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Preface





In 1948 I was asked to deliver the Charles Beard Lectures at Ruskin College, Oxford. The subject I chose was ‘Science in Social History’. It was one that had interested me for many years and there seemed no difficulty in presenting it to an intelligent and unspecialized audience. When I came to give the lectures, and still more when I undertook to present them in book form, I began to realize that I had opened a subject that required far more study and hard thinking than I had given it up till then. It was, however, one far too fascinating to put down, and I decided to persevere in it. The first result of that intention is this book, one which I hoped to prepare in three weeks but which has already taken me twice that number of years. It is only now that I am beginning to understand what the problems are of the place of science in history.


Scientists in the past were able to neglect all but their immediate predecessors’ work and even to reject the traditions of the past as more likely to block than assist progress. Now, however, the troubles of the times, together with the inescapable connexion between them and the advance of science, have focused attention on the historical aspect of science. To find how to overcome the difficulties that face us and to release the new forces of science for welfare rather than destruction, it is necessary to examine anew how the present situation came about.


In the last thirty years, largely owing to the impact of Marxist thought, the idea has grown that not only the means used by natural scientists in their researches but also the very guiding ideas of their theoretical approach are conditioned by the events and pressures of society. This idea has been violently opposed and as energetically supported; but in the controversy the earlier view of the direct impact of science on society has become overshadowed. It was my purpose to emphasize once more to what extent the advance of natural science has helped to determine that of society itself; not only in the economic changes brought about by the application of scientific discoveries, but also by the effect on the general frame of thought of the impact of new scientific theories.


I soon found, however, that this involved far more than drawing up a catalogue of inventions and hypotheses and illustrating by examples how these affected economic and political developments. This had been done often enough already. If anything new and significant was to be hoped for nothing less would be adequate than a complete re-examination of the reciprocal relations of science and society. It would be as one-sided to assess the effects of science on society as of society on science.


Nor would it be enough to confine the inquiry to recent times. This might have sufficed if all that was sought was the effects of the material changes in the pattern of life brought about in the Industrial Revolution and at an accelerated pace ever since. But if in addition it was necessary to seek to discover how the advance of science had altered the whole frame of human thought, it would also be necessary to go back through the great controversies of the Renaissance about the nature of the heavens, and then still farther back to the Ancients, without whose theories the controversies would have no meaning.


There was nothing for it but to attempt to trace the whole story from the very origins of human society. This involved a parallel study of all social and economic history in relation to the history of science, a task well beyond the scope of any individual, even of those who have devoted their whole lives to historical studies. For a busy scientist untrained in the techniques of historical research it would be sheer presumption to attempt a serious full-scale analysis and presentation of this aspect of history. Yet there seemed some excuse for making a first attempt to sketch out the field, if only to stimulate, through its omissions and errors, others more leisured and better qualified to produce a more authoritative picture. Moreover, there was a compensating advantage in the position of a working scientist who has lived long enough to have followed through, and even participated in, the scientific movements of critical periods, both of science and of social change. I have indeed been exceptionally fortunate in having first-hand experience in the carrying out and organization of scientific work, and in seeing it called for and used for practical purposes both in peace and in war.


It is in the light of that experience that I have attempted to evaluate the conditions and attitudes that have prevailed inside and outside science in other times. No attempt is made here to present a chronologically uniform picture. The present century has witnessed such an immense upsurge of science and has seen that science used so rapidly and to such effect – to cite no other examples than penicillin and the atom bomb – that consideration of the development of twentieth-century science has required a good half of the book. Here the scientist of the day is in as good a position as the historian, and every reader can criticize from his own experience.


Science throughout is taken in a very broad sense and nowhere do I attempt to cramp it into a definition. Indeed, science has so changed its nature over the whole range of human history that no definition could be made to fit. Although I have aimed at including everything called science, the centre of interest of the book lies in natural science and technology because, for reasons that will be discussed, the sciences of society were at first embodied in tradition and ritual and only took shape under the influence and on the model of the natural sciences. The theme which constantly recurs is the complex interaction between techniques, science, and philosophy. Science stands as a middle term between the established and transmitted practice of men who work for their living, and the pattern of ideas and traditions which assure the continuity of society and the rights and privileges of the classes that make it up.


Science, in one aspect, is ordered technique; in another, it is rationalized mythology. Because it started as a hardly distinguishable aspect of the mystery of the craftsman and the lore of the priest, which remained separate over most of recorded history, science was long in establishing any independent existence in society. Even when it did find its own specific adepts in medicine, astrology, and alchemy, these formed for many ages a small group parasitic on wealthy princes, clerics, and merchants. It is only in the last three centuries that science has become traditionally established as a profession in its own right, with its specific education, literature, and fellowship. Now, in our own time, we are witnessing a beginning of a return to the earlier state of humanity through a general pervasion of science into all forms of practical activity and thought, bringing together once more the scientist, the worker, and the administrator.


The progress of science has been anything but uniform in time and place. Periods of rapid advance have alternated with longer periods of stagnation and even of decay. In the course of time the centres of scientific activity have been continually displaced, usually following rather than leading the migration of the centres of commercial and industrial activity. Babylonia, Egypt, and India have all been the foci of ancient science. Greece became their common heir, and there the rational basis for science as we know it was first worked out. That forward movement of human thought came to an end even before the final decay of the classical city States. There was little place for science in Rome and none in the barbarian kingdoms of western Europe. The heritage of Greece returned to the East from which it had come. In Syria, Persia, and India, even in far-away China, new breaths of science stirred and came together in a brilliant synthesis under the banner of Islam. It was from this source that science and techniques entered medieval Europe. There they underwent a development which, though slow at first, was to give rise to the great outburst of creative activity which resulted in modern science.


An unbroken and active tradition links us with the revolutionary science of the Renaissance, though we can distinguish in its development four major periods of advance. The first, centred in Italy, produced the renewal of mechanics, anatomy, and astronomy with Leonardo, Vesalius, and Copernicus, destroying the authority of the Ancients in their central doctrines of man and the world. The second, spreading now to the Low Countries, France, and Britain, beginning with Bacon, Galileo, and Descartes, and ending in Newton, hammered out a new mathematical mechanical model of the world. After an interval, the third transformation, centred in industrial Britain and revolutionary Paris, opened to science areas of experience, such as that of electricity, untouched by the Greeks. It was then that science could help in a decisive way with power, machinery, and chemicals, to transform production and transport. The fourth and greatest of all in extent and effect, if not in intrinsic intellectual performance, is the scientific revolution of our own time. We are witnessing the beginning of a world science, transforming old and creating new industries, permeating every aspect of human life. It is now also, during this period of transition, that we find science directly involved in the violent and terrible drama of wars and social revolution.


It is by now apparent that each of these great periods of science corresponds to one of social and economic change. Greek science reflects the rise and decline of the money-dominated, slave-owning iron age society. The long interval of the Middle Ages marked the growth and instability of feudal subsistence economy with little use for science. It was not until the bonds of feudal order were broken by the rise of the bourgeoisie that science could advance. Capitalism and modern science were born in the same movement. The phases of the evolution of modern science mark the successive crises of capitalist economy. The first two periods coincide with its early battles and its first success in establishing itself as the dominant economy in Holland and Britain. The third ushered in the factory system and seemed to forecast the triumph of a progressive capitalism allied to science. By the time the last had come capitalism was already overgrown and overreaching itself, and the new form of socialism was visibly struggling to replace it and to take over, in order to use in its own way the now proved forces of science.


To write this, however, is only to begin to state the problem. These rough equations between social and scientific development give rise to one central question. How in detail does a social transformation affect science? What gave the science of ancient Athens, of Renaissance Florence, of eighteenth-century Birmingham and Glasgow, its particular drive and novelty? How, conversely, did the achievements of the scientists of those times and places affect the industry, the commerce, the politics, and religion of their contemporaries? How much of that effect was permanent and how much a passing fashion? These are questions which I have examined and attempted to answer.


I have tried, in doing this, to take into account as many as I could of the relevant factors. I have tried to determine and describe the technical possibilities and limitations of each period, the degree of economic incentive for urging on and fixing securely the advances that were made. But advances are not made by impersonal forces, but by living men and women. Their lives and livelihoods, their motives, the relations with the political movements of the time, had all to be considered. It was necessary to estimate from their works and writings how far they were stimulated, or how far retarded, by the ideas they drew from old traditions or from the active controversies of their times.


At every turn this conflict between the forces tending to advance and those tending to retard science comes into prominence. We can perceive the positive progressive forces breaking through at the beginning of each critical advance, and the regressive forces of pedantry and obscurantism reasserting themselves at its close. Yet in each case the circumstances are different and require a separate examination.


It would be absurd to expect to find any simple explanations of the critical phases of the development of science. Nevertheless merely to bring out the connexions between social, technical, and scientific factors should be enough to lead to further study and to a deeper, even if unformulated understanding. I know myself that this returning to the past has inevitably coloured my comprehension of the present and my ideas of the future path of science. True, in science, more perhaps than in any other field of human enterprise, progress is possible, and has indeed largely occurred, without any knowledge of history; but that knowledge is bound to affect the future direction and course of science and, if the lessons of the past have been well read, progress will be quicker and surer.


This book represents a first attempt to put down in order some of these lessons of the past. It is not, nor is it intended to be, another history of science, though it must needs set out again much of that history and refer to more. Its aim is to bring out the influence of science upon other aspects of history, whether direct or indirect, through its effect on economic changes, or through its influence on the ideas of the ruling classes of the day or of those who are striving to supplant them. But, as will be seen, these influences are rarely clear-cut, nor are they usually one-way influences. Often enough the ideas which the statesmen and divines think they have taken from the latest phase of scientific thought are just the ideas of their class and time reflected in the minds of scientists subjected to the same social influences. Certainly much of the influence of Newton and Darwin in Britain was of that character, but this did not prevent them from being revolutionary when they were presented elsewhere against a different social background.


The more I followed up the social historical interactions of science the closer knit they appeared. I began to see something of the size and intricacy of the task I had attempted and the absolute impossibility of presenting at the same time a fully convincing and intelligible picture. If I did not put in enough I should be accused of imposing ready-made solutions; if I put in too much the reader would lose the clue in a mass of detail. I have sought the best compromise I could find, but what I have managed to produce is admittedly less well documented and less closely argued than the finished work I originally planned. It will succeed in the measure that the reader can follow the course of the history traced out. Rather than assenting to any particular conclusion of mine, I would wish him to look at history in a new way, to make his own discoveries and frame his own theories.


Length and time imposed severe limitations. I must write a book, not an encyclopedia, and I must bring it to an end in a finite number of years. These, and the fact that I have never been able to find any continuous stretch of time for writing but have had to take it up and drop it at odd intervals, are responsible for some of its defects, of which no one can be more aware than I. I know that the history is full of omissions and errors in detail that could have been put right had I had the time and the scholarship to discover and deal with them. I hope vigilant readers will point them out and not dismiss the whole work because in some field in which they have a special competence they have found me straying. What I must hope is that these errors as to established facts, as well as other errors which stem from gaps in the record, will not radically affect the validity of the theses I am sustaining. No scientist can be, nor can he seriously want to be, guaranteed against reversals of judgement in the long run. All he can hope for, as I do, is to establish enough valid and significant connexions between facts, even if they are later overthrown, to serve as a basis for finding new facts and new connexions.


The plan of the book was originally determined by that of the lectures from which it grew, but each lecture became first a chapter and has then swollen into a part containing a number of chapters. The introductory chapter (Part 1, Chapter 1) is one in which the major problems are stated, and there is some discussion in general on the nature and method of science and on its place in society. Because of its somewhat abstract character non-scientists might be advised to leave it until after reading the historical and descriptive portions. Those contained in Parts 2, 3, 4, and 5, making up the first half of these books, deal with the whole range of history from the dawn of human society to the eve of the twentieth century. Part 2, Chapters 2, 3, and 4, deals with the emergence of science from its forerunners in technique and social custom to its full formulation in the hands of the Greeks. In Part 3, Chapters 5 and 6 deal with the recovery and slow growth of a science and technology, through Islam and Christendom, to the end of the Middle Ages.


Part 4, which contains only Chapter 7, deals with the birth of modern science in the great revolutionary epoch of the Renaissance. It ends in the seventeenth century with a renewed science closely linked with a young and assertive capitalism. Part 5, Chapters 8 and 9, is mainly the record of the spread of an established science and its share in the transformation of industry in an era of capitalist domination up to the illusory golden age of the end of the nineteenth century.


Part 6 is nearly all devoted to the twentieth century and largely to contemporary science and politics. It is divided not by time, but by subject. Chapter 10 deals with the physical sciences, with the growth of the electrical and chemical industries, and with the culminating achievement, for ill or good, of the hydrogen bomb. Chapter 11 deals with the biological sciences and their impact on agriculture, medicine, and warfare. Chapters 12 and 13 enter the disputed field of the social sciences, which for continuity needs to be traced back beyond the confines of the century. In all the historic chapters, 2–13, the plan is first to present a picture of social and scientific development of each successive period, and then to bring out the relations between them. Part 7, Chapter 14, attempts to summarize and draw conclusions, with an eye to the future, from the whole of history.


The scope is evidently comprehensive, but to obtain the results aimed at this is necessary. A partial account would miss the point of presenting the total picture, for it would inevitably fail to question what is taken for granted in what is omitted. Even to leave out remote and uncertain origins would not do, for, as I hope to show, much of what is obscure and difficult in the science of our times and in its social context depends on attitudes and institutions passed down from those times.


No more need be written here. The book itself is the only test of whether I have succeeded in what I set out to do and to what degree it was worth doing.




 





J. D. B.


London, April 1954



















Preface to the Third Edition





The seven years that have passed since the printing of the second edition of Science in History have made necessary changes far greater than were needed for the second edition. The extent of these changes are themselves a sign of the times, in which both the range of human knowledge and the rate of its application to social life have given ample evidence that we are passing into a new era. In fact it is highly unlikely that another edition of this book on the basis of the present one will ever be produced. The changes that have occurred in recent years are such that a complete recasting of our appreciation of the importance and growth of science will be required.


It became evident already, in making the second edition, that to treat the twentieth century as a whole was becoming illogical. It was then beginning to appear that we had entered by 1940, with the war, a new era characterized at the outset by the discovery of nuclear fission and its use in the atomic bomb. In the twenty years since then, the Atomic Age has been enlarged to the Space Age. With it have come the less spectacular, but probably more important, practical applications of electronics to computation and automation. These changes have affected the science, the economics and the politics not only of a corner of Europe and America, as in the past, but of the whole world.


I have not attempted to deal specifically with the new era in the present edition, partly because of the enormous difficulties it would entail and partly because its character is still not sufficiently marked to give a coherent account of it by itself. We have seen so many fundamental changes in all fields of knowledge and practice in these years, that it will be inevitable that their analysis will bring about a complete revision of man’s attitude towards society and the world of nature. But, though new discoveries have been made and new applications carried out, this profound adaptation of human thought has not yet taken place. It would be prudent to give time for further analysis before attempting a separate description of this period.


Instead of doing this I have taken the whole of Part 6, ‘Science in our Time’, and have almost completely rewritten it. Changes have been made in the other chapters owing to the rapid advance of the history of science itself, but these are comparatively minor. I have included also, in the final chapter, 14, a special section on the effects of the enormous growth of science in the last decade and the increasing rapidity of its advance.


The essential character of the new changes is not to be measured merely by their external manifestations. The scientific-technical revolution, which could be fairly seen as far back as the thirties, is now recognized outside the world of science, particularly in politics, as the dominant feature of our time. Science is now what it certainly was not in earlier centuries, a necessity to the mere survival of the human race and at the same time the largest step in advance the human race has ever had to make. During the last decade man has achieved the fantastic adventure of leaving the planet and wandering in space: the whole scope of man’s understanding of the outer universe has been enormously enlarged.


Great as the conquest of space may be, the advances in the last few years in the study of the minutiae of matter and life are far greater, both in themselves as intellectual achievements and in their effect on human life. The first part of the twentieth century had witnessed the birth and the development of our knowledge of the physical atoms, culminating in the mid-century in the double-edged discovery of the utilization of atomic power and of nuclear bombs. This search is by no means ended: we have still to find a proper way of using thermonuclear power for peace and not for war.


With this has gone such an improvement, indeed transformation, of industrial processes, chemical even more than physical, that it has in principle relieved man from dependence on the wasting natural resources of the earth. Material abundance is here for the taking. The other great by-product of physical science has been the development of faster and larger computers and the discovery of the logic of their use in all human occupations involving skill and judgement, in administration as well as production. We have seen only the beginning of this revolution in automation, and already, in the advanced industrial countries such as the United States, it has produced a progressive and apparently irreversible pattern of unemployment, first affecting the manual workers in mass-production factories and now reaching into the office and even into the Board Room. Even if these ill effects are temporary – and I think they will be – the computer and the automatic factory have come to stay. They represent an enormous eventual liberation of the human mind as well as human body from heavy and dull tasks.


Unfortunately, this extraordinarily rapid evolution of understanding in techniques moves much faster than the social arrangements that control them. The new methods of production inevitably require social adaptations to cope with them successfully, and this fact is being discovered at the moment, especially in the old industrial countries. Socialist countries were already aware of it and their remarkable progress is largely due to their appreciation of the growing importance of science in its social context.


Within a few years mankind, first of all in the industrialized countries and then throughout the world, will be as much affected by these scientific and technical changes as by any changes that have occurred in previous history. The technical and scientific revolution of our days is of an importance transcending the earlier revolutions which brought agriculture and mechanical production: it implies great changes in the whole pattern of human life – a much greater emphasis on education and on training in how to use and to enjoy the new powers. This in turn will have a profound social effect. The old concept, which goes at least as far back as ancient Egypt, of an educated élite and a mass of illiterate peasants and workers, is bound to disappear, indeed is disappearing already. The archaic methods of control of production and consumption sanctified in the code of free-enterprise capitalism, which has become in reality monopoly capitalism, will have to make way for planned production and to make more and more use of mathematical and computational methods. In simple words, science implies socialism.


Great as have been these changes they are likely to be dwarfed by those that are coming now. In the second half of the twentieth century the great revolution has been in biology; not in one branch or another, but in the common fusing together of all branches of biology, from genetics to molecular structure. Discoveries have enabled the bridge to be made between what can be seen and felt in biological processes, and the mutual positions of the very atoms that comprise them. Discoveries are beginning to show how the nucleic acids, the carriers of heredity, transfer the information built into them, according to a code locked in the chromosomes, to the formation of the specific enzyme proteins which carry out the current living processes. The discovery and elaboration of these mechanisms, which has only just begun, should completely transform our understanding of life, making precise what was previously vague or incomprehensible, and by that means open up these processes to voluntary control. This is already being exercised in innumerable medical channels as well as in agriculture. The concept of the evolution of whole organisms introduced by Darwin has now been pushed back to the consideration of the evolution of the common molecular processes which occur in all life. The organic unity of all terrestrial life may now be considered as proved. This raises a new major problem as to how does this single chemical pattern maintain itself in its multiple forms, ranging from bacteria to human beings and oak trees.


This points again to the general convergence of all sciences in this century. It touches the problem of the origin of life itself and its relation to the origin of planets, stars and galactic systems. The connexion between microcosm and macrocosm has been transferred from the mystic imaginations of astrology to experimental, controllable facts.


Similar but not so dramatic discoveries have characterized the other boundary of biology, that which concerns itself with control and communications – the evolution of brain, of habit and consciousness of animals. This leads to consideration of the special social evolution of humanity itself, the noosphere of that imaginative thinker Teilhard de Chardin. For the first time in human history we can hope to trace precisely the whole field of knowledge from nebulae to politics. This general picture has already revealed a characteristic structure, one first found in outer space by the astronomer Charlier but really applying all the way through nature. We find everywhere a system of box within box of units, aggregating at a certain stage to form larger units which can then aggregate in turn. For example, gas and dust form stars, stars form clusters, clusters form galaxies, galaxies form galactic clusters and meta-galaxies. In an analogous way, organisms are composed of organs composed of tissues, composed of cells with organelles built from characteristic macromolecules such as the nucleic acids. All these are arrangements that exist not only in space but also in time. Each complex appears at a specific stage in its own evolution, but not everywhere at the same rate, for new stars are being formed today and organisms existed two or three thousand million years ago.


Our new knowledge is not, however, in any sense absolute, quite the contrary. We know better now what we do not know. But that is not an expression of scepticism, it is a programme for action. The provisional nature of science was never more evident. We have to learn at the same time how to carry on intelligent action knowing that we do not know. This demands the creation of what is effectively a new comprehensive branch of science, a real science of science, combining psychological, historical and material factors that lead to discovery and that will be needed in the planning of science.


The planning of science is, indeed, one of the most important characteristics of this latest phase of the scientific-industrial revolution. Long opposed by the old school of academic scientists it is now in full swing and is bound to spread on both the national and the international planes.


The success of planned science has tended to obscure the contrast between our ability to use the new knowledge in a practical way and our inability to comprehend it deeply. This is because it is felt in capitalist countries that to do so is certain to affect and even threatens to destroy long-established and revered philosophical and religious ideas. Yet this result can no more be avoided than were the effects of the earlier revolutions in science.


Science itself will be profoundly affected. The effects of the convergence of scientific disciplines and their overlapping into the social and economic fields are tending to create a unified science. This is not on the basis of any positivistic reinterpretations of words but on that of a deep thinking out of the implications of discoveries and the means of attaining them. This in turn is bound to affect the application of science, which will gradually spread over the whole of human activities.


These great changes in science and industry have moreover taken place in a period of social and economic transformation affecting the whole world. With growing speed and in the midst of struggles and atrocities unmatched in the past, the domination of imperialism, at least in its colonial form, is being successfully challenged. The use of the techniques inherited from the first industrial revolution had enabled the industrial nations of Europe and later of North America to take effective political and economic control of the whole world. This process of spreading imperialism is now being reversed and already the end of political colonialism is in sight. With its completion the whole population of the world will come to achieve the high standard of living of the formerly privileged fifth. This will mean multiplying by five the numbers of people affected by and ultimately contributing to the new scientific revolution.


The peoples of Asia and Africa and Central and South America are now entering, not as select élites but as masses, into the effective world of our time. But they have to enter a world torn by political divisions and armed with annihilating weapons. They are entering it precisely at a time when, owing to the first effects of the scientific revolution, the control of death has been achieved while the control of births has not. The world population is growing at such a rate that it is often referred to as ‘the population explosion’. The benefits of science are very poorly spread. The food provided by subsistence agriculture is only a small fraction of that which could be produced on the same land and with far fewer people by the use of modern techniques and chemical fertilizers.


Actually the difference between the standards of living of the peoples in the developed and in the under-developed world is not yet diminishing: it is increasing in a way that seems bound to lead to a crisis, and there is always the danger that a crisis of this sort might itself set off a first nuclear world war. This crisis can and must be avoided, but it can be avoided only by the efforts of the people themselves of all countries. For that they must get the necessary education and find the capital to build themselves a scientific and industrial complex which can provide for their needs.


In doing this we shall have, for the first time, the possibility of having one world at a level of intercommunicating culture and production mechanisms and one in which all are able to contribute to and enjoy the advance of science.


I have dealt with these subjects at greater length in this edition at the expense of omitting a certain amount of historical treatment of the social sciences. In general, I may sum up the change between this and earlier editions as one of extension of field, both scientifically and humanly, combined with a far greater degree of integration of different fields of science and of science with the processes of industry and politics.




 





J. D. B.


1965



















Preface to the Illustrated Edition





In 1965, the third edition of Science in History, dealing with the interrelations between science and society, was published. It was bound to need changing with the rapid development of both. Its main lines now require bringing up to date more than ever before. This is the object of this preface to the illustrated edition.


The scientific-technical revolution is in full swing and this is now generally recognized, but so far only in words. Its practical effect has yet to be fully appreciated and used. Already, however, it has produced effects which have disturbed world economics and politics. The tendencies discussed in Parts 6, 7 and 8 are more than ever apparent. In particular, the great gap between the developed world and the underdeveloped world, far from closing, is widening rapidly. While science is playing a larger and larger part in the advanced industrial countries, it is stagnant or even receding in those parts of the world which contain the bulk of its population. The effect of this is to bring about for the first time the possibility that humanity will extinguish itself by war or famine. Science, as it is now being used, contributes to making such a horrifying prospect not only possible but almost certain, and up till now there has been little evidence of factors which will cause this process to reverse. This vast prospect of Nemesis, however imminent, has caused little alarm and produced virtually no efforts to deal with it. It would seem there is a universal tacit conspiracy to avoid thinking about it by those responsible for creating the situation in the advanced countries, and the victims’ complaints are met with indifference and repression.


The great adventure of science seems, very sadly, to lead to such an end as negates all its original promise through the ages. Even now, although the resources spent on science are greater than they have ever been, most of them are being used for preparing and carrying out destruction. There is no space here to examine these facts but they are sufficiently clearly adumbrated in the book itself, the general optimistic tone of which is borne out by the past successes of science. What has made things go astray has been the association of science with the very same forces that caused its growth, namely, its links with the factors of capitalism and imperialism.


In this book, the history of science in the nineteenth and twentieth centuries is examined to bring out its potential, to tell us what can be done with the new powers as they are developed, how they can be used, and to show that they are not actually being so used. It would appear that the destructive aspect of applied science is determined by the possibilities of profit and its attendant manifestations of prestige and aggression.


It is the coincidence of these anticipated events that make the task of reprinting Science in History both timely and difficult. I have shown that the progress of science is both physically and biologically closely tied up with its use for war in nuclear weapons and biological poisons. The shape of science has been heavily distorted by this; but another process is also taking place. The scientific advances ordered – or at least paid for – by military interests are rapidly changing the face of war and making it even more cruel than it has ever been before. The effect is not limited to physical destruction. The mental effects of lying propaganda help to complete the process and react on the modern scientific aggressors themselves, producing a brutalization and distortion of scientific values on a scale beyond past imagination of horrors demonstrated in the calm discussions of ‘megadeaths’ and ‘overkill’ The men of the century of Big Science are being reduced to the worst kind of savage imaginable. Moreover, behind them lies a population whose values have been mentally corrupted by the policy and ideology of anti-communism.


These are general considerations. To examine the book in more detail and to bring out particularly those aspects that are new since the third edition, the following paragraphs may be useful. The first two volumes covering the time up to the Renaissance do not require much alteration. New discoveries in archaeology and history do not alter the general picture, but they do push the dates of the development of civilization further and further back. The great discovery of the prosperous town of 8000 B.C. at Lipesky Var on the Danube has shaken the theory of the Asiatic origin of agriculture, and the presence of portrait studies on stone must revise the whole history of art. There are probably some more surprises in store and the continuity of techniques and ideas that were later to give rise to science has been reaffirmed by new work on the Renaissance itself. We have to revise and give greater credit to the work of Leonardo da Vinci, whose last notebooks have been found after 300 years, wrongly catalogued, in Madrid. Other discoveries have shown that Newton’s work on the solar system was taken directly from Galileo.


The Industrial Revolution and its relation to the development of science is arousing much new interest. We are interested in the first industrial revolution not only in itself, but as the basis on which the second scientific-industrial revolution of our time has been built. These aspects have been discussed in a number of recent books among which the most important are Galbraith’s New Industrial State and Servan-Schreiber’s Le Défi américain. Our most modern industries are frankly based on recent developments in science, mainly in physics, electronics and control mechanisms. They are leading to automation and to its far greater application to management and administration. The firms concerned are now largely in the hands of a few United States corporations which are busy extending their control over all similar firms throughout the world and thus gaining control of all the key points of modern industry. Evolved as most of them were as auxiliaries to the war industries, particularly the aerospace industry, they constituted a concerted trio to control all the older forms and thus to master, physically, chemically and biologically, the whole world. It is difficult to see how this process can be arrested. The old capitalist powers, such as England, France and Germany, cannot by themselves, on account of their small size and outdated methods, hope to do so. Nor are they capable of effective union. Further, no single country possesses a large enough market to ensure a really autonomous modern industrial complex and, therefore, no single country can compete with American industry and Big Science; nor is it provided with adequate profit motives to check the American invasion.


It is now evident that the real source of wealth lies no longer in raw materials, the labour force or machines, but in having a scientific, educated, technological manpower base. Education has become the real wealth of the new age. Unfortunately, governments are reluctant to spend enough money on education and students are not attracted to scientific or technological studies, seeing more immediate advance and prestige in the traditional arts studies. Thus the American infiltration proceeds almost unchecked, at least from outside the United States. It remains to be seen how far the checks imposed by the President on U.S. investment abroad are effective in halting the process.


These are the problems facing the western capitalist states, but, all taken together, these comprise less than one-third of the world population. Leaving aside the Socialist world, we have the so-called Third World, who are not troubled with solving the problems of affluence but rather with the eternal problems of poverty, now much aggravated by the population explosion.


If the industrial states themselves cannot manage to build up an autonomous industry, what chance have the countries of the Third World to do so? The ‘aid’ which is being offered to them is plainly inadequate in quantity and is hedged with so many conditions that it takes more out of the countries than it gives them. Ideally, such countries, particularly those emerging from colonialism, should rely exclusively on their own resources of materials and men. In other words, they will have to pull themselves up by their own boot-straps. Nevertheless, to some extent they may receive genuine aid from the Socialist countries. Whether in fact they can succeed in the short time before famine conditions are upon them will depend upon the efforts of the peoples of the countries themselves and their genuine friends throughout the world.


The importance of science for history has now become a matter for government concern. It is being discussed widely in many countries and is the subject for international conferences. One aspect was discussed at the U.N. Conference on the Application of Science and Technology for the Benefit of the Less Developed Areas (Geneva, 1963) and, if it did not result in substantial help from science for the underdeveloped countries, showed at least that the subject was of interest and concern. In Britain, we have initiated the Science of Science Foundation which is actively discussing the kind of problems I have been considering in this preface and, indeed, has published a book on the subject entitled The Science of Science.


The original purpose of Science in History has now been fulfilled but its task has not ended. The period of the century which has witnessed the discoveries of atomic power, space navigation and electronic computers and has given us at its end the code of genetic reproduction, marks clearly not an end but a beginning. It is for the peoples of the world to insist that this new knowledge is used in the interests of human well-being.
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Note





In the first edition of this book, I avoided the use of footnotes. A few notes have been added to subsequent editions and are marked with an asterisk (*) or a dagger (†) (if there is more than one footnote on a page). The notes have been collected together at the end of each volume and are referred to by their page numbers.


The reference numbers in the text relate to the bibliography, which is also to be found at the end of each volume. The bibliography has eight parts that correspond to the eight parts of the book. Volume 1 contains Parts 1–3; Volume 2 contains Parts 4 and 5; Volume 3 contains Part 6; Volume 4 contains Parts 7 and 8.


Part 1 of the bibliography is divided into three sections. The first contains books that cover the whole work, including general histories of science. The second section contains histories of particular sciences and the books relevant to Part 1. The third section lists periodicals to which reference has been made throughout the book.


Parts 2, 3, 4 and 5 of the bibliography are each divided into two sections. The first section in each case contains the more important books relevant to the part, and the second the remainder of the books.


In Part 6 of the bibliography, the first section contains books covering the introduction and Chapter 10, the physical sciences; and the second section, Chapter 11, the biological sciences.


Part 7 of the bibliography contains books covering the introduction and Chapters 12 and 13, the social sciences.


Part 8 of the bibliography contains books covering Chapter 14, the conclusions.


The system of reference is as follows: the first number refers to the part of the bibliography; the second to the number of the book in that part; and the third, when given, to the page in the book referred to. Thus 2.5.56 refers to page 56 of the item numbered 5 in the bibliography for Part 2, i.e. Farrington’s Science in Antiquity.
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The Emergence and Character of Science

























Chapter 1


Introduction





This book is an attempt to describe and to interpret the relations between the development of science and that of other aspects of human history. Its ultimate object is to lead to an understanding of some of the major problems which arise from the impact of science on society. Civilization as we know it today would, in its material aspects, be impossible without science. In its intellectual and moral apects science has been as deeply concerned. The spread of scientific ideas has been a decisive factor in remoulding the whole pattern of human thought. Especially do we find in the conflicts and aspirations of our time a continual and growing involvement of science. Men live in fear of destruction by the atom bomb or biological weapons; in hope of living better lives through the application of science in agriculture and medicine. The two camps into which the world is now divided exemplify different objectives in the use of science. The urgency to reconcile them is also in part due to the catastrophic and suicidal nature of scientific warfare.


The march of events brings before us, ever more insistently, problems about science such as: the proper use of science in society, the militarization of science, the relations of science to governments, scientific secrecy, the freedom of science, the place of science in education and general culture. How are such problems to be solved? Attempts to solve them by appeals to accepted principles or self-evident truths have led so far only to confusion. They can give no clear answer, for instance, as to the responsibility of the scientist to the tradition of science, to humanity, or to the State. In a rapidly changing world little can be expected from ideas taken unaltered from a society that has vanished beyond recall. But this is not to say that the problems are insoluble, and in consequence to lapse into the impotent pessimism and irrationality that are so characteristic of intellectuals in capitalist countries today.1.60 Ultimately these problems must be solved and will be answered in practice in the process of finding the way of using and developing science most harmoniously and with the best results for humanity. Already much experience has been gained in countries where science has been consciously devoted to the tasks of construction and welfare. Even in Britain and America the experience of the use of science in war and war preparation has taught scientists something of what could be done in peace.1.2.295


But experience by itself is not enough, and indeed it can never operate alone. Consciously or unconsciously it is bound to be guided by theories and attitudes drawn from the general fund of human culture. In so far as it is unconscious, this dependence on tradition will be blind and will lead only to the repetition of attempted solutions that changed conditions have made unworkable. In so far as it is conscious, it must involve a deeper knowledge of the whole relation of science to society, for which the first requirement is the knowledge of the history of science and of society. In science, more than in any other human institution, it is necessary to search out the past in order to understand the present and to control the future.


Such an assertion would, at least until recently, have received scant support from working scientists. In natural science, and especially in the physical sciences, the idea is firmly held that current knowledge takes the place of and supersedes all the knowledge of the past. It is admitted that future knowledge will in turn make present knowledge obsolete, but for the moment it is the best available knowledge. All useful earlier knowledge is absorbed in that of the present; what has been left out are only the mistakes of ignorance. Briefly, in the words of Henry Ford, ‘History is bunk.’


Fortunately more and more scientists in our time are beginning to see the consequences of this attitude of neglect of history, and with it, necessarily, of any intelligent appreciation of the place of science in society. It is only this knowledge that can prevent the scientists, for all the prestige they enjoy, being blind and helpless pawns in the great contemporary drama of the use and misuse of science. It is true that in the recent past scientists and people at large got on very nicely in the comfortable belief that the application of science led automatically to a steady improvement in human welfare. The idea is not a very old one. It was a revolutionary and dangerous speculation in the days of Roger Bacon and was first confidently asserted by Francis Bacon (vol. 2) 300 years later. It was only the immense and progressive changes in science and manufacture that came about with the Industrial Revolution that were to make this idea of progress an assured and lasting truth – almost a platitude (vol. 4)– in Victorian times. It is certainly not so now, in these grim and anxious days, when the power that science can give is seen to be more immediately capable of wiping out civilization and even life itself from the planet than of assuring an uninterrupted progress in the arts of peace. Though even here doubt has crept in and some neo-Malthusians fear that even curing disease is dangerous on an overcrowded planet.


Whether for good or ill the importance of science today needs no emphasizing, but it does, just because of that importance, need understanding. Science is the means by which the whole of our civilization is rapidly being transformed. And science is growing; not, as in the past, steadily and imperceptibly, but rapidly, by leaps and bounds, for all to see. The fabric of our civilization has already changed enormously in our own lifetimes and is changing more and more rapidly from year to year. To understand how this is taking place it is not sufficient to know what science is doing now. It is also essential to be aware of how it came to be what it is, how it has responded in the past to the successive forms of society, and how in its turn it has served to mould them.


Some people take it for granted that, because science is affecting our lives more and more, it follows that the scientists themselves are in effective control of the mechanism of civilization and that in consequence they are immediately and largely responsible for the evils and disasters of our time. Most of those actually working in science know well enough how far this belief is from the truth. The use to which the work of the scientists is put is almost completely out of their hands. The responsibility of the scientists remains, therefore, a purely moral one. Even that responsibility is usually evaded in the tradition of science by the exaltation of the disinterested search for truth, irrespective of any consequences that may arise from it. This convenient evasion of responsibility, as we shall see (vol. 2), worked well enough as long as general social progress, largely thanks to science, seemed to be the order of the day. Then the scientist could identify himself reasonably easily with the current economic and political trends and be happy enough to be left alone to pursue his freely chosen path. But in the face of a world of increasing want, misery, and fear, and one too where science itself is more and more directly involved in the more unpleasant aspects of warfare, this attitude is beginning to break down. The moral responsibility of the scientist in the world of today is difficult to evade.


The alternative is not irresponsibility, but a more conscious and active social responsibility where, on the one hand, science can make an explicit contribution to the planning of industry, agriculture, and medicine, for ends of which the scientist can fully approve; and where, on the other hand, science can be so extended and transformed as to become an integral part of the life and work of all.


The change from a socially irresponsible to a socially responsible science is one which is only just beginning. Its nature and directives are not yet fully formulated. It is only one aspect, though a vital one, of the major social transformations from an economy motivated by individual acquisitiveness to one directed to common welfare. This is going to be one of the most momentous changes in the whole of human history, and hence it is of the utmost importance that it should be fully debated and well understood in advance, for it contains great dangers as well as unlimited possibilities. It is the need to achieve this transformation in the best way, and to secure the intelligent utilization of science at every stage in it, that is the strongest reason for the study of the relations of science and society in the past, for only through this study can it be adequately understood.


ASPECTS OF SCIENCE


Before beginning this inquiry something must be said on the meaning and scope of science itself. Now of course it might seem most natural and convenient to start with a definition of science. Professor Dingle, in his extensive review 1.53 of my book The Social Function of Science, demands that this should be done. According to him, the writer should begin




by identifying this phenomenon and delineating as clearly as possible what it was in itself, apart from any function it might have or any relation in which it might stand to other phenomena; and he would then proceed to consider the part it played, or could play; in social life.





My experience and knowledge have convinced me of the futility and emptiness of such a course. Science is so old, it has undergone so many changes in its history, it is so linked at every point with other social activities, that any attempted definition, and there have been many, can only express more or less inadequately one of the aspects, often a minor one, that it has had at some period of its growth. Einstein 1.55 has put this point in his own way:




Science as something existing and complete is the most objective thing known to man. But science in the making, science as an end to be pursued, is as subjective and psychologically conditioned as any other branch of human endeavour – so much so, that the question ‘what is the purpose and meaning of science?’ receives quite different answers at different times and from different sorts of people.





To a human activity which is itself only an inseparable aspect of the unique and unrepeatable process of social evolution, the idea of definition does not strictly apply1.5 (vol. 4).


More than any other human occupation, science is, by its very nature, changeable. It is also, as one of the latest achievements of humanity, changing most rapidly. Nor has it long had a separate existence. At the dawn of civilization it was only one aspect of the work of the magician, the cook, or the smith. It was not until the seventeenth century that it began to achieve an independent status; and that independence may itself be only a temporary phase. In the future it may well be that scientific knowledge and method will so pervade all social life that science will once again have no distinct existence. Since a definition is intrinsically impossible, the only way of conveying what is being discussed in this book as science will need to be an extensive and unfolding description. This will be the task of the later chapters, but here, as a clue to the more detailed treatment, is an attempt to analyse in a few words the major aspects in which science appears in the contemporary world.


Science may be taken, (1.1) as an institution; (1.2) as a method; (1.3) as a cumulative tradition of knowledge; (1.4) as a major factor in the maintenance and development of production; and (1.5) as one of the most powerful influences moulding beliefs and attitudes to the universe and man. In 1.6 the interactions of science and society are discussed. By listing these different aspects of science I do not intend to imply that there are as many different ‘sciences’. With any concept so wide-ranging in time, connexion and category, multiplicity of aspect and reference must be the rule. The word science or scientific has a number of different meanings according to the context in which it is used. Professor Dingle took the trouble to list ten of these taken from my book. In one case cited by him science is being contrasted with engineering, a matter of the degree of practical application; in another, the scientific method as a means of verification is contrasted with the intuitive recognition of discovery. All are significant uses of the word science, but to extract the full meaning from them, they need to be linked together in a general picture of the development of science. Of the aspects listed above, those of science as an institution and as a factor in production belong almost exclusively to modern times. The method of science and its influence on beliefs date back to Greek times, if not earlier. The tradition of knowledge passed on from parent to child, from master to apprentice, is the very root of science, existing from the earliest ages of man and long before science could be considered as an institution, or could have evolved a method distinct from common sense and traditional lore.





1.1 Science as an Institution


Science as an institution in which hundreds of thousands of men and women find their profession is a very recent development. It is only in the twentieth century that the profession of science has come to compare in importance with the far older professions of the, Church and the Law. It is also being recognized as something distinct from, though allied to, those of medicine and engineering, which are themselves becoming at the same time less dependent on tradition and more permeated by science. Its growing association with the specialized professions has tended to accentuate the separation of science from the common avocations of society. We shall have much to say in later chapters of the origin of this separation and of its dependence on the economic functions of science. It is sufficient here to draw attention to the fact that it exists most markedly in capitalist countries. Today, to many people outside its discipline, science appears to be an activity carried on by a sort of people, the scientists. The word itself is of no great age. Whewell first used the word ‘scientist’ in 1840 in his Philosophy of the Inductive Sciences: ‘We need very much a name to describe a cultivator of science in general. I should incline to call him a Scientist.’ These people are thought of as rather set apart: some working in obscure and inaccessible laboratories with strange apparatus, others occupied in intricate calculations and arguments, and all using languages which only their colleagues understand. This attitude has, in fact, some justification; while science grows and influences our daily lives more and more, it is not becoming more readily understandable. The actual practitioners of the several sciences have, in the course of time, moved almost imperceptibly into realms where they find it necessary to create special languages to express the new things and relations that they discovered, and have in the main not bothered to translate even the more interesting part of their work into ordinary language. Science has already acquired so many of the characters of an exclusive profession, including that of long training and apprenticeship, that it is popularly more easy to recognize a scientist than to know what science is. Indeed, an easy definition of science is what scientists do.


The institution of science as a collective and organized body is a new one, but it maintains a special economic character that was already there in the period when science was advanced by the separate efforts of individuals (vol. 2). Science differs from all other so-called free professions in that its practice has no immediate economic value. A lawyer can plead or give a judgement, a doctor can cure, a minister can conduct a marriage or give spiritual consolation, an engineer can design a bridge or a washing machine – all things for which people are willing to pay on the spot. They are to that extent free professions in that they can demand what the market can bear. The separate productions of science, apart from certain immediate applications, are not saleable, even though in the aggregate and in a relatively short time they may, by incorporation into technique and production, bring into being more new wealth than all the other professions combined. As a result, the problem of how to live has always been the first preoccupation of the scientist, and the difficulty of solving it has in the past been the primary cause that has held up scientific advance and is still, though to a lesser degree, holding it up today (vol. 4).


In earlier times science was largely a part-time or spare-time occupation of people of wealth and leisure, or of well-off members of the older professions. The professional court astrologer was as often as not also the court physician. This inevitably made it a virtual monopoly of the upper or middle classes. Ultimately both the tasks and rewards of science derive from social institutions and traditions, including, with more and more importance as time goes on, the institution of science itself. This is not necessarily a derogation of science. The social direction of science has been, at least until the recent drive for its militarization, a general and unexacting one, and may actually help an imaginative mind by forcing it to keep its attention on limited aspects of accessible experience. Thus, as we shall see (vol. 2), the search for the longitude was a fertile social directive in the physics and astronomy of the seventeenth and eighteenth centuries, as was the search for antibiotics in the twentieth.


The real derogation of science is the frustration and perversion that arise in a society in which science is valued for what it can add to private profit and the means of destruction (vol. 3). Not unnaturally, however, those scientists who see in such ends the only reason for which the society in which they live supports science, and who can imagine no other society, feel strongly and sincerely that all social direction of science is necessarily evil. They long for a return to an ideal state, which in fact never existed, where science was pursued purely for its own sake. Even G. H. Hardy’s definition of pure mathematics, ‘This subject has no practical use; that is to say, it cannot be used for promoting directly the destruction of human life or for accentuating the present inequalities in the distribution of wealth,’ has been belied by events. For both of these results have, during and since the last war, flowed from its study. In fact at all times the individual scientist has needed to work in close connexion with three other groups of persons: his patrons, his colleagues, and his public.


The function of the patron, whether a wealthy individual, university, corporation, or a department of State, is to provide the money on which the scientist must live and which will enable him to carry on his work. The patron will in return want to have something to say in what is actually done, especially if his ultimate object is commercial advantage or military success. It will apparently be less so only if he is operating from pure benevolence or in the pursuit of prestige or advertisement; then he will only want results to be sufficiently spectacular and not too disturbing.


In a Socialist society the function of the patron is taken over by the organs of popular government at all levels, from the factory or farm laboratory to the academy institute, and is radically changed in the process. Because such a government can, and indeed necessarily must, take a long-term view, the work of scientists is accepted as intrinsically valuable. Their support and the furthering of their work are a first charge on national and local revenues. In return the scientists are expected to understand their social responsibility, which is to co-operate in the plans for a better society, and so to order their work as to get the best results on both a long-term and short-term basis.


In general the scientist has to ‘sell’ his project to the patron, but he is unlikely to do so unless he can count on at least the tacit support of some of his fellow scientists, through the various institutions and societies to which they belong. These bodies have the duty of maintaining the intellectual status of science, but they do not, and cannot, except where science is planned, exercise much initiative in determining the fields of science that are to be studied, nor how much or how little work is to be done in them.


In the last resort it is the people who are the ultimate judges of the meaning and value of science. Where science has been kept a mystery in the hands of a selected few, it is inevitably linked with the interests of the ruling classes and is cut off from the understanding and inspiration that arise from the needs and capacities of the people. Bishop Sprat in his History of the Royal Society (1667) asks himself the question: Why have ‘the Sciences of mens brains, been subject to be far more injur’d by such vicissitudes, than the Arts of their hands?’ He concludes that it was because they had been




banish’d, by the Philosophers themselves, out of the World.… Whereas if at first it had been made to converse more with the senses, and to assist familiarly in all occasions of humane life; it would, no doubt, have been thought needful to be preserved, in the most Active, and ignorant Time. It would have escap’d the fury of the Barbarous people; as well as the Arts of Ploughing, Gard’ning, Cookery, making Iron and Steel, Fishing, Sailing, and many more such necessary handicrafts have done.





If to this is added, as it has been throughout the later stages of the development of capitalism, the use of science to intensify manual work, to create unemployment, and to make war, there is an inevitable growth of suspicion and hostility to science on the part of the workers (vol. 2). Science developing in this way is a limited science, hardly even a half-science, compared with its potential when it is an understood and valued part of a fully popular movement.


Any full understanding of science as an institution can come only after it has been studied from its origins in earlier institutions. It will be necessary to study the changes that it has undergone, especially in recent years, and to show how, as an institution, it interacts with others and with the general workings of society.


1.2 The Methods of Science


The institution of science is a social fact, a body of people bound together by certain organizing relations to carry out certain tasks in society. The method of science is by contrast an abstraction from these facts. There is a danger of considering it as a kind of ideal Platonic form, as if there were one proper way of finding the Truth about Nature or Man, and the scientists’ only task was to find this way and abide in it. Such an absolute conception is belied by the whole history of science, with its continual development of a multiplicity of new methods. The method of science is not a fixed thing, it is a growing process. Nor can it be considered without bringing out its closer relations with the social, and particularly the class, character of science. Consequently scientific method, like science itself, defies definition. It is made up of a number of operations, some mental, some manual. Each of these, in its time, has been found useful, first in the formulation of questions that seem urgent at any stage and then in the finding, testing and using the answers to them. In the past questions to which rational answers could be given were mostly in the fields of the mathematical sciences, such as astronomy and physics. In all other fields there were only particular results found by experience and guaranteed by technical usefulness. Later, the scientific method came to be applied and modified in the fields of chemistry and biology, and now, in our own time, we are just beginning to learn how to apply it to problems of society.


Now the study of the method of science has proceeded much more slowly than the development of science itself. Scientists find out things first, and then, rather ineffectively, muse on the way in which they were discovered. Unfortunately, most of the books written about the methods of science have been by people who, though philosophically or even mathematically gifted, are not experimental scientists and strictly speaking do not know what they are talking about (vol. 3).


OBSERVATION AND EXPERIMENT


The methods used by working scientists have evolved from a separation of methods used in ordinary life, particularly in the manual trades. First you have a look at the job and then you try something and see if it will work. In more learned language, we begin with observations and follow with experiments. Now everyone, whether he is a scientist or not, observes; but the important things are what to observe and how to observe them. It is in this sense that the scientist differs from the artist. The artist observes in order to transform, through his own experience and feeling, what he sees into some new and evocative creation. The scientist observes in order to find things and relations that are as far as possible independent of his own sentiments. This does not mean that he should have no conscious aim. Far from it; as the history of science shows, some objective, often a practical one, is almost an essential requirement for the discovery of new things. What it does mean is that in order to achieve its goal in the inhuman world, deaf to the most emotional appeal, desire must be subordinated to fact and law.


CLASSIFICATION AND MEASUREMENT


Two techniques have in time grown out of naïve observation: classification and measurement. Both are, of course, much older than conscious science, but they are now used in quite a special way. Classification has become in itself the first step towards understanding new groups of phenomena. They have to be put in order before anything can be done with them. Measurement is only one further stage of that putting in order. Counting is the ordering of one collection against another; in the last resort against the fingers. Measuring is counting the number of a standard collection that balance or line up with the quantity that is to be weighed or measured. It is measurement that links science with mathematics on the one hand, and with commercial and mechanical practice on the other. It is by measurement that numbers and forms enter science, and it is also by measurement that it is possible to indicate precisely what has to be done to reproduce given conditions and obtain a desired result.


It is here that the active aspect of science comes into the picture – that characterized by the word ‘experiment’. An experiment, after all, as the word indicates, is only a trial, and early experiments indeed were full-scale trials. Once measurement was introduced it was possible not only to reproduce trials accurately, but also to take the somewhat daring step of carrying them out on a small scale. It is that small-scale or model experiment that is the essential feature of modern science. By working on a small scale far more trials can be carried out at the same time and far more cheaply. Moreover, by the use of mathematics, far more valuable results can be obtained from the many small-scale experiments than from one or two elaborate and costly full-scale trials. All experiments boil down to two very simple operations: taking apart and putting together again; or, in scientific language, analysis and synthesis. Unless you can take a thing or a process to bits you can do nothing with it but observe it as an undivided whole. Unless you can put the pieces together again and make the whole thing work, there is no way of knowing whether you have introduced something new or left something out in your analysis.


APPARATUS


In order to carry out these operations, scientists have, over the course of centuries, evolved a complete set of material tools of their own – the apparatus of science. Now apparatus is not anything mysterious. It is simply the tools of ordinary life turned to very special purposes. The crucible is just a pot, the forceps a pair of tongs. In turn, the apparatus of the scientist often comes back into practical life in the form of useful instruments or implements. It is not very long, for instance, since the modern television set was the cathode-ray tube, a purely scientific piece of apparatus devised to measure the mass of the electron. Scientific apparatus fulfils either of two major functions: as scientific instruments, such as telescopes or microphones, it can be used to extend and make more precise our sensory perception of the world; as scientific tools, such as micro-manipulators, stills, or incubators, it can be used to extend, in a controlled way, our motor manipulation of the things around us.





LAWS, HYPOTHESES, AND THEORIES


From the results of experiments, or rather from the mixture of operation and observation that constitutes experiments, comes the whole body of scientific knowledge. But that body is not simply a list of such results. If it were, science would soon become as unwieldy and as difficult to understand as the Nature from which it started. Before these results can be of any use, and in many cases before they can even be obtained, it is necessary to tie them together, so to speak, in bundles, to group them and to relate them to each other, and this is the function of the logical part of science. The arguments of science, the use of mathematical symbols and formulae, in earlier stages merely the use of names, lead to the continuous creation of the more or less coherent edifice of scientific laws, principles, hypotheses, and theories. And that is not the end; it is here that science is continually beginning, for, arising from such hypotheses and theories, there come the practical applications of science. These in turn, if they work, and even more often if they do not, give rise to new observations, new experiments, and new theories. Experiment, interpretation, application, all march on together and between them make up the effective, live, and social body of science.


THE LANGUAGE OF SCIENCE


In the process of observation, experiment, and logical interpretation, there has grown up the language, or, rather, the languages, of science that have become in the course of time as essential to it as the material apparatus. Like the apparatus, these languages are not intrinsically strange, they derive from common usage and often come back to it again. A cycle was once kuklos, a wheel, but it lived many centuries as an abstract term for recurring phenomena before it came back to earth as a bicycle. The enormous convenience of making use of quite ordinary words in the forgotten language of Greece and Rome was to avoid confusion with common meanings. The Greek scientists were under the great disadvantage of not having a word – in Greek – for it. They had to express themselves in a roundabout way in plain language – to talk about the submaxillary gland as ‘the acorn-like lumps under the jaw’. But these practices, though they helped the scientists to discuss more clearly and briefly, had the disadvantage of building up a series of special languages or jargons that effectively, and sometimes deliberately, kept science away from the ordinary man. This barrier, however, is by no means necessary. Scientific language is too useful to unlearn, but it can and will infiltrate into common speech once scientific ideas become as familiar adjuncts of everyday life as scientific gadgets (vol. 4).





THE STRATEGY OF SCIENCE


This discussion of the method of science has been limited so far to what might be called the tactics of scientific advance. This is primarily a method of solving problems and being reasonably sure that the solutions are satisfactory. It is clearly insufficient by itself to explain the advance of science as a whole over long periods of time. To complete the picture it is necessary to say something of what corresponds to the strategy of science. Now, of course, there is no absolute need for science to have a conscious strategy in order to advance, and indeed in earlier times it certainly was not directed with any long-term ends in view. Nevertheless, as we shall see, the path of advance of science was by no means a random one, and all the time something like a strategy must have been operating, unconsciously for the most part, but sometimes consciously as well.


The essential feature of a strategy of discovery lies in determining the sequence of choice of problems to solve. Now it is in fact very much more difficult to see a problem than to find a solution for it. The former requires imagination, the latter only ingenuity. This is the sense of Kosambi’s definition of science as the cognition of necessity. The general advance of science has, in fact, taken place in following out the solutions of problems set in the first place by actual economic necessity, and only in the second place arising out of earlier scientific ideas. At any given time there are usually a set of challenging problems like the doubling in bulk of the cubic altar at Delphi, which involved extracting a cube root, or the finding of the longitude, which led to Newton’s laws, or the curing of the silkworm disease in France, which helped Pasteur to arrive at the idea of the germ theory of disease. The danger in science is that the number of such recognized classical problems tends to be limited. The efforts of scientists, generation after generation, are concentrated on solving them and on elaborating on the solutions.


It is this tendency that has kept science for long periods of its history within narrow bounds. It is by breaking with it and finding new problems in outside life that it expands into new fields. Some of the greatest scientists of the past, like Newton, Darwin, and Faraday, set themselves to find and solve problems according to a plan of their own. Faraday,1.58 for instance, early in his career set himself the general problem of finding the connexions between the separate forces of physical Nature – light, heat, electricity, and magnetism – and taking them pair by pair, nearly completed the programme (vol. 2).


Now we are beginning to see that what could be done consciously, though on a small scale, by such great individuals is an essential part of the growth of science, and we are finding it possible to plan science consciously on a collective rather than a purely individual basis. Here the wider problem comes from the need to reconcile and combine the questions arising from the social and economic requirements on the one hand, and the intrinsic developments of science on the other. This, however, involves, for its full advantages to be discovered and used, a far greater control over the economic life of the country than is to be found outside Socialist countries. These advantages are, nevertheless, so great in the long run that no nation will be able to hold its own in the world without making positive and planned use of science. Consequently, the advance of science and its increasing utilization in social life are likely in the future to take a far more rational and less accidental course than in the past.


Viewed in the perspective of evolutionary history, science marks a conscious elaboration of the experience provided by the sensory and motor organs of the body. It extends consciously and socially the unconscious processes of learning, common to all higher animals. An animal can learn by experience; man in using science goes beyond this and experiences to learn. In the same sense the scientific method itself, with its codified processes of comparison, classification, generalization, hypothesis, and theory, is an extension of the mechanism of the brain, which had already evolved in the higher mammals the capacity of dealing with highly complex situations, such as those involved in hunting. The essential difference, however, between these animal performances and the achievements of human science is that the latter is no longer an individual but a social achievement. It arises from the co-operative effort of work and is co-ordinated by language.


SCIENCE AND ART


The extension of the physical powers of man through science is no longer, as in animals, a continuous, almost automatic, evolutionary process. It comes about as a necessary correlate of social changes and is marked by the same internal struggles and conflicts of successively emerging classes. Bearing always in mind the inseparability of science from society, it may yet be useful to abstract still further and to consider the features of science which distinguish it from other aspects of human social activity, such as those of art or religion. The major grounds for the distinction of the scientific aspect are that it is concerned primarily with how to do things; that it refers to a cumulative mass of knowledge of fact and action; and that it arises first and foremost in the understanding, control, and transformation of the means of production – that is of techniques for providing human needs.


The first of these distinctions can be expressed by saying that the mode of science is indicative, in that it can indicate or show people how to do what they want to do. In itself the scientific mode does not attempt to make people want to do one thing rather than another. That is more properly the task of the artistic mode, a mode equally social, one of whose functions it is to generate first the wish and then the will for specific action.1.2.146 Neither of these modes is complete without the other and, in fact, neither in science nor in art is one to be found without the other. Nor between them do they exhaust the significance of art or science for the individual. Beyond them, and common to all forms of human achievement, is the intrinsic pleasure produced in the contemplation, or still more in the creation, of new combinations of words, sounds, or colours, or in the discovery of combinations already existing in Nature. This pleasure, though felt individually in the first place, is by no means a private emotion. As the first interest derives from society, so the contemplative act is social at one remove, as is shown by the intense desire, common to artist and scientist, to communicate it.1


Every work of science has a purpose and generates a further purpose, but that purpose is not the characteristically scientific aspect of the work, neither is it the beauty or pleasure to be appreciated in the work of science. In its purely scientific aspect, it is a recipe: it tells you how to carry out certain things if you want to do them. Nor, on the other hand, is a work of art something that merely moves or pleases. Works of art themselves contain invaluable information about the world and how to live in it, especially when, as in the novel, they deal with social problems. 


In stating these abstract characteristics of science, there is always the danger that the abstract may be taken as the ideal, that is, what science should be if only all the unessential aspects of social morality or usefulness could be removed. Indeed, the ideal of pure science – the pursuit of Truth for its own sake – is the conscious statement of a social attitude which has done much to hinder the development of science and has helped to put it into obscurantist and reactionary hands. It should always be remembered that science is complete only if the indications are followed. Science is not a matter of thought alone, but of thought continually carried into practice and continually refreshed by practice (vol. 4). That is why science cannot be studied separately from technique. In the history of science we shall repeatedly see new aspects of science arising out of practice and new developments in science giving rise to new branches of practice. The professions of the modern engineer are very largely directly due to scientific progress. The very names of the different kinds of engineers there are today, electrical engineers, chemical engineers, radio engineers, indicate that they were all originally branches of science that have now become branches of practice.


SCIENTIST AND ENGINEER


But the fact that the engineers have arisen from the scientists, and are continually and closely linked with them, does not mean that the two professions are indistinguishable. In fact, the functional aspects of the scientist and the engineer are radically different. The scientist’s prime business is to find out how to do things, the engineer’s is to get them done. The responsibility of the engineer is much greater, in the practical sense, than that of the scientist. He cannot afford to rely so much on abstract theory; he must build on the traditions of past experience as well as try out new ideas. In certain fields of engineering, indeed, science still plays a subsidiary role to experience. Ships today, although full of modern scientific devices in their engines and controls, are still built by men who have based their experience on those of older ships, so that one may say that the building of ships, from the first dug-out canoe to the modern liner, has been one unbroken technical tradition. The strength of technical tradition is that it can never go far wrong – if it worked before, it is likely to work again; its weakness is that it cannot, so to speak, get off its own tracks. Steady and cumulative improvement of technique can be expected from engineering; but notable transformations, only when science takes a hand. As J. J. Thomson once said, ‘Research in applied science leads to reforms, research in pure science leads to revolution.’1.66.199 At the same time engineering successes, and even more engineering difficulties, furnish a continually renewed field of opportunity and problems for science. The complementary roles of science and engineering mean that both need to be studied to understand the full social effects of either.


1.3 The Cumulative Tradition of Science


So far, in discussing the institution and character of science, we have not explicitly stressed one aspect that distinguishes scientific and technical advance from all other aspects of social achievement. This feature of the sciences is their cumulative nature. The methods of the scientist would be of little avail if he had not at his disposal an immense stock of previous knowledge and experience. None of it probably is quite correct, but it is sufficiently so for the active scientist to have advanced points of departure for the work of the future. Science is an ever-growing body of knowledge built of sequences of the reflections and ideas, but even more of the experience and actions, of a great stream of thinkers and workers. To know what is known is not enough; to call himself a scientist, a man needs to add something of his own to the general stock. Science at any time is the total result of all that science has been up to that date. But that result is not a static one. Science is far more than the total assembly of known facts, laws, and theories, criticizing and often destroying as much as building. Nevertheless, the whole edifice of science never stops growing. It is permanently, as we may say, under repair; but it is always in use.


It is this cumulative nature that marks off science from the other great human institutions, such as those of religion, law, philosophy, and art. These, of course, have histories and traditions far longer than those of science, and to which far greater attention and respect are paid, but they are not in principle cumulative. Religion is concerned with the preservation of ‘eternal’ truth, while with art it is individual performance rather than the school that matters. The scientist, on the other hand, is always deliberately striving to change accepted truth, and his work is very soon assimilated, superseded, and lost as in individual performance. Not only the artists and poets themselves, but whole peoples look at, hear, or read the great works of art, music, and literature of the past in the original or in close reproduction or translation. They are, by virtue of their direct human appeal, always alive. By contrast, only a small minority of scientists and scientific historians, and hardly anyone else, study the great historic works of science. The results of these works are incorporated in current science, but originals are buried. It is the established relations, facts, laws, and theories, that matter for most purposes, not the manner of their discovery or presentation.1.25; 1.32; 1.34


There is, moreover, a profound difference of another kind between the tradition of the sciences, particularly of the natural sciences, and those of religion or of the liberal arts. The latter are arbitrary in the sense that their final court of appeal is a revelation or judgement handed down by oral or written tradition. In so far as they lay claim to a rational justification, it is one of idealist logic. On the other hand, the tradition of science, and with it that of technology, from which it arose, is one which can be directly checked by reference to verifiable and repeatable observations in the material world. However old or new, each acquisition of science can be subjected at any time to tests on determinate materials with determinate apparatus. The truth of science, as Bacon pointed out long ago (vol. 2), is the success of its application to material systems, whether inanimate, as in the physical sciences; living organisms, as in the biological sciences; or human societies, as in the social sciences. It is only in so far as in the last of these there is little or no experiment that it has not yet gained the status of a true science (vol. 4). By sciences in this sense we refer necessarily to those parts of human knowledge which are sufficiently developed to be used to improve practice directly and are not merely orderly descriptions of obvious facts. It is unquestionable that the Greeks had a biology and even a sociology as well as mathematics and astronomy; but whereas the latter two could be used for the planning of towns and the prediction of heavenly events, the former only explained to the learned in an orderly fashion what was known to every farmer, fisherman, or politician. Scientific biology of real use to medicine was hardly to appear before the ninteenth century, and scientific sociology is only just beginning.


The stages by which the accumulation of scientific knowledge and techniques has taken place will be described, though not discussed in detail, in subsequent chapters. This is properly the task of a history of science, which this book does not claim to be, though such a critical history of science, going beyond the facts of discovery to ascertain the reasons, has yet to be written. Here it is sufficient to indicate some of the general principles that have ruled the building of the edifice of science.


THE PATTERN OF SCIENTIFIC AND TECHNICAL ADVANCE


In the first place, history shows a definite succession of the order in which regions of experience are brought within the ambit of science. Roughly it runs: mathematics, astronomy, mechanics, physics, chemistry, biology, sociology. The history of techniques follows an almost inverse order: social organization, hunting, domestic animals, agriculture, pottery, cooking, cloth-making, metallurgy, vehicles and navigation, architecture, machinery, engines. The reason for this is easy to see. Techniques must first arise from man’s concern with his biological environment and only gradually pass to the control of inanimate forces. The actual order of the development of the sciences, on the other hand, is not so easy to explain. It is only partly conditioned by internal difficulties. In fact, as their histories show, the sciences of the more complex parts of Nature, such as biology and medicine, were derived directly by study of their subject-matter, with little help and often much hindrance from the sciences of the simpler parts, such as mechanics and physics (vol. 2). The time sequence of the sciences fits even more closely the possibly useful applications which were in the interest of ruling or rising classes at different times. The regulation of the calendar – a priestly function – gave rise to astronomy; the needs of the new textile industry – the interest of the rising manufacturers of the eighteenth century – gave rise to modern chemistry (vol. 2).


If we turn from the general paths of advance in science to the detailed sequences of discovery, certain general patterns appear. In any particular field there are found long chains of successive discoveries – like those, for example, of electricity in the eighteenth century (vol. 2), or of atomic physics in the twentieth (vol. 3). These usually start and end with some crucial discovery that opens up whole new ranges of science. Such discoveries occur most often through the coming together of scientific disciplines previously thought to be distinct, as occurred, for example, in Oersted’s accidental discovery of the effect of electricity on a magnet (vol. 2), or in Pasteur’s chance discovery of the asymmetric nature of molecules produced by living organisms (vol. 2), which linked chemistry with bacteriology. From each of these intersections of disciplines or crucial discoveries of science there usually spring two or three new branches, each of which can continue as a new chain of discovery. The whole of the picture is therefore like an indefinitely complicated interlacing of investigation and discovery, something like the ancient Peruvian quipu which conveyed messages by sequences of knots on cords, themselves complexly knotted together.


THE ROLE OF GREAT MEN


Both the long chains of investigations and the branching points of crucial discoveries are essential to the progress of science, but whereas the former are the fruit, for the most part, of the application of numbers of painstaking but ordinary minds, the latter are usually associated with the great men of science. This has led to a concept of science as if it were due solely to the genius of great men, and were consequently largely divorced from the effect of social and economic factors. The hold of the ‘great men’ myth on the history of science has indeed lasted far longer than in social and political history. Many histories of science are, in fact, little more than the stories of great discoverers to whom came in a kind of apostolic succession epoch-making revelations of the secrets of Nature. Now great men have had decisive effects on the progress of science, but their achievement cannot be studied in isolation from their social environment. It is through failure to see this that it is so often felt necessary to explain their discoveries by resorting to ‘know nothing’ words such as ‘inspiration’ or ‘genius’. Great men are thus lessened in stature and cheapened by those too limited or too lazy to understand them. The fact that they are men of their time, subject to the same formative influences and suffering the same social compulsions as other men, only enhances their importance. The greater the man, the more he is soaked in the atmosphere of his time; only thus can he get a wide enough grasp of it to be able substantially to change the pattern of knowledge and action.


Nor is the great man self-sufficient in any cultural field, least of all in science. For no discovery of any effective kind can be made without the preparatory work of hundreds of comparatively minor and unimaginative scientists. These latter accumulate, most often without understanding what they are doing, the necessary data on which the great man can work. Individual human beings have an enormous range of mental variation. Only a few are likely to contribute to science, though more have the opportunity of doing so in our time than ever before and far more are likely to do so in the near future. Those selected or selecting themselves for scientific interest are likely to differ in almost all other particulars. This gives a great variety to science, but the equally necessary unity comes from the controls, unconscious or conscious, that society exercises on it. It is this socially imposed unity of science that makes it possible to see it as one co-operative effort of man to understand and thus control his environment (vol. 4).


1.4 Science and the Means of Production


All the characteristics given in the preceding paragraphs may serve to describe science – as an institution, as a method, as a growing and increasingly organized collection of experiences. By themselves, however, they cannot explain either the major functions of science today or the reasons why science originally arose as a specialized kind of social activity. This explanation is to be found in the part that science has played in the past and plays today in every form of production. The history of the elaboration of man’s means of control over his inorganic and organic environment, as it will be sketched in succeeding chapters, shows that this has taken place in stages, each marked by the appearance of some new material technique. Even now in archaeological terms (first put forward by Thomsen in 1836 but founded on traditions of great antiquity passed on by Hesiod and Lucretius) we describe the eras of the past in terms of materials – the Stone Age, the Bronze Age, the Iron Age (though we have lost the Golden Age). We continue with the ages of steam and electricity, and have now entered the atomic age or space age.


Materials in themselves, however, are no use to man; he must learn to fashion them. Even the original material (madera – wood – hyle) had to be torn from the tree to make a club or a spear. It was in the ways of extracting and fashioning materials so that they could be used as tools to satisfy the prime needs of man that first techniques and then science arose. A technique is an individually acquired and socially secured way of doing something; a science is a way of understanding how to do it in order to do it better. When we come to examine in greater detail, in later chapters, the first appearance of distinct sciences and the stages of their development it will become increasingly plain that they evolve and grow only when they are in close and living contact with the mechanism of production.


Science has had a history of remarkable unevenness; great bursts of activity are followed by long fallow periods until a new burst occurs, often in a different country. But the where and when of scientific activity are anything but accidental. Its flourishing periods are found to coincide with economic activity and technical advance. The track science has followed – from Egypt and Mesopotamia to Greece, from Islamic Spain to Renaissance Italy, thence to the Low Countries and France, and then to Scotland and England of the Industrial Revolution – is the same as that of commerce and industry. In earlier times science followed industry; now it is tending to catch up with it and lead it as its place in production becomes clearly understood. Science was learned from the wheel and the pot; it created the steam-engine and the dynamo (vol. 2).


Between the bursts of activity there have been quiet times, sometimes periods of degeneration such as that of the later Egyptian dynasties, or of late classical times, or of the early eighteenth century. These, we shall see, coincide with periods when the organization of society was stagnant or decadent, so that production followed traditional lines and concern with it was considered to be debasing for a man of learning.


Now the observation of the close association between science and the technical change does not in itself explain the origin and growth of science; we still need to know the social factors determining the technical changes themselves. The converse relation of technical factors in society is obvious enough. The technical level of production at any period puts a limit to the possible forms of social organization. It would be useless to look for an extensive national State in the Stone Age, when food-gathering and hunting limited the effective social unit to a few hundreds ranging over a wide territory. Nor could the modern urban civilization arise until the combination of agricultural and industrial improvements made it possible to maintain a majority of the population away from the land (vol. 2).


Nevertheless, changes in technique are not so simply determined by social organization. It would be very wide of the mark to assume that mankind has in the past acted as one intellectual unit, seeking always to use existing means to provide the best for all men and searching always for the best means of extending man’s powers over Nature. In fact, as will be shown in the ensuing chapters, throughout the greater part of history improvements in technique have arisen mostly under the stimulus of the immediate advantage they would give to certain individuals or classes, often to the detriment of others, and sometimes, as in war – a perennial source of ingenuity – to their destruction. The form of society depends, in the last resort, on the relations between men in the production and distribution of goods – relations nearly always of undue advantage to the rich over the poor, and sometimes of direct compulsion, as in slavery.


As will be shown (Chapter 12), it is these productive relations, depending as they do on the technical means of production, that provide the need for changes in these means and thus give rise to science (vol. 4). When the productive relations are changing rapidly, as when a new class is rising into a position of power, there is a particular incentive to improvements in production which will enhance the wealth and power of this class, and science is at a premium. Once such a class is established and is still strong enough to prevent the rise of a new rival, there is an interest in keeping things as they are – techniques become traditional and science is at a discount. Such a simplified picture is, of course, inadequate by itself to explain the rise of science in detail. To discover why a certain science arose in this or that place or period requires far more detailed studies, examples of which will be found, though still only in outline, in the later chapters. It will also be necessary to bring out the interplay between the material factors – the availability of commodities such as wood or coal; the technical factors – the level and distribution of skills; and the economic factors – the supply and demand for goods or labour, in order to explain the rise and decline of science and, in turn, its effect on production.





THE CLASS CHARACTER OF EARLY SCIENCE


One basic distinction between science as such and the generalized techniques from which it arose and to which it is still attached is that it is essentially a literate profession. It is something recorded and transmitted in books and papers, as distinct from the handing on by practical example of the traditional crafts. As such, it was from the very start an occupation limited to the upper classes or to a minority of gifted individuals who managed to win acceptance into them in return for loyal service. This limitation has had several effects on the character of science. It has retarded it by keeping out of science the great majority of the naturally gifted people of all classes who might have contributed to it (vol. 2). At the same time it has ensured that those thinking and even experimenting about science, at least until the time of the Industrial Revolution, should have had very little acquaintance with practical arts and so, in matters of natural science, have not known what they were talking about. Nor could they understand, because they did not themselves feel, the practical needs of common life and, therefore, they had no stimulus to satisfy them by the use of science.


This identification of science with the governing and exploiting classes has, from the earliest times of class division, which arose five thousand years ago with the first cities, engendered a deep suspicion of science, and book-learning generally, in the minds of peasants and, to a lesser degree, of the working classes. However well intentioned were the efforts of the philanthropic philosophers, the people could not but feel that in practice they would result in changes that would bring them no good, and were likely to enslave them more completely or, alternatively, throw them out of work. The first scientists were regarded as magicians capable of unlimited mischief, and this attitude persisted into late classical times when popular feeling, often allied with religion, was sullenly and sometimes violently against the philosophers who were identified, with some justice, with the interests of the upper classes of the hated Roman Empire. In the Middle Ages science existed only on sufferance, and even after its rebirth the same popular reaction was to be seen in the machine wreckers of the Industrial Revolution. Today we can still see it in the reactions to the latest triumph of science, the atom bomb. The combined effect of the contempt and ignorance of the learned, and of the suspicion and resentment of the lower orders, has been, through the whole course of civilization, a major hindrance to the free advance of science. It has replaced an unwilling and grudging co-operation for the free and active exchange of practical and theoretical knowledge that can, as experience in Socialist countries is now beginning to show, greatly increase the rate of technical and scientific advance.


This stricture applies only to the class character of the separation of theory and practice, and does not by any means imply any disparagement of the function of learning in advancing science. The fact that science was in the hands of persons who could write, keep accounts, and argue in set form, was at certain periods of inestimable value in its growth. Nature as a whole, taken in all its rawness and complexity, is difficult to argue about in mere words to any purpose. Myths and rituals justifying practices of proved utility are as far as such unlettered discourse can go. Even early formal science, such as that of the Greeks, was scarcely more than a rationalized mythology. But certain parts of experience, like simple motions and forces, can be argued about formally and quantitatively. Sailors knew very well how to use oars and merchants to use balances many centuries before Archimedes discovered the formal law of the lever; but his law enabled new mechanical inventions to be made which would never have occurred to practical men. What is more, it was one step, and a very important one, in building further generalizations in mechanics and physics in the times of Galileo and of Newton. Stage by stage rational methods cease to be face-saving descriptions in a learned language and become means of generalizing and extending practical control over Nature, first in the chemical and biological, and now in the social field.


Nevertheless, as will be shown later (vol. 4), the most important and fruitful periods of scientific advance were those in which the class barrier was at least partially broken down and the practical and the learned men mixed on equal terms. Such were the conditions in early Renaissance Italy, in France of the great Revolution, in America at the end of the nineteenth century, and, in a different and more thorough sense, so they are in the new Socialist republics of today.


Just because of its universality, the class nature of science is so much taken for granted that any mention of it today in scientific circles causes a shocked surprise. The tradition of science, they feel, is something in its own right, quite separate from any considerations of economics or politics. All that this means is that the social and, in particular, the class conditioning of the scientific tradition is implicit and does not show on the surface. In our own age, for the first time, science itself is being subjected to analysis on the basis of its class character. Much of this analysis has been crude and misdirected, confusing the actual achievements of science with the general theories built into them; nevertheless, it needs to be continued and refined and will lead in the end to a far deeper understanding of science and society.


1.5 Natural Science as a Source of Ideas


Though the practical utilization of science is both a perennial source of scientific advance and the guarantee of its validity, the advance of science is something more than the continual improvement of techniques. An equally essential part of science is the theoretical framework which links together the practical achievements of science and gives them an ever-increasing intellectual coherence. In the past, and even now, the history of science has often been written as if it were simply the history of such an ideal edifice of truth. Such history can only be written by neglecting the whole social and material components of science and thus reducing it to inspired nonsense, as has already been stated, and will be illustrated fully in the body of the book.


On the other hand it would be equally stupid to attempt to neglect it entirely, for theory has had an enormously important part to play in science, and in recent times an increasingly positive one. Indeed, over many periods of science the main direction of work was conditioned by the proving, or, even more often, by the disproving, of theory, as, for example, biology in the late nineteenth century, with the proving of the Darwinian theory of evolution (vol. 4); or mechanics in the seventeenth, with the disproving of Aristotelian physics (vol. 2). There is, however, an intrinsic danger in the development of such autonomous and closed fields of scientific endeavour. Though starting originally from practice they tend with time to become more and more divorced from it, and to lose, at the same time as losing their utility, any sense of direction. In the past they have usually petered out in learned pedantry, as did Newtonian mechanics in the nineteenth century (vol. 2); or they have been revivified only by new contact with practice, as was electricity at the end of the eighteenth by the discovery of the electric battery (vol. 2).


The conventional view of science describes its laws and theories as legitimate and even logical deductions from experimentally established facts. It is doubtful, if this limitation had been strictly insisted on, whether science would ever have existed. The laws, the hypotheses, the theories of science have a wider bearing than the objective facts they claim to explain. Most of them necessarily reflect in large part the general non-scientific intellectual atmosphere of the time by which the individual scientist is inevitably conditioned. The result is that the phenomena of Nature and of the manual arts are interpreted in social, political, or religious terms. Thus, as we shall see, Newton’s theory of inertia came from the prevailing rational interpretation of religion, and Darwin’s natural selection from the current conception of the natural justice of free competition.


Sometimes these forms of thought can lead to valid, that is practically verifiable, scientific advances. As often, especially when they win general acceptance, they are obstacles to scientific discovery. The greatest difficulty of discovery is not so much to make the necessary observations, but to break away from traditional ideas in interpreting them. From the time when Copernicus established the movement of the earth and Harvey the circulation of the blood, down to that when Einstein abolished the ether, and Planck postulated the quantum of action, the real struggle has been less to penetrate the secrets of nature than to overthrow established ideas, even though these, in their time, had helped to advance science. Nevertheless, the progress of science depends on the existence of a continuous traditional picture or working model of the universe, partly verifiable, but also partly mythical where verifications are delusive or altogether missing. It is, on the other hand, equally essential that this tradition, compounded as it is (and must always be) from elements drawn from both science and society, should be continually and often violently broken down from time to time and remade in the face of new experience in the material and social worlds.1.6; 1.25; 1.382


We are passing through such a period at the present moment. The far greater part that science is playing in the economy of highly industrialized countries has, by no means accidentally, coincided with a great deepening and widening of understanding of natural phenomena, in which the discoveries of the structure of the atom and of the chemical processes in living organisms are outstanding. This in itself has put the theories of science under a severe strain, and has resulted in a rapid sequence of appearances of radically new theories, such as those of relativity and quantum mechanics (vol. 3).


At the same time, and largely due to the same factors, there have occurred rapid political and economic transformations, starting in the Soviet Union and now spreading over the rest of the world, with a radically different attitude to the relations of science and society in practice. This has inevitably had a profound effect on scientific theory, which is now being subjected to a critical analysis in the light of Marxist philosophy.  This will be discussed in some detail in a later chapter. As a result of these combined influences, from within and without science, there has never been a period when the theoretical foundations of science have been so much in question as they are today.


MATERIALISM AND IDEALISM


The general character of the theoretical controversy inside science is, however, not new. As will emerge clearly from a study of its history, a sometimes latent, sometimes active struggle has been going on ever since the dawn of science between two main opposing tendencies: one, formal and idealistic; the other, practical and materialistic. We shall see this conflict as the dominant one in Greek philosophy, but it must have originated much earlier, indeed from the first formation of class societies, for the general social affinities of the two sides in the conflict have never been in doubt.


The idealist side is the side of ‘order’, the aristocracy, and established religion; its most persuasive champion is Plato. The objective of science, in its view, is to explain why things are as they are and how impossible, as well as impious, it is to hope to change them in essentials. In Plato’s mind all that is necessary is to remove a few blemishes, such as democracy, for the republic to be established safely for ever under the care of the guardians, the ‘men of gold’. As the perfections of this state of affairs may not be at once apparent to inferior ranks, it is necessary to prove to them the illusoriness of the material world and consequently the unreality of evil in it. In this imagined world, change is evil; the ideal, the good, the true, and the beautiful are eternal and beyond question; and as they are palpably not very prevalent on earth they must be sought for in a perfect heaven. This view has had a profound effect on the development of science, particularly in astronomy and physics, and even today, in more elaborate and sophisticated forms, there is again a strong tendency to enforce it on science (vol. 4).


The materialist view, partly because of its practical nature and even more because of its revolutionary implications, did not for centuries find much support in literate circles and rarely formed part of official philosophy. One expression of it, however, survives in Lucretius’ Epicurean poem De Rerum Natura (On the nature of things), which shows both its power and its danger to established order. It is essentially a philosophy of objects and their movements, an explanation of Nature and society from below and not above. It emphasizes the inexhaustible stability of the ever-moving material world and man’s power to change it by learning its rules. The classical materialists could go no further because, as we shall see, of their divorce from the manual arts; nor could, in later days, the great re-formulator of materialism, Francis Bacon. Once the Industrial Revolution was under way, science became in practice materialist, though continuing to give, for political and religious reasons, some lip service to idealism. Up to the middle of the nineteenth century materialism remained philosophically inadequate because it did not concern itself with society and its transformations, and was thus unable to account for politics and religion. The extension and transformation of materialism to include these was the work of Marx and his followers.1.57 First effective in the political and economic field, the new dialectical materialism is only now beginning to enter the sphere of the natural sciences.


The struggle between idealist and materialist tendencies in science has been a persistent feature in its history from earliest times. The idealism of Plato is in some sense an answer to the materialism of Democritus, the founder of the atomic theory. In the Middle Ages, Roger Bacon attacked the prevailing Platonic-Aristotelian philosophy and preached a science aimed at practical utility, and was imprisoned for his pains. In the great struggle of the Renaissance to create modern experimental science the prime enemy was formal Aristotelianism backed by the Church. The same opposition was to be found in the last century in the warfare between science and religion over Darwinian evolution. The very persistence of the struggle, despite the successive victories won by materialist science, shows that it is not essentially a philosophic or a scientific one, but a reflection of political struggles in scientific terms. At every stage idealist philosophy has been invoked to pretend that present discontents are illusory and to justify an existing state of affairs. At every stage materialist philosophy has relied on the practical test of reality and on the necessity of change.


1.6 Interactions of Science and Society


This completes the first brief survey of the general aspects of science, as an institution, a method, and a cumulative tradition, and of the description of its links with the forces of production, and with general ideology. It should now be apparent, without pressing for a definition, what is meant by science for the purposes of this book. At the same time it would be far too much to ask the reader to accept the conclusions stated and implied in these sections without the further evidence which it is the function of the rest of the book to provide. Indeed, it is only by a fairly detailed presentation of the interactions of science and society throughout history that we can even begin to understand what science means and what its future may hold.


Science and society have, in fact, interacted in a great number of different ways, and the tendency to insist on one or other of these has been the cause of much of the recent controversy as to their mutual relations. It is usual to begin with the influence of science on society: to think of some crucial discovery, such as that of electromagnetic waves, being first of all theoretically predicted, then detected in scientific laboratories, next tried out on an engineering scale, and finally, as radio, becoming part of everyday life. But that is not the only, nor even the main way in which science grows and affects society. Even more often it happens that a scientist comes to notice the performance or the failure of some practical device. The scientist either disinterestedly, or very often with an idea of improving it, looks into it and discovers not necessarily how to make it work, but something quite different. He may indeed create a new branch of science, just as thermodynamics was founded from a study of the steam engine1.3 (vol. 2). What is important here is that common practical experience furnishes a magnet, so to speak, of scientific interest, and the progress of science can be followed in terms of successively changing fields of general economic and technical interest.
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