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Last week I described one of the evolutionary theories of the origin of the universe. 

According to this theory all the material of the universe and all of time and space were 

originally concentrated in a superdense primeval atom which disintegrated about 

twenty or sixty thousand million years ago. During the course of this lecture I shall 

describe the theory of continuous creation which has quite different implications, but 

before I do that I want to consider this problem of the beginning which is inherent in 

the evolutionary theories.  

 

With an effort of imagination the human mind can trace its way back through the 

thousands of millions of years of time and space, and we can attempt to describe in 

common concepts the condition of the primeval atom. The primeval atom was 

unstable and must have disintegrated as soon as it came into existence. There we 

reach the great barrier of thought, because we begin to struggle with the concepts of 

time and space before they existed in terms of our every-day experience. I feel as 

though I have suddenly driven into a great fog barrier where the familiar world has 

disappeared.  

 

I think one can say that philosophically the essential problem in the conception of the 

beginning of the universe is the transfer from the state of indeterminacy to the 

condition of determinacy, after the beginning of space and time when the macroscopic 

laws of physics apply. When viewed in this way, we see that the problem bears a 

remarkable similarity to one with which we are familiar. This is the indeterminacy 

which the quantum theory of physics introduces into the behaviour of individual 

atoms, compared with the determinacy which exists in events where large numbers of 

atoms are involved. The process of thought by which we reduce the multiplicity of the 

entire universe to its singular condition of the primeval atom is equivalent in principle 

to the reduction of the chair in which you are sitting to one of its individual atoms. 

Not in the evolutionary sense, of course, but in the sense that quantum theory and the 

principle of uncertainty explain why the behaviour of the individual atom is 

indeterminate and why it is impossible for you to find out the condition of the atom 

with any precision because you will disturb it in the very process of investigation. In 

fact the application of the fundamental concepts of quantum theory to the 

cosmological problem enables us to begin the struggle with the barrier which arises 

whenever we think about the beginning of space and time.  

 

The primeval atom was a singular state of the universe, as incapable of precise 

specification by physical methods as the familiar individual particle in the uncertainty 

principle of modern physics. When the primeval atom disintegrated the state Of 

multiplicity set in and the universe became determinate in a macroscopic sense. 

Philosophically space and time had a natural beginning when the condition of 

multiplicity occurred, but the beginning itself is quite inaccessible. In fact, in the 
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beginning the entire universe of the primeval atom was effectively a single quantum 

unit in the sense that only one of the future innumerable potential states existed.  

 

I am aware that this discussion is merely a line of metaphysical thought. Its 

importance lies in the parallel with the fundamental difficulties and: basic 

indeterminacies in modern quantum theory. If future advances should occur in these 

directions then it may become possible to speak with more certainty about the 

condition of the original cosmological quantum. In the light of our present knowledge 

of atomic physics it is possible only to surmise the kind of condition which might 

have existed. I suggested earlier that the density of matter in this primeval atom was 

inconceivably high. This is arrived at by a simple arithmetical deduction from the 

probable total mass of the universe as we see it now, and by assuming that the radius 

of the primeval atom was not greater than a few million miles. However, it is possible 

that the primeval atom was not like this, but that it consisted of intense radiation and 

corpuscular rays which formed the primeval gas during the first phases of the 

expansion.  

 

In fact, it is: a fundamental concept of Lemaître’s theory that the cosmic radiation 

which we observe today is a relic of this early state. A characteristic of this picture of 

evolution is the long time-scale involved in the transformation of the intense energy 

of the original primeval atom, first into the gaseous clouds of hydrogen and then by 

processes, which awaited the high temperatures and pressures that arose when stars 

began to form, into the other elements with which we are familiar today. If pressed to 

describe this primeval atom in conventional terms one would, I think, refer to a 

gigantic neutron. By radio-active decay this neutron suffered a tremendous explosion. 

Protons, electrons, alpha particles, and other fundamental particles emerged from it at 

great velocity and continued to fill all space nearly uniformly as this basic material 

expanded for many thousands of millions of years until the clusters of galaxies began 

to form.  

 

 

The Once-for-all Theory  
An alternative picture of the condition of the primeval atom has been given by 

Gamov, who believes that it consisted entirely of high-temperature thermal radiation. 

Five minutes after the expansion began the temperature of the universe was a 

thousand million degrees; after a day it had fallen to forty million degrees, say nearly 

to the temperature of the centre of the sun; after ten million years it had fallen to an 

average temperature which we call room temperature. On this theory of Gamov all the 

chemical elements we deal with today must have been formed within the first thirty 

minutes of the life of the universe.  

 

Gamov differs from Lemaître in other important respects. In Lemaître’s theory the 

force of the initial disintegration was exhausted after a few thousand million years, 

and the expansion which we witness today came into play only as a result of the 

forces of cosmical repulsion which developed when the galaxies began to form. In 

Gamov’s theory the force of the initial explosion was so great that the expansion of 

the universe was attained without invoking the force of cosmical repulsion. In other 

words, the beginning in the Gamov theory is close to the nine thousand million years 

which we deduce by tracing back the history of the galaxies, and there is no protracted 
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period in the state of diffuse gas with all the major forces balanced, as in Lemaître’s 

theory.  

 

The most distinguished living exponent of the evolutionary theory of the origin of the 

universe is himself in Holy Orders. For him and for all who associate their universe 

with God, the creation of the primeval atom was a divine act outside the limits of 

scientific knowledge and, indeed, of scientific investigation. The probable condition 

of intense radiation in the primeval atom is entirely consistent with the divine 

command: ‘Let there be light’. It would, of course, be wrong of me to suggest that this 

view of the origin of the universe demands necessarily the possibility of creation of 

matter by a divine act. On the contrary, those who reject God adopt a strictly 

materialistic attitude to the problem of the creation of the primeval atom. They would 

argue that the creation of the primeval material had no explanation within the 

framework of contemporary scientific knowledge but would escape from the dilemma 

by reserving the possibility that science would, if given the opportunity of studying 

these initial conditions, find a satisfactory solution. Or they would evade the problem 

of a beginning altogether by following a further line of thought due to Gamov that the 

primeval atom was not the beginning but merely a state of maximum contraction of a 

universe which had previously existed for an eternity of time. I think, however, that 

for theology there is one important observation to make. If the universe was created 

and evolved in the manner just described, then the conception that the creation of the 

primeval material was a divine act can never be attacked by scientific investigation. A 

set of conditions which existed over twenty thousand million years ago and which can 

never return again is for ever beyond investigation. 

 

  

The Continuous Creation Theory  
The theory which we have discussed envisages a once-for-all creation in the remote 

past followed by a steady evolution to the present conditions. The alternative to this 

theory is that the creation of matter is taking place continuously, and that although 

stars and galaxies evolve from this basic material the universe, when considered as a 

large-scale truct1ire, is in a steady state. We can illustrate this view by considering the 

future history of the galaxies which are now near the limit of observation. We are 

receding at great speed from these galaxies. In a billion years’ time the galaxies will 

have passed for ever from our field of view and other galaxies which are now closer 

to us will have moved out to our observable horizon. So much is common ground on 

both the evolutionary and steady-state theories. The sharp distinction arises when we 

compare the picture of the universe within the observable horizon now and in a billion 

years’ time. On the evolutionary theory more and more galaxies move out of our field 

of view, and the number of galaxies which we can see with our instruments will for 

ever decrease. In other words, the average spatial density of the universe is 

decreasing. On the steady-state theory this is not the case. Although individual 

galaxies recede beyond the observable horizon, others are always being created to 

take their place. In a billion years’ time the universe will look to us very much as it 

does now. The individual galaxies will have changed, but their average spatial density 

remains the same, because matter is always in creation throughout all of space. The 

comological principle of the evolutionary theory in which the universe would appear 

to be the same to any observer wherever he was situated in space, has become the 

perfect cosmological principle, according to which the universe is the same 

throughout all space and time.  
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The implications of this point of view are, of course, profound. For example,- there 

cannot have been: a beginning in any scale of time at all. If we trace back in time the 

history of the galaxies, they dissolve into gas and then into uncreated matter as they 

move in towards us, whereas others come into view from beyond the observable 

horizon. At a time of twenty thousand million years ago the evolutionary models 

picture the universe s a concentrated conglomerate of gas, whereas the steady-state 

universe would have appeared as it does today. Indeed, however far we go back in 

time there is no stage at which we can say that the universe, as a whole, had a 

beginning. In the only language at our command we can say that the history of the 

universe on the steady-state theory extends to an infinite time in the past.  

 

 

The Future of the Universe  
As regards the future of the universe, again there are great differences between the 

evolutionary and steady-state models. The predictions of the steady-state theory are 

quite clear. The universe has an infinite extent in space and an infinite future in time. 

There is, of course, a limit to the observable universe from any one place in it 

determined by the speed of expansion. But if an intelligent being exists at our 

observable limit he would find himself surrounded by a similar universe of galaxies 

and so on without end. Neither does the theory of continuous creation place any 

limitation on the future extent in time. In the same way that a billion years ago the 

universe would look the same as it does now, so in a billion years of future existence 

the overall large-scale picture will be unchanged.  

 

The future on the evolutionary models is quite different. The total content of matter 

was fixed once and for all at the time of creation. The expansion is thinning out the 

galaxies, and in a billion years our view of space would indeed be vastly different 

from what it is today. In some variations of the evolutionary theory the process of 

expansion is expected to reverse when the spatial density has fallen to a certain value 

and then the contraction of space would bring the ageing galaxies into view again. But 

even in such variations of the evolutionary models the ultimate death of the universe 

seems inescapable because the energy with which the universe was imbued at its 

creation is relentlessly becoming less available.  

 

The finite limitations of space, time, and content in some of the evolutionary models 

lead one to ask whether our universe is, in fact, the entire cosmos. It is a question 

which at present cannot be discussed with profit. There is no feature of theory which 

would preclude the existence of other universes created at different times, but unless 

we are hopelessly wrong in our interpretation of our observations of the universe we 

see, there is no conceivable way in which we can ever penetrate the regions of time 

and space where they might exist.  

 

The conflict between the steady-state and evolutionary theories is of the very greatest 

significance to cosmology and to human thought. The evolutionary theory places the 

creation of matter at a definite moment in the remote past, beyond human 

investigation. Although the steady-state theory has no solution to the problem of the 

creation of matter it is important to appreciate that if this theory is correct, then the 

primeval gas is being created now, at this moment, and hence is open to human 

investigation.  
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Kant’s Doctrine  
On the whole, I think it must be incontestable that the steady- state theory is more 

materialistic than the evolutionary theory. It could be said that the creation process is 

a divine act which is proceeding continuously, and which is beyond the conception of 

the human mind. On the other hand it cannot be denied that this may be a somewhat 

perilous attitude, for the simple reason that the tools of science can probe the regions 

of space where this creation is occurring. In fact, in the equations of the cosmologists 

a creation term already exists. Philosophically, it is, I think, important to emphasize 

the approachability of the creation of hydrogen which is inherent in these modern 

theories of continuous creation. Otherwise the metaphysical impact would not be 

severe. In this sense the concept was stated long ago by Kant:  

 

The remaining part of the succession of eternity is always infinite and that which has 

flowed is finite, the sphere of developed nature is always but an infinitely small part of 

that totality which has the seed of future worlds in itself, and which strives to evolve 

itself out of the crude state of chaos through longer or shorter periods. The creation is 

never finished or complete. It has indeed once begun but it will never cease.  

 

But, of course, Kant’s doctrine was egocentric, in the sense that God had completed 

the creation in the part of the cosmos which we can see. In the contemporary theories 

of continuous creation, the processes of formation should still be occurring all round 

us and is therefore open to human investigation.  

 

I think it is true to say that during the last few years the cosmological issue has 

crystallized into a conflict between these evolutionary and steady-state theories of the 

origin of the universe. The variations in detail within these two broad principles are 

numerous. Many of these differences are highly abstract, but in so far as the stream of 

human thought is concerned these internal variations are of small consequence 

compared with the major issue as to whether creation is occurring now and 

throughout all time in the past and in the future, or whether the fundamental material 

of the universe was created in its entirety some billions of years ago.  

 

It seems possible that we may be on the verge of settling by experimental observation 

which of these two principles is correct. In fact, the group of young cosmologists who 

have promulgated the theories of continuous creation have always emphasized that 

the new theories should be capable of direct experimental test. For example, if with 

our telescopes we could penetrate so far into space that we could see a cluster of 

galaxies from which the light had taken nine thousand million years to reach us, then 

it would be possible to reach a clear decision. For at that time in the past, on the 

evolutionary theory, the clusters of galaxies were only just beginning to form from the 

primeval gas. Well, of course, such a straightforward observation is impossible 

because of the limited range of our telescopes. I said earlier that the most distant 

object yet identified in the telescopes is the cluster of galaxies  

in Hydra, at about two thousand million light years. Although the light from this 

cluster has been travelling through space for two thousand million years it is too close 

to us in time and space to be of use in distinguishing between the two theories.  
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On the Verge of the Regions of Space and Time  
It is, however, on the verge of the regions of space and tune where the universe would 

be expected to be significantly different if creation were still in progress compared 

with the conditions in an evolutionary universe. If time and space had a beginning, 

then when the universe was only a few thousand million years old it would be much 

more compact than it is today. The galaxies would be in existence but they would be 

packed closer together compared with their spatial density today. The spatial density 

today —by which I mean the number of galaxies within say fifty or a hundred million 

light years of the Milky Way—can be determined by the large telescopes. If we could 

count the number in a similar volume of space at a distance of several thousand 

million light years we should, in effect, be making a count of the galaxies as they 

existed several thousand million years ago. If creation is still taking place, then, on the 

steady-state theories, this number should be the same as today. If the evolutionary 

model is correct then the spatial density at this distance in time and space will be 

much greater.  

 

The possibility of carrying out this decisive observational test excites the imagination. 

Unfortunately, it seems likely that the hindrances introduced by the atmosphere of the 

earth will prevent the great optical telescopes from penetrating to the required regions 

of space. It may well be that only when optical telescopes can be carried in earth 

satellites or erected on the moon will it be possible to look back into the past to this 

extent. Before the advent of such futuristic enterprises it seems likely that the great 

radio telescopes will give us the answer we require. You may remember that in a 

previous talk I referred to the collisions of galaxies which for reasons not yet 

understood generate radio wajs which can easily be picked up in the radio telescopes, 

although the light from these galaxies is so faint that they are near the limit of the 

normally observable universe. We can already study galaxies in collision at such 

distances that they must be far beyond the range of the optical telescopes. We believe 

that these investigations are already taking us so far out in space and so far back in 

time that the radio waves have been on their journey for a few thousand million years. 

The circumstantial evidence for this belief in the origin of many of the unidentified 

radio sources is very strong, and if this is confirmed we have the tools with which 

human beings can bring the cosmological issues to a decisive test.  

 

The concept of continuous creation also presents us with another opportunity to make 

an even more direct and decisive test. If the theory is correct then the hydrogen gas 

which forms the primeval material of the galaxies must be in creation at a 

considerable rate. The theory demands the appearance of hydrogen at the rate of 

several billion trillion tons per second in the observable universe. Although this figure 

is vast, in fact by ordinary human concepts of terrestrial space the rate is exceedingly 

slow. It represents the creation of only a few atoms of hydrogen per cubic mile of 

space per year. The presence of this hydrogen in intergalactic space may well be 

detectable in the near future by the radio telescopes.  

 

 

Solving the Ultimate Cosmological Problem?  
As individuals we must therefore face the possibility that within the next few years 

astronomers may be able to speak with unanimity about the ultimate cosmological 

problem. Only the materialist can turn aside unmoved by this prospect. For others, a 
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settlement of this cosmological issue might mean an affirmation or rejection of deeply 

embedded philosophical and theological beliefs.  

 

So far, I have tried to present the contemporary background without prejudice, but no 

doubt before I finish you will expect me to say a word about my own personal views. 

At the moment our outlook in astronomy is optimistic. A new epoch has been opened 

by the development of radio telescopes, and we are perhaps within a generation of an 

even more astonishing one because of the inherent possibilities of astronomical 

observations from earth satellites or the moon. We can only guess as to the nature of 

the remote regions which might be photographed by telescopes removed from their 

earthbound environment. In the case of radio telescopes this development is still very 

young. Three hundred years elapsed between Galileo’s small telescope and the 

inauguration of the 200-inch telescope on Mount Palomar. In the development of 

radio telescopes we have not covered a tenth of that time-span. I think, therefore, that 

our present optimism may well be of the kind which comes from the initial 

deployment of great new instruments and techniques. I have no doubt that within a 

few years these instruments will enable us to resolve the conflict which I have 

described between the evolutionary and steady-state models. In this process new 

difficulties will certainly appear, and these might make my present description of the 

universe as out of date as the static egocentric description which was in vogue in the 

first twenty years of this century.  

 

When we are dealing with time-spans of thousands of millions of years it would be 

sheer impudence to suggest that the views of the cosmos which have evolved from the 

techniques developed in our age possess any degree of finality. My present attitude to 

the scientific aspects of the problem is therefore neutral in the sense that I do not 

believe that there yet exist any observational data which are decisively in favour of 

any particular contemporary cosmology. The optimism with which I believe we are 

on the verge of producing the necessary observational data is tempered with a deep 

apprehension, born of bitter experience, that the decisive experiment nearly always 

extends one’s horizon into regions of new doubts and difficulties.  

 

On the question of the creation of the primeval material of the universe it seems to me 

unlikely that there can ever be a scientific description whether in terms of the 

evolutionary or steady-state theories. If the idea of continuous creation is 

substantiated then science will have penetrated very far indeed into the ultimate 

processes of the universe. It might then appear that a completely materialistic 

framework would have been established, but it does not seem to me that this is the 

case. If one imagines a scientific device which is so perfect that it could record the 

appearance of a single hydrogen atom as demanded by the continuous-creation theory, 

then the scientific description of the process would still be imperfect. The same basic 

and quite fundamental difficulty would appear, as I have described in the case  

of the primeval atom, in the further effort to obtain information about the nature of the 

energy input which gave rise to the created atom.  

 

If I were pressed on this problem of creation I would say, therefore, that any 

cosmology must eventually move over into metaphysics for reasons which are 

inherent in modern scientific theory. The epoch of this transfer may be now and at all 

future time, or it may have been twenty thousand million years ago. In respect of 

creation the most that we can hope from our future scientific observations is a precise 
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determination of this epoch. I must emphasize that this is a personal view. The 

attitudes of my professional colleagues to this problem would be varied. Some would 

no doubt approve of this or a similar line of metaphysical thought. Others would not 

be willing to face even this fundamental limit to scientific knowledge, although, as I 

have said, an analogous limitation occurs in modern scientific theory which describes 

the well-known processes of atomic behaviour. Some, I am afraid, will be aghast at 

my temerity in discussing the issues at all. As far as this group is concerned all that I 

can say is that I sometimes envy their ability to evade by neglect such a problem 

which can tear the individual’s mind asunder.  

 

On the question of the validity of combining a metaphysical and physical process as a 

description of creation, this, as I said earlier, is the individual’s problem. In my own 

case, I have lived my days as a scientist, but science has never claimed the whole of 

my existence. Some at least of the influence of my upbringing and environment has 

.survived the conflict, so that I find no difficulty in accepting this conclusion. I am 

certainly not competent to discuss this problem of knowledge outside that acquired by 

my scientific tools and my outlook is essentially a simple one. Simple in the sense that 

I am no more surprised or distressed at the limitation of science when faced with this 

great problem of creation than I am at the limitation of the spectroscope in describing 

the radiance of a sunset or at the theory of counterpoint in describing the beauty of a 

fugue.  

 

When I began my talks I mentioned the mixture of fear and humility with which I 

approached the task. Now you see the irony of the modern astronomer’s life in its 

entirety. The devices of a world war have been forged, with the help of the fear of 

another, into a system of scientific experiments which take us back through time and 

space to deal with the problems of the origin of the universe.  

 

 

 

 

 

 


