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I do not think that since the time of Newton it has been seriously contended that the 

solar system is an accidental aggregation of bodies in space. By terrestrial standards 

the distances separating the sun, earth, and planets are extremely large. We are about 

ninety-three million miles from the sun, and the distant planet Pluto is more than 

three-and-a-half thousand million miles away. On the other hand, the nearest star is 

over twenty billion miles distant. To bring these dimensions down to more 

manageable quantities, one can say that light from the sun takes eight minutes on its 

way to the earth, over five hours to the planet Pluto, but four years to the nearest star. 

By the standards of the cosmos the solar system is therefore an extremely compact 

unit. Moreover the planets and the earth move round the sun in orbits which are 

almost circular, and all these orbits lie nearly in the same plane. The sun is rotating in 

the same sense as the planets, and the entire system is moving as a unit through 

interstellar space with a speed of about forty-five thousand miles an hour. It is 

therefore only reasonable to proceed on the assumption that the bodies of the solar 

system shared a common origin and have evolved to their present condition by 

orderly processes. More than one hundred and fifty years have now elapsed since 

Laplace made the first attempt in scientific form to explain the origin of the system. 

However, objections have been found to every suggestion made, and I believe it 

would be correct to say that there are more theories of the origin of the solar system 

than there are of the entire universe.  

 

In the stream of astronomical and mathematical work poured out by Laplace from 

Paris in the late eighteenth and early nineteenth centuries was his famous nebular 

hypothesis of the origin of the solar system. To a certain extent the idea had been 

anticipated in more general philosophical form by Swedenborg and Kant but the 

scientific plausibility of the theory is entirely due to Laplace. He believed that at some 

remote epoch all the material which now forms the sun and the solar system was a 

vast nebula of rarefied gas, in slow rotation. This nebula cooled slowly, and as it did 

so the gas contracted because of the internal gravitational forces. The rotation 

quickened as the contraction continued. Eventually the rotation became so rapid that 

some of the gas became detached from the periphery and formed a ring outside the 

nebula. This happened repeatedly with the rotation of the remaining nebula always 

increasing. Finally, the remaining central portion of the nebula condensed into the sun 

and the material in each ring collected into the separate planets.  

 

This theory of Laplace accounted for many of the observed features of the solar 

system—such as the orbits of the planets round the sun in nearly the same plane—and 

it enjoyed a long period of success and popularity. Eventually two fatal objections 

were raised. Clerk Maxwell proved that the rings of material successively detached 

from the periphery of the shrinking nebula would never coalesce into single large 

planets, but in course of time would be transformed into a collection of much smaller 
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bodies—such as Saturn’s rings, for example. The second objection which has been the 

downfall of many later theories is concerned with the momentum of the planetary 

system. Momentum is our measurement of the quantity of motion of a moving body. 

A large mass obviously has more momentum (that is, a larger quantity of motion) 

than a smaller one moving at the same speed. In fact, we calculate momentum by 

multiplying mass by velocity. Because the planets are moving in orbit around the sun, 

and not in a straight line, we call their momentum rotational momentum.  

 

The masses and velocities of all the planets in the solar system are known. As you 

might expect, the sun is far heavier than all the planets put together. It weighs a 

thousand million trillion tons, whereas the earth and planets weigh only a million 

trillion tons. In fact, 99.9 percent of the mass of the solar system is concentrated in the 

sun. If we multiply these masses by the velocities of the planets to get the momenta, it 

would be natural to expect that nearly all the rotational momentum would be carried 

by the sun. On the contrary, we find the opposite to be the case. In fact, 98 percent of 

the momentum is concentrated in the planets. This is a most unexpected result. It 

arises because the planets are moving very fast in their orbits compared with the rate 

of rotation of the sun. This segregation of mass and velocity must have occurred long 

ago, when the peripheral rings separated from the main nebula. If 98 per cent of the 

momenta was concentrated in these rings, which represented such a negligible part of 

the entire mass, then the velocities must have been enormous and condensation even 

into small asteroids would have been impossible.  

 

The nebular hypothesis was subject to this searching criticism in the second part of 

the nineteenth century, and the longest lived and most famous of the solar-system 

theories had to be abandoned, although indeed, as we shall see, the legacy of some of 

its basic conceptions appears in current theories.  

 

At the turn of the century two American astronomers, Chamberlin and Moulton, 

suggested another type of origin for the solar system in an attempt to overcome the 

basic troubles of the nebular theory. Their hypothesis was that in the remote past our 

sun was an ordinary star without planets. Then, about twenty million years ago, 

another star in its journey through space passed very close to the sun. The 

gravitational attraction between the two bodies swung them about one another and 

eventually the other star passed on. But in this close encounter great tides of gaseous 

matter would have been torn from the sun; some of this would fall back, some might 

have followed the passing star into space, but a certain amount would remain under 

the gravitational field of the sun, circling around it. These gases eventually condensed 

into small fragments, which finally accreted into larger and larger bodies to form the 

planets. The idea that the primeval material of the earth and planets arose from an 

encounter between two stars in this way has been the forerunner of many succeeding 

theories.  

 

Perhaps the most famous of these was popularized by Jeans thirty years ago. This was 

the tidal theory of Jeans and Jeffreys, according to which the star that approached the 

sun pulled out a great filament of gas which broke up and condensed into the planets 

straight away, without any intermediate accretion process as in the earlier theory. The 

validity of these theories was undermined by the American astronomer, H. N. Russell, 

in 1935, who showed that in any such encounter the approaching star would have to 
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come so close to the sun that the planets would eventually move in orbits many 

thousands of times closer to their parent than are actually observed.  

 

I do not intend to follow through the many variations of detail which have since been 

suggested in order to make these encounter theories more acceptable, but I am 

anxious to explain the position as it has developed during the last few years. In this 

connexion the growth of interest in the problem of the origin of the solar system by  

astronomers in Russia is a feature of particular interest. My account of the 

developments during the last 150 years has so far been singularly free  

from those entanglements with doctrine which submerged the evolution of 

astronomical ideas until the seventeenth century. We begin now to find a very strange 

situation. In the printed Russian books dealing with this problem we find that the 

study is justified because of its importance in the elaboration of a correct materialist 

world outlook. The distinguished Russian astronomer, Otto Schmidt, said this about 

Jeans’s theory of the origin of the solar system:  

 

What, in the astronomer’s view, was the shortcoming of the Jeans hypothesis—that is 

the extreme rarity of the planetary formation process—became its chief merit in the 

eyes of the layman who did not want to break with religion. Jeans’s hypothesis was a 

most acceptable compromise. The rarity of planetary formation in Jeans’s scheme is, 

of course, still not idealism in itself— there are rare phenomena in Nature—but it 

opened the gates to idealism in cosmogony… 

 

A recent scientific paper by another eminent Russian astronomer says this:  

 

The development of cosmogony in the capitalist countries is hampered by the 

idealistic world outlook that prevails there. Some Western astronomers directly repair 

to religion. However, the pursuit of natural science impels scientists to take the 

materialist path. And so we find scientists who correctly approach the study of the 

origin and evolution of heavenly bodies, and obtain valuable results.  

 

Later on I shall speak with the warmest approval of the scientific developments in the 

U.S.S.R., but here one begins to see another less happy side of progress in that 

country. Now the wheel has turned full circle. The delicate equilibrium which has 

existed for the last two hundred years is once more in danger. For two thousand years 

the compatibility of astronomical theory with religious doctrine was a prerequisite for 

its acceptance and indeed for the safety of its originator. Now, on the materialist 

world view, such compatibility is a reason for complaint, a philosophy has once more 

become part of scientific method. ‘Cosmogony in the U.S.S.R.’, we are told, ‘is based 

on the firm materialist traditions of Russian science’. You must remember that in so 

far as relations with Russian colleagues are concerned I move in a restricted circle. 

Within that circle I see provision for astronomical research on a scale which is likely 

to exceed anything else in the world during the next ten years. At the same time this is 

accompanied by this subtle intellectual hindrance which, if it develops, may well 

prejudice the great astronomical developments which are taking place in that country.  

 

For example, although, today, Russia has at least as many astronomers as any other 

country, there is a peculiar gap in that there is no school concerned with the ultimate 

cosmological problem of the expansion and origin of the universe. This vast and 

intractable problem—which I shall talk about in my last lectures—has, at present, no 
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obvious solution in terms of established scientific concepts. The belief that the 

political philosophy restrains Russian astronomers from working in this subject is 

strengthened by the ban which exists on the translation of books dealing with the 

evolution and expansion of the universe. I suspect, however, that these hindrances 

may be a transitional phase, because the attempt to suppress will be defeated by the 

very efficiency and thoroughness of the educational system. Indeed, the ban which I 

have given as an example is already undermined by the comprehensive collection of 

the original English and American works on cosmology in the libraries of those 

Russian astronomers who have contact with the West. Whatever dispute there may be 

over these views, one thing remains beyond contention. It is that we have entered an 

epoch where Russian astronomy can compete with the best which the world can offer.  

 

Contemporary Russian work on the problem of the solar system is an indication of the 

rapid post-war resurrection of astronomy in the U.S.S.R. When the encounter theories 

of the 4 origin of the solar system had to be abandoned, new ideas began to emerge, 

and in these developments Otto Schmidt and the astronomers at his institute in 

Moscow have played a prominent part. In its basic form the idea marks a partial return 

to the nebular hypothesis of Kant and Laplace, in the suggestion that the planets 

originated from a diffuse cloud of material surrounding the sun. Laplace suggested 

that the planets condensed from this gaseous material, but in the new theory the cloud 

consists of a mixture of dust and gas and the planets are formed through a gradual 

accretion of these cold particles. As this huge primordial cloud rotated round the sun 

the dust particles gradually concentrated into a flattened disc. Innumerable collisions 

occurred between the primeval dust particles; at each collision the relative velocities 

of the colliding particles decreased, the energy being radiated away as heat, until 

appreciable aggregates, or embryos, began to form in this cloud. These embryos 

marked the transition of the dust into solid bodies, perhaps with diameters of 100 

miles. At this stage in prehistory the turmoil in the dust cloud became tremendous, 

because these embryos began to collide with one another and in doing so must have 

been shattered into fragments. But all the time the accretion process was going on, 

and the cloud soon began to form into a multitude of solid bodies of different sizes 

and mass, with the embryos which escaped destruction growing faster and faster and 

eventually forming the major planets. The earth would not have grown directly from 

an accumulation of the primeval dust, but by a process of disintegration of the 

colliding embryos and successive accumulations of the fragments with the dust 

particles. A few thousand million years would be required for these processes to 

mature. The bombardment of the earth with the dust is still going on at the rate pf 

millions of tons a year—but we have to launch an earth satellite before finding it, 

because the dust is now stopped by our protective atmosphere. Apart from the 

occasional meteorites which plunge through the atmosphere we have reached a 

peaceful stage in the evolution of the dust cloud.  

 

Indeed the meteorites which reach the earth provide our only direct access to extra-

terrestrial material. They are believed to come from the region of the asteroids: that is 

to say the wide gap in the sequence of planetary orbits between Mars and Jupiter. In 

this region there are many thousands of minor planets or asteroids. It has been 

popularly supposed that these are the remnants of a planet which once existed 

between Mars and Jupiter and which exploded at some time in the past. However, it 

seems more likely that the asteroids are the embryonic accretions which failed to 

grow into a planet of appreciable size. Only a few of these are as much as one 
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hundred miles iii diameter, but the numbers increase rapidly as the size diminishes, 

and there is no obvious distinction between the small asteroids of the size of a 

mountain and the great meteorite weighing hundreds of tons which crashed into 

Siberia in 1908. The analysis of the structure of these meteorites leaves little doubt 

that they have passed through the successive stages of accretion and fragmentation.  

 

The accretion theory overcomes the chief trouble of the older ideas. I think it would 

be correct to say that most of the astronomers who study the problem today would 

accept the basic idea of the evolution from a cloud of dust and gas, although there are 

many variations possible in the stages of formation of the earth and planets from this  

primeval material. The rapid accumulation of new data about the solar system,  

and particularly the possibility that earth satellites will soon give us a more intimate 

acquaintance with the nearer planets, will shortly narrow the possible range of 

theoretical speculations about the origin of our immediate environment in space. It is, 

I think, likely that these modern variations of the Kant-Laplace theories will now  

gradually come together into an agreed scheme which can satisfactorily explain  

the known features of the present state of the solar system.  

 

There is, however, a profound question which remains unanswered. It is this. I have 

discussed the accretion theory in terms of the evolution of a cloud of dust and gas 

over the past few thousand million years. If we probe still further back in time, what 

do we find? Where did this cloud come from? In particular, did it form as part of the 

original sun or was it acquired by the sun long after its own formation? The embryos 

in the dust cloud must have begun to form in an epoch between about three thousand 

million and six thousand million years ago. As we shall see later, the stars and 

galaxies are much older—perhaps nine thousand million years old. We must think of 

this intervening period, because before we can be satisfied about the origin of the 

solar system we must decide what happened in this remote epoch.  

 

You might think that this is a highly academic question but I cannot take that view) 

because on our answer may well rest the issue of the uniqueness of the planetary 

system and hence of life as it is known on earth. Our views about such a question  

cut at the very basis of existence. During the formative years of my own life I was 

never troubled by this. I was taught, on the one hand that we were unique, and on the 

other hand that our local system was torn out of the sun according to the tidal theory 

of Jeans. There was no conflict because the passage of another star close enough to 

the sun to cause such an eruption was a very rare occurrence. Although the sun was 

merely one of a hundred thousand million stars in the local galaxy, and many millions 

of similar galaxies existed, the mathematicians could show that the approach of any 

two of these stars close enough to erupt the tides required by the theory would be 

indeed rare. The uniqueness of the planetary system and of ourselves was therefore 

not in question. But now we have moved into a new age, the ideas of accidental 

encounters have had to be abandoned, and the whole question of the multiplicity of 

planetary systems in the universe is again wide open.  

 

The problem before us is one of immense difficulty. My own view is that in some 

ways the problem is greater than that of the origin of the whole universe. In the case 

of the universe we now have instruments which can penetrate into regions of space 

where we obtain knowledge of the state of things as they were thousands of millions 

of years ago—that is, we can still study regions which may represent the early 
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evolutionary stages of the cosmos. But in the case of our solar system this is 

impossible. The conversion of the cloud into planets has almost entirely effaced the 

traces of its own genesis, and we are prevented from making any observations to test 

the theories of the origin of the cloud.  

 

In fact there do not seem to be many possibilities which would satisfy all the 

subsequent criteria. The ideas fall into two groups, either the dust cloud was captured 

by the sun, at a time when. the sun was already well advanced in its own evolution as 

an ordinary star, or the sun and the cloud were born at the same time.  

 

Otto Schmidt and the Russian school believed in the first idea, that the sun captured 

the cloud when it passed through a dense region of interstellar dust. A few years ago 

Hoyle also believed in the capture theory but in a different form. He suggested that 

the sun was once a member of a binary star system. These double star systems in 

which two stars revolve round one another are quite common, and Hoyle’s idea was 

that the binary companion of the sun exploded with extreme violence—in fact that it 

was a case of a supernova. The violence of the disintegration would be such that the 

remains of the star would be blown far away from the sun except for a small amount 

of the dust and gas which was captured by the sun to form the primeval solar nebula.  

 

Nowadays Hoyle believes that the sun was born as one member of an entire cluster of 

stars and that in the beginning the sun and the cloud were one vast nebula of the type 

pictured by Laplace. I should perhaps mention here that it is no longer considered 

likely that individual stars condense from the primeval interstellar gas; analysis shows 

that it is more probable that the huge clouds of interstellar gas condense into hundreds 

or even thousands of stars simultaneously. Incidentally, these modern ideas of stellar 

associations owe much to the work of the Russian astronomer, Ambartzumian. In 

postulating that the solar nebula is simply a phase in the normal processes of star 

formation, a serious difficulty arises. The common elements which make up the earth 

and the planets are believed to have been formed from the primeval hydrogen gas by 

the thermonuclear processes which can take place only in the .hot and dense 

conditions in the nucleus of a star• or the sun. But in the theory of the formation of the 

solar system which we are now discussing, the separation of the planetary cloud from 

the shrinking nebula must occur before the central regions become hot enough for 

these thermonuclear processes to begin. We still have to explain how the earth and 

many of the planets consist of elements which could not be produced from the 

primeval gas of the solar nebula unless it was subject to this intense heat and pressure 

of a stellar interior. Hoyle’s explanation is that among the cloud of stars in which the 

sun was born, one or more of them were supernovae, and the explosion scattered the 

elements which had already been formed in their interiors amongst the condensing 

nebulae of the other stars. Thus the hydrogen gas of the solar nebula would become 

mixed with the material necessary for the building of the earth and planets.  

 

 

The Genesis of the Cloud  
Although astronomers now tend to agree about the formation of the earth and the 

planets from the original nebula by accretion, our ideas about the events which led to 

the genesis of the primeval cloud a few thousand million years ago are, at present, 

very uncertain and are likely to remain so for a long time.  
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On the other hand, the possibilities now offered for the genesis of the cloud have a 

common feature. It is most unlikely to have been a rare event in the cosmos. In fact 

modern cosmogony can accept a situation in which most of the stars in the milky way 

have planetary systems similar to our own. Even if we put in tremendous odds of one 

in a million against a similar subsequent planetary evolution the numbers remain 

staggering. We would still have a hundred thousand similar systems in the milky way, 

and over a billion in the regions of the universe which we can now reach with our 

telescopes. The question of the evolution of some forms of living material elsewhere 

in the universe is therefore removed from the astronomical to the biological domain. 

There I cannot proceed, although in this connexion it must be remembered that the 

new ideas about the origin of the solar system have other important consequences 

apart from the multiplicity of similar systems.  

 

According to the old theories the earth was formed in a molten state, and the existence 

of even the most primitive form of organic material would have been impossible until 

the outer layers had cooled. In this case the evolution of organic material could have 

begun only at a rather late stage in the history of the earth. Although there is still 

much argument about the detailed processes, the current evidence is overwhelming 

that the earth and the planets were not formed in a molten state, but by the accretion 

of cold, solid bodies. The high temperatures which exist in the deep interior arose 

later because of the tremendous pressures which developed and - from the processes 

of radioactive heating. In the final stages of accretion the outer layers remained cool, 

and if any complex molecules or organisms already existed in the dust cloud they 

retained their identity.  

 

 

Is There Life Elsewhere in the Universe?  

The question of the existence of some form of life elsewhere in the solar sysem has 

long been the subject of speculation. We are at present moving headlong towards a 

final resolution of the problem. The flight of the American lunar probe, Pioneer, was a 

clear demonstration that man has already achieved sufficient technical ability to send 

his instruments into the vicinity of the moon and the nearer planets. Direct contact 

between some form of space probe and the moon, and at least the direct sampling of 

some planetary atmospheres must be close at hand. We are  

today faced with opportunities which were inconceivable a few years ago. The basic 

problem in the origin of life concerns the formation and duplication of complex 

molecules. The sampling of the moon dust, and the planetary atmospheres and 

surfaces might give vital information on the possible existence of these pre-life 

processes in the primeval material of the solar system.  

 

 

‘Appalling Dangers’  
These opportunities carry with them the most appalling dangers. If the probing is 

carried out recklessly or with insufficient skill or preparation, then the extra-terrestrial 

bodies will be contaminated with the macromolecules which have developed on earth. 

The solution of the problem of extra-terrestrial life would then be f9rever in jeopardy, 

and man might unwittingly assume the responsibility of prejudicing the development 

of organisms elsewhere in the solar system.  
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Whatever the future holds in respect of investigations of the solar system, we would 

do well to accustom ourselves to the implications of the multiplicity of planetary 

systems in the universe. I cannot help but observe that the biologist must introduce 

inconceivable chances against evolution elsewhere if we are to preserve our 

uniqueness. I think of Kant, who in another age and by other reasoning reached 

similar conclusions but resisted the implication: ‘Oh! happy will be the soul if, amid 

the tumult of the elements and the dreams of nature, she is always elevated to a height 

from whence she can see the devastations which their own perishableness brings upon 

the things of the world as they thunder past beneath her feet’.  

 

 

 

 

 


