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A century after Newton, in 1784, the progress of that century was celebrated in an 

anonymous memorial lodged in the bail of the tower of St. Margaret’s church at 

Gotha, to be found by men of future times. It read:  

 

Our days here are the most felicitous time of the eighteenth 

century…Hatred born of dogma and the compulsion of conscience are 

vanishing; love of man and freedom of thought are winning. The arts 

and sciences blossom, and our vision into the workshop of nature goes 

deep. Artisans come close to artists themselves in perfection; the 

useful arts are flowering among all classes. Here is the portrait of our 

time…May you do equally for your heirs and rejoice.  

 

Transience is the backdrop for the play of human progress, for the improvement of 

man, the growth of his knowledge, the increase of his power, his corruption and his 

partial redemption. Our civilisations perish; the carved stone, the written word, the 

heroic act fade into a memory of memory and in the end are gone. The day will come 

when our race is gone; this house, this earth in which we live will one day be unfit for 

human habitation, as the sun ages and alters.  

 

Yet no man, be he agnostic or Buddhist or Christian, thinks wholly in these terms. His 

acts, his thoughts, what he sees of the world around him—the falling of a leaf or a 

child’s joke or the rise of the moon—are part of history; but they are not only part of 

history; they are a part of becoming and of process but not only that: they partake also 

of the world outside of time; they partake of the light of eternity.  

 

These two ways of thinking, the way of time and history and the way of eternity and 

of timelessness, are both part f man’s effort to comprehend the world in which he 

lives. Neither is comprehended in the other nor reducible to it. They are, as we have 

learned to say in physics, complementary views, each supplementing the other, 

neither telling the whole story. Let us return to this.  

 

 

Complementarity of the Physicists  

First, we had best review and extend somewhat this account, of the complementarity 

of the physicists. In its simplest form it is that an electron must sometimes be 

considered as a wave, and sometimes as a particle—a wave, that is, with the 

continuous propagation and characteristic interference that we learn to understand in 

the optics laboratory, or as a particle, a thing with well-defined location at any time, 

discreet and individual and atomic. There is this same duality for all matter, and for 

light. In a little subtler form this complementarity means that there are situations in 

which the position of an atomic object can be measured and defined and thought 
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about without contradiction; and other situations in which this is not so, but in which 

other qualities, such as the energy or the impulse of the system, are defined and 

meaningful. The more nearly appropriate the first way of thinking is to a situation, the 

more wholly inappropriate the second, so that there are in fact no atomic situations in 

which both impulse and position will be defined well enough to permit the sort of 

prediction with which Newtonian mechanics has familiarised us.  

 

It is not only that when we have made an observation on a system and determined, let 

us say, its position, we do not know its impulse. That is true, but more than that is 

true. We could say that we know the position of that system and that it may have any 

one of a number of different impulses. If we try on that basis to predict its behaviour 

as a sort of average behaviour of all objects which have the measured position and 

which have different and unmeasured impulses, and work out the average answer 

according to Newton’s laws, we get a result that is wholly at variance with what we 

find in nature. This is because of the peculiar property, which has no analogue in the 

mechanics of large objects, of interference between waves representing the 

consequences of assuming one impulse and those of assuming another. We are not, 

that is, allowed to suppose that position and velocity are attributes of an atomic 

system, some of which we know and others of which we might know but do not. We 

have to recognise that the attempt to discover these unknown attributes would lose for 

us the known; that we have a choice, a disjunction; and that this corresponds to the 

different ways we can go about observing our atom or experimenting with it.  

 

We have a state of affairs completely defined by the nature of the observation and by 

its outcome—the nature determining what properties of the system will be well 

defined in the state and what poorly. The outcome then is the determination of the 

well-defined quantities by measurement. This state thus is a summary, symbolic and 

uncomfortably abstract for general exposition, of what sort of observation we have 

made and what we have found through it. It codifies those characteristics of the 

experimental arrangement which are reliable, in the sense that the equipment we use 

records something that we know about atomic systems. It describes also those 

characteristics that are indeterminate, in the sense that they may not only have been 

disturbed or altered, but that their disturbance cannot be registered or controlled 

without the loss, in the experiment, of all ability to measure what was supposed to be 

measured.  

 

 

Different Experiments  

This state, this description of the atom, is not the only way of talking about it. It is the 

only way appropriate to the information we have and the means that we have used to 

obtain it. It is the full account of this information; and if the experiment was properly 

and scrupulously done it tells us all that we can find out. It is not all that we could 

have found out had we chosen a different experiment. It is all that we could find out 

having chosen this.  

 

This state is objective. We can calculate its properties, reproduce it with similar atoms 

on another occasion, verify its properties and its ways of change with time. There is 

no element of the arbitrary or subjective. Once we have done our experiment and its 

result is recorded and the atom disengaged, we know its meaning and its outcome; we 

can then forget the details of how we got our information.  
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But, although the state of the system is objective, a mechanical picture of how it was 

brought into being is not generally possible. There is a most vivid example of this, 

made famous by the prominent part it played in the debates between Einstein and 

Bohr as to the meaning and adequacy of atomic theory. It can be put rather simply. 

Let us suppose that we have two objects; one of them may be an electron or an atom, 

and it will be the one we wish to study. The other may be a relatively large piece of 

matter—a screen with a hole through it, or any other body; but it should be heavy so 

that its motion will be unimportant compared to that of the electron. Let us sttppose 

that we by measurement know the impulse or momentum of both of these objects, and 

have them collide. Let the electron go through the hole, or bounce off the other body. 

If, after the collision, we measure the impulse of the heavy body, we will then know 

that of the electron because, as Newton’s third law teaches us, the sum of the impulses 

is not altered by the collision. In that case we would have a state of the electron of 

well-defined impulse, as precisely defined as we had made the precision of our 

measurements. If, on the other hand, we observed the position of the heavy body, we 

would know where the light one had been at the moment of the collision, and so 

would have a quite different description of its state, one in which its position and not 

its impulse had been well defined—or, in the language of waves, a spherical wave 

with its centre at the point of collision, and not a plane wave with its direction and 

wave length corresponding to the momentum.  

 

 

Realising Two Dissimilar Slates for the Electron  

We have thus the option of realising one or the other of two wholly dissimilar states 

for the electron, by a choice of what we observe about the heavy body with which it 

once was in interaction. We are not, in any meaningful sense, physically altering or 

qualifying the electron; we are defining a part of, although in this case a late part of, 

the experimental procedure, the very nature of the experiment itself. If we exercise 

neither option, if we let the heavy body go with unmeasured momentum and 

undefined position, then we know nothing of the electron at all. It has no state, and we 

are not prepared to make any meaningful predictions of what will become of it or of 

what we shall find should we again attempt an experiment upon it. The electron 

cannot be objectified in a manner independent of the means chosen for observing or 

studying it. The only property we can ascribe to it without such consideration is our 

total ignorance.  

 

This is a sharp reminder that ways of thinking about things, which seem natural and 

inevitable and almost appear not to rest on experience so much as on the inherent 

qualities of thought and nature, do in fact rest on experience; and that there are parts 

of experience rendered accessible by exploration and experimental refinement where 

these ways of thought no longer apply.  

 

It is important to remember that, if a very much subtler view of the properties of an 

electron in an atomic system is necessary to describe the wealth of experience we 

have had with such systems, it all rests on accepting without revision the traditional 

accounts of the behaviour of large-scale objects. The measurements that we have 

talked about in such highly abstract form do in fact come down in the end to looking 

at the position of a pointer, or the reading of time on a watch, or measuring out where 

on a photographic plate or a phosphorescent screen a flash of light or a patch of 

darkness occurs. They all rest on reducing the experience with atomic systems to 
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experiment and observation made manifest, unambiguous and objective in the 

behaviour of large objects, where the precautions and incertitudes of the atomic 

domain no longer directly apply. So it is that ever-increasing refinements and critical 

revisions in the way we talk about remote or small or inaccessible parts of the 

physical world have no direct relevance to the familiar physical world of common 

experience.  

 

 

When Common Sense is Wrong  

Common sense is not wrong in the view that it is meaningful, appropriate, and 

necessary to talk about the large objects of our daily experience as though they had a 

velocity that we knew, and a place that we knew, and all the rest of it. Common sense 

is wrong only if it insists that what is familiar must reappear in what is unfamiliar. It 

is wrong only if it leads us to expect that every country that we visit is like the last 

country we saw. Common sense, as the common heritage from the millennia of 

common life, may lead us into error if we wholly forget the circumstances to which 

that common life has been restricted.  

 

Misunderstanding of these relations has led men to wish to draw from new 

discoveries, and particularly those in the atomic domain, far-reaching consequences 

for the ordinary affairs of men. Thus it was noted that, since the ultimate laws of 

atomic behaviour are not strictly causal, not strictly determinate, the famous argument 

of Laplace for a wholly determinate universe could not be maintained. And there were 

men who believed that they had discovered in the acausal and indeterminate character 

of atomic events the physical basis for that sense of freedom which characterises 

man’s behaviour in the face of decision and of responsibility.  

 

In a similar light-hearted way it was pointed out that, as the state of an atomic system 

requires observation for its definition, so the course of psychological phenomena 

might be irretrievably altered by the very effort to probe them—as a man’s thoughts 

are altered by the fact that he has formulated and spoken them. It is, of course, not the 

fact that observation may change the state of an atomic system that gives rise to the 

need for a complementary description; it is the fact that, if the observation is to be 

meaningful, it will preclude any analysis or control of that change that is decisive.  

 

But these misapplications of the findings of atomic physics to human affairs do not 

establish that there are no valid analogies. These analogies will, in the nature of 

things, be less sharp, less compelling, less ingenious. They will rest upon the fact that 

complementary modes of thought and complementary descriptions of reality are an 

old, long- enduring part of our tradition. All that the experience of atomic physics can 

do in these affairs is to give us a reminder, and a certain reassurance, that these ways 

of talking and thinking can be factual, appropriate, precise, and free of obscurantism.  

 

There are a number of examples which are illuminated by, and in turn illuminate, the 

complementarity of atomic theory. Some of them are from quite different parts of 

human life and some of them from older parts of science. There is one from physics 

itself which is revealing, both in its analogies and its points of difference. One of the 

great triumphs of nineteenth-century physics was the kinetic theory of heat—what is 

called statistical mechanics. This is both an interpretation and a deduction of many of 

the large-scale properties and tendencies of matter: of the tendency, for instance, of 
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bodies that can exchange heal to come to a common temperature, or of the density of 

a gas to be uniform throughout a container, or of work to dissipate itself in heat, or 

quite generally of all of those irreversible processes in nature wherein the entropy of 

systems increases, and forms become more uniform and less differentiated when left 

to themselves to develop.  

 

The phenomena we deal with here are defined in terms of temperature and density and 

pressure and other large-scale properties. The kinetic theory, statistical mechanics, 

interprets the behaviour of these systems in terms of the forces acting on the 

molecules and of the motion of the molecules that compose them, which are usually 

quite accurately described by Newton’s laws. But it is a statistical theory of this 

motion, recognising that in fact we do not in general know, and are not in detail 

concerned with, the positions and velocities of the molecules themselves, but only 

with their average behaviour. We interpret the temperature of a gas, for instance, in 

terms of the average kinetic energy of its molecules, and the pressure as the average 

of the forces exerted by the collision of these molecules on the surface of the 

container. This description in terms of averages, embodying as part of itself our 

ignorance of the detailed state of affairs, is thus in some sense complementary to a 

complete dynamic description in terms of the motion of the individual molecules. In 

this sense kinetic theory and dynamics are complementary. One applies to a situation 

in which the individual patterns of molecular behaviour are known and studied; the 

other applies to a situation largely defined by our ignorance of these patterns.  

 

But the analogy to atomic complementarity is only partial, because there is nothing in 

the classical dynamics which underlies kinetic theory to suggest that the behaviour of 

a gas would be any different if we had performed the immense job of locating and 

measuring what all the molecules were doing. We might then, it is true, not find it 

natural to talk about temperature, because we would need no average behaviour; we 

would have an actual one; but we could still define the temperature in terms of the 

total kinetic energy of the molecules, and we would still find that it tended to equalise 

between one part of the system and another.  

We have therefore a situation in which there are two ways of describing a system, two 

sets of concepts, two centres of preoccupation. One is appropriate when we are 

dealing with a very few molecules and want to know what those molecules do; the 

other appropriate when we have a large mass of matter and only rough and large-scale 

observations about it.  

 

There is, however, no logical or inherent difficulty within the framework of classical 

physics, in combining both descriptions for a single system—and classical physics, 

we repeat, is adequate for most, if not all, of these problems of statistical mechanics. 

It is not that we cannot do this without violating the ‘laws of physics; it is that it 

makes no sense to do it, since each description is appropriate to a context quite 

different from the other. It is clear that, if we insisted on the detailed description of the 

motion of individual molecules, the notions of probability which turn out to be so 

essential for our understanding of the irreversible character of physical events in 

nature would never enter. We should not have the great insight that we now do: 

namely, that the direction of change in the world is from the less probable to the more, 

from the more organised to the less, because all we would be talking about would be 

an incredible number of orbits and trajectories and collisions. It would be a great 

miracle to us that, out of equations of motion, which to every allowed motion permit a 
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precisely opposite one, we could nevertheless emerge into a world in which there is a 

trend of change with time which is irreversible, unmistakable and familiar in all our 

physical experience.  

 

 

Ever-growing Unity of Science  

In considering the relations between the various sciences, there are similar instances 

of complementary views. In many cases, it is not clear whether this is the sort of 

complementarity that we have between the statistical and dynamic descriptions of a 

gas, a contrast of interest and terminology, but not an inherent inapplicability of two 

ways of talking; or whether on the contrary the situation is in fact more as it is in 

atomic physics, where the nature of the world is such that the two modes of 

description cannot be applied at once to the same situation. Every science has its own 

language. But dictionaries of translation between the languages do exist, and mark an 

ever-growing understanding and unity of science as a whole. It is not always dear 

whether the dictionaries will be complete; between physics and chemistry they 

apparently are. Everything the chemist observes and describes can be talked about in 

terms of atomic mechanics, and most of it at least can be understood. Yet no one 

suggests that, in dealing with the complex chemical forms which are of biological 

interest, the language of atomic physics would be helpful. Rather it would tend to 

obscure the great regularities of biochemistry, as the dynamic description of a gas 

would obscure its thermodynamic behaviour.  

 

The contrast becomes even more marked when we consider the physico-chemical 

description of living forms. Here, in spite of the miraculous sharpness of the tools of 

chemical analysis, of the extensive use not only of the microscope but of the electron-

microscope to determine fine details of biological structure, in spite of the use of 

tracers to follow changes on a molecular scale, questions have still been raised as to 

whether this description can in the nature of things be complete.  

 

The question involves two points: the first having to do with the impossibility of 

wholly isolating a biological system from its physical environment without killing it; 

the second with the possibility that a really complete physico-chemical study of the 

pivotal structures in biological processes—of genes, let us say, in the nuclei of 

dividing cells—might not be incompatible with the undisturbed course of life itself. It 

would appear to be the general opinion of biologists that no such limitations will 

prove decisive; that a complete description of biology will be possible not only in 

terms of the concepts of biology but in terms reducible to those of physics and 

chemistry. Certainly it is a large part of the aim and wonder of biological progress to 

carry this programme as far as possible.  

 

Analogous questions appear much sharper, and their answer more uncertain, when we 

think of the phenomena of consciousness; and, despite all the progress that has been 

made in the physiology of the sense organs and of the brain, despite our increasing 

knowledge of these intricate marvels both as to their structure and their functioning, it 

seems rather unlikely that we shall be able to describe in physicochemical terms the 

physiological phenomena which accompany a conscious thought, or sentiment, or 

will. Today the outcome is uncertain. Whatever the outcome, we know that, should an 

understanding of the physical correlate of elements of consciousness indeed be 

available, it will not itself be the appropriate description for the thinking man himself, 
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for the clarification of his thoughts, the resolution of his will, or the delight of his eye 

and mind at works of beauty. Indeed, an understanding of the complementary nature 

of conscious life and its physical interpretation appears to me a lasting element in 

human understanding and a proper formulation of the historic views called psycho-

physical parallelism.  

 

For within conscious life, and in its relations with the description of the physical 

world, there are again many examples. There is the relation between the cognitive and 

the affective sides of our lives, between knowledge or analysis and emotion or 

feeling. There is the relation between the aesthetic and the heroic, between feeling and 

that precursor and definer of action, the ethical commitment; there is the classical 

relation between the analysis of one’s self, the determination of one’s motives and 

purposes, and that freedom of choice, that freedom of decision and action, which are 

complementary to it.  

 

Whether a physico-chemical description of the material counterpart of conscio4lsness 

will in fact ever be possible, whether physiological or psychological observation will 

ever permit with any relevant confidence the prediction of our behaviour in moments 

of decision and in moments of challenge, we may be sure that these analyses and 

these understandings, even should they exist, will be as irrelevant to the acts of 

decision and the castings of the will as are the trajectories of molecules to the entropy 

of a gas. To be touched with awe, or humour, to be moved by beauty, to make a 

commitment or a determination, to understand some truth—these are complementary 

modes of the human spirit. All of them are part of man’s spiritual life. None can 

replace the others, and where one is called for the others are in abeyance.  

 

Just as with the a-particles of Rutherford, which were first for him an object of study 

and then became for him a tool of study, a tool for investigating other objects, so our 

thoughts and words can be the subject of reflection and analysis; so we can be 

introspective, critical, and full of doubt. And so, in other times and other contexts, 

these same words, these same thoughts taken as instruments, are the power of human 

understanding itself, and the means of our further enlightenment.  

 

The wealth and variety of physics itself, the greater wealth and variety of the natural 

sciences taken as a whole, the more familiar, yet still strange and far wider wealth of 

the life of the human spirit, enriched by complementary, not at once compatible ways, 

irreducible one to the other, have a greater harmony. They are the elements of man’s 

sorrow and his splendour, his frailty and his power, his death, his passing, and his 

undying deeds. 


