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This week and next week I want to talk to you about the problem of the origin of the 

universe. I suppose it would hardly be an exaggeration to say that this is the greatest 

challenge to the intellect that faces man, and I cannot pretend that I have any new 

solution to offer you. However, you may have gathered from my earlier talks that 

today the air is alive with a new hope and expectancy, because our new instruments 

may be reaching out so far into space that we may soon be able to speak with more 

confidence. I am going to set out the problem as I see it, and I hope you will get an 

idea of these vast cosmological issues and of the implications of the alternative 

solutions which lie ahead. At the end I shall tell you what I think about it all as an 

ordinary human being.  

 

We have seen that observational astronomy tells us about the universe as it exists out 

to distances of about two thousand million light years. At that distance we are seeing 

the universe as it existed two thousand million years ago. Within this vast area of 

space and time we can study the innumerable stars and galaxies and from these 

observations we can attempt to infer the probable nature and extent of the cosmos 

beyond the range of observations.  

 

I think there are three stages in which we might consider this problem. The first stage 

is to inquire whether the observations are likely to be extended in the future to even 

greater distances and thereby penetrate even further into past history than the present 

two thousand million years. The second stage is an appeal to cosmological theory, an 

inquiry as to the extent to which the present observations agree with any particular 

cosmology and the nature of the past and future as predicted by these theories. 

Finally, we shall reach a stage where theories based on our present conceptions of 

physical laws have nothing further to say. At this point we pass from physics to 

metaphysics, from astronomy to theology, where the corporate views of science 

merge into the beliefs of the individual.  

 

The vast region of space and time enclosed by the present observations includes 

several hundred million galaxies of stars. As far as we can see, the overall large-scale 

structure of the universe within these limits has a high degree of uniformity. When we 

look at these distant regions we find that the light is reddened, indicating that the 

galaxies are receding from us. As far as we can see, the red shift of the most distant 

nebulae is still increasing linearly with distance. There is no indication that we are 

seeing anything but a small part of the total universe. However, in the second stage of 

our inquiry we shall see that an observational test between rival cosmological theories 

demands a still further penetration and an extension of the present observational limit 

is a matter of some urgency in cosmology. Unfortunately there are fundamental 

difficulties introduced by the recession of the galaxies which no device of man will 

ever surmount. At the present observable limit of the large optical telescopes the 
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galaxies are receding with a speed of about one-fifth of the velocity of light. From this 

aspect alone we face a limit to future progress. Even if no other effects intervened we 

could never obtain information about those further regions of space where the 

velocities of recession of the galaxies reach the speed of light. The light from the 

more distant galaxies will never reach us. In Eddington's phrase: ‘Light is like a 

runner on an expanding track with the winning post receding faster than he can run’. 

 

There are, moreover, further difficulties which will hinder the approach to this 

fundamental limit. If the ·remote galaxies were stationary then all the light emitted, 

say, in one second would reach our telescopes. But the galaxies are moving away with 

speeds which are an appreciable fraction of the velocity of light, and as the speed 

increases less and less of the light actually emitted by the galaxies in one second 

reaches our instruments. This degradation of the intensity of the light coupled with the 

accompanying shift in wavelength to the red end of the spectrum worsens still further 

the technical difficulties of these observations. 

 

 

Observable Horizon 

The radio telescopes may well be in a stronger position with respect to these 

hindrances. To begin with, the collisions of galaxies, which I described in an earlier 

lecture, generate very powerful radio emissions, and the shifts in wavelength which 

accompany the recession do not present the same observational difficulties as in the 

optical case. In fact the present belief is that many of the objects already studied by 

their radio emissions lie at distances which exceed considerably the present two 

thousand million light years' limit of the optical telescopes. Therefore, we can I think 

answer the first stage of our inquiry with some degree of certainty in the following 

way. The present observable horizon of the universe will be pushed back by a limited 

amount in the near future, perhaps to a few thousand million light years. Then we 

must be content. No further strivings or inventions of man will enable us to probe the 

conditions that existed in epochs of history beyond these few thousand million years. 

They are gone for ever beyond the fundamental limits of observability. 

 

At this point we reach the second stage of our inquiry where we appeal to 

cosmological theory. The question is this. Can we formulate a theory in terms of 

known physical laws whose predictions agree so well with the present observable 

universe that we can predict the past and future? 

 

Indeed, when we turn to the cosmological theories which are today seriously 

considered by astronomers, we find a most absorbing state of affairs. Not one but 

several theories can explain from acceptable postulates the present observable state of 

the universe. These predictions bring us face to face with the ultimate problem of the 

origin of the universe in ways which are startlingly different. But the new techniques 

in astronomy may be on the verge of producing observational data which may be 

decisively in favour of one or other of these cosmologies. At least one of these 

alternatives would, I think, present theology with a very serious dilemma. In fact if 

the full implications of the theory eventually receive the support of astronomical 

observations it is difficult to see how certain fundamental doctrines could be 

maintained in their present harmonious relation with our physical knowledge of the 

universe. 
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Evolutionary Models 

First of all, though, I want to discuss the cosmological theories which are generally 

classed as the evolutionary models of the universe. I think it would be correct to say 

that these theories, which are a consequence of Einstein's general theory of relativity, 

are regarded with the most favour by the majority of contemporary astronomers. In 

passing perhaps I should add that in the light of our present knowledge it does not 

seem worth while discussing for our present purpose any of the cosmological theories 

which preceded the introduction of the theory of general relativity in 1915. The 

application of Newton's theory of gravitation, in which the attraction between bodies 

varies inversely as the square of their distance apart, to the large-scale structure of the 

universe would require that the universe had a centre in which the spatial density of 

stars and galaxies was a maximum. As we proceed outwards from this centre the 

spatial density should diminish, until, finally, at great distances it should be succeeded 

by an infinite region of emptiness. The observed uniformity in the large-scale 

structure of the universe is clearly at variance with these ideas. Neither does any 

theory based on Newton's laws of universal attraction and conservation of mass offer 

hope of explaining the observed expansion and recession of the nebulae. On the other 

hand, in Einstein's theory of general relativity gravitation is not explained in terms of 

a force but of the deformation of space near massive bodies. In our ordinary life we 

treat space as though it were flat, or Euclidean, in the sense that the geometrical 

properties obey the axioms of Euclid as we were taught in school. For example, the 

three angles of a triangle add up to two right angles. According to Einstein's theory, 

however, these simple conceptions must be abandoned, and though in ordinary 

circumstances the differences are insignificant, nevertheless when we consider the 

properties of space near a massive star, for example, the conceptions of a flat space no 

longer apply. 

 

Einstein attempted to apply his new ideas of the gravitational curvature of space-time 

to the universe as a whole. In this case the curvature of space would be influenced not 

only by one star but by countless stars and galaxies. However, in the large scale view, 

as we have seen, the distribution has a high degree of uniformity, and the problem of 

the overall curvature of space can be related to the average density of the matter in the 

universe. In working out the equations Einstein was unable to find any solution which 

described a static universe. We must remember that this was a decade before the 

discovery of the recession of the nebulae, and any cosmological theory which did not 

provide for a static cosmos could have been little more than a curiosity. 

 

 

The Cosmical Constant 

Faced with this dilemma, Einstein realized in 1917 that the difficulties could be 

surmounted by the introduction of a new term in his equations. This is the famous λ 

term, or the cosmical constant, over which there was to be so much future dispute. 

This new term appears in the equations as an arbitrary universal constant. Its 

interpretation in terms of a physical model of the universe is that it introduces an 

effect analogous to repulsion. This cosmic repulsion increases with the distance 

between bodies and is to be regarded as superimposed on the usual forces of 

Newtonian attraction. Thus at great distances the repulsion outweighs the attraction, 

and in the equilibrium condition the Newtonian attraction and cosmical repulsion are 

in exact balance.  
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We cannot follow in detail the subsequent developments, which are of the utmost 

complexity. In fact, now it has for long been realized that the equations of general 

relativity cannot define a unique universe. For the past thirty years cosmologists have 

sought for arguments based on the observed characteristics of the universe which 

would identify the actual universe with one of the theoretical models.  

 

All that I propose to do here is to give some examples of these evolutionary models, 

one of which is today believed by many cosmologists to describe the past history with 

some degree of certainty. The first example is a solution discovered by the Abbé 

Lemaître in 1927 and developed by Eddington. I have already said that by introducing 

the cosmical constant Einstein was able to specify a static condition of the universe in 

which the Newtonian attraction and cosmical repulsion are in exact balance. 

However, this equilibrium is unstable. If something upsets the balance so that the 

attraction is weakened, then cosmical repulsion has the upper hand and an expansion 

begins. As the material of the universe separates, the distance between the bodies 

becomes greater, the attraction still further weakens, the cosmical repulsion ever 

increases, and the expansion becomes faster. On the other hand, if the equilibrium was 

upset in the other way, so that the forces of attraction became superior, then the 

reverse would occur and the system would contract continuously. Eddington's view 

was that in the initial stage the universe consisted of a uniform distribution of protons 

and electrons, by our standards very diffuse. This proton-electron gas comprised the 

entire primeval universe which would have had a radius of about a thousand million 

light years. At some stage an event or series of events must have occurred in this 

diffuse gas which determined that the universe was launched on a career of expansion 

and not contraction. There were many views as to how this might have happened. 

Eddington held that the accumulation of irregularities in the gas started the 

evolutionary tendency. Soon, condensations formed in the gas and those ultimately 

became the galaxies of origin recedes even stars, further back in time  

 

In the light of modern knowledge this theory receives little support. The time scale of 

its evolution is too short, and one cannot find a compelling reason why the primeval 

gas should have been disturbed in such a way as to determine that the universe was 

launched on a career of expansion rather than contraction. The initial condition is a 

special case, ephemeral and fortuitous. As far as the laws of physics are concerned 

one can only say that by chance the initial disturbances were such as to determine the 

history of the universe. One cannot feel very happy that such a chance occurrence 

some thousands of millions of years ago should have determined the fundamental 

features of the universe. Moreover, although originally the theory as expounded by 

Jeans and Eddington undoubtedly had attractive features for some theologians, I feel 

now that this might well have been enhanced by feelings of relief that the vastness, 

uniformity, and organization of the universe which had just been revealed still 

remained outside the conceivable laws of physics in its initial state. Indeed, when  

considering these initial conditions Jeans spoke in terms of ‘the finger of God 

agitating the ether’, implying a divine intervention at a predictable time in past history 

after which the laws of physics became applicable. This degree of familiarity with 

processes is, I think, undesirable theologically, and for science it evades the problem 

by obscuring the ultimate cosmological issue.  

 

Moreover, there is another problem which must be faced. The event which we have 

considered in the unstable static assemblage of primeval gas predetermined the 
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subsequent history of the universe. One must still inquire how long the gas existed in 

this condition of unstable equilibrium and how the primeval gas originated. Science 

has nothing to say on this issue. Indeed, it seems that the theory requires the exercise 

of yet another divine act at some indeterminate time before the occurrence which set 

off the gas on its career of condensation and expansion. 

 

Of course this particular model is now of little more than historical interest as being 

one of the first of the evolutionary theories based on general relativity to receive 

serious attention. It provides, however, a remarkable example of the influence in 

cosmology of the predilection of the individual. When faced with the various possible 

cosmological models which we have outlined, Eddington said: ‘Since I cannot avoid 

introducing this question of a beginning, it has seemed to me that the most 

satisfactory theory would be one which made the beginning not too unaesthetically 

abrupt. This condition can only be satisfied by an Einstein universe with all the major 

forces balanced’. He continues: ‘Perhaps it will be objected that, if one looks far 

enough back, this theory does not really dispense with an abrupt beginning, the whole 

universe must come into being at one instant in order that it may start in balance. I do 

not regard it in that way. To my mind undifferentiated sameness and nothingness 

cannot be distinguished philosophically’. In this way Eddington attempted to 

rationalize the basis on which to build the universe. 

 

I have already mentioned the Abbé Lemaître. His original work in 1927, published in 

a little known journal, was discovered by Eddington. Although Eddington remained 

faithful to this idea that the universe evolved from the static but unstable Einstein 

universe, the conception was soon abandoned by Lemaître himself. For the past 

twenty-five years Lemaître’s name has been associated with another model whose 

origin recedes even further back in time than the static Einstein state. Of all 

cosmologies it is, perhaps, by far the most thoroughly studied. We shall see later that 

during the last few years a tremendous clash has occurred with other opinions, but at 

the present time there are no known features of the observable universe which are 

incompatible with Lemaître’s evolutionary cosmology. Lemaître’s model is typical of 

one of the groups of theories inherent in general relativity, according to which the 

universe originated at a finite time in the past and expands to an infinite size at an 

infinite future time. 

 

Perhaps we can most easily visualize this conception by taking the universe as we see 

it now and inquiring quite simply what might have been the situation long ago. The 

observations of the distant galaxies show that their light and radio emission are shifted 

in wavelength so that as received on the earth the light is redder and the radio waves 

longer in wavelength than those which are actually emitted. The interpretation of this 

shift is that we are separating from the galaxies at a very high speed, and that the 

speed of recession increases as we move out into space. At the limits of present-day 

observation the speed of recession is about thirty-seven thousand miles per second, 

which is a fifth of the velocity of light. The observation which gives us this figure is 

of a cluster of galaxies in Hydra photographed in the 200-inch telescope. The so-

called cosmological principle which is inherent in Lemaître’s theory implies that if 

human beings equipped with similar instruments existed on a planet in this Hydra 

cluster of galaxies then they would see the cluster of galaxies to which we belong at 

the limit of their powers of observation and the velocity of recession would also be 

thirty-seven thousand miles per second. It is important to rid ourselves of any idea 



 6 

that because all round us we find galaxies in recession, then we are the centre of the 

recessional movement. This is not the case. It is an impression which we obtain 

because we can see only a small part of the total universe. 

 

To return to this cluster of galaxies in Hydra. We are now seeing it as it was two 

thousand million years ago, moving away at a rate of thirty-seven thousand miles a 

second. What is the likely past history of this and all other similar galaxies? Up to a 

point this question is not too difficult to answer. For example, a minute ago we were 

ten million miles closer to this cluster than we are now. A year ago we were a light 

year closer, or nearly six billion miles. If we recede back into history in this manner 

we realize that the galaxies such as Hydra which are now almost beyond our view 

must have been very much closer to us in the remote past. In fact if we proceed in this 

way, then we reach a time of about eight or nine thousand million years ago when all 

the galaxies must have been very close together indeed. Of course the galaxies 

themselves have evolved during this time but the primeval material from which they 

were formed must have existed in a space which is very small compared with the 

universe today.   

 

With important reservations which I shall deal with now, this in essence is the 

fundamental concept of Lemaître’s theory, namely that the universe originated from a 

dense and small conglomerate which Lemaître calls the primeval atom. I shall return 

in a moment to the conditions which might have existed at the beginning, and to the 

possible events which might have initiated the disruption and expansion of the 

primeval atom. It is in fact necessary to emphasize that the theory does not demand 

the formation of the galaxies in the first phase of the expansion. The primeval atom 

contained the entire material of the universe and its density must have been 

inconceivably high—at least a hundred million tons per cubic centimetre. The initial 

momentum of the expansion dispersed this material, and after thousands of millions  

of years the conditions applicable to the so-called Einstein universe would have been 

reached. Then the size of the universe was about a thousand million light years and 

the density would have been comparable to that with which we are familiar on earth. 

According to Lemaître, at this stage the initial impetus of the expansion was nearly 

exhausted and the universe began to scttle down into the nearly static condition which 

we have previously considered, where the forces of gravitational attraction and 

cosmical repulsion were in balance. The mathematical treatment indicates that the 

universe must have stayed for a long time in this condition. It is during this phase that 

the great clusters of galaxies began to form from the primeval material. Then the 

conditions of near equilibrium were again upset, the forces of cosmical repulsion 

began to win over those of gravitational attraction, and the universe was launched on 

the career of expansion which after nine thousand million years brought it to the state 

which we witness today.  

 

The time scale determined by tracing back the past history of the galaxies brings us 

not to the beginning of time and space, but merely to a condition which existed a few 

thousand million years ago when the universe was probably about one tenth of its 

present size and consisted of the original gaseous clouds from which the clusters of 

galaxies began to form. The processes of the formation and evolution of the galaxies 

from this early stage are the subject of very detailed mathematical treatment. There is, 

at present, every reason to believe that a satisfactory explanation of the evolution of 

the universe from that condition can be given in terms of the known laws of physics.  
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But when we pass on to consider the even earlier stages, difficulties and uncertainties 

appear. How much further do we have to go back in time to the condition of the 

primeval atom? The theory does not determine this with any precision, because the 

delay which the universe suffered during the equilibrium phase when the gaseous 

clouds were forming into galaxies cannot be specified. One can, however, say this—

that the explosion or disintegration of the primeval atom must have occurred between 

twenty thousand million and sixty thousand million years ago. In other words the 

period of about nine thousand million years ago, when the galaxies began to form and 

the present period of expansion began, represents a comparatively recent phase in the 

history of the universe.  

 

In my next and last lecture I shall talk about the alternative view which science can 

offer on the origin of the universe, but before doing this I want to dwell a moment on 

the implications of this evolutionary theory. The time scale; although vast, is 

conceivable in human terms. From the initial moment of time when the primeval atom 

disintegrated, astronomy and mathematics can attempt to describe the subsequent 

history of the universe to the state which we observe today. Moreover there is every 

chance that in the forseeable future man will produce experimental tests which will 

either substantiate or destroy this picture. But when we inquire what the primeval 

atom was like, how it disintegrated, and by what means and at what time it was 

created, we begin to cross the boundaries of physics into the realms of philosophy and 

theology. The important thing at that stage is what you and I think about this situation, 

this beginning of all time and space.  

 

As a scientist, I cannot discuss this problem of the creation of the primeval atom 

because it precedes the moment when I can ever hope to infer from observations the 

conditions which existed. If, indeed, the universe began in this way, then the concepts 

of space and time with which we deal originated at some moment between twenty 

thousand million and sixty thousand million years ago. Time in the sense of being 

measured by any clock did not exist before that moment, and space in the sense of 

being measured by any yardstick was contained entirely within the primeval atom. 

The vast regions of space which we survey today are just a small part of those which 

were originally the space of that small conglomerate.   

 

We can, of course, speculate on the issues of the creation of the primeval atom and its 

initial condition, but it is the philosopher who must first build a scheme which is self-

consistent and which leads us smoothly into the beginning of space-time where the 

mathematician can take over. Or one can simply refuse to discuss the question. If we 

wish to be materialistic, then we adopt the same attitude of mind as the materialist 

adopts in more common situations. The materialist will begin in the present case at 

the initiation of space-time when the primeval atom disintegrated. That simply evades 

the problem, and in my last lecture I shall describe some alternative theories and the 

kind of framework which might eventually form a metaphysical scheme before the 

beginning of time and space.  

 

 


