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Preface

This volume applies the physical laws and principles of the universe of
motion to a consideration of the large-scale structure and properties of that
universe, the realm of astronomy. Inasmuch as it presupposes nothing but a
familiarity with physical laws and principles, it is self-contained in the same
sense as any other publication in the astronomical field. However, the laws and
principles applicable to the universe of motion differ in many respects from
those of the conventional physical science. For the convenience of those who
may wish to follow the development of thought all the way from the
fundamentals, and are not familiar with the theory of the universe of motion, I
am collecting the most significant portions of the previously published books
and articles dealing with that theory, and incorporating them, together with the
results of some further studies, into a series of volumes with the general title
The Structure of the Physical Universe. The first volume, which develops the
fundamental physical relations, has already been published as Nothing But
Motion. This present work is designated as Volume III. Volume II, Basic
Properties of Matter, will follow.

As stated in Nothing But Motion, the development of thought in these books
is purely theoretical. I have formulated a set of postulates that define the
physical universe, and I have derived all of my conclusions in all physical
fields by developing the necessary consequences of those postulates, without
introducing anything from any other source. A companion volume, The
Neglected Facts of Science, shows that many of the theoretical conclusions,
including a number of those that differ most widely from conventional
scientific thought, can also be derived from purely factual premises, if some
facts of observation that have heretofore been overlooked or disregarded are
taken into consideration.

As explained in the introductory chapter of this volume, astronomy is the
great testing ground for physical theory. Here we can ascertain whether or not
the physical relations established under the relatively moderate conditions that
prevail in the terrestrial environment still hold good under the extremes of
temperature, pressure, size, and speed to which astronomical entities are
subjected. In order to be valid, the conclusions derived from theory must agree
with all facts definitely established by astronomical observation, or at least
must not be inconsistent with any of them. To show that such an agreement
exists, I have compared the theoretical conclusions with the astronomical
evidence at each step of the development. It should be understood, however,
that this comparison with observation is purely for the purpose of verifying the
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viii The Universe of Motion

conclusions; the observations play no part in the process by which these
conclusions were reached.

There are substantial differences of opinion, in many instances, as to just
what the observations actually do mean. Like the situation in particle physics
discussed in previous publications, the ‘‘observed facts’’ in astronomy are
often ten percent observation and ninety percent interpretation. In those cases
where the astronomers are divided, the most that any theoretical work can do is
to agree with one of the conflicting opinions as to what has been observed. I
have therefore identified the sources of all of the astronomical information that
I have used in the comparisons. Since this work is addressed to scientists in
general, rather than to a purely astronomical audience, 1 have taken
information from readily accessible sources, where possible, in preference to
the original reports in the astronomical literature.

Once again, as in the preface to Nothing But Motion, 1 have to say that it is
not feasible to acknowledge all of the many individual contributions that have
been made toward developing the details of the theoretical system and bringing
it to the attention of the scientific community, but I do want to renew my
expression of appreciation of the efforts of the officers and members of the
organization that has been promoting understanding and acceptance of my
results. Since the earlier volume was published, this organization, founded in
1970 as New Science Advocates, has changed its name to the International
Society of Unified Science, in recognition of its increased activity in foreign
countries, three of which are currently represented on the Board of Trustees.

Publication of this present volume has been made possible through the efforts
of Rainer Huck, who has acted as business manager of the publishing project,
Jan Sammer, who handled all of the many operations involved in taking the
work from the manuscript stage to the point at which it was ready for the
printers, and my wife, without whose encouragement and logistic support the
book could not have been written. Also participating were Eden G. Muir, who
prepared the illustrations, and Ronald Blackburn, Maurice Gilroy, Frank
Meyer, and Robin Sims, who assisted in the financing.

March, 1984 D. B. Larson



CHAPTER 1
Introduction

This volume is a continuation of a series which undertakes to determine the
characteristics that the physical universe must necessarily have if it is
composed entirely of discrete units of motion, and to show that the universe
thus defined is identical, item by item, with the observed physical universe.
The specific objective of this present volume is to extend the physical relations
and principles developed in the earlier volumes to a description of the large
scale features of the universe of motion. This is the field of astronomy, and the
pages that follow will resemble an astronomical treatise. In order to avoid
misunderstanding, therefore, we will begin by emphasizing that this is not an
astronomical work, in the usual sense.

Astronomy and astrophysics are based on facts determined by observation.
Their objective is to interpret these facts and relate them to each other in a
systematic manner. The primary criterion by which the results of these
interpretive activities are judged is how well they account for, and agree with,
the relevant observational data. But astronomical data are relatively scarce,
and often conflicting. Opinion and judgment therefore play a very large part in
the decisions that are made between conflicting theories and interpretations.
The question to be answered, as it is usually viewed, is Which is the best
explanation? In practice this means which fits best with current interpretations
in related astronomical areas.

The conclusions that are expressed in this work, on the other hand, are
derived from the postulated properties of space and time in a universe of
motion, and they are independent of the astronomical observations. These
conclusions must, of course, be consistent with all that is definitely known
from observation, but whatever observational information may exist, or may
not exist, plays no part in the development of thought that arrives at the
conclusions that are stated. Observed astronomical objects and phenomena are
not being described and discussed in this work as a foundation on which to
construct theory. They are introduced only for the purpose of showing that
these observations are consistent with the conclusions derived from theory.
Thus the present volume is not an astronomical work, which interprets and
systematizes the information derived from astronomical observation; it is a
physical work, which extends the development of physical theory in the two
preceding volumes into the astronomical field, confirming the previously
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2 The Universe of Motion

derived laws and principles by showing that they still apply under extreme
conditions.

The availability of this accurate new physical theory, developed and verified
in other fields where the facts are more readily accessible, now gives us a
source of information about astronomical matters that is not subject to the
limitations that are inherent in the procedures that the astronomers must
necessarily employ. It gives us a unique opportunity to examine the subject
matter of astronomy from an outside viewpoint completely independent of any
conclusions that have been reached from the results of astronomical
observation.

The record of advancement of astronomical knowledge has been largely a
story of the invention and utilization of new and more powerful instruments.
The optical telescope, the spectroscope, the photographic plate, the radio
telescope, the x-ray telescope, the photoelectric cell—these and the major
improvements that have been made in their power and accuracy are the
principal landmarks of astronomical progress. It is a matter of considerable
significance, therefore, that in application to astronomical phenomena, the
theory of the universe of motion, the Reciprocal System of theory, as we are
calling it, has the characteristics of a new instrument of exceptional power and
versatility, rather than those of an ordinary theory.

Astronomy has many theories, of course, but the products of those theories
are quite different from the results obtained from an instrument, inasmuch as
they are determined primarily by what is already known or is believed to be
known, about astronomical phenomena. This existing knowledge, or
presumed knowledge, is the raw material from which the theory is constructed,
and conformity with the data already accumulated, and the prevailing pattern
of scientific thought, is the criterion by which the conclusions derived from the
theory are tested. The results obtained from an instrument, on the other hand,
are not influenced by the current state of knowledge or opinion in the area
involved. (The interpretation of these results may be so influenced, but that is
another matter.) If those results conflict with accepted ideas, it is the ideas that
must be changed, not the information that the instrument contributes. The
point now being emphasized is that the Reciprocal System, like the instrument
and unlike the ordinary theory, is wholly independent of what is known or
believed about the phenomena under consideration.

Stars and galaxies are found in the existing astronomical theories because
they are put into these theories. They are aggregates of matter, they exert
gravitational forces, they emit radiation, and so on, in the theoretical picture,
because this information was put into the theories. They theoretically generate
the energy that is required to maintain the radiation by converting matter to
energy, because this, too, was put into the astronomical theories. They
conform to the basic laws of physics and chemistry; they follow the principles
laid down by Faraday, by Maxwell, by Newton, and by Einstein, because
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these laws and principles were put into the theories. To this vast amount of
knowledge and pseudo-knowledge drawn from the common store, the theorist
adds a few assumptions of his own that bear directly on the point at issue and,
after subjecting the entire mass of material to his reasoning processes, he
arrives at certain conclusions. Such a theory, therefore, does not see things as
they are; it sees them in the context of existing observational information and
existing patterns of thought. We cannot get a quasar, for instance, out of such
a theory until we put a quasar, or something from which, within the context of
existing thought, a quasar can be derived, into the theory.

On the other hand, the existing concepts of the nature of astronomical objects
cannot be put into an instrument. One cannot tell an instrument what it should
see or what it should record, other than by limiting the scope of its application,
and it therefore sees things as they are, not as the scientific community thinks
that they ought to be. If there are quasars, the appropriate instrument,
appropriately utilized, sees quasars. Every new instrument uncovers many
errors in accepted thinking about known phenomena, while at the same time it
reveals the existence of other phenomena that were not only unknown, but in
many instances wholly unsuspected.

The Reciprocal System of theory is like an instrument in that it, too, is
independent of existing scientific thought. Stars and galaxies composed of
matter appear in this theory, but neither these objects nor the matter itself are
put into the theory; they are consequences of the theory: results that necessarily
follow from the only things that are put into the theory, the postulated
properties of space and time. The astronomical objects that appear in the
theory are subject to the basic physical laws, they exert gravitational forces,
they emit radiation, and so on, not because these things were put into the
theory, but because they are products of the development of the theory itself.
All of the entities and relations that constitute the theoretical universe of
motion are consequences of the fundamental postulates of the system.

While we can hardly say, a priori, that this system of theory sees things as
they are, we can say that it sees things as they must be if the physical universe
is a universe of motion. If there are quasars, then this theory, like an
appropriate instrument, and independently of any previous theoretical or
observational information, sees quasars. Indeed, it did see quasars, somewhat
indistinctly, to be sure, but definitely, long before they were recognized by the
astronomers. As will be brought out in detail in Chapter 20, this pre-discovery
development of theory identified the quasars, together with some related
phenomena that were not distinguished from them at this stage of the
theoretical study, as high-speed products of galactic explosions (not yet
discovered observationally), defined their principal properties, and described
their ultimate fate. o

Like the invention of the telescope, the development of this new and
powerful theoretical instrument now gives the astronomer an opportunity to
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widen his horizons, to get a clear view of phenomena that have hitherto been
hazy and indistinct, and to extend his investigations into areas that are totally
inaccessible to the instruments previously available. The picture obtained from
this new instrument differs in many respects from present-day astronomical
ideas—very radically in some instances—but the existence of such differences
is clearly inevitable in view of the limited amount of observational information
that has been available to the astronomers, and the consequent highly tentative
nature of much of the astronomical theory currently in vogue. As has been
demonstrated in the preceding volumes, the correct explanation of a physical
situation often differs from the prevailing ideas to a surprising degree even
where the current theories have been successful enough in practice to win
general acceptance. In astronomy, where comparatively few issues have been
definitely settled, and differences of opinion are rampant, it can hardly be
expected that the correct explanations will leave the previous theoretical
structure intact:

This work does not attempt to cover the entire astronomical field. Much of
the attention of the astronomers is centered on individual objects. They
determine the distance to Sirius, the atmospheric pressufe on Mars, the
temperature of the sun’s photosphere, the density of the moon, and so on, none
of which is relevant to the objectives of this present work, except to the extent
that some individual fact or quantity may serve to illustrate a general
proposition. Furthermore, the scope of the work, both in the number of
subjects covered, and in the extent to which the examination of each subject
has been carried, has been severely limited by the amount of time that could be
allocated to the astronomical portion of a project equally concerned with many
other fields of science. The omissions from the field of coverage, in addition to
those having relevance only to individual objects, include (1) items that are not
significantly affected by the new findings and are adequately covered in
existing astronomical literature, and (2) subjects that the author simply has not
thus far gotten around to considering. Attention is centered principally on the
evolutionary patterns, and on those phenomena, such as the white dwarfs,
quasars, and related objects, with which conventional theory is having serious
difficulties.

One of the recalcitrant problems of major significance is the question as to the
origin of the galaxies.

There are a great many things that the cosmologist not only does not
know, but finds severe difficulty in envisaging a path towards finding
out . . . In particular, how did the galaxies form? The encyclopaedias
and popular astronomical books are full of plausible tales of
condensatiQns from vortices, turbulent gas clouds and the like, but the
sad truth is that we do not know how the galaxies came into being.'
(Laurie John)
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Gerrit Verschuur foresees major changes in current views:

With what perspective will someone fifty years from now read our
astronomical journals and books? . . . I feel that in the area of
understanding galaxies we might well leave present ideas farther behind
than in any other area of astronomy.”

Most astronomers apparently believe that the question as to the origin of the
stars is closer to a solution, but when the issue is squarely faced they are forced
to admit that no tenable theory of star formation has yet been devised. For
example, I. S. Shklovsky (or Shklovskii), a prominent Russian astronomer
whose views will be quoted frequently in these pages, concedes that the star
formation process is still in ‘‘the realm of pure speculation.”” He describes the
situation in this manner:

It is natural to suppose that the connection [between O and B stars and
dust clouds] should be a genetic one, with the stars in the associations
being formed from condensing clouds of gas and dust.

Nevertheless . . . the problem [of proof] has not yet been definitively
solved . . . the situation has turned out to be all too complicated.

New technological developments . . . may ultimately lift the star
formation problem from the realm of pure speculation and make it an
exact science.’

Our first concern in this present work will be with these two basic problems.
As we saw in Volume I, the large-scale action of the universe is cyclic. The
contents of the sector of the universe in which we live, the material sector,
originate in a primitive, widely dispersed form, and undergo a process of
aggregation into large units. Ultimately the aggregates of maximum size are
explosively ejected into an inverse sector of the universe, the cosmic sector. A
similar process takes place in that sector, culminating in an explosive ejection
of the major aggregates of cosmic matter back into the material sector.

The two preceding volumes have described the aggregation process in the
material sector insofar as it applies to the primary units: atoms and sub-atomic
particles. The incoming matter from the cosmic sector arrives in the form of
cosmic atoms. The structure of these atoms is incompatible with existence in
the material sector (that is, at speeds less than that of light), and they decay
into sub-atomic particles that are able to accommodate themselves to the
material environment. Over a long period of time these particles combine to
form simple atoms, after which the atoms absorb additional particles to form
more complex atoms (heavier elements). Meanwhile the atoms are subject to a
continual increase in ionization, the ultimate result of which is to bring each
atom to a destructive limit. At this point all, or part, of the rotational motion
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(mass) of the atom is converted to linear motion (kinetic energy).

This atomic aggregation process, previously described in detail, thus
terminates in destruction of the atom, or a portion thereof, rather than in
ejection into the cosmic sector. In order to understand how the ejection takes
place we will have to examine matter from a different standpoint. Heretofore
we have been looking at the behavior of the individual units, the atoms. Now
we will need to turn our attention to the behavior of material aggregates. This
is the principal subject of the present volume.

Let us begin our consideration of these aggregates with a pre-aggregate
situation, a volume of extension space (the space of the conventional reference
system) in which there is a nearly uniform distribution of widely separated
hydrogen atoms and sub-atomic particles, the initial products derived from the
incoming cosmic matter: the cosmic rays. Coexisting with this primitive
material there is usually a small admixture of matter that has been scattered
into space by explosive processes, mainly gas and dust, but including some
larger aggregates up to stellar size. There may even be a few small groups of
stars. All this material is subject to the two general forces of the universe,
gravitation and the force due to the outward progression of the natural
reference system. The nature of the aggregates that are formed is determined
by the properties of these two forces. Three general types of aggregates can be
distinguished: (1) dust particles, (2) stars and related aggregates, (3) galaxies
and related aggregates.

In the diffuse matter under consideration, the progression of the natural
reference system is the dominant force except at very great distances. As we
saw in Volume I, the direction of this progression is outward, but the natural
outward direction, to which this progression conforms, is away from unity,
because the natural datum level is unity, not zero. Inside unit space, ‘‘away
from unity’’ is inward as seen in the reference system. Inasmuch as the sizes
of the atoms and sub-atomic particles put them into what we have called the
time region, the region inside unit space, there is nothing to prevent random
motion of one from bringing it within unit distance of another. When this
occurs, the progression of the reference system moves these -objects inward
toward each other until they reach equilibrium positions where the
gravitational motion and the progression are balanced.’ Such contacts are
infrequent because of the very low densities and temperatures, but over a long
period of time these infrequent contacts are sufficient to build up molecules
and dust particles.

Nothing larger than a dust particle can be formed by this contact process,
because as soon as the diameter of the aggregate reaches unit distance, 4.56 x
107® cm, the direction of the progression of the natural reference system,
relative to the conventional spatial coordinate system, is reversed. Outward
from unity becomes outward from each other, and the particles move apart.
Inter-atomic forces of cohesion operate against this outward progression, and
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permit the maximum size of relatively complex particles such as the silicates to
exceed the natural unit of distance to a limited extent. The maximum
attainable diameter is something less than one micron (10~ cm). This is the
explanation of the ‘‘surprising’’ fact noted by Otto Struve:

It is surprising that the particles of all clouds are of about the same
size. . . There must be a mechanism that prevents the particles from
growing larger than one micron.*

Average grain sizes are closer to the unit of distance, which is equivalent to
about 0.05 micron. Simon Mitton reports average values ranging from 0.02
microns for iron to 0.15 microns for silicates.’

Each of the individual entities with diameters greater than unity existing in the
primitive diffuse volume of matter—molecules, dust particles, and bits of
debris from disintegrated larger aggregates—is far outside the gravitational
limits of its neighbors, and the progression of the natural reference system
therefore tends to move them apart, but this outward motion is opposed, not
only by the gravitational forces of the neighbors, but also by the inward motion
due to the combined gravitational effect of all masses within. the effective
distance.

If we start from a given point in the region of diffuse matter, and consider
spheres of successively larger radius, the progression of the natural reference
system is much greater than the gravitational effect originally, but the total
gravitational force is directly proportional to the mass—that is, to the cube of
the radius, where the density is uniform—whereas the effect of distance is a
decrease proportional to the square of the radius. The net gravitational force
that the mass included within the concentric spheres exerts against a particle at
the outer boundary in each case therefore increases in direct proportion to the
radius of the sphere. Hence, although the gravitational motion (or force) at the
shorter distances is almost negligible compared to the progression of the
natural reference system, equilibrium is eventually reached at some very great
distance.

Beyond the point of equilibrium the particles of matter are being pulled
inward toward the center of the spherical aggregate. But coincidentally, the
gravitational forces acting from other similar centers are being exerted on the
particles in the same region of space, and the net result is that there is a
movement in both directions that leaves a relatively clear space between
adjacent aggregates. The original immense volume of very diffuse matter thus
separates into a number of large autonomous gravitationally bound aggregates.

Current astronomical thought regards the condensation of a cloud of dust or
gas as a matter of the relative strength of the gravitational force and the
opposing thermal forces. On this basis, it is difficult to account for any large-
scale condensation. As expressed by Gold and Hoyle:
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Attempts to explain both the expansion of the universe and the
condensation of galaxies must be very largely contradictory so long as
gravitation is the only force field under consideration. For if the
expansive kinetic energy of matter is adequate to give universal
expansion against the gravitational field it is adequate to prevent local
condensation under gravity, and vice versa. That is why, essentially, the
formation of galaxies is passed over with little comment in most systems
of cosmology.’

In the universe of motion the inward and outward forces arrive at an
equilibrium, as indicated in the foregoing paragraphs. No condensation would
take place if this equilibrium persisted, but the continued introduction of new
matter from the cosmic sector alters the situation. The added mass strengthens
the gravitational force, and initiates a contraction. The decrease in the distance
between particles increases the gravitational force still further. The
contraction is thus a self-reinforcing process, and once it is started it
accelerates.

The two processes that have been described, the gradual contraction of the
very large diffuse aggregate and the consolidation of the individual atoms and
sub-atomic particles into molecules and dust particles, take place
coincidentally. The drastic reduction in the number of separate units in the
aggregate resulting from the consolidation results in an excess of empty space
within the contracting volume, and causes the contracting sphere of matter to
break up into a large number of smaller aggregates separated by nearly empty
space. The product is a globular cluster, in which a large number of sub-
masses—up to a million or more—are contained within the overall
gravitational limit of a large spherical aggregate. Each of the sub-masses is
outside the gravitational limits of its neighbors, and is therefore moving away
from them, but it is being pulled inward by the gravitational force of the entire
aggregate.

Many of the internal condensations take place around the remnants of
disintegrated galaxies that are scattered through the contracting material. In
that case, the relatively massive core thus provided makes the mass a self-
contracting unit. Where no such nuclei are available, the sub-masses are
confined by the forces of the globular cluster as a whole, and the contraction
continues under the influence of these external forces until the density is
adequate to continue the process.

This is where the astronomers’ current theories of star formation are stopped
cold. They envision the formation as taking place in the galaxies, but there are
no gas or dust clouds in our galaxy—or in any other, so far as we know—that
have anywhere near the critical density, or have any way of increasing their
density to the critical level.
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Basically there does not appear to be enough matter in any of the
hydrogen clouds in the Milky Way that would allow them to contract and
be stable. Apparently our attempt to explain the first stages in star
evolution has failed.” (G. Verschuur)

If the contraction of the sub-masses contained within the globular cluster is
permitted to continue without interference from outside agencies, the
gravitational energy of position (the potential energy) of their constituent
units—atoms, particles, etc.—is gradually transformed into kinetic energy,
and the temperature of the aggregate consequently rises. At some point, the
mass becomes self-luminous, and it is then recognized as a star. The globular
cluster, as we observe it, consists of an immense number of stars, separated by
great distances, and forming a nearly spherical aggregate. As the foregoing
discussion brings out, however, the star cluster stage is preceded by a stage in
which the constituent units, or sub-masses, of the globular cluster are pre-
stellar gas clouds rather than stars. The existence of such structures has some
important consequences that will be explored as we proceed.

No new assumptions or concepts have had to be introduced in order to derive
this picture of the stellar condensation process in the depths of space. We have
simply taken the physical principles and relations previously obtained from a
development of the consequences of the basic postulates as to the nature of
space and time, as described in the previous volumes of this work, and have
applied them to the problems at hand. The results of this study not only give us
a clear picture of how the formation of stars takes place, but also show that the
formation occurs under conditions that necessarily exist throughout immense
regions of space. The production of sufficient star clusters of the globular type
to meet the requirements of the later phases of evolutionary development is
thus shown to be a natural and inevitable consequence of the premises of the
theory.

The globular clusters are actually small aggregates of the same general nature
as the galaxies. ‘“There is no absolutely sharp cutoff distinguishing galaxies
from globular clusters,’*® says Martin Harwit. The process just described thus
provides the answers for both of the major astronomical problems identified
earlier: the formation of stars and the formation of galaxies. As noted earlier,
present-day astronomy has no tenable theory of galaxy formation. In the
words of W. H. McCrea, ‘‘We do not yet know how to tackle the problem.’”’
The situation with respect to the formation of stars is somewhat different, in
that, although it is evident that the mechanism of star formation is not yet
understood, there is a general impression that the dust clouds in the galaxies
must be the locations in which this mechanism is operating.

In such cases as this, where the general trend of thought in any field is on the
wrong track, the reason almost invariably is the uncritical acceptance of some
erroneous conclusion or conclusions. As will be brought out in detail in the



10 The Universe of Motion

pages that follow, astronomy has unfortunately been the victim of two
particularly far-reaching errors. The latter portion of this volume will examine
a wide variety of phenomena in which the true relations have not heretofore
been recognized because the general submission to Einstein’s dictum that
speeds in excess of that of light are impossible has diverted inquiry into
unproductive channels. The theories applicable to the more familiar
astronomical objects that will be discussed in the earlier chapters have been led
astray by another erroneous conclusion also imported from the physicists.
This costly mistake is the conclusion that the energy production process in the
stars is the conversion of hydrogen to helium and successively heavier
elements.

As brought out in Volume II, the development of the consequences of the
postulates that define the universe of motion arrives at a totally different
conclusion as to the nature of the process by which the stellar energy is
produced. Inasmuch as there is no direct way of determining just what is
happening in the interiors of the stars, all conclusions with respect to this
energy generation process have to be based on considerations of an indirect
nature. Thus far, the thinking about this subject has been dominated by the
physicists’ insistence that the most energetic process known to them must
necessarily be the process whereby the stars generate their energy, regardless
of any evidence to the contrary that may exist in other scientific areas. The
fact that they have had to change their conclusions as to the nature of this
process twice already has not altered this attitude. The most recent change,
from the gravitational contraction hypothesis to the hydrogen conversion
hypothesis was preceded by a long and acrimonious dispute with the
geologists, whose evidence showed that geological history required a great
deal more time than was allowed by the gravitational contraction process.
Ultimately the physicists had to concede defeat.

It might be assumed that the embarrassing outcome of this controversy would
have engendered a certain amount of caution in the claims made for the newest
hypothesis, but there is no indication of it. Today there is ample astronomical
evidence that the physicists’ current hypothesis is wrong, just as there was
ample geological evidence in the nineteenth century that their then current
hypothesis was wrong. But they are no more willing to listen to the
astronomical evidence today than they were to the geological evidence of the
earlier era. The astronomers are less combative than the geologists, and are
not inclined to challenge the physicists’ dicta. So they are ignoring the
evidence from their own field, and accommodating their theories to the
hydrogen conversion hypothesis. Curiously enough, the only real challenge to
that hypothesis at the present time comes from a rather unlikely source, an
experiment whose execution is difficult, and whose interpretation is open to
question. This is an experiment designed to measure the rate of emission of
neutrinos by the sun. The number of neutrinos observed is far less than that
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predicted on the basis of the prevailing theories. ‘“This is a terrible puzzle,”"
says Hans Bethe.

The neutrino experiment is one of the most interesting to be carried out in
astronomy in recent years, and seems to be giving the most profound and
unexpected results. The least that we can conclude is that until the matter
is settled, we must treat all the theoretical predictions about stellar
interiors with a bit of caution.'' (Jay M. Pasachoff)

The mere fact that the hydrogen conversion process can be seriously
threatened by a marginal experiment of this kind emphasizes the precarious
status of a hypothesis that rests almost entirely on the current absence of any
superior alternative. The hypothesis of energy generation by ordinary
combustion processes held sway in its day on the strength of the same
argument. Then gravitational contraction was recognized as more potent, and
became the physicists’ orthodoxy, defended furiously against attacks by the
geologists and others. Now the hydrogen conversion process is the canonical
view, resting on exactly the same grounds that crumbled in the two previous
instances. In each case the contention was that there is no other tenable
alternative. But in both of these earlier cases it turned out that there was such
an alternative. Even without the contribution of the theory of the universe of
motion, which shows that, in fact, there is a logical and rational alternative, it
should be evident from past experience that the assertion that ‘‘there is no other
way’’ is wholly unwarranted. Without this crutch, the hydrogen conversion
process is no more than a questionable hypothesis, a very provisional
conclusion that must stand or fall on the basis of the way that its consequences
agree with physical observations.

Unfortunately the astronomers, whose observations are the ones against
which the hypothesis can be tested, have taken it as an established fact, and
have accorded it a status superior to their own findings, adjusting their
interpretations of their own observations to agree with the physicists’
hypothesis. We need go no farther than the first deduction that is made from
the assumed existence of the hydrogen conversion process to encounter a
glaring example of the way in which this pure assumption is allowed to
override the astronomical evidence. In application to the question of stellar
ages, this hypothetical process leads to the conclusion that the hot, massive
stars of the O and B classes are very young, as their output of energy is so
enormous that, on the basis of this hypothesis, their supply of fuel cannot last
for more than a relatively short time. It then follows that these stars must have
been formed relatively recently, and somewhere near their present locations.

No theory that calls for the formation of stars within the galaxies is plausible
so long as the theorists are unable to explain how stars can be formed in this
kind of an environment. One that, in addition, requires the most massive and
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most energetic of all stars to be very young, astronomically speaking, converts
the implausibility into an absurdity. Even some of the astronomers find this
conclusion hard to swallow. For instance, Bart J. Bok once observed that

It is no small matter to accept as proven the conclusion that some of our
most conspicuous supergiants, like Rigel, were formed so very recently
on the cosmic scale of time measurement."

In the context of the theory of the universe of motion, the formation of single
stars, or small groups of stars, by condensation from galactic dust or gas
clouds is not possible. In addition to all of the other problems that have baffled
those who have attempted to devise a mechanism for this purpose, the new
theory discloses that there is a hitherto unrecognized force operating against
such a condensation, the force due to the outward progression of the natural
reference system, which makes condensation still more difficult. No known
force other than gravitation is capable of condensing diffuse material into a
star, and gravitation can accomplish this result only on a wholesale scale,
under conditions in which an immense number of stars are formed jointly from
a gas and dust medium of vast proportions.

On this basis, the globular clusters are the youngest aggregates of matter, and
the stars of these clusters are the youngest of all stars. Thus the astronomers
have their age sequence upside down. It may be hard to believe that the
present structure of astronomical theory could contain such a major error in its
basic framework. But, as we will see when we examine the various
astronomical phenomena in the pages that follow, even the astronomers
themselves admit that the theoretical conclusions based on the currently
accepted age sequence are inconsistent with the observations all along the line.
Of course, they are reluctant to make any blanket statement to this effect, but if
we add up their comments concerning the individual items, this is what they
amount to. In the quotations from astronomical sources that will be introduced
in connection with the discussion of these various subjects we will find that the
individual inconsistencies and contradictions are characterized as ‘‘puzzling,”’
““curious,’’ ‘‘confusing,”’ ‘‘difficult to explain,”’ ‘‘not yet understood,’’ and
so on. Some of the more candid writers concede that the theoretical
understanding is unsatisfactory, referring to a particular inconsistency as ‘‘an
impressive challenge to theoreticians,”’ admitting that it ‘‘imperils’’ currently
accepted theory, or ‘‘conflicts with current models,’’ reporting that ‘‘severe
problems remain’’ in arriving at understanding, or even that the observations
constitute an ‘‘apparent defiance’’ of modern theory.

The existence of this multitude of commonly recognized contradictions and
inconsistencies is a clear indication that there is something radically wrong
with the foundations of present-day astronomical theory. What the
development of the theory of a universe of motion has done is to identify the
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mistake that has been made. Uncritical acceptance of an assumption made by
the physicists has led to a conclusion regarding the ages and evolution of stars
that is upside down.






CHAPTER 2

Galaxies

From the finding that the initial product of the large-scale aggregation process
in the material sector of the universe is the globular cluster, it follows that
galaxies are formed by consolidation of globular clusters. This conclusion is
in direct conflict with the prevailing astronomical opinion, which is described
by John B. Irwin as follows:

The Milky Way system, like other galaxies, is thought to have originated
from a condensation or collapse of the intergalactic medium, which event
resulted in a system of stars. The reason for the collapse is not known,
and the details of the process are uncertain."

As might be expected where neither the antecedents of the process nor the
details are in any way understood, this explanation has encountered serious
difficulties, and is currently in deep trouble. As expressed by Virginia Trimble
in a report of a conference at which this situation was discussed at some length,
‘“The conventional wisdom concerning galaxy formation and evolution is
beginning to leak badly at the seams.’’ In the concluding portion of her report
she notes that ‘‘Fall, Hogan, and Rees (Cambridge) have considered the case
of a galaxy assembled entirely out of pre-existing star clusters,”’ and she
makes this comment:

The discerning reader will long since have noticed where we are
headed—if there are problems making the biggest things (clusters of

galaxies) first, then perhaps we should try making the smallest things
(stars or clusters of stars) first."

Such a reversal of thinking on the subject is difficult in the context of present-
day astronomical theory because so much of that theory has been specifically
tailored to fit the ‘‘big things first’> viewpoint but, as we will see in the
following pages, if the observational evidence is taken at its face value and not
twisted to conform to the prevailing theories, the problems disappear. In the
universe of motion the galaxies are, in fact, ‘‘assembled entirely out of pre-
existing star clusters,”’ as the Cambridge astronomers suggested.

15
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Unlike the individual stars, whose spheres of gravitational control meet at
locations of minimum gravitational force, so that each star is outside the
gravitational limits of its neighbors, the original boundaries of the aggregate
that ultimately becomes a globular cluster meet those of its neighbors at
locations of maximum gravitational force. The contraction of the aggregates
leaves the gravitational effect at these locations unchanged, while the increase
in mass due to the influx of material from the cosmic sector adds a significant
increment. Each of the globular clusters is thus well within the gravitational
limits of the adjoining clusters. Consequently, there is a general tendency for
the clusters to move toward each other and combine. When such a
combination does occur, the combined unit exerts a stronger gravitational
force within wider spatial limits, and both the accretion of diffuse material and
the attraction of nearby clusters are speeded up. Like the contraction of the
pre-cluster aggregate, the contraction of the group of clusters leading to
combination is thus a self-reinforcing process.

It should be noted in this connection that consolidation of two clusters is
inevitable if their mutual gravitational attraction continues to act without
interference from outside sources (that is, gravitational forces of other
aggregates). There has been a rather general belief that because of the
immense distances between the stars in a cluster, or other aggregate, two such
structures could pass through each other with little or no actual contact. Fred
Hoyle expresses this general opinion in this statement:

Think of the stars as ordinary household specks of dust. Then we must
think of a galaxy as a collection of specks a few miles apart from each
other, the whole distribution filling a volume about equal to the Earth.
Evidently one such collection of specks could pass almost freely through
another."”

Our finding that the stars occupy equilibrium positions throws a considerably
different light on this situation. A stellar aggregate such as a cluster has the
general characteristics of a viscous liquid, and collision of two such aggregates
involves an inelastic impact similar to the impact of one liquid aggregate upon
another. In each case there is a certain amount of penetration while the kinetic
energy of the incoming mass is being absorbed, but the eventual result is
consolidation. The incoming mass meets a wall, not a passageway.

This liquid-like nature of the aggregates of stars, deduced theoretically and
confirmed observationally by the behavior characteristics of the galaxies and
star clusters that will be examined in the subsequent pages, has a major effect
on the phenomena in which these objects participate. It invalidates many of
the conclusions, such as the one expressed by Hoyle in the statement just
quoted, and a great many mathematical calculations that rest on the hypothesis
of free movement of the constituent stars of an aggregate.
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Consolidation of two globular clusters produces an aggregate which not only
has double the mass of a cluster, but also, because the impact is not exactly
central in the usual case, has a rotational motion that was absent in the original
cluster. Instead of an oversize cluster, we may therefore regard the
combination as an aggregate of a new type: a small galaxy. For a period of
time after its formation such a galaxy has a rather confused and disorderly
structure, and is therefore classified as irregular, but in time the disruptions
due to the collision are smoothed out, and the galaxy assumes a more regular
form. By reason of the rotational motion that is now present, the galactic
structure deviates to some extent from the nearly spherical shape of the original
clusters, and it is now classed as an elliptical galaxy.

If this small elliptical galaxy is not captured by some larger unit it continues
growing by accretion of dust and gas, and occasionally picks up another
globular cluster. In the earlier stages, each such capture of a cluster
disorganizes the galactic structure and puts the galaxy back into the irregular
class for a time, but as it increases in size the galaxy gradually becomes able to
swallow a cluster without any major effect on its own structure. By this time,
however, some combinations of small galaxies begin to take place. Here,
again, a structural irregularity develops, and persists for a time. In this stage
the aggregates are reported to be ‘‘several hundred times larger than the dwarf
elliptical galaxies.”*"®

As long as the captured clusters are mature—that is, fully consolidated into
stars—the amount of dust in an elliptical or small irregular galaxy is relatively
minor. Eventually, however, one or more of the captives is a cluster of dust
and gas clouds, an immature globular cluster, rather than a mature cluster of
stars. The mixing of this large amount of dust and gas with the stars of the
galaxy alters the dynamics of the rotation, and causes a change in the galactic
structure. If the dust cloud is captured while the galaxy is still quite small, the
result is likely to be a reversion to the irregular status until further growth of
the galaxy takes place. Because of the relative scarcity of the immature
clusters, however, most captures of these objects occur after the elliptical
galaxy has grown to a substantial size. In this case the result is that the
structure of the galaxy opens up and a spiral form develops.

There has been a great deal of speculation as to the nature of the forces
responsible for the spiral structure, and no adequate mathematical treatment of
the subject has appeared. But from a qualitative standpoint there is actually no
problem, as the forces which are definitely known to exist—the rotational
forces and the gravitational attraction—are sufficient in themselves to account
for the observed structure. As already noted, the galactic aggregate has the
general characteristics of a heterogeneous viscous liquid. A spiral structure in
a rotating liquid is not unusual; on the contrary, a striated or laminar structure
is almost always found in a rapidly moving heterogeneous fluid, whether the
motion is rotational or translational. Objections have been raised to this
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explanation, generally known as the ‘‘coffee cup’’ hypothesis, on the ground
that the spiral in a coffee cup is not an exact replica of the galactic spiral, but it
must be remembered that the coffee cup lacks one force that plays an important
part in the galactic situation: the gravitational attraction toward the center of
the mass. If the experiment is performed in such a manner that a force
simulating gravitation is introduced, as, for instance, by replacing the coffee
cup by a container that has an outlet at the bottom center, the resulting
structure of the surface of the water is very similar to the galactic spiral.

In this kind of a rotational structure the spiral is the last stage, not an
intermediate form. By proper adjustment of the rotational velocity and the rate
of water outflow the original dispersed material on the water surface can be
caused to pull in toward the center and assume a circular or elliptical shape
before developing into a spiral, but the elliptic structure precedes the spiral if it
appears at all. The spiral is the end product. The manner in which the growth
of the galaxy takes place has a tendency to accentuate the spiral form, but the
rotating liquid experiment shows that the spiral will develop in any event when
the necessary conditions exist. Furthermore, this spiral is dynamically stable.
We frequently find the galactic spirals characterized as unstable and inherently
short-lived, but the experimental spiral does not support this view. From all
indications, the spiral structure could persist indefinitely if the mass and
rotational velocity remained constant.

The conclusion that the spiral arms are quasi-permanent features of the
galaxies is currently contested on other grounds, as in the following quotation
from an astronomy textbook:

The trouble is that this idea predicts the arms should be nearly fixed
structures almost as old as the galaxy itself, whereas actually they are
young regions only a few million years old. "

The assertion that the spiral arms are ‘‘young regions’’ is based on the
presence of hot, massive stars, currently considered to be young, on the
strength of the prevailing assumption as to the nature of the stellar energy
generation process. The evidence that invalidates this hypothesis, which will
be presented at appropriate points in the pages that follow, thus cuts the ground
from under this argument.

A spiral galaxy consists of a nucleus, approximately spherical, and a system
of curving arms extending outward from the nucleus. In the smaller and
younger objects the nucleus is small, the arms are thick and widely separated,
and the general structure can be described as loose. As these galaxies grow
older and larger, the nucleus becomes more prominent, the rotational velocity
increases, and the greater velocity causes the arms to thin out and wind up
more tightly. Ultimately the arms disappear entirely and the nearly spherical
nucleus becomes the galaxy. At this stage the shape of the galaxy is the same
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as that of the smallest and youngest of the galaxies that have attained a stable
form, and these giant old galaxies are generally included in the elliptical
category. But putting such widely different aggregates into the same class
simply on the basis of their form leads to confusion, and cannot be considered
good practice. Fortunately, the term *‘spheroidal’’ is being used to some extent
in this connection, and since it is quite appropriate, we will classify these
oldest and largest of the stellar aggregates as spheroidal galaxies.

As the foregoing discussion brings out, the primary criterion of the age of
galaxies is size, with shape as a secondary characteristic varying in direct
relation to size. It must be realized, of course, that accidents of environment
and other factors will affect this situation to some extent, so that there are some
deviations from the normal pattern, but in general the ages of the various types
of galactic structures stand in the the same order as their sizes. The passage of
time also brings other observable results that confirm the ages indicated by the
sizes of the galaxies. One of these is a decrease in abundance. In the
evolutionary course as outlined, each aggregate is growing at the expense of its
environment. The smaller units are feeding on atoms, small particles, and
stray stars. The larger aggregates pull in not only all material of this kind in
their vicinity, but also any of the small aggregates that are within reach.

"As a result of this cannibalism the number of units of each size progressively
decreases with age. Observations show that the existing situation is in full
agreement with the theoretical expectation, as the order of abundance is the
inverse of the age sequence indicated by the galactic size and shape. The giant
spheroidal galaxies, the senior members of the galactic family, are relatively
rare, the spirals are more common, the elliptical galaxies are abundant, and the
globular clusters exist in enormous numbers.

It is true that the observed number of small elliptical galaxies, those in the
range just above the globular clusters, is considerably lower than would be
predicted from the age sequence, but it is evident that this is a matter of
observational selection. When the majority of galaxies are observed at such
distances that only the large types are visible, it is not at all strange that the
number of small ellipticals actually identified is less than the number which,
according to the theory, should exist. The many additional elliptical galaxies
discovered within the Local Group in very recent years, increasing the already
high ratio of elliptical to spiral in the region accessible to detailed observation,
emphasizes the effect of the selection process.

Conventional astronomical theory neither requires nor excludes the existence
of large numbers of these dwarf galaxies, and because they are too
inconspicuous to demand attention from an observational standpoint, little
notice has been taken of them until recently. Since our development leads to
the conclusion that they are, next to the globular clusters, the most numerous
of the astronomical aggregates, it is worth noting that the astronomers are
beginning to recognize their abundance. For instance, a recent (1980)
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comment suggests that these dwarfs ‘‘may be the most common type of galaxy
in the universe.””"” This is what the theory of the universe of motion says that
they must be.

Other observational indications of age will be examined later, after some
more foundations have been laid, but these will merely supply additional
confirmation. At this time it should be noted that all three of the criteria thus
far discussed are in agreement that the observed galaxies and sub-galaxies can
be placed in a sequence consistent with the theoretical deduction that there is a
definite evolutionary path in the material sector of the universe extending from
dispersed atoms and sub-atomic particles through multi-molecular dust
particles, clouds of atoms and particles, stars, clusters of stars, elliptical
galaxies, and spiral galaxies to the giant spheroidal galaxies which constitute
the final stage of the material phase of the great cycle of the universe. It is
possible, of course, that some of these units may have remained inactive from
the evolutionary standpoint for long periods of time, perhaps because of a
scarcity of available ‘‘food’’ for accretion in their particular regions of space,
and such units may be chronologically older than some of the aggregates of a
more advanced type. Such variations as these are, however, merely minor
fluctuations in a well-defined evolutionary pattern.

‘‘One of the continuing mysteries,”’ says Virginia Trimble, ‘‘is why galaxies
should have the range of masses they do.””'* The foregoing explanation of the
evolution of the galaxies shows why. The galaxies originate as globular
clusters and grow by capture until they reach a size limit at which their
existence terminates. Galaxies therefore exist in all sizes between these two
limits.

Next we turn to a different kind of evidence that gives further support to the
theoretical conclusions. In the preceding discussion it has been demonstrated
that the deductions as to continual growth of the material aggregates by capture
of matter from the surroundings are substantiated by the definite correlation
between the size, shape and relative abundance of the various types of galaxies
and clusters. Now we will examine some direct evidence of captures of the
kind required by the theory. First we will consider evidence which indicates
that certain captures are about to take place, then evidence of captures actually
in progress, and finally evidence of captures that have taken place so recently
that their traces are still visible.

The most abundant evidence of impending captures is provided by the
observed positions and motions of the globular clusters, but the total amount of
information about these clusters now available is sufficient to justify a separate
chapter. The capture of clusters by galaxies will therefore be discussed in
Chapter 3, in connection with the general consideration of the role of these
objects.

Capture of galaxies by larger galaxies is much less common than capture of
globular clusters, simply because the clusters are very much more abundant.
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We may deduce, however, that there should be a few galaxies on the road to
capture by each of the giant galaxies. This is confirmed by the observation that
the nearer large spirals have ‘satellites,”’ which are nothing more than small
galaxies that are within the gravitational range of a larger aggregate, and are
being pulled in to where they can be conveniently swallowed. The Andromeda
spiral, for instance, has at least eight satellites: the elliptical galaxies M 32,
NGC 147, NGC 185, and NGC 205, and four small galaxies that have been
named Andromeda I, II, III, and IV. The Milky Way galaxy is also
accompanied by at least six fellow travelers, the largest of which are the two
Magellanic Clouds and the elliptical galaxies in Sculptor and Fornax. The
expression ‘‘at least’” must be included in both cases, as it is by no means
certain that all of the small ellipticals in the vicinity of these two large spirals
have been identified.

As one report summarizes the situation, the dwarf galaxies ‘‘cluster in
swarms about the giant galaxies.”” The author goes on to say, ‘‘Why this
should be is not yet understood; but theorists believe that it could be telling us
much about the way galaxies form.””" In the light of the information
presented in the foregoing pages, it should be evident that what these
observations are telling us is simply that the original products are undergoing a
process of consolidation into larger aggregates.

Some of these galactic satellites not only occupy the kind of positions
required by theory, and to that extent support the theoretical conclusions, but
also contribute evidence of the second class: indications that the process of
capture is already under way. The so-called ‘‘irregular’’ galaxies were not
given a separate place in the age-size-shape sequence previously established,
as it appears reasonably certain that these galaxies, which constitute only a
small percentage of the total number of galaxies that have been observed, are
merely galaxies belonging to the standard classes which have been distorted
out of their normal shapes by factors related to the capture process. The Large
Magellanic Cloud, for instance, is big enough to be a spiral, and it contains the
high proportion of advanced type stars that is characteristic of the spirals.
Why, then, is it irregular rather than spiral? The most logical conclusion is
that the answer lies in the proximity of our own giant system; that the Cloud is
in the process of being swallowed by our big spiral, and that it has already been
greatly modified by the gravitational forces that will eventually terminate its
existence as an independent unit. We can deduce that the Large Cloud was
actually a small spiral at one time, and that the ‘‘rudimentary’’ spiral structure
which is recognized in this galaxy is actually a vestigial structure.

The Small Cloud has also been greatly distorted by the same gravitational
forces, and its present structure has no particular significance. From the size
of this Cloud we may-deduce that it was a late elliptical or early spiral galaxy
before its structure was disrupted. The conclusion that it is younger than the
Large Cloud, which we reach on the basis of the relative sizes, is supported by
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the fact that the Small Cloud contains a mixture of the type of stars found in the
globular clusters, currently called Population II, and the type found in the
spiral arms, currently called Population I, whereas the stars of the Large Cloud
are predominantly of Population I.

The long arm of the Large Cloud which extends far out into space on the side
opposite our galaxy is a visible record of the recent history of the Cloud. The
gravitational attraction of the Galaxy is exerted on each component of the
Cloud individually, as well as on the structure as a whole, since the Cloud is an
assembly of discrete units in which the cohesive and disruptive forces are in
balance. This balance is precarious at best, and when an additional
gravitational force is superimposed on the equilibrium within the Cloud some
of the stars are detached from the aggregate. The difference between the
forces exerted by our galaxy on the nearest stars of the Cloud and those exerted
on the most distant stars was unimportant when the Cloud was far away, but as
it approached the Galaxy this force differential increased to significant levels.
As the main body was speeded up by the increasing gravitational pull some
stragglers failed to keep up with the faster pace, and once they had fallen

behind, the force differential became even greater. The Cloud therefore left a
luminous trail behind it, marking the path along which it had traveled.
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This is no isolated phenomenon. Small galaxies may be pulled into larger
units without leaving visible evidence behind, as the amount of material
involved is too small to be detected at great distances, but when two large
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galaxies approach each other we commonly see luminous trails of the same
nature as the one that has just been discussed. Fig. 1 is a diagram of the
structural details that can be seen in photographs of the galaxies NGC 4038
and 4039. Here we can see that one galaxy has come up from the lower right of
the diagram and has been pulled around in a 90 degree bend. The other has
moved down from the direction of the top center and has been deflected toward
the first galaxy. When the action is complete there will be one large spiral
moving forward to its ultimate destiny, leaving the stray stars trailing behind
the galaxies to be pulled in individually, or be picked up by some other
aggregate that will come along at a later time. Several thousand ‘‘bridges”’
that have developed from interaction between galaxies are reported to be
visible in photographs taken with the 48-inch Schmidt telescope on Mount
Palomar. Some of these are trailing arms similar to those in Fig. 1. Others are
advance units that are rushing ahead of the main body. The greater velocity of
these advance stars is also due to the gravitational differential between the
different parts of the incoming galaxy, but in this case the detached stars are
the closest to the source of the gravitational pull and are therefore subject to the
greatest force.

Irregularities of one kind or another are relatively common in the very small
galaxies, but these are not usually harbingers of coming events like the
gravitational distortions of the type experienced by the Magellanic Clouds.
Instead, they are relics of events that have already happened. Capture of a
globular cluster by a small galaxy is a major step in the evolution of the
aggregate. Consolidation with another small galaxy is a revolutionary event.
Since the relatively great disturbance of the galactic structure due to either of
these events is coupled with a slow return to normal because of the low
rotational velocity, the structural irregularities persist for a longer time in these
smaller galaxies. The number of small irregular aggregates visible at any
particular time is correspondingly large.

Although the general spiral structure of the larger galaxies is regained
relatively soon after a major consolidation because of the high rotational
velocities that speed up the mixing process, there are features of some of these
structures that seem to be correlated with recent captures. We note, for
instance, that a number of spirals have semi-detached masses, or abnormal
concentrations of mass within the spiral arms, that are difficult to explain as
products of the recent development of the spiral itself, but could easily be the
result of recent captures. The outlying mass NGC 5195 seemingly attached to
one of the arms of M 51, for example, has the appearance of a recent
acquisition (although there is some difference of opinion as to the true status of
this object). The lumpy distribution of matter in M 83 gives this galaxy the
aspect of a recent mixture which has not yet been thoroughly stirred;
NGC 4631 looks as if it contains a still undigested mass; and so on.

A study of the ‘‘barred’’ spiral galaxies also leads to the conclusion that these
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objects are galactic unions that have not yet reached the normal form. The
variable factor in this case appears to be the length of time required for
consolidation of the central masses of the combining galaxies. If the original
lines of motion intersect, the masses are no doubt intermixed quite thoroughly
at the time of contact, but an actual intersection of this kind is not required for
consolidation. All that is necessary is that the directions of motion be such as
to bring one galaxy into the general vicinity of the other. The gravitational
force then accomplishes the change of direction that is necessary in order to
bring about a contact of the two objects. Where the gap to be closed by
gravitational action is relatively large, the rotational forces may establish the
characteristic spiral form in the outer regions of the combination before the
consolidation of the central masses is complete, and in the interim the galactic
structure is that of a normal spiral with a double center.
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Fig. 2 (a) shows the structure of the barred spiral galaxy NGC 1300. Here the



Galaxies 25

two prominent arms terminate at the mass centers a and b, each of which is
connected with the galactic center c by a bridge of dense material that forms
the bar. On the basis of the conclusions in the preceding paragraph, we may
regard a and b as the original nuclei of galaxies A and B, the two aggregates
whose consolidation produced NGC 1300. The gravitational forces between
a and b are modifying the translational velocities of these masses in such a
manner as to cause them to spiral in toward their common center of gravity, the
new galactic nucleus, but this process is slowed considerably after the galaxy
settles down to a steady rotation, as only the excess velocity above the
rotational velocity of the structure as a whole is effective in moving the mass
centers a and b forward in their spiral paths. In the meantime the gravitational
attraction of each mass pulls individual stars out of the other mass center, and
builds up a new galactic nucleus between the other two. As NGC 1300
continues on its evolutionary course, we can expect it to gradually develop into
a structure such as that in Fig. 2 (b), which shows the arms of M 51. Fig. 2 (c)
indicates how M 51 would look if the central portions of the arms were
removed. The structural similarity to NGC 1300 is obvious.

Additional evidence of relatively recent captures will be developed in Chapter
8 after some further groundwork has been laid. Meanwhile the evolutionary
pattern of the constituent stars of the clusters and galaxies will be defined, and
it will be shown that the stellar evolution corresponds with the pattern of
evolution of the galaxies, as described in this present chapter. All in all, the
results obtained from these various lines of inquiry add up to an overwhelming
mass of evidence confirming the validity of the theoretical process of galactic
evolution beginning with dispersed matter and ending with the giant spheroidal
galaxies.

This picture of continuous growth from globular cluster to spheroidal galaxy
extending over a period of many billion years is in direct conflict with the
prevailing astronomical view, which regards the galaxies as having been
formed directly from dispersed matter in an early stage of an evolutionary
universe, and having remained in essentially the same condition in which they
were originally formed. The difference between this view and that derived
from the Reciprocal System of theory is graphically illustrated by an argument
offered by Shklovsky in support of the contention that a process of star
formation must be operative in the Galaxy. He points out that at least one of
the stars of the Galaxy ‘‘dies’’ each year in a supernova explosion, and then
argues that ‘‘In order that the stellar tribe should not become extinct, just as
many new stars, on the average, must be formed annually in our Galaxy.”*"
While our findings portray the Galaxy as not only pulling in single stars on a
continuous basis, but also periodically swallowing a globular cluster, and even
an occasional small galaxy, Shklovsky is not even willing to concede the
capture of one star per year.

The same viewpoint is reflected in the current tendency to try to explain the
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globular clusters detected in inter-galactic space as outgoing rather than
incoming. These ‘‘intergalactic tramps,’”’ says one text, ‘‘may actually be
globular clusters that escaped from our Galaxy.”’® Even the halo stars
surrounding the Galaxy tend to be regarded as escapees from the original
galactic system rather than as incoming matter.

In a strange juxtaposition alongside this uncompromising orthodox view,
there is a widespread and growing recognition of the prevalence of galactic
cannibalism. For example, Joseph Silk tells us that ‘‘It seems that the giant
galaxies have grown at the expense of other galaxies in their cluster.”””' M. J.
Rees elaborates on the same theme:

We can see many instances where galaxies seem to be colliding and
merging with each other, and in rich clusters such as Coma the large
central galaxies may be cannibalizing their smaller neighbors . . .
Many big galaxies—particularly the so-called CD galaxies in the centers
of clusters—may indeed be the result of such mergers.”

There is also an increased willingness to recognize the observational
indications of galactic collisions. After a number of years during which the
collision hypothesis applied earlier to such powerful radio emitters as Cygnus
A was regarded as a mistake, it has resurfaced, and is now widely accepted.
We now frequently encounter unequivocal statements such as this: ‘‘Several
hundred collisions or near collisions between galaxies have been photographed
in the past 20 years.”’”

The concepts of galactic cannibalism, of galaxies ‘‘growing,’’ of ‘‘capture,’’
and of ‘‘collision,’’ are the concepts appertaining to the theory developed in
this work, not to the theory currently accepted by the astronomers. Whether or
not the investigators who are using these concepts realize that they are striking
at the foundations of orthodox theory is not clear, but in any event, that is the
effect of the present trend of thought. These present-day investigators and
theorists are providing an increasing amount of significant support for the
conclusions detailed in this volume.

One more question about the aggregation process remains to be considered.
We have found thus far in our examination of this process that the original
stellar aggregates, the globular clusters, enter into combinations which
continue growing until they reach the status of giant spheroidal galaxies. The
question now arises, Is this the end of the aggregation process, or do the
galaxies combine into super-galactic aggregates? The existence of many
definite groups of galaxies with anywhere from a dozen to a thousand members
would seem to provide an immediate answer to this question, but the true
status of these groups or clusters of galaxies is not as evident as that of the stars
or the galaxies. Each of the stars is a definite unit, constructed according to a
specific pattern from subsidiary units that are systematically related to each
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other. The same can be said of the galaxies. It is by no means obvious,
however, that this statement can be applied to the clusters of galaxies. So let
us turn to a theoretical examination of the question.

The globular cluster, we found, originates as a contracting aggregate of
diffuse matter in which numerous centrally concentrated sub-aggregates are
forming. Because of their central concentration these sub-aggregates, which
eventually become stars, meet their neighbors at locations of minimum
gravitational effect, and their net movement is therefore outward away from
each other. Dispersed aggregates of near uniform density, on the other hand,
meet their neighbors at locations where the gravitational effect is at a
maximum. They exist as separate entities only because of competition
between the various centers, which limits each aggregate to the minimum
stable size. When open space is made available by reason of contraction of the
individual units, these aggregates, the globular clusters, move inward toward
each other. )

If we now consider a still larger volume of space, there are no large-scale
aggregates corresponding to the stars; that is, centrally concentrated aggregates
that are outside the gravitational limits of their neighbors. But in their original
condition, the assemblage of globular clusters constitutes a dispersed
aggregate similar to the dispersed aggregate of gas and dust particles, but on a
larger scale. Applying the same principles as before, we can deduce that there
exists a gravitationally determined limiting size of the aggregates of clusters
(which we will call groups) corresponding to the limiting size of the aggregates
of gas and dust (the globular clusters). We could continue this hierarchy of
aggregates, and contemplate an aggregate of groups, but before this next level
of structure has time to materialize, the life span of the constituent stars has
terminated. Thus the groups of globular clusters, which eventually become
groups of galaxies, are the largest structural units. The hierarchical theory, in
which there are clusters, clusters of clusters, and so on indefinitely, is thus
excluded. This theory has maintained a certain amount of support in
astronomical circles over the years, but on the basis of the foregoing findings it
is no longer tenable.

The theoretically defined groups of galaxies are not necessarily, or even
usually, coincident with the currently recognized aggregates called clusters of
galaxies. The members of each of the classes of aggregates that we have
defined, clusters and groups, are moving inward toward each other. The
inward motion of the smaller units, the clusters, is much the faster. It follows
that the net motion of the outer clusters of adjoining groups carries them away
from each other, even though the groups of which they are components are
moving inward. Consequently, the amount of empty space between groups
continually increases. Ultimately the inward motion of the groups would
reverse this trend, if it continued, but before this can happen the time limit
intervenes.
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Inasmuch as the new groups form in the regions of space left empty by the
recession or disintegration of previously existing groups of galaxies—the
“‘holes’’ in space reported by the astronomers—the sizes of the resulting
aggregates of galaxies are determined by the sizes of the vacant spaces. This is
a matter of chance, and the individual values are no doubt distributed over a
considerable range, but we can conclude that there is an average size, probably
including some hundreds of visible galaxies and many hundreds of invisible
dwarfs, to which most aggregates will conform approximately, with a
relatively small number substantially above or below this average.

On this basis, the largest units in which gravitation is effective toward
consolidation of its components are the groups of galaxies. Each such group is
formed jointly with a number of adjoining groups. These groups begin
separating immediately, but until the outward movement produces a clear-cut
separation, their identity as distinct individuals is not apparent to observation.
Here, then, is the explanation of the large ‘‘clusters’’ and ‘‘superclusters’’ of
~ galaxies. These are not structural units in the same sense as stars or galaxies,
or the groups of galaxies that we have been discussing. Each consists of a
number of independent groups, formed simultaneously in the same general
region of space, and separating so slowly that the processes of galaxy
formation and growth are well under way before the units have moved far
enough apart to be recognized as separate entities. Some of the mathematical
aspects of these cluster relationships will be explored further in Chapter 15.



CHAPTER 3

Globular Clusters

In the preceding chapter we saw that galaxies (small ones, called globular
clusters) condense out of diffuse material, grow by accretion and capture, and
finally at an advanced age reach the limiting size, that of a giant spheroidal
galaxy. This is the essence of the large-scale evolutionary process in the
material sector of the universe, the subject of the first half of this volume. The
next several chapters will be devoted to examining the most significant details
of this process. We will first turn our attention to the galaxies, junior grade,
the globular clusters.

It should be noted, in this connection, that current astronomical theory has no
explanation for either the formation of the clusters or their existence in their
present form. It is generally assumed that the clusters are products of the
process of galaxy formation, but this provides no answer to the problem, in
view of the absence of anything more than vague and tentative ideas as to how
the galaxies were formed.

The clusters are spherical, or nearly spherical, aggregates containing from
about 20,000 stars to a maximum that is subject to some difference of opinion,
but is probably in the neighborhood of a million stars. These are contained in a
space with a diameter of from about 5 to perhaps 25 parsecs. The parsec is a
unit of distance equivalent to 3.26 light years. Both of these units are in
common use in astronomy, and in order to conform to the language in which
the information extracted from the astronomical literature is expressed, both
units will be employed in the pages that follow.

The structure of these clusters has long been a mystery. The problem is that
only one force of any significant magnitude, that of gravitation, has been
definitely identified as operative in the clusters. Inasmuch as the gravitational
force increases as the distance decreases, the force that is adequate to hold the
cluster together should be more than adequate to draw the constituent stars
together into one single mass, and why this does not happen has never been
ascertained. Obviously some counter force is acting against gravitation, but the
astronomers have been unable to find any such force. Orbital motion naturally
suggests itself, in view of the prevalence of such motion among astronomical
objects, but the rotations of the clusters, if they are rotating at all, are far too
small to account for the outward force. For example, K. Cudworth, reporting
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on a study of M 13, says that ‘‘no evidence of cluster rotation was found.”***

It is recognized that this is a problem that calls for an answer. ‘‘Why then is
the rotation of globular clusters so small?’*? ask Freeman and Norris. Those
who dislike having to concede that there is a significant gap in astronomical
knowledge here are inclined to make much of the fact that a few clusters do
show some signs of rotation. For instance, Omega Centauri is slightly
flattened, and some indication of rotation has been found in the spectra of
M 3. But a showing that some clusters rotate is meaningless. A/l must be
rotating quite rapidly to give any substance to the hypothesis that rotational
forces are counterbalancing the gravitational attraction. If even one cluster is
not rotating, or is rotating only slowly, this is sufficient to demonstrate that
rotation is not the answer to the problem. Thus it is clear that rotation does not
provide the required counter force.

The suggestion has also been made that these clusters may be similar to
aggregates of gas molecules, in which the individual units maintain a wide
separation, on the average. But such an explanation requires both high stellar
speeds and frequent collisions, neither of which can be substantiated by
observation. Furthermore, the existence of the gaseous type of structure
depends on elastic collisions, and the impact of stars upon stars, if it were
possible, would certainly not be elastic. Indeed a rather large degree of
fragmentation could be expected. Together with the large kinetic energies that
would be required to counterbalance the weight of the overlying layers of stars,
this would result in a physical condition in the central regions of the clusters
very different from that existing in the outlying regions. Here, again, no such
effect is observed.

The astronomers are reluctant to concede that such a conspicuous problem as
that of the structure of these clusters is without an acceptable solution, and the
general tendency is to assume that the possibilities mentioned in the preceding
paragraphs will somehow develop into an answer at some future time. It is
therefore significant that exactly the same problem exists with respect to the
observed dust and gas clouds in the Galaxy, and here, where the processes
suggested as possible explanations of the cluster structure clearly do not apply,
the theorists are forced to admit that this is ‘‘a major unanswered question.”’
The dust cloud situation will be discussed in Chapter 9.

As in so many of the phenomena previously examined, the answer to this
problem is provided by the outward progression of the natural reference system
relative to the conventional stationary system of reference. Because of the way
in which the cluster is formed, every constituent star is outside the
gravitational limits of its neighbors, and therefore has a net outward motion
away from each of them. Coincidentally, all of the stars in the cluster are
subject to a motion toward the center of the aggregate by reason of the
gravitational effect of the cluster as a whole. Near this center, where the
gravitational effect of the aggregate is at a minimum, the net motion is
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outward. But in the outer regions of the cluster, where the gravitational
motion exceeds the progression of the reference system, the net motion is
inward. The outer stars thus exert a force on the inner ones, confining them to
a finite volume, in much the same way that the fabric of a balloon confines the
gas that it encloses. The immense region of space around each star is thus
reserved for that star alone, irrespective of the stellar motions. Whether or not
the cluster acquires a rotation is immaterial. It is equally stable in a static
condition.

This question as to the structure of the globular clusters is only one of many
physical situations in which an equilibrium exists between gravitation and a
hitherto unidentified counter force. Because of the lack of understanding of
the nature and origin of this force, the general tendency has been to ignore it,
and either to grope for some other kind of answers, as in the globular cluster
case, or to evade the issue in some manner. One of the few authors who has
recognized that an ‘‘antagonist’ to gravitation must exist is Karl Darrow.
‘“This essential and powerful force has no name of its own,”” Darrow points
out in an article published in 1942. ““This is because it is usually described in
words not conveying directly the notion of force.’””>® By this means, Darrow
says, the physicist ‘‘manages to avoid the question.”’ In spite of the clear
exposition of the subject by Darrow (a distinguished member of the Scientific
Establishment), and the continually growing number of cases in which the
‘‘antagonist’’ is clearly required in order to explain the existing relations, the
physicists have ‘‘managed to avoid the question’’ for another forty years.

The development of the theory of a universe of motion has now revealed that
the interaction between two oppositely directed forces plays a major role in
many physical processes all the way from inter-atomic events to major
astronomical phenomena. We will meet the ‘‘antagonist’’ to gravitation again
and again in the pages that follow. Like gravitation, this counter force, which
we have identified as the force due to the outward progression of the natural
reference system relative to the conventional system of reference, is radial in
the globular cluster, and since these two are the only forces that are operative
to any significant degree during the formative period, the contraction of the
original cloud of dust and gas into a cluster of stars is accomplished without
introducing any appreciable amount of rotation. This is the answer to the
question posed by Freeman and Norris. As noted in Chapter 2, consolidation
of two or more of these clusters to form a small galaxy usually results in a
rotating structure. The same result could be produced on a smaller scale if the
cluster picks up a stray group of stars or a small dust cloud. Some such event,
or gravitational effects during the approach to the Galaxy, probably accounts
for the small amount of rotation that does exist in some clusters.

The compression of the cluster structure reduces the inter-stellar distances to
some extent, but they are still immense. Current estimates put the density at
the center of the cluster at about 50 stars per cubic parsec, as compared to one
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star per ten cubic parsecs in the solar vicinity.”” This corresponds to a
reduction in separation by a factor of eight. Since the local separation exceeds
112 parsecs, or five light years, the average separation in the central regions
after.compression is still more than half of a light year, or 3 x 10'? miles, an
enormous distance.

For general application to the inter-stellar distances, the term *‘star system’’
has to be substituted for the word *‘star’’ as used in the foregoing paragraphs,
but star systems in this sense are rare in the globular clusters. The origin and
nature of double and multiple systems will be discussed in Chapter 7.

In assessing the significance of the various available items of information
about the globular clusters, to which we will now turn our attention, it should
be kept in mind that all of the conclusions that have been reached in this work
concerning these individual items are derived from the same source as the
foregoing explanations of the origin and structure of the globular clusters; that
is, from the postulates that define the universe of motion.

As indicated in the preceding chapter, the observations of the globular
clusters add materially to the amount of evidence confirming the theoretical
conclusions as to the growth of the galactic aggregates by the capture process.
On the basis of this theory, each galaxy is pulling in all of the clusters within
its gravitational limits. We can therefore expect all galaxies, except those that
are still very young and very small, to be surrounded by a concentration of
globular clusters moving gradually inward. Inasmuch as the original
formation of the clusters took place practically uniformly throughout all of the
space under the gravitational control of each galaxy (except for a very large-
scale radial effect that will be discussed later), the concentration of clusters
should theoretically continue to increase as the galaxy is approached, until the
capture zone is reached. Furthermore, the number of clusters in the immediate
vicinity of each galaxy should theoretically be a function of the gravitational
force and the size of the region within the gravitational limit, both of which are
related to the size of the galaxy.

These theoretical conclusions are confirmed by observation. A few clusters
have been found accompanying such small galaxies as the member of the
Local Group located in Fornax; there are several in the Small Magellanic
Cloud and two dozen or more in the Large Cloud; our Milky Way galaxy has
150 to 200, when allowance is made for those which we cannot see for one
reason or another; the Andromeda spiral, M 31, has the same or more;
NGC 4594, the ‘‘Sombrero’’ galaxy, is reported to have *‘several hundred’’
associated clusters; while the number surrounding M 87 is estimated to be
from one to two thousand.

These numbers of clusters are definitely in the same order as the galactic sizes
indicated by observation and by criteria previously established. The
Fornax—Small Cloud—Large Cloud—Milky Way sequence is not open to
question. M 31 and our own galaxy are probably close to the same size, but



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































