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It is with mixed feelings of fear and humility that I start on this task of talking to you 

about the universe: humility because we have to deal with the implications of 

observations which take us back to epochs of time before human beings existed; fear 

because the techniques and tools of our trade are often those which form the basis of 

military power. The successful launching of the sputnik was a demonstration of one of 

the highest scientific and technological achievements of man— a tantalising invitation 

both to the militarist in search of evermore devastating means of destruction, and to 

the astronomer searching for new means of carrying his instruments away from their 

earthbound environment.  

 

During the course of these lectures I shall describe the universe which we can study 

with our telescopes, both those parts of it which are near at hand in the solar system 

and those remote regions near the observable limit at distances of a few thousand  

million light years. At these distances the light and the radio waves become so weak 

that we cannot observe what lies beyond. These are the limits at which the astronomer 

as a scientist can give any information based on his scientific observations. We are  

then forced to inquire if this vast universe which we already observe represents the 

whole of what actually exists. In this connexion I shall evade the philosophical 

difficulties which surround the meaning of the existence of a universe which we can 

see only in the past. Nonetheless, it is salutary to remember that at any moment we 

see the sun as it existed eight minutes ago, the nearest star as it existed four years ago, 

and that for our nearer neighbours in extragalactic space the light and radio waves by 

which we study them have been travelling for millions of years and our information is 

that much out of date. At the limit of present-day observations our information is a 

few thousand million years out of date. Indeed, the study of the conditions which 

existed so long ago is of crucial importance to the inquiry into the origin of the 

universe and to speculations about its future history.  

 

Although our instruments probe so far out into space and so far back in time, we have 

no final answer to the ultimate problem of the conditions which existed when the 

universe was created, or indeed to the question whether there was an epoch 

measurable in human time scales when the conditions in the universe were 

significantly different from those we observe today. In these considerations we pass 

from the realm of scientific observation to philosophical speculation, and in that 

respect our age is similar to all those that have gone before. There is, however, one 

important difference: today our telescopes are so powerful that they probably 

penetrate to the limits of the observable universe. We may therefore be near the limit 

of our scientific knowledge of the universe as regards its extent in time and space, and 

the cosmological implications of the observations now in progress have assumed an 

unparalleled significance.  
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A Belief Long in Dying  
In the long history of civilization the belief that the earth, our abode in space, was 

fixed in majesty at the centre of the universe was long in dying. Indeed, if you study 

the sky night after night with nothing but your unaided eyes it is easy to sympathize 

with the old belief that the heavens are rotating with the fixed stars, that in a few 

hours the sun will rise in the east and travel across the sky. In fact, only three 

centuries ago men were persecuted for suggesting that this was not the case; the idea 

that the heavy ponderous earth was rotating and moving in space round the sun 

seemed preposterous and contradicted all faith and common sense. The egocentric 

idea was so firmly embedded in men’s minds that even after the acceptance of the 

motion of the earth and the planets round the sun, it was still believed that this solar 

system was in the centre of the universe of fixed stars. I was brought up on the idea 

that the sun was in the centre of a stellar system of many millions of stars distributed 

throughout such a volume of space that light would take twenty thousand years to 

traverse the universe. Indeed, it was already too large for normal comprehension, and 

we seemed to be in a highly privileged position in the central regions of this great 

creation.  

 

Today we realize that these conceptions give us altogether too parsimonious a view of 

the universe and an inflated idea of the astronomical importance of our abode in 

space. In fact we live on one of the smaller planets of a typical star. Our solar system 

is minute by cosmic standards. The most distant planet is only a few thousand million 

miles away and the light from the sun reaches it in a few hours. The earth is moving 

very fast through space. The daily rotation is superimposed on its motion round the 

sun of twenty miles per second, and the entire system, sun, earth, planets, is rushing 

through interstellar space in the direction of a distant star cluster at the rate of over 

twelve miles a second. But this motion causes us no anxiety, interstellar space is 

almost empty, the minute grains of interstellar dust which we encounter are 

insignificant compared with the bombardment which we suffer from the debris of our 

own system, and the nearest star is so far away that light from it travelling at one 

hundred and eighty-six thousand miles a second takes four years to reach us. Even if 

we were moving straight at this star we should take sixty thousand years to get there.  

 

 

The Earth’s ‘Undignified Position’  
Not only are we cosmically small, we are in a rather undignified position amongst the 

stars of the Milky Way. Our telescopes of the twentieth century have shown that the 

Milky Way contains about ten thousand million stars. These are not distributed 

uniformly, but exist in a flattened disc across which light takes about à hundred 

thousand years to travel. This vast system is itself turning round in space at the rate of 

once in a few hundred million years. The hub of this system, which we call the 

galactic centre, is a region of much interest, but unfortunately our view of it is poor. 

We exist somewhere near the edge of this huge disc, and the central regions are 

obscured from view by clouds of interstellar dust. This dust obscures the view from 

the telescopes, and shuts out the light of the stars. We think that well over 90 per cent, 

of the starlight is obscured by the dust, otherwise the starlight would be as bright as a 

full moon. It is characteristic of man’s skill that we have, today, at least partially 

restored our ego by devising means to penetrate this dust, and with our radio 

telescopes we can study the turmoil which is being enacted in the hub of the galaxy.  
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This Milky Way is itself only a local galactic system. The distances which separate 

the stars, the whole extent of the ten thousand million stars in the system, is as nothing 

compared with the separation of the galaxies in intergalactic space. If you look in the 

direction of the constellation Andromeda you can see there a faint, hazy patch of light. 

Herschel saw this and many similar nebulous patches in his telescope one hundred 

and fifty years ago, and he speculated that they might lie outside the confines of the 

Milky Way. However, it needed the twentieth-century telescope of Mount Wilson in 

America to resolve these nebulae into stars and produce the final evidence that they 

were, indeed, outside the Milky Way, and at very large distances. The light which 

reaches our telescopes from the Andromeda nebula has been travelling through space 

for two million years. It comes from another stellar system similar in size and content 

to our own Milky Way. Wherever we look in space we see these nebulae, and within 

the region of the cosmos which we study with our modern telescopes they are almost 

countless, certainly thousands of millions and probably billions—all stellar systems 

made up of thousands of millions of stars. The 200-inch optical telescope at Mount 

Palomar has identified these galaxies out to enormous distances. At the furthest limit 

of penetration the light has been on its journey through space for a few thousand 

million years, and we believe that the radio telescopes have penetrated even further.  

 

 

Clusters of Galaxies  
Some years ago we thought that these galaxies were isolated units in space but now 

we believe that the galaxies exist in large groups or clusters. In the same way that the 

earth and planets are bound to the sun and move as a unit through space, so, on an 

inconceivably vaster scale, we think that the galaxies are contained in clusters as 

connected physical systems. The local group contains the Milky Way system, the 

Andromeda nebula, and perhaps two dozen others. It is not much populated 

compared, for example, with the Virgo cluster of galaxies which contains at least a 

thousand visible galaxies although occupying only about twice the space of the local 

group.  

 

The galaxies within these groups are in random motion. Superimposed on this random 

motion, the groups as an entirety are taking part in the awe-inspiring, large-scale 

expansion of the universe. As we recede into space the rate of expansion always 

increases. One object of our daily study in the constellation Cygnus is receding at the 

rate of more than ten thousand miles a second. Before I get home tonight its distance 

from us will have increased by more than the ninety-three million miles which 

separate the earth from the sun.  

 

Today we argue amongst ourselves about the evolutionary processes, about the details 

of formation of stars and galaxies, about the interpretation of new observations, hut 

the general picture which I have given is not seriously questioned. In the three 

centuries since Galileo and Newton we have moved far, but the vital break with 

tradition belongs to their age, not ours. Their victory is epitomized in the story of the 

evolution of man’s ideas about the solar system; our battle in the dilemmas raised by 

the new instruments of astronomical research.  

 

Today we accept without question the basic fact that the earth and the planets revolve 

round the sun in orbits described by Kepler’s laws and by Newtonian theory, at least 

to a close approximation; but the stages by which man came to accept these simple 
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mechanistic facts were painful and protracted. The story is mainly one of persecution 

of the astronomers on religious grounds, and therefore I want to say at the outset that 

this part of my talk is not to be construed as an attack on the religious organizations 

involved. In fact, if my theme were the interaction of organized religion on other 

human organizations during this period, then a recurrent trouble would be the 

attempts of the astronomers to upset, the unitary conception of the cosmos, attempts 

which seemed to undermine the existing ethical and moral basis of life.  

 

I cannot enter into the discussion of the meaning of truth in this respect, but you will 

appreciate that my own life determines a particular outlook and that any attempt to 

suppress a scientific discovery I must regard as an attempt to suppress the truth. Even  

so, I cannot avoid considerable sympathy with some of the persecutors of the 

astronomers during this long struggle, although deploring their methods. For example, 

in the case of Bruno, who was burnt at the stake in 1600, his teaching was 

iconoclastic, and it would, I think, be easy for a moralist to justify the suppression of  

his work. I find myself with far less sympathy for the present-day attempts  

to suppress the results of certain astronomical investigations. There the roles  

are strangely reversed in a way I will describe later when we consider the  

modern attempts to explain the origin of the solar system.  

 

The popular idea that the struggle was primarily an affair involving Galileo in the 

early part of the seventeenth century is erroneous. Indeed, he represents the climax, 

and at his death the whole fabric of Aristotelian dynamics and astronomy lay in ruins. 

The religious doctrines were sensitive at two particular points. There was nearly 

always a violent reaction at any suggestion either that the earth might not be fixed at 

the centre of the system of stars and planets or that the universe of stars was other 

than finite in time and space. Provided these basic tenets were not attacked the new 

ideas were often accommodated in religious teaching. The gradual absorption of 

Aristotle’s ideas is a classic example. He taught that the stars and planets moved with 

uniform circular velocity in crystalline spheres, centred on the earth, and that the 

universe was limited in space. Today it may seem peculiar that such erroneous ideas 

could be retained for nearly two thousand years, and it is often stated that Aristotle 

obstructed the progress of astronomy. However, I think that the stronghold lay not so 

much in the astronomical doctrine, as such, but in the steady absorption of the 

doctrine with the current religious views. In any case, the truth about the fundamental 

constitution of the solar system was vigorously suppressed whenever it began to 

emerge. Neither Aristarchus of Samos, who maintained that the earth and the planets 

revolved round the sun, nor Hipparchus and Ptolemy, with their fine astronomical 

accomplishments, managed to erase the conceptions of an earth fixed at the centre of 

the universe.  

 

The subsequent thousand years was a sombre period for astronomy. The Roman 

interest was limited to practical matters, such as the organization of the calendar. With 

the foundation of the universities and of the religious orders in the twelfth and 

thirteenth centuries a new interest arose in the study of the cosmos. Aristotle’s 

writings were recovered, and the interpretation and adjustment of his astronomical 

ideas by St. Thomas Aquinas provided a coherent and acceptable framework for the 

development of medieval astronomy with ecclesiastical compatibility.  
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Astrology was a predominant interest. The concept of the perfection of the circle as a 

geometrical figure was the basis for the belief that the fixed stars with their regular 

movements controlled the orderly events of the world. The more erratic movements of 

the planets were then held to be responsible for the vicissitudes of life, and the special 

relations of the zodiacal signs, planets, and other heavenly bodies the precursors of 

disease and calamity. After the Turkish capture of Constantinople in the fifteenth 

century, Pope Calixtus prayed: ‘From the Turk and the comet, good Lord, deliver us’. 

Although today we look on such astrological doctrines with amused contempt, it is 

salutary to be reminded of their enormous strength by their survival to our own age in 

certain forms. For example, the occurrence of the great shower of Leonid meteors in 

the nineteenth century caused immense and widespread terror in the belief that the 

end of the world was at hand, and the appearance of a comet may still be endowed 

with a special significance.  

 

The coherence established under the guidance of Aquinas between the ecclesiastical 

doctrines and the basic idea of the fixed earth and finite universe provided an 

organized scheme of great strength, which formed the basis for physical and 

theological teaching in the Middle Ages. Attempts to undermine the central features 

of this scheme were bound to lead to bitter struggles, and indeed, forces other than the 

development of new theoretical ideas were necessary before man could make progress 

in astronomy. With the sixteenth century we reach the age of the decisive intellectual 

battles, a century which holds the lives of Copernicus, Tycho Brahe, Kepler, and 

Galileo. Vast changes were introduced in man’s ideas of the universe in the name of 

Copernicus. Although his scheme retained much of the current theory—such as that 

the universe was finite, terminating in the sphere of the fixed stars— his explanation 

of the movement of bodies in the solar system was basically correct in so far as he 

imbued the earth and the planets with motion around the sun.  

 

A casual reading of history does not give the impression that Copernicus suffered the 

agony of persecution of his predecessors and successors. He escaped the severe 

penalties which were later to fall on Bruno and Galileo. But there should be no 

illusions about the temper of those times. About Copernicus, Luther said: ‘The fool  

would turn the whole science of astronomy upside down. But, as Holy Writ declares, 

it was the sun and not the earth which Joshua commanded to stand still’. The ferment 

of the Reformation weakened the coherence of the antagonists, and the Catholic 

denunciation of the Copernican theory was delayed for many years. Copernicus  

was aware of the dangers which surrounded him and cleverly attempted to place 

himself under papal protection by dedicating his work to Pope Pius III. Among  

many reasons which he gave for claiming the Pope’s protection was that his work 

would help to solve the problem of calendar reform. In this Copernicus was justified, 

since many years later Pope Gregory used the Copernican tables in his reform of the 

calendar.  

 

The full significance of Copernicus’s De Revolutionibus was apparent only to the 

mathematicians and astronomers who could understand it. The dissemination of  

the Copernican theory in philosophic form did not occur for another forty years. Then 

a renegade friar from Naples, Giordano Bruno, came to London and in 1584 

published three small works. Whereas the Copernican system retained the Aristotelian 

idea of the finite universe of fixed stars, Bruno also taught that the universe was 

infinite in time and space. As far as the Christianity of his day was concerned these 
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ideas were pagan in the extreme, since the very idea of creation was attacked. The 

suppressed rage of the Church was turned on Bruno, and after some years in the 

prisons of the Inquisition he was burned at the stake in 1600.  

 

With this hideous event we enter the final period of bitter persecution with which the 

name of Galileo is inseparably linked. In the history of astronomy Galileo is uniquely 

distinguished because in 1609 he first used a telescope to study the heavens. 

However, before that period of his life opened he had delivered further mortal blows 

at the Aristotelian scheme by his work on falling bodies and by his observation of a 

stellar nova, or new star, in the outer region of the fixed stars which should be the 

perfect unchanging region. With the telescope he observed the lunar mountains and 

discovered the spots on the sun, thereby destroying the belief that the heavenly bodies 

were perfect spheres without blemish. He observed the phases of Venus and 

discovered the moons of Jupiter. This observational evidence in support of the basic 

mathematical scheme of Copernicus, and the more refined system of Kepler, marked 

the final ruin of the Aristotelian scheme.  

 

Kepler was a Protestant, a mystic and a dreamer, who produced volumes of obscure 

mathematics out of which emerged his famous laws of planetary motion. He was 

persecuted by the Protestant faculty of his university and was driven to take refuge 

with the Jesuits. Galileo was an intellectual giant, with brilliant social gifts, and a 

most devout member of the Roman Church. He was too much aware of the grievous 

issues at hand to pursue his astronomical observations in isolation from the articles 

which governed the fundamental edicts of the Church. In 1615 he voluntarily came to 

Rome in order to seek modification of current teaching.  

 

Through a tangled skein of personal intrigue and animosities in which Cardinal 

Bellarmine rather than Pope Paul V was chiefly involved, the Qualifiers of the Holy 

Office were summoned to give their opinion on two propositions: first, that the sun is 

the centre of the world and hence immovable of local motion; second, that the earth is 

not the centre of the world, nor immovable, but moves according to the whole of 

itself, also with a diurnal motion. The Qualifiers declared the first proposition to be 

‘foolish and absurd, philosophically and formally heretical, inasmuch as it expressly 

contradicts the doctrine of the Holy Scripture in many passages, both in their literal 

meaning and according to the general interpretation of the Father and Doctors’, and 

the second was declared ‘to receive the same censure in Philosophy and, as regards 

theological truth, to be at least erroneous in faith’.  

 

Seven years later Paul V was succeeded by Urban VIII, an enlightened man who 

eagerly sought the presence of Galileo. Indeed, Galileo wrote at this time: ‘ I am 

revolving in my mind plans of some moment for the republic of letters, and perhaps 

can never hope for so wonderful a combination of circumstances to ensure their 

success’. With the encouragement of the Pope, Galileo published his fateful Dialogue 

in 1632, which was greeted with rapturous praise. Alas, within a year he was on trial 

before the Inquisition. The reasons for this reversal of fortune are somewhat obscure. 

The Jesuits were responsible, at least for the initial moves. Urban VIII was distracted 

by political troubles, and the trial was rent with jealousies and animosities which often 

obscured the main issues. The sentence of the Inquisitors was neither unanimous, nor 

harsh by modern standards, and Galileo lived the remaining years of his life under 

house arrest.  
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It is a fashion to blame the Roman Church for this persecution of Galileo; it is indeed 

convenient to blame the Church, or Urban VIII, or the thirteen Cardinals of the 

Inquisition. I think, however, that we should do well to remember, first, that Galileo 

was led by his brilliant intuitive gifts to do battle with a persistence which may have 

been somewhat intemperate; and, secondly, that his persecutors appear to have been 

the victims of a muddle and intrigue out of keeping with the great philosophical and 

religious system which they were intended to guard.  

 

Galileo attacked the entire foundations of Aristotle’s science on a broad front; he 

produced evidence, as distinct from ideas. However, - he was too close in time to 

Kepler and too far from Newton to produce the vital connecting link between the 

earth and the cosmos. He left a great breach in the thousand-year-old philosophical 

scheme without any immediate replacement, yet he sought the abandonment of the 

whole. At this distance in time we can, I think, appreciate the dilemma of the 

Cardinals.  

 

The death of Galileo coincided with the birth of the man who was to provide the vital 

links in the Galilean cosmos. The half century which elapsed between the appearance 

of Galileo’s Dialogues and Newton’s Principia was a period in which reason still 

revolted against the movement of the earth. The yearning for the old conceptions 

lingered. The meeting of Milton and Galileo inspired the poet but the cosmology of 

Paradise Lost belongs to Ptolemy, not to Copernicus and Galileo.  

 

However, this particular battle was rapidly moving into the intellectual sphere. At the 

time of the publication of Paradise Lost the Royal Society was already in existence, 

and Newton had conceived his Principia. The opponents of the Copernican school 

had reason as well as faith on their side. In postulating the movement of the earth 

round the sun, neither Copernicus, Kepler nor Galileo had succeeded in explaining 

two enormous difficulties. The first was the dynamical problem of the maintenance of 

the diurnal and annual movement of the earth, and the second was the gravitational 

problem. The teaching was that heavy objects aspired to reach the centre of the earth 

because it was the centre of the universe. In the Aristotelian scheme the planets were 

maintained in their crystalline spheres and thereby prevented from falling. By 

removing the earth from its central position, the astronomers raised this subsidiary 

dilemma: that if the earth was no longer the centre of the universe, why should heavy 

objects still aspire to fall towards the centre of the earth?  

 

The distraction which followed in the wake of Galileo throws into relief the greatness 

of Newton. His enunciation of the law of universal gravitation, that the force between 

two bodies is proportional to their masses and varies inversely as the square of their 

distance apart, provided the synthesis which linked the falling apple with the rotation 

of the planets and the integration of Kepler’s laws of planetary motion with the 

observations of Galileo. Newton rationalized the universe, at least as it was 

observable at that time. He introduced a determinism in man’s ideas of the workings 

of the universe, which marked the final downfall of the ancient cosmologies and of 

their associated theologies. Men’s minds were freed and the conflict moved to new 

fields.  

 

 

 


