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Ever since man was able to think, it is possible that there were 
some who wondered about how the Earth, which is our home in a great 
universe, came into existence. The problem is stili with us and we 
stili wonder, without being sure of the answer. 

In discussing the problem of the origin of the earth there are several 
methods we may adopt. There is the method of many authors which 
is to describe only the most recent, or the most widely - known, 
hypothesis, to the exclusion all others. This gives the impression that 
the problem has been satisfactorily solved. The reader is left contented. 
Another method is to describe one or two comparatively recent theories, 
laying stress, as a rule, on the one which appeals most to the writer. 
This, at least, indicates that scientists may differ. Or, again, if one has 
access to the literature, one can attempt to summarise most of the 
importani theories, thereby suggesting the great complexity of the 
subject. The present writer is not in a position fully to follow the last 
method, but in attempting to adhere to it, the discussion which follows 
is somewhat longer than is usual. After all, we do not know if, or 
when, an almost forgotten view may be resurrected. Such has happened 
before in this and other studies and may very well happen again. 

As we have said at the beginning, it is natural that man should 
have made many attempts to answer the question, What is the origin 
of this planet on which we find ourselves ? If the answer at the moment 
is that we do not know, then it is reasonable to keep every theory 
before us in our search for the solution. 

It is not usual for the geologist to follow the cosmogonist in his 
considerations of the beginning, not of the earth, but of the universe. 
Nevertheless, let us look briefly at this question. There are 
some, of whom Jeans was a leading member, who believe that before 
there were any stars, space was filled with matter rarefied to such an 
extent that it was in the condition of a gas of unbelieveably low 
density. The atoms in this rarefied universe moved in complete disorder, 
until at a certain critical stage the power of gravitation was felt 
because the density was not absolutely uniform. The universal gas then 
condensed into detached centres and, once formed, these relatively 
denser regions drew in other matter and so went on growing with 
increasing density. 
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The result of the above was thus a rearrangement of matter. The 
centres of condensation which were formed did not result in the for-
mation of stars, but of nebular structures having the weight of mill-
ions of stars. Each assemblage, or cluster, of stars may have been 
formed from its own nebula. The individual stars were formed by 
further condensation from the primitive nebulae. Some of the nebulae 
which exist outside our own star system at the present day are enor-
mously massive. For example the Nebula in Andromeda weighs three 
thousand f iv e hundred million times the weight of our own sun. Some 
of them too, are so remote that their light takes over a hundred mil-
lion years to reach the earth. Ful ther, they are racing away from us 
at enormous speeds. One, which was recently investigated at Mount 
Wilson Observatory, is receding from the earth at the Unintelligible 
rate of twenty six million miles per hour. We say, therefore, that the 
universe is expanding. We cannot tell if this movement has been going 
on throughout all time, or whether it will continue. 

During the formation of the primitive nebulae through condensa-
tion, such as we have pictured above, currents were formed and the 
systems which resulted from the condensation were set spinning. On 
this view of the origin of the universe, the final product of the con-
densation would be a system or series of nebulae rotating at different 
rates. 

If we feel like thinking about the beginning of the universe in 
these incredibly far off times there is a lot to be said for the theory 
which we have just outlined. For the geologist this necessity does not 
often arise. His problems are sufficiently great when he discusses the 
origin of the earth alone. 

The study of existing nebulae brings out the interesting fact that 
they can be arranged in a more or less continuous sequence from 
round fuzzy balls of gas, through others which are somewhat flatte-
ned, and so on through more flattened ones to those which are comp-
letely flat. Moreover, the flattest nebulae are the largest and the size 
decreases with increasing roundness. This sequence from round to flat 
nebulae is probably an arrangement in order of age also, for it is 
believed that the flatter the nebula the further its development has 
advanced. As can be seen from photographs of nebulae published in 
many books, matter is ejected along the equatorial plane and collects 
in clusters or groups of stars, each condensation probably having a 
nebular structure comparable with the parent nebula. It was probably 
from such a cluster, thrown off from our galactic nebula, that the sun 
and its companion stars were born. The galactic system to which we 
have just referred includes the stars of our own stellar system of 
which the sun is but an ordinary, or perhaps less than ordinary, 
member. Although they number many millions the stars of our system 
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occupy a great area in space, circular in plan and elliptical in cross 
section. Our stellar system is like a great lens. It was Herschel who 
first discovered that the number of stars seen through a telescope 
gradually dies away as the telescope is moved from the Milky Way, 
and also, that the field of the telescope con tains about the same 
number of stars at equal distances on each side of it. The Milky 
Way, which we can see on a cloudless night stretching from horizon 
to horizon, defines the plane of our stellar system. If we could see 
beyond the horizon we would find that it continued right round. Our 
sun, which is about thirty three thousand light-years from the centre 
of the galactic system, lies in a local cluster flattened after the 
fashion of the larger system. It is with the sun and its own system of 
planets that our discussion is specially concerned. 

Emmanuel Swedenborg was a Swedish scientist, philosopher, and, 
later, a spiritualist of the 18 th. century who believed that the planets 
had originally been part of the sun and that they had been ejected 
from it during a particularly violent period of sun-spot activity. 
Developing his theory from eurlier views of Descartes and Leibnitz 
he pictured sun-spots as increasing in size until they covered the 
whole surface of the sun. Then the imprisoned fires burst their bonds, 
the fragments of the sun's shell gathered in a belt about the equator, 
and floated up into the solar vortex until they reached positions of 
equilibrium with the surrounding ether. Then they continued to move 
in almost circular paths around the sun. In support of this theory 
Swedenborg attributed the sudden appearance of Novae to the 
bursting of the dark shells of distant stars. Novae are characterised 
by the rapidity with which insignificant stars suddenly flare up into 
conspicuous objects, but af ter this sudden flare up they fade again 
into insignificance. 

Some five years before the middle of the 18 th. century Buffon 
suggested that all the planets had been struck from the sun by the 
impact of a great comet coming from outer space. The matter torn off 
as the result of this impact was believed to have condensed to form 
the planets. Buffon pictured the comet as a sphere one fifth of the 
diameter of the sun, and with a volume about eight times that of the 
planet Jupiter. It was, therefore, an object of considerable mass. This 
is perhaps the first attempt to explain the origin of the solar system 
by the collision of the sun and another heavenly body. Buffon also 
believed that the matter which was ejected from the sun was unable 
to fall back into the sun because the latter had been displaced by 
the impact. The rotation of the sun was .also believed to be due to 
the shearing force of the collision. 

A. O. D. T. C. F. Dergisi, F. 8 
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Kant, Laplace, and Herschel independently put forward theories 
for the origin of the solar sy ş tem and attempted to give greater 
definition to the attempts which had been made before their times. 

Emmanuel Kant (1755), a great philosopher and a contemporary 
of Newton's, pictured the whole of space which is now occupied by 
the solar system as originally filled with discreet particles of solid 
matter. Order was brought out of this chaos by chemical attraction 
and gravity. The denser atoms acted as nuclei, or centers, and 
gathered in the lighter atoms from the regions around them. In this 
way he imagined that rotating vortices were formed and as the 
velocity increased the vortices became flattened. Later, equatorial rings 
like those of the planet Saturn were formed. The sun's planets 
developed out of these rings. Conflicting motions were eliminated, the 
whole system rotated in one direction, the nucleus of the sun collected 
at the centre and the planets gradually grew by accretion. We may 
consider this as the beginning of the nebular theories of the origin 
of the planets. It will be noticed that Kant did not picture a spiral 
nebula but a ring nebula. Several authors of nebular theories also had 
the conception of ring nebulae, which apparently are rare compared 
with the spiral variety. 

In 1796, half a century after the publication of Kant's views, 
the mathematician Laplace enunciated his famous version of the 
nebular theory. This continued as the accepted view of the origin 
of the solar system for a century. Laplace's theory differed from 
that of Kant in several important points and it was destined to domi-
nate scientific thought for a long time, not so much for its intrinsic 
value, but because of the high reputation of Laplace himself in the 
realm of science. 

Laplace was aware of Buffon's theory of the origin of the planets 
and he agreed with the suggest ı on that the impact of the sun with a 
comet might explain certain features of the solar system, but he failed 
to agree that it would explain all the features. He, therefore, rejected 
Buffon's hypothesis. Undoutedly Laplace was greatly influenced in his 
thinking by the contemporary discoveries of Herschel as to the nature 
of nebulae. Laplace pictured a tenuous fluid of white hot gas — not 
solid particles as Kant imagined — embracing the orbits of all the 
planets and stretching into space beyond the most distant orbit. He 
assumed that this nebula was intensely hot and, also, that it rotated 
about its centre. With contraction the rate of rotation increased and 
ultimately in the outer parts centrifugal force balanced gravitation. 
Then when the centrifugal force was greater than gravitation, an equa-
torial ring of matter parted from the layer below which continued to 
cool and to contract. At the same time the polar axis became reduced. 
This process was repeated again and again and the matter in each 
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ring so formed segregated into nuclei and condensed into planets whose 
orbits mark the positions of the original rings from which they were 
formed. The hottest central mass of the pimitive fluid was left behind 
as the sun. 

Again we see the analogy to a ring nebula and aceording to the 
theory of Laplace the formation. of the solar system required the shed-
ding of as many rings as there are planets. The earth, too, was sup-
posed to have been capable of shining with its own light before it 
cooled from a gaseous to a liquid state. 

According to the same theory the satellites of the planets were 
formed by the shedding of rings from the planets in the same way 
as the parent rings had been shed. The rings of Saturn were the-
refore looked upon as rings which have not yet broken up and 
segregated into satellites. The modern conception of rings seems 
to be that they are stable and do not have this tendency to 
segregate. 

As we have suggested above continued cooling gaye rise to liquid 
planets and satellites, and as the process continued the earth and the 
other planets and their satellites became solid. 

We have indicated above that the researches on nebulae which 
were being conducted at the time gaye apparent support to the nebu 
lar theory of Laplace. Herschel discovered thousands of nebulae and 
in 1783 he wrote `Besides, we ought perhaps to look upon such star 
clusters, and the destruction now and then of a star  as the very 
means by which the whole is preserved and renewed. These clusters 
may be the laboratories of the Universe, if I may so express myself, 
whereon the most salutory remedies for the detay of the whole are 
prepared.' Two years later he stated his belief that many nebulae are 
external galaxies. In discussing a star in Taurus, with nebulosity aro-
und it, which did not appear of a starry nature, he suggested that 
this shining fluid is 'more fit to produce a star by its condensation 
than to depend on a star for its existence.' Surely this is very near 
to the nebular theory. He felt sure that he witnessed the transforma-
tion of nebulae into stars. 

The nebulae which Laplace thought supported his theory are in 
most cases spiral, and not annular nebulae as he imagined the original 
solar nebula to have been. His hypothesis, however, being simple and 
easily understood, met with little in the way of criticism for half a cen-
tury. There are many objections to the nebular theory and today it appears 
to be of historical interest only. The processes of the formation of stars, 
which we have already referred to, are, it is true, rather similar to the nebu-
lar theory of Laplace. The essential difference is one of size. The subse-
quent life-history of a nebula formed by condensation would not, ho-
wever, give rise to a planetary system such as surrounds our sun. 
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There could be no condensation into detached planetary globules for 
the ejected matter in such a small nebula would merely constitute a 
diffuse atmosphere around the nebula. In time, condensation might 
form a binary star perhaps - that is two stars revolving about one 
another. Binary stars are common phenomena in the sky, and as 
many as half the stars may be binary. 

Though the nebular hypothesis satisfied most people of the 19 th. 
century there were a few thinkers who did not follow Laplace. In 1861, 
Babinet showed that the periods of re volution are far shorter than 
they should be if the planets were formed from rings thrown off in 
the early stages of the rotating sun. In 1868, Croll put forward the 
suggestion that the original nebula of Laplace might have been formed 
by the collision of two dark stars. Two years later, Proctor suggested 
that the planets had been built up as aggregates of meteorites. 

In 1873, Edouard Roche showed that it is impossible on any rea-
sonable hypothesis with regard to density for a satellite to revolve 
intact within 2.44 times the mean radius of the planet. Saturn's rings 
lie within the limit and its innermost satellite without. To obviate the 
objection that the emission of matter should be continuous, on the 
theory of Laplace, Roche suggested that after long spells of quiet 
evolution, there might have been a catastrophic downrush from the 
shoulder of the nebula. This would cause the nucleus to shrink sud-
denly and leave a ring behind. 

An astronomical milestone was passed when Tait of Edinburgh 
indicated that a comet is a swarm of meteorites of which the individual 
members vary in size from about that of a marble to spheres 20 or 
30 feet in diameter. As the swarm travels the meteorites become white 
hot and partly converted into incandescent vapour by collision. 

By the end of the 19 th. century most thinkers were beginning 
to lose confidence in Laplace's theory. The way was being prepared 
for the next hypothesis, namely the Meteoritic Theory of Sir Norman 
Lockyer (1890). According to this theory the nebula from which the 
solar system was derived consisted of swarms of meteorites, not of 
white hot gas, and that these were constantly bumping against one 
another, the heat generated by the collisio ıı s converting part of the 
meteorites into hot luminous vapour. The meteoritic theory represented 
the universe as originally packed with meteorites, as crowded as the 
particles in a dust cloud. They were originally cold, but became 
heated by collision, thus giving off incandescent vapour. According to 
Lockyer the meteorites were so crowded in some places that he called 
these areas meteoritic plena, a plenum being the opposite of a vacuum. 
Collision again. So far our survey has brought us to the end of the 
19 th. century. In the discussion, however, it was necessary to postpone 
consideration of one view, which if it had been discussed would have 
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upset the apparent smoothness of the evolution of the story. It was 
not until the present century that the significance of this view was 
appreciated. Let us now go back for nearly a quarter of a century. 

In 1876, an important phenomenon was observed in the sky. This 
was the f ormation of a Nova in the Swan. Professor A. W. Bickerton 
of Christchurch, New Zealand, recognised that this must be one 
of the most important phenomena ever witnessed by man. Seeking 
the explanation he was led to consider the effect of the grazing 
impact of two stars. This possibility was found to account fully for 
all the observed phenomena. It also suggested others which up till 
then had escaped notice. Bickerton then considered different types of 
impact. The variations of these are innumerable and the stars them-
selves vary in many important respects, such as size, temperature, and 
initial speed. They may pass close to one another or they may col-
lide. A collision may be the merest graze of the tidal bulges, or it 
may be a direct impact. 

In discussing the grazing impact of stars Bickerton came to the 
conclusion that the peculiarities of the solar system may, be explained 
as the result of a fairly direct impact. Attention was then directed 
to the "Third Body„ arising from the impact of two stars. Every 
third body produced by stellar impact consists of a whirling mass, in 
part gaseous and very hot, surrounded by innumerable flying par-
tieles and fragments with their orbits nearly in the same plane, that 
of the original relative motion of the two stars. The subsequent his-
tory of the third body depends on its mass. If it is only a small por-
tion of the combined masses of the two stars, it is unstable and so 
becomes dissipated into space. If it is more massive, the lighter ele-
ments alone may escape, or they may form a rotating gaseous shell, 
and the heavier elements will remain at the centre. 

Bickerton decided that a direct impact explains the peculiarities 
of the solar system, and in discussing the approach of the two stars 
he stressed the tidal distortion which would be suffered by each. We 
will see later that this tidal distortion is a prominent feature of some 
modern ideas. 

The Planetesimal Theory : In 1900 a great impetus was giyen to 
the study of the problem of the origin of the solar system by 
the investigations of two American scientists, Professor Chamberlain, 
a geologist, and Professor Moulton, an astronomer. In that year 
they published independent criticisms of the Nebular Theory of 
Laplace. They both came to the conclusion that the theory was 
untenable. 

Chamberlain had earlier published a paper (1897) criticising the 
Nebular Theory. This essay was published in the Journal of Geology 
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and may be looked upon as the real beginning of the considerations 
that culminated in the theory which is now to be discussed. 

The result of the collaboration of Chamberlain and Moulton 
was the Planetesimal Theory (1904). This put forward the view that 
the sun originally had no satellites and that it was only after the 
close approach of another star that it (the sun) was torn to pieces, 
the fragments finally forming the other members of the solar system. 
The theöry is fundamentally different from the nebular hypothesis, 
because it takes into account the great explosive forces which exist 
within the sun. The planetary matter was thrown out, according to 
the planetesimal theory, whereas it will be recalled that in the nebular 
theory the system was looked upon as the result of condensation into 
the sun. 

According to the planetesimal theory the sun almost collided 
with another star and, as a result, it was torn to pieces. The anony-
mous visitor passed off again into space. The sun was left to itself to 
repair the damage. 

The authors of this fascinating theory invoked two forces tö 
account för the disruptiön of the sun. One öf these is the tidal 
attraction of the passing star. The öther is the sun's own explosive 
force which is believed to give rise to great prominences of hot gas 
jetting up to hundreds of thöusands öf miles aböve the surface. 

The tidal force may be cönsidered as an exaggerated form öf the 
ordinary tidal actiön which is exerted by the sun and the möön ön 
the waters of the earth's surface. These ordinary tidal bulges 
are comparatively small, yet we are all aware of them. So it can 
be imagined that if large bodies, such as two stars of the size of 
our sun, should come near to one another, say within a few million 
miles, the attractiön might be sufficient to cause disruptiön. 
Moreover, if one of the stars were gaseous, the tidal bulges might 
assume the form of exaggerated conical mountains from which matter 
would stream off towards the other star. 

According to the authors of the planetesimal theory the solar exp-
losions which happened to be on the side of the intruding star, and 
in line with it, gaye rise to great bolts of matter shooting beyond the 
tidal mountains. It is postulated that there were ten great bolts of gas 
shot out from the sun in this way. Five of these were on the side 
nearest to the passing star and five on the opposite side. Those on 
the nearer side were larger and lighter in composition and formed 
the five great planets. The smaller bolts on the opposite side produced 
the minor planets and the planetoids. The bolts are pictured as sho-
oting out one after the other as the passing star ıeached a critical 
position and those nearest the star were drawn further from their 
parent than those on the other side. 
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As the bolts left the sun conflicting forces acted on them for the 
sudden release of pressure would tend to make them rapidly expand, 
and the sudden cooling which they must have experienced would tend 
to make them condense. The result caused them to develop into 
small solid particles called planetesimals, from which the theory takes 
its name. The swarms of planetesimals from the different bolts formed 
the cores about which the planets grew by sweeping up the more 
scattered particles. The larger planets may have begun their careers 
as gaseous bodies but the smaller planets were originally composed 
of solid particles. The earth itself is believed to have been solid thro-
ughout its growth. 

According to the planetesimal theory the effect of the passing 
star was effective for a very short time and died down as the star 
passed off again into space whence it had come. The erupted 
material was then left to fall back into the sun, but it had been 
drawn somewhat in the wake of the star and so the whole solar 
system was set revolving. Collisions were inevitable in this system 
and a few larger nuclei grew at the expense of the particles which 
they swept up, in much the same way as the earth is today seweeping 
up meteorites. 
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Fig. 1 — Diagram to illustrate Chamherlain's view of the movements of the 

bolts shot from the sun, under the influence of the passing star, as they took up their 

present orbits. S, Sun : M, Mercury : V, Venus : E, Earth: f, Jupiter: SA, Saturn: 

U, Uranus : N, Neptune: P, Pluto. 

Ş ekil 1 — Güne ş ten ç ı kan ş eritlerin geçen y ı ld ı z ı n tesiri alt ı ndaki hareketleri 

(Chamberlain'a göre). S, Güne ş : M, Merkür : E, Dünya. 

Before leaving the present theory let us summarise the different 
stages in the pre-geological history of the earth as pictured by Cham-
berlain and Moulton. First of all there was the nuclear stage during which 
the earth had the form of a rather nebular knot some two or three thou- 
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sand miles in diameter. The earth began as particles of discreet matter 
and ended up as a solid mass. The possibility of the core being liquid 
is not ruled out. Whether it was liquid or solid the formation of a core 
was the beginning of the aggregetion of the planetesimals. During this 
aggregetion the lighter planetesimals might find difficulty in coalescing 
but the tougher silicate material and the metals would readily come 
together. Originally when they were shot out of the sun there must have 
been some kind of gravity differentiation, the less dense material at the 
outer end of the bolt and the denser towards the inner end. Thus 
from the beginning there were conditions favourable to the formation 
of a heavy core and less dense exterior. The growth of the core then 
took place by the drawing in of the planetesimals within its sphere 
of influence and in competition with other cores and and with the 
sun itself. Without passing through an initial liquid stage therefore it 
is possible to picture the growth of the core into the earth-planet. At 
first the earth was too small to hold an atmosphere but the time came 
when its mass was about one tenth of what it is now and with the help of 
its own volcanic energy it became surrounded by an atmosphere 
which was continually being added to. From this stage onward it is a 
short step to the development of the hydrosphere or the water on the 
surface and then to the initiation of life in some stili unknown manner. 

In concluding this section we may emphasise again that the pla-
netesimal theory differs fron ı  most other recent theories in that accor-
ding to it it was possible for the earth to have been solid from the 
very beginning of its history. Moreover according to Chamberlain the 
parent sun was a very active star, with great stores of eruptive energy, 
which are responsible for the solar prominences which we know today. 
These are explosive bursts of hot gas which rise high above the sur-
face of the sun and some of them are apparently pushed away from 
the sun itself by further explosions until they finally disappear. This 
tenuous cloud of atoms is known to rise as much as four hundred and 
fifty thousand miles before it is lost sight of. 

Modifications of the Chamberlain - Moulton theory have been 
suggested by several workers. Among the geologists Barrell (1918) , 
while prepared to adopt the theory, believed that the earth was built 
up rapidly to its present size and not slowly as required by the pla-
netesimal theory. He believed that the incoming masses during segre-
gation were of large dimensions, more like asteroids than planetesi-
mals, and that because of this and other factors the heat of the im-
pacts was sufficient to produce a molten earth. Barrell was not the 
only one to postulate a molten earth. Joly believed that the molten 
condition was brought about by radioactivity and many think that 
there is geological evidence for a molten condition for much if not all 
of the earth. It is thought now that the radioactive minerals are con- 
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centrated in the outer crust of the earth, dying away to nothing below 
the surface, but at the beginning their distribution may have been 
very different as pointed out by Holmes. This author suggested 
that since the radioactive elements form volatile compounds these 
would naturally rise towards the surface in an originally molten 
earth. 

The natural successor to the planetesimal theory of the origin of 
the planets is the Gaseous-Tidal theory elaborated by Jeans and 
Jeffreys, but before passing on to this we must ref er to stili another, 
namely the Capture Theory of See (1896 and 1911). This theory is 
original in that the author believed that the planets have not been 
formed out of the sun as almost everybody else assumes. The solar 
system is thought to have originated in a spiral nebula of meteoritic 
dust. Unlike the nebular theory already referred to, the planets and 
their satellites were added to from the outer parts of the nebula, 
having been originally independent nuclei. The pre ş ent Asteroids are 
considered as the remnants of the small planets with which the whole 
system was originally filled. The others are now incorporated in the 
larger bodies and the Asteroids remain as the survivors. 

Fig. 2 — Two examples of solar prominences, sketched from photoqrsphs taken 
during eclifses of the sun. a, flame - like structures and arches of hot gas shooting 
up to 50,000 miles above the surface of the sun : b, clouds of hydrogen rising high 
above the surtace. 

Ş ekil 2 — Güne ş  ç ı k ı nlar ı na dair iki misal (Güne ş  tutulmas ı nda al ı nan foto ğ -
raflardan çizilmi ş tir). a) Güne ş  yüzünden 80,000 km. yükse ğ e f ı rl ı yan, aleve mü ş a-
bin bünyeli s ı cak gaz sütunlar ı . b) Sat ı htan yükseklere ç ı kan hidrojen bulutlar ı . 
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The Gaseous-Tidal theory. 

Whereas the planetesimal theory attributes great importance to the 
explosions within the sun, the present hypothesis of Jeans and Jeffreys 
puts the whole responsibility for the disruption of the primitive sun on 
the tidal effects of the passing star. They picture the tidal bulge on 
the Side nearest the passing star as giving forth a long gaseous 
filament, shaped rather like a boomerang in the illustrations, and 
increasing in size as the star approached the sun and travelling over 
the surface as the star passed on. 

The filament of intensely hot gas is believed also to have extended 
out to the orbit of the most remote planet and to have had a diameter of 
thousands of miles. When the visiting star passed away, its tidal pull 
ceased and no more of the sun's matter was Tost. The filament already 
formed was pointed at both ends. In cooling it condensed into drops, 
if we can imagine drops the size of planets. These drops then moved 
as separate bodies, the planets, except for one which was disrupted 
to form the planetoids. 
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Fig. 3— Diagram illustrating the tidal effect of a passing star on the sun accor-
ding to the Gaseous-Tidal Theory. The distortion of the solar envelope, and the paths 
of the portions ejected are shown at three stages corresponding to three positions 
of the star. (after Jeffreys). 

Ş ekil 3 — Gaz-Met (Gaseous•Tidal) teorisine göre geçen bir y ı ld ı z ı n güne ş  üze-
rindeki met tesirini gösteren diyagram. Güne ş  sath ı n ı n çarp ı kla ş mas ı  ve sath ı n ı n at ı -
lan k ı s ı mlar ı n takip ettikleri yollar ı n y ı ld ı z ı n i ş gal etti ğ i mevkilere tekabiil eden uç 
safhas ı  gösterilmi ş tir ( Jeffreys'den). 

Assuming that this filament was composed of the lightest material 
at the outer end and became increasingly denser towards the inner 
part, then the size of the sections formed by its disruption, and also 
the spacing of the future planets, would vary accordingly. The largest 
sections are believed to have formed in the centre of the , system 
where the filament was thickest and this is taken as an explanation 
of the various dimensions of the planets as we know them. 
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When first broken from the filament each section consisted of very 
hot gas tending to dissipate into space. İ nternal gravity opposed this 
tendency and there is a size aboveewhich the internal force would hold 
the gas. For this reason the larger sections of the filament probably 
lost nothing by dissipation but the smaller ones probably suffered con-
siderably from wastage. The sun itself, with its great gravitational 
pull, would be responsible for robbing the nearest planets of their 
escaping matter and it so happens that the minor planets have a spe-
cific gravity above the av erage, which suggests that they lost much of 
their lighter material. In the same way the planet Jupiter may have 
been responsible for robbing Mars of some of its material. 

Another feature of the present theory is that the planets are tho-
ught of as moving through a resisting medium of gas. The effect of 
this was to retard them in their outward flight and so make their or-
bits more nearly circular than they would otherwise have been. 

The reader will recall that the authors of the planetesimal theory 
postulated a passing star smaller than the sun and passing rapidly at 
a distance from it. Jeans, on the other hand imagines that the visiting 
star was more massive than the sun and passed slowly near the sur-
face, using the term near in the astronomical sense. Jeffreys, although 
originally agreeing with Jeans about the size of the star, later thought 
that the rate of encounter was intermediate between those of the other 
authors. 

Another writer, H. N. Russell, has suggested than when the sun 
was disrupted by the tidal effect of the visitor from space, it was very 
much larger than it is now and stretched out as far as the orbit of the 
planet Mercury. 

Nobody can doubt that the two dominant theories of the origin 
of the earth and of the solar system as a whole, during the present 
century, have been the planetesimal theory and the tidal-gaseous theory. 
We have ş ummarised both and compared them with one another. Yet 
we must not imagine that it is necessarily one of these theories which 
will ultimately be accepted by everyone as explaining all the features 
of the solar system. As Professor Bailey Willis once wrote 'It is wise 
to cultivate multiple hypotheses and suspend judgement, since to-mor-
row is likely to bring new evidence'. What follows will show the 
sense in suspending judgement for the time being. 

Jeffreys was closely associated with Jeans in the development of 
the Gaseous-Tidal theory which we have considered above. Since then 
he has reverted to the older theory of the collision origin of the solar 
system, because in his view the tidal theory did not meet all the facts 
of the case. At the time when he believed in it he agreed that it av oi-
ded actual inconsistences and we may consider that for him it was a 
useful working hypothesis. In connection with the new theory Jeffreys 
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pointed out that, except for very close approaches, amounting almost 
to grazing impacts, the mass of the star on the tidal theory must be 
a larger multiple of the mass of the sun than the astronomical data 
indicate to be at all likely. A greater difficulty is met with in explai-
ning the rotation of the sun and the planets. In the form in which we 
have stated it above the tidal theory attributes the rotation of the sun 
to the falling back into it of previously ejected matter which had been 
deflected by the star. The rotation of the planets is likewise attributed 
to material falling back into the'''. This view, however, apparently 
offers great difficulty in the case of Jupiter in particular, and Jeffreys 
now thinks that actual material collision solves the problems better 
than a close approach. 

After the separation of the star and the sun a filament was formed 
as in the tidal theory and the mechanism of the break up of this 
filament differs in some respects from that which we have already 
described. The actual -collision is invoked to give a better explanation 
of the rotation, from the quantative point of view. 

In an interesting criticism of the above theories C. V. van Anda 
has asked what would happen if the sun encountered a nebula inStead 
of a star and he thinks that the answer to this was supplied by K. 
Hirayama. This worker was engaged on an investigation of the 
effect of the impact of a star and a spherical nebula and came to the 
conclusion that a planetary system could be formed. Repeated impacts 
would cause parts of the nebula to become detached and captured by 
the sun. 

A form of the nebular hypothesis has been revived by Berlage. He 
claims that the planets had their origin in a nebula surrounding the 
sun and stretching out to the orbit of Mercury in the form of a flat 
disc. The great density of the earth, the existence of the planetoids 
between Mars and Jupiter, and other features of the solar system are 
supposed to be best answered by this theory. In 1930 this view was 
again taken up by Nölke who suggested that the nebulous cloud had 
one large nucleus and many smaller ones. Even Jeffreys himself once 
thought along similar lines, using a gaseous nebula with nuclei around 
the sun formed as the result of the tidal effect of a passing star and 
that this was later modified by viscosity and friction. 

İ f the scientist offers no satisfactory answer to the question which 
was asked at the beginning of the article, the reader will realise that 
it is a very difficult question and that many brains are trying to solve 
it. Difficulties have been found in almost all theories and, therefore, 
it is wise to bear the different theories in mind. The collision theory 
which we have last mentioned has been attacked and subjectcd to 
severe criticisms. In fact, in dealing with the objections to the theories 
of the present century Russell has gone so far as to say that in 
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certain points the collision theory fares the worst of all. This author 
adds to the theories by putting forward the suggestion that the sun, 
at a time when it was much larger than it is now, was on the point 
of bursting into a Nova and it was the tidal influence of a passing 
star which acted as the trigger and set it off. Af ter the outburst of a 
temporary star the surface layers are lifted and flung into space. 
When they have escaped from the attraction of the star they form a 
nebula which expands rapidly. Some part of this ejected material from 
the sun might pass near enough to the passing star to be diverted 
into elliptical orbits. 

We havy already referred to another view of Russell's namely 
that the sun was very large when it was disrupted by a passing star. 
The author himself thinks that this is more likely than the view expres-
sed in the last paragraph. 

In 1936 Lyttleton made a suggestion, which is rather similar to 
Russel's nova theory, for he says that a close encounter of the sun's 
companion in a binary system with another star would give rise to a 
planetary system like our own. 

We now reach the year 1942 and find that stili a new theory of 
planetary formation is put forward by J. Miller at the meeting of the 
British Association. The sun is now describing an orbit around a 
steller cluster and during approach to the periphery of the cluster, at 
a certain critical stage, a portion of the sun's material is removed. As 
it makes closer approaches more material is turn off. 

Conclusion. No attempt is made to include every theory of the 
origin of the solar system in the above notes. Nor have we brought 
the theories up to date for we stopped at the year 1942. The reader 
may well wonder if we really have sufficient material at our command 
to decide between the different theories which are merely outlined above. 
Geologists, not being astronomers, but being specially interested in 
one rather small detail of the solar system, are in the same quandary. 
They may have a greater liking for certain theories, and they may be 
tempted to cast their vote for Chamberlain and Moulton, or the modi-
fied version of Barrell, or for Jeans and Jeffreys or for some other. 
For the most part the speculâtions are based on astronomical data 
and assumption ş  outside the field of geology. The events we have 
been considering happened many thousands of millions of years ago 
and the difficulties in the way of finding the solution merely act as 
spurs for increased effort on the part of the cosmogonists. So it is in 
all science. Problems, which to one generation seem insoluble, may be 
easily solved by the next. 

our long discussion of the origin of the solar system we have 
said practically nothing about the satellites of the planets and nothing 
about the origin of the Moon, the earth's one and only satellite. How 
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and when was the Moon formed ? This is a question which interests 
the geologist very much, but unfortunately we cannot prolong this 
already lengthy discussion. Let us merely state that it is generally 
believed that the Moon was derived from the earth at some early stage 
in the earth's history. Yet the earth and the moon are very different 
and there is no doubt they have had very different histories since 
their separation. 

THE OR İ G İ N OF THE SOLAR SYSTEM 

( Addendum ) 

Since the above article was written and the manuscript handed to 
the editor another article has appeared in Nature (Feb. 12, 1949, Vol. 
163, p. 262) entitled `Origin of the Solar System'. This new article is 
merely a reference to another paper by Prof. Harold Jeffreys published 
in the Monthly Notices of the Roy. Astro. Soc., 108, 1, 1948 in which 
he examines various theories of the origin of the solar system, As we 
have not yet seen the original article by Prof. Jeffreys we may refer 
here to the note in Nature. According to this, Jeffreys, in referring to 
his earlier view of a collision between the sun and a visiting star, 
points out that Russell has shownthis theory to be unsound. It then 
seemed preferable to adopt Lyttleton's hypothesis that at the time of 
the encounter the sun was a double star. It was thought that the 
visiting star and the sun's companion would escape from the region 
of the encounter and leave the material of the future planets within 
the sun's sphere of attraction. 

Jeffreys then shows that in these theories there is a fundamental 
difficulty. In the case of the tidal theory of Jeans the breaking up of 
the filament is difficult to understand if the ejected matter had a high 
temperature to begin with. Many years ago Jeffreys thought that adia-
batic cooling during expansion would lead to the f ormation of liquid 
drops and so relieve the pressure before velocities became uncontrol-
lable. It is also pointed out that Spitzer has shown that during their 
expansion the filaments would disappear completely. Following the 
article in Nature, it is then said that the greater densities of the 
inner planets can be explained if they were originally gaseous, 
because the greater masses of the outer zones would retain 
lighter materials, which would be lost by the smaller ones. This divi-
sion of the planets into different inner and outer members points to 
some catastrophic origin for the system rather than to development 
as a result of gradual evolution. Nevertheless the catastrophic theory 
is open to difficulties. In the original article Jeffreys deals with the 
question of a disrupted planet giving rise to two or more planets. Let 
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us quote from Nature : "Originally there might have been one 
or two bodies which âcquired too rapid a rotation for stability 
as they condensed, but before the development of instability 
central cores would have had time to form. Lyttleton sugges-
ted that all the planets could be brought into this scheme, and secon-
dary disturbances, like a splash, might be associated with the separation. 
Some pieces might continue with each of the main bodies, giving rise 
to satellites, while others might become independent of both bodies, 
forming the terrestrial planets and the moon. In 1941 Lyttleton showed 
that a planetary system might be formed by fission without any ex-
ternal disturbance. Starting with a triple star with two very close 
companions, he showed that if there coalesced the angular momentum 
would be sufficient to produce fission and make them separate indefi-
nitely. The two parts might both escape from the third body (the sun) 
while leaving part of the splash to be captured by it.,, The fission ac-
cording to Lyttleton is supposed to have taken place after liquefaction 
and Nature points out that a liquid or a solid, however small, will 
grow if immersed in a gas, provided that the density of the gas ex-
ceeds the saturation vapour density at the temperature. It seems that 
even with the present sinan density of interstellar matter certain mate-
rials such as iron, calcium oxide, n ı agnesium oxide and silicon dioxide 
are capable' of condensing. Water, methane, and ammonia, on the 
other hand, would be unlikely to condense near Jupiter and Saturn. 

This brings us back to the planetesimal theory for Jeffreys agrees 
that the above statements, which follow from the researches of Parson, 
answer one of the chief objections to the planetesimal theory. Jeffreys 
had held that the small bodies would collide and volatilize one another 
before they could produce any r ı otable effect on the planets. İ f they 
did this, the vapour would condense again to a new dust and the 
growth of the planets would continue. 

In conclusion it is pointed out in Nature that Jeffreys is not y et 
satisfied with any of the existing theories on the origin of the solar 
system. 

W. J. McCallien. 


