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It is  the purpose of this thesis  to present a study 

of the conflicting aspects of  the two major twentieth-century 

cosmological theories,   the Steady State Theory and the Evo- 

lutionary Theory.     Further,   the  study was directed toward 

a decision as to which of the two is the more plausible 

solution in the light of recent astronomical discoveries. 

The method employed involved a detailed study of 

each theory and its  historical  background,  primary postu- 

lates,  and  the contributions of Its major proponents.    Prior 

to the presentation of each theory,  both a discussion of the 

structure of the known physical universe and a  survey of the 

pioneer cosmological  theories of the twentieth century were 

included as a means  of providing historical perspective. 

Through the study of the impact of recent discoveries 

on cosmological theories,   it was determined that the Steady 

State Theory fallB to withstand a number of tests.    Not only 

does It disagree with the evidence provided by radio source 

counts and the counts of quasi-stellar objects,  but also it 

is proven Invalid by the discovery of cosmic microwave 

radiation. 

Thus,   the primary conclusion of this study concerns 

the probable Invalidity of the Steady State 'i'neory and the 



continuing validity of the Evolutionary Theory.    However, 

any conclusion reached in the field of cosmologlcal  science 

la speculative and subject to change with the advent of 

additional astronomical data. 
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CHAPTER I 

INTRODUCTION 

It has often been said that the Greeks found the 

universe a mystery and left It a polls.    Certainly this is 

the aim of twentieth-century cosmologlsts.    To be sure,   the 

universe as we know it today is very different from that 

of the Greeks:     the rise of the twentieth century brought 

with it such increased technological advances and scienti- 

fic  discoveries  that our knowledge of the universe far ex- 

ceeded earlier concepts and focused scientific interest 

beyond our own Milky Way.     Indeed,  George Gamow writes: 

The main problem of cosmology today is  to explain 
the origin and evolution of the giant stellar 
families,   known as galaxies,   which are scattered 
through the vast expanses of the universe as far 
as can be seen with the strongest telescopes.1 

Thus,  if one Is successful in explaining the origin and 

evolution of the galaxies,   the evolution of the known uni- 

verse is  solved:     and the elucidation of the structure and 

history of the universe as a whole is one of the principal 

alms of cosmology. 

This increased interest in achieving an accurate 

theory of the evolution of the universe is evidenced through 

the great number of proposed theories which have originated 

in the twentieth century.    Many of these theories were per- 

haps heretical and,   at times,   unscientific;  nevertheless, 



they have initiated great progress in the realm of scien- 

tific cosmological theories based on astronomically sound 

data. Reactions to this new scientific cosmology are 

varied. Evry Schatzman has stated that "coemolcgy today 

seems an extraordinary and perhaps desperate attempt to 

comprise the whole universe in a single formula."  In 

contrast, D.W. Sciama, a current cosmologist, writes that 

In retrospect the greatest achievement of our 
age in astronomy will be seen to be the new 
insight gained into the workings of our Universe 
on the largest possible scale.™ 

As the twentieth century has progressed, theories 

concerning the origin and evolution of our universe have 

become centered around two major schools of thought.  The 

first of these is that of the Evolutionary Theory which is 

supported primarily by Georges Lemaitre and George Gamowj 

the second is that of the Steady State Theory whose pro- 

ponents include Fred Hoyle, Hermann Bondi, and Thomas Gold, 

Purpose 

The primary purpose of thl6 thesis is to present a 

study of the conflicting aspects of these two major theories, 

However, a thorough assessment of both the Evolutionary 

Theory and the Steady State Theory involves much mere than 

a mere presentation and discussion of the primary postu- 

lates of each theory. 



As an astronomical science, cosmology is itself of 

an evolutionary nature.    No theory concerning the evolution 

of the universe arises full-blown;     rather,   each theory re- 

lies upon preceding theories and previous assessment of 

astronomical data.    Therefore cosmology is a science depen- 

dent upon the validity of each individual element,   and very 

often the  invalidity of seemingly minor data topples con- 

vincing ccsmological theories.     For this reason,  a research 

paper concerning the currently  significant theories of the 

origin and evolution of the universe must delve back into 

earlier cosmologlcal theories and previously-observed astro- 

nomical data in order to present an accurate and complete 

study. 

In addition to the purpose of a complete study of 

these conflicting  theories and their predecessors,   a sec- 

ondary purpose is  the establishment of the concept of cos- 

mology as  a bona fide astronomical science.    Prior to the 

twentieth century  rise in cosmology, it was a field of 

dubious importance.    Not always based on fact,  cosmology 

was then pervaded by philosophical and non-scientific   ele- 

ments.     It is the purpose of this  study to emphasize the 

new importance of cosmology as a segment of astronomy based 

on scientific  fact which seeks  through scientific means to 

discover the facts concerning the evolution of the known 

universe.    George Gamow emphasizes this new direction when 

he speaks of a  "complete system of cosmogony that will 



satisfy the principal aim of science by reducing the observed 

complexity of natural phenomena to the smallest possible num- 

ber of initial assumptions."^ 

Still one additional purpose must be cited.    This 

study is intended for both the layman interested in twen- 

tieth century cosmology and those individuals who seek a 

more detailed investigation.     In order to facilitate a 

reconciliation of these two purposes,   the study seeks to 

maintain an Intermediate level of complexity,   thus serving 

this dual purpose. 

Scope 

As mentioned in the preceding section,   the scope of 

this study lies almost exclusively within the boundaries of 

the twentieth century.    There are various reasons for thlsj 

however,   these limitations are primarily the result of the 

obvious Increase in importance experienced by cosmology 

following Albert Einstein's  statement of his general theory 

of relativity in the second decade of the twentieth century. 

Thus the study deals primarily with cosmological thought 

between the years   1915 and  1972. 

In addition,   the scope of the study has been ex- 

tended to include a brief study of the establishment of 

the galaxies as  the prime element of the universe.    Cer- 

tainly an understanding of the galaxies is a preliminary 

essential to any study concerning the evolution of the 

universe. 



Primarily the major content of this study deals 

with the two current cosmological theories, the Evolutionary 

Theory and the Steady State Theory. This is achieved in 

three areas: a thorough historical background, an Inten- 

sive research of the basic postulates, and a survey of the 

major proponents and their particular contributions. Still 

another chapter is devoted to the questions left unanswered 

by these major cosmological theories. 

Thus one can perhaps define the scope of the fol- 

lowing study as being 6et within the limitations of the 

twentieth century and dealing primarily with the Evolution- 

ary and Steady State theories. The purpose of other infor- 

mation concerning early cosmological theories and 

astronomical observations is Justified by the fact that 

cosmology, as a scientific field, Is a constantly evolving 

process which is dependent on previous discoveries. 

Terminology 

Before proceeding, a clarification of certain terms 

Is necessary.  Therefore those terms which seem ambiguous 

or which are not completely scientific in nature have been 

compiled and their definitions as given in the following 

section will be those accepted by the writer. 

Cosmology 

George Gamow,  one of the leading proponents of 

the Evolutionary Theory,  defines this branch of astronomical 



science as  "the study of the general nature of the universe 

In space and In time what It Is now,  what it was in the 

past and what it is likely to he in the future."5    Perhaps 

a somewhat more specific definition of the word cosmology 

would refer to it as a highly speculative branch of astron- 

omy which attempts to describe the general properties of 

the universe in space and time,   and the kinematics and 

dynamics of matter and radiation in it on the largest scale. 

Cosmogony 

Currently this particular term refers to a special- 

ized aspect of cosmology.     It is reserved for the more re- 

stricted problem of the origin and evolution of the Individual 

elements of the known universe the solar system,   stars, 

and galaxies. 

Evolutionary Theory 

This constitutes the most generally accepted theory 

concerning the origin and evolution of the universe.    It 

has as its  foundation Bubble's discovery of the expanding 

universe.    George Gamow discusses this theory as follows: 

If the universe is now expanding,  it must have 
been once upon a time in a state of high com- 
pression.    The matter which is now scattered 
through the vast empty space of the universe 
in tiny portions  which are individual stars 
must at that time have been squeezed Into a 
uniform mass of very high density.     It must 
have been subjected to extremely high tem- 
peratures since all material bodies are heated 
when compressed and cooled when expanded. 



Steady State Theory 

As one of the two major conflicting theories,  the 

Steady State Theory has been profoundly influential on 

twentieth-century coamolosy.     Hermann Bondi,   a major pro- 

ponent of the theory, defines it as being in complete con- 

trast to the  evolutionary models of relativistlc cosmology. 

According to Bondi,  the basis of the Steady State Theory is 

the assumption that the universe is not only uniform in 

space,  but also unchanging in time when viewed on a suffi- 

ciently large scale.' 



CHAPTER II 

THE NATURE OF THE UNIVERSE 

Man's interest In the concept of an extended uni- 

verse is,   in relation to his  study of astronomy,   quite 

recent.     Not until the middle of the  eighteenth century 

was  the existence of galaxies beyond the Milky  Way  suggested, 

In 1750,  Thomas  Wright set forth An Original Theory or New 

Hypothesis of the Universe in which he proposed that the 

Milky ^ay was not the only island in the sea of space. 

However,   contemporaries of Wright were skeptical and it 

was only with Immanuel Kant's similar conclusion,   which 

he produced independent of Wright in   1755,  that astronomers 

Berlously ccneldered the possibility.    As one of the first 

to propose this possibility,   Kant wrote in his General 

Natural History and Theory of the Heavens of 1755s 

It is  far more natural and conceivable to re- 
gard them Cthe nebulous  stars] as being not such 
enormous single stars but systems of many stars, 
whose distance presents them in such a narrow 
space that the light which is individually im- 
perceptible from each of them,   reaches us,   on 
account of their Immense multitude,   in a uni- 
formly pale glimmer.     Their analogy with the 
stellar system in which we find ourselves,   their 
shape,   which is   Just what it ought to be accord- 
ing to our theory,   the feebleness of their light 
which demands a presupposed infinite distance: 
all  this is in perfect harmony with the view 
that these elliptical figures are Just universes 
and,   BO to speak, Milky  Ways,  like thoee whose 
constitution we have Just unfolded.     And if con- 
jectures,   with which analogy and observation 



perfectly agree In supporting  each other,  have 
the same value as formal proofs, then the cer- 
tainty of these systems must be regarded as 
established.0 

Thus astronomy began to stretch outward beyond the 

confines of the Milky Way and to  establish some ideas con- 

cerning the universe as a system of countless salaxies or, 

as Kant implied in his reference to these nebulous stars, 

many, many Milky  Ways of similar construction.    Yet it was 

not until   1924 that Kant's and others'  hypothesis concerning 

other galaxies was actually confirmed:     at that time,   the 

American astronomer Edwin P. Hubble established through 

the use of Cepheid variables that the nearest spiral nebu- 

las   (   or galaxies)  were vast systems of stars situated more 

than a million light-years beyond the limits  of our own 

galaxy.' 

Classification of Galaxies 

In this manner,   the primary element of our known 

physical universe was established.     Yet mere acknowledge- 

ment of the existence of the galaxies is  insufficient.     In 

order to understand the nature of the universe,   one must be 

aware of the nature of its primary constituent—the galaxies. 

Again it is Hubble to whom astronomy is  indebted:    his scheme 

for classifying galaxies according to their morphology dates 

from  1925,   yet with minor revisions,  it remains In use to- 

day.     Hubble's system of classification recognizes three 
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main classes of galaxies:     ellipticals  (E),   ordinary spi- 

rals   (S),   and barred spirals   (SB),   as well as irregular 

galaxies.     Three stages of spirals are distinguished 

according to the relative  size of the nuclear or central 

bulge  (decreasing from Sa tc Sc)  and the relative strength 

of the arms   (increasing from Sa to Sc).    Elliptical gal- 

axies characteristically have a smooth structure,   extending 

outward from a bright center,  and differ in elllpticity 

from round  (EO)   to a lenticular three:    one axis ratio  (E7). 

Ordinary spirals are characterized by spiral arms  emerging 

directly from a lens-Bhaped nucleus  while the arms of barred 

spirals emerge  from the  ends of a diametrical bar.    Irregu- 

lar galaxies are unclassifiable according to the Hubble 

system since they exhibit no consistent symmetry or form. 

The chart below represents Edwin Hubble's basic  scheme for 

the morphological classification of the galaxies   (figure  1). 
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Figure 1 
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Distribution of Galaxies 

Assuming that the galaxies represent the primary 

constituent of the universe,  some knowledge of their dis- 

tribution provides further Indications of the structure of 

the known universe.     Wien viewed as an entity,   the distri- 

bution of galaxies is recognized as being statistically 

isotroplc,   the  same in every direction.    There is no clear 

evidence of a major piling up of galaxies nor any evidence 

of a dense center of the observable universe.    However, 

this isotropy should be understood to exist only on an over- 

all levelj     the detailed distribution of galaxies is  far 

from uniform in character.     Not only are there close pairs 

of galaxies and triplets,   and small groups,   such as Stephen's 

Quintet in Pegasus,   but also larger groups of perhaps a few 

dozen members:     indeed,   the Milky Way itself is a member of 

a concentration of twenty known galaxies.    Yet there are 

even more populous clustersj    for example,   the Corona Bore- 

alls cluster contains approximately four hundred Individual 

galaxies within an area no larger than that of the moon. 

In addition,  many astronomers advocate the existence of an 

even higher order consisting of clusters of clusters such 

as the multiple cluster in Hercules. 

The Expanding  Universe 

As established previously, much of the ground work 

in the realm of galaxies has been either initiated or achieved 
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through the efforts of Edwin Hubble.    Yet ascertaining 

the distance of galaxies and establishing a system of 

morphological classification was  only part of Hubble's 

achievement.    One of the  foremost discoveries  for the de- 

velopment of the science of cosmology was his discovery 

that the galaxies are generally in recession and that the 

velocities  of recession are by no means random.     Indeed, 

George Gamow emphasizes the essential nature of the dis- 

covery,   referring to Hubble's discovery as the "key factor 

for the understanding of this large-scale cosmic   evolution.' 

Briefly,  Hubble's discovery revealed that the radial dis- 

tance of a galaxy is directly proportional to its velocity. 

Hubble firmly established a definite linear relation between 

the recession velocity and distance In 1929,   revealing that 

the velocity of recession of a galaxy Is directly proportional 

to its  distance from us. 

At first glance, Hubble's discovery might appear 

to have restored to the Milky Way its previous privileged 

status; however, It Is quickly apparent that Hubble's re- 

sult does not imply that the Milky Way is a unique center 

of repulsion. D.W. Sciama provides two charts which re- 

veal the expansion of the universe as seen from different 

galaxies according to Hubble's law (figure 2). 
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(a) The recession velocity of a galaxy Is propor- 
tional to its distance from the Kilky  Way. 

(b) The expansion of the Universe as  seen from 
another galaxy.    The recession velocity is still 
proportional to the distance. 

Figure 2 

Certainly this particular aspect of the nature of 

the universe has proven to be the most influential factor 

with regard to cosmological theories,   instigating a number 

of theories concerning the probable origin,  present condi- 

tion,   and future of our universe,  as  well as providing 

material for extended disagreements concerning the out- 

standing current cosmological theories. 
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CHAPTER III 

EARLY CCSMCLCGICAL THEORIES 

The term cosmology has been defined in countless 

ways by Innumerable scholars;   however,   D. Scott Blrney 

succinctly reveals  the scope and purpose of this   frequently 

employed term  In his definition of cosmology as  "...the 

study of the universe:    its past history,  present struc- 

ture and probable  future evolution."12 

The science of cosmology is nothing more than a 

department within the complex of the astronomical sciences. 

It is a discipline of speculation based on observed facts, 

which in turn,   are provided by practical  astronomers. 

As the study of the universe,   cosmology revealed 

a marked Increase in importance In the twentieth century 

and,   as is generally the case,   this Increase of Interest 

was born of necessity.    According to Fred Hoyle,   a leading 

twentieth-century oosmologlst,   the primery feature of 

applied astronomy is observation;  yet,  observation In the 

field of astronomy  suffers  from the inherent handicap that 

it can never tell us positively how things change with 

time since over the period of a human life or even over the 

whole of human history,  very few astronomical objects change 

In any detectable way. *    Thus arises the need for cosmology. 

Beyond this  factcr,   there remain several other rea- 

sons for the increased interest in cosmology in the 
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twentieth century.    Milton Munltz emphasizes the concept 

that the twentieth century represents a revolution with 

respect to the establishment of a universe whose primary 

constituents are galaxies and is,   in a sense,   related to 

the Copernican revolution.    He writes: 

We must recognize,   at the same time,   a certain 
parallel  in the problems confronting cosmology 
today and those which engaged the attention ,of 
ccBmologists at the beginnings of modern astron- 
omy following upon the Copernican revolution. 
In that earlier period,  as we have seen,   the 
assimilation of the earth as a member of the 
planetary family of the sun,   and the sun as a 
member of the system of stars,   raised the funda- 
mental question as to the  extent and possible 
structure of the universe,   where the latter is 
taken as made up of the stars as its basic astron- 
omical units.     Today the scale has  shifted from 
stars to galaxies.'^ 

The establishment of the fact that the basic unit 

of the universe was that of galaxies was certainly a 

necessary condition for the development of modern cosmology 

as an astronomical  science;  however,   this alone was far 

from sufficient.    According to J.D. North,   two other 

developments were even more necessary.    The first of these 

was the discovery that Newton's theory of gravitation led 

to Inconsistencies  when employed on a cosmic  scale;   the 

second,   and perhaps most important,   was Einstein's General 

Theory of Relativity.  5 

Gravitation and Oosmologlcal Theories 

One of the primary factors necessary to modern 

cosmology is a workable explanation of gravitation. 
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Indeed,   as stated by North,   this ia one of the three 

necessary conditions for the rise of cosmology In the 

twentieth century.    George Gamow emphatically states this 

essential role of gravitation as follows: 

Since the only forces at work between the 
galaxies that make up the material universe 
are the forces of gravity,   the cosmologlcal 
problem is closely connected with the theory 
of gravitation,   in particular with its modern 
version as comprised in Albert Einstein's gen- 
eral theory of relativity.'° 

Einstein's general theory of relativity which,  un- 

like his  special  theory of relativity,   takes accelerated 

motion into account,   is concerned primarily with measure- 

ments from an accelerated system,   such as from a planet 

moving in a gravitational   field.    This assumption enabled 

Einstein to postulate that Newton's gravitational  effects 

were actually caused by a curvature In the geometry rather 

than a true field of force.     Thus in essence,   what Newton 

called gravitational  force is,  according to Einstein's 

general  theory of relativity,  nothing more than a curva- 

ture of space associated with the presence of matter. 

In developing this theory,   Einstein made three 

specific predictions concerning the motions of planets or 

of light rays which differed from those calculated accord- 

ing to the theory of Newton.     First,   Einstein stated that 

the elliptical orbit of the planet Mercury around the sun 

should rotate slowly at the very small regular rate of A3" 
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per century.    His second prediction was that a ray of light 

from a distant  star which barely grazed the Bun would have 

a defleotion of  1»74,  concave towards the sun,  as opposed 

to Newton's prediction of a shift of Ofg?«    Third,   Einstein's 

general theory of relativity Included the prediction that 

light originating in a gravitational field (1.e.,   a strongly 

curved space)   will be shifted to the red since light vibra- 

tions  will be slower in such a field.    Observation,   the 

deciding factor in science,  has consistently verified theBe 

postulates. 

Relatlviatic Cosmology 

Albert Einstein 

With the establishment of Einstein's general theory 

of relativity,   the rise of cosmology in the twentieth cen- 

tury was  firmly established.    Rightly so,   it was Einstein 

himself in 1916 who made the first attempt to apply his 

general theory of relativity to the structure of the physi- 

cal universe as a whole.     In developing his theory of the 

universe,   Einstein used two basic   assumptions:     (a) he 

assumed that the geometric   structure of space (the "spatial 

metric")  is independent of time,   or in other words,  that 

on a large scale the universe is  stable,   static,   and per- 

manent;   (b) further, he assumed that both space and the 

large scale distribution of matter in it are homogeneous 

and lsotroplc. 
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Einstein's model of the universe was static  in 

nature since it did not envisage the possibility of the 

recession of the galaxies or the expansion of the universe 

as a whole}     this is due primarily to the fact that not 

until  1924 did Edwin P. Hubble establish the recession of 

the galaxies  which led to the concept of the expanding 

universe. 

AB discussed in the preceding section,   Einstein 

ascribed to gravitation the ability to create the curva- 

ture of a space-time continuum.    And, in developing his 

theory of the universe,   Einstein came to the conclusion that 

the curvature of space must be Independent of time,   in 

other words,   that the universe must be unchanging as a 

whole even though it does change internally.    Yet,  having 

accepted these conditions,  Einstein found there was no so- 

lution to hie  equations which would permit a static uni- 

verse;    therefore,   he was  forced to introduce a hypothetical 

force which was independent of mass and gained in strength 

with the increase of distance between two interacting forces. 

This introduction of a cosmological constant has produced 

a great deal of discussion.    J.D.  North,   in his history of 

cosmology writes: 

Einstein's extension of the field equation is 
analogous to the extension of Polsson s equa- 
tion with which he opened his paper:    Ai« 
came first to him is not clear.    For the »ost 
part,  his followers  were content to give a loose 
interpretation of the Elnsteinian theory in 
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Newtonian terms and it was not difficult to 
see...a small repulsion from the origin di- 
rectly proportional to the distance and act- 
ing over and above the ordinary gravitational 
attraction between masses.     There would, 
loosely  speaking,   be a distance at which such 
a repulsion would be in equilibrium with the 
gravitational attraction.    As Einstein ad- 
mitted,   the extension of the field  equations 
was   "not  Justified by our actual knowledge 
of gravitation" but was merely "logically 
consistent."1? 

Further evidence concerning the unusual nature of 

Einstein's cosmologlcal constant is given by Willem de 

Sitter who also constructed a static model of the universe. 

He writes: 

The field equations,   in their most general form, 
contain a term multiplied by a constant,   which 
is denoted by the Greek letter X. (lambda), and 
which is  sometimes called the  "cosmical con- 
stant."    This Is a name without any meaning, 
which was only conferred upon it because it 
was  thought appropriate that it should have 
a name,   and because it appeared to have some- 
thing to do with the constitution of the uni- 
verse:   but it must not be inferred that,   since 
we have given It a name,   we know what it means. 
We have,   in fact,  not the slightest inkling of 
what its real  significance is.     It ** ?"* *"      . 
the equations in order to give them the greatest 
possible degree of mathematical generality, 
but,   so  far as Its mathematical function lsg 
concerned,   it is entirely undetermined.... 

Yet,   with the introduction of the "cosmologlcal constant," 

Einstein produced a static model of the universe—one of 

the earliest relatlvlstlc cosmologlcal theories. 
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M.llem de Sitter 

One other static model of the universe is of value. 

Like Einstein,   Wlllem de Sitter introduced his static 

theory in 1917 prior to Hubble's important discovery. 

Thus,   as Einstein,  de Sitter was later proven false by 

observational data.    However,  his cosmologlcal  theory re- 

mains important in a survey of early relativlstic cosmology 

with regard to its relation to Einstein's model of the uni- 

verse.     That is,   the spherical universe of Einstein con- 

sisted of space co-ordinates which were positively curved 

while its time co-ordinate was straight.    Thus Einstein's 

model could be represented by a cylinder which,  like a 

sphere,   was closed and thus had a finite volume.    De Sitter's 

spherical universe included not only curved space co-ordinates, 

but also a curved time co-ordinate, 

els of the universe are depicted below:(figure 3): 

1'     These two static mod- 

Tuli. 

Einstein De Sitter 

Figure 3 

De Sitter's alternative to Einstein's world model 

satisfied the same laws of world gravitation,   yet rather 

than being actually static,   it was empty, being devoid of 

matter and radiation.    In his book Kosmos,   De Sitter con- 

trasts these two  solutions of the field equations for a 
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homogeneous,   lsotropic universe,   calling them solutions 

A and B: 

The universe A [Einstein's model] is really and 
essentially static,   there can be no systematic 
motions in it.     It has an average density,  but 
no expansion.     It is therefore called the static 
universe.     B CCe Sitter's model 1 ,   on the other 
hand,   is not really static,   it expands,   and it 
can only parade in the garb of a static universe 
because there is nothing in it to show the ex- 
pansion.     B is therefore called the empty uni- 
verse.     Thus we had two approximations:     the 
static universe with matter and without expan- 
sion,   and the empty one without matter and with 
expansion.20 

The world models of both Einstein and De Sitter 

were very  early attempts to explain the structure and  evo- 

lution of the universe;    therefore,   their value is rooted 

primarily  in their historical position.     For,   with Hubble's 

1929 discovery of the Doppler effect or "red shift," these 

early static relatlvlstlc  theories were invalidated since 

neither took into account the possibility of the expansion 

of the universe. 

Kinematic Relativity 

E.A. Kline 

While it is now a generally accepted fact that  the 

spectral red shifts of distant galaxies and clusters of 

galaxies represent velocities as a manifestation of the 

Doppler effect,   there have been several cosmologlcal 

theories put  forth which account for the red shifts by 
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other means.     Perhaps one of the most original Is that of 

the British astronomer E.A. Milne,   whose cosmologlcal theory 

Interpreted the red shifts as being due to a change in the 

rate of flow of time rather than as a velocity effect.    In 

1932,  Milne challenged the almost exclusive reliance upon 

general relativity as a base from which to construct cos- 

mological theories of the universe:     employing a system 

which he identified by the term kinematic relativity. 

Milne constructed a world model in which the idea of time 

assumes a central Importance. 

Milne,   whose name is most often associated with the 

concept of the cosmological principle,proposed the principle 

that 

not only the laws of nature,  but also the events 
occurring In nature,   the world itself, must ap- 
pear the  same to all observers,   wherever they be, 
provided that their space-frames and time scales 
are similarly oriented with respect to the events 
which are the subject of observation. 

Thus,   assuming the universe to be expanding, homo- 

genlc and isotropic, Milne considered the universe to be 

contained in an expanding sphere of Euclidean space whose 

radius is equal to the velocity of light times the total 

time of the expansion.     Also,   since the galaxies continue 

increasing their velocity, yet cannot go beyond that of 

light because the special theory of relativity predicts 

this to be the greatest measurable velocity  for a material 
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object,   they will be bunched together at the spherical 

surface of the universe. 

In short,   the cosmologlcal model which Milne con- 

structed  with the aid of the special  theory of relativity 

was one in which the galaxies were all in uniform recession 

from one another.    Thus,  tl.e probable conclusion of this 

world model concerning the origin and evolution of the 

universe would be that "...all  the galaxies must have been 

compressed together in a comparatively small volume a finite 

number of years ago "22    However,   his is a theory which 

has  failed to be accepted}    rather,   those theories accept- 

ing Einstein's general theory of relativity have proven 

more satisfactory to current cosmologists. 
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CHAPTER IV 

THE EVOLUTIONARY THEORY 

AND ITS  PROPONENTS 

From the preceding chapters,   the rise of cosmology 

In the twentieth century reveals itself a6 a movement of 

considerable magnitude.    Prior to the twentieth century, 

cosmology was hardly an astronomical science;  yet it became 

decidedly so in this new era of discovery.    Suddenly astro- 

nomical observation was insufficient:     viable theories 

concerning the origin and evolution of the universe were 

sought.     And,   as is recorded in Chapter III,   numerous 

hypotheses were offered.    According to Hermann Bondl,   a 

leading proponent of the Static State Theory,   the number 

of different theories should not come as a surprise al- 

though cosmology is a subject in which so little information 

is available.     He too emphasizes the conflict in cosmologi- 

cal hypotheses,   saying that they all account more or less 

well  for the existing observations,  but they differ sharp- 

ly in their forecasts of future ones.2""    At present,   the 

Evolutionary Theory seems  to be the more logical of the 

two with regard to the most recently observed astronomical 

data. 
In order to gain an accurate perspective concerning 

the Evolutionary Theory, one must approach this hypothesis 
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from three standpoints:     (a)   a historical framework con- 

cernlne the development of the evolutionary hypothesis; 

(b)  a scientific description of the theory;  and (c) a sur- 

vey of its major proponents and their thoughts concerning 

the Evolutionary Theory. 

Historical  Background 

The Evolutionary Theory belongs to the class of 

relativlstic  cosmology since this hypothesis in all its 

ramifications is based upon Einstein's general theory of 

relativity.    This is not to say, however,  that the Evolu- 

tionary Theory is like Einstein's published theory of 1917 

in which the universe is presented as a static construction. 

One very essential  event took place between Einstein's 

initial general theory and the later cosmologlcal theory 

of the universe as an evolutionary model:    Edwin Hubble 

found the first evidence of actual physical expansion of 

the universe.     The red shift has been mentioned earlier; 

however,   it is primarily this element which laid the foun- 

dation for the theory of the expanding universe.    In turn, 

this theory serves as the basis of the Evolutionary Theory 

and of subsequent cosmologlcal theories. 

Employing the concept of an expanding universe,   the 

Evolutionary Theory was devised as an attempt tc explain 

the origin,   the  evolution,  and the probable future of our 

known physical universe.    Perhaps the earliest work on an 

evolutionary theory is attributable to the Belgian theoretical 
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astronomer,   Georges Lemaitre,   who proposed the "primeval 

atom" concept of the origin of an evolutionary universe. 

Still another primary proponent of the Evolutionary Theory 

is George Gamow,  whose reference to the origin of the 

evolutionary universe is known as the "hot big bang" theory. 

How did these theories arise?    Certainly neither 

Lemaitre nor Gamow are Bolely responsible for the Evolu- 

tionary Theory,   for in the science of cosmology,   almost 

every theory or discovery stems from previous theories or 

observations and,   in turn,   each is then employed as a 

basis  for further theories.     What then is the foundation 

for this Evolutionary Theory? 

In the realm of astronomy} Hubble's discovery of 

the recession of the galaxies and the physical interpre- 

tation of this recession as an indication of universal 

expansion can be emphasized as the prime foundation of the 

set of evolutionary theories.    Certainly without the dis- 

covery,   this  explanation for the origin and evolution of 

the universe would never have been formulated.     For,   with 

the establishment of the concept of universal expansion, 

there also came the possibility  for a finite beginning of 

the universe. 

In addition to Hubble's discovery,   one other cos- 

mological discovery pointed toward an expanding universe, 

thus setting the stage for the introduction of an evolu- 

tionary theory.    In 1922,  a Russian mathematician,  Alexander 



27 

A. Friedman discovered an algebraic   error  (essentially a 

division by zero) made in the process of derivation of 

Einstein's proof for a static universe.    Thus,  the possi- 

bility of a non-static universe could not be excluded. 

Friedman then showed that two non-etatic models were possi- 

ble:     one pictured the universe as expanding with time; 

the other,  contracting.2^ 

To be sure,   there  were other influential factors. 

Outside the realm of astronomy,  the nineteentn century 

theory of Charles Darwin was a significant contributing 

factor.     If in the area of biology,   the concept of evolu- 

tion toward a higher order was possible, certainly it was 

an equal possibility on a cosmic scale. 

One other element must be considered as a pre- 

requisite for the development of the group of evolutionary 

theories:     this  is Einstein's general theory of relativity, 

the value of which has been established in Chapter III. 

The Evolutionary Theory 

Of the two major conflicting cosmological theories, 

that of the Evolutionary Theory appears to be more consis- 

tent in its agreement with astronomical data. Also, it is 

an appealing theory which gives the universe a finite ori- 

gin.    Yet one may well ask what are the outstanding features 

of this theory. 

The prevailing Evolutionary Theory which vies with 

the Steady State Theory is essentially that of Qsorge Gamow. 
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According to Gamow,   the universe started from a very dense 

state of matter.     This immediately instigates questions: 

why was our universe in such a highly compressed Btate, 

and why did it start expanding?    Perhaps the simplest and 

mathematically most consistent answer is that of Gamow: 

The Big Squeeze which took place in the early 
history of our universe was the result of a 
collapse which took place at a still earlier 
era. and that the present expansion is simply 
an ''elastic" rebound which started as soon as 
the maximum permissible squeezing density was 
reached.^5 

Thus at the beginning of the expansion process,   the 

universe was in a state of extraordinarily high density, 

pressure and temperature.    In fact, Gamow proposed that 

the temperature was great enough to enable thermonuclear 

reactions to  occur.    During the first few minutes of the 

universe's  existence, matter is thought to have consisted 

only of protons,  neutrons,  and electrons since any group 

of particles that might combine into a composite nucleus 

would have immediately disassociated into its components 

due to the effects of the extremely high temperature. 

Gamow refers to the mixture of particles as y_lem—the 
26 

name that Aristotle gave to primordial matter. 

After five minutes,   the universe cooled enough to 

permit the aggregation of protons and neutrons into deuterons, 

tritons,  helium,   and heavier elements.    As the element build- 

ing progressed,   the prevailing physical conditions changed 
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rapidly because of the still very rapid universal  expansion. 

As a result,   a combination of events combined to terminate 

the atom-building process:    the collisions between nuclei 

and free neutrons decreased as their concentration de- 

creased;   the temperature dropped,   thus lowering the proba- 

bility of neutron capture;   and the neutrons which were not 

captured merely decayed and added to the hydrogen buildup. 

Thus the element-building process was terminated by uni- 

versal  expansion and the decrease in the concentration of 

free neutrons by decay. 

An Important feature of the Evolutionary Theory is 

that in the early stages of the universe's expansion,   ra- 

diant  energy was dominant over the mass of matter;  however, 

in an expanding system,   the density of radiant energy de- 

creases faster than does the density of matter.    Thus 

after approximately two hundred fifty million years,  the 

density of matter became greater than that of radiant 

energy.     While subjugated to radiant energy,   the matter 

Is thought  to have been spread uniformly throughout space 

in the form of thin primordial gas;   yet, afterwards the 

gas broke up into giant gas cloudB,  or protogalaxies, 

which drifted apart as the universe continued to  expand 

and ultimately condensed Into stars and formed the galaxies 

as we now see them. 
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rapidly because of the still very rapid universal  expansion. 

As a result,   a combination of events combined to  terminate 

the atom-building process:    the collisions between nuclei 

and  free neutrons decreased as their concentration de- 

creased;   the temperature dropped,   thus  lowering the proba- 

bility of neutron capture;  and the neutrons which were not 

captured merely decayed and added to the hydrogen buildup. 

Thus the element-bullding process was terminated by uni- 

versal expansion and the decrease in the concentration of 

free neutrons by decay. 

An important feature of the Evolutionary Theory is 

that in the early stages of the universe's expansion,  ra- 

diant energy was dominant over the mass of matter;  however, 

in an expanding system,   the density of radiant energy de- 

creases  faster than does the density of matter.    Thus 

after approximately two hundred fifty million yearB,   the 

density of matter became greater than that of radiant 

energy.     While subjugated to radiant energy,   the matter 

1B thought to have been spread uniformly throughout space 

in the form of thin primordial gas;  yet,  afterwards the 

gas broke up Into giant gas clouds, or protogalaxies, 

which drifted apart as the universe continued to expand 

and ultimately condensed into  stars and formed the galaxies 

aB we now see them. 
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Major Proponents 

SgOPggg  Lemaltre 

The Evolutionary Theory actually began with Georges 

Lemaitre.    As  early as   1931.   Lemaltre put forth his theory 

of the origin of the universe:    it was his belief that the 

universe began at a time when all the matter in the uni- 

verse was contained in a very dense state which he named 

the "primeval atom."    This condition was short-lived and 

the atom  exploded in a super-radioactive disintegration, 

a process which continued until the universe was broken 

down into atoms. 

According to Lemaltre's hypothesis,   as the explosion 

of this   "primeval atom" progressed,   space expanded quite 

rapidly and the radius of the universe increased in pro- 

portion to the velocity of the particles derived from the 

explosion.     In addition,   the average density of matter in 

space decreased as the radius continued to  Increase.    All 

that occurred during this period is Included in the first 

stage of his tripartite hypothesis. 

The second stage is referred to as  the Einstein 

stage.     Since at all times the matter in Lemaitre's universe 

was exerting gravitational force upon Its constituent parts, 

this gravitational force eventually slowed down the expan- 

sion of the universe by balancing the force of cosmic re- 

pulsion until it was  in a state of equilibrium.    In truth, 
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the Becond stage of Lemaltre's universe was the static 

Einstein world model a situation which Lemaltre believed 

to have existed  for about two billion years. 

Since the Einstein stage was inherently unstable, 

a third stage in the evolution of the universe was inevi- 

table. Thus began a stage of what Lemaltre considered to 

be renewed expansion. Also, it was in the latter part of 

the first expansion and the beginning of this final stage 

that local condensations of matter resulted in the forma- 

tion of galaxies and stars. Of interest is the fact that 

the expansion of the final stage of the Lemaltre universe 

is thought to continue until the De Sitter model of the 

universe is attained an empty universe in which there 

is nothing left to expand. 

Lemattre's  theory concerning the origin and evolu- 

tion of the universe marked the beginning of a new phase 

in cosmological thought.     Seeing both the advantages and 

disadvantages of  the Einstein and the De Sitter models, 

he sought a model  between the two—possessing both material 

content and definite spectral displacement.    Thus deriving 

the  following  fOWBUl*. t - J V faftfat(-</*W%#   Leinaltre WaB 

able to  recover De Sitter's  solution if «   and 0     were set 

equal to zero and Einstein's  solution if R      were made con- 

Btant and /3   zero. 

To be sure,  his "primeval atom" theory of an evolu- 

tionary universe   failed to   withstand the rigors of later 
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astronomical   findings;  nevertheless,  it remains of out- 

standing historical value as one of the earliest cosmo- 

loglcal  theories incorporating  the concept of universal 

expansion.     In addition it is  seemingly the earliest ex- 

ample of the Evolutionary Theory—later refined and altered 

by George Qamcw which has become so influential In cur- 

rent cosmology. 

George Gamow 

The concept of a universe which evolved from a 

primordial  state received its greatest Impetus through 

the work of George Gamow.    First proposed in 19-46,   this 

cosmologlcal  theory has withstood opposition and proven 

to be the most Influential Evolutionary Theory.    Indeed, 

it is essentially the Gamow theory which vies with the 

theory of continuous creation in the controversial search 

for an explanation of the origin and structure of the 

universe.     Gamow himself summarizes his theory as follows: 

Thus we conclude that cur universe has existed 
for an eternity of time,   that until about five 
billion years ago it was collapsing uniformly 
from a  state of infinite rarefaction;   that five 
billion years ago it arrived at a state of max- 
imum compression in which the density of all 
Its matter may have been as great as that of the 
particles packed In the nucleus of a* «°»;!'-' 
and that the universe is now on the rebound, 
dispersing irreversibly toward a state of in- 
finite rarefaction.27 

To be sure,  Gamow's position is supreme with regard 

to the Evolutionary Theory:    it is his theory which is 
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currently accepted as the foundation of this influential 

cosmologlcal  theory,  and hie  writings are those to which 

cosmologists most frequently refer.    This is not to over- 

look the contributions of Lemaltre:    certainly his initial 

hypothesis  was Invaluable in the development of the Evolu- 

tionary Theory.     However,   there are a number of distinctions 

which must be made concerning the theories of these two pro- 

ponents of the Evolutionary Theory. 

Contrasting Elements 

Although the Gamow and Lemaltre theories of the 

origin and structure of the universe are Bimllar in several 

respects,   one basic difference actually sets the two theories 

considerably far apart.    According to Lemaitre's theory, 

the universe is  finite in both extent and contentj    in 

opposition,   Gamow considers the universe to be unequivocally 

infinite. 

Lemaitre's Evolutionary Theory was based on Riemann- 

ian geometry since it employed the equations of the general 

theory of relativity:    thus in keeping with the character- 

istics of Riemannian geometry, his universe was finite and 

unbounded.    According to Lemaitre's theory, at the beginning, 

the entire universe was contained within the "primeval atom." 

In contrast to the finite and unbounded universe 

of Lemaltre,   the universe of Gamow is considered to be 

limitless and infinite.    To be sure, Gamcw advocates this 
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type of universe in MB book The Creation of the Universe.2^ 

The basic difference between the theories of Lemaitre and 

Gamow produces unusual consequences.     For example,  Lemaitre's 

concept of the origin of the universe Involves the explosion 

of a single super atom while that of Gamow consists of the 

simultaneous explosion of an Infinite number of mass points 

which were spaced very close together. 

Conclusions 

Generally,   the Evolutionary Theory has maintained 

its Influential position due to the appeal of its several 

attractive features.    Perhaps its foremost attraction is 

the fact that it agrees with other pieces of evidence 

which point toward a formation cf the elements about ten 

to thirteen million years ago.    Beyond this,  there is the 

aesthetically agreeable feature of giving a definite origin 

to our universe. 
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CHAPTER V 

THE STEADY STATE THEORY 

AND ITS  PROPONENTS 

Generally speaking,  all scientific theories con- 

cerning the evolution of the universe share a group of 

explicit or Implicit assumptions or principles upon which 

they are based:    homogeneity,   lsotropy,  conservation of 

energy,   and so on.     Fundamental to cosmology Is the so- 

called cosmologlcal principle:     "the universe looks very 

much the same from any location and in all directions." 

In other words,   there is no privileged position with regard 

to space.     Yet this cosmologlcal principle omits one very 

vital factor—the element of time.    And it Is the addition 

of this  element of time which brought forth the cosmologlcal 

theory that has proven most successful in its opposition to 

the Evolutionary Theory.     Indeed J.D. North,   in his history 

of modern cosmology introduces his chapter on  "Continual 

Creation and the Steady State Theories of Bondi, Gold,   and 

Hoyle" with the following statement concerning the impact 

of this cosmologlcal theory on twentieth-century astronomy: 

Whether or not the  steady «*f*\th!°?ij; ?£ 
Bondi,   Gold,   and Hoyle constitute f J^ivistic 
cosmology's most important rival,  a conBlaer b e 

way .30 
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The Steady State Theory proposed,  in opposition to 

the accepted cosmological principle mentioned above,  a 

perfect cosmological principle which included time:     "The 

universe looks very much the same from any location, in 

all directions,   and at all times."51    Time it appears such 

an innocent addition,  yet the perfect cosmological principle 

led to some drastically different conclusions.    This is a 

theory of considerable import and influence on the develop- 

ment of twentieth-century cosmology.    Thus,   in order to 

fully comprehend this theory based on the four-dimensional 

isotropy of the universe,  a detailed study in the following 

areas is necessary:     (a)  the historical  framework of the 

Steady State Theory;   (b) a detailed discussion of the theory 

and its conflicts with the Evolutionary Theory;  and finally, 

(c) an investigation of the major proponents of the Steady 

State Theory and their individual contributions. 

Historical Background 

The Steady State Theory has,  without doubt,  proven 

to be of major import to the science of astronomical cos- 

mology,     indeed,   Dennis Sciama in his discussion of twentieth- 

century cosmological theories,   writes: 

I deliberately mention •g^SLSl "S*7 

State Theory of Hermann Bondi,Thoaa. Ool 
and Fred Hoyle,  because J  ^Mnk it is  iai 

e 2?thaVhas'irrlX^Sd^SitS the .oat 
IS" Sf nrovoked the most good astrophysics 

sa 
th 
people, has provoked 
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and has more or less survived to the present 
day.32 

Similar to the Evolutionary Theory,  the Steady 

State Theory was not conceived overnight;   rather,  It 1B a 

structure founded on the work of many individuals and many 

different ideas.    Indeed the idea of continuous creation, 

one of the primary elements of the Steady State Theory,   was 

suggested at least as early as  1928 by Sir JameB Jeans; 

however,  his conjecture was unsupported by subsequent astro- 

phyeics.     Jeans  felt that no satisfactory account of the 

special character of the arms of the nebulae had been given. 

Therefore he postulated that 

The centers of the nebulae are of the nature of 
"singular points" at which matter Is poured in- 
to our universe from some other,  and entirely 
extraneous,   spatial dimension,   so that,   to a 
denizen of our universe,   they appear as pointa 
at which matter is being continually created.^3 

However,   beyond a few Isolated cases,  little notice was 

taken of the concept of continuous creation until Its in- 

corporation into the Steady State Theory. 

Just as there were two primary proponents of the 

Evolutionary Theory of LemaUre and Gamow,   BO the Steady 

State Theory Involves three primary instigators.    The Steady 

State Theory of the universe was  first introduced by Hermann 

Bond! and Thomas Gold in 19*8.  and only later did the British 

astronomer Fred Hoyle become a major contributor to the 

theory of a steady state universe. 
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The reasons   for the success of the Steady State 

Theory are complex;  nevertheless,  It has remained as the 

major opponent of the Evolutionary Theory of Gamow.    Perhaps 

the impact of this cosmological theory can be partially ex- 

plained by the philosophical appeal of a steady state uni- 

verse.    Hoyle emphasizes this philosophical appeal in 

contrasting the steady state universe to other theories: 

Without continuous creation the universe must 
evolve toward a dead state in which all the 
matter is condensed into a vast number of dead 
Star*... .With continuous creation, on the other 
hand,   the universe ha6 an infinite future in 
which all its present very large-scale features 
will be preserved.^ 

Beyond the realm of philosophical appeal,  the 

Steady State Theory has remained as a possible solution to 

the problem of the origin and evolution of the universe. 

What are the scientific aspects of this cosmological theory 

and what  explanation does it offer concerning the develop- 

ment of our known physical universe? 

The Steady State Theory 

The Steady State Theory can be said to have gen- 

erated a renewal of Interest in the science of cosmology. 

Indeed,   the Introduction in 1948    of this new and somewhat 

startling approach to the question of the origin and evolu- 

tion of the universe evoKed a multitude of reactions, ranging 

from total disbelief to complete acceptance. 
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As mentioned previously,  Bondi, Gold,  and Hoyle's 

concept of continuous creation was not new;   however,   the 

emphasis placed upon it was indeed greater than ever before. 

In the Steady State Theory, continuous creation is postu- 

lated as the driving force which not only governs the uni- 

verse but Indirectly determines its large-scale features. 

In essence,   the Steady State Theory purports that 

matter is being continuously created in space as a means of 

compensating for the loss of matter through the expansion 

of the universe.     From estimates of the mean density and the 

rate of expansion,   the rate of creation is now thought to 

be at most one particle of proton mass per litre per 

5 X 10n  years.35 

According to Fred Hoyle,  there is no doubt that 

every galaxy we observe to be receding from us will in 

about 10,000,000,000 years have passed entirely beyond the 

limit of vision of an observer in our galaxy;  yet,  the 

same number of galaxies will still be visible since new 

galaxies will be condensed cut of the background material 

at Just about the rate necessary to compensate for those 

exceeding the limits of the observable universe.    Thus the 

Steady State Theory appears to be a very simple explanation; 

yet,   there is the question of the origin of the created ma- 

terial,   for which Hoyle gives the following explanation: 

Where does the created material •gj»gt 

It does not come from anywhere.    Material 
simply appears—it is created.    At one time 
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the various atoms composing the material do not 
exist,   and at a later time they do.36 

Perhaps   the greatest stumbling block to an acceptance 

of the Steady State Theory lies in whether or not the pro- 

cess of continuous creation violates the law of the conser- 

vation of energy which states that energy can neither be 

created nor destroyed but can only be transformed from one 

form to another.    However,   it is the contention of Bondi, 

Gold and Hoyle that since the energy introduced in the form 

of created matter merely counterbalances that lost through 

the expansion of the universe,   there is no violation of the 

law.    Therefore the total energy of the universe remains 

constant. 

One of the most intriguing elements of the Steady 

State Theory is its explanation concerning the transfor- 

mation of matter.    According to the theory,   continuous 

creation provides the matter which ultimately makes up 

the different galaxies,   stars and other elements in the 

universe.     Supposedly,   stars are formed by the gradual 

accumulation of created hydrogen atoms which mass together 

due to their mutual gravitational attraction.    As the mass 

becomes greater,   the density increases to the point where 

the internal pressure and temperature enable nuclear 

reactions to begin.    At this time,   conditions in the star 

are ideal for forming elements.    After a sufficient length 

of time,   these etars,  called supernovae,   erupt,  distri- 

buting  their contents into space where they then recombine. 
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Hermann Bondi   summarizes the process as  follows: 

Individual  galaxies age and move apart from 
each other owing to  the expansion.    In the 
increasing spaces between them, newly created 
matter condenses to form new galaxies,   so 
that the average distance remains the same. 
Condensation is the process of birth of a 
galaxy;   expansion to regions hard to see is 
the process of death,   and growing up comes 
in between.     Although each galaxy ages in 
this manner,   a bird's-eye view of the system 
will always reveal the  same picture....37 

Major Proponents 

Hermann Bond! and Thomas Gold 

The Steady State Theory was first proposed by the 

team of Bondi-Gold.     Vtorking under the supposition that the 

cosmological principle advocated by Milne was insufficient, 

Hermann Bondi  and ThomaB Gold based their theory on the 

postulate of the perfect cosmological principle.     Whereas 

Milne's cosmological principle required the large-scale 

aspect of the universe to be independent of the position 

of the observer,   Bondi and Gold made it also independent 

of the time of observation.     Thus the Bondi-Gold principle 

requires that not only must the average density of both 

matter and radiation remain constant, but also the age- 

distribution of lhe nebulae must be unchanging in time: 

as the older nebulae separate with the general expansion, 

new nebulae are   formed in the intervening spaces out of 

newly-created ir.: T.ter. 
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In a sense the extension of the principle to Include 

symmetry in time can be considered as an extension of the 

basic philosophy whereby symmetry in space was postulated 

in the original formulation of the cosmological principle. 

Therefore by a simple extension of the accepted homogeneity 

of the universe to Include the element of time,  a new cos- 

mological  theory is achieved. 

Fred Hoyle 

The second important contribution to a theory of a 

6teady state universe was made shortly after that of Bondl 

and Gold by Fred Hoyle.    Although Bondi,  Gold and Hoyle achieve 

the same Steady State Theory,   there i6 a fundamental difference 

between the approach and development of the theory of Bondl 

and Gold and that of Hoyle:     while Bondi and Gold based their 

theory on the more philosophical perfect cosmological prin- 

ciple,  Hoyle arrived at the Steady State Theory through the 

mathematical framework supplied by a modification of Einstein's 

general theory of relativity. 

As Bondi and Gold,  Hoyle was led by his acceptance 

of a steady state universe to  the inevitable topic of con- 

tinual creation.     It is his suggestion that the creation of 

matter is by means of a creation field.    In agreement with 

Bondi and Gold,  Hoyle proposes matter to be created in the 

form of hydrogen and offers the following explanation: 

In what form is this new matter created?    This 
question is closely concerned with the problem 
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of evolution.     Every closed system is known to 
go through irreversible changes.    Cosmically, 
the most important of these is probably the 
conversion of hydrogen into helium,  which takes 
place in every star,   the excess energy being ra- 
diated away into  space.     Each system,  each galaxy 
is therefore ageing.    How can the over-all aspect 
of the universe remain unchanging,  if every 
galaxy is  evolving Irreversibly?    Only if new 
galaxies are being born,   and old ones drift out 
of the range of telescopes through the expansion 
of the universe.    The newly created matter must 
therefore stand at the beginning of the evolu- 
tionary chain,   and,  according to current astro- 
physics,   this is cold diffuse hydrogen.    The 
creation process must therefore imply the 
creation of hydrogen atoms of low velocity at 
a uniform rate.38 

The expansion of the universe,  too,  is considered 

to be a result of the creation of matter.    According to 

Hoyle,   the introduction of each new hydrogen atom into the 

observable universe produces small local space-pressure 

points which exert a force on existing excess material and 

causes the expansion of the universe.    In essence,  Hoyle 

attempts to  explain the accepted universal expansion as a 

dependent of the continuous creation of matter which is the 

primary postulate of the Steady State Theory. 

Conclusions 

Of the two major cosmological theories,   the pro- 

posal of a steady  state universe is,  in many ways,   the 

simpler.     However,   simplicity does not imply validity. 

Recent evidence from radio source counts,  the red shifts 

of quasi-stellar objects,  and the coemlc microwave radiation 
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tend to discredit the theory  with regard to the postulations 

of Bondl,   Gold,   and Hoyle concerning the continual creation 

of matter.'9 

Certainly an influential coBmological theory, the 

steady state universe may yet prove to be correct: it is 

the nature of cosmology that new astronomical data tends 

to revive discarded or discredited theories. Therefore, 

the ultimate fate of the Steady State Theory is unknown. 

To be sure,   it remains a philosophically attractive theory. 
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CHAPTER VI 

THE IKPACT OF RECENT DISCOVERIES 

ON COSMOLOGICAL THEORIES 

Astronomy in the twentieth century has proven to be 

a science of discovery and expansion.    New observational 

data is constantly superseding previous work and influencing 

the direction of future research.    In view of this constant 

flux,   the longevity of the conflict between the Evolutionary 

and Steady State Theories is remarkable.    Continuing over 

a span of approximately twenty years,   the dispute has been 

reconciled by a rash of recent astronomical discoveries 

which seem clearly to refute the Steady State Theory. 

Of course,   one should not infer from the refutation 

of the Steady State Theory that the Evolutionary Theory pro- 

posed by George Gamow is the theorum yerum of cosmology. 

Yet of the current theories concerning the origin,  evolution, 

and structure of the universe,   the Evolutionary Theory offers 

the most scientifically satisfactory explanation. 

feat is responsible  for the current rejection of the 

Steady State Theory?    Although the reasons are complex and 

the rejection is   far from comprehensive,  one may correctly 

relate the failure of the Steady State Theory to its variance 

with the following discoveries:     (a)  radio source counts; 

lb)  quasi-stellar objects;   and (e)  cosmic microwave radiation. 
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Although a detailed Investigation of these factors lies 

beyond the scope of this study,  their influence on current 

cosmological theories requires that they be discussed in 

relation to the Steady State and Evolutionary Theories. 

Radio Source Counts 

The discovery of radio sources was perhaps the 

first in a series of observed facts which reflected the 

possibility that the Steady State Theory was erroneous. 

Ironically,   the beginning of the study of radio galaxies 

and the first exposition of the Steady State Theory occurred 

within a few years of one another.     Yet,  the first attempt 

to draw cosmological conclusions from the counts of the 

relative numbers of radio sources of different apparent 

radio luminosity was not made until  1955.    At that time, 

Ryle and Scheuer came to the conclusion that the counts 

were incompatible with the Steady State Theory of Bondi, 

Gold and Hoyle and its property of continual creation of 

matter. 

The explanation of this incompatibility is found 

in the nature of radio source counts.    The counts themselves 

consist of the number NIB) of radio  sources per unit solid 

whose measured radio luminosity (flux density) at the 

operating frequency of the radio telescope exceeds the 

quantity S.     Therefore the relation between N and S which 

would be expected for a uniform distribution of stationary 
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sources has the form N °c S "■*.    A plot of log N against 

log S would then be expected to be a straight line of 

slope -   ' or -1.5. 

The precise slope of this line Is of great Interest 

because It is considered a possible test between the two 

major theories.     The value -1.5 is derived from the following: 

the number N of sources brighter than the quantity S is 

proportional  to  the volume of space d' where d is such that 

a source at distance d has a flux equal to S.    The flux S, 

In turn,  varies according to the inverse square law; thus 

S is proportional  to Va2*    The ratio of lo6 N to lo6 s iB 

the ratio of the   exponents of d or 3 to -2, giving the 

value -1.5.     However,   the slope actually observed for 

all extra-galactic radio sources is approximately -1.8. 

Yet,   the -1.8  observed slope Implies that the radio sources 

per unit volume were greater in the past than they are now: 

therefore,   the Steady State concept is clearly at variance 

with the radio source counte. 

Quasi-Stellar Objects 

In the previous section,  the cosmological signifi- 

cance of radio source counts was suggested.    These radio 

sources are of two types,  the radio galaxies and the quasi- 

stellar objects,   while the preceding log N—log I curve 

mixed both together.    The obvious question arises:    what 

is the log N—log S curve for the two types of radio 
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Bources taken separately and what cosmologlcal significance 

does this have? 

In 1966,   the Frence astronomer Philippe Veron con- 

ducted a critical study of this kind and found that the 

radio galaxies essentially fit a slope of -1.5.    The 

radio galaxies are not extremely  far away,  having a maximum 

red shift of forty-six per cent:     therefore,  this is the 

elope to be expected in any cosmologlcal theory.    This 

requires that the steep -1.8 slope of all radio source 

counts is due in large measure to the quasi-stellar objects 

which have the slope of -2.2.    D.W. Sciaroa considers this 

steep slope to indicate evolution in the properties of 

quasi-stellar objects and,  as such, provides clear-cut 

evidence that the universe in the past was different from 

what it Is today.40    Naturally such evidence would completely 

rule out the possibility of a steady state universe. 

Cosmic Microwave Radiation 

The problem of cosmology is to substitute obser- 

vational science for myth and speculation; yet,  It fre- 

quently is engulfed by the sea of detailed observational data 

available.    Certainly the need In cosmology is for 

observations of large-scale phenomena which can serve as 

essential bases of theory.    To be sure, most current cos- 

mologlcal theories are based on one such observation: 

Edwin P. Hubble's discovery that other galaxies are moving 
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away from ours and that their velocity Is proportional to 

their distance from us. This concept of recession le the 

basis for such widely different cosmologies as the Evolu- 

tionary Theory and the Steady State Theory. 

Presently,   it appears that radio astronomers have 

discovered another basic cosmological phenomena which,   like 

Hubble1 s discovery, may serve as a basis for coemologlcal 

theory.     This  factor,   first set forth by Arno A. Penzias 

and Robert W.   Wilson in 1964,  is the low-energy cosmic 

microwave radiation that apparently fills the entire uni- 

verse.    R.H.   Dicke,   together with his colleagues F.J.E. Peebles, 

P.O. Roll,  and D.T.   Wilkinson of Princeton University immed- 

iately proposed that this was the cosmic black body radi- 

ation derived from the initial expansion of the universe as 

proposed by George Gamow. 

Briefly,   cosmic black body radiation within the 

Evolutionary  Theory provides a very close view of an ele- 

ment of the original expansion of the universe,  whereas 

both quasi-stellar objects and radio source counts concern 

distant Justifications of the Evolutionary Theory.    Peebles 

and Wilkinson summarize the position of cosmic microwave 

radiation within the Evolutionary Theory as follows: 

At some time in the distant past—Jj»«*   £E 
billion years ago—all the matter In ^uni- 
verse must, have been packed together in an 
inferno of particles and radiation.    As the 
universe  expanded out of this holocaust    the 
matter cooled and condensed to form sajj^f! 
and stars.    The radiation,   which had started 
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out as   enormously   energetic gamma rays, was 
also  "cooled" by the expansion;   Its wavelength 
Increased and It now appears mostly In the radio 
and microwave bands,*' 

In order to consider the cosmic microwave radiation 

as an indication of an evolutionary universe as opposed to 

that of a steady  state,   it waB crucial to ascertain the 

viability of the prediction that because the radiation was 

emitted by a  source in thermal equilibrium   (the condensed 

universe),   its intensity should vary with wavelength _in, the 

manner of an ideal thermal radiator,   or "black body."    To 

accomplish this,   it was necessary to trace the observed 

intensity of the radiation as a function of wavelength and 

therefore see if the measurements  fell on the black body 

curve. 

Observation showed that measures of cosmic radiation 

fall within a typical black body curve which is appropriate 

for a source with a temperature of three degrees Kelvin 

(degrees centigrade above absolute zero),   thus bearing wit- 

ness to the possibility that the cosmic microwave radiation 

is indeed blackbody radiation of the evolutionary universe 

However,   one must remember that cosmic microwave radiation 

is a relatively new discovery and as such,  cannot yet be 

considered as conclusive evidence. 

Summary 

Current research within the field of cosmological 

astronomy tends to establish the inaccuracy of the Steady 

42 
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State Theory.     Fred Koyle,   although one of the major pro- 

ponents of this theory,  has himself acknowledged that "the 

steady-state concept,   as a strict precept,  is at variance 

with the counts  of radio sources... .The data shows that 

radio sources  were either systematically more frequent, 

mere powerful,   or both,  in the past than they are at pre- 

sent. "^    However, not only has the Steady State Theory 

lost favor with many cosmologists,  but also the Evolutionary 

Theory is beginning to be questioned.    E.R.  Harrison,   in a 

recent report "On the Origin of Structure in Certain Models 

of the Universe," suggests that gravitational instability 

falls to meet the requirements of a steady state universe 

and that it also  suggests that the Evolutionary Theory 

should be updated and reformulated into a more acceptable 

proposition. 44 
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CHAPTER VII 

CONCLUSIONS 

Seemingly,   the ralscn d'etre of the twentieth-century 

science of cosmology is the determination of scientifically 

plausible  theories of the origin and evolution of the uni- 

verse.    Certainly  this has been accepted as a serious tasKj 

while only the most outstanding and influential twentieth- 

century ccsmologlcal theories have been included in this 

study due to the necessary limitations of time and scope, 

the number of possible  entries Is extensive. 

A summarization of the preliminary elements which 

were essential  to the development of current theories eon- 

eeralng the origin,   structure,   and evolution of the known 

physical universe includes those factors discussed in 

Chapter II:     recognitlcn of the galaxies as the primary 

element of the universe;   the discovery of the inconsistencies 

cf Newton's theory of gravitation,  when employed on a cos- 

,1c  scale;   and  finally,   the development of Einstein's theory 

of relativity. 

F*om the numerous cosmological theories propounded 

in the twentieth century,   two have been of outstanding con- 

sequence:     the Steady State and the Evolutionary Theory. 

The purpose of this study has been primarily that of an 

introduction and discussion of these two theories and an 
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attempt to  Justify the Evolutionary Theory as the more 

plausible of the two.     The principal concern of the 

majority  of cosmolcglcal research appears tc be centered 

around this very problem.    E.R. Harrison emphasizes this 

Interest in these two major theories of the origin of 

structure In the universe and succinctly contrasts the 

two: 

Cosmology is confronted with the problem of 
explaining how large-scale structures ori- 
ginated in the universe.     Within the frame- 
work of conventional theory two hypotheses are 
possible.    In the primordial  structure hypo- 
thesis   [Evolutionary Theory of the universe] 
structural differentiation of a rudimentary 
form  Is inlaid  within the universe from its 
earliest moments,   whereas in the instability 
hypothesis   [Steady State Theory of the uni- 
verse: structure evolves naturally from small 
Initial  disturbances. 5 

As  evidenced in the previous chapter,   scientific 

thought with regard to these two theories Is diverse. 

There exists not only those who cling steadfastly to their 

choice of the  two theories,  but also those who would seek 

new paths   to an understanding of the origin and evolution 

of the universe.    For example.  Hikola St.  Kalltzin of the 

Bulgarian Academy of Sciences suggested a new basis for 

cosmological  theories through the development of a multi- 

temporal  special theory of relativity In his presentation 

at the fourth international astrophysical meeting held at 

Liege in  1967.A6   A development of even greater relevance 
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ie the fact that several advocates of the Steady State 

Theory have recently recanted or, as In the case of Fred 

Hcyle, have produced an altered theory of the steady state 

hypothesis.     Hoyle discusses his latest ideas and the results 

of his work  with Narlikar concerning a modification of the 

Steady State Theory in his book Galaxies.  Nuclei, and 

SuaB8.r8.47 

To be sure,   it is quite possible that neither the 

Steady State Theory advocated by Hermann Bondi,  Thomas Gold, 

and Fred Hoyle nor the Evolutionary Theory proposed by 

Georges Lemaltre and further developed by George Gamow is, 

in truth,   the solution to the cosmological dilemma.    Cer- 

tainly,   Chapter VI  evidences the short-coming of each 

theory.    Yet  each theory is valuable for the cosmological 

questions it raises and the astronomical discoveriee it 

induces.    As a science,   cosmology is ultimately dependent 

upon observation;   thus,   whenever observation produces 

what are seemingly contradictions to a theory or facts 

which are unexplained by current ccsmclogical theory,   re- 

vision or discarding of the theory is requisite.    Yet, 

there is scientific  value in a cosmological theory although 

it may prove to be incorrect.    Frequently some specific 

element of the rejected theory proves to be Influential in 

later cosmological  theories. 

As it now appears,   the Steady State Theory is a 

weaker solution to  the problem of origin and evolution of 
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our universe than the Evolutionary Theory.    Yet It has proven 

itself to be a theory of considerable import and one which 

Instigated much research and speculation.    Therefore,  its 

value Is  evident and it has been the purpose of this paper 

to emphasize the contributions of both these major theories. 

The answer to the problem of one correct cosmological 

theory is  elusive.    Perhaps  there is no one theory or perhaps 

our scientific knowledge prohibits our understanding of the 

universe.    Nevertheless,   scientists must continue their 

search.     Fred Hoyle succinctly summarizes this necessity 

as follows: 

Many theories have to be considered, and there 
are so many alternatives to be Investigated 
within each one that some astronomers and 
physicists are inclined to dismiss cosmology 
as a hopeless  subject of study.    By this, I 
suppose,   it is meant that we are so unlikely 
to find a satisfactory theory that there is 
little point in making the effort 1 be- 
lieve that we must still make the effort. 
Otherwise the philosophy of ignoring cos- 
mology could persist indefinitely,   and could 
impede progress should progress become 
possible in the future.^" 

In summary,   cosmology es a valid astronomical science 

vas founded in the early twentieth century and although no 

one correct theory of the universe has yet appeared,   the 

contributions of proposed cosmological theories ha^e been 

great.    Cosmology and its theories concerning the origin, 

evolution,   and future of our physical universe are bounded 

only by our powers of scientific astronomical science.    As 
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man continues to reach out In exploration of our universe, 

cosmology maintains its quest to understand and categorize 

the development of the universe. 
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