANCE AND IMPLICATIONS OF ENTROPY

Entropy — the Universal

The law of entropy, which is one of the greatest discoveries of the human mind states that whenever a system
does work (unless it is an ideal reversiole world), its entropy increases and its potentiality for further work
decreases. This is true for all systems from the non-living world to all living organisms, including man and his
society. As Albert Einstein said: ‘The law of entropy in its fundamental universal applicability shall never be
overthrown’.

All Activities Entrapped in Entropy

All activities in nature including those of man and his society need energy. This is well known. But what is not
so well known and often ill-understood is the fact that along with energy, all activities are inextricably entangled
and entrapped in ‘Entropy’.

Entropy — the key to all progress in Health and Wealth

Energy is recognized to be the key to all industrial progress, to all human comforts and wealth. This is only
apparently so. Energy is not the key; it is ‘entropy’ which is the key. Entropy is the queen, as it were, that takes
the decision in all phenomena, in all transformations and processes in the universe. Energy is merely her Chief
Accountat that keeps this ledger and does the book-keeping on energy balances.
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Law of Entropy — Law of Freedom — but Freedom with Disciplines

The law of entropy has some imolications as the law of freedom. Law implies order, implies discipline, implies
consraints and restraints of one kind of the other. Hence, law of entropy signifies law of freedom but freedom
with inherent restraints; and that what. exactly nature imposes everywhere in the non-living world as well as in
the world of living organism.

Energy does ‘work’ — Entropy draws ‘work-Tax’

Work involves comparatively more orderly, motion of molecules (as in the ‘to and fro’ or ‘the up and down’
motion of a piston, for example). But one cannot have this comparatively greater order out of nothing. One has
to pay for it in terms of ‘Entropy-coin’ which goes to Nature's treasury as ‘work-Tax’ or toll and is no longer
available to man anymore. Energy in the thermodynamic capital and Entropy the thermodynamic tax — with
considerable implications in man's share and nature's share of that capital.

Redundant ‘work’ (Energy) and Abundant ‘Work-tax’ (Entropy)

No matter what work or what process man gets involved into, this ‘work-tax” or ‘toll’, has to be paid at every
instant of time in all forms of work, — good bad, redundant and all. And as man gets more and more involved in
so much of work and in so many forms of work, as he spins round in redundancies, he goes on cashing his
capital, his reservoir or resources of matter and energy, in paying incessently and increasingly Nature's ‘toll’ or
‘tax’. Thus Nature's treasury gets more enriched with ‘Entropy-tax’ and as a consequence man's energy-capital
gets more impoverished in paying off that tax.

So Much of Tangible Gain in 'Goods' Through Energy but with So much More of Intangible Loss Through
Entropy

Man today is trapped in the exponentially expanding three 'P's - 'Production’, 'Pollution' and 'Population’ —
seldom reasizing that at the back of all his tangible products and productions with all the tangibie ‘Tools and
Toys of Technology’ — he is inevitably and invariably getting trapped in a vast web of intangible entropy. And
as men draws down some quantum of his resources of energy to meet not only his basic needs but so many other
needs, which are redundant, he inevitably drains down all the more some further quantum of energy. And a large
and a lion share of that energy he loses to pay off nature's share of ‘entropy-tax’ which is no more available to
man.

Entropy the Managing Director in Nature's Workshop — the Governess of the Universe

It is well known that every event in nature is associated with energy in some form or other, be it the world of
non-living matter or the living organism including man.

Every phenomenon in nature, each and every action and reaction, every effort by man and nature depends on
energy.

Energy is the Governess or Mistress of the Universe. And behind her moves — as a kind of her ‘shadow’ — the
entropy.

The true picture and the actual state of affair, however, is completely different. The ‘entropy’ is in fact the.
Mistress or the Governess of the Universe. It is entropy that controls how much energy will be made available
for different processes.

Not Energy but Entropy Crisis — the Way to Ride Out of this Crisis

The Entropy of a system be it a dynamic system of particles or a developing system of men can increase thus far
only up to a critical point. Beyond the critical point, the entire system disappears, either slowly or with explosive
violence.

All systems, be they communities of atoms or communities of men-, -begin with some ‘potential’ for activities.
As activities continue to grow, the ‘potential’ continues to decay depending (among other factors) on the rate or
speed of activities. And as a law of nature again the rate of decrease of the notential in general is greater than the
rate of increase of activities. For example, if the speed of activities leads to an exponential growth of the three
‘p’s - production, population and pollution - there is an exponential demand for energy. With an exponential rise
in energy, there is invariably and inevitably not only an exnonential but a ‘super-exponential’ rise in entropy. If
energy speeds up at some rate, entropy rockets up at a much higher rate with the risk of the system or the society
eventually disintegrating or even exploding.

Within the borders of this land and beyond the seas, one talks and hears of only energy crisis, Fundamentally, it
is energy crisis but entropy crisis. The only way to ride out, of this crisis is minimizing the rate of decay of the
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thermodynamic potential of this planet, not by the ‘stationary state’ of growth rate but decreasing the growth
rate by decreasing rate of population and the high standard of living.

Not Total Energetics but Total Entronics — Not Money — Economics but Entropa-Ecoromics

In spite of the energy crisis, the world today is based not on energy system but on economic system, in which
the Rupee and not the Joule is the currency.

Money is still the basis on whieh mah today makes plans and policies, on which he judges values and predicates
the present and the future. In fact, most of the criteria of activities of the world is still economics — or better
still politico-economics. This should change now. Man must plan and forecast, with activities based on science
in general and energy and entropy and ecology — not only the physical ecology of the biosphere in the world
around man but the ecology in the ‘World within Man” — the ethical ecology in rarticular, based on
thermodynamical laws which are very much more reliable.

Total Entropies — the firm Foundation for the New Technology, the New Economy, the New Ecology, the New
Sociology and the New Democracy

Many of the thermodynamic potentials of this planet are very much limited and must be used with care and
caution more on techno-scientific rather than politico-economic basis. Faced with the dilemma of a double
route, one must select the one with the least Entropies, not necessarily only least energetic in Joule (J) or the
most Economic in Rupee.

A toy car may be apparently most economic — cheaper in money and even in energy but very much more costly
in entropies causing thereby more national wastes.

Pennywise in economics may lead to (and often does) pound-foolish in entropy. Classical and conventional
economics today is no guide to scientific judgements nor to sound technical developments for the future or even
today in the present situation. Not the total energy concept but the total entropy concert, that man must weave
now and develop further this concept in his higher institutions of learning and research and eventually project
the concept speedily and effectively in all his national activities in general and in mitigating many of his ills
today, including the energy crisis in particular.

Entropy Eve-piece

Not the total energetics alone but the total entropies will offer man a new eye-piece to probe deeper into details
and help to awaken him to new thoughts, to new dimensions of developments and eventually help him to
develop a new democracy in the right direction to the right destination.

ENERGY CRISIS IN THE ‘WORLD AROUND’ MAN - WHY? BECAUSE OF ‘ENTROPY CRISIS’ IN THE
‘WORLD WITHIN” MAN

Energy crisis is virtually a world problem today. It is focussing the attention of many — many in the techno-
scientific, socio-econonic and even political world. How to keep fuels flowing is becoming a world dilemma —
particularly in the so-called developed and affluent societies. Half of every-thing transported in USA is fuel.

The two causes (fundamentally it is one cause as we shall see later) — the two principal causes for energy crisis
are :

(a) high speed of exponential increase in the world population

Ny = neexp(Kat) 1)
where ny, ny = number of people at some instants of time t; and t,.

and k; = some constant, increasing with time t

(b) the high speed of exponential increase in the overall rate of per capita of energy consumption E

E =Eqexp (kat) )
where E = average energy consumption per capita

or E =E/n=dE/dn

and k, = some constant, increasing with time t.

These two high speed exponential factors conjoin together into a kind of hyper-speed super-exponential rate in
the overall energy consunaption. Combining equations (1) and (2) one may show that

E= noEO exp (kl + kz)t (3)
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where both k; and k; increases with t.

For many reasons the initial wrold population growth has been imperceptibly slow. From a more or less steady
level in the Neolithetic Agricultural period, the world population edged up perhaps to around, only 0.4 x 10° by
the fall of Rome. A thousand years later, the population touched the first billion (10°%) in 1800 A D. In other
words, the population touched the first billion in 1800 A D, covering the entire period, of nearly 2 million years
that man has been living and loitering on this planet.

Then as industrial age ushered in and industrial production gathered momentum with near-exponential growth in
the production of goods and services from farms and factories, the second billion came in 1900, the third billion
in 1950 and the fourth is expected in 1980. In other words the period of increase of population by one billion
decreased progressively from. 100, 50 and 30 years. We will have one more billion people, that is, as many
people as the whole of this planet contained from pre-historic age up to 1800, during the next 15 years. And the
turn of this century (2000 A D or so)may see this planet loaded with 6 billion people — all using more energy
and more materials. All concentrating towards more ‘Movements’ more ‘wastes’ and more ‘Effluents’ leading

to more of not, only ‘Energy’ consumption but what is worse still more of ‘entropy-creation’ namely % =S.
A high speed of increase of population is thus an important cause of energy crisis. But a more icaportant and in

fact a more dangerous cause is the high speed of exponential increas of the per capita rate of energy
consumption, namely, E in equation(2),

(b) Per capita rate of enrgy consumption E

The per capita rate of energy consumption E in some countries is doubling in a period less than a decade (10
years). In the recent past the energy consumption in the european community has trebled within but two
decades. The so called developed countries with nearly 25% of world population consumes more than 70% of
world fuel, leaving less than 30% for more than 75% for the rest of world people. Man not too long ago
consumed and in some regions of the world man even today (Nomad for example harding his sheep or a farmer
tilling his soil) consumes par year a mere 30 to 60 kg of coal, a sack of coal which he could easily carry on his
back.

Today a man in the developed countrieswould need 5000 to 6000 kg of coal per year. In other words nearly a
lorry load of coal just for one man. And in the super-developed country, each man needs not just one but two
such lorry loads or almost 12000 kg of coal per year.

It is the increased par capita consumption of energy E which is primarily responsible for the energy crisis. Man
in an affluent society today has been dependent on a progressively increasing quantum of energy which is quite
out of proportion to population increase. The US increase population, for example, during 1946-66 was around
43% but the energy consumption virtually doubled, that is increased by nearly 100%. By the turn of the century
compared to 1970, the U S A may see an increase of population of nearly 25 to 30% (nearly 270 million peoole)
but the energy consumption is estimated to shoot up to 400 to 500%.

The two principal causes for energy crisis, namely, the exponential increase in population and per capita energy
consumption, as indicated before, are fairly well-known. But what is not known, far from being well-known is
that the danger lies not only because of the explicit magnitude of the load of people and the progressingly
increased rate of per capita energy consumption E. But more so, bedause of the implicit and inevitable
association of these factors with the progressingly increasing rate of entropy production S.

(c) Entropy and Error

Entropy, as indicated before, is associated with error with 'disorder' with 'dissipation' and 'degradation’. And a
high entropy density in the ‘world around' and also in the ‘world within', man may eventually land into an
error—laden’ 'ego-stricken' degenerated society, plunged into a whirl-pool chaos and confusion with ‘self-
inflicted' and 'ego-inflated' strifes and strikes for so-called self-survival on the edge of a precipice, poised
precariously for a 'drama' which may be nature’s plan of paying man with his own coin, his own last act of
plunging hand-long into the 'mirage’ of so-called self-survival and self-gratification. But to get in fact quite
something else may be 'self extension ' and 'self-elimination’.

Higher Speedof Increased per Cpita of Energy Consumption E Why?

Because of higher speed of activities and aspiration towards more ‘Quantity of living' rather than 'Quality of life'
— desire for more 'exuberance’ rather than 'excellence'.

As man in some sections of the human society continues spinning round more of his demands for so-called
needs — redundant needs of goods and services — needs which were not in his mind but inflicted artificially
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from outside by so-called industrial sales and services and shows, all kinds of methods and machines, metals
and materials, cakes and cans, tools and toys make inroads — deep inroads in his life and living processes.

All kinds of activities today — techno-scientific, agro-industrial and socio-economic activities — are
fundamentally bipolar with an apparent positive ‘gain’ at one pole an a negative ‘loss’ at the other pole, high
economic (so-called economy) production in one pole and an equally high energy losses in the other.

The fundamental reason for this is the high speed of some fundamental changes in the mode and mood of the
modern man particularly in the affluent society.

In other words, the ‘mode’ of living and behaving, the so-called ‘life-style” in the world around man and the
mood of life, the attitude of life man adopt within the atmosphere the harbors in the ‘world within’ him.

And this mode of living and behaving and the mood of thinking and aspiring depend very much on
(a) Man himself (his inheritance — the DNA, the zygot he comes from) namely, nature of his system and

(b) The nature of his environment — the nature of the treatment he receives from the environment — the nature of
the fluxes of ‘messages’ that he receives, particularly through his ‘eyes’ and ‘ears’ from the world around and
the nature of the ‘image pattern’ the ‘aspiration’ that he weaves in his world within out of these messages of
‘sights” and ‘sounds’ from the world around.

In the world around, it is the mode or the way man lives, behaves and acts — For example,

(@) it is the way he produces processes and preserves his food and fertilizers (whether he uses less wasteful ‘bio-
energy’ and renewable ‘solar energy’ or more wasteful mechanical, chemical and/or electrical energies and non-
renewable fossil fuel energy).

(b) it is the way that he clothes himself (whether with natural fibers or cotton, wool or jute fibers or the highly
wasteful synt het fibers).

(c) it is the way he moves (whether in compratively less wasteful steam locomotives or highly wasteful, trucks,
buses and autos rolling on equally wasteful synthetic rubber tyres).

(d) it is the way he performs his routine daily duties and enjoyshis recreations (whether playing, swimming,
bathing and other ways using lose wasteful machines or with more wasteful machinized gadgets, tools and toys).

(e) it is the way that he generates energy and power particularly the most convenient and the most versatile yet
the most wasteful electrical power.

All these and many more add up to tell the tale of the heavy deficit in the dwindling reserve fund in the balance
sheet of energy account.

Machine useful but Wasteful — Gains Time and Money but Loses Energy

Machine, it must be exphasized, is useful because of (a) its ‘speed’ and (b) its ‘precision’. But machine is
wasteful and often highly wasteful of energy because of the same reason that it is useful, namely, 'speed' and
‘precision’? The greater the speed, the greater the degradation of ‘energy’ and of environement and the greater
the rate of entropy-production leading to greater ‘error’ and the greater the probability of poorer qualities of
products and performences.

Precision implies imposition of more constraints in many steps of details of 'forms' and 'functions'. Each of these
steps and details need energy. Each of these constraints implies negation of entropy (more information) in the
‘form' or function and hence creation of entropy in the environment of that ‘form' or ‘funation'.

Machine gains time and money but loses energy. The loss of energy is often cuunulative in most cases because
of the law of entropy and alsodue to the series of irreversibilities associated virtually in all processes in nature.

Bio-machines Slow but Less Wasteful

In this connection, it is of interest to note that unlike man-made machines, nature’s biological machines or bio-
machines from the uni-cellular amoeba to the multi-cellular man — are slow and comparativy unproductive but
is much less wasteful of energy. The efficiency of a living cell or a living molecule (the Deoxy-Nucleic — Acid
or DNA) may be as high as 90% or more compared to the best of 30 to 40% of man-made machines, whose
efficiencies, based on the law of entropy or the second law efficiency, in most cases are no better than 4 to 6%.
Yet man in some sections of the present human society is virtually mad to day to get these man-made machine
energy slaves and use them virtually everywhere as become enentually a slave of the medicine of his
ownmaking.
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‘Slaves’— Human Slaves’ then — ‘Energy-Slaves’ now

Modern man’s great grand father used ed somewhere and someday ‘human slaves’. Man later revolted against
the concept of ‘slavery’ and ‘human slavery” was gone. But man's lethargy to use his own limbs lingers on. And
so man, particultrly the affluant man uses today ‘machines' — so many 'machine-maids' or 'Energy-slaves'
labouring virtually everywhere to maintain his machanised 'mode’ of living.

And to feed all these energy-slaves each affluent man today has to engage the equivalent of nearly 1000 human
slaves.

Load of not 200 millions ‘but 200 billions’

An advanced country with say 200 million people each with 1000 slaves, is thus loaded with more than 200
billion people. And 200 billion people feeding on energy resource can create a crisis of that resource. And when
fed on ‘energy' the inevitable result is ' Energy-crisis'. This is a forewarning and a lesson for developing
countries to learn so as not to over-step the multiplication of ' machines',

ENTROPY AND SPEED — HIGH SPEED IMPLIES GREATER ENTROPY, LARGER QUANTITY BUT
LOWER QUALITY ENTROPY AND ERROR EVOLUTION AND EXCELLENCE

Higher speed, no matter what that speed is speed of chemical reaction or speed of industrial production, is
invariably associated with a higher speed of creation of entropy. Higher speed of production of so much of
tangible goods is associated with a greater speed of production of so much more of intangible entropy.
Intangible though entropy is, it eventually leads to tangible losses of resources.

Speed yields quantity but shields quality. Haste is necessary and is often vital. But undue Haste is undue Waste.
Creation of Novelty or quality is negation of entropy and negation of speed. Creation of novelty or quality is
thus inherently a slow process. Evolution in Nature has therefore been, of necessity, a slow process, for the
evolution of not one but many, many varieties of novolties in many varieties of species with progressively
increasing capacities of coordination and 'pattern-rccognitionl — from ‘mouse’ to monkey and eventually to
man.

Negation of Entropy or 'Negentropy' is Information. Nagation of entropy or 'Negentropy' is thus associated with
negation of Error. There is thus a close relationship between Error and Entropy. The more the error is in a
system the more the disorder and dissipation and the more the entropy in that system.

A system or society entroppod in Entropy eventually gets entangled with a load of ‘Errors’ breeding more errors
and leading to instability and eventually to a crisis, a potentially explosive situation . An 'error ' under constraint
however can function as an unit of vector. Action has within it the seed to negate that 'Action' to minimise or
even to erase that ‘error'. An error as a vector then functions as a compass needle, a pathfinder of the destination,
the state of stability the state of maximum freedom of maximum entropy (S) but minimum speed, 'minimum rate
of entropy production.

ENERGY AND ENTROPY— MAN'S SHARE OF WORK (INCOME) AND NATURE’S SHARE OF
WORK-TAX (INCOME-TAX)

Energy is capacity to do work. But the very process of doing that work, as indicated before, involves some
negation of that capacity. The mechanism of work involves motions of particles in some-preferred direction, as
it were, to be able to move a piston to and fro or to raise or to or a load up or down. In other words, the motion
associated with the process of doing work is comparatively more orderly than the comparatively random motion
of particles associated with heat. And one cannot have this comparatively greater order out of nothing. One has
to pay for it in term of 'Entropy coin' which goes to Nature's treasury as ‘work-tax' or 'toil' and is no longer
available any more.

No matter what work or what process man gets involved into, this work tax or process toll has to be paid for at
every step of a process and at every instant of time in all forms of work, good bad, redundant and all. And as
man gets more and more involved in so much of pork in so many forms of work, as he spins round and round in
redundancies, he goes on cashing his capital, his reservoir — reservoir of matter and energy — in paying
incessently and increasingly Nature's toll and tax. Thus Nature's treasury gets more and more enriched with
entropy tax or the term (-TS) in the defining relations A = (U-TS) or G = (H-TS) based on the law of Entropy.
And as a consequence man's energy capital gets more and more improver rished in paying off that tax.

Man today is trapped as it were in expanding and expanding exponentially production, pollution and population,
seldom realising that at the back of all the tangible products and production — the tangible ‘tools and toys of
Technology’, he is inevitably and invariably getting trapped in a vast web of intangible entropy. And as man
draws down some quantum of his resources of energy to meet not only his basic needs but also so clled so many
other needs which are redundant, he inevitably drains down all the more, some further quantum af energy and a
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large and a lion share of that energy to pay off Nature’s share of entropy — tax which is no more available to
man. This the reader may well see if he 'ponders a little over the law of energy and the law of entropy, to got
what are known as 'free-energy’ functions in thermodynamics. These functions or potentials, we must
emphasize, are fundamental relations in 'different forms under different sets of conditions.

Internal energy U is the most important thermodynamic potential or capital. But what man could possibly get
released at constant T for the maximum theoretically available work is not U but (U-TS), we call function A,
the ‘free-internal energy' function, that is, A=(U-TS).

The word 'free’ means 'Tax-free' that is, what remains after Nature realises her share of toll or Tax viz the term (-
TS).

Thus Entropy has far--reaching implications everywhere and in every process in Nature from the non-living
world to the living organism including man — his matter metal and machine — his food, family, friends and
foes, his own self and his society.

ENTROPY A SCALAR WITH AN IMPLICIT FUNCTION OF SOMEKIND OF A VECTOR

Energy is scalar. Entropy explicity is also that way. But behind all scheme of events in Noture, Entropy is the
steering wheel and functions implicitly at the background defining the direction as a kind of a vector.

It is well known that every event in Nature is associated with energy in some form or other, be it the world of
non-living matter or the living organism including man.

Matter itself is a condensed phase, as it were, of energy. If there were no energy, there be no matter. And then
there is no creation and' no life either.

Every phenomenon in nature each and every action and reaction, every effort by man and nature depends on
energy.

Energy is, as it Were, the Governess or Mistress of the Universe and behind her, moves as a kind of her shadow
the entropy.

The true picture and the actual state of affairs, however is completely different. The shadow the Entropy is in
fact the Mistress or the Governess of the Universe. It is Entropy that controls how and how much the energy will
be made available for different process in the form of the so-called free energy or the free enthalpy.

Matter and energy are the basic raw materials with which mannanufctures virtually every things he needs, a
manufacturing plant, raw material alone do not help. Nor even a good method nor a good machine. Both man
and machine are necessary. Machine to make and shape products and nen to tae take ‘decision’ behind the
machine, to shape the policy behind all planning of process and products.

In nature's workshop similarly, energy is drawn as the fundamental raw material but it is entropy that takes the
decision.

In the ultimate analysis, it is the entropy that gives direction to a process. Man is unable to convert heat
completely into work (without some other effect) because Entropy will not permit this. The course of events are
as they are, because Entropy desires that way. Nature's movements are restricted because of restrictions
imposed by entropy.

As indicated before the law of entropy is the law of freedom. But freedom costs money, costs energy. Energy is
the capacity to do work. And it is a fact of science that non-living matter as well as living organism the atom,
the Amoeba and the Man, all, one and all, are involved in an everlasting engagement in so many ‘forms and
functions' leading eventually to some form of work — thermal work — mechanical work, electrical work,
electro-chemical, electro-magnetic work and so on. Work comes into the picture at every instant and every stage
of event or a process, in every, form of work — no matter what the work is — good, bad, useful or useless —
Nature takes her share of energy, her toll, which goes to her treasury and no more available to man.

The internal energy U is the most important thermodynamic potential function of a system. It is, as it were, the
thermodynamic capital of that system. Like internal energy U,' the Enthlpy H, the Helmholtz energy A and the
Gibbs energy G, as the terms imply, is resident in the system as Energy — as thermodynamic potential —
thermodynamic capital.

While Energy is the Thermodynamic Capital, entropy is the Queen of the capital.
ENERGY, THE THERMODYNAMIC CAPITAL — ENTROPY, THE QUEEN OF THAT CAPITAL

What is thermodynamic capital? It is some thermodynamic potential entity capable of getting involved in some
form of work (thermal, mechanical, electrical and so on) some form of activities (motion, transportation,
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communication, production and so on). But all decisions and directives of such activities or iginate from the
‘Prime Mover’ — The Chief of the Cabinet as it were, the Queen, the Entropy.

With increased speed and complexity, as one finds everywhere including science and technology and
economics, the thermodynamic capital to start with may be large, but the end result eventually remains small
and indeed very small, because of the inevitable degration of energy due to higher speed of creation of entropy,
on account of higher or greater speed of production and on account of higher complexities involved in the
processes of that production, fundamentally because of the implications involved in ‘Speed’.

SPEED — A PRIORITY AND A PROBLEM
Speed — A Priority and a Vital Priority

Speed of development is, for good reasons, an item of top priority for the developing countries. In fact speed of
production of some of the basic needs of life is vital for their very survival. This is well known. But what is not
so well-known is the fact that while speed is a priority, speed is also a problem.

Speed — a Problem

Speed is a problem because:

i) It is a law of nature that the greater the speed — no matter what that speed is — under a given set of
conditions, in greater is the rate of Entropy creation at an exponential or even superexponential rate. And, with
higher speed of Entropy production is linked up a chain of troubles. For example, the greater the speed of
Entropy production, the greater is the speed of Energy degradation, sooner comes the impact of all kinds of
‘crisis’, e.g. greater the ‘Errors’ involved in the process, poorer the overall-Quality of performances and
products, poorer the overall Economy — particularly the-national and even international Global Economy.

ii) It is a law of Nature again that the greater the speed under a given set of conditions and environments the
greater is the speed of degradation of Energy, that is, the greater is the speed of energy consumption. This
increase in energy consumption and concomitant waste in energy takes place not pro-rata or linerly but almost
exponentially.

iii) One hears of all kinds of ‘crises’ — particularly ‘energy crisis’. And this can be shown again as a result of
the law of Nature that speed is at the root of all these crisis — including energy crisis,

iv) The greater the speed of a process (no matter what that process is) under a given set of conditions, the greater
is the probability of 'Errors' in that process and also the products. Because, as a law of Nature again, the Entropy
function is closely related to Error Function.

V) An ‘Error-laden’ product is a poor product — poor in ‘Quality of its performances’ and ‘Quality of its life’.
Poor also is its "Life-time" its Longevity.

vi) Poor in ‘Quality’, though cheap in money, is costly in calory. And in the long run wasteful of resources.

vii) All these factors and many more reflect cumulatively on the ‘Economy’, which may sag down
superexponentially with inevitable impacts on ‘inflation’, ‘Escalation” and so on.

Thus other conditions remaining the same, the greater up the speed, the lower the ‘Quality’ and lower also the
‘Economy’.

Speed thus stands as a kind of contradiction between the other two vital arms of production viz ‘Quality’ and
‘Economy’ of production.

VITAL NECESSITY OF FORMING NUCLEI TO NEGOTIATE WITH CORE THINKERS IN CENTRES OF
EXCELLENCE

Here comes the urgent necessity in doeloping countries, where speed is vital alongwith quality and economy, for
the creation of a small but strong nucleus of Fundamental Thinkers, who could sense and see through a maze of
materials the ‘Core’ the Essential and function as liaison between industrial scientists, technologists and
engineers on the one hand, and great minds in the fields of fundamental sciences at Universities and higher
Institutions of learning and research on the other and advise to steer the Industrial machineries with speed and
yet negate the adverse effects of speed (as indicator before) leading not only to higher speed of production but
also better quality and greater economy of that production.

Priority Linked with Speed — the Scalar—but more so with Destination — the VVector

Speed of Motion, speed of Production is vital. This is well understood. But what is not well understood is that
speed is a scalar quantity — and so is Energy. To make it a Vector, one has to decide the Direction, and the
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Destination. The plane, the pilot and the petrol may all be there. But it is all useless without the compass needle
and the objective alive in the Pilot’s mind. Not only priority in speed but also the objective of speeding the
feeding of the Basic needs round Defence (D) Education (E) and Food (F) is vital (not Redundant needs, which
are not basic but parasitic).

Speed of material production. Yes. But what material? How much? And for what? These questions need be
satisfactorily solved before speed be accepted along with quality and Econoy and Efficiency based, not simple
on Energy but more so on Entropy.

EFFICIENCY BASED NOT SIMPLY ON THE LAW OF ENERGY BUT ALSO LAW OF ENTROPY

It is important and very important indeed that the concept of efficiency of the thermodynamic capital be not
based simply on the law of energy, the first law, but more so on the law of entropy, the second law, which
eventually determines what quantum of work, what quantum of goods and services out of a given capital of
energy can be obtained and at what cost of the ‘Entropy Coin’.

In the entire workshop of the universe, entropy occupies the position of the Manaing Director — the queen of
the universe as is were. It is from her ultimately that all kinds of orders regarding the manner and methods of the
entire business orginate.

Policy is decided by entropy. Energy is left with the business details of '‘Book-keeping and Accounting' with
'debit and credit' and drawing up the balance sheet according to the law of conservation of energy.

But no matter what the Book-keepingt says, no matter what the 'profit and loss' account shows, the dividend is
decided by Entropy. Out of so much of energy capital or ‘Reserve Fund’ it is entropy that ultimately dictates
how much would be available, how much possibly could be spared to man for his share of so-called ‘free-
internal-energy’, (U-TS)) free-enthalpy (H-TS) and so on.

Enthalpy function or the so-called heat-function H is (U+PV) or H = (U+ PV)

But what man could possibly get under a given set of condition viz constant T and P is not H but (H-TS) which,
as indicated before, we call G, the Gibbs free energy function, that is G = H-TS.

And with the best of technology and therman effiency known to man today, his Engine of Industry' can yield out
of (H-TS) a small and indeed a very small fraction of (H-TS). This is 'because the overall cumulative efficiency
of a process, made of many sub-recesses is a multiplicative function like probability.

For example, for a process made up of only three sub-processes involving thermal, chemical and mechanical
mode of transformations each with the 'efficiency of 35%, the overall efficiency is a mere 4.34%. This is due to
the the law- of Entropy and dissipation of energy through a series of irreversiblities and concomitant payment of
a series of additional 'tolls and taxes' and event super-taxes of entropy to Nature.

THE NEW APPROACH TO ENTROPY — THE TOTAL ENTROPICS

What is necessary now is to have a look and a hard and a deep look, a new look at enerey and entropy and steer
the society to a path of production based on a new technology and a new economy, based not only on the
concept of total Energetics but also total Entropics not the concept of efficiency based on the law of Energy but
more so the efficiency based on the law of Entropy.

ENERGY, ENTROPY AND EFFICIENCY — THE NEW EFFICIENCY AND THE NEW ECONOMICS —
THE TOTAL ENTROPICS — A NEW APPROACH

The efficiency of a system is generally defined as the ratio of what the system delivers to what it receives. What
the system delivers, as a product or products or even hyproducts and wastes, may in general be quite different in
nature from what it receives. A steel plant, for example, receives raw materials and delivers finished steel. To
say its efficiency n; = steel/raw materials, would not carry much meaning unless both the different quantities in
the numerator and the denominator are expressed in terms of the same unit. This unit, for good reasons, is the
coin of the country — the rupee or the rubble, the dollar or the Deutch mark. And the efficiencies of almost all
products and the processes today are evaluated in terms of money — national or international currency.

Money-Economics misleading ‘MONEY’ Masks Creation of Entropy and Creation of Crisis

It has become increasingly evident these days that economy based on money alone is neither satisfactory nor
scientific. Because the concept of efficiency based on conventional ‘money-economy’ may only reflect a local
economy of a particular process or a particular product, of a particular region or a particular plant, in complete
disregard of the national economy affecting a country and its people. On the same context, a high national
efficiency based on national economy of so-called high GNP and so on, may reflect only local phenomena of
abundance or affluence, which completely disregards the colossal global degradation of energy and what is
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worse still, a colossal global degradation of energy and, what is worse still, a colossal creation of entropy —
leading eventually to the potential danger of the creation of a crisis.

Economics and Entropics

Most of the world activities today are tied to Economics in terms of national or international coin of exchange
— the money. There are, of course, good practical reasons for this.

However there are equally good reasons and good scientific reasons today that economic be based on the
entropics which in its turn is based on the law of entropy the law of thermodynamics. We recapitulate very
briefly a few fundamental concepts of efficiencies based on the law of energy and the law of entropy.

The first law of efficiency

In theraodynamics which deals with 'therm' (heat) an ‘dynamics' (motion or work), tho efficiency of a system a
heat engine, for example, according to the conventional concept of economy, would be the ratio of the work W
(the dynamics) that is delivered by the engine to the therm or heat say Q, which is received by it

n, = WIQ 18.1

For example suppose tht the heat received by the engine be Q, and the work delivered by the engine be W
suppose also during the conversion of Q, into W, a part of the heat, namely Qy, is lost due to dissipative forces
or frictional losses and balance of the heat (Q, — Qs ) is available for conversion into work W. Than according to
the first law and the conventional concept of efficiency.

N = Q/Qz = (Q2-QnQ2 = 1- (Qr/Qz) 18.1(a)
But the law of Entropy refuses man the ability to have such an efficiency based on the first law alone.

The Second Law of Efficiency — the Energetic and the Entropics

According to the law of entropy, the efficiency n; can never be attained even theoretically. Because while some
quantity of work nay be completely converted into heat, the reverse is not true. Nature must have her share
(-Qy) out of Q, and the blance (Q, — Q) is released for man to be converted into work W. In other words, even
if man could in the ideal case negate all the dissipative forms of friction, that is make — Q¢ = 0 the maximum
theoretical efficiency according to the second law

Ny = (Q2—Q1) / Qo= (To-T) [ T =1- (T, /T)) 18.2

where Q, is the amount of heat delivered to the engine at the temperature T, and Q, is the heat rejected by the
engine at a low teraperatute T,.

Relation 18.2 expresses the theoretical rnaximum efficiency, provided man could make his 'Engine of Industry'
reversible, that is, free from all frictional losses. But this is eventually not possible, because almost all processes
in Nature are irreversible.

And if the speed and complexity of a process increase exponentially, entropy of that process increases super-
exponentially. And the efficiency than decreases super-exponentially also.

Today in this age of Atom and Acceleration, in this age of space and Speed, Technology today is trapped in the
Tentacles of Entropy, particularly because of the higher speeds and greater complexities, involved in virtually
all the activities of man today.

Total Entropics

The concept of total Entropies (TE) encompasses not just one phenomenon, one process or one interest but all
allied and inter-related phenomenon and this helps to project a more realistic picture of a process, the losses and
often cumulative losses involved, in a process or a product and therefore helps to define more correctly the
economy — the national or even international and global economy. Because of the interrelated phenomenons,
the computation of total entropies,though apparently somewhat involved, is fundamentally simple and
essentially consists of

(i) additive terms and

(i) multiplicative factors viz
(a) additive terms consisting of summation of many losses due to dissipation forces viz (-2Qf;)
(b) multiplicative factors viz multiplication of losses reflecting on the final efficiency viz

n=TIIn;
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Where X and IT signify summation and product respectively.

The scientific concept of total Entropies is based essentially on

(i) the concept-of macro-irreversibilities— both in the linear and the non-linear aspects and
(i) micro-reversibility in which friction exists but the dissipitative effects of friction disappear.
The concept of total Entropies has quite, a few important implications.

Total Entropies — Its Importance and Implications

Electricity — Great Waster of Global Eossll Fuel Energy

Based on the generalization of the concept of total Entropies, the efficiency of electrical power generation from
the combustion of coal, for example, is around 6% only aid not the unusually high, and misleading figure of
30%.

To avoid misunderstanding, it may be pointed out that
(i) at the starting point viz at the point of source, electricity has got great input energy flexibility and

(ii) at the end point viz at the point of end use, electricity is the cleanest, the most versatile (and sometimes the
most efficient).

But from the overall scientific and technological point of view, it is not enough to consider the starting point and
the end point only but all points. From the point of view of getting electricity by the conventional coal
combustion processes, electrical energy is a great waster and a great polluter and hence a great scientific and
national nuissanco, particularly when one looks at it a little deeper on the basis of total Entropies.

The New Economics

As already indicated, the criteria of most of world activities today is still Economics. It should be supplemented
and if necessary, replaced by the complimentary concept of total Entropies (TE). In fact, the concept of total
entropies can help to develop a new Economics — a scientific thermodynamics Economics. This is not just for
academic reason but for reason of man’s well being today and even for his survival tomorrow.

High Entropy Money-Economy degrades Thermodynamic Potential

If the classical concepts of Energetics and Economics today are applied to global problems of tomorrow,
relegating Entropies at the back ground, the result tomorrow then shall inevitably be what the Law of Entropy
would eventually lead nan and his society to viz a society degraded to a level of low ‘thermodynamic potential’
— a state of ‘degradation’ and ‘degeneration’— a state of virtual disaster in social terms.

The Conventional Concepts on Efficiency Scientifically Incorrect and Misleading

The conventional concept of efficiency — the First Law Efficiency is woven round the Law of Energy (the first
of law of Thermodynamics). On this, conventional basis, one may say that the efficiency of an electric water
heater is 70 per cent and that of a common household oven is 50 per cent.

These figures based on the conventional concept of efficiency are not only incorrect but misleading. Because a
comparison of these figures may lead (mislead) the common man or even the young engineer to the conclusion
that

(a) the water heater is more efficient than the household oven and that
(b) a machine with efficiency of 100 per cent is the best

The law of Entropy says that both these conclusions are wrong. In fact the, maximum theoretical efficiency for a
water heater is less than 100 per cent, while, that of a household oven is much greater than a water heater.

The so-called efficiencies of air conditioners and refregerators and heat pumps may be 200 per cent or more. In
other words, if you give to your refrigerator 1 J of energy, it gives back 2 J of work, creating, as it were, the
additional joule in some mysterious way. To avoid such misleading and enbarassing figures on efficiency,
scientists have coined a new name viz Coefficient of Performance (COP) and not efficiency for such machines.

The conventional approach indicates that the efficiency of electric water heater is 70 per cent. The total
Entropies (TE) indicates that is a more 2 per cent. The conventional efficiency for a gas water heater is 50 per
cent, while the TE indicates it is 3%. COP of heat pump is 270% while TE indicates that is only 9 per cent. An
air conditioner efficiency (COP) is indicate as 200 per cent. But its total Entropies or TE efficiency is only 5 per
cent.
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Nature’s Law based on Law Total Entropies

Man is a part of Nature. Laws of Nature know no bounds, know no barriers — barriers of political or economic
boundaries.This is well recognised. But what is not so well recognised or understood that quite a one significant
area of the fundamentals of political, economic and social sciences can be laid on the foundation of a few basic
and fundamental laws of Natural sciences.

Total Entropies and the New Politico-Economic Framework Tommorrow

It will be helpful to man if he considers and considers now to develop his politico-Economic framework on the
foundations of the law of Entropy— a law which shall never be overthrown(to quote the great scientist Albert
Einstine) — a universal law, which is applicable from the non-living world to the living organisam, including
man and his society. This approach of basing Economics on Entropies may seem rather extraordinary and
unconventional. Yes, But the present extraordinary and unconventional situation demands ah unconventional
but a rigorous scientific approach to facing the new problems with new-parameters. And one such new
parameter is based on the concpet of Total Entropies (TE), which can help to develop and define a new
Efficiency, a more meaningful and scientific efficiency — the Second Law Efficiency based on the Law of
Entropy.

The New Efficiency and Energy Economy Policy Tomorrow based on the concgpt of total Entropies (TE)

Entropy — Efficiency more Scientific

The new efficiency, the second law efficiency, based on the law of Entropy is more scientific because it helps to
indicate and associate the correct concept of available work or Free Energy as a measure of energy efficiency in
different areas National Energy Economy and particularly so, in evolving a more realistic National Energy
Policy. Moreover, it helps to bring to the surface and expose more emphatically the gross wastefulness of a
process or a product.

Typical Example — the Calorific Power

The calorific power is defined as the amount of heat liberated by a unit of cass of a fuel, under a certain set of
standardised conditions. This definition of the calorific power or the energy content of a fuel is no index for its
usefulness or wastefulness — rather it induces and attracts, a prospective user or buyer to prefer a high calorific
power fuel, with the usually erroneous concept that a higher energy value of a fuel per unit of money is always
more economical. Actually though, it may be usually more wasteful. Because instead of being actually useful as
expected from the first law — the law of Energy, a greater part of its energy is more often rendered useless,
according to the Second Law — the law of Entropy. Available work power of a fuel (under a given set of
conditions) appear to be much better and more scientific term than the conventional term Calorific Power (CP).

This may appear paradoxical even to the young engineer or the designer. Because he may argue that

(i) heat at a high temperature on do more work that the same quantity of heat at a lower temperature and
(i)a high temparature flame (obtained from a high CP fossil fuel) increases the rate of heat transfer and
therefore the speed of a process and of production and hence more economical.

True it is that heat at a high temperature can do more work that an equal amount of heat at a lower temperature.
And it is exactly for this reason that when a flame at a high temparature (greater than 2300K) obtained from
fossil fuel combastial is put for producing work at a lower temperature (heating, steam raising and so on) that its
potentiality for available work is largely wasted by the erection of more Entropy according to the Second Law.
The paradox or the dielemna disappears when one undorstand and rememmbers the implications and the far
reaching implications of the Second Law — the law of Entropy, particularly for irreversible processes, not only
in their linear but also the non-linear aspects.

The Blast Furnace or the Open Hearth or the Big Blooming Mill Manufactures Rupee and Wastes
Thermodynamic Gold

The Blast furnace process is only apparently economical, because of the conventional concept of economy
based on Rupee. That was mare than 50 years ago. The author remembers still how at TISCO (Tata Iron & Steel
Company) he was told by the then Superintendent of Iron Blast furnace "We do not manufacture pig iron in
blast furnace, neither do we manufacture slag nor do we manufacture blast furnace gas. We manufacture Rupees
in Blast Furnace". | was in my teens then. | laughed in delight. I am seventy now. | laugh again but not in
delight but in disgust for man’s misleading Money-Economy, in disgust with the unscientific concept in this
scientific age, the concept of "COINS and COUPONS" defining the Human. Destiny. As for BF, so for BOH
and Blooming Mill, the second law efficiency is low.
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Money Economy makes so much Money But So Much More Entropy with the Prospect of the Peril of Entropy
Crisis

Good Many centuries have gone since metal was minted into money. Man since then has coined many new
concepts, discovered many new laws. The unbreakable Atom has been torn to pieces. Man has tapped energy
from the world within the Atom. Man lands and loiters on the Moon and spins in space for days, weeks and
months. Yet the "Money" concept and the Money-Econony continue to mould all man’s methods and machines,
his Tools and Technology. The money-coin continues to define his economy. The promisary hundred Rupee
Note continues to attract his attention. The paper coupon continues to coin all concepts of his cost and even his
culture.

Man has endured quite long this “COIN-CULTURD” — the classical COIN ECONOMY. This Rupee coin be
better be supplemented, if not replaced, now by the more vital coin — the thermodynamic coin, the Joule J/K or
better some unit in "BIONOMY" like kg/J and so on, particularly at this critical period of man’s history, when
he is faced with the pending prospect of a probable peril. Not so much the peril of the so-called Energy crisis.
But more so the peril, may be even the "Death-dealing™ peril of an Entropy crisis.

It is time that we do not talk in terms of "Money-Economy" alone but Entropy and Economy in Man and
Society.

Entropy and Economy in Man and Society

Society is not just made up of Bone and Store, nor goods and gadgets nor metals and machines but Men. And
men make meaning when they are able to communicate meaningful message (Negentropy). And Negative
entropy is low entropy.

Unfortunately today there are all kinds of communications — high entropy redundant communications with
currents and cross-currents of different forces from different sources — be they Techno-scientific or Politico-
Economic sources. All one and all, but aiming at Economics. All, one and all, spinning round and round
Economic and Economics — Science and Technology and Industry and even Politics — all Eyes focussed on
Economic based on "Coins" and "Coupons” on Money Coins and paper Coupons — all enmeshed in a mass of
Abstractions involving high Entropy Economics.

High Entropy Economics

All Economy today is a vast array of Abstractions — abstractions including National Income, Rate of Growth,
Capital/Output Ratio — Capital Accumulation, Demand and Supply and so on.

Abstraction by itself is not wasteful. In fact, abstraction as such is itself low-Entropic by nature. But the cross
currents of forces of many contradictory and redundant abstractions lead to dissipation of Energy and creation of
high Entropy, achieving something apparently good but quite -often negating many uoro things which are vital
— achieving, for oxample, high GNP and negating low level prices and thereby denying low level basic needs.
And this is what the common man questions. "And what is the result of all these array of abstractions? High
GNP?"

Yes, High GNP — but a high GNP tailored with tons of Tranquilisers. The result of all those array of
abstractions and activities is high GNP at one pole and a high spiralling up of prices at the other pole.

If Economics — the so-called modern Economics — cannot get out of the trap of a vast Net of Abstnctions of
its own making and make the common man free from the fetters of frustrations and starvation, leading to
premature Decay and, what is worse still, a spiritual Death, it is time we reorient that Economy. In fact one
sometimes feels to scrap that Economy — the Entropy Economy.

High Entropy Politice — Economic Trap

The entire Infrastructure of the Society associated with Ultra-activities, of man is trapped today in a Politico-
Economic system, involving all kinds of Administrative machines, all kinds of Management, all kinds of
Internal and External and National and International financing, all kinds of Consultancy, all kinds of Industrial
and Techno-Economic Planning and Policies, with so many and so much of Techno-Scientific Man-power —
with so much of ‘Mental-Momentum’ — all but enmeshed again in a mass of Abstraction and Politico-
Economic Dogmas. And with all these what is the result? So much of Hopes and Aspirations — exponentially
rising Expectations followed by exponentially falling Frustrations.

High Entropy Dipolar Politico-Economic System—Much Ado about Nothing

If this Politico-Economic system today cannot get out of the ‘Trap’ of its own making we better scrap that Trap
with that System, the High Entropy Politico-Eonomic Dipolar System, with so much of GNP at one Pole and
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higher prices at the other Polo, with so much of emphasis on a Energy Bill at one Pole with the prospect of so
much more of high Entropy Inflation at the other Pole, with so much of Auction of Gold at one Pole with so
much greed for that Gold to so much more Inflation of that Gold with so much of natural human resources at
one Pole, with so many and so much of Sciences — interdisciplinary sciences — at one Pole, with so many high
power meetings, discussions and decisions at one Pole, yet with so much more "Maunds of Miseries" and "Tons
of Tears" at the other Pole with so much of investments in Men, Money and Material at one Pole and so much
more of Entropy with so little end results at the other Pole, mean eventually Nothing— "Much Ado about
Nothing".

Man makes Metal to make Machines. But Machines and Mechanics do not and cannot Reveal Man. The
Revealation lies in the “world within Man" in a State defined by scientific parameters — parameters that call for
constraints and discilplines loading to low Entropy. Mechanics as such cannot reveal Man. Entropy under
suitable Constraints can.

MECHANICS ALONG CANNOT REVEAL MAN — ENTROPY AND REVELATION

Mechanics Along Cannot Reveal Man

Nevertheless highly involved and complex system that he is — a unique-entity that he is on this planet, armed
with a unique “built-in”, sub-system, the Brain with an amazing, high capacity for so-called ‘ldentification-
Reactions’, man has the potential ability for Revelation within-within of course, the limits of his internal and
environmental external constraints.

Non-living matter Reacts to the Action of its environment. The living organism not only Reacts but Responds
because of its ability to sense information from its environment in the world around and also because of its
capability to coordinate this information in the world Within — within the feed-back and feed-forward systems
in the Neuronal Organisation of that wonderful built-in Apparatus which we call Brain.

Man, in whom nature has through the millenia built a near-miracle machinery, wants not only to Exist but to
Live, because of his capacity not only to React and Respond but to Reveal. Reactions Responses and
Revelations are born essential as a result of Interactions — 'feed-back' reactions within the system and 'feed-
forward' from around the environment essential as results of contraints of fluxes of Entropics at different levels
of Entropy (+ S) and Negation of that Entropy of Negentropy (-S).

Entropy and Revelation

It is through this in-built ability that man has the potentiality — the thermodynamic potentiality of Revealing
himself in his World Within and can help others of his own species to do so.

The awakening to the implications of the law of entropy can reveal to man a new Ecology and a new Economy —
the overall Low Entropic Ecology with Low-Entropic Economy (the LEE).

ENTROPY AND ECOLOGY — THE ECO-CRISIS

Elcology is the science of environment. There is the Eco-sphere — the Lithosphere (the land), the Hydrosphere
(the ocean) and the Atmosphere) (the Air) which has eventually led to the Bio-sphere for weaving and evolving
life in land, water and air. These are well known. But what is not so well known is that at the background of all
these, evolutions, behind all those drama is the star actor, the law of entropy.

The Eye-piece of Entropy

Had man carefully looked into and listened to this unique law, he could have foreseen through the eye-piece of
Entropy itself the "on coming" of this situation today that he calls Eco-crisis on the one hand and the Energy-
crisis on the other hand. And also Economic crisis and what not. It is not Eco-crisis, not Energy-crisis, neither
Economic crisis nor any other crisis. It is Entropy because of the law of Entropy, the one law that can help build
a "Climate of Calm” or the one Law that can lead to a virtual Entropy & Storm to sweep over this one planet
and pay man with his own coin — the coin of Entropy and make him feel the pulse of his own making with an
abounding energy — the solar energy for example, but meaning eventually nothing — ‘Much Ado about
Nothing’.

A Gift of Abounding Energy (Solar Energy) is Something But If Trapped in Abounding Entropy It is Then
Nothing. Much Ado About Nothing

Energy is supposed to be the key to all progress — industrial, technological, scientific, sociological and so on.
Energy is certainly essential nay even vital. This is well known and well understood. But what is not so well
known is the fact that it is not Energy, but entropy which is the key to all progress.
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A gift of abounding and perennial source of energy well utilized can usher in a new age of more life and a bettor
life. Science has and still can put into man’s hand enormous power, energy and seed. But all these are scalar
quantitiee and can load, man nowhere. In faat devoid of the correct direction and destination, a perennial source
of enormous energy may mislead man towards a Dark Age.

If a pilot does not know whore to go, of what use is the plane or plenty of petrol to him.
If a society does not know where to go, of what use can be a perennial source of abounding energy?

To pilot a society with aboundance of energy, with super-abundance of entropy is like piloting a plane with a lot
of petrol but without a Compass Needle.

To provide a society with plenty of energy for speed and notion may involve the society in utter wastages of
energy in all kinds of random and reckless motions in all kinds of redundant activities. Abundance of energy in
fact may be a 'trap' to super-abundance of entropy and what is worse still, may lead the society to decay, to all
kinds of high-entropic activities in a high entropy a society tomorrow, with. high entropy policies, plans and
performance with high entropy education economics and ecology, with concommitant high entropy-density in
the world around man as well as in the world within him, leading a large section of the society eventually and
may be inevitably to dinress to premature degeneration and decay and even to death.

A living cell grows and then undergoes decay and death. There are various theories of Aging which are known.
But what not known is that life ‘Ages’, when it gets laden with high entropy density, leading to a high density of
error. Error is not the cause but a consequence of entropy.

And what is true for a community of atoms in the non-living Metal or a living cell, is also true for a community
of men in a society. Entropy is there for life. And entropy also there for decay and even for death.

This knowledge of Entropy of the Law of Entropy can help man with a New Awakening not only for Energy
crisis but also for Entropy crisis — a new awakening to help man for his evolution on this planet in future,
towards a new society with a new democracy, living a life — a human life —worth living.

ENTROPY AND MAN — AGING AND SURVIVING — A NEW APPROACH, THE TWO SCIENTIFIC
CULTURE

Man consists of multi-billion atoms — an amazing community of atoms of metals and non-metals that not only
Reacts like the non-living and Responds like all other life, but Reveals — reveals New Messages that no life can
other than Man. And this amazing three-fold actions by the three R’s — Reaction, Response and Revelation —
unfold eventually a two fold culture — the Physics and the Spiritual — the Intellectual and the Intuition through
the action of a still more amazing community of co-operative cells.

A living cell is a vast of population of Atoms, of billions of atoms, existing and living through a wide varieties
of non-equilibrium states from moment to moment. Yet the Law of Entropy, the so-called law of disorder,
weaves out a law of order, because a vast array of micro-variabls get eliminated, leading to the survival of only
a few variables in the form of the thermal parameter or entropy S and the dynamical parameter involving
Volume V and the electromagnetic moment (multiple moment), with an amazing coordinated inter-play of mass
m, charge g, and entropy S. And this external and internal constrainsts — external constraints of fields and forces,
abounding in the Universe, and also the 'internal’ constraints of the 'micromany’', many interacting and inter-
linked atoms and molucures. These inter-linkages lead to very much less fluctuation of the 'macro-form' organs
of the organism exhibiting properties of life and living processes.

As in a cell so in a society. With a vast array of population of individuals, each with their specific ‘mood and
mode' of behaviour patterns, the very fact that it is an array of non-equilibrium parts provides to the Society in
the long run with new oppotunities of pattern and order — a new interplay of scalar mass and energy with
vector momentum and field energy-momentum tensor with Entropy as a link between the scalars, vectors and
tensors.

Entropy is classically a scalar quantity. Yet relativistically on a cosmological background, entropy has important
implications as vectors and tensors.

Even in the world within matter and metal, Entropy plays the three-fold parts of a Scalar, a Vector and also a
Tensor.

In fact, even in classical Thermodynamics, Entropy plays the vital role of a scalar and also a vector, implying
and eventually indicatings the direction of a process. Entropy plays a vital role in the evolution of Life and the
direction of many specific types of creation and negation of Entropy, involving virtually all types of work and
all types of transformation, end also all types of friction and dissipations involved in those transformations and
work.

102 The Justitution of Hngineers (India)



The Fourteenth Nidhu Bhushan Memorial Lecture was delivered during
the Sixtieth Annual Convention (Diamond Jubilee), Calcutta, February 15, 1980

Work involves comparatively more orderly motion, the 'to-and-fro' motion of a piston or the up-and-down
motion of a pulley and so on, unlike heat or the thermal form of energy, which is comparatively a more
disorderly form of energy in a system. Life is a specific type of a process of many specific types of orderly
motions and work, as well as degradation of energy as 'therm'or heat.

And work — no matter what work that is — involves the concept of potential and potential gradients of forces.
Work can be obtained man or machine or from any system, provided it has some form of potential or the ability
to do work. This potential ability or capacity to do work may be looked upon as some kind of a spring wound
within a watch. As the spring unwinds, the watch does specific types of work, generates entropy and shows
time. Whenit has completely unwounded itself it stops. But so long as the spring exists, that is, so long it has the
internal degree of freedom (as we call in science) to respond to external environments, the spring may be wound
back by an external agency. And than the watch starts ticking life and time again.

But this winding and unwinding processes cannot go on for ever due to the law of entropy. The spring
undergoes in-evitable transformations (corrosion, erosion and so on) leading towards decay and ageing and
eventual Death which involves loss of internal degrees of freedom to respond to the external forms of work or
energy of winding.

Nevertheless, the rate of ageing and decaying can definitely be minimized again with the help of Entropy.
Entropy conventionally is indicative of Destruction of structures and Accleration of Agening and Decaying,
which eventually lead to destruction of structures of all entities in the universe, non-living or the living. But
under suitable constraints, the same Entropy can help to minimize acceleration, thereby prolonging the life of
that entity. And Man as a part of nature is no exception. Ageing is inevitable because of the inevitability of the
law of Entropy. Nevertheless aided with the same law, he may continue Ageing and yet surviving with the
health and happiness for periods depending on the flux of “Constraints from Cosmic Environment” (Cosmic
Messages).

ENTROPY — CREATION AND NEGATION OF PHYSICAL AN EMOTIONAL SUFFERINGS — HEALTH
AND HAPPINESS — ACCELERATION AND ALSO DECLARATION OF DECAY AND DEATH

Work and all form of work — Mechanical, Thermal, Electrical and Chemical and even Electro-Magnetic work
— are incessantly going on at different rates inside a cell, with fluxes of mass m charge g and entropy S from its
environment. Loss of internal degrees of freedom at different rates imposes different rates of Ageing and Dying.

Creation and Negation of Entropy for Health and Longivity

As for the living healthy cell, so also for the sick cell or even the bacterial. And also the virus. All and one and
all are involved in the dissipative work with creation of Entropy. In fact, Entropy plays a vital role in the health
and longevity of a cell, of an organ and eventually of an organism like man.

These concepts are not just academic. Based on these and few other allied concepts, tied to the cosmic rhythm in
general and solar rhythm in particular, as well as concepts based on creation and negation of Entropy,
pathological conditions can in many cases be minimized and in some cases removed.

In fact, Entrophy is there for Life and also for Decay and Death. Entropy is there for Health and Disease.
Entropy is there to create and also to negate both the physical and emotional sufferings of Man.

Message of Entropy for creating and curing maladies based on Experiments and Experiences

This meassage of health and happiness, this message of freedom from physical and emotional sufferings — this
new message of abounding Joy with astonishingly low level of actively with low Entropy is not just an
abstraction, is not just an academic concept.

Here stands a Man, before you, an humble scientist, who has done nearly 3000 experiements on his own body
and eventually cured himself of maladies and chronic maladies which cannot be cured by any known Medical
Sciences. And the surprising fact is that, given the necessary Time and Environment, | can create these maladies
in my body and again get rid of these. Such indeed is the Power and Versatility of Entropy and Energy.

Entropy & Cancer

And | shall not be surprised if the Law of Entropy, aided with some associated concepts and with suitable
experinents on the line that | have done on my own body, may help to mitigate many more physical and
emotional sufferings of Man including even in its early stages the dreadful malignant malady — Cancer,
particularly intestinal cancer, which | was in the recent past supposed to have been afflicted with, accompanied
by several symptoms of its early stages.

Entropy under constraint can cure maladies. On the other hand entropy let loose can create maladies, including
even Cancer — a malignant malady which proliferates here, there and everywhere in the body, triggering off a
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chain reaction in the entire Soma System of the organism, with a precipitous fall in its thermodynamic potential,
leading eventually to the failure and cessation of vital functions.

In fact, in the non-living world of metals and in many chemical systems also an accclerated cessation of
functions can occur due to what may be looked upon as 'Chain Reaction’ in Entropy creation.

Controlled Entropy is Combustion — Uncontrolled Entropy is Explosion

Controlled Entropy creation, for example, is Combustion. Uncontrolled chain reaction in Entropy creation is
explosion.

As in the non-living world, so in the world of living organisms, including Man and its Society, as the speed of
activities increases exponentially, the speed of entropy creation increases super-exponentially, triggering off
some kind, of chain reaction leading to all kinds of crises and worst still, the Entropy crisis — the Entropy
Storm.

THE ENTROPY STORM - “PHYSICAL” SMOGS AND SMOKES IN THE WORLD AROUND AND
“ETHICAL” SMOGS AND SMOKES IN THE WORLD WITHIN

Not only Physical but also Ethical Smogs and Smokes

It is a rare sea that is devoid of storms. Life is no exception, particularly Man’s life today in this Age of Space
and Speed. With all kinds of Sights and Sounds, with all kinds of songs, shows and cinemas, with all kinds of
visions and televisions, with all kinds of smogs and smokes — not only the physical smogs and smokes
(belched out of the exhausts of machines and fumes of furnaces ) but also the 'Ethical’ smogs and smokes from
unethical environments here, there and everywhere all around, man vritually is trapped today in a Torna do —a
sea of social tornado — or his own making, particularly a terrible and turbalant tornado of his World within.
And having created this tornado in his world within, deep in the world within, man seeks-in vain for a sheltering
harbour of more and more 'Production',— production of so-called goods and services to meet not only his basic
needs, his life saving needs but many redundant and practic needs with progressive escalation of so-called
higher and higher standards of living, the so-called higher and higher Gross National Product — the so-called
GNP a high GNP s good. But of what good a high GNP is, if it be tailored with tons of Tranquilisers. And the
higher the GNP, the longer is the tail and trail of tranquilisers.

And all this what a good,scientist could see through his scientific eye-piece, the "Entropy-Eye-piece”. And this
what a good scientist can see even today and awaken the world — the world conscience through the power of
his pen for man's well being Today end even for his survival Tomorrow.

It is unfortunate that with so much of investment for the world Around man, virtually nothing has been done so
far on the basis of science to emphasize the importance and the vital importance of initiating and sustaining
research on 'Science' of Man' the 'science of the world within' man, a "World Within", wherein man gets his
shelter and takes his solaces, where man actually lives and shall continue to live all his life.

High Entropy ‘Sights’ and ‘Sounds’

Like unhealth food and drink, it is a fact of science that unhealthy signts and sounds and unethical smogs and
smokes (as indicated before) tend to create chaos and confusion tend to create tough and rough weather-storms
and turbulences in the world within man.

With a fast and near restless life that man lives and seeks to live today, his, sensory systems receive all kinds of
messages from the world Around and transmit these to his brain his cortex, initiating thereby all kinds of
"Pneumena” in the world within, a world woven round his Central Nervous System — the CNS. As a result of
all these confusing and chaotic torrents of signals from the World. Around, man's World Within is thrown
virtually into a turbulence of chaos and confusion and trapped into an "Entropy Storm", in a web of "Actions
and Reactions". The brain is forced to react back. Different centres of activities in this Headquarters of
Administration — the Brain — are forced to spew forth a mass of messages in his “World Within” — messages
which tend to sweep his system — the somatic system — into a spiraling and spinning chain of activities with
concomitant consumption of Energy and also creation of Entropy at an exponential may even super-expontial
rates.

Tiny "Entropy Storm" in the World Within Accelerate many Tiny but Mighty Deaths

As the electrical signals surges through the neuronal organization of the "World Within", the resulting fields and
forces E the electromagnetic particularly — pours out fluxes of Entropy associated with fluxes of ‘Bosons’
(Phonon, photons, magnons- and so on) and Fermions (electrons). As this wave of flux of Entropy crashes on
any subsystem or organ, it creats "mini" but many turbulences, involving a series of local tiny “Entropy
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Storms”, which in their turns spew forth many many mini-currents and cross-currents of mass, charge and
Entropy and thereby tear down the system slowly but surely into many many tiny but mighty deaths.

“Entropy Clam” — Decelaration of Decay

Man dies tiny deaths every moment of his existence. In face every entity in the Universe starts dying from the
moment of its birth. And Man is no exception. This is inevitable and unavoidable because of the law of Entropy.
But what is avoidable however is that the rate of dying these little deaths can be decelerated and the date of final
death deferred and delayed (though not conquered).

THE ENTROPY STORM — THE WAY TO RIDE IT OUT

The storm, the Entropy storm is there in the horizon for a moe critical crisis. And the way — the only way — for
man to ride it out is to prepare himself from now to maximize conservation and minimize wastes. An outline of
policies based on scientific principles and practices are indicated below.

Some of these suggestions may appear quite unusual and unconventional. But to face unconventional times,
unconventional steps are necessary.

Quite some amount of human efforts have been devoted to maximizing fuel efficiencies but the efforts so far in
reusing and reducing wastes have not been commensurate. With small investments in this area, the end results
can be large. And with a little strategy on principles and practices and with the modern tools of technology, the
warson wastes can be won.

PRINCIPLES AND POLICIES
() The Information (I) and the Inspiration (I) or the I-I Linkage.

On the basis that acceleration of production of the basic necessities of life and retardation of production of
population are the twin life-saving necessities for many nations, what is fundamentally necessary is ‘Inspiration’
or the mases towards nation building tasks by the Political Power on the one hand and Information to masses as
to how to do the tasks by the Intellectual power on the other. Powered by political inspiration (1) and steered by
Intellectural information (1), a huge mass of humanity can be set in motion — and motion with speed towards the
desired destination. Get this I-1 linkage and see what happens. The common man then performs the uncommon.

(b) DEF (Defence, Education and Food) — The three Basic Needs

Human needs are virtually insatiable, almost unlimited. But most of the resources to meet those needs are
limited. Put priorities on basic needs woven round DFE. All other actvities may be, geared eventually towards
these three top priorties. Cut down needs which are redundant arid parasitic. Total Entropics help to do that on a
scientific basis.

Quick and correct Decision more helpful when based on T-S (Techno-Scientific) diagrams rather than P-E
(Politico-Economic) Diagrams

In Science, the Temperature Entropy or the T-S diagram is the basic, from which follows other diagrams the
Pressure volume (PV) or the Potential-Energy or Pressure-Energy (PE) diagrams. As in Science, so it must be
in society with of course different connotations viz. Techno-Scientific for T-S and Politico-Economic for P-E.
No matter the dilemma, do not waste time. Patience pays but not when ‘the iron is hot’. Do not unduly waste
time on decision and policy executions.

Wrong decisions may have risks, some reasonable risks but wasting time on decision and therefore ‘delayed’
action, while the iron is hot are likely to be wasteful in the long run and may even be suicidal, in the sense that
the whole game, so well planned and played, may get lost. And the whole drame, so well drawn and done, may
set concluded in chaos and confusion.

Man — the most important and vital Thermodynamic Capital — a product of heredity and environment

(Treatment)

Man is the most important thermodynamic capital. Use and threat him with caution. Leaving aside Heredity, it is
important to remember that what the child today shall turn to do tomorrow, depends on the treatment he gets
from his environment.

The most fundamental treatment (leavin aside the chemistry of a system) is the well known ‘Thermo-
Mechanical’ treatment of Material Sciences. Therm (the Heat) and Mechanics (the Hammer) — the Heat and the
Hammer of the Ancients that forged the Damuseus Sword and the Asoka Pillar, that stands untarnished even
today as a pillar of Pride for the Nation.
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Heat (the Therm) and the Hammer (the Mechanics or dynamics) together yield the well known ‘thermo-
mechanical’ treatment of the metallurgist or the thermodynamical treatment of this text, to yield the desired
product — a quality product that eventually does its ‘duties’ and hits hard and well in time the target.

What is “Heat” and “hammer” for the Metal is “Sight” and “Sound” for Man.
Beware of “Sights” and “Sounds” Aim at both the Physical Health and Ethical Wealth of the Nation

Take care of the ‘Sights’ and ‘Sounds’ with caution against all redundant high entropy Audio-visual treatments.

Good food and water are essential for the physical health of the Nation. So are good ‘Sights’ and ‘Sounds’
essential for the ethical health of the Nation. Wrong sights and sounds are more damaging and more dangerous
than wrong food and water, bad food and water damage the Body. But the resulting physical melady may be
taken care of by medical sciences. Bad ‘sights’ and ‘sounds’, however, set the whole Neuronal Organizations of
Man in chaos and confusion, with concomitant high entropy density in the world within man, leading eventually
to psychosomatic maladies and pathological social conditions, which can hardly be taken care of by medical
sciences. So beware of ‘sights’ and ‘sounds’ and ‘audio-visual’ treatments.

Quality Survives — put priority and emphasis on the Quality Rather than the Quantity

Technological Advancements are not the only models of advancements. Advancements on more volumes and
varieties devoid of values, advancements on more ‘Heights’ devoid of ‘Depth’ or ‘Dignity’, advancements on
mere colour and costume, advancements on paper petals of pictures devoid of all fragrances of flowers or
advancements on mere ‘Quantities of Living’ bereft of the ‘equality’ of Life, are all high-Entropy
advancements. In fact they may even be dangerous advancement towards early decay and even death.

It is well to remember that in the history of evolution, the dinosaur — ‘the quantity’ is gone. The little Lemer, the
Ape and then the Man — the quality has survived.

Nature’s laws, including the law of entropy, are inexorable. If Nature could eliminate the High Entropy Physical
Dinosaur, she could eliminate the high entropy intellectual disnosaur, the man.

Techno-Ethical (Physico-spiritual) Culture

The world is on its march towards Inustrialization. Developing countries like India, have to do the same. In fact,
not merely march, they have to run at the initial stages a high speed race for inudustrilization for thir survival.
But while the world today wants industrialization to develop some kind of an ‘Industrial Cultures’, it is not
unlikely that the world tomorrow, trapped in the ‘Toys and Tentacles’ of technology, may look forward to this
land, to this ancient land to transform the so-called ‘Appropriate Technology’ the High Entropy Appropriate
Technology or the HEAT to LIT, to lit the Light of Low-Entropy Techno-Ethical Culture Tomorrow and give a
new meaning to ‘Production and Planning’, a new meaning to industry and industrialization.

Synthesis towards “Low Entropy”

Synthesis of the two sisters disciplines — the Physical and the Spiritual today for Survival Tomorrow

A synthesis of these two partners disciplines — the physical and the spiritual sciences — appars to the author, as a
scientist, to be the most important intellectual issues for man’s well being today and even for his survival
tomorrow.

The hard way is Nature’s way of Evolution to minimize total Entropies

One finds all through nature in her evolutionary processes, that a hard life is a good life — good life in th sense
that it is a life of low entropy density — a life of law and a life of discipline.

Discipline implies constraints, constraints implies less freedom, subordinating the ‘self’ and the ‘Ego’, the one
for the many. Subordinating the one, to live with many with low entropy, is the key to Nature’s Eco-Balance.

Solution of Energy Crisis Depends on Planning of People, Planning of Men as much as, if not more than
Planning of Money and Materials

And the fundamental concepts underlying this planning is to plan for education so that the people — our good
people — may get ‘Armed’ from within, the inspiration (I) and Information (I) for Nation Building asks. Get this
I-I Linkage and see what happens. The common man then performs the uncommon.

Slash Down Activities Contributing to Entropics

It is neither possible nor necessary to delve into details. As typical examples one may indicate :-
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(i) Slash down energy requirements particularly electrical energy requirements on redundancies and divert all
possible existing power to the basic needs of DEF and then plan for (electrical power with the minimum burning
of coal) to feed other needs of the nation.

(i) (a) slash down imports (not related to DEF ) particularly imports of high entopy redundant informations.

(ii) (b) Import low entropy thermodynamic capital in the form of a different raw materials not available in the
country and export lower entropy thermodynamic products (as highly finished goods and gadgets).

(ii) (c) Do not import immitation (which the young and the inexperienced are liable to get trapped into).

(ii) (d) Talents and intellect help to create low entropy. Do not export talents, and intellect as such. Export low
ebntropy products designed and created by talents and intellect. Our talents are comparable to the very best
outside India. Make them free from the fetters of redundant Politico-Econonic constraints.

Caution in Acceleration-Speed a Priority and a Problem

We need and need vitally anaccelerated rate of transfer of technology but with the clear objective that
technology eventually is to make our people healthy and happy.

Technological acceleration has been so rapid today that, in process of speeding up the production of goods to
meet-the growing needs of the people, it has caused wasteful depletion of natural resources and dangerous
deterioration of natural environments (ecology) at a colossal rate. It has also caused serious obsolescence of'
methods and materials, machines and even men. It is proper that along with the transfer of technology to
produce more, we plan and plan for now to initiate some transfer of technology to combat problems of ecology,
and obsolescenee. For this country technology-should not only be to produce more but to produce clean and to
preserve more preserve the machines 'to prolong their productive lifes for reasons of economy to-day and also
tomorrow.

Speed is no doubt vital for us today, almost for our very survival. But on the background of many basic
scientific values underlying the meaning of life and living processes in our heritage and culture, it is necessary
that we plan and plan from new for greater speed. But greater speed we take not merely to meet the needs of
more quantity in life but also to feed the needs of mere quality of life leading to better stability and better
economy.

Economy literally means ‘frugality’ or ‘thrift’, implying carefulness in investment and freedom from
extravagance and waste. This conventional concept is true today in its fundamental core.

Nature is sometimes apparently wasteful but always inherently economical. In her ‘ecological’ cycles between
organisms and their environments, there is partically no waste. Following the lessons from Nature, some of the
modern industrial complexes are evolving on this basis — on the basis of usable products only — no by-products
or waste products. Our technology transfer may well be planned on these lines.

Economy Related to Ecology and Speed

Recovery of all wastes is helpful both from the ‘economical’ and ‘ecological’ balance sheets. Developed
countries are spending crores on ‘Ecology’ and thereby earning more crores of ‘Economy’. Economy thus gets
related to Ecology. And that what is also in Nature.

In nature however we find speed to be usually associated with waste. In thermo-science this is always so. The
greater the speed, the greater the waste by dissipation through greater rate of entropy production (ds/dt).

In high speed of production, one not only produces more marketable goods but produces more unmarketable
entropy. This loss remains intangible an at the background for sometime.

But as the country speeds up exponentially in economic growth with progressively higher standards of living
and greater rate of social entropy production, a stage comes when the system becomes unstable and disappears.

With increased speed, however, the frictional forces also progressively increases. And as friction in some form
or other is universally present everywhere in Nature (mechanical, electrical, magnetic and thermal friction and
even human frictions). Being proportional to the square of the speed, it may be easily shown that the exponential
rate is followed by the near parabolic and finally a near linear growth.

This general trend is found in many phenomena in the non-living world and also in living organisms including
man and his society. For a complex system involving the fluxes — of mess, charge, entropy and other quantities,
the resultant overall phenomena may somewhat deviate due to the effects of shifting environments and due to
the well-known ‘cross-linking” phenomena in the non-living world and the so-called ‘complexity’ effects in the
biological world. Nevertheless the overall trend remains the same.

The Institution of Bugineers (Jndia) 107_



The Fourteenth Nidhu Bhushan Memorial Lecture was delivered during
the Sixtieth Annual Convention (Diamond Jubilee), Calcutta, February 15, 1980

Very much more complex as the human social organisation is, it is reasonable expect deviations in the growth
pattern. But the general overall trend of the growth of a non-equilibrium but stable system is expected to
approach that shown particularly for advanced countries. How far this is true will be evident from a typical plot
of Research and Development per cent of GNP as function of time in USA which appears to show trends
towards a ‘Near-Equilibrium’ (that is, ‘Non-equilibrium but stable”).

Due to extraordinary and almost unpredictable changes in the environments, external and/or internal, (periods or
depression of war or otherwise) the pattern of growth may very widely. But these are extraordinary
circumstances. Organisms with high speed of growth and therefore with less adaptable features got extinct due
to the shifting environments of evolution. Democracy is a slow machine and therefore a safe machine. It is
comparatively safe due to its many ‘built in’ inhibitatory mechanisms for balance of Power.

Technology Transfer

During technology-transfer undue haste and speed has in the past created and may again create unnecessary
troubles and difficulties. During different stages of technology transfer construction and commissioning stages,
undue pressure from different extraneous sources have severally affected details of transfer, affected lives of
equipment and furnaces worth crores of rupees of foreign exchange. The entire lining of blast furnace and the
entire roof of an open hearth furnaces have collapsed due to undue haste soon after starting operations (even in
advanced countries). That of course should be execuse to accept that such so-called unavoidable phenomena
should happen here also. Hence the necessity of freedom at all functional levels, if technology transfer is to
yield the optimum (at least the average) results with the desired speed and economy.

Economy in international technology transfer at the initial states, is primarily associated with economy in the
foreign exchange elements, priorities of necessities and then later the rate of creation of wealth and experience
to generate more technology in the infra-structure. These are all functions primarily of human relations
(management), training and creativity, stimulation and motivation of personnel associated with the transfer and
some experiences in associated but essential fields like information, automation and evaluations, purchase and
sales and so on and now even of environmental sciences (ecological considerations). Technological
accelerations in recent years have been so fast that economists even in advanced countries often feel that all the
intricate economic implications involved in a complex technology have not been fully plumbed.

National economy in the field of technology transfer, as in other fields, is the integration of the economics of
many different elements. What is economical to a large industrial complex, even on an apparently scientific
basis, may not be so on a national basis. The management of a steel complex is fully justified to ask for a
technology transfer that would increase productivity and minimize the cost of production. But such a technology
may not ultimately help national economy with regard to certain key and vital raw material situation (coking
coal in India for example). Here of course, in the interest of national economy lies the necessity of constraints on
the freedom. Transfer of technology should be related to economy on the basis of ‘National priorities, rather
than ‘local performance’ on the basis of primaries and ‘Relevancies’ rather than ‘Redundancies’ and
Randomness).

REDUNDANCIES AND RANDOMPESS

Redundancies or unnecessary trivials tend to creep in almost all ‘function” & ‘forms' and in so many forms and
need be minimised. This is well known but what is not so well knwon is the fact that in Nature ‘Relevance’ is
almost implicitly associated with ‘Redundance’. And so is speed. The greater these speed, the greater the
redundancies. But Nature has her secret to use redundancies 'for purposeful activities — so-called' ‘complexity
effect’, in bio-sciences for example.

In recent yeas such discipline 'bionics', 'bio-energetics', ‘bio-technology’ have opened up new frontiers —
common frontiers with technology, for utilization of ‘redundancies’ and ‘refuses’ and for minimizing
‘ecological’ errors. Some transfer of technology on these lines would be useful.

For the sake of speed and ultimate economy it is necessary to realise that some elements of ‘Redundencies' are
unavoidable and shall always be there and may in fact be used up. But the trouble begins when too much and
too many redundant elements are there to create confusion. Emphasis may then get shifted elsewhere and
sometimes even to 'redundancy’ itself, creating thereby more ‘confusion’ and sometimes even a crisis.

It is well known that music is specific sequences of sound. It is a sonic discipline, rid of redundant sounds.
Without that discipline music degenerates to noise. And with too much of it, noise is a nuisance.

There has been in recent years too much of noise by too many people 'rith too little of science or technology in
their cortices They even suggest solutions and thereby create more problems if they are in positions of power,
particularly when they suggest solutions based on their opinions and not on facts and do so with an amazing air
of conviction and certainly on matters which need sufficident periods of exposure to scientific and technological
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disciplines. Sufficient periods of exposure in the laboratories and on the shop floor beget what we call
‘experience’,which helps not only to increase speed but reduce redundancies and rardomness.

Experience on the one hand needs time, speed on the other hand abhors it. Speed with experience has less
redundancies than that without it. We have a large body of young scientists but not too many with experience.
Mere large number tend to create more redundancies. Speed also creates redundancies. We have to speed up
with this large body of young scientists with no experience and be therefore prepared to accommodate and
assimilate some element of redundancies.

Experience needs waiting. For the sake of speed we can hereby afford to wait. We have got to plan for speed
and often speed without experience. This is a problem. The solution is extensive and intensive utilisation, of
scientists with experience and help them and get help from them to get things done with speed and economy.
The solution is extensive and intensive utilisation of centres of Learning and Research, Development and
Design for generation and transfer of technology with less redundancies, randomness and risks.

Transfer of Technology — transfer of Entropy

Transfer of this or that technology is essential or may even be vital for a developing country. This is well
known. But what is not so well known is that transfer of technology — no matter what that Technology is — is
associated also with the transfer of entropy. And random transfer of technology may involve redundant creation
of entropy leading to so much transfer of technology with so much more of entropy — more of disorder. Hence
the need for caution and constraint to what has come to be known as Appropriate Technology.

Appropriate Technology - Low Entropy Technology

With a load of a near billion people by the turn of the century, what technology we adopt to get the desired level
of production of the basic commodities for the nation.

We have hard of 'Rural Industries’, 'Rural Techrology', ‘Apprpriate Technology' and so on. Thase are well
known and well emphasized.

But what do we mean by Appropriate Technology ?

One may say that Appropriete Technology is that technology which feeds the needs of the Nation with speed
and economy. But economy based on what?

Economy based on money alone is only one aspect. Economy based on money cacco is neither satisfactory nor
scientific. In fact money economics may be misleading. The question then arises. In this age of science, what
scientific base, what scientific policy do we adopt to define and formulate the overall criterion for Appropriate
Technology?

This question of Appropriate Technology - the question of a scientific criterion for Appropriate Technology -
appropriate to all independent of the kind of coin or Economy prevalent in a country, kept on haunting the mind
of the author for quite some time.

At least the idea welled up from ‘Within’ that

i) if the laws of m ure are universal and does not depend on this or that economy and
ii) if Man is a part of Nature,

man may well be guided by learning a few fundamental lessons from Nature.

And the most fundamental lesson to learn from Nature is 'Simplify and Simplify', 'Minimise and Minimise' the
rate of creation of Entropy, by minimising redundant details an unwisely overgron establishment entrapped in
Entropy.

In other words Appropriate Technology is Low Entropy Technology.
BASIC NEEDS ON A PRIORITY BASIS FOOD EDUCATION & DEFENCE

Our needs are many but on a priority basis these needs need be few viz., those concerned with Food and
Education and in the world that we live today also Defence Food, Education and Defence (FED). The FED for
this illfed country appears to be the vital priority. All other developments and need be geared to feed this FED.
A country must be able to provide food (F) to its hungry millions, and also protect and defend (D) them. The
priority of an organisation to survive is basically linked with F and D in fact the entire evolutionery — process
has also been a proccess of ‘Learning’, a process, of 'Education' linked with F and D. Education thus is also
vital. This is well realised. But what is not so well realised is the fact that Education with emphasis merely on
quantity is only apparently useful and may not eventually be helpful to progress. On the contrary it, may even
retard the progress. And if quality be relegated at the back ground, more more numbers may become a dead
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load, and may eventually be dangerous in creating a crisis — an unnecessary crisis and clash of cultures - the
clash between the culture of abounding 'Redundancy and Randomness' and the culture of closer 'Control and
Constraints', the culture of 'Exuberance’ and the culture of 'Excellence’, leading to the paradox of large
investment on Education and research with comparatively small and results.

Education thus is not just for a massive literacy drive-for the sake of making masses literate tut to equip them
for better reception, and transmission of informations (informations based on values and scientific and cultural
values) to help build a democratic social structure that would accept and assimilate 'Discipline’, not something
as merely academic but as a 'law of life' and living, that would aspire not merely for higher standard of living
but for a better standard of life — not merely for more Quantity but a better 'Quality of life' — a Quality that
creates a culture consistent with constraints and restraints (that we find in Nature and Natural Sciences)
generating forces of 'Control' against exponential growth — against exponential growth of population and a
redundancies that eventually degenerate into decay and death by the sheer lead of degenerate numbers.

I have dilated so much on education, because international transfer of technology is vitally linked or the one
hand with education (not merely Qantity but also Quality of education) and on the other hand with our basic
needs. These needs again are vitally linked with the nature of education — its quantity and its quality. Education
is vital because of this double link. A high quality of education at the advanced level helps to meet the basic
needs for domestic transfer of technology and thereby minimises the number and the nature of the nees from
international sources. Also high quality of education at the primary and secondary levels builds the foundation
of a democrery that desires a quality of life, rid of redundancies and therefore redundant necessities — a
democracy that do not desire the undersirables, the undesirable affluence of multichannel neocultural needs
associated with multichannel wanton wasts of good earth's resources — a democracy that wants to live and not
just to exist, that wants a high GNP to live a high quality of life but not a high GNP tailored with tons of
trpnquiltsers, that wants to grow speedily and effectively towards a high intelectual life but refuses to run the
frantic race to the end point as intellectual Dinossaurs.

This reorientation of education based on physical and spiritual sciences, particularly at the primary level and
proceeding all through at all levels, needs both short and long time planning but the seeds need be sown and
sown now so that this country may take the lead to demonstrate that on intergration of science and culture can
usher in a climate of quantity tempered with Quality, a climate of Exuberance tempared with Excellence for
man to live in plenty and peace.

We need plenty of materials to meet the basic needs of plenty of our people and need them now speedily and
effectively and economically. An eye on NEGATION helps to do that.

Entropy in the ‘Creation’ and ‘Negation’

Entropy ordinarily destroys structure. But under suitable constraints, entropy can crete structure as indicated by
the great scientist Prof Prigogine. Entropy is there fox Health and Disease. Entropy is there to create and also to
mitigate physical and emotional sufferings of man.

Entropy and ‘Spiritual Life’ — what is Spiritual Life?

From this message of health and hainess, the message of a mitigation of physical pain and emotional sufferings,
based on a host of experiments and experiences, it has become increasingly evident that a scientific life lived on
the 'basis of the law of entropy eventually tends to become a low-Entropy life. And a low

Entropy scientific life is akin to ‘spiritual life’. A spiritual life is a low entropy life which lives and not jut exist
with redundances.

A low Entropy Scientific Life, Akin to ‘Spiritual Life’, is a Scientific Necessity for Man’s Well being Today
and Even for his Survival Tomorrow.

A low entropy life and a low entropy society, as indicated before, is more liable to live a healthy and long life. It
is understandable therefore to any good scientist, involved seriously in the pursuit of science, that a low entropy
scientific life akin to spiritual life, is a scientific necessity in this age of science for man’s well being today and
even for his survival tomorrow.

Man a Part of Nature — Lessons from Nature

It is time that man realises that he is a part of Nature and may well learn lessons from Nature.

The first and the most important fundamental lesson to learn is that laws of Nature show that if stars and plaints,
can behave peacefully on their paths in the vast depths of space in the cosmic world of million of years man
certainly can behave peacefully on this tiny terrestrial world on his still -more tiny orbit in the transient small
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scan of his life of but a few centuries. And laws of Nature in general and the laws of entropy in particular can
show how to achieve a peaceful coexistance not only with his own species but in ecological balance with all.

It is time that man realises that man could evolve because of the opportunities of an ecological balance that
Nature offered to him in the Bio-sphere for low Entropy production. And after living and litering on this planet
for two million years, man could hardly afford now with impunity to live a life of such exuberance and speed
and concomitant high Entropy as to negate the very environment — the very Life-supporting system that created
and nourished him.

Man may continue speeding up his high entropic activities thus far but no further. Because man must realize
now that a system in a given set of environments can stand so much of entropy density and no further. Beyond
that, the system disappears either slowly or with explosive violence.

Athother import ant lesson to learn is that Nature permitted the Macro to grow out of the Micro and continue
growing in the physical plane thus far but no further. The High Entropic physical monster — the Dinosaur —
lived and loitered for a while and then was eliminated.

She then turned the whole of her evolution to a completely new direction to create Novelties in the Intellectual
plane — the little Lemor, the squirrel, the monkey and then eventually the man.

Law of entropy, of course continued but continued an altogether different directions From ‘Entropic’ activities
in the Physical plane to entropic activities in the Intellectual Plane.

But while the Dinosaur’s entropic activities were limited to the load of his body with little brain, and also like
other animals — limited to the ‘Endo-Soma’ organs (organs built biologically within his body) man’s entropic
activities are not limited that way. In addition to ‘Endo-Soma’ organs man’s Intellect has armed him with ‘Exo-
Soma’ organs (organs or mechanics of his own making) which threaten to trigger off a chain reaction in high
entropic activities.

Can tan affort to continue running with a bewildering speed the race that he has been and still running so far
pressing hard on the Accelerator and consuming up the limited non-renewable resources of Nature’s Gift of
Thermodynamic capital of Matter and Energy of this Planet?

Energy from the Sun or from the sea, man shall be able to harness someday as source of power — a seemingly
perennial source.

But what about of Matter?

Recycling may fetch relief but no solution. Similarly alternative resources from land and ocean or alternative
substitutes in methods and materials leading to conservation, may fetch additional relief but certainly no
solution.

It is clear that the current trend of exponential rate of growth cannot continue for long.

It is time that may wakes up to realize that Nature eliminated the high Entropic physical Dinosaur. And if man
turns to be an Intellectual Dinosaur, feeding on the Nature’s gift of all the thermodynamic capital of this planet
in the form of the limited reserves of low entropic non-renewable resources, at an exponential rate to meet the
needs, the many redundant and even parasitic needs of a high entropic life in an affluent society, with effluents
of entropy at a super-exponential rate, Nature may then pay man well with his own coin — the coin of entropy in
abundance and super-abundance. Not population crisis, not economic crisis, nor even energy crisis. Man today,
it appears stands to get entrapped tomorrow in ‘Entropy Crisis’ of his own making.

The Law of Entropy and the Law of Negation

Another important lesson to learn is that the law of entropy is unique and universal in the sense that it is the only
law which is a law of inequality, dealing with Non-equilibrium, non-homogeneity, non-irotropy (anisotropy),
Non-linearity and Non-reversibility (irreversibility).

All this ‘Non’ or Negation eventually helped evolution to negate the ‘old’ and to weave the new, the new order
and the new structure.

It is this principle of “‘NON” or Nagation that constitute Nature’s so-called Free energy, namely not simply the
energy ‘U’ or ‘H’ but something negated from that energy, namely (U-TS) or (H-TS).

In fact, this free energy, the partially negated energy, as it were, that makes Nature’s world a world of structures
and just a drift or dance of atoms. It is again this ‘free energy’ that eventually makes this world a world of music
and not a world of ‘Noise’.
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It is this non-equilibrium between the hot Sun and the cold earth that constitues the cosmic capital — the cosmic
thermodynamical capital. And a small insignificant bit of that capital is trapped in a molecule (chlorophyll, for
example) which eventually becomes a source of tiny thermodynamic capital, weaving again the principle of Non
or Negation viz. Negation of Entropy, that is creation of structure, in the form of potential food and fodder, long
before this planet had any bio-occupants.

It is this Non-equilibrium between the hot star and the cold sky that constitutes Nature's Heat Engine of the
non-liviing matter in non-equilibrium.

Out of the non-living is woven the first seed of life — the living Heat Engine, Heat Engine of a new kind, which
eventually evolves into Man, not only as a Noun and a verb but an Adjective and an Adverb doing new kinds of
work — work of Discrimination work of Design and Dovelopment — work of Research Development and then
Revelation.

And all this eventually in the 'Sun-Earth' complex, with Solar cooking encapsulated in the chlorophyll through
photo synthesis, has been producing the Green earth — Mother Heat Engine.

Lessons from Cosmic Constraints — Negation of Entropy and Creation of Quality, Ethics and Excellence

Cosmic constraints of fields and forces impose eventually new kinds of constraints viz constraints of Entropy
and Negentropy. Coupling Entity (like entropy) and Negation of that Entity (Negentropy) implies a field with its
field particle. Non-homogeneous field implies a gradient in the form of gradient of potential. And gradient of
potential is a force. Constraints of fields and forces in an environment imply lower entropy — Negation of
entropy or information in that Environment.

And the information — laden environment is eventually responsible for the so-called selection, the ‘Natural
Selection’ and ‘Discrimination’ that creates Novelty, produces New order, new structure.

Information being the negation of entropy implies potential ability to select. The so-called ‘Natural Selection’
selects that free Energy (Negated energy viz U-TS or H-TS) as food or fodder which feeds and fuels the
selection and eventually helps to weave the New and raise the thermodynamic potential in the scale of evolution
even out of apparent Redundancies.

Redundancies — Quantity and Quality of Information — Reduction of Redundancies

You would not like to go through 100 copies of the same book, because 90 books are redundant to you. But you
need 100 copies of the same glucose molecule to feed and nourish and also raise thermodynamic - potential of
your cells that make you.

According to the theory of Information (quite puzzling to the young learner) 100 copies of the same book
contain 100 times more information than one book. But that merely accounts for the quantity of Informaton but
not quality. What you are interested in is not merely quantity but, quality of Information. In fact learning or
Education does not consist of merely transferring so much of Information in quantity but also (and the more so)
the quality.

Low Entropy Education

A meaningful low-entropy Learning or Education doe s not lie in the transfer of so much of Informaton from the
environment to the system that evolves or learns, but on the reduction of 'Redundancy’

Reduction of Redundancy (Entropy) towards Excellence

Reduction of Redundancy (Entropy) is vital in Education of human learning. Reduction of Redundancy or
Entropy we identify in human learning as something of a low entropic ‘Entity’ we call ‘Abstraction’.

We talk of 'Abstracts’ of writings or research papers. Mathematical symbols and relations are but struggles of
the human mind to condense a world of thought in ‘Abstraction’. The entire branch of classical Electrodynamics
is condensed in but four equations of Maxwell. The entire branch of Relativistic Mechanics is condensed in but
two equations of Einstein. The entire branch of Thermo-statics is condensed in but two laws. To seek learning
and excellence is to seek greater Abstraction.

And Abstraction is the symbol of Negation of Redundancy — Minimising of Entropy and maximizing
conservation.

SOME FUNDAMENTAL CONCEPTS OP SCIENTIFIC PRACTICES FOR MAXIMISING
CONSERVATIONS AND MINIMISING WASTES TODAY FOR SURVIVAL TOMORROW

It is not necessary to go into details. The following are just a few fundamentals which May be helpful. For
example —
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(a) Propagate information. Information is Negentropic and helps Yeretion of entropy. For this purpose develop
Energy and Entropy Consultants, if necessary.

(b) Propagate to the people that the Hard way is the Nature's way. A hard life is a good life, a life of discipline
and dedication, creative of structure and of low entropy. And when the crisis is on us, the choice before us is
either the herd way of life or the easy -ay to decay or even death, the choice before us is the moderate low
entropy way of a long life or the fast and exciting way of a high entrmpy life destined to premature Decay and
Death.

(b 2) These are not just based on opinions - not my opinion or any body’s opinion. These are based on the law or
entropy.

(b 3) The future is unpredictable. Whet Nature shall do is unknown and even unknowable to man. Nevertheless
man can foresee a little further towards the Horizon tomorrow with the scientific eye-piecethe Ertrflpy Eye-
piece.

(c) Get more production of matter and energy and not production of people and pollution - remembering that the
rate of production of basic necessities has to be high initially, followed not only by a zero growth rate but a
lower growth rate with a good low entropy long and healthy life.

(d) For minimising energy

(i) divert all possible existing electrical resources to all basic national activitics woven round defence, education
and food — the DEF.

(i) Get as far as possible to the Solar Light Culture of planning national activits (say from 6 am to 6 pm) based
on the low-entropy scientific Indian culture, rather than the unscientific high-entropy modern midnight culture.

(iii) Minimise moments of people and products. A large share of nations' energy today is wasted on redundant
movements. Sometimes 33% more of energy is consumed for the movement of people and product. It is vital
that this is minimised.

(iv) People in general are extremely careless (either through ignorance or complacency) in using energy. The
pressure and an unusual and most unconventional pressure is on us. We just cannot survive wasting energy the
way we have been doing so long. Help people change their social habits and outlook, through education, law or
otherwise.

(e) Give R and D not only a rupee for Research but another rupee to exploit that research. Our higher institutions
of learning and research have talents to steer the nation clear of the impending storms. Make them free to
function speedily and effectively, with freedom from the fetters of rddundant Politico-economic pressures.

(e2) The universities and other higher institutions of learning research are temples of mediation. Help them to
get rid of the 'Dust-Bins' that are preventing them to create a climate of calm — the low entropy climate — to
develop the climate of a suitable 'Mood to mediate' and create new knowledge helpful to all men in general and
this nation in particular.

A VITAL SIGNAL OF CAUTION FOR LAY TOMOROW

Place priority to transmit the signal and the vital signal of caution on the concept of an inevitable and
inescapable necessity of accommodating a decreasing growth rate as an important member in the framework of
Techno-scientific and politico-economic planning and policy tomorrow on the basis of the inevitable
implications of the Law of Entropy. This is necessary and in fact vital, lest man may not get trapped soon and by
surprise with the storm of an 'Entropy-crisis'.

Had man thought and taken 'Action’ in advance, with a little more care and caution on the implications of
entropy, the present eco-crisis would not have caught man so soon and in such a surprise as today. This must not
be permitted to happen in the case of the more dangerous and devastating ‘entropy-crisis' or the ‘entropy-trap’,
from which man may not be able to escape with impunity and may get paid with his own coin and with a good
taste of the law of Entropy towards a premature degeneration, decay and a large scale eliminrc,tion, if not,
extinction.

On the other hand, living a lower standard of living' but a better standard of life - a low-entropy life-would help
nature, within the framework of her fundamental laws including of course her universal law of entropy, to
permit the human species a longer lease of life to enjoy the fragrance of flowers, the songs of birds, the wormth
of the winter sun or the sights of nature's varied scenarios, for many more years to come.

Not the Money-coin economy but the entropy-coin economy would then decide the destiny of man.
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Though not a life of redundant plenty and so-called prosperity, though not a life of 'Quantity’, it would more
likely, be living a good life — a good life in the sense of a life of good quality — a low-entropy life — with a
good possibility and the prospect of health and happiness for many many years tomorrow.

TOWARDS AN 'ALPHA-BETA-OMEGA'—ENTROPY CULTURE TOMORROW

What destiny or direction man shall have in future is uncreation. But it is certain that all what man is doing now
with his high entropy economics, ecology and education, may appear to be good today but shall not stay that
may tomorrow, if we merely adopt the alpha-iota culture — with the acceleration and the imitation. The 'eyes'
and the ears, through 'sights' and 'sounds’, through vision and television, are invariably tempted to get trapped
into the colour and costume of higher levels of living in the world 'Imitations'. 'Imitation tends to ignite the fuel
wastefully -pith redundant speed and abundant entropy, with escalations of 'Expectations’ followed by fruitless
Trustations'.

No doubt we must keep our 'eyes' and 'ears' open, we must keep our doors and windows open for the sun-shine
of scientific culture to come in. But if foul smell and wind start blowing in and tend- to throw all ethics and
entities to the entropy storm, we better shut our doors and windows and top importing imitation, for the so-
called higher standard of living, with emphasis as more quantity of living and less on quality of life. A high
standard and high level of living is a high entropy living, which can be lived thus for but no further. With an
aspiration to go further tomorrow let us take to a scientific culture based on the law of nature — the 'Alpha-
Beta-Omega' — the culture of nature, with the ‘Acceleration’ the ‘brake’ for retardation and the ‘wheel’, for
direction and destination.

The ap o culture — the scientific Culture based on the Law of Nature

Man is a part of nature, Metal is the material that helps man to make the machine not to conqure but to learn
from nature and from metal.

And the most Important and fundamental lesson to learn is the importance and implication of the law of energy
and the law of entropy and their interactions.

Energy, the scalar provides man with the the power acceleration for a speed. And entropy the vector can help
man to provide with , the wheel, the steering wheel for direction and destination and their statistical
interactions, the quantum statistical interactions within the framework of the Rules of game, driving license as it
were, which demand the use of  — Brake or the constraint for retardation.

We find all through nature both in the world of non-living matter as well as in the world of living organism.
This ‘Alpha-Beta-Omega’ ‘afo’ culture ‘Elevation’ and ‘Evolution’ on the one hand and negation of that
culture towards 'Elimination’ or Extinction’ on the other.

Entropy in Greek means also ‘Evolution’. Entropy has helped to evolve life and we find entropy also helps to
deal death to life. Entropy is life, and entropy is death too. With this new awakening on energy and entropy let
us press alpha, the accelerator for greater speed of production, remembering however that along with production
of so much of tangible goods, we produce also so much more of intangible entropy. With production of so much
of marketable goods, we produce also so much more of unmarketable entropy. And entropy we can produce so
much and no further. The ecosphere of this planet can endure so much of entropy density and no further.

In fact had man but heeded to the law of entropy as much as to the law of energy, the ‘Pollution’ crisis, that we
here today, would not have caught man so soon with such a surprise.

Even today we hear, only of energy crisis and man's endeavour to seek and attain some abounding source of
energy from the sun and the sea to overcome that crisis. A source of abundant energy from the sea or the sun is
something but if trapped in super-abundant entropy, it is the nothing — Much Ado about Nothing as indicated
before.

TOWARDS A NEW LOW-ENTROPY-POLITICO-ECONOMIC LIFE — THE ‘SARVODAYA’ LIFE —
WORTH LIVING TOMORROW

The economic resources of all ‘matter and energy’, the summum-bonum of all resources that constitutes the
thermodynamic capital of this planet, demand not only economic use of these resources but poses the problem
of their distribution — distribution not only for many people but for many generations.

The so-called 'Market-economy' — the so-called ‘Demand-supply' economy, prevalent in the mind of many
modern economists today is of no help for the solution of this problem tomorrow. In our economic plan today,
we have neither the picture nor the pattern of the ‘demand-supply' situation tomorrow, the furthest that one can
look through the eye-piece of so-called ‘Futurology’ on the background of the ecology and econothy today,
stops at the horizon at the end of this century. As one attempts to see beyond this horizon, the pattern of the
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picture-based on the demands of the future defies imagination. However the fundamental of Futurology, if one
has to develop the science of Futurology, based on the invicible and inevitable law of entropy, is indicative of a
signal to convince man not only to reduce his number but also to reduce the present redundant high level of
living and to reduce it to such a level that the generation totuorrow may also be able to live at some lower level
of the thermodynamic capital, so that they may continue to have the provision for the basic needs, not just for
Existing but for ‘Living’ with - some semblance of comforts of life, a human life worth living — but how long?
At least that long (which may be multi-thousand if not a million years) which may provide Nature the time —
the vital time she needs to help the human species to evolve from the high entropy physico-economic plane
today to the low-entropy ethico-economic plane and then may be to a still lower entropy physico-spiritual plane.

Energy from the sun (if not from the sea) man shall be able to harness as the source of power — a seemingly
perennial power tomorrow. If and when the solar energy becomes the only source of power, the fundamentals
of so-called modern economy today shall disappear tomorrow. Nevertheless the dogma of economic dictatorship
may still be there because of the high entropy ‘SOMA’ culture, a culture that spins mostly round and round the
Body alone a culture that spins round and the pivot of more and more exciting and extravagent, high entropy
life.

Ambition and aspiration to go high is good but thus far an no further.

If man wants to go further on his journey tomorrow, let us plan policies keeping an eye on the law of entropy, so
that man as a somewhat less ambitious species may have eventful but less exciting low entropy life, so that the
future generations of his own species on this one planet may continue basking on the warmth of the sunshine
tomorrow.

Let us, in this country at least plan our policies, our politico-economic-Techo-scientific politics, awakening and
a new awakening on energy and entropy, so that this awakening may help man towards a law-entropy
Sarvodaya, towards a New Society with a New Democracy and a hew economy, living a life — a human life
worth living.

HIGH ENTROPY CULTURE — THE VERY NEGATION OF THE ‘LAW OF NEGATION’ AND LAW OF
ENTROPY

Introduction — a brief historical background

The culture of many ancient lands, China, Egypt, Greek India and others have their, own specific historical
backgrounds and their own specificities. Nevertheless they all had one common aspect viz human discipline,
mostly based on experiments and experiences. Discipline implies some form of constraints and restraints and
hence low entropy. Nevertheless many of these great cultures often got entrapped in high entropic activities,
involving complexities and redundancies born essentially out of overriding and exaggerated "Emotions" and
"Attachment", in the forms of uncontrolled "Passion™ and "Possession".

Emotion, Passion or Possession are themselves not harmful. In fact, “Emotion” is as important as “Reason”.
The two are interwoven into a pattern of life that man ordinarily seeks to live with his mundane possoesion here
and there, hardly realising that within that pattern , those two viz, the “Essence of Motion” and “Rigour of
Reason”, eventually blend into one that remains the only guide when Reason alone can go no further.

Man’s brian, may it be known (as a fact of science), just does not work on pure reason. Scientific work of a high
order often wells from within, from the world of emotion deep in the world within.

“In the temple of science as in the temple of God” says the great Scientist Albert Einstein “the most wornderful
and fascinating thring one experiences is the Unknown — the Mysterious. It feeds the fundamental Emotion,
which is at the root of science as well as religion”.

— EINSTEIN

Bereft of the implications of science and religion, man gets entrapped in high entropy because of uncontrolled
and unrefined Emotion, Passion and Possession.

The Greek Homer, for example glorified both “Passion” and “Possession” and thereby set the wheel of a
Tradition that still rolls on. The culture of “Passion” and “Possession” still holds Man in the grip of a Culture — a
high entropy culture — entrapped in Complexities and Redundancies.

The Low-Entropy Culture, based on Negation or Nonviolence, Non-attachment, Non-Fear

Man’s mind today, as much as that of his tribal ancestor, is hedged about the shadow of Fear — and Fear of no
other species but his own. And this fear or shadow, a mere projection of his own image, is growing greater with
the glare of sciences. In the absence of strength from the world within, which great ancient masters of India had
built on the granite foundation of ‘Non’, of ‘Action’ without ‘Attachment’, without ‘Violence and had
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emphasized the importance of this mental climate of ‘Non-attachment’ and ‘Non-Violence’, a climate of
Negation in the world within; the modern man is afflicted more and more with the feeling of possession —
possessing this and possessing that, possessing more and more of Quantity of Life bereft or ‘Quality” of living.

“Possession” or “passion” as such is not unscientific nor dangerous. What is dangerous is when these conjoin
together to cross Nature’s barrier of the high limits of critical entropy-density towards instability, towards
“Pathology”.

“Possession” and “Passion” can both be kept within limits of low entropic activities in a low-entropy, Nature’s
culture towards evolution of excellence. Entrapped in complexities of colour and costumes and redundant
activities however, ‘Passion’ and Possession’ may eventually land man into the hands of a dangerous crisis — the
Entropy crisis.

In this age of science this is unscientific. Because it is the very negation of Natural’s laws, particularly the law
of Entropy, which is enshrined as the law of Negation. The law of Entropy is the only law which is a law of
Inequality — the Negation of Equality. And hence the law of entropy tells a different tale and sings a edifferent
symphony from that of high entropy culture — the culture of redundant Attetchment and Violence.

We have attempted very briefly elsewhere to indicate an outline of the physical basis of such metaphysical
concepts as "Spirit", "Spiritual Science" and "Spiritual Life” in relation to Entropy.

The ancient masters in the field of spiritual sciences in India were of course not congnisant of the law of
entropy. Neverteless, through ages of Experiments and experiences, they realised the importance and
implications of a culture, which eventually tells the same tale and sings the same symphony as the law of
entropy.

Woven into the Indian culture for example, is the concept of “Non-attachment” or Renunciation. Renunciation is
not Negation of Possession or Negation of Activities but negation of Redundant Cotaplexities. Negation of
complexities means Simplicity, means Tranquality — a climate of Calm — a climate of low entropy ecology
towards a low entropy society — a society based on ‘Non’ viz Non-attachment, Non-violence, Non-fear.

LAW ENTROPIC-ECOLOGY AND THE LOW ENTROPIC ECONOMY THE NEW ECOLOGY AND THE
NEW ECONOMY

Ecology is the Science of Environment, the science of the mutual relations between organisms and their
environments. Man is one such organism among many in nature — linked in a web of crossconnections and
complex relations. Though quite some significant area of these complex relationships are not yet clearly
understood (far from being clearly defined), it has become increasingly evident these days that these cross
linkages and complex relationship have evolved through the ages a wonderful chain of multi-cycle systems, so
poised and belanced as to maximise the utilisation of energy and materials, and minimise waste (minimum rate
of entropy creation), all balanced in closely linked ‘feed back’ (and even ‘feed forward’?) systems and sub-
systems between the organisms and their environments. Many of these systems and relation are apparentry
antagonistic, one struggling to survive at the cost of other but eventually co-operative one the whole, helping
nature to weave the first seed of life from the non-living — from the atom to the amoeba and eventually the
man.

MAN — COMMUNITY OF ATOMS AND CONGREGATION OF THOUGHTS A COMPLEX SYSTEM OF
THERMODYNAMIC AND ALSO NON-THERMODYNAMIC PARAMETERS - A SYSTEM LAVEN
WITH INFORMATION AND ALSO THE LOAD OF EFFOR (ENTROPY AND INTROPY)

1) Man - Community of Atoms and Congregation of thoughts

Man consists trillions of cells and octillions of atoms. But man is not simply a community of cells, fibres and
fluids — not only a body dissected by the anatomist but a balancd blend of atoms and aspirations - aspirations
born out of an amazing community of atoms, attempting to build not only a body a mind that feels and thinks
that sings and sobs, that meditates in all kinds of modes and moods system of thermodynamic and also non-
thermodynamic parameters, a system laden with information and also lord of error due to Entropy and also
Intropy. From a world of atom of a world of reason and emtion, we find in man a culmination evolutionary
processes in nature, wrought through million of years of many environments — of energy, entropy and ecology.

The unparalled enlargement of the human brain some 100,000 years ago resulting in ‘Homnsapiens’ created
new forces which brought into a creature — the Man. Man like other organisms, is a part of nature with the
unique feature however that he can see his place in it. And now within the last century he has developed the
unique feeture of controlling and changing his envirnment with a staggering speed and on a bewildering scale
not known in the entire history of evolution.
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ii) Man the Paradox - the creator and negator - high Entropy Intellectual Entity may be paid with his own coin

It is a great paradox that while man knows that he is a part of nature, he often behaves as though he is the master
of it, not as one of the inhabitants of this planet but as its landlord. While he has the vision to see and feel his
place as apart of nature, he has also the vision, an illusory vision, that he can control, command and eventually
conquer nature, that he has the ‘free will’ of his own, that his will is free of the constraint of the cosmos, that he
is the master of his own destiny. All these spring from little science. More science tends to negate such
concepts. With Science in one hand and Technology in the other, with the power of mathematics in one hand
and the speed and precision of instruments in the other, MPD man has, for the first time in his evolutinary
history, the unique feature of imparting unusual impacts on his environment. But such impacts may inflict injury
so deep into the eco-system as to trigger off a chair reaction, unleashing the upheaval of many forces and phases
beyond his control. Nature may then pay him with his own coin — the coin of Entropy — the coin of Intellect that
he has been encashing so excessively and extravagantly in recent of decay of resources, with concomitant
superexponential rates of increase of entropy.

It was nature that brought into play the forces and rehases that initiated the unparalleled enlargement of man’s
brain, the ‘Homosapiens’ that initiated and eventually brought him into being. And it may well be that this
unusually enlarged brain and intellect of man may initiate reactions in nature in the Summum-Bonum of her
cosmic environment, unleashing forces that may eventually negate that very environment, the environment of
life supporting system that created and nourished him towards a New Awakening that eventually led to material
Revolution, evolution creating a New Age — the Age of ‘Space and Speed’, the Age of ‘Atom and
Acceleration’, setting the wheel of a New culture rolling, the culture of Acceleration.

The culture of Acceleration and Chain — Reaction — the Paradox of the three perverted ‘P’s — Production,
Pollution and Poverty

The Industrial revolution got ralling the wheel of the ‘Culture of the Exponential” — the culture of Acceleration
and the Chain-reaction creating the paradox of more production and more pollution, the dipolar Dichotomy,
with more production and poverty at one pole and more pollution and poverty at the other.

Armed with science and technology, man learnt for the first time in his evolutionary history to sow the seed for
a multi-fold chain reaction; towards an exponential rate of growth in almost all directions and dimensions in the
world around him and in the world within him. And this led to a technological acceleration so rapid that the two
perverted P’s, the Production and the Pollution — Production of men and materials and the concommittant
production of Pollution — pollution of the ‘Biosphere’ in the ‘World Within’ him, pollution not only of the
ecosphere — the land, water and the air, but also pollution of Poverty and pollution of progress and prosperity,
leading to the worst of all pollutants today viz. pollution of the 'World Within' man, which seem to be loading
man today towards the edge of a precipice tomorrow, threatening his safety and may be even his survival. And
all this because of the state of a dangerous inequilibrium brought about bye virtual disaster in ‘Ecology’ not only
a disaster in the hysical Ecology in the World Around’ man but, worse still, a. disaster in Ethical Ecology in the
World Within him.

Crisis in physical Ecology and also Ethical Ecology

The speed and depth of interactions between his innovations and ingenuities on the one hand and the
environments on the other seem to presage a prelude to a new epoch in human history. Whether such a prelude
will lead man to a precipice or a platean is not Icnorm What is known however is the fact, that the acceleration
in the recent past has been so staggering and the surcharge on affluence and the concomitant discharge of
effluents have been so bewildering within the last quarter of a century) that the pollution of the 'ecosphere’, the
atmosphere (air), the hydrosphere (water) and the lithosphere (land), during the lost few decades have been
more thanthat during the whole period of past human history. What this will eventually lead to is not certain.
What is certain however is that man's speed and acceleration of growth in the twentieth century have been so
sudden and so staggering that it has shot off every index of life and living process like a rocket reaching for the
stratosphere. And this acceleration in numbers of men and materials, in production and pollution has set man in
this age of Tools and Technology on a course which, if not altered and altered soon, would shift irreversibly and
dangerously the ecosystem of his environments, on which eventually his survival depends. Today with hardly a
third of humanity trapped in technology, the stresses and strains are alr ady too apparent in the ecosystem.
Singnals of an impending and heavy storm are already there in the human horizon theatening and to put the two
worlds of man, the World Around him (with the inheritated Biosphere and the created Technosphere) and the
World within him (deep within the core of his cortex) out of balance and in deep conflict. And this conflict has
created a crisis, not merely a physical crisis in the world Around but also and more so, an Ethical crisis - crisis
of the spirit— in the World Within him, a crisis, more baffling and bewildering than any encountered by man in
his whole evolutionary history) leading not only to dangerous depletion of non-renewable resources but
dangerous devaluation of duties and obsolecence of machines and materials and even of men.
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Obsolesence in men-erosion of the ecosithere of the world within man, causing erosion in intellectual
accomplishments and erosion in intelloctunl excellence, with all kinds of high entropic chaos in eduoption for
excellence, with all kinds of crises but fundamentally the ‘Entropy Crisis', the Entropy storm due to not only
physical smogs and smokes in the Ecology of the world around man but also Ethical smogs and smokes in the
Ecology of the world within man.

TOWARDS TOMORROW WITH A NEW AWAKENING ON THE LAW OF ENTROPY — THE
UNFALLING FRIEND TO MAN

The concept of entropy was born in physics more than a century ago, (Clausius 1865) and in its infancy, it got
its nourishment also in physics. Latter under the care of Kelvin, Boltzmann, Gibbs Maxwell, Planck, Einstein,
Boss, Fermi and many other great minds, entropy developed from boyhood to a mature person of international,
nay universal, importance not only in all fields of science but in all kinds of business in Technology and in
Industry, in all kinds of disciplines and interdisciplinary sciences — in Economics, in Ecology, in Psychology,
in Sociology and even in Arts and Philosophy.

And now as a wise old post centurian great -grand father of science, with more than a hundred and odd years of
experience in its scientific and professional life, entropy is armed today with an eye-piece of vision and wisdom
to probe deep virtually in all fields of human endeavour, both in science and in art, both in physics and
metaphysics, dealing even with intangible entities, completely conceptual in character in the framework of the
human mind, the less profound consequences not only in the world of non living matter but also in the world of
living organism, not only in the community of atoms but also in the community of men not only in all human
affairs but in the affirs of all living organisms — in the world of mysteries of life, nay even in the world within
all life that gives value and meaning to life itself.

The author has struggled in the previous pages to present to the patient reader a glimpse through the eye-piece of
entropy into some fundamental areas of human thinking and disciplines with the hope that those pages will help
to create a new awakening on the power and versatality of the law of entropy virtually in every process in
Nature, from the world of non-living, matter to the world of living organism including Man and his society.
And as in the past so in the future the law of Entropy can help man with a awakening, not only on energy crisis
but also on Entropy crisis — new awakening to help man for his evolution on this planet in future towards a new
society with a new democracy, living a life a low entropy human life — worth living. The law of entropy thus
can be an friend to man to build a better world for all to live, if not a high exciting and high entropy short life
but a low entropy good life and a fairly long life with peace and plenty, with heath and happiness for all his
children to enjoy sometime more the warmth of the Sun and the fragrance of fruits and flowers on this planet.

TECHNOLOGY AND MAN — LESSONS FROM NATURE FOR THE FUTURE

Technology, in this age of science, is systematic applied knowledge based on experiments and experiences. It is
always in a state of flux. So it is a kind of Technodynamics.

Technodynamics is an involved science because technology is created by man and is transferred by man to meet
the needs of man — the many needs of a complex “politico-S0Cio-economics™ organization of his own making.
Technology thus in a broader sense is a “techno-social” phenomenon, woven round man and his society.

Apart from its direct association with the physical and economic aspects to meet the physical needs and
aspirations, flux of technology or technodynamics is associated with socio — cultural and even ethical science —
the science of the world. Within man, woven round his Central Nervous System (the CNS) to meet man’s other
needs which, in the obsence of a suitable word, we call spiritual — spiritual needs and aspirations.

The object of science and technology for a developing country is to meet the basic needs of man. And for this to
be effective to all, the basic need is Education to help man to get himself “Armed from within” with a high
quality of Education.

Quality of education is as important and in fact more important than Quantity. Quality of life is an important as
Quantity — a quantity that sometimes is evaluated as the Gross National Product — the GNP.

Technology can help to raise the GNP. And this country by all means and with all her resources must strive and
strive hard to raise its GNP but not the conventional high-Entropic GNP.

It is necessary for us to be cautions and take steps and take steps from now, as a part of the overall planning of
the nation for our future growth, that a rise in GNP is not tailored by tons of tranquilisers and redundant wastes
to meet many of the redundant an parasite needs of man.
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It is definitely possible to minimize this by reorienting the nature of education and to intensify a balanced and
integrated growth on the basis of the laws of nature. And man is certainly a part of Nature. Though apparently
Compex, Nature is fundamentally simple in her speificities and priorities.

Apart from the problems of speficicities and priorities — specificities with regard to sophistications,
specifications, standardizations and so on and problems with regard to priorities on needs, on selectivity and
flexibility of approach to technology, the most vital problem for the country today is ‘Speed’ and a high speed
of that transfer towards a high speed of economic growth on the one hand and a high rate of retardation of
population growth on the other.

Speed of technology is a top priority today for this country. But while speed helps to feed the urgency to meet
the needs, it is itself a problem, beset with dangers of degeneracy, dissipation and decay, involving redundancies
and randomness, errors, entropy and ecology.

Fortunatly, however speed in nature is associated with forces that tend to retard that speed — forces of friction,
all kinds of frictions in science and all kinds of frictions in Society that tend to retard speed.

Recognising these dangers, man, the ‘cortex’ of man that creates technology is likely to initiate, within its built-
in and wonderful ‘Inhibitory’ mechanisms in the cortex, processes leading to ‘short-circuit-electrical” impulses
and new impulses to find ways and means to inhibit impulsive growth — the problem of parasitic growth of
numbers — number of men and materials, number of needs and necessities. And this the country may well take
the lead by creating a centre of Negentropy — a Home of Excellence.

Academy of the Science of Man — a Home of Excellence and Negentropy

This country, with its great values and scientific values underflying her traditions and culture, underlying the
experiments and experiences of many of her great ancient masters, can certainly take the lead to establish a
small but small nucleus of research — research of ‘Science of Man’ the science of the world within man, in the
form of say an “Academy of the Science of Man” (ASM), on the basis of AASETS*. ASM could well offer
opportunities to may of our talents in the fundamentals of the frontiers of physical sciences to probe deep into
the “World within Man”, quite a significant area of which remains unchartered and quite a significant depth
unfathomed, and threby take the lead in unfording new knowledge on life and living processes and helping to
usher in, a new democracy — a democracy that accepts and assimilates “Discipline” as a way of life and living, a
democracy that desires and develops not merely more quantity but also a better quality of life — a quality that
creates a culture consistent with constraints and restraints (that one finds in natural sciences also), generating
thereby forces of control against exponential growth — against exponontial growth of population and poverty
— that tends to degenerate with decay and eventual death by the sheer load of degenerate numbers, by the sheer
load of parasitic growth.

* AASETS is an all India Registered Associated for the Advancement of Scientific and Ethical Thinking and Services.

This country could then take the lead through this “Academy of the Science of Man” to establish a home as it
were, a centre of one of the world's most far-sighted undertakings.

While most of other advanced countries are still puzzling as to how to safeguard the quality of life in the face of
the twin pressures of rising populations and rampant technology, this spiritual plan — the national and, should |
say, the international rehabilitation plan on a spiritual plane, can undertake the task of solving the problem of
projecting the nation’s environmental future in detail, to determine what its priorities should be and how to
achieve them.

In fact, its goal is ensure that the daily life of man in the near future will be as good as human ingenuity could
make it , with the services and help of technological talents, particularly in view of the exponential growth of
population — this country touching a near billion nark by the turn of the century.

This Academy of the Science of Man or spiritual planning concept has nothing to do with political or economic
or metaphysical aspects. Its purpose is science — the Summum Bonum of Science — the physical science and also
the spiritual sciences — to present approximate outlines of likely developments which could be used as the basis
for man to live in plenty and peace.

Unfortunately, and this is a fact in Nature too, when one grows roses, he grows thorns as well. It is necessary to
recognize for this country that every new technology, in fact every new discovery of science also is ambivalent.
Bohr's theory of the atom, Madam Curie's discovery of radio-activity, while unveiling many secrets end laws of
nature have caused great concern to man today.

Science and Technology today have put into man’s hands enormous energy, speed and power. Power is a scalar
quantity and so is a new technology by itself. But the flux of technology (or technodynamics) like the flux of
some physical quantity in nature is a Vector.
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A vector has a direction, purpose, as it were — destination. It is necessary to define this destination — not just the
purpose for a higher standard of living but a better standare of life.

If the tiny atom could cause a great concern to man, the mighty technology could cause even a greater concern
and create a greater problem a dilemma and a dichotomy, even a crisis.

CONCLUDING REMARKS — SCIENCE, TECHNOLOGY & MAN
Introduction

Let me conclude,gentleman, by placing before you the fact that for sometime past, the idea has gripped my mind
that this country, with its rich heritage of a culture — a scientific culture — a culture based on the Summum
Bonum of science — the physical as well as the spiritual — this land of great masters — great spiritual masters
on the one hand anu great scientists on the other — this land of Raman and Ramanujam on the one hand and of
Sankara and Ramakrishna on the other — this land of Saha, Sahni and Seshadri and Bhaba and Bhatnagar, of
Jagdish Bose and Satyen Bose and a host of others in the horizon of physical sciences on the one hand and a
similar galary of master minds in the realm of spiritual sciences on the other, could well take the lead in
initiating an institution say an academy of physical and spiritual science or better an Academy of Science and
Man" — as a Centre of Excellance, for synthesising the fundamentals of physical and spiritual sciences and
presenting before the world in general, the rich heritage of values and scientific values of ourour culture based
on the experiments and experiences of our ancient masters look to those values through the eye-piece of modern
Science — the eye-piece of entropy and present those, values before the mental picture of our younger
generations, as to how those values could help to unravel and unfold some of the mysteries of the world within
man, a world which man actually is and shall continue to be — a world wherein man gets his shelter and takes
his solace in distress where man actually lives and shall continue to live all his life.

With this object alive in my mind | have been going round the country delivering special lectures for
“Awakening” the “World within Man” with the message that the Intergration of the Physical Sciences of the
World and “Around” Man and the Spiritual Sciences of the “World within” man is the most important
intellectual issue and in fact, is a vital necessity not only for man’s well being today but for his survival
tomorrow.

This is because the storm — the “Entropy storm” and a global storm is there on the Horizon and may at any time,
be sweeping on man as a terrible tornado. And a safe way and the scientific way to ride out the storm is to hold
firmly on the Rudder and the compass needle, based on the laws on nature. And the law of entropy, that
encompasses virtually all activities in nature, indicates that the one way and the only way to ride out the storm is
to negate the entropy, to negat the “Number” and the “Quantity” — the “number” of men and the quantity of
living the socalled redundant high standard of living, which is a high entropy living.

And there is just one way and the only way to implement the above is to Arm the man from ‘Within’ — to
awaken him from “within” to the vital necessity of the intregation (yoga) of the “Physical” and “Spiritual” — the
world around and the world within.

Intgration scientifically means “Summation” — the addition — the Indian word for which is “Yoga”.
But how to go about, how to start and initiate the processes.

This question has been haunting my mind for years, the answer eventually wells up rom within “Start with-the
Few”.

This message from within was inspiring when it occurred to me that it is the few as a law of Nature, that decides
the destiny of the many,

The Few Decides the destiny of the Many

It is the few, after all, that decides the destiny of the many. For exarrple

(i) it is the few initial atoms that start tine chain reaction that decide the destiny of the energy released in that
chain reaction.

(i) it is the atoms that decide the destiny of evolution, the Biological Evolution.

(i) it is the few men that decide the destiny of many men. And sometimes, it is one man, who decides the
destiny, who creates the age, who creates the revolution. There is just one Newton, one Einstein, one Tegore,
one Buddha, one Shankara, one Remakrishna, one Vivekaranda.

It is just the few and may be even one among you, who may be blessed to do this May be, even one among you,
who may be blessed achieve this through some institution or academy, through some centres of excellence say,
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THE ACADEMY OF SCIENCE AND MAN, beaming out a New Message, leading to New Impacts of Science
and Technology towards a New Mature Society with New Economics and New Democracy.

Gentlemen, words cannot move mountain. But words can move men. | felt, let me start row in small bout strong
way a Nucleus of a centre of Excellence.

Gentlemen Excellence grows an inevitable law of nature in centres of excellence in contact with excellence.

There are many excellences here — excellent men among you. In fact a few of you have been blessed to be men
‘par-excellence’, who have been blessed with great intellect, high position and power and what is more, great
and good heart. It is just even one of you, who can achieve this once you are convinced and scientifically
convinced, as | am, of the vital necessity of this Mission.

The Low Entropy — Socio-Scientific-Cultural Mission

I have in my own small and humble way taken up this project as my life's mission for the last several years and
have been going round India to say, that this country, (rooted as its people, are, culturally and traditionally to a
spiritual base) can be a real force and a dynamic scientific force at this critical stage of human history to shape
the industrial culture today into some kind of a ‘Techno-Ethical’ or ‘Physico-Spiritual’ culture tomorrow.
Technology we take as (and can show to be) some kind of a tool, to shape this new culture the Nature's culture -
based on science, but the Summon Bonum of Science - the science, of the world around (the Physical Sciences)
and also the science of world within man (the spiritual sciences).

As some you knew | am seventy now and low in the "Thermodynamic Potential' of life, rather on a low level -
low physical level - with my laden with a lot of entropy.

Nevertheless, Gentlemen | have bequeathed all I have for the 'FOUNDATION FOR SCIENCE AND MAN' and
if destiny spares me but a few moe years, may be, | may be able to give a start with your help and guidance.

Gentlemen, | am on the last lap of my life's journey. If destiny summons me before my dreams take shape and
before I bid goodbye to you all, may | conclude this with just one appeal.

‘Help keep this Foundation, alive and active’.

Gentlemen, | shall not be here long physically but I hope my memory and my message shall endoure for
sometime more the impact of time, for a new Awakening, - an Awakening armed with physical sciences on the
one hand of our grert masters in the field of modern sciences and also armed with spiritual sciences of our
ancients masters of this land, for the well-being and Elevation of all men - for all generations tomorrow here,
there and everywhere.

And with all this Awakening of a low entropy in the world within man this age of science and technology
continue to be an unfailing friend to man today, to usher in a new age of 'Sarvodaya’' - a universal evolution
towards well-being of all tomorrow.

HIGH ENTROPY TECHNLOGY TODAY TOWARDS A LOW-ENTROPY TECHNO-ETHICAL CULTURE
FOR A LOW- ENTROPY DEMOCRACY TOMORROW

Technology today reed be fashioned to meet the needs of man on the one hand and to face the challenge of too
crisis on the other — the spiritual crisis. The overall future planning — national planning here, there and
everywhere - for technology need an approach that permits a co-existence of quantity of life with the quality of
life, that helps to develop the science and technology of not only the world-around man with emphasis on
ephemeral needs but also the world within man -where man truly exists - to meet his spiritual needs and help
thereby to develope a democracy, to build a better world for man to live in 'Plenty and Peace'.

Eduction today is not a Garden but a Jungle

Metal gets educated, as it were through thermo-mechanical treatment, through heat and the hammer of the
ancients. Man, similarly gets educated through sights and sounds, through the messages received by the yes and
the ears. Bad food and drink damage man. This is well known. But what is not so well known and not so well
emphasised is that foul sights and sounds are far more damaging and devastating than bad food or drink.
Universities and Higher Institute of, earning | look upon as Gardens of education, where young learners, the
young creepers grow to produce fruits and flowers for the service of the nation.

But ask a good gardener to build a good garden on some ground. First, he would fence the ground. Next he will
weedout all redundant roots and creepers. Next he toils to till and fertilise the ground suitably and than select the
best seed sow that seed in the prepared ground and finally nourish the creeper to grow and yield the fruits and
flowers. But here in our Educational Institutions far from fencing and weeding out, far from nourishments in all
kinds of sights and sounds. The result is that we do not get a garden of education but a jungle.
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INTRODUCTION

All of us hear a great deal about computers. They are the centre of continuous public attention and frequent
controversy. Does the computer reallythreaten our jobs, our perception of thought and creativity ? Does it
overturn our cherised: ideals about learning? Or, on the other hand, is the computer our saviour? Will it free us
from all drudgery and turn this vale of tears into a paradise where at the push of a button our every need is met
and we are liberated to experience new levels of fulfilment?

These are emotion-laden questions whose calm, ever-handed answers we shall seek through this discussion on
computers and their impact on society.

WHAT IS A COMPUTER ?

The computer is a tool that is contributing to advances in virtually all fields ofhuman endeavour. Computers
hardware technology is also benefiting from new discoveries in the fields of electronics and physics. Computer
hardware consists of all electronic or electromechanical subsystems that make up a functioning computer
system. Basically, these machines accept data input, store data, perform calculations and other processing steps,
and prepare information output.

Hardware alone, however, is merely one or more boxes of electronic/ electromechanical parts that represent an
expense; an equally important perhaps more important consideration in the effective use of computers is the
software. Software is the name given to the multitude of instructions, i.e. the name given to programs and
routines that have been written to cause the hardware function in a desired way.

COMPUTER DEVELOPMENT

In 1833, Charles Babbage, Lucasian Professor of Mathematics at Cambridge University in England, proposed a
machine, which he named the analytical engine. Babbage was an eccentric and colourful individual who spent
much of his life in vain attempt to build his machine. Babbage's dream would have incorporated a punched card
input, a memory unit or store, an arithmetic unit or mill, automatic printout, sequential program control, and 20-
place accuracy. In short, Babbage had designed a machine-a prototype computer that was hundred years ahead
of its time. Babbage died in 1871 and little progress was made until 1937.

Beginning 1937, Prof Howard Aiken set out to build an automatic calculating machine that would combine
established technology with the punch cards of Hollerith. With the help of graduate students and IBM engineers,
the project was completed in 1944. The completed device was known as the Mark | digital computer. Internal
operations were controlled automatically with electromagnetic relays; arithmetic counters were mechanical. The
Mark | was thus not an electronic computer but was rather an electromechanical one. In many respects Mark
Iwas the realization of Babbage's dream. Appropriately, this 'medieval’ machine is now on display at Harvard
University museum.

The first electronic digital computer to be put into full operation was built as a secret wartime project between
1939 and 1946 at the University of Pennsylvania's Moore School of Electrical Engineering. The team of J
Eckert, Jr and J W Mauchly was responsible for its construction. However, as was later determined by a federal
judge in an important patent suit, Eckert and Mauchly did not invent the automatic electronic digital computer
themselves, but instead derived that subject matter from Dr J V Atanasoff who was a professor of physics and
mathematics at lowa State College.

Vacuum tubes or valves were used in place of relays in the Eckert-Mauchly machine. This computer was called
ENIAC (Electronic Numerical Integrator and Calculator) and could do 300 multiplications per second, making it
300 times faster than any other device of the day. Operating instructions for ENIAC were not stored internally;
rather, they were fed through externally located plugboards and switches. In 1959, ENIAC was placed in the
Smithsonian Institution in Washington.
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In 1946, in collaboration with H H Goldstine and A W Burks, John von Neumann, a mathematical genious and
member of the Institue for Advanced Study in Princeton, New Jersey (USA), suggested in a paper that (i) binary
numbering systems be used in building computers, and (ii) computer instructions as well as the data being
manipulated could be stored internally in the machine. These suggestions became a basic part of the philosophy
of computer design.

Although these design concepts came too late to be incorporated in ENIAC, Mauchlr' Eckert and others at the
University of Pennsylvania set out to build a machine with stored program capability. This machine-the
EDVAC (Electronic Discrete Variable Automatic Computer) - was not completed until several years later. To
the EDSAC (Electronic Delay Storage Automatic Calculator) finished in 1949 at Cambridge University, must
go the distinction of being the first stored program electronic computer.

One reason for the delay In EDVAC was that Eckert and Mauchly founded their own company in 1946 and
began to work on the UNNAC (Universal Automatic Computer). In 1949, Remington Rand acquired the Eckert-
Mauchly Computer Corporation, and in early 1951, the firstUNNAC-1 (first computer available commercially)
became operational at the US Bureau of the Census. In 1963, it too, was retired to the Smithsonian Institution -a
historical relic after just 12 years! The first computer acquired for data processing and record keeping by a
business organization was another UNNAC-1, which was installed in 1954 at General Electric's Appliance Park
in Louisville, Kentucky (USA).

The computers of second generation were introduced around 1959 to 1960 and were made better, faster and with
greater computing capacity. The vacuum tube, with its relatively short life, gave way to compact solid state
components such as diodes and transistors.

In 1964, IBM ushered in the third generation of computing hardware when it announced its System/360 family
of computers. And during the early 1970s, several manufacturers introduced new equipment lines. For example,
IBM announced the first models of its System/370 line of computers. These machines continued the trend
toward miniaturization of circuit components. Further improvements inspeed, cost, and storage capacity were
realized.

REVOLUTON IN COMPUTER TECHNOLOGY
HARDWARE

Hardware technological development has been incredibly rapid as may be seen by an examination of the factors
of size, speed, cost, information storage capacity, and reliability.

Size

The second generation computers were much smaller than their predecessors because transistors and other
smaller components were substituted for tubes. This size reduction continues even today. It is now possible,
through large-scale integration (LSI) of electronic circuits, to pack billions of circuits into a cubic foot of space.
Furthermore, each circuit contains a number of separate components. Since 1965, in fact. the average number of
components for advanced integrated circuit chip has doubled each year. The boards of today will become the
tiny chips of tomorrow. Thus, it is expected that in the 1980°s central processors with power of today's large
computers will occupy the space of a shoebox!

Speed

Circuit miniaturization has brought increased speed of operation to the latest computers. Because size reduction
shortens distances for electric pulses to travel thus increasing processor speed.

Early computer speed was expressed in milliseconds; the second-generation speed was measured in
microseconds; the third and the fourth generation hardware have internal operating speeds measured in
nanoseconds. In mid-1980's the machines may have speeds measured in picoseconds.

Cost

There has been a dramatic reduction in the cost of performing a specific number of operations because of the
above mentioned technological advances. This in turn has led to a significant growth in the number of computer
installations. Also the cost of certain basic components will continue to decline while their speed and
performance increase.

Information Storage Capacity

Information may be stored for use by a computer in a humber of ways. The central processing unit (CPU) of the
computer holds data and the instructions needed to manipulate the data internally in its primary or main memory
section. The primary memory capacity has increased from 20 000 characters in 1950 to 10 million characters in
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1975 and it is expected that in the 1980's it will be much greater than 10 million characters. Perhaps even more
impressive has been the improvement in mass external online (or secondary) storage devices. The number of
characters of secondary online storage has increased from 20 million in 1960 to virtually unlimited in 1975.

Reliability

The reliability of hardware has improved substantially with the substitution of long-life solid state components
for vacuum tubes. Much of the research effort directed toward achieving greater reliability has been due to space
and missile programs. For example, scientists have been working on self-repairing computers that would remain
in operation during unmanned space missions lasting many years. The self-repairing concept essentially
involves partitioning the computer into functional blocks and building identical components into each block.
Some of the parts are used for processing immediately. Others serve as standby spares. A failure occurring in
one component or subsystem would be detected by a statussensing device, and the faulty part would be
electronically and automatically replaced with a spare.

The down-to-earth benefits of increased reliability are great. For example, self-repairing computers could be
incorporated into the intensive-care monitoring and control systems of hospitals, where a failure could result in
certain death. And they would be specially beneficial in those computerized navigational systems that are used
to bring aircraft safely in zero-visibility conditions. Although completely self-repairing commercial computers
are still on the drawing board because of the additional cost of redundant spare parts, this obstacle will be
overcome soon as LSl circuit technology produces lower costs.

Better accessibility of the circuitry enables technicians to get into the problem and quickly effect a repair.
Computer circuit boards can be promptly replaced, and equipment down time can be kept to a minimum. It is
possible for a malfunctioning computer to be linked to another 'diagnostic’ computer in order to determine the
cause of the problem. Also, self-diagnostic.or faultlocation features are built into the equipment to help on-site
technicians minimize downtime.

SOFIWARE

Unfortunately, when compared with the tremendous hardware advances, the developments in the software area
seem less impressive. Today the production of good software is a costly and time-consuming process that
generally determines the speed with which computer- based projects are completed. As a result, the investment
in program ming and systems personnel and in the software the create now far exceeds the investment in
hardware in most installations.

Yet there have been significant gains in the development of software. The three basic software categories are :(i)
translation programs, (ii) application programs, and (iii) operating-system programs.

Translation Programs

In the early 1950's, users had to translate problem solving instructions into special machine codes for each
computer. Such instructions typically consisted of strings of numbers which were quite tedious to prepare.

To ease the programmer's burden, a compromise approach between man and machine was developed which
resulted in the introduction of special coding languages that save time and are more convenient to use.
Unfortunately, this code is not in the machine's language, and so it does not directly understand others. The
programmer and the computer communicate with each other with the help of a separate translation program. The
instructions written by the programmer, called the sources program, are then fed into the computer where they
are translated. The result of the operation is a set of machine instructions, called the object program, that may
then be used to control the processing of problem data.

Almost all problem-solving programs prepared nowadays are first written in languages preferred by
programmers and are then translated by special software into the equivalent machine language codes.
Continuing efforts are being made to produce software that will permit easier man-machine cornmunications.

Application Programs

The programs written for the purpose ot solving particular processing jobs also come under software. These
programs are commonly prepared by each user organization. Many applications programs must, of course, be
prepared by users to process tasks that are unique to their particular needs. In the past, however, much
programmer time has been spent in duplicating programs prepared by other companies. Recognizing the
wastefulness of such duplication, equipment manufacturers and independent software companies have prepared
generalized application packages for wide use.
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Operating-System Programs

As the name implies, the operating system (OS) was initially a set of programs prepared by equipment
manufacturers and users to assist the computer operator. It is the function of the operator to load data input
devices with cards and tapes, to set switches on the computer console, to startthe processing run, and to prepare
and unload output devices. It should notbe the operator's job, however, to waste time doing things that the
computer could do more quickly and reliably. House-keeping duties such as loading andunloading input and
output equipment, clearing central processor storage locations between jobs, and loading intostorage the next
job program and data from the jobs stacked up in a waiting queue are now controlled by the software. Shifting
control to specially prepared operating programs thus reduced the operator's work, cut down onthe
programmer's drudgery, provided relatively non- stop operation, and therefore increased the amount of
processingthat could be accompolished. The name given to the software that aids in performing the
housekeepingduties just described is the input! output control system (IOCS) — an important segment of a
modem OS.

The objective of current operating systems is still to operate the computer with a minimum of idle time and in
the most efficient and economical way during the execution of application and translation programs. But the
operating software is now vastly more complex. More sophisticated software has been required to keep faster
and more powerful hardware occupied. An example is the development of multi programming - the name given
to the interleaved execution of two or moredifferentand independent programsby the same computer.

In recent years, operating system development has also made possible thewidespread introduction of computers
with virtual storage capability. Prior to this development, the size of an application program was effectively
limited by the size of the computer's primary storage section. This was because the complete program was
typically held in primary storage during itsentire execution. If the program size did not exceed the limited
primary storage caracity, then there was no problem; if, on the other hand, the task required several thousand
instructions, then the programmer might be forced to write t\AlOor more programs tocomplete the job. With
virtual storage capability,however, the computer can dividetotal programs into small sequences of instructions
called pages. Then only those program pages that are actually needed at a particular time in the processing need
to be in primary storage. The remaining segments may be kept temporarily in online storage, from which they
can be rapidly retrieved as needed. Thus, from the programmer's point of view, the effective, or, virtual size of
the available primary storage may appear to be unlimited.

The incorporation of multi programming and virtual storage capabilities into the OS has, of course, complicated
matters. For example, software must keep track of the locations in primary and secondary storage of each of the
severalprograms and program segments must remember at what point it should return to an interrupted program,
and must, perhaps, assign job priorities to the several takes waiting to be completed. The opemting systems of
many of today's computers are integrated collections of processing programs and a master control program that
are expected to perform the scheduling, control, loading, and program call-upfunctions.Technology advances in
computer hardware and software have both contributed to and been stimulated by a dynamic environment.

THE CURRENT STATE AND A LOOK AT THE FUTURE
Minicomputers and Microcomputers

Until the mid-1960's digital computers remained large in physical size and expensive. Then many special
applications emerged which called for a computer of less power than the general purpose business or scientific
computer and had no need for a huge assortment of peripheral equipment, very large primary memories, or very
high precision. These applications were of myriad types but genemlly had in common financial constraints
precluding the dedication of very expensive systems. The rapid improvement of semiconductor devices in
performance and their dramatic reduction in size, in cost, and in the power required to operate them provided the
answer: the minicomputer. While there is no perfectly precise definition of a minicomputer, it is genetally
understood to mean a computer whose main frame-central processor and primary storage unit — is physically
small, that is, no more than a fewcubic feet, has a fixed word lenght between 8 and 18 bits with 16 rapidly
becoming the industry standard, and costs less than $US 10 000 for the central processor with 4 096 words of
primarymemory. The maximum amount of primarystorage availableoptionally in minicomputer systems ranges
from 32K to 128K words.

A variety of peripheral equipment has been developed especially for use in systems built around minicomputer
maintrames ;they are sometimes referred to as minipherals and include magnetic tape cartidges and cassettes,
paper tape readers and punches, small disk units, and a considerable variety of printers and consoles.

As the operating environment for most 'minis' is far less varied and complex than those of large machines, the
varietv and capability of the software furnished are correspondingly diminished. The operating systems usually
provide systems access to only a single user, in a few cases, a small number of users, at a time. The higher level
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languages available are frequently limited to FORTRAN and/or BASIC, although withthe large number of minis
available today, one can, for anyone of the most popular languages, find one or more minis on which it is
available. Since many minisare employed in real time systems, they are usually provided withopemting systems
specialized to this purpose.

Among the areas in which minicomputers have found application are computer communications, numerical
machine tool control and manufacturing automatic product and system test equipment, and data collection from
manual data sources via terminals and other conventional input means as well as from instruments which are
read directly by the computer.

The frequent employment of minicomputer systems in real-rime applications has influenced other aspects of
their design. They usually possess the hardware capability to be connected directlyto a large varietyof
measurement instruments or to analog to digital converters for those instruments are not themselves providing
digital outputs. The outputs of these instruments can be scanned or multiplexedintomemory, there to be operated
upon by the prograrn, on a repetitiye basis as determined in some program loop, on the basis of real time clock
values read by the prograrn or as the result of conditions that generateprogmm interrupts.

The early 1970's saw the advent of the latest product to appear in the computer market place: the
microcomputer. The microcomputer achieves the ultimate in one sense; its central processor, called
microprocessor, is fabricated on a single semiconductor device, ie, the thousands of individual circuit elements
necessary to perform all the logical and arithmetic functions of a computer are manufactured as a single
monolithic chips, a fraction of a square inch in area. A complete microcomputer system consists of a
microprocessor, memory and peripheral equipment.

The processor, memory and electronic controls for the peripheral equipment are usually assembled on a single
ora fewprinted circuitboards. One can put together systems using microprocessors which, at the upper end of
their capability class, crowd, and in fact now overlap, what was until very recently the lower end of
minicomputer system capability. Microprocessors, of which several dozen varieties are currently marketed,
generally have somewhat simpler and less flexible instruction sets than minis and are typically perhaps 10 or so
times slower. Different microprocessors are available with 4-, 8-, 12-, and 16-bit word lengths, Minis can be
equipped with much larger maximum memory size than micros and are capable of operating with a far greater
variety of peripheral equipment.

One use, at the low end of rnicroprocessors line, has made its presence felt almost as ubiquitously as the
transistor radio is the handheld calculator. These little machines consist of a Land 4-bit word length
microprocessor, one or a few memory registers, a display and a simple keyboard all in a light plastic case. More
complex calculators are now entering the market which can also enter stored program steps on magnetic strips
and v.hk:h contain more data storage registers as well as providing hard-copy output The line between
calculators and microcomputer systems will doubtless continue to blur as will the line between microcomputer
system and minicomputer systems.

The extremely low price of microprocessors has opened up entirely new areas of computer applications. It is
now feasible to use only a minute fraction of the computer's capability in a particular system application and —
still be way ahead, financially, of any other way to get the job done. Although the software available for most
microcomputer systems is very limited, far more than is the case for minis, this does not discourage their use in
the many high volume, fixed applications for which programming is essentially a one-time effort.

Computer Networks

Many users may be simultaneously connected to a computer with the attendant feeling of making simultaneous
use of its resources. This is called time-sharing; in effect, many users, each in turn, getting a very small share of
the system's total capacity. When everything is working right, these tums are so frequent that the service seems
continuous. There comes a point, however, when with sufficiently many active users, any system will saturate
and delays willbecome first perceptible then appreciable and ultimately intolerable. We clearly cannot go on
dividing this finite, large, computational resource among more and more users indefinitely. Computer networks
(systems consisting of several computers interconnected by electronic communication media) were introduced,
among other reasons, to deal with this situation. A system which can readily switch a user from a very busy
computer to a less busy one will clearly result in a shorter average response time for all users. These are nothing
more than load distribution techniques which have long been practised in power and communication systems.
Distribution of central process unit load isJhowever, by no means the only reason computer networks have,
since the late 1960s, undergone intensive development and subsequent very rapid growth.

Primary memory requirements can exceed a system's addressing capability. The organization of a system's
input/output controls similarly limits the amount of secondary and tertiary storage which can be 'hung' on. Thus
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when the size of the user data basis becomes too large, a system can become ineffective even though it might
still possess ample CPU capacity.

Also, some installations possess specialized human and equipment resources which are of only occasional but
still significant use to individuals located long distances from those installations.

Computer networks also serve, particularly in the military, to allow the physical dispersal of hardware and data
so as to render an overall network more secure against attack, or more prosaic failure modes, as well as
facilitating the pyramiding of data up command channels. The communication lines and equipment that
interconnect the computers in a network can so organized as to contribute almost negligibly to the degradation
of the reliability of the overall system, that is, to the likelihood that computers in the network become
inaccessible to users.

Supercomputers

By the end of the 1950’s, detennined efforts were underway to produce computers with instruction execution
rates and memory speeds well above those generally thought to be needed by the typical business and
engineering users. These computers, called supercomputers, were produced to satisfy the demands made by new
and more complex applications. The earliest supercomputers (mostly manufactured by IBM and UNNAC) were
built in small numbers, but the hardware and design techniques that resulted from these development efforts
were to profoundly influence the commercial product lines of both companies. In the late 1960's and early
1970's, the supercomputers were the Control Data Corporation (CDC) 6600 (followed in succession by their
current supercomputers, the 7600 and 8600) and the several model 90s in the IBM 360 series. The latest
supercomputers are the COD STAR, the CRAY-1, the Texas Instruments (TI) ASC, and the ILLIACIV
designed at the University of Illinois (USI\) and manufactured by the Burroughs Corporation.

TOMORROW’S SYSTEM

Since expanded processing capability is essential in coping with tomorrow's complex society, it is not too far-
fetched to say that most of today's computers eventually will be replaced by quite different machines.

This transformation will be brought about by what is prosaically referred to in the data processing Systems
industry as dae base management. Functionally, the management and utilization of a common data base is quite
simple and straightforward, requiring only that common data used by various departments in a corporation be
kept current so that users can have access to it for their own specific needs. This chore involves a huge amount
of data that has to be located, extracted, and disseminated fast enough so that it does not slow the using
departments; however no really complex processing is needed.

Since data base management is so straightforward, why then will it be beyond the capability of our present
computers? The truth is that although today's computers are wonderfully efficient at performing complex
mathematical calculatrons, they are woefully deficient at all the mundane operations of storing, sorting and
fetching all tasks that are required in data base management and that constitute 90% of what one asks computers
to do today. Even though the computer industry has gone through three generations of development, it has
designed machines optimized for only 10% of the workload.

Further more, the disparity between workload and capability will growwider in the years ahead. As processing
becomes an' ever more pervasive part of our everpdaylives, the newapplications will have little need for
complex arithmetic calculations. Rather, they will have a simple primary need-to query a data base and get a
specific answer as quickly and cheaply as possible. Simple as that may be, it will present virtually
Insurmountable proolems for the computers we have today.

There is no question that an entirely new type of processor will be developed in the next five to ten years and
that this new machine will be optimized for data base management functions. Wth the lower hardware costs
resul