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Science has changed the conditions of man’s life. It has changed its material 

conditions; by changing them it has altered our labour and our rest, our power, and the 

limits of that power, as men and as communities of men, the means and instruments 

as well as the substance of our learning, the terms and the form in which decisions of 

right and wrong come before us. It has altered the communities in which we live and 

cherish, learn and act. It has brought an acute and pervasive sense of change itself into 

our own life’s span. The ideas of science have changed the way men think of 

themselves and of the world.  

 

The description of these changes is not simple; it is rich in opportunity for error. As 

for the great material changes which science and practical art have made possible—

machines, for instance, or power, the preservation of life, the urbanisation of 

populations, new instruments of war, new means of communication and 

information—these are but part of the materials for the analysis of political economy 

and the wisdom and the insight of history. These are strands in the tangled affairs of 

men, and their evaluation is no more likely to be final and exhaustive than in any 

other part of history.  

 

As for the more direct effects of discovery in science on the way men think about 

things which are not themselves part of science, the historian of ideas has a similar 

problem. Noting what in actual fact men have said about what they thought, who it 

was that thought it, and why he thought it, one finds, as in all history, that the 

contingent and the unpredictable, the peculiar greatnesses and blindnesses of 

individual men play a determining part. One even finds the science of great scientists 

taken in the name of those scientists for views and attitudes wholly foreign and 

sometimes wholly repugnant to them. Both Einstein and Newton created syntheses 

and insight so compelling and so grand that they induced in professional philosophers 

a great stir of not always convenient readjustment. Yet the belief in physical progress, 

the bright gaiety, and the relative indifference to religion characteristic of the 

enlightenment, were as foreign to Newton’s character and preoccupation as could be; 

this did not keep the men of the enlightenment from regarding Newton as their patron 

and prophet. The philosophers and popularisers who have mistaken relativity for the 

doctrine of relativism have construed Einstein’s great works as reducing the 

objectivity, firmness, and consonance to law of the physical world, whereas it is clear 

that Einstein has seen in his theories of relativity only a further confirmation of 

Spinoza’s view that it is man’s highest function to know and to understand the 

objective world and its laws.  

 

Often the very fact that the words of science are the same as those of our common life 

and tongue can be more misleading than enlightening, more frustrating to 

understanding than recognisably technical jargon. For the words of science relativity, 
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if you will, or atom, or mutation, or action—have been given a refinement, a 

precision, and in the end a wholly altered meaning.  

 

Thus we may well be cautious if we enquire as to whether there are direct 

connections, and if so of what sort, between the truths that science uncovers and the 

way men think about things in general—their metaphysics—their ideas about what is 

real and what is primary; their epistemology—their understanding of what makes 

human knowledge; their ethics—their ways of thinking, talking, judging, and acting in 

human problems of right and wrong, of good and evil.  

 

These relations, the relations between scientific findings and man’s general views, are 

indeed deep, intimate, and subtle. If I did not believe that, I should hardly be 

addressing these lectures to an attempt to elucidate what there is new in atomic 

physics that is relevant, helpful, and inspiriting for men to know; but the relations are 

not, I think, relations of logical necessity. This is because science itself is, if not an 

unmetaphysical, at least a non-metaphysical activity. It takes common sense for 

granted as well as most of what has gone before in the specialised sciences. And 

where it adds, alters, or upsets, it does so on the basis of an uncritical acceptance of a 

great deal else. Thus, to the irritation of many, the assertions of science tend to keep 

away from the use of words like ‘real’ and ‘ultimate’. The special circumstances of 

the discovery of scientific truth are never very far from our minds when we expound 

it, and they act as a protecting sheath against their unlimited and universal acceptance. 

A few illustrations may make this clearer.  

 

 

The Underlying Reality  

We have discovered atoms. In many ways they act like the atoms of the atomists. 

They are the stuff of which matter is made; their constellation and motion account for 

much—in fact, for most of the ordinarily observable properties of matter. But neither 

they nor the smaller, less composite particles of which they are made are either 

permanent, unchanging, or unchangeable. They do not act like objects of fixed form 

and infinite hardness. Such findings may be persuasive in discouraging the view that 

the world is made of fixed, immutable, infinitely hard little spheres and other shapes; 

but such findings are not in the nature of things conclusive, for one may always hold 

that the true atoms, the immutable, hard atoms, have so far eluded physical discovery 

but that they are nevertheless there, and only when they are found will physics be 

dealing with the ultimate reality. Beyond that, one can hold that, although they may 

never be found by physical experiment, they are the underlying reality in terms of 

which all else, including the world of physics is to be understood.  

 

Or, again, we may have discovered that as the nervous impulses pass from the retina 

of the eye toward the brain itself their geometric disposition resembles less and less 

that of the object seen. This may complicate or qualify the view that the idea is a 

geometric replica of the object of vision. It cannot and need not wholly exorcise it.  

 

The scientist may be aware that, whatever his findings, and indeed whatever his field 

of study, his search for truth is based on communication with other people, on 

agreement as to results of observation and experiment, and on talking in a common 

tongue about the instruments and apparatus and objects and procedures which he and 

others use. He may be aware of the fact that he has learned almost everything he 
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knows from the books and the deeds and talk of other people; and, in so fate as these 

experiences are vivid to him and he is a thoughtful man, he may be hesitant to think 

that only his own consciousness is real and  all else illusion. But that view, too, is not 

by logic exorcised; from time to time it may rule his spirit.  

 

Although any science gives countless examples of the interrelation of general law and 

changing phenomena, and although the progress of science has much to do with the 

enrichment of these relations, knowledge of science and practice of it and interest in it 

neither compel nor deny the belief that the changing phenomena of the actual world 

are illusion, that only the unchanging and permanent ideas are real.  

 

If, in the atomic world, we have learned—as we have learned—that events are not 

causally determined by a strict, efficient, or formal cause; if we have learned to live 

with this and yet to recognise that for all of the common experience with ordinary 

bodies and ordinary happenings this atomic lack of causality is of no consequence and 

no moment, neither the one finding nor the other ensures that men when they think of 

the world at large are bound to a causal or a non-causal way of thinking.  

 

These many examples show that there can indeed be conflict between the findings of 

science and what a philosopher or a school of philosophy has said in great particular 

about some part of experience now accessible to science. But they also show that, if 

there are relationships between what the sciences reveal about the world and how men 

think about those parts of it either not yet or never to be explored by science, these are 

not relationships of logical necessity; they are not relationships which are absolute 

and compelling, and they are not of such a character that the unity and coherence of 

an intellectual community can be based wholly upon it  

 

But if these examples indicate, as we should indeed expect from the nature and 

conditions of scientific inquiry, that what science finds does not and cannot uniquely 

determine what men think of as real and as important, they must show as well that 

there is a kind of relevance—a relevance which will appear different to different men 

and which will be responsive to many influences outside the work of science. This 

relevance is a kind of analogy, often of great depth and scope, in which views which 

have been created or substantiated in some scientific enterprise are similar to those 

which might be held with regard to metaphysical, epistemological, political, or ethical 

problems. The success of a critical and sceptical approach in science may encourage a 

sceptical approach in politics or in ethics; the discovery of an immensely successful 

theory of great scope may encourage the quest for a simplified view of human 

institutions. The example of rapid progress in understanding may lead men to 

conclude that the root of evil is ignorance and that ignorance can be ended.  

 

All these things have happened and all surely will happen again. This means that, if 

we are to take heart from any beneficent influence that science may have for the 

common understanding, we need to do so both with modesty and with a full 

awareness that these relationships are not inevitably and inexorably for man’s good.  

 

It is my thesis that generally the new things we have learned in science, and 

specifically what we have learned in atomic physics, do provide us with valid and 

relevant and greatly needed analogies to human problems lying outside the present 

domain of science or its present borderlands. Before I talk of what is new I shall need 
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to sketch, with perhaps an exaggerated simplicity and contrast, the state of knowledge 

and belief to which these correctives may apply. In doing this, we may have in mind 

that the general notions about human understanding and community which are 

illustrated by discoveries in atomic physics are not in the nature of things wholly 

unfamiliar, wholly unheard of or new. Even in our own culture they have a history, 

and in Buddhist and Hindu thought a more considerable and central place. What we 

shall find is an exemplification, an encouragement, and a refinement of old wisdom. 

We shall not need to debate whether, so altered, it is old or new.  

 

There are, then, two sketches that I would like to draw of the background for the 

altered experience of this century. One is the picture of the physical world that began 

to take shape in the years between Descartes’ birth and Newton’s death, that persisted 

through the eighteenth century, and with immense enrichments and extensions still 

was the basic picture at the beginning of our own.  

 

The second sketch has to do with the methods, the hopes, the programme, and the 

style which seventeenth- and eighteenth-century science induced in men of learning 

and in men of affairs, with some of the special traits of that period of enlightenment 

which we recognise today as so deep in our tradition, as both so necessary to us and 

so inadequate.  

 

 

Physical World as Matter in Motion  

More than one great revolution had ended and had been almost forgotten as the 

seventeenth century drew its picture of the physical world. A centuries-long struggle 

to decide whether it were rest or uniform motion that was the normal state of an 

undisturbed body no longer troubled men’s minds: the great clarity, so foreign to 

everyday experience, that motion, as long as it was uniform, needed no cause and no 

explaining was Newton’s first law. The less deep but far more turbulent Copernican 

revolution was history: the earth revolved about the sun. The physical world was 

matter in motion: the motion was to be understood in terms of the impetus or 

momentum of the bodies which would change only for cause, and of the force that 

was acting upon it to cause that change. This force was immediate and proximate. It 

produced a tendency for the impetus to change, and every course could be analysed in 

terms of the forces deviating bodies from their uniform motions. The physical world 

was a world of differential law, a world connecting forces and motions at one point 

and at one instant with those at an infinitely near point in space and point of time; so 

that the whole course of the physical world could be broken down into finer and finer 

instants, and in each the cause of change assigned by a knowledge of forces.  

 

Of these forces themselves the greatest in cosmic affairs—that which governed the 

planets in the heavens and the fall of projectiles on earth— had been found by 

Newton in the general law of gravity. Was this, too, something that spread from place 

to place, that was affected only instant by instant, point by point; or was it a property 

given as a whole, an interaction somehow ordained to exist between bodies remote 

from one another? Newton was never to answer this question; but he, and even more 

than he, Huygens, studying the propagation of light, were laying the foundations for a 

definite view—a view in which the void of the atomists would lose much of its 

emptiness and take on properties from the bodies which inhabited it, which in turn 

would affect bodies far away.  
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It was not until the nineteenth century and Faraday that the full richness of space 

began to be understood: how it could be the seat not oily of gravitational forces 

produced by the mass of material particles but of electric and magnetic forces 

produced by their charges. Even in Newton’s day it was clear that there were very 

strong forces at work in lending to material objects their solidity. Newton wrote:  

 

It seems probable to me, that God in the Beginning form’d Matter in 

solid, massy, bard, impenetrable, moveable Particles, of such Sizes and 

Figures, and with such other Properties and in such Proportion to 

Space, as most conduced to the End for which he formed them; and 

that these primitive Particles being Solids, are incomparably harder 

than any porous Bodies compounded of them; even so very hard, as 

never to wear or break in pieces; no ordinary Power being able to 

divide what God himself made one in the first Creation.  

 

Newton saw that what held atoms together and made matter must be forces of 

inordinate strength, and he never considered their existence without a sense of 

mystery and awe. He did not know, nor do we today know, in what subtle way these 

forces might or might not be related to the forces of gravity.  

 

But for many of his contemporaries and successors these questions appeared less 

pressing than the confidence that, once given the forces, the course of nature could be 

foretold and that, where the laws of gravity could be found, other forces would yield 

to observation and analysis. It is only in this century that we have begun to come to 

grips with other instances of antinomy, the apparently irreconcilability between the 

differential description of nature, point by point, instant to instant, and the total unique 

law and event. It is only in this century that we have had to recognise how unexpected 

and unfamiliar that relation between bodies and the atoms on the one hand, and that 

space full of light and electricity and gravitational forces on the other, could prove to 

be.  

 

 

The Eighteenth-century World  

For the eighteenth century the world was a giant mechanism. It was a causal world, 

whether or not gravity and the other forces acting on bodies inhered in them by their 

nature or by God’s will or that they, too, grew, through laws as rigorous as the laws of 

motion, from the properties induced in space by the bodies in it. All that happened 

had its full, complete, immediate, efficient cause. The great machine had a 

determinate course. A knowledge of its present and therefore its future for all time 

was, in principle, man’s to obtain, and perhaps in practice as well. These objects with 

which the world was filled— the heavenly bodies, the impenetrable atoms and all 

things composed of them—were found by observation and by experiment; but it 

would have occurred to no one that their existence and their properties could be 

qualified or affected by the observations that told of them. The giant machine was not 

only causal and determinate; it was objective in the sense that no human act or 

intervention qualified its behaviour. 

  

A physical world so pictured could not but sharpen the great gulf between the object 

and the idea. It would do much to bring about that long, critical, and, in its later phase, 
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irrational and mystical, view of the relations between the knower and the known that 

started with Locke and is perhaps even today not fully or happily ended.  

 

It is, of course, clear that many developments in science that were to flower in the 

eighteenth and nineteenth centuries would soon moderate and complicate the harsh 

basic picture of the giant machine and- of the vast gulf between it and the knowing 

human mind that thought about it and analysed its properties. This is true of the great 

development of statistics, which in the end made room for human ignorance as an 

explicit factor in estimating the behaviour of physical forces. It is true of chemistry, 

whose phenomena, whatever their ultimate description, looked so very little like the 

result of matter in motion. It is even more true of the biological sciences, where 

matter in motion, ever evident and inevitable, appears both at first sight and upon 

deeper analysis only marginally relevant to what makes biological forms interesting.  

 

But with all of this, and with varying degrees of agreement and reservation, there was 

the belief that in the end all nature would be reduced to physics, to the giant machine. 

Despite all the richness of what men have learned about the world of nature, of matter 

and of space, of change and of life, we carry with us today an image of the giant 

machine as a sign of what the objective world is really like.  

 

This view of the Newtonian world is over-simplified; perhaps any view of what men 

made of their new sciences, their new powers, and their new hopes will be simplified 

to the point of distortion. Science for the eighteenth century was not a finished 

undertaking; and, if men were overwhelmed with what they had learned, they were 

easily reminded of how much was still missing. A rational understanding of the world 

was not an undertaking for one generation or one man, as it is alleged that it at one 

time appeared to be to Descartes. The immense discoveries of the recent past made it 

impossible to hold the view that all that was really worth knowing had long been 

known—a view that is a sort of parody, in my case, of the Renaissance.  

 

 

Man’s Long Journey of Discovery  

This was a long journey on which men were embarked, the journey of discovery; they 

would need their wits and their resources and their forbearance if they were to get on 

with it. But it was a job in which progress was inevitable, and in which the style and 

success of physical science would tend to set the style for all undertakings of man’s 

reason. What there is of direct borrowing from Newtonian physics for chemistry, 

psychology, or politics is mostly crude and sterile. What there is in eighteenth-century 

political and economic theory that derives from Newtonian methodology is hard for 

even an earnest reader to find. The absence of experiment and the inapplicability of 

Newtonian methods of mathematical analysis make that inevitable. These were not 

what physical science meant to the enlightenment.  

 

It meant a style of thought, a habit of success, and an understanding of community 

quite typical for the age. These are to be found best in the learned communities that 

grew up in Europe and later in America—in the Royal Society and in the far more 

ambitious, far more revolutionary, far more programmatic French Academy. These 

communities were infused by a confidence in the power of reason and by a sense of 

improvement constant and almost inevitable in the condition of man’s knowledge, and 

therefore of his actions and his life. They rest on a consensus of men, often seeing 
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with their own eyes the crucial experiment that was to test or to confirm a theory; on 

the common experience of criticism and analysis; on the wide-spread use of 

mathematical methods with all the assurance of objectivity and precision that they 

give us. These were communities banded together for the promotion of knowledge—

critical, rapacious to correct error, yet tolerant from knowing that error is an inevitable 

step in acquiring new knowledge. These were communities proud of their broad, non-

sectarian, international membership, proud of their style and their wit, and with a 

wonderful sense of new freedom. One may recapture some sense of these 

communities from the writings of the time. The first history of the Royal Society is 

not truly a history but an apology, written when the society was only a few years old, 

explaining it, defending it against its critics. Bishop Sprat has this to say:  

 

Their Purpose is, in short, to make faithful Records of all the Works of 

Nature, or Art, which can come within their Reach; that so the present 

Age, and Posterity, may be able to put a Mark on the Errors, which 

have been strengthened by long Prescription; to restore the Truths, that 

have lain neglected; to push on those, which are already known, to 

more various Uses; and to make the way more passable, to what 

remains unreveal’d. This is the Compass of their Design  

 

They have tried to put it into a Condition of perpetual Increasing, by 

settling an inviolable Correspondence between the Hand and the Brain. 

They have studied, to make it not only an Enterprise of one Season, or 

of some lucky Opportunity; but a Business of Time; a steady, a lasting, 

a popular, an uninterrupted Work  

 

It is to be noted, that they have freely admitted Men of different 

Religions, Countries, and Professions of Life. This they were oblig’d 

to do, or else they would come far short of the Largeness of their own 

Declarations. For they openly profess, not to lay the Foundation of an 

English, Scotch, Irish, Popish, or Protestant Philosophy; but a 

Philosophy of Mankind.  

  

Reading this today, we can hardly escape a haunting sense of its timeliness and a 

certain nostalgia at how little the texture of our life conforms to these agreeable and 

noble ideals. We cannot perhaps wholly forget how much these communities owed to 

the long centuries of Christian life and Christian tradition; how much that they then 

took for granted in their inquiries and thoughts, in their whole style, derived from a 

way of life and a history which they were about to change beyond all recognition; and 

how deeply this, their programme, could alter the very men and the very minds to 

whom their programme would in time become entrusted.  

 

These, however, were not reflections to darken much the eighteenth- century or to 

cast real shadows on that great path of light, that renewed hope of men for a growing 

and growingly rational comprehension of their world and of themselves. At the very 

end of the century in another land largely nourished and fathered by the 

enlightenment, a gentleman and patriot wrote a letter. He wrote in answer to a young 

friend inquiring about his present course of study. He wrote in the last days of the 

Directorate, when the course of history was diverging in alarming and immense ways 

from that charted by the men of the French Academy. He wrote it about two years 
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before he was to assume the Presidency of the United States, there for over a century 

to raise more  

firmly than ever before the standard of man’s freedom, his progress, and his rational 

nature.  

 

I am among those who think well of the human character generally. I 

consider man as formed for society, and endowed by nature with those 

dispositions which fit him for society. I believe also, with Condorcet, 

as mentioned in your letter, that his mind is perfectible to a degree of 

which we cannot as yet form any conception science can never be 

retrograde; what is once acquired of real knowledge can never be lost. 

To preserve the freedom of the human mind then and freedom of the 

press, every spirit should be ready to devote himself to martyrdom; for 

as long as we may think as we will, and speak as we think, the 

condition of man will proceed in improvement. The generation which 

is going off the stage has deserved well of mankind for the struggles it 

has made, and for having arrested that course of despotism which had 

overwhelmed the world for thousands and thousands of years. If there 

seems to be danger that the ground they have gained will be lost again, 

that danger comes from the generation your contemporary. But that the 

enthusiasm which characterises youth should lift its parricide hands 

against freedom and science would be such a monstrous phenomenon 

as I cannot place among possible things in this age and country.  

 

The writer of the letter was Thomas Jefferson. 


