                                     SCIENCE

Introduction

The word ‘Science’ is derived from the Latin root-word ‘Scientia’, which means ‘Knowledge’.  In this sense, all branches of Knowledge qualify to be called Science. But, over a period of time, the meaning of the word got restricted to certain fields of Knowledge.

Science is the product of human curiosity. The latter is a characteristic which human beings display from birth itself. The wonder in the eyes of a new-born baby, observed as soon as it is born, is the index of the commencement of the search for information and knowledge. It is as the child grows older that this seeking becomes more systematic and methodical, supported by observations and logical thinking. 
Even though Science as the quest for truth began in this manner in prehistoric periods, it gradually acquired a structure called the Scientific Method. This did not happen overnight, but took place over a long span of time, until today Science has developed into the most systematic and powerful method of understanding the external world.
What we call today ‘Science’ has always existed in human history in some form or other. The earliest speculations about the external world, displayed by all ancient cultures, were based upon visual observations. This is the reason why the earliest branch of human knowledge was Astronomy, which is based upon pure observations. All ancient cultures had some sort of knowledge about the movement of heavenly bodies, whether quantitative or qualitative.
The earliest human beings of the Homo Sapiens family, were hunting nomads. But two discoveries converted them into settlers in colonies. These were Fire and Agriculture. The latter enabled human beings to grow their own food season after season without depending upon the animal kingdom. The discovery of Fire made it possible for them to refine their food and living habits. They could now subsist on cooked food and could get warmth from Fire, instead of depending solely on animal fat or skin. Soon, colonies of human beings started developing near rivers, which assured them a perennial source of water, which has always been the most important need of humans and animals.
Life in a settled colony gave the humans the necessary leisure for speculations about the world around them. It also meant that they needed a code of conduct and behavior to avoid conflicts either within their own society or with similar settlements nearby. This led to the evolution of Culture and Civilization. Not only did this give the necessary incentive to know more about the external world, it also led to some of these Cultures to wonder about the place of the human being in the Cosmos. These two parallel developments of thought can be discerned in almost all ancient cultures and civilizations. But still, it can be noticed that the Indic culture excelled in the study of the internal world, whereas it was the Greek culture in Europe which concentrated on the external world and laid the foundations of what we today recognize as ‘Science’.
For both the Indic and the Greek cultures, Knowledge was one, whether it pertained to the external or the internal world. The Indic people called it Darshana and the Greeks called it Sophia. The word Philosophy, which became popular, is derived from the word Sophia, and means Love of Knowledge. Both cultures produced great thinkers who have contributed substantially to the modern worldview. The contributions of the Indic thinkers have already been discussed in the first part of this book. In this part, we will study the contributions of the great Greek thinkers and how these evolved into Modern Science. 

Of all forms of Knowledge it is Science, and its off-shoot Technology, which have influenced human life most. It is enough to say that something is scientific for people to accept it without any reservations. Where does this strength of Science come from? What makes it the most powerful and all-pervading influence on human society? We need to understand this first if we want to appreciate how Science developed over the last two-and-a half millennia.
Human knowledge about Nature, which is what Science is all about, has been reached through a painstaking process of inquiry, discovery and innumerable errors. According to some diehard admirers of Science, the acquisition and systematization of such knowledge is the only human activity that is truly cumulative, progressive and worth acquiring. This point of view is, however, not accepted universally.
It is a fact that the triumphs of Science represent a cumulative process of increasing knowledge, as well as a sequence of victories over ignorance and superstition.  It is also true that a stream of inventions has flowed from Science for the improvement of human life. This has raised some moral issues too concerning the misuse of such inventions. There is a general feeling among the public that Science has dehumanized our view of the world, that scientific thinking is mechanical, that it has diverted the minds of people from spirituality and humanism.
According to Sri Aurobindo (1989), ‘Even the discoveries of physical science have been elevated into a creed and in its name religion and spirituality banned as ignorance and superstition, philosophy as frippery and moonshine.’ Such accusations against Science are not new. Even Newton feared that too wide an application of sciences would disenchant the world by reducing the need for God. The effect of such objections and accusations has been to make the public less friendly to Science, to weaken the idea of Science as a vocation and to put Science on the defensive.
Are these objections justified? Part of the problem is that people often confuse Science with Technology. It is Technology, emphasizing the material aspects of Science, which is basically responsible for the concern expressed by great thinkers like Sri Aurobindo. It is true that Science and Technology are distinct from each other. Science is the quest for Reality in the external world, whereas Technology is a fallout from Science, which can hopefully make human existence on this planet more comfortable. Still, the confusion persists. It is said that when some major venture triumphs, it is a ‘triumph of Science’, but if it fails, it is due to the ‘failure of Technology’!
This book is about Science, not Technology. We concentrate on those aspects of Science that have to do with its attempt to understand the world and the heavens. The role of Science as a search for Truth or Reality is what concerns us here, and not so much its applications. Wherever some applications are referred to, it is only to highlight the path taken by Science in unraveling the secrets of Nature.
This brings us to another issue which we raised earlier. What is it about Science that attracts the attention of people most? The answer lies in its value system. The word ‘Value’ is freely used in several contexts, but its meaning is somewhat vague.  According to the dictionary, Value is that which is worthy of esteem for its own sake. Books on Moral Philosophy define it as a belief that a specific mode of conduct or objective is personally or socially desirable. According to St.Augustine, Value is based on the will of God. Kant believes it to be based on reason aided by categorical imperatives. Hume feels that value judgments are based on human nature, sympathy or selfishness. Jeremy Bentham is of the opinion that it is based on the calculation of the greatest happiness of the greatest number (Russell). Even though these definitions differ from one another, there is a general common sense view that human values are a mixture of emotion, self-interest, reason, religious belief, and the experience of people in human society.
There is a mistaken impression in the nonscientific community that Science is not concerned with values at all. Most people actively engaged in scientific pursuit feel otherwise. Their experience is that scientific research is best done by a community, which respects certain values. In his classical study of the Sociology of Science, Merton (1973) enunciates four principal values of Science: Universalism, Communalism, Disinterestedness and Organized Skepticism. These values are respected by scientists, not because they are personally more virtuous than nonscientists, but because if they do not obey them, their work will not be recognized and valued by the scientific community. We will now have a closer look at these four values of Science.
Universalism
Universalism requires that Science should be independent of race, colour or creed, and that it should be essentially international. In this sense, Science is indeed a unifying factor among diverse races and creeds. It is rather unfortunate that the same cannot be said of Religion and its practice. There is a specific reason for this. Any Tom, Dick or Harry, who knows how to read and write, can set himself up as an authority on Religion. Most of the global conflicts due to religious differences can be traced to this cause. However this is not possible in Science. No scientist practicing his profession can transgress this value of Universalism, because he simply will not be acceptable to the scientific community. There are no ‘false prophets’ in Science. 
Einstein is well-known as the discoverer of the Theory of Relativity. He enunciated the Special Theory in 1905 and followed it up with the General Theory in 1916. (These will be discussed in great detail later in the book). The latter was confirmed by Sir Arthur Eddington in 1919, through his famous observations of the deflection of starlight by the gravitational field of the Sun. Einstein became a celebrity overnight and was acknowledged all over the world as the true successor to Newton. However, this was the time when anti-semitism was raising its head in Germany and Einstein was a Jew by birth. With the rise of Adolf Hitler to power, Einstein had to flee Germany to England and later to USA. Such was the hatred of Hitler towards Jews that he dubbed the Relativity Theory as ‘Jewish Science’ and banned its teaching in German schools and universities. He was supported in this ignoble venture by Philip Lenard, himself a Nobel Prize winner in Physics. This is one of the most sordid chapters in the history of twentieth century Science. But this tirade of Hitler and Lenard could not find general acceptance with the scientific community because of its deep-rooted commitment to the value of Universalism.
Communalism  
Communalism requires that scientific knowledge should be public knowledge. It also implies freedom of exchange of scientific information between scientists everywhere. It demands that scientists should be responsible to the scientific community for the trustworthiness of their published work.
The idea that the results of scientific research should be published for public knowledge started in Europe with the establishment of scientific academies, like the Royal Society of London in 1662 and the French Academy of Sciences in Paris in 1666. Since that time, it has become a tradition for all research scientists to publish the results of their research in Journals, whose numbers have now proliferated. The publication of any research work is not automatic. The paper communicated to a Journal undergoes a rigorous peer review and is accepted for publication only when it satisfies the virtue of trustworthiness.
The Principia Mathematica, Newton’s greatest achievement, was published in the year 1687. This contains the famous result about the application of his Gravitational Theory to the calculation of the orbit of the Moon around the Earth. The rudiments of this Theory were already ready 1n 1666, but Newton delayed its publication by 21 years. This delay is usually attributed to two causes: the first was that he had not proved an assumption he had made that the mass of a body can be considered to be concentrated in its centre, and the second was that he did not have the correct value of the distance between the centre of the Earth and that of the Moon. It was only after he had established the first and corrected the second did he deign to publish is book. This is an illustration of the kind of fidelity demanded by scientific research.
Freedom of exchange of information is a sine qua non for the growth of Science. That such an exchange is possible even in the midst of war is dramatically proved by the verification of Einstein’s General Theory of Relativity, referred to earlier. The epoch-making paper by Einstein was published in German in a Journal in Germany in 1916. This was the time when the First World War was in its most intense phase. Within a few months, it came to the attention of Arthur Eddington in Cambridge in England, who started raising funds for an expedition to South America to verify the theory at the time of the Solar Eclipse predicted to take place in 1919. Today, in retrospect, Eddington’s  project appears to have been foolhardy, but to him, a true scientist, the war was irrelevant. For him the more important thing was Einstein’s work. The verification of the General Theory of Relativity in 1919 firmly established its trustworthiness, leading to a revolutionary change in our concepts about the Universe.
Disinterestedness
This value requires that the results of bona fide scientific research should not be coloured or manipulated to serve considerations such as personal profit, ideology or expediency. In other words, they should be honest and objective. It is the impersonal nature of Science which is its greatest strength.

The best illustration to show how Science can get distorted if it is manipulated to suit an ideology is Soviet Science during the communist regime. In its desire to prove the superiority of Communism over Capitalism, the Soviet regime forced its scientific community to claim that most of the important scientific advances made by the West had already been done in the USSR much earlier. It was even claimed that the Theory of Relativity and Quantum Mechanics, which revolutionized human thought in this century, had already been discovered by Soviet scientists long before Einstein and Planck. The international community, however, could not swallow these tall claims, since there was no proof available.
Many times it may so happen that different groups around the world may be working on the same research problem simultaneously. In such a situation, there often arises the question as to which group came up with the solution first. To resolve such disputes, the scientific community has evolved a very efficient system. As soon as the results of a research work are communicated to a journal, the date of communication is registered. The paper is then sent to a set of referees, whose comments are essential to decide the quality of the work. If the paper is unconditionally accepted, it is published in the journal, indicating clearly the date on which it had been communicated. In the event of the same results being published by different authors or different groups of authors, the date of communication is taken to establish priority. When C.V.Raman made his famous discovery in February 1928, leading to the Raman Effect, he immediately wrote it up as a pamphlet, got it printed and rushed copies to all well known scientists in his field of research. There were two more groups working on the same problem, one in France led by Cabannes, and the other in Russia led by Landsberg and Mandelshtam. Since Raman publicized his results first, he was given the credit for the discovery and awarded the Nobel Prize in 1930.
Plagiarism, i.e., one scientist appropriating the work done by another, is not uncommon in Science. But, because of free communication, the unwritten code of checks and balances is si effective that people just cannot afford to get away with plagiarism. This is one of the greatest strengths of Science, that fraud gets detected easily and early, and also gets well publicized.
Organized Scepticism  
This value requires that statements should not be accepted only on the word of authority, but that scientists should have the freedom to question them and that the truth of any statement should finally rest on a comparison with observed fact.
The most dramatic example of this is the case of Chandrasekhar. He is famous for his work on the fate of stars whose mass happens to be greater than 1.4 times that of the Sun. His hypothesis was that such a star finally ends up as what we call today a Blackhole. This limit to the mass of the stars is now called the ‘Chandrasekhar Limit’. He discovered this result in the 1930’s during his sea voyage to England to join the Cambridge University. He showed these results to Arthur Eddington, of the General Theory of Relativity fame. Eddington pooh-poohed the idea and is reported to have said-‘Oh, yes, your Mathematics may be alright, but I don’t think your Physics is correct.’
Chandra nevertheless decided to go ahead and present his results in January 1935 at a meeting of the Royal Astronomical Society in London. According to the programme Eddington was supposed to present his paper after Chandra. Very confidently Chandra presented his work, hoping that the audience would appreciate his work. But, to his horror, Eddington, who followed him, ridiculed his work and cracked several unkind jokes at his expense. Chandra was just a young Indian student and had no one to support him. He was shocked and deeply disappointed and left Cambridge shortly thereafter for Chicago. But, later observations and calculations were to vindicate Chandra. He was honoured profusely by the scientific community, culminating in the Nobel Prize in 1983.

What is important to note here is that even a great scientist like Eddington could not help his personal preferences intruding into his perception of work done by others (Miller, 2005).
One more incident of a somewhat different nature, but illustrating the same value system, is that of Einstein. After his epoch-making research in Relativity and Quantum Theories, Einstein became convinced that Quantum Mechanics is incomplete and needs further refinement. He was particularly  and Heisenberg introducing probabilistic concepts into Quantum Theory and made the famous statement-‘God does not play dice with the universe’. In spite of Einstein’s stature, his objection and skepticism, it was the discovery of the younger scientists which gained acceptance, because it could predict and explain many new phenomena.
Innumerable are such instances in the history of Science, where ideas have accepted by the scientific community impartially, whether they came from well established scientists or novices. One of the greatest dangers faced in the realm of thought is credulousness, believing something just because somebody says so. The antidote to this is an uncompromising passion for Truth. It is a precious but vulnerable quality of the human spirit, and Science is its guardian. 
Technology

What does Science mean to the average person in the street? About three centuries ago, at the time of Newton, most of them would have been unaware of what Science is, except for a few who would have considered it a pastime for the rich. About a hundred and fifty years ago, they would have acknowledged that Science has made their lives more comfortable. They would have looked up to Science to improve their material standard of living.
Today the answer would be completely different. The growth of Science and its application to daily life in the form of Technology have been so breathtakingly rapid in the last century that there is a sense of disquiet. Most people would regard Science, and its off-shoot Technology, as a mixed blessing. It is generally accepted that Science is a noble undertaking and necessary for the expansion of human knowledge. The same cannot be said of Technology.

Let us take another look at the values of Science, enunciated earlier, and see how they are viewed by Technology. The value of Universalism demands that knowledge be truly international. This is not true of Technology. Thanks to the commercial exploitation of scientific research and the related Intellectual Property Rights, Technology has become the property of individuals or corporations. Consequently, it is no longer part of public knowledge, which is the basis of Communalism. With the growth of Military Science and Defense Research, many technological developments have become classified and inaccessible to the international community. This was particularly true of the Cold War era, when industrial and military espionage was at its highest. It was the experience of many of us to meet Soviet scientists in International Conferences who could speak excellent English, but were accompanied by ‘Interpreters’!
Technological research is not free of Ideology, unlike Science. The Russians launched the Sputnik in 1957 and claimed it as a triumph of Soviet Science and Technology. Not to be left behind, the Americans landed men on the Moon in 1969 and claimed it as the triumph of American Science and Technology. What was common between the two achievements was the Science. What was specific to each case was the Technology. Today, it has become a matter of prestige for countries which cannot properly clothe and shelter to join the race to manufacture or procure nuclear arms! The victim in all the cases is the poor among the population, along with the value system of Science!

It has become a fashion to blame Science for all these developments, while the responsibility should be laid squarely at the door of Technology. This is the stand taken in this book. We consider Science as that branch of human knowledge which deals with the search for Reality in the external world, irrespective of whether it has any useful application to human life at all. In this sense, it stands shoulder to shoulder with Vedanta, the subject matter of the First Part. Both these subjects are of equal importance to humanity and hence complement each other, rather than being at loggerheads.
Why is it that the majority of scientists today do not subscribe to this viewpoint? Why do they consider Spirituality mere superstition and unscientific? This is due to the way Science developed in Europe during the last two-and-a-half millennia. But today, thanks to the questions being raised in contemporary fields, like Quantum Mechanics, Relativity, Neurosciences etc., thinkers have been forced to reexamine their attitudes to Science and its relation to Spirituality. It is the object of this part of the book to trace the History of Science and show how this paradigmatic change has come about.
The subject matter is restricted to European or Western Science. The contributions from several other countries and cultures will be referred to in passing, to show that scientific research has been the pursuit of all cultures and civilizations in human history. 
The Dawn Of Science

Curiosity is a trait not only of humans but also of all animal species. But it is only the humans who are satisfied by simply observing phenomena. They also want to understand it and expand upon their understanding. This trait was manifested even before human civilizations and cultures came into existence. 
The most obvious things which come to our attention about this world have to do with phenomena like the rising and setting of the Sun, the twinkling of stellar objects, the regular periodicity of seasons etc. In early times, when human beings were hunters, leading a nomadic life, they had hardly any time to worry about these phenomena, because their entire effort was concentrated on survival in a hostile environment. With the discovery of fire and agriculture, it became possible for humans to settle down in a comfortable habitat, grow crops, cook food and raise livestock. This led to a more settled way of life, providing humans with ample leisure to start looking around and to wonder at nature and its multifarious vicissitudes. Thus began civilizations and cultures, mostly on the banks of rivers, with assured supply of water for irrigation and for drinking.
What began as a sense of awe and wonder at natural phenomena took the form of speculation, giving rise to rich mythologies. We tend to look upon these mythological speculations with condescension, as if they are the imaginings of juvenile minds. But we should not forget that it is these kinds of speculations that gave rise to what we today celebrate as Science. The only difference between Mythology and Science is that the former is based weakly on facts, whereas the latter strongly bases itself on facts.
It took a long time for mythological speculations to turn into Science and practically every ancient culture and civilization has contributed its mite to this effort. But the most enduring and influential has been that from the Greek Culture. This is not to deny or decry the contributions from other cultures. We cannot afford to forget the contributions of these cultures in the field of Astronomy, Mathematics and Metallurgy, especially in the development of tools. Who can afford to ignore the grand literature of the Indic people and their contributions to Mathematics as revealed in the recently discovered and deciphered Shulbasutras (Hawking, 2004)? The great achievements of the Egyptian and Mayan cultures in the construction of huge Pyramids are objects of wonder even today. The wonderful achievements of the Saraswati Valley civilization in town planning have also been recently documented (Kalyanaraman,      ). More and more of the contributions of these ancient cultures are still being unearthed.

But the Greeks score over all others, because they developed the methodology of proof, which continues to be in use even today and which forms the very foundation of Modern Science.  
It is not known if the other cultures had also similarly developed systems of proof as applied to natural phenomena. But in the absence of written records, no definite conclusions can be drawn. Hence, a closer look at how the Greeks achieved this might be worth the while.
Greek Contributions To Science  
