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Dedication

In memory of Fritz Zwicky

Some examples of Fritz Zwicky’s approach to scientific ideas and hypotheses are
given.

I'had the opportunity to present the philosophical bases of the scientific meth-
odology of Fritz Zwicky during the XIth Krakow Summer School of Cosmology
“Morphological Cosmology” devoted to the 90th anniversary of his birth (Flin &
Duerbeck 1989). On that occasion I discussed the specific Zwickean “Morphological
Method” or “Morphological Approach” on the general basis of the Goetheanistic
Theory of Knowledge. This paper has been published (Rudnicki 1989), and conse-
quently I shall not go into great detail here. Nor do I wish to tell the life-story of this
great astronomer and cosmologist, since this has been done in a voluminous book
by Roland Mueller (1986) and all can read it there. Rather, I wish to mention some
selected characteristics of his practical approach to the realm of scientific ideas and
hypotheses.

A key to this approach is given in his Morphological Astronomy (Zwicky 1957),
where we read the following:

If rain begins to fall on previously dry areas on the earth, the water on the ground will make
its way from high levels to low levels in a variety of ways . Some of these ways will be more or
less obvious, being predetermined by pronounced mountain formations and valleys, while
others will appear more or less at random. Whatever courses are being followed by the first
waters, their existence will largely prejudice these chosen by latter floods. A system of ruts
will consequently be established which has a high degree of permanence. The water rushing to
the sea will sift the earth in these ruts and leave the extended layers of earth outside essential-
ly unexplored. Just as the rains open up the earth here and there, ideas unlock the doors to
various aspects of life, fixing the attention of men on some aspects while partly or entirely
ignoring others. Once man is in a rut he seems to have the urge to dig even deeper, and what
often is most unfortunate, he does not take the excavated debris with him like the waters, but
throws it over the edge, thus covering up the unexplored territory and making it impossible
for him to see outside his rut. The mud which he is throwing may even hit his neighbors in the
eyes, intentionally or unintentionally, and make it difficult for them to see anything at all.

Zwicky, in his astronomical activity, never followed the “predetermined ways.”
When, according to general opinion, all the single stars, even novae at maximum
brightness, were much less luminous than galaxies, he, together with Walter Baade,
examined the old observations and organized a systematic search for very lumi-



vi Dedication

nous objects, finally proclaiming a new type of single objects—supernovae, which
could have the luminosity of entire galaxies. When Edwin Hubble and his followers
talked about the uniform background of galaxies and some exceptional agglomera-
tions of them—clusters of galaxies, Zwicky wanted to see whether such uniform
background really existed. To check it, he introduced Schmidt cameras into astron-
omy (the first 8-inch version was in Pasadena on the roof of Robinson Building,
followed in 1936 by the 18-inch version on Palomar) and discovered that all the
galaxies take part in the clustering. Questioning the prejudice that a galaxy always
consists of a nucleus and something around it (a shell, disk or halo), he made a
systematic survey of galaxies and discovered compact galaxies, consisting of nucle-
us alone.

We should also not forget that while most extragalactic astronomers consid-
ered the redshifts of extragalactic objects as due to Doppler effect, Zwicky together
with Milton Humason always examined other possibilities. To express the possibil-
ity of alternatives, he systematically used the expression “symbolic recession veloc-
ity” V,, instead of commonly used “radial velocity” V,. He never fell into another
extreme prejudice, which holds that redshifts are not Doppler in nature. He simply
wanted to explore all possibilities first, so long as they were not excluded by valid
scientific arguments.

In general, in his morphological approach he never stuck to one hypothesis
(even if it was his own hypothesis), but always worked with entire sets, with
continua of hypotheses, and considered all possibilities as long as they remained
feasible.

And this is also the aim of our present School of Cosmology. We have to
present as many observational facts and as many theoretical hypotheses as possible,
and not stick to any single one, as long as alternatives still exist. Of course it is much
easier to do research by “digging even deeper” in a wide, “generally accepted”
scientific trend. It is easier to get grants, to obtain scientific degrees and honors; yet,
in this case, we would merely be following scientific fashion instead of seeking the
truth.
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Foreword

The Hidden Hypotheses Behind the Big Bang

It is quite unavoidable that many philosophical a priori assumptions lurk
behind the debate between supporters of the Big Bang and the anti-BB camp. The
same battle has been waged in physics between the determinists and the opposing
viewpoint. Therefore, by way of introduction to this symposium, I would like to
discuss, albeit briefly, the many “hypotheses”, essentially of a metaphysical nature,
which are often used without being clearly stated.

The first hypothesis is the idea that the Universe has some origin, or origins.
Opposing this is the idea that the Universe is eternal, essentially without beginning,
no matter how it might change—the old Platonic system, opposed by an Aristote-
lian view! Or Pope Pius XII or Abbé Lemaitre or Friedmann versus Einstein or
Hoyle or Segal, etc.

The second hypothesis is the need for a “minimum of hypotheses”—the sim-
plicity argument. One is expected to account for all the observations with a mini-
mum number of hypotheses or assumptions. In other words, the idea is to “save the
phenomena”, and this has been an imperative since the time of Plato and Aristotle.
But numerous contradictions have arisen between the hypotheses and the facts.
This has led some scientists to introduce additional entities, such as the cosmologi-
cal constant, dark matter, galaxy mergers, complicated geometries, and even a rest-
mass for the photon. Some of the proponents of the latter idea were Einstein, de
Broglie, Findlay-Freundlich, and later Vigier and myself.

Very similar to the argument—or rather the postulate—of simplicity is the
principle of beauty, a typical Pythagorean concept. A theory of the universe is not
adopted because it is “true”, but because it fulfills some religious views about the
universe, or simply because it is beautiful. Such motivations are not considered
scientific, and hence are usually disguised. When this is done, we pay less attention
to saving the phenomena, and only concern ourselves with the internal coherence
of the theory. One view often expressed by authors is that modern cosmology
demands primarily coherence, not proof. We would instead say that coherence is
necessary, but not sufficient. Examples of this approach are recent efforts to intro-
duce the superstring theory of space, or to achieve a grand unified theory of forces,
which is required not by facts, but by a quest for beauty.

A third hypothesis is the reduction of phenomena in order to save only some
facts, which are deemed more important or more cosmologically significant. This
hypothesis springs naturally from the belief that all facts in disagreement with a
theory are of secondary importance—epiphenomena—that can be easily forgotten.
In cosmology, this has led to a neglect of solar physics, even though we know that

vii
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solar physics has much to say about, for example, neutrinos, gravity waves, element
abundances, efc. This reductionism also leads to ad hoc hypotheses, such as the
“cosmological principle”, according to which the universe is homogeneous and
isotropic—a welcome notion when one is looking for “simple” or “economical”
models. Even worse, assessing the “importance” of facts becomes a very subjective
exercise, which can lead to a choice of fundamental data that differs from one
author to another. For scientists devoted to the “old” classical Big Bang theory, the
only items that count are the Hubble shift (which is interpreted as “expansion”), the
background radiation (which is called “cosmological”) and the abundances of light
elements (which are called “primordial”). To scientists dedicated to what I shall
call, for the sake of simplicity, the “new Big Bang”, the inhomogeneous grouping of
galaxies in the universe, the minute traces of inhomogeneity in an almost isotropic
background radiation and the obvious young age of many galaxies are arguments
that cannot be forgotten, any more than the age of the globular clusters. And finally,
of primary importance to the anti Big Bang camp are the evidence of discordant
redshifts, the hierarchical distribution of matter in space and the lack of any direct
evidence for secular evolution over the last few billion years. Critical writers often
assign such evidence greater weight than the three standard arguments offered in
support of the Big Bang. Likewise, they tend to regard the background radiation
field as not originating from the single, most distant visible shell in the Universe,
and reject the notion that element abundances are in any way primordial.

In conclusion, I would issue yet another warning against any type of dogma-
tism that might give authors who adopt the above hypotheses (or at least some of
them) a sense of security, or even certainty, justified only by coherence. As I pointed
out earlier, coherence is not sufficient. There is some truth to each of these hypothe-
ses: this is my own working hypothesis! Nevertheless, in cosmology, we are very
far from penetrating to the depths of this truth. We must allow ourselves to be
guided by more observations—especially of the phenomena now recognized as
contradictory—for only observations can illuminate the way for the theoreticians as
they strive to achieve a better description of the universe and to learn more of its
secrets.

Jean-Claude Pecker
College de France



Preface

The present volume contains the proceedings of the 13th Krakow Summer
School of Cosmology, which was held in Lodz, Poland from September 7 to 11,
1992. The School was attended by more than 60 astronomers, physicists, students
and amateurs. Krakow Summer Schools of Cosmology were originated in Poland
by Professors Jan Jerzy Kubikowski, Konrad Rudnicki and Andrzej Zieba in 1968.
They take place every second year and are organised in different locations. Their
aim is to convey up-to-date, first-hand information about observational and theo-
retical cosmology to young scientists, graduate students and teachers, as well as to
serious amateurs of astronomy, physics and philosophy. The Schools aspire not
only to show the current, generally accepted views, but also alternative ones as long
as they are based on reliable premises. The first Schools were local in character,
Since 1978 they have become international. Each School is devoted to one selected
topic. The 13th edition of the School was held under the auspices of Omega Founda-
tion of Lodz and the astronomy and physics journal Apeiron.

To fully appreciate the contents of this volume, we must look back at least to
the turn of the century, when a trend began in physics to invest the mathematical
laws in which the book of nature had been written since the time of Galileo with an
absolute stature, and to restrict the definition of physical reality to laboratory meas-
urement and observation—in short, to reduce the objective world to a series of
sense impressions. This trend, of which, ironically, Mach and his followers were
among the chief exponents (it will be recalled that Einstein sought to distance
himself from Mach’s philosophical views), advanced to the point that physics soon
found itself relegated to the status of a dialect of mathematics. It became fashionable
to seek a single, revelatory equation to describe the Universe, an equation in which,
inevitably, time-dependent terms would play a predominant role. Thus, the infinite
and eternal universe of the presocratic Greek philosophers, in particular Anaxi-
mander, is supplanted by a mathematical cipher wherein the construct “space” is
endowed with plastic qualities and mysteriously allowed to expand (or contract)
the river of time is made to spring from a source outside of time (the primordial
singularity in “spacetime”). So profound has the divorce between the current cos-
mological model and the empirical evidence become that modern cosmologists
must invoke increasingly contrived epicycles (“something foreign and wholly irrel-
evant” in the immortal words of Copernicus) in order to preserve the Big Bang
dogma. ’

In most textbooks on astronomy, the possibility that the universe might not
have had a beginning is excluded by the very definition given of cosmology. It is
hardly surprising that the literature of modern cosmology, which presents the
numerous helper hypotheses that have been grafted onto the Big Bang as the quin-
tessence of theoretical acumen, has sought to depict efforts to frame an alternative
to the expanding universe model as a succession of farcical episodes: Einstein

ix
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retracts his cosmological constant with an embarrassed mea culpa; Milne’s kinetic
cosmology is dismissed a curious fit of whimsy; Hoyle’s early investigation of
steady state cosmology earns him unrelenting ridicule. Virtually absent from the
historical record are the flashes of brilliance that shine like beacons through the
darkness of subsequent decades: de Sitter’s prediction of “spurious Doppler shifts”
in 1917; MacMillan’s qualitative description of an energy-conserving static universe
(ca. 1920); Eddington’s near exact prediction of the 3° K background without expan-
sion (in 1926, and similar work by Nernst, Regener and Finlay-Freundlich); Zwicky’s
gravitational drag redshifting mechanism (1929), favoured by Hubble as the most
plausible explanation of his “apparent velocity” shifts; and de Broglie’s quantum
tired-light redshift proposal (1962), based on an interaction between the photon’s
“pilot” wave and the medium of its propagation—to name but a few. The present
volume, dedicated to the memory of Fritz Zwicky, is the fruit of efforts to revive
this tradition. It may be seen as a continuation of work published in two earlier
collections: New Ideas in Astronomy (proceedings of a symposium held in honour
of Halton Arp in 1987), and Festschift Vigier (papers presented at a workshop held
in Paris in 1990, and published as a special issue of Apeiron).

Many of the papers presented at the 13th Krakow Summer School of Cosmol-
ogy represented synthetic approaches to a new cosmological model. However, if a
few general themes could be distilled from these contributions, the list might in-
clude the following: observational contradictions to the Big Bang and the expand-
ing universe, alternatives to the Doppler interpretation of “cosmological” redshifts,
problems associated with astrophysical sources and the intergalactic medium and
alternatives to conventional theories of gravity.

Exhaustive treatments of observational contradictions associated with the Big
Bang are given by Halton Arp, who raises the issue of redshift discrepancies in
nearby galaxies and young stars (which show systematically higher redshifts than
their older counterparts), Victor Clube, who argues that a newly discovered rela-
tionship between apparently diverse classes of object, viz. spiral arms and giant
comets, poses grave problems for expansion; and Eric Lerner, whose paper focusses
on the incompatibility between the Big Bang and current observations of light
elements, as well as the ever-recurring “age of the universe” problem and the near-
perfect isotropy of the microwave background. Two relatively recent—yet by no
means insignificant—problems are raised by William Napier and Jack Sulentic.
Napier presents a detailed account of his tests of the Tifft effect, which demonstrate
beyond doubt that redshift periodicities are real, while Sulentic examines the inci-
dence of discordant redshifts in compact groups of galaxies. Miroslaw Zabierowski
investigates a hitherto unsuspected case of redshift quantization within the Local
Group, and finally, Fred Walker notes that a small sample of spiral galaxies of the
same morphological type and absolute magnitude might have the same apparent
rotation velocity, contrary to what would be expected if galactic redshifts are due to
expansion.

Alternative explanations of the Hubble law are put forward by Amitabha
Ghosh, who introduces a velocity-dependent term in the gravitational force law;
Eugene Shtyrkov, who suggests that the velocity of light changes as light waves
travel through intergalactic space; and Thomas and John Miller, whose investiga-
tion of the de Sitter redshift-magnitude relation brings quasars in as close as inter-
mediate-redshift objects. Discussions of specific astrophysical objects are found in
papers by Peter Browne, who applies a magnetic vortex tube model to the problem
of beams of ultrarelativistic charged particles in active galactic nuclei, and William
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Peter, E. Griv and Anthony Peratt, who indicate that the Alfven plasma model may
explain radio lobes and extragalactic jets from classic double radio sources. Wi-
eslaw Tkaczyk finds that the inhomogeneous spatial distribution of gamma-ray
bursts may fit an unconventional cosmology; Svetlana Triphonova and Anatoly
Lagutin present a unified cascade model for producing gamma-radiation in active
galactic nuclei; and Bogdan Wszolek proposes that dust in the South Coma void
may cause additional redshifting in light originating from galaxies beyond the void.

In addition to phenomenologically motivated modifications to the gravity
laws proposed by Andre Assis and Amitabha Ghosh (by the addition of a velocity
term to the Newtonian force law), David Roscoe discusses a Galilean invariant
formalism for gravitational action. Franco Selleri interprets the equations of special
relativity in the presence of a fundamental frame, while Henrik Broberg shows that
particles can be described as locally confined systems of vacuum energy. Finally,
comprehensive new cosmologies are presented by Toivo Jaakkola, whose equilibri-
um model takes as its point of departure a coupling between gravitation and elec-
tromagnetism, and Tom Van Flandern, who describes a universe model deduced
from first principles.

Exciting progress is now being made in the subjects of episodic matter crea-
tion, understanding of the physics of non-velocity redshifts, the significance of
quantized redshifts, more general solutions of the equations of general relativity
and the workings of Machian physical laws. Perhaps we have reached the point
where we can take on the ultimate challenge of relating the mysterious world of
quantum mechanics to the realm of classical physics. It is clear by now that these
seminal investigations will by carried out by a small number of researchers work-
ing outside the constricting assumptions of conventional astronomy and physics.

The crucial discoveries needed to break away from current dogma will only
be communicated in alternative journals, conferences and books such as the present
one, where investigators can speak frankly about the fundamental issues. The dis-
semination of such publications is important, and the future will show, we believe,
that real progress depends on a more general and enlightened participation by a
large number of people who are concerned with achieving better understanding of
our universe.

The editors, on behalf of all the participants, wish to thank the local organizers
Wieslaw Tkaczyk of the Physics Department, University of Lodz, and Mieczyslaw
Borkowski, Director of Omega Foundation, for making all arrangements for the
conference on the ground. We also wish to acknowledge the efforts of local organ-
izing committee members Marcin Tkaczyk, Radoslaw Borkowski, Wojciech Blon-
ski, Tomasz Gierka, Mariola Kubiak, Grzegorz Kociolek, Bozena Mirys and Leszek
Wojtczak, as well as the staff of the Physics Institute at University of Lodz, whose
dedicated work was crucial to the success of the conference. The material for the
proceedings was prepared with invaluable assistance from Svetlana Triphonova.
Finally, we would like to express our gratitude to Omega Foundation for generous-
ly providing funds for the event, to the participants for delivering excellent manu-
scripts and to Konrad Rudnicki for forging ahead against all odds.

Halton C. Arp
C. Roy Keys
Konrad Rudnicki
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Fitting Theory to Observation—From Stars to Cosmology

Halton Arp

Max-Planck-Institut fiir Astrophysik
Garching bei Miinchen, Germany

A review of observational contradictions to the conventional interpretation of
redshifts as velocities includes new discrepancies in nearby galaxies and also in the
young stars they contain. It is established that the strongest empirical relation is
between the redshift and age of an object, and that velocities are not significant
factors in cosmic redshifts. Expanding universes are, therefore, excluded.

As an example of how a successful theory must incorporate all observational
facts, I describe a more general solution of the equations of general relativity. In this
solution we do not make the special case assumption that the mass of elementary
particles is constant. We solve the more general case where mass is variable, the case
which, a priori, is more likely to apply to the universe as a whole. We discuss how this
theory predicts all the currently accepted astrophysical observations as well as the
“forbidden” data which violate current theory.

Nearby Groups of Galaxies

The current theory of the Big Bang rests entirely on the interpretation of
displacements of lines of elements in the spectra of small fuzzy spots in the sky
called galaxies. But if we investigate the nearest galaxies to us, the ones we can
resolve in detail (and, therefore, know the most about), we immediately encounter
irreconcilable contradictions with the expanding universe theory. Figure 1 shows
the redshifts of all the major companions relative to the redshift of their dominant
galaxy in two of the nearest groups of galaxies. If the redshifts of the companions
are due to orbital velocity around the central galaxy, there should be as many
negative as positive spectral shifts. Instead, 21 out of 21 of these companions are
redshifted positively. This has one chance in two million of happening accidentally
and, therefore, proves that these companion galaxies have intrinsic, excess red-
shifts. (Arp 1987).

There is surprising news, however. A new member has been recently added to
our Local (M31) Group. After a lengthy delay, it has been decided that IC342, seen
through considerable absorbing material at low galactic latitudes in our own gal-
axy, is really within the confines of our Local Group. Our Milky Way galaxy is
about 0.6 Mpc away from M31. On roughly the other side of M31 from us, IC342
lies about 1.2 Mpc distant from M31. (Madore and Freedman 1992, McCall 1989).
But this galaxy counted among the M31 Group, as shown in Figure 1, has the
highest redshift of all presently accepted Local Group members: cAz ~+289 km s7!

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 1



Halton Arp

0 +100 + 200 +300
Li ' T I T ' T
MW
! 4 - i
LMC
SMC
N o ® 88 O -
M33 N185 N6622 €362
o ® —— . —— —— et
M31 N205  M32 N147 N4O4
a1 1 ' | L | 1
T ’ T I T I T
—— —.—
N4236 u4as3
. - —— —.— 0.”1010 -
N[ 053 12574 N2366 HoIl
- ] —— —— - - —
M8f N3077  N2976 N2403  Hol M82
L | L | L | L
o +100 +200 +300

Az (km/sec)

Figure 1. Relative redshifts (Az = km s?) of all major companion galaxies in two nearest groups
of galaxies. The dominant galaxies in the two groups are M31 (Local Group) and M81 in the
next major group. N represents the approximate number of objects.
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Figure 2. Residual redshifts of nineteen galaxies known to be companions of large galaxies. This
announcement of the systematic redshift of companion galaxies appeared in Nature in 1970 (Vol.
25, March 14 1970). The significance then was about one part in a few thousand. Now that the
significance has grown to about one chance in 4 million, the effect is not discussed in major
journals. (Figure excerpted from Field, Arp and Bahcall 1973).
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The chance now becomes 1 in 4 million that companion galaxies do not have
intrinsic redshifts! It is important to note that in 1970, excess redshifts in companion
galaxies were routinely announced in Nature magazine, as shown in Table 1 and
Figure 2. The significance was then already a part in a few thousand. This result
was confirmed by Bottinelli and Gougenheim (1973) and Jaakkola (1973). An inde-
pendent investigation by Collin-Souffrin, Pecker and Tovmassian (1974) also sup-
ported the result, and yielded the important correlation that compact companions
tended to be more systematically redshifted than lower surface brightness compan-
ions. Today, when the effect has grown to overwhelming significance, there is little
likelihood the results and their implications will be discussed in the major profes-
sional journals. Establishment astronomers often argue that discordant redshift
evidence has had the opportunity to be published and read, but the judgment of
astronomers was that it was not significant and, therefore, not worth further dis-
cussion. The truth of the matter is that as soon as the consequences for convention-
al theory were realized it became rapidly more difficult to communicate the evi-
dence. As the evidence grew to overwhelming proportions, discussion shrank to
the vanishing point.

Table 1. Differential redshifts in companion galaxies (as of 1970)

Dominant Companion Differential redshift
galaxy galaxy (km s)
M31 M32 +85

NGC 205 +62
NGC 185 +58
M33 +57
M81 M82 +234
NGC 185 +58
NGC 3077 -104*
IC 2574 +91
HO Il +215
NGC 5128 NGC 5102 +77
NGC 5236 +64
NGC 5253 -42
NGC 5068 +139
M51 NGC 5195 +109
Atlas 48 Companion -120
Atlas 58 Companion +60
Atlas 82 Companion +90
Atlas 86 Companion +23
Atlas 87 Companion +180

* Corrected later to +57 (km s7).

As a result, younger astronomers are not aware of the fact that companion
galaxies are systematically redshifted, and they try to apply completely incorrect
dynamical calculations to their data (which show the effect also). One of many
examples of this can be seen in a paper by Vader and Chaboyer (1992).

The systematic redshift of companions, of course, has now been established
in every group tested out to the limit of applicable redshift surveys; Arp and
Sulentic (1985) measured over 100 galaxies in more than 40 different groups with
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Figure 3. The number of companion galaxies as a function of their redshift with respect to the
central galaxy (From Arp and Sulentic 1985). The preferred values of redshift previously found
in independent galaxy samples by W. Tifft are marked by arrows.

the Arecibo radio telescope and tested a total of 160 galaxies in groups with
dominant galaxies as faint as apparent magnitude 11.8. Overwhelming evidence
was found that the companions are systematically redshifted, as shown in Figure
3. Later M. Geller and J. Huchra at the Center for Astrophysics (CFA) tested their
surveys and reported no effect. R. Brent Tully also reported no effect in groups he
had picked out. But when a team of astronomers from Trieste (Girardi et al. 1990)
analyzed this same Geller-Huchra and Tully data, they found a strong confirma-
tion of the systematic redshift excess of companion galaxies in groups. Figure 4
here shows the significance of their excess numbers greater than velocity differ-
ence zero for the Geller-Huchra (GH) data.

It is instructive to note that even though Girardi et al. proposed an explana-
tion that avoided intrinsic redshifts, their paper still had enormous difficulty get-
ting published. Theirs was one of the two “conventional” explanations advanced
for the phenomenon. One proposed model had companions expanding away from
the central galaxy and our cone of vision intercepting more on the far receding side
than on the near approaching side. The other model had companions falling toward
the central galaxy and being hidden by dust on the far, approaching side. Aside
from the disaster for the observed stability of groups, these models were obviously
hopeless from the outset, in the sense that they predicted large numbers of hitherto
undiscovered Local and nearby group members. It was indeed ludicrous to con-
sider that any large, low redshift galaxies had remained undiscovered.

Of course, to accept the obvious conclusion from these empirical results
meant that the redshift of the companion galaxies was an intrinsic property which
overwhelmed the spectral shifts due to true, Doppler velocities. In this case there
would be even less than zero evidence for systematic velocities of galaxies in
general, and hence no evidence that the universe was expanding. The Big Bang



0.3
0.2 A
| ]

S 01 A
Q n
g [
O 04 ' . [ ] a
x . ] . [ 1]
c a
o l s | ] a
- | |
8 -0.1 4 =

-0.2 A

03 T T T T T T T T T

-0.3 -0.1 0 0.1 0.3 0.5 0.7 09

Fitting Theory to Observation

VELOCITY DIFFERENCE (normalized)

Figure 4. Geller-Huchra groups. The blueness of the companion galaxy is shown to be correlat-
ed with the amount of its excess redshift in this diagram from Girardi et al. (preprint and 1992).

would be devastated. Clearly this latter the consequence has caused the data to be
swept firmly under the rug.

A particularly striking example of how the observational data is misinter-
preted is provided by a recent paper by Zaritsky (1992) and particularly a paper by
Dennis Zaritsky, Rodney Smith, Carlos Frenk and Simon White (1993). The last
author is a researcher on the hypothesis of unseen matter working at the Institute of
Astronomy in Cambridge, England. In this latter paper, they survey what they call
satellites around isolated spirals of type Sb-Sc and perform dynamical analyses
which lead to the conclusion “... that isolated spiral galaxies have massive halos
that extend to many optical radii.”

Although a total of 16 Figures were presented in their paper, the critical data
which showed the differential redshift of the companion galaxy as a function of its
relative faintness was not plotted. This figure shown here as Figure 5 was plotted
from the data which these authors tabulated. It is immediately apparent that,
excluding the obviously distinct set of very faint 4.5 < Am, <7.2 mag companions,
the remaining companions of appreciable mass and luminosity are systematically
shifted to higher redshift. This is conspicuous even though they have arbitrarily
excluded companions brighter than Am, <2.2 mag, a class of companions in which
objects like M82, connected to M81 with a hydrogen bridge, has an excess redshift
of +288km s™. Of course, doing dynamical analyses with redshifts which do not
represent velocities does not lead to meaningful results.

The most startling aspect of this study is, however, the fact that the authors do
not reference even one of the eighteen independent studies from 1970 onward that
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Figure 5. Data on “satellite” galaxies from Zaritsky et al. (1992). Filled circles are low surface
brightness dwarfs of de Vaucouleurs Type 9-11. Two extreme and undefined objects classified
T = 15 are indicated by parenthesis. The authors arbitrarily excluded objects classified compan-
ion galaxies brighter than Am, <22 mag. One can again clearly confirm, however, that the ma-
jor companion galaxies are systematically redshifted relative to the dominant galaxy in the
group.

established the systematic redshift of companion galaxies. (Most of these referenc-
es are available, for example, in Girardi et al. 1992). Their new data again confirms the
effect but they ignore this confirmation as well as all the previous documentation of
the excess redshift phenomenon in companion galaxies.

What appears to be the actual situation is that younger galaxies are created in
or near the centers of older galaxies and are expelled as intrinsically higher redshift
galaxies into the near neighborhood of their parent. As the companions emerge,
they entrain some pieces of the parent galaxy with them, and these small pieces
have the same age and intrinsic redshift as the older galaxy. These are the very low
surface brightness dwarfs which are several hundred times less luminous than the
parent galaxy. The actual, more recently created major companions (as they are
always referred to in my published analyses) are of the order of 10% of the luminos-
ity of the main galaxy and are not all in the class of tiny pieces torn off the original
galaxy. Considering the small mass-to-luminosity ratios of these low surface brightness
dwarfs, they become even more negligible compared to the mean mass exterior to
the parent galaxy which shows such clear cut systematic redshift.
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Physical Correlations with Excess Redshift

If we ask the natural question, “What is observationally different about the
companions compared to the central, dominant galaxy?” we immediately realize
that although they are both made up of the usual stars, gas and dust, many of the
companions have a relatively larger percentage of younger, hotter stars. This can be
strikingly seen in the extreme excess redshift companions NGC404 and M82. Their
spectra are dominated by Hydrogen Balmer lines in absorption, characteristic of
stars of evolutionary age 10°® to 10° years rather than older stars of 10 years age.
Such stars are hotter and, therefore, bluer. This younger stellar content is con-
firmed by the effect seen in Figure 4 where the excess companion redshifts increase
with blueness.

In fact, the blueness-redshift excess correlation is seen all the way from the
smallest to the largest excess redshifts. Compact blue, peculiar and active galaxies
show redshifts in the 1,000 to 10,000 km s™ excess redshift range. In the case of the
largest excess redshift quasars, they are so energetic and compact that they must
expand quickly from their observed state and, hence, must be dynamically very
young. The consequence of this is very important, namely: empirically the cause of
the intrinsic redshift is something related to age.

Quantization of Redshifts

There is another clue to the nature of non-velocity redshifts, viz. the tendency
for extragalactic redshifts to occur at certain preferred values. W.G. Tifft in 1972
pointed out the tendency for redshifts to be periodic or quantized. In spite of
enormous disbelief and ridicule, every succeeding test has confirmed and strengthened
the result. For example, Figure 3 in the present paper shows a test by H.Arp and J.
Sulentic in 1985 of a completely different set of galaxies with the most accurate
redshift measured to that date. The previously predicted peaks at 72 km s™ inter-
vals stand out conspicuously.

In 1967 G. Burbidge and E.M. Burbidge pointed out the existence of preferred
redshifts for quasars. In 1971 K.G. Karlsson showed they obeyed the mathematical
formula AlIn(1+z)=0.206. Many investigations confirmed this, but one of the most
recent (Arp et al. 1990) found a confidence level of 99.97% for the existence of the
periodicity.

It is instructive to note that a young postdoctoral student, then at the Institute
of Astronomy in Cambridge, England where the director is Martin Rees, rapidly
published a paper titled “Against the Aln(1+z)=0.205 Periodicity in Quasar Red-
shifts” (Scott 1991). The most complete sample available, the 3CR radio quasars, he
claimed, showed no periodicity. Yet both he and the editor of the journal were
shown plots where three of the periodicities, z = .60, .96 and 1.41 were conspicuous.
In this and other samples, he included the faintest apparent magnitude, most uncer-
tain and probably the most distant quasars, the same quasars which Arp et al. had
shown did not exhibit the periodicity. Finally, in a new sample of bright X-ray
quasars he again found the periodicity, but ventured the opinion that it would go
away with further measures (i.e. fainter quasars). He ended his paper with the
statement: “The conclusion is, there is no evidence for such a periodic structure.”
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This is a useful example to cite because it well characterizes how observational
evidence which is contrary to the current assumed model is misrepresented.

In the redshift ranges intermediate between the bright galaxies and the qua-
sars, pencil beam surveys in various directions in the sky also reveal clumping of
redshifts. (Broadhurst et al. 1990). The investigators, after considerable delay, rather
nervously announced this result, but only after turning the redshifts into distances
via the assumed redshift-distance relation. They concluded the galaxies were spaced
periodically apart by about 128 Mpc. Now, it is a cardinal rule of observational
science that one should report the observed quantities which, in this case, were
redshifts. To obtain this primary data, however, I had to go to their graphs to read
off the measurements, the preferred redshifts. It can be seen in Figure 6 of the
present paper that two of the preferred redshifts agree with quasar peaks. The
peak at z=0.3 for galaxies is also conspicuous by casual inspection wherever one
looks at galaxy redshifts in the literature. This is as it should be because quasars
and galaxies are extragalactic objects which are continuous in their physical prop-
erties. What this agreement does, then, is give an independent confirmation of two
of the quasar quantization peaks. It also demonstrates that the whole realm of
measured redshifts—from the smallest to the largest—is quantized. Redshift is a
physical property which comes in discrete, periodic quantities from the highest
redshift, large periodicities to the lowest redshift, small periodicities. This proper-
ty is schematically illustrated in Figure 6.

QUASARS
Aln{1+2) =0.205
I ] ! | ] ] |
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Figure 6. Periodized redshifts: Redshifts from the highest (quasars) to the lowest (differential
redshifts between galaxies in groups) show preferred, i.e. quantized values of redshift.

As for the low redshift, small periodicities, it is very important to note that
analysis, first by Tifft and then by Arp showed that the redshifts of the galaxies in
the Local Group were quantized in 72 km s steps In the Arp (1986) analysis of the
redshift, the periodicity obtained was 72.4 km s™. Now four intervals of this peri-
od would be 4 x 72.4 = 289.6 km s™. But, astonishingly enough, the galaxy just
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added to the Local Group, IC342, has the largest excess redshift with respect to
M31 and it is observed to be 289 km s™. In general, hydrogen redshifts are accurate
to 18 km s, but since IC342 is so large and nearby, its HI redshift is probably
much more accurate, so the agreement with the predicted periodicity is even more
impressive.

Finally, the evidence obtained by W. Napier and B. Guthrie on the smallest
quantlzatlon interval of =37.5 km s™ as reported by Napier in these proceedings
is the most powerful of all the quantization evidence. In all directions in the sky up
to redshifts of 2600 km s™ he finds galaxies quantized in this small interval of
redshift with enormous significance. The most important consequence of the ob-
servatlon is that real velocities of galaxies cannot average much more than about
20 km s? because, prolected at random angles to the radial line of sight, they
would wash out the 37 km s™ quantization.

Again, we have evidence that extragalactic redshifts have negligible connec-
tion with velocities, and that we must look for a cause of intrinsic redshift which is
physically related to the age of the object and which can be quantized.

Intrinsic Redshifts in Stars

If galaxies in our Local Group have excess, non-velocity redshifts, we should
be able to ask whether some parts of these resolved galaxies show more excess
redshift than others. In fact, we have predicted that excess redshift is correlated
with younger age, so it is appropriate to look at the youngest stars in these nearby
galaxies. This is easy to do because the youngest stars are the highest luminosity
supergiants. (After a few million years they burn away to become much fainter
stars.)
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Figure 7. After correction for velocity of mass loss in each individual star, this best measured
sample in the Magellanic clouds shows almost every supergiant has redshift higher than the
mean redshift of its galaxy.
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In the Large and Small Magellanic Cloud (LMC and SMC) individual super-
giants have been well observed by now. Just looking at their redshifts shows that
they are indeed systematically higher than the mean of the rest of the material in
the galaxy. In fact, the confidence level of just this first order result is at the 99.8%
level.

But now we must realize that supergiant stars have tenuous atmospheres in
which the radiation pressure from the star propels mass outward in a so called
“mass loss wind.” This is standard knowledge in astrophysics and this negative
velocity coming toward the observer in the absorption lines which overlie the
bright photosphere must be corrected for in order to get the true systemic spectral
shift of the star. In practice, the effect has been ignored because it makes the excess
redshift of young stars even more excessive.

If we correct the reported spectral shifts (always incorrectly called radial
velocities in the literature) for these negative outflow velocities, we find that almost
every supergiant star in both Magellanic Clouds has an excess redshift relative to the well
determined mean spectral shift of the remaining stars and gas in the galaxy. This is
shown here in Figure 7.

Does this result hold for the nearest galaxy of all, our own Milky Way
system? Indeed it does, and it has been known since 1911! But the hot, young stars
in our own galaxy cannot all be exploding away from us in every direction we
look. If this émpirical evidence had been heeded, the assumption that redshifts
meant only velocity would never have been made, and the conclusion that the
universe was expanding would not have been promulgated to the public for more
than 60 years.

How good was the contradictory evidence during all these years? After W.W.
Campbell announced the “K effect” in 1911 from the first systematic spectroscopic
measures of bright stars, the effect has been confirmed over and over again. A few
sample determinations are shown in Table 2 here (Table excerpted from Arp 1992b).

Just to illustrate the effect in one case, I show here in Figure 8 the measured
spectral shifts for the supergiants in the largest, most conspicuous young star clus-
ters in our own Milky Way Galaxy, h + X Persei. It is clearly evident that the excess

Table 2. Excess Redshift (K-Trumpler effect) in our Galaxy

Stars cAz Reference

B stars +4.7 £ 0.02 Smart and Green 1936
OB stars in Gould’s Belt +5 See Frogel and Stothers 1977
O stars in Clusters (re B’s) +10£ 1 Trumpler (1935; 1956)
B stars in Orion +11.4 1.2 Findlay-Freundlich 1954
O stars in Clusters +176+ 5

Supergiants in h + x Per +15 Present paper
Supergiants in Assn’s +15

Single O stars +0.6 %1 Conti et al. 1977
O-type binaries +8.5% 1

O-type binaries +2.0 Gies 1987
Cluster/assn’s O’s +1.8

Field O’s +6.4

Runaway O’s +21.9

For references, see Arp (1992b).
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Figure 8. The points show measured spectral shifts (in km s7) in the supergiants in h + y Per-
sei, the largest, young star clusters in our own Milky Way Galaxy. The figure demonstrates the
increasing redshift as the stars become more luminous (hence evolutionarily younger).

redshift increases with increasing luminosity for stars in the same physical cluster.
Of course, the increasing luminosity is quantitatively calculable in terms of the
younger evolutionary age of the stars’. So, again, we have the empirical result that
the excess redshift increases as the age of the material decreases.

Roberta Humphries, whose data was plotted in Figure 8, was asked to com-
ment on the excess redshift effect which it showed. She never answered. The de-
tailed, documented analysis of all evidence for systematic redshift in young stars
was submitted to the European Journal, Astronomy and Astrophysics. The editor,
James Leqeux, himself an expert on bright stars in the Magellanic Cloud, forwarded
a derogatory referee’s report and refused to publish the data. He also did not allow
the results to be orally presented at a nearby meeting specifically concerned with
the Magellanic Clouds.

After some years’ delay, however, the publication of the detailed analysis has
now been entered in the record (Arp 1992b). The detailed data which shows that the
most luminous stars in the three galaxies we know the most about—the Milky Way,
Large and Small Magellanic Clouds—have excess intrinsic redshifts can now be
referred to if anyone so desires. Naturally, we would like now to extend this a little
further and ask what is revealed by the next nearest galaxies, where we can still tell

Note on the ages of stars: Evolutionary age means time since the star ignited after, on the
conventional view, collapsing from an extended gas cloud. The conventional assumption is
that the prestellar material was all created at the same time. But if some material were created
more recently, stars made out of the newer material by the usual process would be “young-
er” than the rest. Stars from the older material would have burned through the supergiant
phase, on the average, already, and the brightest stars would, therefore, be preferentially
from the younger material and, on our interpretation, of systematically higher redshift.
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Table 3. Excess Redshifts of Luminous Stars in Nearby Galaxies

Galaxy Kind of Stars K-effect Mass loss Total excess redshift
correction cAz
Milky Way h+ x Pers. +(7) km s +29 km s? (+36) km s?
LMC supergiants 7 +22 +2916
SMC " 17 +17 +34+8
NGC 1569 A - >+36 1 17
" B - >+35 + 22
NGC 277 early integ. spectrum — >+21+8
NGC 4399 " - >+25 % 15
M31 irreg. blue vars. - (+100)
M33 ! - >+21

something about individual stars. The results of this investigation are given here in
Table 3.

It is striking to note that even though we cannot make the corrections for mass
loss in these more distant systems, the measured excess redshift is significantly
positive and comparable to the amount measured in the three nearest galaxies. A
pertinent comment is that stars with chemical compositions which contain fewer
metals feel less radiation pressure and, therefore, have lower velocity mass-loss
winds. This can be seen empirically in the fact that the SMC has a smaller mass-loss
wind correction than the Milky Way and LMC. The four systems immediately
following the SMC in Table 3 appear young, thereby, presumably, suffering less
metal enrichment, and may turn out to have rather lower mass loss corrections
when they are eventually measured. But they all, as they stand, represent lower
limits to the total excess redshifts of the younger stars.

At the end of Table 3 are listed irregular blue variables in M31 and M33. These
are very luminous, blue stars which have been known since Hubble’s time. The
absorption line redshifts (again from Roberta Humphries) are used to derive the
excesses in Table 3. It is astonishing that such large redshift discrepancies have
gone unremarked for such a long time. The redshifts used in Table 3 are absorption
line redshifts and, therefore, have an unknown component of negative mass loss
velocity in them. Spectral shifts derived from emission lines, however, should refer
to regions outside the line of sight to the photosphere and be much less prone to
approaching wind corrections. It is of great interest, then, that Dr. Otmar Stahl,
Heidelberg, privately communicated to me his emission line spectral shifts for three
of these irregular blue variables.

Table 4. Emission Line Redshifts of Some Irregular Blue Supergiant Variables

star cz (emission) Az (excess redshifts)
M31 AE -217 km s +80 km s
M31 AF -282 +15

M33 Var C -117 +63
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Again, the star average is surprisingly large compared to their galaxies.
(They are not corrected for rotation of the galaxy to which they belong so we can
only rely on their average.) In the case of M31, however, we should remember that
M31 has an intrinsic blue shift of about -86 km s when viewed from our own
galaxy. Therefore, an M31 star of an age equal to the mean age of one of our own
stars would have immediately a +86 km s™ excess with respect to M31.

When all the measures that should be done on these systems are finally done,
one could reasonably expect that, with the exception of M31, the excess redshift of
the luminous stars would come out near 37 km s”. That is the empirical suggestion
of the values so far in Table 3. This is an important number because, as the discus-
sion earlier on quantized redshifts showed, the most significant, empirical peak in
redshifts is close to 37 km s™. The appearance of this quantization value in galaxies
reinforces the finding of the same period in stars. If we say that stars are created
periodically at intervals of 3x 10° years, then their redshifts should group 35 km s™
apart (see later discussion on redshift-age formula).

The Case for Intrinsic Redshift-Age Relation

So far we have investigated the closest galaxies to us and the brightest stars in
them. We have found incontrovertible evidence that very little of the galaxy red-
shift can be due to velocity. We have found that the intrinsic redshift of the galaxy
increases as the proportion of young stars it contains increases. Then we have found
the youngest, most luminous stars themselves, individually, have intrinsic redshifts
which increase generally with the relative youth of the stars. These represent so
many independent kinds of determinations on so many independent systems that
there would seem to be scarcely any reasonable doubt left that a major cause of
extragalactic redshifts is intrinsic and age-related. At this point, before we see
whether such observations could be incorporated into the laws of physics as we
presently understand them, we should say a few words about tired light.

Tired Light Mechanisms

The plausible arguments that photons on their voyage through space must
lose at least some of their energy and suffer a redshift has been made by so many
people for so long that I will not attempt to review the subject here. But I will argue
the case that the dominant cause of systematic redshift we see in extragalactic objects
must be due to some intrinsic property of the material in the object and not to
intervening material.

The argument is simply that there are cases of high redshift galaxies and
quasars seen interacting with low redshift galaxies (Arp 1987). Because both objects
are at the same distance they are seen through the same optical path length and,
therefore, their redshift difference must be intrinsic. Even if one postulates a special
interacting medium around the high redshift object, one should see gradients of
redshifts and occultation effects when different redshift objects intermingle (Arp
1990). Observationally, however, one always sees just discrete sets of redshifts.

In the end, we may eventually be able to observe tired light effects as a
higher order effect once the large discordances, which, I believe, are caused by age
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differences, are corrected for. The most straightforward way of doing this would
be to study the redshift behavior of similar kinds of objects as they are viewed
through increasing amounts of galactic material at lower and lower galactic lati-
tudes. Multiparameter analyses of catalogued redshifts, apparent magnitudes and
diameters and object types with galactic and supergalactic latitudes should be able
to demonstrate effects of tired light or set quantitative upper limits on the mecha-
nism.

A Theoretical Basis for a Redshift-Age Formula
If we consider a homogeneous, Euclidean universe in which the mass of a

subatomic particle, m,, varies as the amount of “gravitons” it can exchange with
particles within its light signal sphere, then:

ct
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Since the energy of a photon emitted from an atom varies as the mass of the
electron making the orbital jumps, then the wavelength A varies inversely as the
electron mass:

Aocm?t 2
and the redshift, z, varies as:
1+z, #£
=— 3
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where z, is the redshift of matter created ¢, years ago and z, is the redshift of matter
created t, years ago.

From this basic formula (3), the redshift of any galaxy or quasar can be
calculated from its age since creation (Arp 1991).

The fundamental step in this derivation is the assumption that inertial mass is
induced by interaction with all other visible masses as a 1/r law. Qualitatively this
is Machian physics. But does this satisfy Einsteinian physics? Following Narlikar
(1977) we can write the GR field equations as:

1 1
—Z-m"(R,.k -3 gikR) =-3T, +m(0mg, —m,)

1 A

Dm+%Rm=N

@)

We see straight away that a solution for these equations in flat space time is given
by the Minkowski metric with the mass function:

m=at®  a=constant 5)



Fitting Theory to Observation 15

Now, there is a great advantage of this solution over the usual solution. The
usual solution is due to A. Friedmann in 1922, who assumed the mass of elemen-
tary particles was constant, i.e. m# m(r,t). This assumption was natural in terrestri-
al laboratories and perhaps fine for the local solar system. But did it make any
sense cosmologically? If there was only one particle in the universe what would its
mass be? In any case the solution in which mass could vary as a function of
spacetime coordinates is much more general and, therefore, to be preferred. Scien-
tifically, it is much better to find the general solution first and later make simplify-
ing assumptions if conditions warrant.

The Friedmann solution, of course, led to the expanding universe, as em-
braced by Einstein, Eddington, Le Maitre ef al., where the radius must change as a
function of time. But our solution leads to a nonexpanding universe where, for
galaxies born at the same time, the look-back time to distant galaxies reveals them
at a time when they were younger than our own galaxy Therefore, they appear to
have an intrinsic redshift which is proportional to their distance (Narlikar and Arp
1992). This gives an exact Hubble law—much better than the expanding universe
solution in which currently supposed peculiar velocities could and should destroy
the tightness of the observed redshift-distance relation. Therefore, our more gener-
al, non-expanding solution gives a better fit to the fundamental Hubble relation
which originally gave rise to the conventional Big Bang interpretation.

In another important aspect our more general solution is vastly preferable,
viz. the singular points in spacetime where physics completely breaks down in the
usual m = const. treatment of the field equations. For our me#* solution the
particle mass must pass through zero. There the m=0 hypersurfaces, Kembhavi
(1978) showed, are just the old spacetime singularities that embarrass the Fried-
mann solution. Moreover m=0 just at =0, is the natural creation point for the
mass particles. We no longer have an unexplained, ad hoc creation for all matter at
an arbitrary instant as in the Big Bang——mstead we have continuous creation poss1-
ble throughout spacetime. Finally, when passing through m =0 we pass from m* <0
to m* >0, that is, from the quantum mechanical realm to the classical physics realm
(Khlatnikov 1992). We will comment later on the conclusion from the observation
that the quantization in redshifts could only be accounted for by imprinting at the
m=0, quantum mechanical domain of the creation point.

Quantitative Predictions of the New Theory

From the standpoint of the universe, if we could watch the history of a galaxy
run backward in time, we should see the masses of its constituent particles diminish
as it approached its origin. Now the rate at which atomic time runs is dependent on
the mass of its particles (m,). Since m was smaller in the past in this galaxy, time ran
slower. The amount of universal time (¢ ) elapsed in an interval of the galaxy’s time
(z)is:

t3

T=§¥ 6)

At the origin, t=¢, and 7 =1,, giving:
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b
Ty = 3 (7)
Differentiating our redshift-age formula of (3) with respect to At yields:
2
H,= 37, @®

where H is the Hubble constant at z=0.

Details of this derivation can be consulted in Arp (1991). But the upshot is that
for a flat spacetime, homogeneous universe (the most reasonable starting approxi-
mation) we obtain the same expression for the Hubble constant that was obtained
in the conventional solution of the equations of general relativity. That is not
surprising, since our solution with m e #* is simply a conformal transformation of
the usual solution—i.e. it is mathematically the same—only the physical interpreta-
tion is completely different.

We can then compute what the Hubble constant, H,, must be from the age of
our galaxy (7,). As customary, the age of the oldest stars is assumed equal to the
age of our galaxy, We obtain:

17> 1, >13x%10° yrs. observed age of galaxy
39<H, <51 km s" Mpc* H, predicted by (8)
42<H, <56 kms* Mpc* H, observed
6000 -
Vo
(km/sec) |
4000
2000/-
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Figure 9. Distances (d;) from Tully-Fisher estimates of rotational mass, luminosity and appar-
ent magnitude of spiral galaxies are plotted against measured redshift (in km s?). The redshift-
distance relation for low redshift galaxies is accurately H, = 50. At higher redshifts younger
galaxies are encountered which have intrinsic redshifts and give higher values of H,.
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The astonishing result is that the application of equation (3), required for
galaxies whose intrinsic redshifts are a function of their age, leads to a Hubble
constant which is, within the observational uncertainties, numerically equal to that
observed. The advantage of our variable mass solution over the expanding uni-
verse solution is, however, that our formula predicts the observed Hubble constant
with only one observational parameter and has no possibility of adjusting the
predicted value, as the Big Bang does, by changing the geometry of the universe or
introducing repulsive cosmological constants.

Discordant Values of the Hubble Constant

It is well known that a fierce struggle has been going on for many years
between advocates of the H, =50 and H, =80 to 100. The evidence on both sides
is so persuasive that one might suspect that both sides are correct, observationally
speaking. How could this be?

Figure 9 shows the best redshift-distance relation available for spiral galaxies.
Here the masses are estimated from rotation speeds of the galaxies, luminosities
estimated from the masses and the distances estimated from the difference between
apparent magnitude and absolute magnitude. These “Tully-Fisher” distances are,
therefore, somewhat independent of the systemic redshifts of the galaxies to which
they are being correlated. One sees immediately that nearby (say inside the distance
of the Local Super Cluster, at about 15 Mpc from our Local Group of Galaxies),
rather accurately, Hy =50. But at greater distances one derives greater H,’s.

In the Big Bang there is supposed to be only one expansion speed over such
relatively small regions of the universe. Obviously, Figure 9 shows this is not true.
What our redshift-age, equation (3), requires, however, is that all galaxies the same
age as our own should give a linear redshift-distance relation with H, =50 km s Mpc”.
This is true, as the measures in Figure 9 show, out to a distance of about 15 Mpc
from our Local Group. Beyond this distance, however, if there are galaxies young-
er than our own, they will have excess redshifts; and this is exactly what is shown
by the higher z spirals.

So we conclude that the faction claiming H,, ~ 80 has more accurate distances
and redshifts to galaxies in a larger volume of space than the side which claims 50
throughout. But both sides refuse to acknowledge that in reality, the value of H,
increases from low redshift samples to samples which include high redshifts. Actu-
ally one can get any H, one wishes by choosing a particular kind of galaxy to
measure it with. For example, in our Local Group IC 342 would yield H, =161. The
only solution to this absurd situation is the one given by our general solution to the
Einstein field equations where the universe is not expanding and the redshift re-
flects the relative age of the galaxy we are viewing.

H_ and the Virgo Cluster

A key object in the determination of the value of the Hubble constant, and,
therefore, a bone of contention between both sides, is the mean redshift of the Virgo
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Cluster at its correct distance from us. Table 5 below is extracted from Arp (1988),
and shows that in all three of the relevant parameters, the two sides have adopted
values which either maximize or minimize their resultant Hj.

Table 5. Determination of H, from the Virgo Cluster

Mean redshift  Infall to Virgo Distance H, Author
967 km s 220 km s 21.6 Mpc 55 Tammann and Sandage (1985)
1165 250 15.0* 94 de Vaucouleurs (1982)

* Distance to S cloud, on de Vaucouleurs precepts the E “cloud” would be closer.

Rigorously, even if one believes redshifts should be interpreted as velocities,
the above adopted mean redshifts are both incorrect. That is because the mean
redshift should refer to the redshift of the average mass in the Cluster. The luminos-
ity weighted mean is only 863 km s™. (This is still an overestimate because it is
derived from the blue luminosity, not the red luminosity). What the conventional
procedure does is overweight the galaxies of small or negligible mass in deriving
the mean redshift. Naturally, this yields too high a redshift. It is the same result we
got in 1970, as reviewed in the beginning of this paper; the companion galaxies
have systematically higher redshifts than the dominant galaxies. The size of the
effect is even the same, 100 < Acz <300 km s™.

VIRGO CLUSTER

15" 10"

2000kms-! 2000km s-!

0°<DEC <30°

Figure 10a. The distribution of redshifts in the Virgo direction in the sky. Data from revised
Shapley Ames Catalog (Sandage & Tamman 1981). Size of symbol according to apparent bright-
ness of galaxy.
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Figure 10b. Redshift distribution of galaxies in main Virgo Cluster and Virgo West. The blue
luminosity weighted mean redshift is shown by the arrow (from Arp 1988). This demonstrates
that fainter galaxies in the “Finger of God” configurations represent galaxies with intrinsic red-
shifts.

Of course, the situation is even much worse than that. Take any given class of
galaxy in the Virgo Cluster, say the S;’s. One could obtain any mean redshift, from
a few hundred km s™ to almost 2000 km s, depending on whether bright or faint
Virgo members were selected (see Arp 1988, Figure 2).

An illustration of this chaos in the determination of H, can be seen in a recent
paper by Sandage (1992). In this paper he claims that by using a supposedly very
luminous type of spiral galaxy called an ScI, the very low value of Hy = 43 km s Mpc?
is derived. (Actually this type of galaxy has been shown to be the least luminous
kind of spiral galaxy: Arp 1988b, 1990c, 1991b). But in Sandage’s Table 1 he lists
“The Four Largest Virgo Cluster Scl Spirals.” One can easily write down the meas-
ured redshifts as taken from Sandage s own Revised Shapley Ames Catalog and derive
amean redshlft of v, =1747 km s™. Using Sandage’s own infall velocity to Virgo of
220 km s and Sandage’s own distance to Virgo of 21.6 Mpc one quickly calculates
H,=91 km s for the ScI’s which Sandage says are members of the Virgo Cluster!
ThlS is a far cry from H, = 43 km s, but the higher figure is clearly the more
correct one for these younger, intrinsically redshifted kinds of galaxies.

The only negative redshifts in the sky outside our Local Group are seven in
number, and fall in the center of this populous cluster. Hence they must be mem-
bers. But they are predominantly big S, and S, galaxies, the same kind that domi-
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nate more local groups of galaxies and also have relatively negative redshifts.
What else could any reasonable judgment of the data be but that these larger
galaxies are older and, therefore, have smaller (i.e. relatively negative) spectral
shifts? If we take our redshift-age equation (3) and adopt a distance to Virgo of
21.9 Mpc (Sandage and Tamman 1990) the look-back time is 71x10° years. There-
fore, the age of creation of these Virgo giants is about 95x10° yrs, or about a
hundred million years earlier than the creation of our own galaxy, which was
about 15 billion years ago. As we might expect, older galaxies created relatively
close together in time look rather similar. This interpretation of the redshifts in
Virgo is quantitatively consistent with an H, = 50. The conventional analyses which
give both H, =50 and H,; =80, however, simply arbitrarily pick the parameters
which give their respective “observed” values.

Figure 11. The redshift-apparent
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Another way of illustrating this problem is shown in Figure 10. If we use the
redshifts as a measure of distance in the Virgo region of the sky, the galaxies all
stretch out in a line just in the direction we are looking. This “Finger of God”
stretches as far as we have redshifts (even to negative z’s). Figures 10a and b are
derived from data in the Revised Shapley Ames Catalog (Sandage and Tamman 1981)
which is a complete sample to a limiting magnitude near B,, ~13.0mag. Essentially
the same diagram is obtained from deeper surveys (Zucca et al. 1991). As can be
seen from both Figures 10a and b, however, the brightest (most massive) galaxies
are not at the mean redshift of the Virgo Cluster, as they must be on conventional
assumptions! The fainter galaxies, therefore, cannot represent peculiar orbital ve-
locities around the massive galaxies. Instead, as in the nearby groups, the smaller
galaxies have excess, intrinsic redshifts of varying amounts.
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If researchers plotted the wedge diagrams with galaxy symbols proportional
to the brightness of the galaxy, as in Figure 10, they would immediately see the
velocity interpretation was untenable. Even as they are customarily plotted, with-
out brightness differentiation, one should see a thickening or “knot” at the true
redshift of the cluster representing the massive galaxies at the centre, plus orbiting
galaxies far out and moving slowly, plus orbits transverse to the line or sight
which do not give appreciable radial peculiar velocity. Instead, the diagrams show
the galaxies evenly spread out along the “Fingers of God”. These “Fingers of God”
show up all over the sky whenever there are concentrations of galaxies, and should
tell astronomers, at a glance, that velocity differences cannot be responsible for the
observed effect.

The Virgo Cluster is just like every other cluster that has been studied in detail
in that each type of galaxy within the cluster has its own systematic redshift value.
The younger Sc’s have the highest. Of course the first discovered, most famous,
brightest apparent magnitude quasar, 3C273, also falls in the projected confines of
the Virgo Cluster. Recent spectra of 3C273 in the ultraviolet show about 10 times
more absorbing clouds than normal between the redshift of 3C273 and the Virgo
Cluster. Are absorbing clouds just accidentally piled up in excess just in the line of
sight behind the Virgo Cluster? Or should we instead believe the numerous inde-
pendent studies which show quasars of various redshifts are actually physically
associated with the Virgo Cluster (Arp 1992a)?

The Hubble Relation at Larger Redshift

Figure 11 shows an adaptation of the famous redshift-apparent magnitude
diagram for clusters of galaxies as reported by A. Sandage (1975). It is often stated
that the relation is so tight that it precludes any other explanation than an expand-
ing universe. But, in fact, the relation is much too tight. Various observers have
reported peculiar velocities of clusters and groups of galaxies of 2000 km s™ or
more (see Narlikar and Arp 1992). The dashed lines in Figure 11 show how the
existence of real velocities of this size would blow up the lower third of the pictured
Hubble relation. How can the observational conclusions of these two conventional
analyses be reconciled? Only if the dispersion observed in redshifts of clusters is not
velocity but age differences and, further, if Sandage has measured only clusters of
galaxies which have similar age characteristics.

It is interesting to contrast the claims of the observers who report peculiar
velocities of galaxies exceeding 2000 km s” with the published results of Yahil,
Sandage and Tamman (1980) that the Hubble flow is probably quieter than 50
km s™. Those claims too can only be reconciled if spectral shifts generally do not
indicate velocity differences.

Evolution Away from the Hubble Relation at High z

Spinrad and Djorgovski (1987) report measures of radio galaxies which devi-
ate from the Hubble relation by 5-6 mags at z = 1.5. This is conventionally attribut-
ed to evolution, but it requires these galaxies to be 100-240 times brighter in the
past than at present. Naturally this requires “star bursts” of unprecedented scale
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Figure 12. High resolution images in redshifted Lyman alpha with the Space Telescope are
shown for the system of four quasars surrounding the low redshift spiral galaxy G2237 + 0305.
The lower diagram shows that the predictions of gravitational lens theory are exactly opposite
to the observations. The observations indicate physical ejection from the galaxy (See Arp and
Crane 1992).
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and would make it necessary to observe hydrogen dominated precursor galaxies
which have not been seen. The observational fact that these precursor galaxies are
not seen means that apparently young galaxies really are young in the sense that
they are more recently created. This observation, by itself, then rules out the Big
Bang, where all galaxies are supposed to have been formed in the beginning.

If, however, these active galaxies and the material in them have been created
more recently, we would expect by our precepts to have them deviate to higher
redshift from the Hubble line. In this respect, the radio galaxies should show a
deviation due to intrinsic redshift intermediate between quasars and normal galax-
ies. This would agree with their generally intermediate physical properties.

More normal E galaxies, however, can be measured out to redshifts z = 1. For
observations in the infrared where young stars hardly affect the magnitude, we see
deviations of about 2 mag. brightward from an unevolved Hubble line of 4, =0. It
is interesting to note, however, that our predicted value of H, pertains only locally,
for z— 0. At z=1 we predict H=2.8H, (see Narlikar and Arp 1992). If this were
interpreted as a deviation from the Hubble relation in an expanding universe, it
would require a normal galaxy to be 2.3 mag. more luminous in the past. But, in
fact, as we see in the conventional analyses of the evolution of stellar assemblages,
this is just about the 2 mag. deviation from the Hubble line which is required for
normal E galaxies. The point is that the additional epicycle of systematic evolution
which is needed in the Big Bang theory to reconcile theory with observations is not
needed in the flat spacetime, continuous creation cosmology discussed here.

High Redshift Quasars Associated with Nearby Galaxies

The evidence that high redshift quasars, which on the Big Bang hypothesis
should be out at the edge of the universe, are, in fact, associated with nearby
galaxies has been growing since 1966. Reviews of this extensive evidence are avail-
able in Arp (1987) and (1992a).

Of course, the quasars nearest in angular separation to the low redshift parent
galaxy are the most disturbing to advocates of conventional distance criteria. One
famous example is the bright apparent magnitude quasar Markarian 205 which is
only 40" south of the extremely disturbed, radio ejecting galaxy NGC4319. In a
study with the Hubble space telescope, Bahcall et al. (1992) found that the quasar
had much less absorption in front of it than would be expected due to the interven-
ing galaxy NGC4319 (about 10% of what was expected). They then concluded that
this was “consistent with the cosmological interpretation.” Of course, a more accu-
rate statement would have been, “this is most consistent with the quasar being 90%
in front of the galaxy.”

X-ray extensions from the quasar to the nucleus of this active galaxy were
uncovered in the Einstein satellite archives (Arp 1990b). After much resistance, the
object has finally been assigned observation time with the German X-ray satellite,
ROSAT.

But one of the associations that conventionalists could not ascribe to chance
was the so-called “Einstein Cross”, which consisted of four quasar images of
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z=17 all within one arc sec of the nucleus of a galaxy of redshift z=0.039. It was
explained by gravitational lensing and splitting of a fainter, accidentally aligned
background quasar. By consulting the space telescope archives, however, Arp and
Crane (1992) were able to add and image process all the best resolution images of
the configuration. Figure 12 here shows that the predictions of the gravitational lens
imaging are completely and orthogonally violated.

Instead there are luminous, filamentary connections back to the nucleus in just
the fashion expected if the quasars arose from an ejection episode in the nucleus of
the galaxy. It seems difficult to conceive of any more direct observational evidence
against the gravitational lens model and for the ejection model.

Of course, this observational evidence from the world’s most expensive tele-
scope was refused publication in the journals which routinely publish space tele-
scope data. We can comment here that gravitational lensing, which is used regular-
ly as a deus ex machina to explain a host of discordant observations, depends on
very massive galaxies to create the needed effects. We have seen earlier that galaxy
masses have been customarily overestimated by one to two orders of magnitude.
For realistic galaxy masses, gravitational lens effects may some day show up, but on
a much smaller scale than currently claimed.

Gravitational lens interpretations which are rapidly published, however, claim
the data confirms the standard theories. One example of such a paper is Rix, Schnei-
der and Bahcall (1992). They compute that lensing in the Einstein Cross requires a
mass of 1.1 x 10°° My, inside the very small radius of 0.29 where the quasar images
are located. This computation is essentially no different from Howard Yee’s (1988)
analysis which derived a mass of 1.2 x 10 M,, As Yee stated, this leads to a mass-
to-light ratio of M/L>13, which “...is near the high end of that of large spiral
galaxies... but is entirely acceptable.” Well not quite, if you consult the measured
MyJL ratios for galaxies (Kormendy 1988) you see that this M/L is completely above
bulges of spiral galaxies, even above that for ellipticals and that is for a lower limit
on the required M/L. In fact, if you compute the luminosity required for an ellipti-
cal to have this M/L ratio it comes out M, =~ —25 mag! How bright is M; ~ —25 mag?
Well, quasars are defined as starting at M; =-23 mag. So this is a galaxy 2 magni-
tudes brighter than a quasar! And this is just a lower limit!!

This so-called confirmation of the lens theory by the observations rests on
assumptions that the redshift dispersions in galaxy interiors represent both veloci-
ties and velocities in equilibrium, which, as we have seen, the observations show is
incorrect on both counts and generally overestimates the masses in galaxies. Fur-
thermore, the mass needed for the lensing is underestimated by assuming it is all
concentrated at a point in the center of the galaxy—hence the lower limit. In addi-
tion, a disk galaxy is called an elliptical, and mass-to-light ratio comparisons are
shuffled between blue, visual and red. Even after all this, the result is that one
requires an extraordinary and unprecedented galaxy to satisfy the lens require-
ments.

This is called a rigorous and exact confirmation of the lens predictions, and it
is there for all to read in the professional journals. Direct images of the object with
the best resolution telescope available directly contradict the predictions of lens
theory, but are refused publication in these same journals. It would seem that if the
theory had not failed, there would be no need to censor the contradictory data.
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Cosmic Background Radiation

In April 1992, enormous publicity was given to the announcement that a
satellite observing in the microwave region of the energy spectrum had detected
irregularities in the sky. These were interpreted as “fingerprints of primordial
galaxy formation” and said to have (once again) proved the correctness of the Big
Bang theory.

The claim of “proof” of Big Bang was later severely criticized by rival estab-
lishment astronomers. Nevertheless, there was never any discussion of how the
evidence actually is very difficult to reconcile with a Big Bang model. The point is
that in a universe expanding faster at each further distance observed, the 2.7° K
black body energy curve would be smeared out unrecognizably by Doppler reces-
sion velocities. Therefore, one must only observe a single, thin shell. In the Big Bang
model, it is assumed this is the shell at which radiation decoupled from matter in
the beginning. But the irregularities which were forming galaxies should be seen!
The really astonishing fact of the background observations is that they are smooth
to about one part in a hundred thousand—not that they are irregular (on too large
an angular scale) to about one part in a million.

In the nonexpanding universe, however, the intergalactic medium can be
observed from here to the edge of the visible universe with no velocity smearing.
The integration through this maximum distance is most capable of smoothing out
all fluctuations in background radiation received from all depths in the universe. In
the nonexpanding universe an obvious, and much simpler, explanation of the ob-
servation is that we are simply seeing the temperature of the underlying extragalac-
tic medium.

It is customarily stated that the Big Bang predicted the correct temperature of
the cosmic background. But, as A. Assis discusses in this volume, G. Gamow (1961)
predicted T = 50° K. It was static, tired-light models which predicted values around
2.8° K. As early as 1926, A. S. Eddington calculated the temperature of interstellar
space as ~3° K. Many investigators have since pointed out that if one takes the
ambient starlight and thermalizes it to lower energy photons, one gets closely the
observed microwave background temperature. F. Hoyle and C. Wickramasinghe
have suggested that iron whiskers blown out of supernova explosions could effect
this thermalization (see Arp et al. 1990). Narlikar and Arp (unpublished) have
considered whether m=0 electrons, which are extremely efficient thermalizers,
could be the agents responsible. Creation events, in the variable mass theory, could
supply abundant low mass particles, either from active galaxies or in smaller events
spread throughout the intergalactic medium. Recently, Burbidge, Hoyle and Narl-
ikar (in press) have summarized the evidence from recent gamma ray observations
which can be interpreted as direct detection of creation events.

Mass Creation and Quantum Mechanics

One of the great searches in modern physics has been to connect the realm of
the submicroscopic quantum mechanics to the macroscopic world of classical me-
chanics. There are, however, some classical formulae which work in the quantum
domain if m* <0 (see for egs. I. Khalatnikov 1992). It is very provocative, therefore,
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when we obtain a general solution for the classical equations of general relativity,
equation (5) here, which gives m —0 when {— 0. In other words our creation
events go exactly through the juncture between quantum and classical mechanics. It
is, therefore, possible to conceive of new-born matter having been previously in a
state where its constituent wave packets were unbounded and spread throughout
the universe. The materialization of this matter at a certain point in space at ¢t =0
would then represent not matter from “outside” the universe but merely the rear-
ranging of mass/energy within the universe. In this case conservation laws could
hold in general, while at the same time opening vastly greater possibilities for
morphological change within the universe.

Are there any observations which can give clues in the macroscopic domain
to the nature of their connection to the quantum domain? There is one kind of
observation which apparently does just that. That observation is the quantization
of redshifts. As Figure 6 showed earlier, the whole of the measured redshift
phenomenon is split into periodicities: large periodicities for the large redshifts
and small periodicities for the small redshifts. It has been commented that the

COSMIC BACKGROUND RADIATION
FROM STATIC INTERGALACTIC SPACE

/////// %

Figure 13. Schematic model of our nonexpanding universe is shown. The region inside an indef-
initely large universe with which we communicate is the speed of light times the age of our gal-
axy, r =c7,. Background radiation can be smooth and pervasive or very slightly non-homoge-
neous in direction of Local Supercluster.
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presence of any appreciable peculiar velocities of these extragalactic objects is
ruled out by this quantization. If the age is responsible for the spectral shift,
however, the age of the extragalactic objects could be quantized. Since the material
comes through the quantum domain of m =0, periodicities of At could well be
impressed at that stage which would remain imprinted, albeit growing relatively
smaller as the material gained age and mass.

This cannot be the whole story, of course, because as more distant objects of
our own age are considered, the look back time determines their apparent redshift.
This should be continuous, but instead is implied to be some sort of cellular
structure. Possibly coherence and interference effects will have to be considered.

However, whereas the pervasive quantization observed in redshifts seems
possibly compatible with age and quantum effects, the current interpretation of
redshifts as velocities offers no hope of either glimpsing the correct model of the
universe, or gaining physical understanding of the physical laws which relate the
macroscopic and microscopic scales. The discouraging situation is, of course, that
so long as the validity of the observations is denied on the grounds they do not fit
the current theory—just that long will it be impossible to correct the theory.

The Best Current Model of the Universe

Finally, considering all the observations, the model of the universe which can
fit is shown in Figure 13. It is a universe which is not expanding and in which we,
from our Milky Way Galaxy, see out to a radius of the speed of light times the age
since our creation. Of course, galaxies could have existed before that, and if they
were enormously brighter than galaxies we have any knowledge of, we could see
out even further than this 7 = ¢t = 15 billion light years. Therefore, we must always
be open to the possibility of surprises as time passes and as signals from new
events just penetrate to us or as our horizon expands to embrace older events.

The Local Supercluster is the largest aggregate of material about which we
have certain knowledge. We are near the edge, at about 15-20 Mpc from the center.
When we get through remapping all the young, high redshift objects like quasars
and active galaxies to their correct distances rather than their redshift = velocity
distances, then the Local Group and Local Supercluster will become much more
populated relative to the more distant regions than is presently believed. In fact, it
may be relatively quite empty beyond the confines of the Local Supercluster. In
that case, a cap may be set upon the exchange of gravitons with distant matter and,
with it an upper limit upon the blue spectral shift of the oldest galaxies which we
can see.

The cosmic background radiation could also be fairly concentrated in the
vicinity of the Local Supercluster, because there is no velocity restriction on the
Black Body peak wavelength. Asymmetries and irregularities could be indicative
of local features, whereas the utterly smooth part could represent integrations
through more distant regions.

In summary, a true scientific process of mferrmg a theory which fits all the
observations, instead of the usual inverse procedure yields a consistent, physically
plausible picture which opens the possibility of understanding much more about
the universe in which we live. We have not dared to invent “new physics”; only
carefully, empirically, earned our way to more correct physics.
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Redshift Periodicity in the Local Supercluster

W.M. Napier and B.N.G. Guthrie

Royal Observatory, Blackford Hill
Edinburgh EH9 3H]J, Scotland, U.K.

Persistent claims have been made over the last ~15 years that extragalactic red-
shifts, when corrected for the Sun s motion around the Galactic centre, occur in
multiples of ~24 ~36 or ~72 km s™. A recent investigation by us of spiral galaxies out
to 1,000 km s™ gave evidence of a periodicity ~37.2 km s?. Here we extend our
enquiry out to the edge of the Local Supercluster (~2600 km s?). We confirm that,
when corrected for the Sun’s galactocentrlc motion, the redshifts are strongly period-
ic (P~37.5 kms™). The periodicity is coherent over the entire Supercluster. The
formal confidence level of the result is very high, and the phenomenon apparently
cannot be ascribed to observational artefact or group membership. Various types of
‘oscillating physics’ are considered, such as variations in the fundamental constants,
or the coupling of light to a universal, coherently oscillating scalar field. These run up
against geological constraints or other difficulties. The possibility that massive galax-
ies comprise a conformally expanding lattice is discussed.

1. Introduction

The term ‘quantized redshifts’ encompasses a set of claims which are surely
amongst the most bizarre to have been made in modern astrophysics. The first
claims under this category were made by Tifft, who in 1976 stated that the redshifts
of galaxies in the Coma cluster were preferentially offset from each other in multi-
ples of 72.46 km s™. These redshifts were determined optically, and were of rela-
tively low accuracy. However, within a few years, more accurate extragalactic
redshift determinations were becoming available from 21 cm determinations: the
HI line profile of a spiral galaxy may be several hundred km s™ wide, but if it is
fairly symmetric, the systemlc redshift of the galaxy may be consistently deter-
mined to within a few km s. Making use of these more accurate redshift data, it
was claimed that binary galax1es were similarly offset (Tifft 1980), and that this
redshift periodicity (~72 km s 1) occurred also within groups and associations of
galaxies (Arp and Sulentic 1985).

In 1984, Tifft and Cocke (1984: TC hereinafter) claimed that the redshifts of
galaxies occurring anywhere on the sky are periodic when a suitable correction for
the solar motion is made. That is, there exists a global periodicity, and not one
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confined to the differential redshifts of adjacent galaxies. This global periodicity,
however, was not 72.46 km s but one half (36.3 km s) if the galaxies were broad-
lined, and one third (24.2 km s?) if they were narrow-lined. These periodicities
emerged when the same solar motion was subtracted from each of the redshift sets.

The phenomenon, if real, is unrelated to known physics and inexplicable in
terms of current cosmological paradigms. Further, the entities for which the perio-
dicities are claimed are not exotic objects which might conceivably be the sites of
unfamiliar physics, but ordinary galaxies. It is perhaps not surprising that few
astronomers have taken these claims seriously. On the other hand, there is abun-
dant historical precedent for the discovery of phenomena which were regarded as
bizarre and inexplicable at the time. Implicit in our examination of the question,
then, is a rejection of the philosophy that physics and cosmology are at the stage
where unexpected new phenomena can be confidently excluded; we have adopted
instead the view that the existence or otherwise of redshift ‘quantization’ is a matter
for empirical enquiry. In recent years there has been a large increase in the numbers
of redshift determinations using 21 cm line profiles; because of this greatly en-
hanced dataset, it should now be possible to settle the question through rigorous
statistical analysis.

A previous analysis by us (Guthrie and Napier 1991) of field galaxies seemed
to support the claims of redshift periodicity amongst spiral galaxies out to 1000
km s™. In that study, we found no periodicity when the redshifts were corrected for
a solar vector with respect to the Local Group or the microwave background, or
when it was allowed to vary with distance as described by de Vaucouleurs and
Peters (1984). Although the mean solar apex may vary by ~30° over the distance
range investigated (~15 Mpc), the periodicity emerged only when a local solar
vector (i.e. one close to the Sun’s motion around the Galactic centre) was subtracted
from the heliocentric redshifts. It appears that the redshifts have to be corrected for
a unique, local solar vector irrespective of the dimensions of the region being
explored. This result, while unexpected, implies that a periodicity of ~24 or ~36
kms™ in galactocentric redshifts might exist and be detectable to much greater
distances, and so prompted us to investigate the question out to a much larger
volume of space, namely the whole of the Local Supercluster (LSC). Galaxies be-
longing to the LSC have corrected redshifts ranging up to ~2600 km s™ (Flin and
Godlowski 1989). The outcome of this enquiry is described in the present paper: our
earlier conclusions are confirmed and strengthened.

2. The Methodology

In testing a statistical hypothesis, the following recipe is generally followed:

(i) The hypothesis is set up, derived from a theory, an early set of data or what-
ever.

(ii) From this initial hypothesis, a specific prediction is made concerning the be-
haviour of new, independent data. The prediction should ideally contain no
unspecified parameters, but if it does, the freedoms they introduce must be
accounted for in the reckoning, for example by estimating the effective number
of independent trials that they represent.

(iif) The prediction having been made, it is then tested on a new dataset. This new



Redshift Periodicity 31

set must be (a) independent of the initial one from which the hypothesis was
formulated, and (b) unbiased. The latter condition requires, inter alia, that any
culling of the data from a larger set should be done once and for all, prior to the
analysis, in a way which will not alter the outcome of the testing. In evaluating
the outcome of a test, other questions may reasonably be asked of the investiga-
tors, such as: did they play around with other datasets, other selections and
values of parameters? Was there a ‘termination bias’, the tendency to stop when
a ‘success’ has been attained?

(iv) It will often be found that, as new or better data accumulate, some modification
of the original hypothesis gives a better fit: probably all statistical hypotheses
are destined to fail in their original form (they are only models). Such modifica-
tions may carry with them the suspicion that the investigator is ‘shifting the
goalposts’; but equally, one expects the original perception of a phenomenon to
be sharpened up as the data available expand or improve in quality. The test of
whether a given ‘improvement’ of the original result is genuine is to apply the
improved hypothesis to a new, independent dataset. Thus, exploratory and
confirmatory phases intermingle until a precisely formulated hypothesis is reached
or one runs out of data.

(v) Multiple hypothesis testing is important: periodicity might fit a redshift dataset
better than the null (random) distribution; but clustering might fit better still.

3. The Technique

The technique most commonly applied in testing for periodicity is power
spectrum analysis, in which a given set {V;} of N numbers is circularly transformed
with respect to a trial period P, and a statistic I =2R?/N is calculated. Here R
represents the magnitude of the vector sum of the unit vectors

{2V, 2nV;
€; =€, SIn| N +e, Cos 5 1)

Essentially a string, along which the signals {V;} are marked, is wrapped around a
drum of circumference 27P, and the corresponding unit vectors in the plane are
added. Thus in Figure 1, R=0OP is the distance moved from the origin by the
legendary drunk man performing a random walk of N unit steps.

Figure 1. The connection between PSA and the drunkard’s walk. Linear data are converted to
circular by wrapping them around a drum of circumference 27P.
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In such a random walk Re+/N, and the statistic I represents a normalized
distance whose behaviour is understood from the theory of the random walk in two
dimensions. A power spectrum or periodogram is a plot of I(v), where v=1/P. A
periodicity in the data may be observed as a peak at the relevant frequency; the
higher the peak, the straighter the walk and hence the greater the probability of a
real periodicity in the data. For large N, for random, uniform and independent data,
and neglecting edge effects (non-integral wraps around the drum), the probability p
of obtaining a value I 21, by chance in a single trial is

p=%e><p( ;‘“) @
and the mean value ] =2.
3.1 Against PSA

Although power spectrum analysis in some form goes back to the 19th centu-
ry, it was first rigorously discussed by Bartlett (1955), who found substantial prob-
lems with the method and quickly abandoned it. The apparent limitations of PSA
have recently been discussed by Newman ef al. (1992).

First, the statistic I is a biased estimator. A departure from non-uniformity in
the redshift distribution will in general yield I #2 and also a departure from the
exponential distribution (2). Only in the limit of high frequencies are these formulae
applicable. Bias is also created if, as is always the case, the dataset N is finite.

Second, I is inconsistent, a fact which manifests itself in the ‘grassy’ or noisy
appearance of a periodogram, the relative variance o(I)/I remaining of order unity
even as N — eo. Should a large number of trials be involved, even random data may
yield surprisingly high values for I: for n; independent trials, the expectation value
of Iy i8 E(Ipax) ~12+2Inn;. The inconsistency can be greatly reduced by the use
of smoothing techniques (there is a large literature on ‘window carpentry’), but at
the cost of increasing the bias and introducing further degrees of freedom.

Finally, even when bias is not a problem (say for high frequencies), Newman
et al. (1992) find on empirical grounds that, as N increases, convergence towards the
form (2) is slow for high I. But of course, it is precisely the high peaks which are of
interest in testing for periodicity. Newman et al. conclude that PSA is ‘limited and
possibly dangerous in that quantitative assessments in the sense of hypothesis
testing are not meaningful’,

3.2 In Defence of PSA

In spite of these disadvantages, some of which are more widely known than
others, PSA remains the most widely used period-hunting tool in the physical
sciences (for discussions of the technique in an astrophysical context, see Scargle
1982, Horne and Ballunas 1986, Stothers 1991). Its usefulness lies in the increase of
signal strength with N, and in its simple limiting statistical behaviour as described
by (2). It is also a sensitive technique, signals too weak to be seen by eye often being
detectable by it.

The bias due to the finiteness of N is, for a truncated series of data, of order
InN/N and so tends to zero as N — . It is not important, in probability terms, for
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the present problem. In the datasets analyzed so far (Guthrie and Napier 1990,
1991), the redshift distributions were fairly uniform, and the distribution of peaks
in the power spectra, other than those under test, showed no significant departures
from the expected I =2 and exponential decline. In any case, the periodicities under
test are of high frequency in relation to those of trends and range of the dataset and
so0 bias due to these factors is not expected.

The convergence of I towards the exponential formula has been examined by
Buccheri and de Jager (1989) through numerical experiments. For samples of ran-
dom data with N ~100, of the order discussed in this problem, the cumulative
probability distribution of I closely follows the form (2) down to probabilities
p~107°, corresponding to I ~28.

Finally, the inconsistency of the statistic I (the variance equals the mean) does
not prevent the estimation of the significance of a high peak if 7, can be assessed or
comparison is made with suitable synthetic data (Guthrie and Napier 1991b).

In the present paper, the significance of the power I(v) in the actual redshifts
is assessed by a ranking procedure, simply comparing I(real) with I(synthetic) de-
rived from artificially generated redshifts constructed so as to closely simulate the
actual redshifts (including any non-uniformities in distribution). This procedure is
robust, and questions of bias, consistency and convergence are simply bypassed:
indeed almost any measure of periodicity would do! Analyses of the same data
using absolute rather than ranked values of I, and using a linear rather than circular
analytic technique (Stothers 1991), have yielded essentially the same results (Guthrie
and Napier, unpublished).

4. The Database

4.1 The Galaxy Sample

In our previous study, mentioned above, we used the database for 6439 galax-
ies compiled by Bottinelli et al. (1990). Galaxies with the most accurately deter-
mined HI redshifts (i.e. those with database errors o, <4 km s?) were taken from
the list. From these were eliminated possible members of the Virgo cluster, non-
spirals and galaxies previously used by TC in their study. Of the remaining spirals,
89 had redshifts < 1000 km s™ after correction for the Sun’s motion around the
Galactic centre (taken as V,, =252 kms?, I, =100°, b, =0°, although the precise
solar vector is not critical here). These constituted an independent dataset of the
nearby field spirals, culled once and for all in an objective, reproducible manner
from the catalogue. The data were then divided into 40 ‘more accurate’ (6 <3
km s™) and 49 “less accurate’ galaxies (the remainder) and analyzed, separately and
together.

For the present analysis, the culling was carried out in similar fashion, with
the exception that the corrected redshift limit was extended from 1000 km s™ to
2600 km s™, the recognized limit of the LSC. Thus, the expanded database incorpo-
rates our earlier one and so conclusions drawn from it are not to be read independ-
ently of our earlier ones. The present study may rather be regarded as a simpler
statistical treatment of an extended redshift sample. With the extension to 2600
km s, and after eliminating Virgo members and galaxies previously used by TC
(34 of them), the dataset expands to 247 galaxies, of which 97 are ‘more accurate’
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(0<3 kms? and redshift calibrators adopted by Baiesi-Pillastrini and Palumbo
1986); this compares with 89 galaxy redshifts in our earlier sample, of which 40
were ‘more accurate’ (6 <3 km s?). Two large clusters (UMa and Fornax with 61
and 49 members respectively) are now encompassed; whether these should for
consistency have been excluded from the sample as were the probable Virgo spirals
is perhaps arguable. However because of the large computational effort involved in
the study (~10® PSAs!) we generally operated only on the 97 very accurately meas-
ured redshifts, exploiting the full sample only when its behaviour as a function of
accuracy was under consideration.

4.2 The Solar Vector

The circular velocity of the solar neighbourhood has been determined from HI
data (Gunn et al. 1979), yielding © = 220 + 10 km s, and from an examination of
the solar motion relative to the nearest members of the Local Group (Einasto 1979,
Haud et al. 1985), yielding 221+5 km s and 218+5 km s™. Taking account only of
the solar peculiar motion relative to the local standard of rest (Delhaye 1965), a
resultant galactocentric solar vector V,, = 232 kms?, I, = 88°, b, = 2° is found.
However, the presence and orientation of a strong bar in the central regions of the
Galaxy (Blitz and Spergel 1991) are consistent with a local expansion velocity in the
range 20-40 km s (Combes and Gerin 1985 and Napier, unpublished), while evi-
dence has been presented (Clube and Waddington 1989) that the local standard of
rest has an outward motion of ~40 km s™. Additionally, the Galactic disc may
possess a warp, introducing some uncertainty (which can only be guessed at) in the
local perpendicular velocity relative to the mass plane of the Galaxy. Allowing for
these factors, the galactocentric solar vector may be taken roughly as V, = 233 + 7
kms?, I, = 93 + 10°, b, = 2+10° where the uncertainties are largely in the mode-
ling. This is very close to the V,, for which TC claim the periodicities emerge (233.6
km s, 98.6°, 0.2°), and justifies the formulation that: the periodicities emerge when the
heliocentric redshifts are corrected for the galactocentric solar motion. The alleged perio-
dicities are therefore nucleus to nucleus between galaxies. Thus, we are testing
whether extragalactic redshifts tend to occur in multiples of ~24, ~36 or ~72 km s,
when corrected for the Sun’s galactocentric motion V,,, against the null hypothesis
that there is no periodicity.

5. Is the Hypothesis Reasonable?

A hunt for a signal within the range of uncertainty of V,, is in effect an
exercise in optimization of the statistic I, equivalent to carrying out a number of
independent trials. The ‘correction’ for V,, thus introduces three additional degrees
of freedom, which might cause an otherwise insignificant signal to be artificially
boosted.

This additional freedom can readily be allowed for by ‘optimizing’ artificial
redshift data in identical fashion to the real data. However a potentially more
serious consequence of having V, as a free parameter is that TC might at the outset
have been guided to search for periodicity only in the local neighbourhood of an
astrophysically significant solar vector and around a previously suspected period
(or a simple fraction thereof). But one can imagine that, if one were to vary the solar
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vector over the entire celestial sphere and search for periodicity over a wide range,
peaks would arise in all sorts of directions and for all sorts of ‘periodicities’. In that
case the (V,,P) derived would measure nothing more than the bias of the original
investigators, and its proximity to a solar vector of consequence would have no
significance.

To investigate this possibility, the solar vector V,, was varied in direction over
the whole sky and in speed over the wide range 140 to 300 km s™ (in steps of 2° in
by, 2 or 3° in I, and 5 km s™ in V,,). For each solar vector a set of 97 corrected
redshifts was derived and a perlodogram constructed in 490 equal frequency steps
over the period range 20-200 km s™; thus in all, for two interlaced grids, about a
million periodograms were constructed, for each of which the maximum power I
was recorded.

Figure 2 reveals the outcome of the exercise, in which the (V,, I, b;) box has
been collapsed on to (I, b,) and the ten highest peaks have been plotted.

The presence of multiple peaks illustrates the importance of V, in this prob-
lem. One might have supposed that, for a real periodicity, only a single peak would
have emerged, but (for reasons to be dlscussed) this is not the case. Five of the ten
peaks correspond to periods 24+3 km s™ and seem to lie roughly on a band just
south of the galactic equator. The other five have essentially the same period (37.5+0.2
km s7), and three of them lie close to the current best estimates of the galactocentric
solar motion, within its uncertainties. Keeping in mind that the dataset is complete-
ly independent of that employed by TC, this analysis indicates that the hypothe51s
(a redshift periodicity ~36.3 km s™ after subtraction of the galactocentric V,)) is a
reasonable one to test, in the sense that the whole sky is not filled with high peaks
at all sorts of frequencies. Indeed, only the TC solution stands out.

The absolute deviations from periodicity of the corrected redshifts were eval-
uated for the ten peaks, and the inter-peak Spearman rank correlation coefficients
were obtained. The three peaks marked (206, 217, 223) were found to be strongly
correlated, as were (258, 292). There was also cross-correlation between the mem-
bers of these two sets, although at a weaker level. The five peaks at ~37.5 km s
therefore appear to be caused by a single underlying phenomenon As to why there
should exist multiple peaks as well as signals at ~24 km s in other directions of the
sky, some more or less speculative comments are made later.
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Figure 2. Ten highest peaks (out of ~10°) in a whole-sky search (140<V,, <360 kms?), over
20<P<200 kms?. =243 km s, *=37.5+2 km s. The formal error box of the solar galac-
tocentric motion is shown.
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6. The Significance of the Signal

The next step in the analysis was to assess the significance of this redshift
structure, in the sense of asking whether a random redshift distribution might yield
it. TC claimed a periodicity of 36.3 km s™ for a solar vector (V,, I, by,) = (233.6
km s, 98.6°, 0.2°) on the basis of 40 galaxies with broad HI lines. The proximity of
three out of the ten highest peaks to this solution has probability <107, smaller if
comparison is instead made with the best estimate of the Sun’s galactocentric vec-
tor; however this calculation does not yet take account of the absolute heights of the
peaks (I ~38).

First, the power structure in the neighbourhood of the region under investiga-
tion was examined: a coarse-grid exploration was carried out over the region shown
in Table 1.

Table 1. Search range for the 97 spirals. P was searched in equal frequency steps.
(Ve,,P) in km s, (I, b,,) in degrees.

parameter min  max step nos.
Vo 203 263 6
lo 78 108 15
Be A3 417 15
P 34 39 8

-8 | I l 1

0 5 10 15 20 25
nZO

Figure 3. Probability that a set of randomized redshifts, constructed and analyzed as described
in the text, would yield more than n,, spectral peaks.
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Thus a generous allowance was made for uncertainties in the galactocentric
solar vector and the predicted period, and 10,800 I-values were obtained. Of these,
12 were > 25, 25 were > 20 and 76 were > 15, i.e. n,5 =12, 1,y = 25 and n,5 = 76. These
high I values are not in general independent.

These numbers were then compared with the corresponding values obtained
by constructing synthetic datasets and analyzing them in identical fashion to the
real data. The positions of the galaxies on the celestial sphere were preserved, and
each real redshift was randomized by adding to it the difference of two random
numbers in the range (0, 50) km s (S.E. 20 km s™), large enough to smear out the
periodicities under test but small enough to preserve the overall redshift distribu-
tion. The real and synthetic datasets were, therefore, identical in all respects except
for the deletion of this fine structure, and so any significant difference between the
real and synthetic data could only be ascribed to the presence of redshift structure
coherent on a scale <50 km s™ say.

Ten thousand sets of 97 randomized redshifts were so constructed, and grid
searches were carried out on each set. No values of ny > 12, n,,> 25 or n52 76
were found (the highest values obtained were 1y = 5, ny, = 13 and ny; =52). The
cumulative distributions of n,, and n;; were used to give the single-trial probability
p of exceeding any prescribed value of n,, or n;5: in Figure 3, logp is plotted against
7,9; an extrapolation yields the 1o range for the probability of obtaining n,, > 25 in
asingle trial as 5x 1078 S p(n,9) S 2x1075; for m5 276, 2x107 < p(ny5) S 1.5x107°. Note
that comparison is being made with a part of the ‘whole-sky’ box which is of
significance in its own astrophysical right and not simply because it contains strong
peaks. We see, therefore, that when the observed LSC redshifts are referred to the
nucleus of the Galaxy, strong redshift structure, centred on ~37.5 km s, emerges.
We can make this statement at a confidence level of, say, a million to one. At this
stage of the argument, we are not describing the structure as a periodicity. Howev-
er already we see that there is a suggestion of something ‘bizarre”: why should
strong redshift structure emerge with respect to the Sun’s galactocentric motion,
which can have little relevance to the redshift behaviour of galaxies scattered throughout
the LSC?

7. Statistical Behaviour

Good statistical behaviour is expected of a real phenomenon: if the strength of
the signal failed to increase with increasing quality of the data, or with increasing
sample size, or if the derived parameters were unstable, the ‘best’ values hunting
around without convergence as the dataset increased, then one would suspect that
some gremlin lurked in the analysis.

In the present case, the signal strength appears to concentrate in the best data.
In our initial ana1y31s of galaxies out to 1000 km s, we randomly extracted 40
galaxies from the 89 in the set, and computed the signal strengths; we found that
the peak derived from the 40 ‘accurate’ galaxies was exceeded by chance only with
probability ~0.03 (the figure is ~0.002 for the 97 out of 247 LSC galaxies, but there
may be a complication, as discussed below). The signal strength also increases with
sample size: taking the ‘best’ galaxies in each case, I ~29 for the 40 nearby galaxies
and I ~ 38 for the 97 LSC galaxies. Finally, the derived parameters are remarkably
stable: as shown in Table 2, the signal holds steady at ~37.5 km s, for a solar vector
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varying by only 3 km s? in speed and ~2° in direction, as the sample is extended
from the best 40 to the best 103 redshifts (Section 8.3).

Table 2. Optimized solar vector for the most accurate available data, as a function
of increasing sample size. Note (a) the stability of the peak, and (b) the progres-

sive increase of signal strength. N = 40 refers to the original sample; N = 97 to the

set described herein; and N = 103 to the ‘best’ dataset, constructed as described in

the text.

N L. P Ve I bo
40 29 375 215 94  -12
97 38 375 217 95  -12

103 52 375 218 96  -12

8. Gremlins
8.1 False Peaks

The various analyses carried out by Tifft and colleagues have involved small
samples, often (in the earlier papers) of relatively low accuracy, while the solar
vector was varied over a very limited range. However our analysis reveals that in
finding and assessing any periodicity, V,, cannot be treated as a ‘fudge factor’. It is
in fact an optimizing parameter which, uncontrolled, could mislead the investigator
into deducing the existence of spurious periodicities.

A number of trials were carried out in which synthetic periodic data (say 100)
were split into small groups (say 10) of adjacent redshifts, a random redshift was
added to each group, and PSA was then carried out on the whole jumbled dataset.
Quite frequently, the dominant peak was found at some simple fraction (};, }4 or %
say) of the basic periodicity, depending on how the random runes were cast.

This result leads us to conjecture that the ~24 km s™ peaks which turned up
far from the galactocentric vector in our whole-sky study (Figure 2) may result from
an analogous effect: essentially a solar motion correction far from the true one may
stretch and distort the real redshift periodicity, resulting in a ‘best fit’ on to some
fractional one. We also consider that the similar periodicity which TC claimed to
have found for the narrow-line galaxies, which we cannot find, may be an artefact
due to the smallness of their sample and their binning technique, which can settle
on a fraction of any basic period. However, we emphasize that, at the time of
writing, these comments are conjectural.

8.2 Radio Telescopes

Several investigations have been undertaken on internal errors within tele-
scopes, and consistency of measurement between them (Rood 1982, Tifft and Cocke
1988, Tlfft 1990, Tifft and Huchtmeier 1990). For the best data a consistency of <3
km s is routinely obtained in the determination of systemic velocities, both with
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different profile reduction techniques and between telescopes. Each galaxy in the
list of 97 has several line profile determinations, obtained from different telescopes,
and a separate assessment of ¢ from each individual group of radio astronomers. It
seems unlikely that an artefact, communal to all radio telescopes and capable of
generating a false periodicity after subtraction of the solar galactocentric motion,
could have gone unnoticed for ~30 years.

8.3 Foreground Contamination

Examination of the deviations of the redshifts of individual galaxies from the
periodicity showed no obvious relation to sky position or morphological type.
However, a few of the HI line profiles revealed evidence of asymmetry, as might
arise from foreground contamination by our own Galaxy. An exploratory list of 115
redshifts was therefore compiled, comprising the 97 above enhanced by the 18 most
accurate redshifts used by TC and an y galaxy whose profile (at the 20 percent
level) was within 100 km s? of 0 km s™ was rejected. This reduced the list to 103.
The signal for this uncontammated sample was very strong: I .., =52 (see Figure 4)
for P = 37.45 km s? and a solar vector (218.6 km s, 95.8°, -11.5°). A histogram of
the corrected redshift differences taken in pairs is shown in Figure 5 for these 103
redshifts. The periodicity—for Figure 5 clearly reveals it to be such—is coherent
over the entire LSC (~63 cycles). Note that this is not a ‘statistical result”: when the
most accurately observed redshifts of the LSC are corrected for the prescribed solar
vector, the resultant {cz;} distribution is observed to be highly periodic, independ-
ently of any statistical analysis.

200 375 p(km/s) 2
!

Vo= 218.3km s
I l@z 95.8.

bg= -11.5°
wl _
20 -
0
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Figure 4. Power spectrum of the 103 most accurate, uncontaminated redshifts corrected for the
optimum solar vector (218.6 km s?,95.8°, ~11.5°).
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9. Group Membership

These results show that there is consistency with the hypothesis of a strong
redshift periodicity between the nuclei of spiral galaxies in the LSC. The hypothesis
that the redshift distribution is random gives an extremely poor fit by comparison
and cannot be sustained. However we do not know, for example, that the solar
vector has the precise parameters yielding the strong peak in Figure 4. It therefore
remains to be seen whether some phenomenon other than periodicity might, with
the search procedure used, be made to mimic a periodicity: after all, the procedure
involves varying parametérs to make the data appear as strongly periodic as possi-
ble!

Many of the ‘field’ galaxies in the sample in fact belong to loose groups and
associations (catalogued by Fouqué et al. 1992) containing a few bright galames
Since the Monte Carlo simulations smear out redshift correlations < 20 km s™ in the
real data, it is conceivable that the difference between the real and the synthetic data
is due, not to a periodicity, but rather to clustering, assuming the latter has redshift
coherence on this scale.

9.1 Redshift Accuracy and Group Membership

As a prelude to this question, we examined the behaviour of the signal as a
function of redshift accuracy and group membership. A sample of 261 spirals was
taken, comprising those galaxies in the Bottinelli et al. (1990) catalogue with cz <2600
km s! relative to the Galactic centre, with o,<4 km s, and excluding members of
the three large groups (Virgo, UMa and Fornax clusters). This sample includes a
few galaxies previously used by TC but this may be methodologically justified as
this part of our investigation is exploratory.

Power spectra were constructed over the ranges of period and solar vector
shown in Table 3.

Table 3. Search range for the 261 spirals. P was searched in 24 equal frequency
steps.

parameter min  max stepsize
Vi 200 260 2 kms "
lo 60 120 1°
b, -30  +30 1°
P 37 39

Two high peaks were found for this sample, namely:

I =38 for P =37.8 km s ' when (V,,, L, by) = (209.0, 94.5, -7.3); and
1=33 for P=37.1 km s when (V,,, L,, b) = (219.9, 99.3, -4.1).

(These peaks are somewhat displaced from those previously derived, as ex-
pected since the overall accuracy of the sample is reduced.) The absolute deviations
|e;| of the corrected redshifts from these two solutions are significantly correlated
(Spearman’s rank correlation coefficient 7, ~ 0.33). Thus the peaks are related, and
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Figure 6. Histograms of differential redshifts dV for the 53 galaxies linked by group member-
ship: (a) heliocentric redshifts, (b) redshifts corrected for V, =(216 km s?,93°, -13°). Bin-width
is 10 km s™. Vertical arrows mark a periodicity of 37.6 km s and zero phase.

Similar statistical exercises on the 261 galaxies revealed that there was a strong
tendency for ‘linked’ galaxies (two or more measured in a group) to have more
accurate redshifts than isolated galaxies or single representatives of groups (p ~ 0.001),
and a further tendency (p ~ 0.012) for such linked, accurately measured galaxies to
possess a stronger signal (grid searches yielding I, ~ 37 for the 111 ‘linked’ galax-
ies and ~22 for the “unlinked’ ones).

To determine whether the ]'e‘,-]are directly correlated with accuracy (rather than
group membership), we examined the sets of 138 group and 123 non-group galaxies
separately, before combining the probabilities. (The probabilities are derived using
the one-sided Mann-Whitney test and are combined using the Fisher formula.) The
upshot is that the signal does indeed seem to be stronger in the more accurately
measured data (p ~ 0.043), consistent with a real signal, however caused.

These analyses confirm the tendency for the signal strength to reside in the
best data; but they also reveal a complication, in that the best data tend to belong to
small groups and associations. This illustrates the increasing difficulty of periodic-
ity-testing as the search range extends beyond ~1000 km s™ where only a small

30 + 3'7.()
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Figure 7. Power spectrum of differential redshifts in Figure 6b.
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proportion of galaxies have accurately measured redshifts, and the factors involved
in selecting galaxies for accurate measurement are largely unknown.

9.2 Local Redshift Periodicity

The 53 linked galaxies in the accurate sample of 97 comprise 9 doubles, 6
triplets, 3 quadruplets and 1 quintuplet. Subtracting each heliocentric redshift from
every other, within each group, yields 55 local differential redshifts (of which 34 are
independent). The sample is smaller and less accurate (the errors now being +/2
times the previous ones), and the number of cycles within each group is small. Thus
any periodicity will appear with less accuracy and reduced significance.

The uncorrected differential redshifts are plotted in Figure 6a. Although not
readily evident to the eye, PSA of this sample yields a weak periodicity at ~ 38
km s™. Under the hypothesis that the corrected redshifts are periodic, it is not
surprising that the raw redshifts should reveal one also, since the differential cor-
rection for the galactocentric solar vector, across a group of angularly close galaxies,
is relatively small.

However, even this relatively small correction must be allowed for in the
assessment of periodicity within a group. In Figure 6b are plotted the differential
redshifts after subtraction of V,, = (216 km s?, 93°, -13°). Since the solar correction
is now second order, the precise choice within the accepted galactocentric range is
not critical. A periodicity can now clearly be seen, and the corresponding power
spectrum (Figure 7) peaks at 37.6 km s™, with I, ~ 25.4. The significance of this
peak value can be gauged by comparison with the I, distribution obtained from
synthetic data, equal to the real data except for the addition of random redshifts in
the range +50 km s™ (S.E. 20 km s™). In these trials, signals anywhere in the range
20-200 km s™ were recorded. The result of 1000 such trials is plotted in Figure 8.
One peak of similar magnitude occurred, but at P=20.5 kms” and ¢ ~ 66°, far
from the ranges (24, 36 or 72 km s) and zero phase being tested. Allowing for these
latter factors, the periodicity seen in Figure 6b is found to have a chance probability
p~107, to within a factor of a few.

Figure 6 reveals a difficulty with any hypothesis in which local redshift perio-
dicity is ascribed to observational selection effects: any such factors would operate
on the observed redshifts, whereas the periodicity emerges strongly only with
respect to the corrected ones.

9.3 Local to Global

These results seem to indicate that there is indeed a periodicity within groups
and associations of galaxies. It remains to be seen whether the fundamental process
is this local periodicity, or whether galaxies in clusters are more or less test particles
detecting a global one; the question reduces to whether these local periodicities are
coherent in phase, from one cluster to the next. A grid search applied to the helio-
centric (not differential) redshifts of the 53 group-linked galaxies reveals the pres-
ence of a sharp peak (I, ~41) at a periodicity ~37.8 kms? and phase 27.5°, a
remarkably strong signal for the size of the sample (Figure 9).

Its significance was assessed by shifting the groups randomly (within +100
km s™) while preserving their internal relative heliocentric redshifts. This is equiv-
alent to shifting the groups by 1-2 Mpc radially with respect to the Sun, destroying
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[max 30
Figure 8. Distribution of I, from PSAs of synthetic data simulating dV (real).

any global periodicity but preserving the internal ones. For each LSC so construct-
ed, a grid search was carried out over a 20x20° area, from 200 to 260 km s™ in V,,
for periodicities between 34 and 39 km s™. The maximum peak found after 100 such
trials was ~29.5 (Figure 10).

The significance of the I ~41 peak is hard to assess precisely from such a
limited number of trials, but an exponential fit (theoretically expected) on to the
high tail ylelds a probability p ~10™ that the real groups, by chance, would be so
placed as to give the illusion of a strong global phenomenon. Thus, the evidence of
these simulations is that (a) clustering cannot generate the observed signal; and (b)
the periodicity is global in nature.

10. Summary

We have demonstrated the following:

(i) The data are con31stent with the existence of a strong, coherent redshift perio-
dicity of ~37.5 km s extending over at least the Local Supercluster.

(ii) At a high confidence level, the observed peaks in the power spectra cannot be
reproduced by a random redshift distribution.

(iii) Likewise, membership of groups and associations does not yield the observed
signal.

(iv) The phenomenon is global, extending over at least the dimensions of the Local
Supercluster.

The presence of an obscure observational artefact can never be absolutely
excluded, but there is no independent evidence for its existence. The periodicity
emerges only after correction for the galactocentric motion, and the phase coher-
ence over the sky cannot readily be produced by, say, proximity effects. Thus,
neither random nor clustered extragalactic redshifts, nor observational artefacts,
seem capable of yielding the strong peaks observed, and we conclude that the
periodicity is, in all likelihood, real.
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Figure 9. Power spectrum of the 53 linked galaxies, with V correction.

11. Possible Physics

Until the phenomenon has been fully explored observationally, any discus-
sion of the physics is likely to be premature. We may nevertheless consider a few
hypotheses, with all due caution. In principle, redshift periodicity might arise from
regularity in the structure of the LSC, or from oscillating physics, acting either on
the atoms in the galaxies or on the photons along their flight paths.

If the redshifts were simply taken at face value, (i.e. as velocities) then we
would have to suppose that the galaxies are arranged in a regular structure, have
little or no peculiar motions, and that the whole rigid framework partakes confor-
mally in the universal expansion. This simple notion has the advantage that it
predicts the correct quantization interval Q to within a factor of two or three: it is
given by Q=H,d, where H, represents the local Hubble constant and d is the
projected scale length of the lattice. For H, =75 km s™ Mpc™ and d = 0.5 Mpc (if the
mean distance between quantized galaxies in a group represents the lattice scale
length), then Q=37.5 kms™. A cubic lattice of side 37.5 km s™ has r.m.s. disper-
sion, corner to corner, of ~10 km s”. Numerical trials are under way to determine
whether the observations can, in fact, be reproduced by a lattice structure.

Assuming that a lattice exists and is not due to a multiply connected Universe
(Fang 1990), how could it be maintained dynamically? A network of cosmic strings
(Luo and Schramm 1992) is unlikely to have the required regularity. A gravitational
pulse A ~1 Mpc may be associated with the anisotropic collapse or explosion of a
mass M ~c*1/2G ~10” M,,, but would be too transient to generate periodic struc-
ture. If the nuclei of massive galaxies were formed, dissipatively, at the nodes of a
system of standing waves, then the phenomenon might in principle be explained.
The need for coherence of the periodicity over the LSC (at least) might imply
inflation, and hence that such regularities existed within a microscopic horizon and
were maintained during the inflationary expansion (cf. Buitrago 1988).

The hypothesis is outlandish, but only because the phenomenon is equally so.
However, it is not clear that the hypothesis of lattice structure, whether imposed by
‘quantum imprint’ or otherwise, could account for the observed streaming motions;
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and because of random projection, it cannot account for the ~72 km s? periodicity
supposed to occur in binaries (Tifft loc. cit.).

Periodic oscillations in the fine structure constant & and the mass of the
electron m, (quantum electrodynamics connects the two) could in principle lead to
redshift periodicity. However such variations are strongly constrained by geology:
the Oklo natural reactor in west equatorial Afrlca, which went ‘critical’ ~2 Gyr ago,
has been used to put a variation of s10™ yr™ on the proportional change in a, with
a variation of similar order on m, (Hill et al. 1990; Shlyakhter 1976). The periodicity,
on the other hand, would require variations ~ 10"1 yrl.

Such oscillating physics models share the common difficulty that peculiar
systemic motions would probably wash out any periodicity imposed through tem-
poral variations in the atomic constants (or in the metric, or in Hubble’s constant:
Morikawa 1990). While the virial masses derived for galaxy groups may have little
meaning, due to the superposition of redshift periodicity, the expected Veloc1ty
dispersions based solely on the luminosity masses of galax1es are 220 km s” for a
typical group, well in excess of the dispersion ~8 km s™ observed for the ‘best’
solar vector. However at the time of writing we have still to test the possibility that
6 ~20 km s? (say), with a non-optimum vector, and is artificially reduced by the
optimizing process.

Inflation, whether of the garden variety or of that originally envisaged by
Hoyle and Narlikar (1966) in their C-field theory, might enter the story through the
presence of a weak scalar field ¢, oscillating in a harmonic potential due to its own
mass m*¢* and interacting weakly with some other field or particle involved with
light propagatlon (Hill et al. 1990, Crittenden and Steinhardt 1992) such fields are
expected in some inflation-based cosmologies (Lmde 1990). A rapidly osc111atmg
vacuum energy and a finite photon rest mass (s10™ g) may be implicit in such a
photon/soft boson interaction. Finite photon mass can be made compatible with
both Lorentz invariance and QED (Vigier 1990). The absence of peculiar motions is
still problematic in such a scheme,

These highly speculative comments neglect the other redshift anomaly claims
made by Arp and colleagues over the years. However, given the existence of one
type of redshift anomaly, it becomes unsafe to ignore the others, and the true
explanation may turn out to bear no relation to any of the above.
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Figure 10. I, distribution from 100 box searches on data simulating the 53 linked redshifts.
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12. Conclusion

The falling of stones from the sky is physically impossible.
Paris Academy of Sciences (Memorandum, 1772).

Redshift anomalies have a long and contentious history in astrophysics. Our
analysis of new data was intended to confirm or refute the existence of perhaps the
most bizarre of such claims, namely redshift quantization. In the event, the phe-
nomenon has been confirmed at a high confidence level.

An ‘anomaly’ in science, as defined by Lightman and Gingerich (1991), is an
observed fact that is difficult to explain in terms of existing paradigms. Their histor-
ical analysis of past anomalies indicates that these are generally ignored until given
compelling explanations within a new conceptual framework. Whether any of the
currently fashionable concepts and models of cosmology can absorb this mysteri-
ous phenomenon remains to be seen. If not, the periodicity may indeed have to
await the development of new perceptions before it can be assimilated into the
mainstream of scientific thought.
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Compact Groups of Galaxies

Jack W. Sulentic
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University of Alabama, Tuscaloosa 35487 USA

We discuss the history and current status of the paradoxes associated with com-
pact groups of galaxies. Dynamical theory requires that compact groups merge rap-
idly. Currently observed groups must, therefore, continually collapse out of the loos-
er group environment. The observations do not support these model predictions nor
do the models explain how the groups resist the onset of merger while in the process
of formation. The observations are more consistent with the notion that the compact
groups are long-lived or even primordial. At the same time, conventional theory
completely ignores the large number of compact groups with at least one discordant
redshift member. There are approximately nine times more such configurations than
are expected by chance (37 vs. 4). Recognition of this fact may represent the greatest
challenge to conventional ideas about this remarkable form of clustering.

Compact Groups and Clustering

Compact groups of galaxies (hereafter CGs) are a constant source of challeng-
es to our ideas about galaxy evolution as well as the nature of the redshift. It can be
said that the redshift controversy originated in the late 1950’s with observations of
the famous group called “Stephan’s Quintet.” Often apparent anomalies or per-
ceived problems with a scientific paradigm do not stand the test of time. These false
clues become weaker as more data is accumulated or some new theoretical idea
shows them to not be the problem first imagined. Yet CGs have stood the test of
time and remain a paradox. As additional data have accumulated, the problems
posed by CGs have grown. This review the history of observations and ideas about
compact groups will show that they pose some of the toughest questions for con-
ventional ideas about galaxies. This is true whether or not the discordant redshift
components are considered. Perhaps a resolution of the first problem lies with an
understanding of the second.

It is now well established that we live in a universe characterized by cluster-
ing. Galaxies, the fundamental building blocks of the universe, are clustered on
many scales from loose groups (i.e. the Local Group) to rich clusters. It is now
realized that these groups and clusters exist in larger assemblages called superclus-
ters. The concept of a more diffuse “field” population of galaxies has gradually

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 49









52 Jack W. Sulentic

Isolation: The distance to the nearest non group neighbor was required to be
greater than three times the group radius (Ry > 3 R, where R, is the distance to
the nearest neighbor with apparent magnitude in the range of the group and R;; is
the group radius). The final catalog contains 463 galaxies in 100 groups.

A very difficult question is the degree to which these selection criteria bias the
HCG sample of compact groups. Certainly they insure that the HCG contains most
of the compact groups with surface brightness as high as SQ, SS and VV (u= 22, 20
and 24 respectively). The HCG is estimated to be nearly complete for compact
groups with g <24.0 (Hickson 1982). A V/V,, calculation (Sulentic and Rabaga
1993) shows that the HCG becomes seriously incomplete for groups with a com-
bined magnitude below m = 13.0. Where are these missing CGs and what are their
properties? Will they change our basic description of compact groups and their
relationship to other forms of clustering?

Possible evidence for the uniqueness of compact groups as a class of cluster-
ing (and, therefore, a negative answer to the latter question) comes from recent
work towards a southern hemisphere catalog. Prandoni et al. (1992) are attempting
an automated search of the southern sky for compact groups satisfying the HCG
selection criteria. In the process of incorporating the selection criteria into their
algorithm, they have graphically represented the selection domain of the HCG. It is
possible to show the boundaries of the HCG selection domain in a plot of group
radius versus magnitude of the brightest group member. Figure 3 shows a schemat-
ic representation of the compact group domain in relation to richness, isolation, and
compactness. It is clear that compactness and richness are the defining criteria for
most compact groups. The isolation criterion is redundant for groups with the
brightest member above 16th magnitude. In other words, groups of four or more
galaxies that have a combined surface brightness above 26.0 always satisfy the
isolation criterion. Similar groups in or near clusters might not pass an isolation
criterion. One candidate group was found near the Virgo cluster (Mamon 1989);
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Figure 3. A graphical representation of the selection domain for the HCG (adapted from Iovino
et al. 1993). Approximate boundaries of the richness, isolation and compactness criteria are indi-
cated. The three famous quintets SQ, SS and VV are indicated.
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but objects like SQ, SS and VV are not often seen near clusters. The HCG sample is
plotted within the domain represented in Figure 3. If compact groups were an
extension of the more general population of loose groups, we would expect the
HCG points to cluster near the upper boundary of the domain. Looser groups
would have larger size and lower surface brightness than compact groups like SS.
Note that HCGs concentrate near the center of the selection domain. The most
compact CGs fall near the lower richness boundary. The HCG was assembled with
a visual search which will be most sensitive to the most obvious compact groups.
Will the many CGs missed in the HCG survey fill in the upper part of the selection
domain of Figure 3?

Recently Iovino et al. (1993) have published a list of the first 55 compact
groups detected in the automated survey. Differences between brightest and faint-
est group member magnitudes were evenly scattered between 0 and 2.5 in the HCG
while the new sample is strongly peaked between 2.5 and 3.0. Thus the new sample
contains more low surface brightness groups, as expected from the V/V,, results.
Despite the difference, however, the new groups do not concentrate at the upper
boundary of the selection domain. They generally fall higher than HCG objects,
but they do not appear to bridge the loose group domain. This suggests that
compact groups may well represent a unique form of galaxy clustering. Images
like Figures 1 and 2 certainly reinforce this impression.

Conventional Ideas About Compact Groups and Problems

Are compact groups physically dense systems and, if so, what are the impli-
cations of this? It may seem difficult to imagine that anyone would question the
physical nature of groups like SQ and SS. The fact that this question has been
raised, and for reasons beyond the issue of discordant redshift components, is a
reflection of the difficulties that CGs pose for conventional ideas. Let us assume for
the moment that most compact groups are real. Following the current fashion, we
will ignore the discordant redshift components. Note that SQ, SS and VV are still
compact quartets in this case. Components in the groups show very small project-
ed separations, implying very h1gh space densities. The velocity dispersion is
usually quite small (SQ at 400 km s™ is twice the mean for the HCG). Attempts to
simulate the evolution of a compact group always lead to the same result: they
merge very quickly into presumably elliptical-like remnants (Carnevali et al. 1981;
Ishizawa et al. 1983; Mamon 1986; Barnes 1985, 1989). The exact time scale varies
depending upon the exact recipe: e.g. distribution and amount of dark matter,
velocity dispersion and group crossing time. The main result is that in timescales
on the order of a few crossing times (typically a few times 108 years) the groups
will have become triplets, binaries or single remnants. The final coallescence may
take more than a Gyr, but the groups will disappear from a catalog like the HCG
in much less time. This result implies that the compact groups now observed are
all “young” systems. They are found in lower density regions of space, which
implies that they continually form out of their looser group environment. Other-
wise we should observe no compact groups at all. Note that attempts to prolong
the lifetime of a CG (e.g. Governato et al. 1991) invoke special conditions that are
not obviously applicable to most objects.
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As is often the case, the observations appear to contradict the theoretical
predictions. Let us count the ways: 1) The foremost difficulty is how to bring four or
more galaxies very close together, allowing them time to dynamically evolve, be-
fore the onset of the first merger. 2) The ratio of early to late type galaxies in
compact groups is different from their local environment. They show a distinct
excess of E and S0 galaxies (Hickson et al. 1989, Mendes de Oliviera and Hickson
1991, Rabaga and Sulentic 1993). It seems unlikely that secular evolutionary effects
would have time to account for these changes if most present groups are recently
collapsed from the field. 3) The observations reveal little evidence for mergers in
progress. 3a) The ellipticals in the HCG show no evidence of color anomalies
expected if they are the first stage in the coallescence of currently observed groups
(Zepf and Whitmore 1991). 3b) The ellipticals in compact groups have also been
shown to be not sufficiently “first ranked” compared to the predictions of models
that view them as partial mergers (Mendes de Oliviera and Hickson 1991). 3c)
There is a surprisingly low level of optical, FIR and radio enhancement in compact
groups considering that widely cited merger remnants like Arp 220 are so active at
these wavelengths (Sulentic and Rabaga 1993, Sulentic and de Mello Rabaga 1993).
In fact, long wavelength enhancements are generally interpreted as evidence for
merger-induced starburst activity. 4) Searches for merger remnants in the environ-
ment where the compact groups are found reveal few candidates (Sulentic and
Rabaga 1993). The models have suggested quite high densities of such remnants
implied by the rapid coallescence timescales (e.g. 10 Mpc-3, Barnes 1989). The few
elliptical galaxies found in loose groups tend to be significantly lower in luminosity
than would be expected for the remnants of compact groups. Claims to the contrary
(e.g. Zepf and Whitmore 1991) involve comparison samples rich in luminous cluster
(e.g. Centaurus A and Fornax A) elliptical galaxies (see Rabaga and Sulentic 1993).

It is the above impressive array of observational and theoretical contradic-
tions that has motivated some to argue that compact groups cannot be real. The
implications are otherwise too disturbing, for they suggest that the groups are
long-lived, maybe even primordial configurations. We cannot rule out the possi-
bility that the HCG represent the dynamically “lucky” part of a much larger
primordial population of compact groups. Argument 4 above remains the strong-
est argument against this view since any existing remnant population is quite
small. The published article that described the most sophisticated compact group
simulation so far (Barnes 1989) was accompanied by an invited (or contributed)
editorial. This accompanying piece, after summarizing the model predictions, con-
tains the comment: “A quick check of recent observations shows no contradictions
with the scheme!” It is left to the reader to decide whether the above discussion
indicates a contradiction or not.

Compact Groups: Real or Imagined?

The strongest advocate of the chance projection hypothesis argues that 70%
or more of the HCG represent various types of chance alignments or false groups
(Mamon 1986, 1993). The strongest argument against the chance projection idea is
the low surface density of galaxies found near the compact groups. Three inde-
pendent estimates of the actual surface densities have been made (Sulentic 1987,
Rood and Williams 1989, Kindl 1990). Each used slightly different procedures, but
the studies all yield the same essential result. Figure 4 illustrates the results from
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Figure 4. Distribution of galaxy surface densities for the HCG (adapted from Sulentic 1987).Val-
ues are given for a one half degree search radius in units of galaxies deg-2.

Sulentic (1987) where the very isolated, loose group and clustered regimes are
indicated. They suggest that compact groups are found in low surface density
“loose-group” type environments. Is this a reasonable estimate? The Sulentic (1987)
estimates were based upon galaxy counts out to a radius of one degree around each
CG. A fixed search radius was chosen in order to avoid any dependence on the
redshift. Following the conventional procedure, one degree at V, =10* km s™ (and
H,=75) corresponds to 2.3 Mpc which is a typical loose group diameter. This
suggests that our procedure is also reasonable from the standard redshift-distance
relation point of view. Estimates of the number of chance projections by accordant
redshift interlopers using the above results yield very small numbers. The surface
densities are simply too low to produce many false groups with accordant red-
shifts. Note that the fraction of compact groups decreases as the surface density
increases in Figure 4. This emphasizes the point that CGs are typically found in
nonclustered regions. If the opposite were true, then the number should increase
with surface density until the effect of the isolation criterion becomes strong. Stated
another way, if all isolated CGs are due to chance alignments, then we should see
large numbers of CG-like configurations in clustered fields (even if they do not
satisfy the HCG isolation criterion). My own observational experience suggests that
this multitude of nonisolated false groups does not exist.

The other arguments against the chance projection hypothesis are multifold.
They involve the observational evidence that the groups are physical systems. It is
worthwhile to summarize here the principal elements: A) Compact groups tend to
be deficient in neutral hydrogen by roughly a factor of two (Williams and Rood
1987). This probably indicates that the gas has been stripped in close encounters
and collisions between the groups members. B) More than half of the spiral compo-
nents that have been studied kinematically show rotation curve peculiarities (Rubin
et al. 1991). C) Some of the groups are surrounded by a common luminous envelope
(e.g- SQ, SS and VV172) (Sulentic 1987) or show bridges, tails and other deforma-
tions suggestive of interaction. D) Admittedly limited data show three out of five
observed compact groups as X-ray sources, two of which are diffuse sources









58 Jack W. Sulentic

its redshift and the mean redshift for the remainder of the group. They had earlier
noted (before the redshift of NGC 7320 was measured: Burbidge and Burbidge
1959) that the velocity dispersion for this group was quite high (about 400 km s™).
Using virial theorem arguments popular at that time, they concluded that SQ was
unbound (in an early reference to a now very popular concept, they argued against
the existence of sufficient “dark matter” to bind the system).

The two decades following the discovery of the discordant redshift in SQ saw
a large number of arguments and counter-arguments about the relationship be-
tween the high and low redshift galaxies. This group has probably been observed
with more telescopes and at more wavelengths than any other galaxy aggregate.
The results are a lesson in how subjective the interpretation of data can be and how
difficult it can be to estimate a redshift independent distance. They also reveal,
unfortunately, how the credibility of an observation or interpretation depends less
on its quality than upon its implications for the standard paradigm. We summarize
many, but not all, of the arguments raised. Figure 6 presents a schematic of SQ
which can be used as a reference to the cited work along with Figure 5. Redshifts
are indicated under each of the galaxies in Figure 6. NGC 7320C, which may be
related to SQ, is also shown. The bright Sb spiral NGC 7331 (with redshift similar to
NGC 7320) is located one half degree to the upper left (NE).

1) Kalloglyan and Kalloglyan (1967) pointed out that “The only—though fairly
strong—argument against NGC 7320 being a member of the quintet is its radial
velocity.” They presented three color photometric data which showed that
NGC 7320 was brighter in the U band on the side towards the high redshift
galaxies. They argued that the data was more consistent if NGC 7320 was at the
higher redshift distance.

2) In a paper titled “Stephan’s Quartet?” Allen (1970) presented the first neutral
hydrogen measures for NGC 7320. As the title suggests, he found the HI
measures consistent with the redshift distance of the galaxy.

3) Arp (1971) suggested that the four higher redshift members of the quintet
might be at the same distance as NGC 7320. He proposed that the group was
ejected from NGC 7331, located 30 arcmin distant.

4) Arp (1972) argued that there was an excess of strong radio sources in the region
between SQ and NGC 7331. He suggested that they were related to SQ and the
proposed ejection event.

5) Lynds (1972) published redshifts for a number of galaxies in the region of NGC
7331 and SQ. He argued that the results were consistent with two unrelated
sheets of galaxies at distances consistent with the two redshift systems in SQ.

6) Allen and Hartsuiker (1972) published a high resolution radio continuum map
for SQ. They found a source coincident with NGC 7319 and a peculiar “arc” of
emission between NGC 7319 and 7318B. It was noted that the arc extended
south to the interface with NGC 7320.

7) Van der Kruit (1973) employed new Westerbork observations to argue that
there was “definitely” no excess of radio sources in the region.

8) Arp (1973) presented images and spectra of the HII regions in the high and low
redshift members of SQ. He showed that the HII regions in NGC 7320 were
concentrated on the side towards the higher redshift quintet members.
argued that the largest HII regions in NGC 7320 and higher redshift NGC 7318
showed similar apparent size. He argued that this was most consistent with the
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known properties of the largest HII regions in galaxies if both were located at
the redshift implied distance of NGC 7320.

Observations of a supernova in NGC 7319 were found to be inconsistent with
either redshift distance, but more seriously with the lower value.

Finally, Arp presented new images that revealed a curved filament extend-
ing from the SE end of NGC 7320 opposite the center of SQ. He argued that the
width and resolution of this feature suggested that it was an appendage of
NGC 7320. He argued that this feature was strong evidence for interaction
between NGC 7320 and the rest of SQ.

9) Balkowski et al. (1973) published HI observations for NGC 7319 and concluded
that this high redshift member was most likely at a distance near NGC 7320.

10) Shostak (1974ab) published HI observations for NGC 7319 and concluded that
this high redshift member was most likely at its higher redshift distance. The
principal difference between 9 and 10 was the calibration sample used.

11) Kaftan-Kassim and Sulentic (1974) published new low frequency radio con-
tinuum observations of the SQ and NGC 7331 region. They found evidence
both for a diffuse radio connection between these two objects and for an excess
of (steep spectrum) radio sources in the field.

12) Kaftan-Kassim et al. (1975) published a high resolution radio continuum map of
SQ. They resolved the radio “arc” discovered previously. The southern compo-
nent of the “arc” falls near the interface between NGC 7318ab and 7320 (see X
in Figure 6).

Stridency alert: The establishment papers begin to take on a much more strident tone
at this point. The frequency of words like “normal”, “not unusual” and “typical”
show a dramatic increase.

13) Gillespie (1977) published deep radio continuum survey data for the NGC
7331/5Q area. He concluded that the region was “normal in all its radio prop-
erties except for the distribution of the brightest sources.” He concluded that
these were unrelated to SQ or NGC 7331.

14) von Kap-herr et al. (1977) published radio continuum maps of the NGC 7331/
5Q region. They concluded that no extended emission is present between the
objects. They confirmed an excess of steep spectrum sources in the area.

15) Gordon and Gordon (1979) report on a search for HI emission in the velocity
range between the two redshift systems in SQ. They detect no emission and
conclude that “the data are consistent with the standard cosmological interpre-
tation of redshifts.”

16) Allen and Sullivan (1980), Peterson and Shostak (1980) and Shostak et al. (1984)
reported new high resolution HI measures at both the high and low redshifts
associated with SQ. They found the high redshift HI was not coincident with
the optical galaxies but, instead, is displaced in several large clouds (Figure 6).
This result invalidated all previous attempts to assign distances to the galaxies
using HI properties. They found that low redshift HI associated with NGC 7320
showed “no peculiarities which cannot reasonably be related to known instru-
mental deficiencies.” The latter authors found HI derived distances for galaxies
near the quintet (with redshifts similar to the higher system). Those HI proper-
ties were found to be consistent with the redshift implied distance.
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17) Kent (1981) used velocity dispersion measures for the high redshift members of
SQ and the HI profile width for NGC 7320 to conclude that “All objects are
found to be at distances consistent with their redshifts.”

18) Van der Hulst and Rots (1981) published VLA radio continuum maps of SQ.
They confirmed the previous resolution of the radio “arc” into two sources. The
lower source peaks at the interface between the high and low redshift systems
(NGC 7318B and 7320).

19) Sulentic and Arp (1983) reported new HI measures for NGC 7320. They argued
for the presence of low redshift HI significantly displaced from NGC 7320.
They showed that NGC 7320 is strongly HI deficient for its type. They argued
that these results indicate that NGC 7320 is interacting with its higher redshift
neighbors.

20) Bahcall et al. (1984) reported the X-ray detection of SQ. A diffuse source was
found essentially coincident with the radio continuum emission at the interface
between the high and low redshift systems (X in Figure 6).

At this point we enter the “rejection phase” where it is considered inappropri-
ate for respectable scientists to carry out further observations of discordant redshift
systems. We find both sides of the controversy convinced that their interpretation is
the correct one. What have the data told us? The optical observations are extremely
difficult to interpret. Comparisons between control samples and the high redshift
SQ members are unlikely to prove anything. These galaxies are unambiguously
involved in a strongly interacting system. Thus any discussion of abnormality in
their properties cannot prove anything except that they are perturbed by interac-
tion. NGC 7320, from this point of view, is favored for study and it does show some
peculiarities. The most striking optical peculiarities include the luminous tail as
well as the U band and HII region asymmetry. Does this evidence point towards
interaction with the high redshift galaxies in SQ or a long past encounter with NGC
73317 Are the same peculiarities sometimes observed in isolated galaxies?

HI data for the high redshift galaxies reinforces the previous point about the
uselessness of inferences concerning strongly interacting galaxies. The peculiar state
of the HI is consistent with the general HI deficit in compact groups. The HI is not
missing in this case, but merely displaced. It certainly establishes the physical
nature of this compact quartet (or, at least, triplet). There is general disagreement
over the level of peculiarity in the HI properties for NGC 7320. The claimed defi-
ciency in HI is surprising and is a general property of galaxies in compact groups.
If NGC 7320 is peculiar, who is responsible?

The radio continuum and X-ray data provide perhaps the most striking puz-
zle. The presence of diffuse X-ray emission supports the idea of SQ as a physically
dense (and dynamically evolved) system and provides a further source for some of
the missing HI. The centroid of the X-ray emission and one of the radio sources (X
in Figure 6) falls near the SQ-NGC 7320 interface. It is not clear why this should be
if NGC 7320 is a foreground projection. The lack of a clearcut answer from any of
the above observations leads us to look for a statistical resolution of the problem.

Discordant Redshifts: Statistical Arguments

Much of the work on SQ was stimulated by the discovery of discordant
redshift galaxies in two more of the most famous compact groups: Seyfert’s Sextet
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(SS) and VV172 (VV) (Sargent 1968, 1970; Burbidge and Sargent 1970). Seyfert’s
Sextet is the most compact (highest surface brightness) and one of the most isolated
compact groups. The probability of a chance interloper in this case is vanishingly
small. The problem with all of the individual calculations of interloper liklihood is
that they are a posteriori. Further it is difficult to frame the appropriate question in
the first place, since one can obtain any desired value for the probability of chance
occurence by phrasing the question suitably. For example, the probability that a
bright background Sc spiral falls along the same line of sight as a bright galaxy
quartet is very small. In spite of this, the existence of three such discordant associa-
tions by the early 70’s was a general source of uneasiness. Anyone familiar at the
time with galaxy statistics and distributional properties appreciated the general
rarity of compact groups and the consequent improbability of so many chance
alignments.

The return to a statistical analysis of the problem was motivated by these
three compact groups. A definitive statistical result, in the minds of many, was
published in 1977 (Rose 1977). First it was noted that SQ, SS and VV are all quintets
with a single discordant component. This reduces the problem to estimating how
many real quartets of galaxies should have an unrelated galaxy superimposed. In
principle, the simpler and better defined the question, the more credible and
tractable the answer. One can simply estimate the interloper fraction by counting
the number of quartets on the sky. It then follows that N, = N, R, where R = Ac
(N, and N, are the number of quartets and false quintets, A is the average group
surface area and ¢ is the surface density of field galaxies). Rose (1977) reported the
results of a search for galaxy quartets on the Palomar Sky Survey. He reported 26
definite and seven probable quartets on 69 (6° x 6°) Sky Survey fields. He extrap-
olated from this result an estimate of 433-550 compact quartets on the sky. This
value, coupled with an estimate for the field galaxy density, yielded an expecta-
tion of 1.5-2.0 discordant redshift compact groups—in “remarkable agreement”
with observation. This result was widely cited as the definitive resolution of the
redshift controversy.

I can remember the uncritical and unreserved relief with which the above
study was greeted. I can also remember how clear it was that the result was incor-
rect. There are nothing like 400-500 compact quartets on the sky with properties
remotely similar to SQ, SS and VV. This fact became obvious with the publication of
the HCG (Hickson 1982). Contemporaneously, I carried out my own reanalysis of
the Rose survey (Sulentic 1983). The reanalysis was carried out by myself and,
independently, by two of my undergraduate students. The idea was to compare an
experienced and potentially biased result (my own) with the results of two com-
pletely naive catalogers. They were given a set of finding charts with SQ, SS and
VV depicted at the same scale as the Palomar Sky Survey. They were told to
catalog all systems of four or more galaxies with similar brightness and isolation.
Results were compared and a final list of compact groups was assembled and
compared with the list of Rose (1977).

The results of the reanalysis revealed that Rose (1977) had overestimated the
number of galaxy quartets by a factor of between 2 and 10. Some of the objects were
not even quartets. Many of the quartets were much fainter in apparent magnitude
and lower in surface brightness than SQ, SS and VV. We found 2-3 times fewer
objects in the same fields using soft selection criteria. We found ten times fewer
objects when we required group properties to be similar to the famous three quin-
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tets (hard criteria). Note that this is true even if we neglect the contribution of the
discordant components. At the same time, Hickson (1982) catalogued 100 compact
groups down to declination -33°. He found 60 quartets which agreed well with
our results. The HCG selection criteria accepted many compact groups with prop-
erties much less striking than SQ, SS and VV. Perhaps the most remarkable result
of the Rose analysis was that no more than 10-12 of the 400-500 claimed compact
groups had measured redshifts in 1977. Yet all of the expected discordant quintets
had been discovered! It was immediately clear that this was extremely unlikely.
This was pointed out in our reanalysis, which was accepted for publication in the
Astrophysical Journal. Sadly, the referee commented that while acceptable for publi-
cation, our results were “unlikely to have any effect on thought.”

The Latest Statistics on Discordant Redshifts

As stated earlier, the HCG has opened a new chapter in the study of compact
groups. The existence of a reasonably complete sample has stimulated much study
and underscored the difficulties summarized in earlier sections of this paper. Re-
cently a redshift survey was completed for the HCG. The data have been kindly
made available by Paul Hickson. The result is that approximately 37 out of 100
compact groups have at least one discordant redshift component (a galaxy with
veloc1ty differing from the mean of the accordant members by more than 2000
km s™). With complete redshift information we are in a position to obtain a reliable
statistical expectation for interloper contamination in compact groups. We proceed
by asking the simplest possible question. How many interlopers are expected in the
HCG given the local surface densities. The HCG provides measured diameters for
all HCG groups. Three independent sets of galaxy surface densities have been
measured in the HCG fields (Sulentic 1987, Rood and William 1989, Kindl 1990). My
survey counted galaxies in two zones of radius 0.5 and 1.0 degree. Two zones were
used because not all neighboring galaxies are expected to have discordant redshift.
In a superclustered universe, one expects many galaxies near any CG to have
redshifts similar to the CG members. This is especially true if these neighbors have
apparent size and magnitude similar to the CG components. Our inner count was
intended to estimate this accordant redshift contribution. The outer annulus from
0.5 to 1.0° was regarded as the best estimate of the discordant redshift field. One
can argue about the details of the procedure, but most of the numbers are small no
matter how you do it. We used the local surface density and compact group diam-
eter to estimate the number of discordant interlopers expected in each case. We then
summed the expectations for the entire catalog and found values of 6, 0.2 and 0.02
for the number of single, binary and triplet interlopers. About one third of these
objects are estimated to show accordant redshift with their respective compact
groups. This leaves an expectation of four discordant compact groups in the HCG.
The HCG redshift survey shows 26 single, 3 binary and 2 triple galaxy discordant
interlopers. In addition we find five groups where all of the galaxies are discordant.
In summary, we find about nine times more discordant cases than expected.

There is another viewpoint. Hickson et al. (1988) published an independent
estimate of the interloper fraction. They concluded that the observed large number
of discordant compact groups agrees well with statistical expectation. How could
there be such a disagreement over such a straightforward calculation? We derived
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MAXIMUM DIAMETER FOR
POSSIBLE INTERLOPERS

@ == HCG DIAMETER

Figure 7. A comparison of the group diameters used in Sulentic (1987) and Hickson et al. (1988)
for estimating the discordant redshift interloper fraction in Seyfert’s Sextet.

an estimate for all of the compact groups using their local surface densities and
observed diameters. Hickson et al. (1988) returned to the question of the number of
discordant quintets expected. This difference is irrelevant. The two estimates use
similar galaxy surface densities but they use very different estimates for the area
subtended by the groups. This difference will dominate any estimate, be it for one
or one hundred groups. Sulentic (1987) used the actual group diameters as tabulat-
ed in the HCG. Since the group diameters include the discordant components, this
seems a reasonable approach. The other advantage was that the definition of group
diameter was independent of the test. Our approach becomes a simple question of
how many interlopers are expected in a 0.5 deg? patch of sky (the combined area of
the HCG groups).

Hickson et al. (1988), on the other hand, argued that the correct group diame-
ter should represent the maximum group size where an interloper would still pass
the HCG selection criteria. Figure 7 illustrates this point for SS. This group has an
HCG defined diameter of approximately one arcmin. However, if an appropriately
bright interloper had fallen up to approximately 8 arcmin from SS it would have
passed the selection criteria. This argument leads to an increase in the surface area
of “hypothetical SS” by more than 250 times. Using this approach Hickson et al.
(1988) concluded that the large interloper population was expected. They argued
that the Sulentic (1987) approach was valid only for internal discordant members.
We find 10 HCG with internally discordant components (15 if one includes the 5
groups that are totally discordant) which is still a large excess over expectation.
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We disagree with the conclusions of Hickson et al. (1988) and argue that their
approach does not allow for the physical uniqueness and rarity of compact groups.
This refers us back to Figure 3 which shows that compactness, and not isolation, is
the determining factor for most compact groups. It seems unreasonable to base a
calculation upon what groups might have been, when we have a well defined
catalog of real groups to work with.

It still might be argued that the discordant component excess is an effect of
the incompleteness of the HCG. The lower surface brightness compact groups are
expected to have a much higher fraction of interlopers, as shown by Prandoni et al.
(1992). Perhaps the discordant components pushed many lower surface brightness
groups above the selection threshold. This seems unlikely to remove the excess for
two reasons: 1) Only four groups fall in the surface brightness range u = 25.0-26.0
(the HCG cutoff). In most cases the addition of a discordant galaxy will not produce
a large enough enhancement to elevate a group from below pu = 26.0 to above y =
25.0, and 2) There is also a large excess of discordant groups among the subsample
thought to be most complete (surface brightness above u = 24.0). It is not obvious
how a selection effect can explain the excess of discordant redshift groups.

It has become unpopular (if it ever was popular) to discuss discordant red-
shifts, and especially to argue that there are too many of them. The bottom line,
however, is whether we evaluate results based upon their scientific correctness or
by the degree with which they fit into our preconceived ideas. There are far too
many compact groups with discordant redshift components. The reason for this is
not yet clear. As suggested earlier (and in Sulentic 1987), this excess may be a part of
the solution to the more conventional challenges raised by the groups.
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The results of studies of the South Coma void are compared with searches for
intergalactic dust in the same region. The presence of dust in voids is suggested.
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1. Introduction

Measurements of redshifts of galaxies allow us to speculate about the 3-di-
mensional distribution of these objects in the Universe. The most widely accepted
interpretation of the observed redshifts is a Doppler shift. If this is the case, meas-
ured redshifts combined with the Hubble-law give direct information about the
distance to objects. Observations of the 3-dimensional distribution of galaxies re-
veal a bubble-like structure of the Universe. Groups and clusters of galaxies occupy
about Yoth of the available space. The remaining volume is taken up by voids,
which contain almost no luminous matter. The spatial scale of these voids is (10~
40)h™ Mpc, where h is the Hubble constant in units of 100 km s™ Mpc.

On the other hand, there also exists non-luminous intergalactic matter, which
theoretically may occupy galaxy clusters as well as large volumes within voids. The
interactions of intergalactic matter with galaxies, and with radiation produced by
them, may affect the interpretation of the extragalactic observations. Unfortunately,
our present knowledge of the content and the distribution of intergalactic matter is
very limited.

Intergalactic clouds are believed to be common in the remote Universe (ab-
sorption features in quasar spectra), but nearby examples are exceedingly rare.
Good examples of large intergalactic clouds that are sufficiently close for there to
have been extensive multifrequency studies are in the M96 group of galaxies at a
distance of about 10 Mpc (Schneider et al. 1983) and in the vicinity of NGC300 at a
distance of about 3 Mpc (Mathewson et al. 1975). These clouds were originally
discovered by means of their radio emission at 21 cm wavelength from atomic
hydrogen (HI). A multifrequency survey of the cloud in M96 group (Schneider et al.
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1989) indicates that intergalactic gas in this cloud is nearly devoid of stars. For this
reason, other objects of this type will be difficult to find, even though they may
constitute an important population in the Universe. A few other nearby intergalac-
tic cloud candidates have also been discovered by means of the their resulting
extinction (Hoffmeister 1962, Okroy 1965, Rudnicki & Baranowska 1966).

The first systematic search for non-luminous matter in cosmic voids was made
by Krumm and Brosch (1984). The authors tried to detect isolated HI clouds in two
nearby voids in the direction of the constellations of Perseus-Pisces and Hercules.
They concluded that there are no signs of the existence of proto-galactic-size HI
clouds in these voids.

Yet there are good arguments for the existence of intergalactic matter within
voids. In the Bootes void, several faint emission-line galaxies have been detected
(Moody et al. 1987, Weistrop 1989). Gondhalekar & Brosch (1986) have observed
Lya, SilV and CIV absorption lines in background quasars in the direction of the
Bootes and Perseus-Pisces voids, and they have argued that these lines are pro-
duced within voids.

In the present paper the possible presence of dust in voids is suggested.

2. Observations in South Coma Void Region

In 1965, long before hearing about voids in the distribution of galaxies, Okroy
noticed a large area (about 150 square degrees) with a visible lack of galaxies in the
direction of the Coma/Virgo constellations. Murawski (1983) suggested that this
deficit was due to an obscuring cloud of intergalactic nature rather than to a varia-
tion in the distribution of galaxies. He showed that the N(m)-curve of galaxies in
the direction of the cloud is shifted towards fainter stellar magnitudes (Wolf-dia-
gram) as compared to a control region. He also noticed that the galaxy colors in the
cloud area are redder than in the surrounding parts.

The presence of a large void in redshift space in the region of the Okroy cloud
(The South Coma void) has been proposed by Tifft and Gregory (1988). They
showed that a region of about 110 square degrees at velocities between 5000 and
6000 km s™ is quite empty of galaxies with m<15.7.

It should be mentioned that the break in the Wolf diagram and the redder
average colors can, in principle, be well explained by the missing galaxy population
at intermediate z-values, as occurs in the presence of a void. It simply indicates that
the more distant and on the average redder galaxies contribute relatively more to
the total sample. The numerical results due to the two effects (obscuration and true
void) may be quite different, and are strongly dependent on the distance and size of
the void. In the most general case, the two effects occur together.

Wszolek et al. (1989) have carried out an analysis of the Okroy cloud using
infrared data (IRAS). We have found infrared emission from the cold dust from the
central part of this cloud.

3. Discussion

For the South Coma void there is a very good coincidence with the Okroy
cloud (see also Wszolek 1992). The 1004 m radiation has a clear maximum near the
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center of the void and could extend to the outer parts, where the presently available
infrared signals are too weak to be differentiated from noise. The other known
intergalactic clouds also seem to coincide with voids, but the overlap is not as clear
as for the Okroy cloud. For these clouds no infrared emission was found in IRAS
data.

While dust absorption as the sole cause for the absence of galaxies in the
region of the Okroy cloud can be ruled out, the presence of dust in the direction of
a well established void may be of great importance. The existence of non-luminous
matter in voids would be very significant for cosmological theories because such
theories consider mainly gravitational masses. The matter distributed on the line of
sight to the observed voids interacts with electromagnetic radiation coming from
galaxies to the observer. If scattering processes are not purely elastic, this matter
can produce additional redshifts, independent of any Doppler shift. However, no
physical process has so far been accepted to explain the origin of such additional
redshifts. Unfortunately, to show that voids are occupied by a reasonable amount
of matter, or that any hypothetical process produces redshifts, and perhaps voids,
more data are needed.
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Redshifts and Arp-like Configurations in the Local Group

M. Zabierowski

Wroclaw Technical University
Wyb. Wyspianskiego 27
50370 Wroclaw, Poland

1t is shown that each of the geometrically defined “lines” (subgroups) of galaxies
in the Local Group of galaxies (considered by Iwanowska) contains members of
various redshifts. In each line, however, we can distinguish members of quasi-dis-
crete “quantized” redshift states. The so-called “possible” members of LG are real
members of LG, according to the criterion developed in present paper. The redshift
state of our Galaxy is represented by k=-1.

1. Velocity Dispersion s,_, in the Local Group
1. All Galaxies in lIwanowska Lines

We consider all galaxies classified by Iwanowska (1989) as members of Arp-
like lines contained in the Local Group (LG). The mean residual velocity of all
galaxies listed by Iwanowska is

v=60+84(s,,), n=37, (s=v) 1)

It is evident that the dispersion s, ,; (all velocities are given in km s7) is higher
than the mean velocity itself. Here, n is the total number of galaxies forming all the
Iwanowska’s line configurations (resembling Arp configurations).

Let the velocity dispersion s, ; be denoted simply as s. The Local Group
dispersion s is comparable with the dispersion of the Virgo ellipticals (E+SO) inves-
tigated, among others, by Sulentic (1977), although the Local Group and Virgo
Cluster are not comparable with respect to number of members. Hence the follow-
ing question arises: Is the high value of dispersion s, a subclustering effect (caused
by the existence of galaxy subgroups)? Furthermore, will it be possible to reduce
this high value of s,; by dividing it into subgroups?

For this purpose, we consider a division of the Local Group into its two most
natural parts: the M31 galaxy system and the system our Galaxy. Afterwards, we
will also investigate the subgroups distinguished by Iwanowska. To ensure the
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uniformity of our material and to avoid the objection that we may have selected the
material expressly for our purpose, we will use only Iwanowska’s data. She distin-
guished the Arp lines of galaxies associated only with the Andromeda Galaxy
(M31) and with our Galaxy.

2. The M31 Group

The mean residual velocity in the case of the M31 system of galaxies is
v=71186, n=15, (s2v) )

the dispersion value 86 km s™ and all values of dispersion being hereafter denoted
simply as s (standing for s,_;). In the present case of the M31 Group, the value of
dispersion sy, is roughly equal to s;;. With this division, the large value of s
cannot be reduced.

3. Our Galaxy Group: the Next Iwanowska Class

The Milky Way system of Iwanowska lines yields
v=53%183, n=22, s2v 3)

Again the dispersion of values is higher that the mean value itself. All the numbers
given in (1), (2) and (3) are of the same order of value. Again, the division of LG into
subgroups causes neither any reduction of redshift dispersion nor any substantial
change of the mean redshift. Thus, the following question appears: can we improve
the situation by dividing the groups considered above into Iwanowska lines.

4. Five Subgroups in the Local Group: All Iwanowska Lines

The next possible partition of the Local Group follows from the Iwanowska’s
interpretation of the spatial distribution of galaxies in LG. She obtained five, phys-
ically related, straight galaxy lines (called by Iwanowska “bipolar jets”).

The three bipolar jets connected with Andromeda Galaxy are denoted by
Iwanowska as A, B and C. For these three jets we have obtained respectively:

v=5+71, n=6, (jet C) (4a),
v=72+120, n=4, (jet B) (4b)
v=88+83, n=7, (jet A) (4c)

again the value of s is close to the value of s;.
For the bipolar structure associated with our Galaxy, denoted by Iwanowska
as “a” and “b”, we have obtained respectively

v=44+102, n=8, (jet a) (5a)

v=51+78, n=15, (jetb) (5b)
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and again, the dispersion values of single jets are similar to the values of s¢;, sy
and s;¢.

%e come to a highly illuminating conclusion: it is impossible to reduce the
velocity dispersion by dividing galaxies into separate geometrical groups. The same,
very large s is preserved for all five subgroups (lines of galaxies); the value of s
actually increases instead of decreasing. This means that the high value of the
velocity dispersion is a basic regularity.

5. Some General Remarks

In this work, we have not used any a posteriori partitioning of the Local Group.
We have used only the partition proposed by Iwanowska. We can see that the two
kinds of space partition do not lead—in the case of the Local Group—to any sub-
stantial reduction of the velocity dispersion. For all galaxies in the Local Group, the
dispersion s is about 80 (1). For smaller, geometrically distinguished narrow groups,
we obtained values of the same order—(4a), (4c) and (5b)—or even as high as 100
km s and more—(4b) and (5a). It would be quite unnatural for galaxies to form
some peculiar configurations (several geometrically recognizable lines) in physical
3-space; nevertheless, the velocity dispersion s cannot be reduced by space subdivi-
sions.

Although each bipolar line can be divided into two segments, no velocity
improvement (reducing s) has been reached in this way. Our conclusion is that the
redshift states were well mixed even in quite isolated segments of Iwanowska’s
geometrical 3-dimensional lines in the Local Group. Thus, taking into consideration
present results, it becomes even more difficult to argue that stability of the chainlike
configurations of galaxies when we try to retain the Doppler interpretation of
redshifts.

6. Towards an Explanation

Instead of the spatial partition, we can examine the velocity (redshift) parti-
tion. Surprisingly, all the galaxies considered above may be grouped into five
distinct redshift groups:

1: Galaxy, Dra, M31, IC 10, 1613 (6a)
5,.1=8, 5,=7, n=5
2: LMC, SMC, Agr, For, Leo A, Scl, Sgr, UMi, NGC 6822, IC 5152, WLM  (6b)
5,4,=17, 5,=16, n=11

3: Peg, M32, M33, NGC 147, 185, 205, 1569, 6456, A92 (6¢)
S,.1=16, s,=15, n=9

4: Sex A, Sex B, NGC 1560, 3109, 4236, DDO 187, GR 8, Maffei 1, 2 (6d)
s,1=20, 5,=19, n=9

5: Car, NGC 404, DDO 47 (6e)

Sy =24, s,=20, n=3
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This grouping of galaxies minimizes s, which varies by about 10. The values of
s, are presented for comparison. The values of s are stable. The expected value of s
(random distribution of redshifts) is 22. The value obtained is slightly larger only in
one group (6e). The values of s increase systematically from class 1 to 5.

In the calculated mean velocities v for the respective groups we also find a
permanent regularity resembling Tifft’s redshift states among residual velocities v
=72k kms?, k = 0,%1,.... Comparison of observational data with expected Tifft-
values yields the following:

Group 1: v=-58 (v, =-72, k=-1) (7a)
Group 2:v=1(v; =0, k=0) (7b)
Group 3: v =65 (v, =72, k=1) (7c)
Group 4: v =141 (v, =144, k=2) (7d)
Group 5: v =219 (v, =216, k=3) (7e)

It is worthwhile to point out that not only is the observed periodicity consist-
ent with the Tifft’s 72 km s™ periodicity, but also one of distinguished mean veloc-
ities coincides almost exactly with the expected k = 0 value, i.e. no phase shift was
revealed. This fact cannot be explained easily in terms of Doppler effect.

The important question arises: How does the grouping of redshifts repeat in
the case of the individual lines; or how are individual groups occupied?

Il. Distribution of Redshifts in Iwanowska’s Richest Line,
the Milky Way “b”-Chain

1. k=0 State

The zero velocity group is made up of the following Milky Way companions:
Aqr, For, Leo A, Scl, Sgr, NGC 6822, IC 5152, WLM. The mean residual velocity is
close to zero. Moreover, the values of all the residual velocities are close to zero,
thus v = 0 for the whole group and v, is nearly equal to zero [v,| < 27; the index “0”
stands for an individual velocity. The exact value is

v=-1%14(s,,), n=8, (s3<s,) 8

Indexes 1,2,3,... denote cases (1),(2),(3),... respectively. It is evident that s, <5, and
the value of v, is quite different from v;, v, and v, (Equation 3). The outstanding
value of v (here v;) confirms the hypothesis that it is a separate” state” of redshifts.

2. k= -1 State

The Companions of Our Galaxy. If one adds, to the galaxies mentioned
above, all the other companions (excluding the Galaxy itself), then s rapidly increas-
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es from s = 14 to s = 74. This fact justifies the isolation of the zero-velocity group. For
all the companions we have:

v=59174, n=14, (s,>s5;) )

The Companions Plus Our Galaxy. Our Galaxy itself seems to form a sepa-
rate z-state. The “apex” velocity of our Galaxy determined in a classical way from
“radial velocities” of Local Group galaxies is accepted here as the “redshift” of our
Galaxy. In this case, we have a highly negative state, i.e. v, =—60 (here v, means the
individual velocity of our Galaxy). This negative state does not fit the general
tendency given by v = 59 (Equation 9). When our Galaxy is included, the value n,
increases, but s, also increases because the outstanding value of v, #v, is not
compensated by increasing n. For the whole “b”-jet (companions plus the Milky
Way) we have

v=50+78, n=15, (s> 5,>55) (10)

The value obtained for s, supports the hypothesis advanced in section .6 that there
is a negative state (k = —1) of z such that its v is close to v, = —60. If this hypothesis
is correct, we should expect a low dispersion around 10 for the k = -1 state. This
claim can be easily verified empirically in the future. Some arguments in favor of it
will be given below.

3. High Velocity State: k=2

There are two arguments that the five N-companions (the North galaxies of
the “b"-jet), i.e. Sex A, B, NGC 3109, GR 8, and DDO 187, form a separate redshift
class:

a. All these galaxies constitute the substantial part of the northern half of the b-jet
(“substantial”, i.e. without Leo A and DDO 47—these two galaxies fit a new
redshift state). They form the distinguished, i.e. nonrandom concentration of
galaxies in the “b”-jet and, moreover, there is no standard-explanation of such a
high concentration of the same redshifts in a single position of the LG-space.

b. Comparison of v and s with the values given by Equations (8) and (9) is deci-
sive, namely:

v=128%8, n=5, (v;; >0, >05) (11)

This result for v and s (large v-excess v;; —v;) indicates that it is not the zero-velocity
group; nor is it the all companions group (9), because v is too large (v, — vy, V31 — Vyg)
and s is small (s, > 5;; and s, > s;,); evidently s;; has a value similar to s.

Hence, the above-mentioned group of five galaxies does not belong to the
zero-velocity group (8), to the all companions group (9), to the galaxies of the “b”-jet
[the jet includes our Galaxy, (10)], or to our Galaxy state, called the k = -1 state, The
pair of values of v and s compared with the previous results (other groups in the
“b”-chain) reveals that the (11)-group has to be treated as separate.

The pairs of v and s values obtained above show that the separate redshift
states appear also in a single Iwanowska line. The next questions are: Do there exist



76 M. Zabierowski

unoccupied states? Can the so-called “possible” members of the Local Group fit the
proposed redshift grouping scheme? Is there any small redshift dispersion group of
the LG-galaxies not fitting the empirical “quantization” law v =72 k km s™?

4. DDO 47: An Observational Outsider and Possible k = 3 State

This compahion probably forms a separate redshift state with a proposed v,_,
near the individual velocity v, characterizing DDO 47

v =1,=191, s=10, (n=1) (12)

If the companion DDO 47 is classified as belonging to the k = 2 state, then the
addition of this one single member makes the dispersion increase froms=8tos =
27. Thus, this high velocity outsider (“possible” companion) belongs instead to the
higher state k = 3.

5. The Five Different States in the Case of the “b”-Chain

We have obtained the five different states:
k = -1, our Galaxy, n = 1, s= 10? (hypothetical estimate) (13a)

k = 0, the zero velocity group, v=-1,s=14,n =8 (13b)

k= 1, the unoccupied state (and there are no galaxies in

the “b”-chain between v, = 33 and v, = 118; moreover (13¢)
the dispersions s of the neighborhood states are very

low and reliable due to large n)

k = 2, the high-velocity group, v =128,s=8,n=5 (13d)
k= 3,DDO 47, v= v, = 191, 5 =25? (13e)
(estimate from the difference 216-191 = 25)

The empirical status of s in (13a) and (13c) is different because the redshift of
DDO 47 is established directly, and the redshift of our Galaxy is established from
statistical investigation, as noted in section I.2.b.

I1l. The Milky Way: “a”-Straight Chain

The recognized companions of the “4”-line (the companions directly included
in Iwanowska’s diagram (Figure 6 in the referenced work by Iwanowska) yield

k=0,v=6,s=26,LMC,SMC, UMi, n =3

(tides are often considered as influencing their velocities) (142)
k = 1 unoccupied (14b)
k = 2 unoccupied (14¢)
k=3,v=234,5s=18?Car,n=1, (14d)

(estimated from the difference 234-216 = 18)
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and there is one negative state in the case of this Iwanowska line, represented by
two members—Dra and Milky Way:

k=-1,v=-59,s =1, Dra, Milky Way, n = 2. (14e)
Iwanowska has found the geometry of the “a”-bipolar line of the companions
of our Galaxy. Nevertheless, two galaxies, i.e. NGC 6456 and 4236, have been
treated in two ways in her work, since, on the one hand, the unusual 3-space
geometry forces us to include these companions in one bipolar jet, while on the
other hand, some authors consider them only as “possible” (the term “possible”
stands for the whole astronomical tradition; we can recognize the meaning of this
word from the context of the astronomical works) member of the Local Group.
Thus Iwanowska also treats them as uncertain because there was no extra criterion
for their membership. Now, using the regularity discovered in the present paper,
we are forced to fit them into the empty states presented in (14b) and (15c¢):

k=19, = 73, NGC 6456,5 = ~10,74-73= 1,n =1 (14b")
k=2,v, =142, NGC 4236, s = ~10,144-142 = 2, n =1 (14¢")

There is no question whether the two mentioned galaxies considered as “un-
certain” belong to the former or the latter state. Of course, they fit the regularity of
z obtained just from “certain” members. I follow Iwanowska’s terminology, which
is part of the whole internal problem (history and logic) situation in astronomy.

IV. The M31 Configuration of Galaxy Lines
1. All M31 Jets

The full set of M31 jets yields the following redshift states:
k=-1,v=-57,5s=11,1C10,1613, M 31, n = 3, (15a)

k = 0, unoccupied (expected redshift state), (15b)
k= 1,v= 68,s =16 NGC 147,205,1569, M32,33, Peg, A92 n =7, (15c)
k= 2,v=156,s =16, NGC 1560, Maffei 2, n = 2. (15d)

We ignore here NGC 185, which is considered by Iwanowska as a “certain”
member of the M31 lines. Its velocity is v, = 41; thus, it could be classified as a k =
1 state. However, no included galaxy has such great difference |72,k - v‘,), which is
31 in the case of NGC 185. If one includes NGC 185 as a member of the most
abundant state (k =1, n = 7) then the result for v and s remains almost unchanged.
Nevertheless, we must point out this individual case.

In the astronomical literature, there are often questions as to whether NGC
404 is a member of the Local Group or not. Iwanowska’s approach creates a new
criterion, and we can argue that NGC 404 is a member of the M 31 line system. The
approach presented here (similar to Tifft’s) creates a second criterion: again NGC
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404 is a LG member. The velocity of NGC 404 is v, = 232. Thus it fits the k = 3(!)
state. As a result, we have the following redshift state

k=3, v =205,s = 38, NGC 404, Maffei 1, n = 2. (15e)

2. The Three Bipolar Jets

There are three bipolar jets in M31 system selected by Iwanowska. However,
all three jets are poor in galaxies with measured z. We can observe that the general
regularity discovered for the Local Group, the Milky Way and the entire M31
system is repeated in each individual case of these three chains. This explains why
the sub-partition of the Local Group does not show the decreasing s. It is expected
that in the individual cases, a Tifft-like picture of the galaxy redshifts could be only
slightly influenced by the tides. The connection between the hypothesis of the
bipolar jets, Arp’s hypothesis, and the role of tides can be considered an open
problem (cf. Grabinska and Zabierowski 1979).

3. Some Peculiarities of the M31 Jets

Assuming that there exist no Tifft (intrinsic) redshift states, i.e. that redshifts
are explained in terms of velocities and these velocities v, are dynamical, caused by
gravitational attraction, we are unable to explain the observed highly unbalanced
distribution of positive and negative values of v,.

Iwanowska (1989) has noted that galaxies located on both ends of the A line of
the M31 system show a negative u,. M31 has itself the same negative value. Howev-
er, the A-line galaxies located between the main galaxy and the end companions all
have positive v,. In the Doppler approach, this phenomenon is very strange. It
appears exactly as if the intermediate galaxies of this line are not bound physically
to the mother-galaxy, and do not participate in the common group movement.
Nevertheless, they are located on the same geometrical line. In the Tifft approach,
this phenomenon is at least completely possible and perhaps even points toward a
new regularity.

Discussion

In the investigations presented here, all galaxies considered by Iwanowska
were used. Only one galaxy (NGC 185) did not fit the “quantization” scheme very
well, but even this one would not spoil the general picture in a statistical sense (the
s criterion is fulfilled: see section IV.1). It is impossible to identify any group of
redshifts outside Tifft's scheme. Thus, it is hard find any convincing argument that
single galaxies or groups of them move one another.

The LG-velocity dispersion s was compared with the velocity dispersion of the
ellipticals of the cluster in Virgo, which is s, = 70-80 km s (Sulentic 1977). The
peculiar form of Iwanowska’s configurations contradicts the high value of ;.

Iwanowska (1989) doubted that bipolar galaxy lines considered by her were
formed by capture during collapse (isotropic or anisotropic, ¢f. Rudnicki et al. 1989).
Arp’ s hypothesis is particularly relevant for the problem. But why did lines of
galaxies survive? Iwanowska’s application of Arp’s hypothesis to the galaxy lines in
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the LG is valid if we assume that basic components of redshifts are due to quantiza-
tion of an unknown physical nature and small relative motions of galaxies produce
only low Doppler deviations from these main “quantum” states, causing the ob-
served dispersions s.

Another result of our analysis is that the redshift state assigned to our Galaxy
isnotk=0butk=-1.
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Are the Galaxies Really Receding?

Fred L. Walker

3881 S. Via del Trogon
Green Valley, Arizona 85614

' Sixty years of competing speculation and theory have failed to establish conclu-
sively whether the Big Bang expansion concept is valid. Three methods to resolve the
continuing impasse are discussed. First, it can be shown that two initial assumptions
of the theory directly contradict each other, producing inconsistent and unacceptable
results. Secondly, based on well established facts and assumptions, an organized,
disciplined proof shows that observed conditions in a hypothetical expansion would
be contrary to those which are now actually observed. Finally, a new method is
presented to directly determine whether galaxies are receding or not based on rota-
tion velocity and independent of the redshift. If no recession is found, there can be no
universal expansion.

Introduction

Although serious questions about the validity of the Big Bang expansion con-
cept have been raised by recent astronomical evidence, most scientists still support
the concept. Various alternative concepts have been presented by some scientists,
but these have received little notice. Thus, the growing diversity of ideas continues,
with no conclusive results in sight.

The chief difficulty with proving or disproving the universal expansion theory
is that all arguments on both sides of the question are, to some extent, speculative
and are, therefore, subject to misinterpretation and some degree of uncertainty.

Such uncertainty is unavoidable in many areas under investigation, but in the
case of expansion theory, a body of empirical evidence has accumulated during the
sixty years since the idea was launched, such that it may now be possible to resolve
this issue on a less speculative and more factual basis. Two possible methods for
doing this are discussed here: that of formal proof and that of direct empirical
measurement.
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The Formal Proof

One method to formally disprove a theory, on a purely logical basis, is to
show that the initial argument behind the theory is inconsistent with the rules of
logic. For example, the expansion theory derives from a number of assumptions,
and it can be shown that two of these assumptions directly contradict each other,
resulting in mathematical inconsistencies (Walker 1989). Thus, the expansion theory
assumes that the present time recession velocity of galaxies in an expansion is
proportional to the distance light has traveled from each galaxy to the observer and
also to the actual present time distance of each galaxy.! Yet, it can be demonstrated
that these two distances are different, that this fractional difference varies with
galactic distance, so that both assumptions cannot be true.

Another method to formally disprove a theory such as the Big Bang would be
to show that an observer’s view of such a theoretically expanding universe would
be contrary to what astronomers actually observe in the real universe. To do this,
there must first be available sufficient empirical evidence or well established as-
sumptions to determine clearly how the universe does appear to astronomers and
how it would appear in a hypothetical expansion.

On this basis, using presently established facts and generally agreed upon
assumptions, it can be logically demonstrated that the observed density of galaxies
along any line of sight would increase systematically with distance in an expanding
universe. This means that galactic densities at 10" light years would be at least
several times greater than the density nearby. This is contrary to the actual ob-
served results from recent galaxy mapping projects, and the logical conclusion is
that the universe is not expanding (Walker 1991).

Although physicists are skeptical about this type of approach based primarily
on logic, the method may offer considerable advantage in specific problem areas
where direct conclusions cannot otherwise be reached.

Direct Measurement

Another more direct method might be to directly measure the recession or
non-recession of the galaxies independently of the cosmological redshift. Such a
measurement, if successful, would provide conclusive and final evidence that space
is or is not expanding.

Edwin Hubble and Richard Tolman attempted such a direct measurement
approach in 1935, based on decreased surface brightness as a function of redshift.
Their test, together with recent applications, was described by Jaakkola (1988) as a
powerful indication that the galaxies are not receding.

However, neither this test nor other proposed tests of the expansion hypothe-
sis have been generally accepted as conclusive.

1 Ed. Note: The measured spectral shift is believed by most astronomers to refer to the
time at which the light left the galaxy, and thus the spectral shift should be propor-
tional to the distance of the galaxy. At the present time, both are greater, and hence
there is no contradiction with a theory of an expanding universe. See discussion in
Apeiron No. 6, 1990. H.C.A.
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At the same time, it is well known that a number of scientists have proposed
non-Doppler mechanisms to explain the redshift without any withdrawal of the
galaxies (Jaakkola 1978, Vigier 1990, Arp 1991, LaViolette 1986, Marmet 1991). Con-
sequently, the redshift itself is not finally conclusive as an indication of expansion.

For a fully conclusive test, it would be necessary to observe some regularly
periodic event (a Cepheid variable, for example) which is intrinsic to all galaxies. In
an expanding universe, the rate of any regular periodicity should appear to slow
down as galactic distances and recession velocities increase.

The fact that such a slow-down does occur as any recurring event moves away
from an observer was confirmed by observations made in 1676 by Swedish astron-
omer Olaf Roemer, who discovered that the regular orbital rate (eclipse rate) of
Jupiter’s moons appears slower when the distance between the earth and Jupiter is
increasing and faster when the distance is decreasing (Singer 1990).

The reason why such regularly periodic events appear to slow down when
they are receding is easily seen in Figure 1, which gives a simple illustration of the
mechanics. A rapidly rotating disc is at a distance d from an observer. If the disc
rotates at regular time intervals, each equal to At, an observed point P on the rim at
a time t will be seen to return to that same location after each time interval At if the
disc remains at the same distance d from O. Thus, if the observed starting location
of P at time ¢ is at the end of a radius, CP, which is perpendicular to the line of sight
OC, P will complete one revolution and return to that location at time (¢ + At).

However, if the disc is receding from the observer at velocity, V,, while it
completes one revolution, the disc will have moved away by a distance V,At during
that time, and its center C will have arrived at O’. The observed point P would now
be located at P’ at time (¢ + At).

Now, the light from P’ must travel the additional distance V,At to reach the
observer, so that its arrival at O will be delayed by an additional time interval
V.At/c, where c is the speed of light.

Consequently, when the disc is withdrawing, the observed time for the disc to
complete one revolution is Af(1+V,/c), and its period of rotation has increased by a
fraction V,/c. Since the observed time required for a point on the periphery to
complete one revolution is greater, its observed orbital velocity V, is lower.

Here, however, it is important to note that, although the observed orbital
velocity V,, relative to O, is slower, the actual orbital velocity V relative to the
center of the disc remains always the same. V, is observed to be slower only
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Figure 1. Rotation period of a receding disc.
A. Stationary disc completes one observed rotation during each time period At
B. Receding disc completes one observed rotation during a longer time period
At +(V,At/c)
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because of the increasing time lag required for light from point P to reach O as the
disc recedes.

With this in mind, the relation between the actual rotation velocity V of point
P and its observed rotation velocity V, is readily seen. Since P travels the same
orbital distance VAt in an observed time period which has increased to At +(V, /c)At,
the observed orbital velocity of a point on the rim is now:

VAt -V

V [
A1+ % "
V=Vo(1+lgl)

Because of this relationship, Roemer was able to compute, with remarkable accura-
cy for that time, the speed of light which was indicated by the slower eclipse rate
(and reduced rotational velocity) of Jupiter’s moons when the planet was receding,
and vice versa.

Similarly, it can be shown that the observed time period for any regularly
periodic event will increase as it recedes from an observer.

Periodicity of Galactic Rotations

The only regularly periodic event other than the frequency of light which is
now observable in a distant galaxy is its orbital period, which is a function of its
orbital velocity.

Rotational velocity can be determined either at radio wavelengths, by measur-
ing the global HI profile width (Tully and Fisher 1976), or optically from a spectral
profile of redshifts along a galactic diameter perpendicular to the line of sight
(Rubin 1983). In the latter case of a spectral profile, after deducting the central,
cosmological redshift, the remaining “Proper motion” redshifts indicate tangential
velocities of visible material in the galaxy at each radial distance from the galactic
center.

In this way, an astronomer can directly measure the observed orbital velocity
of the material objects (gas and dust clouds, stars, etc.) which exist at any point
along a galactic radius. The entire assemblage of such materials at the observed
point corresponds, on a far vaster scale, to the dot, P, on the disc in Figure 1, as
previously discussed.

A most interesting fact which results from such spectral examinations is that
spiral galaxies of the same morphological type (Sa, Sb, Sc) and absolute magnitude
have the same rotation velocities independently of their distance from the observer.

First indications of this were reported by Tully and Fisher (1975) who pro-
posed that there is “a good correlation between the global neutral hydrogen line
profile width, a distance-independent observable, and absolute magnitude”. Here,
the profile width also gives maximum rotation velocity.

This Tully-Fisher relation clearly establishes that, within distances of about
375 million light years (115 Mps), all observed galaxies of the same absolute magni-
tude have approximately the same maximum rotation velocity (V_,,), independent
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of distance. Yet, these same galaxies are thought to be receding from the Milky Way
at velocities which vary from less than 110 km s™ for the closest galaxies, at about
2.5 million light years (.75 Mps), to more than 6,000 km s™ for the farthest galaxies
at about 375 million light years (115 Mps).

Accordingly, as previously discussed, these observed galactic rotation rates
should not be the same in an expansion. Instead, the observed rotation rate should
decrease as galactic distance and recession velocities increase. Since, according to
the TF relation, they do not decrease, this would indicate that the galaxies are not
receding.

Optical Measurements of Rotation

These radio observations are confirmed by an optical survey of galactic rota-
tions made by scientists at the Carnegie Institution (Rubin et al. 1980 and 1982).
Their analysis confirms that, for galaxies of the same S type (Sa, Sb, or Sc), there is
a good correlation between rotation velocity (V,,,) at the isophotal radius and
absolute blue magnitude. Their farthest reading, for galaxy U12810, was at a dis-
tance of 165 Mps with magnitude —22 6, and a redshift recession velocity of 8124
km s, (Using an H value of 50 km s° Mps-l, and z= 0.02708).

Accordmgly, if U12810 is, in fact, receding, its observed rotation velocity V,
should be less than its normal rotation veloc1ty, as prev10usly discussed.

Since the observed orbital velocity V, is 235 km s, the relation given in equa-
tion (1) may be used to determine what the actual orbital velocity V would be if the
redshift, z= 0.02708, represents a velocity of recessmn At this relatively short
cosmological distance, z=V,/c, so that V = 241.36 km s™

The actual rotatlon velocity should be greater than the observed rotation
velocity by 6.36 km s or 2.6%—if the galaxy is receding.

A consistent variation of this magnitude between normal and observed rota-
tion rates could probably be detected if there were sufficient observational evi-
dence.

Testing the Galactic Recession Hypothesis

Now, considering all the factors discussed so far, the procedures necessary to
determine whether the galaxies are actually receding becomes apparent.

First, we would need to determine the rotational rate for nearby galaxies of a
particular spiral type and magnitude at distances within several Mps. Here, dis-
tances and magnitudes are well established from the distance scale. Observed infor-
mation on a number of galaxies could be averaged to obtain their most accurate
rotational velocity. At this short distance, (small z), this observed rotation velocity
should be approximately equal to the normal rotation velocity, V, for galaxies of
that type and magnitude.

Unfortunately, the nearby galaxy samples used by Tully and Fisher were of
varjous types and magnitudes which are not suitable for our present purpose.

Next, rotational information should be obtained, at the farthest observable
distances (largest redshifts), for a reasonable number of galaxies of the same spiral
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type and magnitude used for the nearby galaxy sample. From this, the observed
rotation velocity at that distance would be approximated.

Here again, the most distant observations made by Rubin et al., are not suita-
ble for our purpose (Table 1). Instead it would be desireable to have a larger galaxy
sample with less variation in luminosity reaching to a greater and distance.

However, if suitable data were obtained, the nearby (normal) rotation velocity
of a particular galaxy sample could be compared with its observed rotation velocity
at a distance in order to discover any difference.

Obviously, such a comparison cannot be made from existing data. Extensive
additional research would be required for meaningful results.

Table 1. Optical samples for distant galaxies. Data is for the 5 most distant Sb gal-
axies discussed by Rubin et al. in their examination of 23 Sb galaxies for optically
observed rotation properties. V, is galactic recession velocity in km s™ indicated
by the redshift, V, is observed rotation velocity (V,,,) in km s™. (Source: Rubin et
al., 1982)

" NGC Mg Distance v, v, z
(Mps)
uU11810 -21.2 98.3 4709 197 0157
2590 -21.9 95.8 4985 256 .0166
1417 -22.3 81.5 4114 330 .0137
1085 -22.4 136.0 6784 310 .0226
U12810 -22.6 165.0 8124 235 .0271
Total -110.4 576.6 28716 1328 .0957
Average
Values -22.08 115.3 5743 265.6 0191

Conclusion

Even so, the stakes are high, and the results should be worth the extensive
time and resources needed. Such a direct measure of the withdrawal or non-with-
drawal of the galaxies could finally resolve any questions about the validity of the
expansion idea and Big Bang once and for all.

If the galaxies are receding in a general expansion of universal space, their
observed rotation rates must decrease with distance. However, if the universe is not
expanding, no such decrease would be found.?

If an adequate research effort confirms that there is no such decrease, then the
unavoidable conclusion would be that the Big Bang never happened.

In that case, a new cosmological concept would be needed to replace the Big
Bang, It would have to provide some plausible alternative mechanism for the crea-
tion of matter ranging in scale from the subatomic size of the smallest particles to
the vast magnitude of the largest galaxies. Since a continuous creation of matter

2 Ed. Note: If clocks run slower on younger galaxies, more distant galaxies, because of
look-back time, would show slower rotation in a non-expanding universe. H.C.A.
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could not be accommodated indefinitely in a static space, provisions would be
needed for a balanced cycle of events in which the creation of matter in parts of the
cycle would be balanced by the conversion of matter back into energy in other
arts.

P One possible concept might incorporate a static universal space, occupied by a
dynamic ether in which both electromagnetic wave (photon) energy and atomic
particles (rotational energy) such as electrons and protons would exist. Energy
radiation from stars and galaxies would power the synthesis of basic particles
(rotational energy) in interstellar regions of the ether while large scale currents and
eddies in the ether would then impel these particles inertially into the centers of
stars and galaxies to provide fuel for the fusion (and other) processes going on
there. Such a universe would be quasi-static, stable, infinite, and would remain
always in a state of equilibrium. Such a concept is no more speculative than the Big
Bang, but, as I have shown elsewhere (Walker 1992), it might explain a number of
mysteries which are now unresolved.
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The Case Against the Big Bang
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Despite its widespread acceptance, the Big Bang theory is presently without any
observational support. All of its quantitative predictions are contradicted by observa-
tion, and none are supported by the data. Its predictions of light element abundances
are inconsistent with the latest data. It is impossible to produce a Big Bang “age of the
universe” which is old enough to allow the development of the observed large scale
structures, or even the evolution of the Milky Way galaxy. The theory does not
predict an isotropic cosmic microwave background without several additional ad hoc
assumptions which are themselves clearly contradicted by observation. By contrast,
plasma cosmology theories have provided explanations of the light element abun-
dances, the origin of large scale structure and the cosmic microwave background that
accord with observation. It is time to abandon the Big Bang and seek other explana-
tions of the Hubble relationship.

I. Introduction

While the Big Bang is widely accepted as a scientific explanation of the Hubble
relation, it rests on very few quantitative predictions. The most definite such quan-
titative predictions are the abundances of the light nuclides He#, D, and Li’. Well-
known results, (Wagner, Fowler and Hoyle 1966) based on nuclear physics and the
assumptions of the Big Bang, show that the pre-galactic abundances of these three
nuclides are a function only of the photon-proton ratio, which, by the Big Bang
theory, is an invariant in the universe. Since the number of photons, (which is
dominated by the number of photons in the cosmic background radiation) is known
accurately, this ratio is in effect a function of the baryon density in the present day
universe. In practice, this density is not known very accurately, and it has been
treated as a free variable. The Big Bang predictions, therefore, reduce to a prediction
of the abundances of two of the light nuclides, given the abundance of one. This one
abundance is used to derive the “true” photon-baryon ratio and thus the other two
abundances. The apparent validity of this prediction, based on data available in the
late 1960’s, was one of the main reasons for the general acceptance of the Big Bang.

The second and less specific prediction is that no object in the universe is older
than the Hubble age, the age of the universe estimated from the inverse of the
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Hubble ratio relating the redshifts and distances of galaxies. While this is qualita-
tively a very firm prediction of the theory, it is quantitatively vague for two reasons.
One, the Hubble constant itself is not accurately determined, and second, the de-
celeration parameter, which indicates how rapidly the assumed expansion of the
universe proceeded in the past, is also not known, and is dependent on the actual
density of all matter in the universe. However, the range of these values compatible
with observations does, as we shall see, set very real limits on the age of objects in
the universe, if the theory is valid.

The third and final quantitative prediction of the theory, in its current form, is
the existence of an isotropic Planckian background cosmic radiation. The tempera-
ture of this radiation is not predicted by theory, but, in the inflationary form cur-
rently popular, its isotropy and blackbody spectrum are. As we shall note below,
these are not valid predictions of the Big Bang in its most general form.

These three predictions and their claimed correspondence with observation
are the entirety of the evidence cited in favor of the hypothesis that the universe
originated in an instant in an intensely hot, extremely dense state. What is striking
is that at the present time, not one of these predictions can be validly cited as
evidence for the Big Bang, which, therefore, is entirely unsupported by observa-
tions. The first two predictions are flatly contradicted by observation, while the
third does not actually constitute evidence as to the primordial state of matter, and
involves additional predictions which are themselves contradicted by observation.

1. Light Element Abundances

The key problem for Big Bang nucleosynthesis (BBN) predictions of the light
element abundances lies in the discrepancy between the predictions for deuterium
and He*. The predicted abundance of He* decreases with decreasing baryon-photon
ratio, 7, while the predicted abundance of D decreases with increasing 7. Since the
observed upper limits on the pre-galactic abundances of both elements have been
declining, we now have a situation where there is no value of the density parameter
which yields predictions agreeing simultaneously with both observed He* and D
abundances.

We begin with deuterium: Hubble Space Telescope observations by Linsky fix
the current abundance of D at 1.65+0.1 x 10~ by number relative to H (Linsky
1992). Thus the 3 sigma upper limit is 2 x 107°. Of course, much of the pre-galactic
deuterium could have been destroyed in stars. However, many authors have placed
strict limits on how much of the primordial D could have been destroyed. Yang et
al. (1984), for example, show that while D is easily burned to He?, He? is destroyed
only where temperatures are high enough to burn H to He*. Considerations of the
amount of He3 produced in the galaxy, combined with calculations as to the pro-
duction of He? in stars, leads to the conclusion that the current sum of abundances
of D and He? is at least half the pre-galactic value. This leads to an upper estimate of
the pregalactic D abundances of about 8 x 10~°. Delbourg-Salvador et al. (1987)
conclude that a destruction of more than % of the pre-galactic D by astration would
lead to great variations in current D, depending on the exact history of a given
region. Since such variations are not observed, they calculate that primordial D
abundance is less than 3 times present, or, based on the Linsky observations, less
than 6 x 107°.
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abundance should be determinable by extrapolating He* abundance to the zero-
heavy-element condition. There are three ways of doing this—linear extrapolation,
nonlinear extrapolation, and simply averaging the galaxies with the lowest He* or
CNO abundances.

All of these approaches show that the observed He* pre-galactic abundance is
less than the lower limit predicted by BBN. Melnick et al. (1992) using a linear
correlation, obtain 21.6+0.6%, which is 3.3-4.4 standard deviations below the BBN
value, depending on which BBN limit is used, 23.6% or 24.1%. Using the six galaxies
with O abundance below 5 x 10~ (the next highest galaxy in the sample has an O
abundance above 8 x 107°) and averaging the He* abundances, we obtain 22.4+0.3%
which again rules out BBN at the 4 sigma level.

Using a different sample, and a nonlinear regression of He* on N and O,
Mathews et al. (1990) obtained a primordial He* abundance of 22.3%+0.2 which
puts the lowest BBN limit 6.5 sigma too high.

Olive et al. (1990), averaging the ten lowest He* galaxies, obtained a 2-sigma
upper limit of 23.7%. Even this higher value put the lowest BBN limit at 2-sigma,
implying only a 5% chance of agreement with observation. However, this lowest
BBN limit already assumes a neutron lifetime at the 2-sigma lower limit. In addi-
tion, the sample used did not include the new measurement of SBS 0335-052 by
Melnick (1992) of 21.1+1.9% nor did it include UM461 with a value of 21.9+0.8%.
The inclusion of these two galaxies would push the BBN lower limit back up to 3
sigma above observations, in agreement with the other results.

Finally, Pagel et al. (1992) use linear extrapolation to derive an abundance of
22.7+0.5%, or 2-3 standard deviations below the Big Bang predictions.

If we use the He? observations to estimate 71 by BBN predictions, we conclude
that, at the 2 sigma level, He? abundance is at most 23.0% and n <1.8 x 10%. The
BBN prediction for deuterium abundance would then be >1.74 x 10™. This is 8
times the upper limit for current D abundance in the ISM and twice the highest
plausible estimate for a pre-galactic abundance compatible with current observa-
tions. To achieve this 8-fold decrease in D abundance would require that the aver-
age parcel of the ISM has been processed twice through stars. As Yang et al. (1984)
point out, this would lead to overproduction of He#, C, N and O relative to observa-
tions. The complete processing of matter through a generation of stars with the
present luminosity function of the galaxy enriches the ISM by approximately 12%
He*. Two such processings would lead to an enrichment by about 24%, giving a
total abundance of 46%, far above current observations. In addition, the production
of this much He would yield 1.7 x 10' ergs per gram of galactic mass. This would
produce a luminosity/mass ratio 1.7 times that of the sun or about 8 times that
observed.

Finally, as Delbourg-Salvador et al. note, such an extensive destruction of D
would lead to great variations in current D abundance, which have certainly not
been observed.

Thus, if D observations are used to predict He* abundance, the lowest possible
BBN observations are ruled out at beyond the 3 sigma level, while if He* observa-
tions are used to predict D abundance the gap between theory and observation is at
least a factor of two, grossly more than the observational uncertainty. We must
conclude that standard BBN is excluded by the observations. This conclusion has also
been reached by others, such as Riley and Irvine (1991).
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Since the recognition by many researchers that the He* and D observation
together are incompatible with standard BBN, a number of efforts have been made
to propose “fixes” to the theory. The two possibilities discussed are inhomogeneous
BBN and a very massive tau-neutrino.

Inhomogeneous BBN, as elaborated by, for example, Mathews et al. (1990),
hypothesizes small-scale density fluctuations in the early universe that would affect
BBN. It should be emphasized that this hypothesis is entirely ad hoc, not emerging
from any physical theory. While BBN has relatively unambiguous predictions, in-
homogeneous BBN introduce 4 more free variables—the radius, density contrast,
spacing and shape of the inhomogeneities—which produce an enormously larger
range of possible predictions. Despite this large number of free variables, the range
of possible predictions does not include points that simultaneously have He* < 23.0
and D <8 x 107, the requirements of current observations. Indeed, the situation is
somewhat worse than in standard BBN, since with inhomogeneous BBN, lithium
production is enhanced. For conditions that produce He* abundance of 23.0%, D is
about the same as in standard BBN, but Li” is predicted at around 2 x 10~°. This is
in gross contradiction with an observed upper limit of 2.3 x 107 for Li” abundance
in Popll stars. Arguments that hypothesize lithium depletion to produce exactly the
same depleted abundance in a range of PoplI stars are too implausible on their face
to merit discussion. So inhomogeneous BBN also fails to resolve the conflict be-
tween theory and observation.

A second fix is to assume a very massive tau-neutrino, which would lower the
effective number of neutrinos in BBN calculations below three and thus lower He*
abundance predictions. A massive tau-neutrino would begin to pair-annihilate dur-
ing BBN, thus reducing the number of neutrinos. However, Kolb and Scherrer
(1982) have shown that this effect occurs only with a tau-neutrino more massive
than 15 Mev, relatively close to the observational upper limit of 35 Mev from
particle physics experiments. Such a massive neutrino would have to conveniently
decay rapidly to avoid a rapid gravitational collapse of the universe. Alternatively,
one could hypothesize the non-existence of the tau-neutrino which has never been
directly observed. This would, however, contradict existing particle physics theo-
ries,

Thus from any standpoint, the observational evidence is incompatible with
Big Bang nucleosynthesis, assuming only that there are tau-neutrinos, as particle
theory predicts.

lll. Large Scale Structure and the “Age of the Universe”

The second basic prediction of the Big Bang theory is that no object in the
universe can be older than the time since the Big Bang—the “age of the universe”.
The clearest contradiction of this prediction is in the data on the large scale struc-
ture. The large scale structure discovered by R. Brent Tully (1986) and confirmed by
the IRAS survey of W. Saunders (1991) is widely interpreted as contradicting Cold
Dark Matter theories of structure formation. However, an analysis of Saunders’s
data, combined with data on the observed average velocities of galaxies and other
observational constraints, leads to contradictions with the entire Big Bang hypothe-
sis, not just some versions of it. As I show here, it is impossible to generate the
observed structures in less than three times the “age of the universe” determined by



94 Eric ]. Lerner

the Big Bang theory. In addition, even if we ignore this fundamental problem, such
structures would generate distortions of the CBR spectrum that are incompatible
with COBE observations, if, as is assumed in the Big Bang, cosmic density increases
as (1+z)® and the CBR was thermalized prior to z = 20.

Saunders et al.’s survey of IRAS galaxies provides a high-quality picture of the
current distribution of galaxies within a cube 560hs, ™ Mpc on a side, centered on
the Milky Way. The survey shows that most of the galaxies are concentrated into
two elongated concentrations whose centers are separated by about 360hg, ™ Mpc.
In examining the formation of such large structures, the first question to be an-
swered is: how far must matter travel to form such structures from an initial even
distribution?

Table 1. Large Scale Structure

Density/Average Density Vol/Density Mass/Density

(1) (2) (3)

2.5 17 42.5

2.2 33 72.6
1.93 56 108.1
1.63 89 145.1
1.48 130 192.4
1.40 141 197.4
1.29 170 2193
1.14 199 226.9

Saunders provides data in the cited paper showing the number of bins (each
80hs, ™ Mpc on a side) having a given density of galaxies. This data, taken from
Figure 3 (Saunders 1991) is shown in Table 1. Column (1) is the density of a set of
grid points divided by average density, column (2) is the number of grid points per
density interval (arbitrary units) and column (3) is the product of the first two cols.
We model the data as two identical cylinders extending the full height of the survey
volume. That is, the highest density region is assumed to be divided into two
cylinders of radius 44(1) and the regions of progressively lower density are as-
sumed to be annular cylinders with outer radii a ¢(n). To determine the average
distance traveled, we expand each cylinder’s volume by 4, its density divided by
the average density of the entire survey volume, obtaining an initial radius 4;(1). It
is then trivial to determine the average distance traveled by the matter in each
annular cylinder and to thus obtain the mass-weighted average distance, D = 38
Mpc. The calculation is summarized in Table 2. Column (1) is the outer radius
(Mpc) of each annular cylinder with the density defined in Table 1. Column (2) is
the initial outer radius when matter had been spread out to average density. Col-
umn (3) is the average distance moved by matter in each annular cylinder.

To determine the apparent age of these structures, independent of any as-
sumed cosmological theory of the early universe, we can simply divide D by V, the
average velocity of matter on these very large scales. Various surveys of average
peculiar velocities of galaxies are consistent with V = 600 km s™, the peculiar veloc-
ity of the Milky Way relative to the CBR. Thus, D/V = 63h5} Gyr or over 3 Hubble
times. The apparent age of the structures is thus triple the oldest possible age of the
Universe in the Big Bang model—a serious contradiction to the theory.
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Table 2. Calculation of Average Distance Traveled in Formation of Large Scale
Structure

R R, D
(1 (2) (3)
41.9 66.2 25.6
53.4 82.6 26.8
87.4 126.7 33.7
1106 153.3 41.1
119.9 163.5 43.2
129.5 173.4 43.8
150.2 193.7 43.7
171.4 212.7 42.5

Hypothesizing higher velocities in the past cannot overcome this problem
without violating other observational constraints. Two deceleration mechanisms
are possible: thermal pressure from a hot intergalactic medium or magnetic pres-
sure from intergalactic magnetic fields. For a plasma cloud traveling through a hot
plasma of temperature T(eV) deceleration is:

i—‘: =1.65x10°nT%V cm sec’? 1

The X-ray background indicates T = 40 keV. Taking plasma particle density n
=1.6 x 107 cm™>, the deceleration over 10 Gyr would be only 5.6 km s™. If a cooler
temperature of the IGM is hypothesized higher decelerations are obtained: at T = 9
keV, AV = 51 km s™. Further decreases in T cannot produce any higher decelera-
tions, since below 9 keV total pressure would limit deceleration. Here

dv _ _1p nT
ar =10 @

y
where R(cm) is the present radius of the large scale structures, around 170 Mpc, and
m,(gm) is the proton mass.

For magnetic braking, Faraday rotation measurements limit nBr < 2 x 10* g
cm™? (Valle 1975) where r is the current radius of the LSS and B(gauss) is average
magnetic field strength. This yields a limit of .24 microgauss for the interéalactic
field strength at these scales, maximum decelerating pressure of 2.4 x 107> dyne
ecm? and a maximum deceleration in 10 Gyr of 54 km s™. Thus the maximum
average velocity over the past 20 Gyr is 708 km s™ for an apparent age of 54 Gyr,
still far longer than the Hubble time.

These age estimates are only lower limits since they assume, unphysically,
that all the matter is accelerated instantaneously to the maximum velocity in the
right direction.

If we try to estimate the length of time needed to form these structures assum-
ing a Big Bang—that is assuming the cosmos was once in an extremely dense
state—we still have a contradiction.

Gravitational attraction is clearly inadequate, as the many unsuccessful at-
tempts with dark matter models have shown (Saunders 1991). This leaves some
form of explosive mechanism. Here, an instantaneous velocity is imported to some
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matter, but the energy involved is only spread as the “bubble” formed in the
explosion expands. Such explosive mechanisms are hypothesized in the currently
popular “texture” models (Cen et al. 1991). It should be emphasized that such
models are entirely ad hoc, since the underlying physical processes hypothesized
are without any experimental or observational basis.

Even such an ad hoc explosive mechanism, however, fails to resolve the prob-
lem of the age of the structures.

For a dark matter, Q = 1 universe, the radius of the bubble formed is (Levin et
al. 1991)

E 2 ¢ 8
R=3.4(Eﬁ) (El—o) Mpc=6.4x10*E%#® cm 3)

where E is explosive energy in ergs and ¢ is time of formation in years. Now,

E=-mnV*R® @)

1
2P
So,

t=1.03n"AV-%RA ®)

taking 7 = 29 x 10° ecm® (Q = 1, H, =50 km s™ Mpc™), V=600 km s™, R = 38
Mpc, we get t = 34 Gyr. For an Q =1 Big Bang, the current age of the universe is %
the Hubble time =13 Gyr, so the time of formation is 2.6 times the “age of the
universe”. For H, = 100 km s™ Mpc, the situation is worse by a factor of 2%.

In fact, this is an underestimate, since a bubble 38 Mpc in radius will move the
average particle only 9.5 Mpc. If we assume a cylindrically symmetric explosion we
still need a bubble 38 x 3 = 114 Mpc in radius. In this case, ¢ = 59 Gyr or 4.4 times
the age of the universe.

The age of the universe can be pushed back by introducing a cosmological
constant, another ad hoc hypothesis. For an Qor =1 universe, the age of the uni-

verse is
1+Qf
o}

2

For Q = .04, t = 31 Gyr for H, = 50 km s Mpc™, which is clearly inadequate.
To achieve an age of 60 Gyr, Q; must be 4 x 10™*, which clearly is not allowed by
Big Bang nucleosynthesis predictions. By abandoning Q. =1, the inflationary
model, any arbitrary age can be obtained. An age of 60 Gyr requires a careful
tuning of Q, to 1.18, with Qp =.04. Care is required because a slightly higher
cosmological constant of 1.195 would eliminate a Big Bang altogether, with a mini-
mum radius of the cosmos being about 2 Gpc. Aside from the implausibility and
arbitrariness of such fine tuning, which eliminates any Big Bang prediction on the
age of the universe, such a “dachshund universe” would spend most of its lifetime
at a radius corresponding to a z of about 5.5. This would lead to a massive over-
abundance of objects as this z is approached and, would also, among other things,
lead to an early formation of galaxies. Clearly the current universe does not have an
average age of galaxies of 60 Gy, so the epoch of galaxy formation must have
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occurred considerably later than that of the formation of very large scale structures,
again in contradiction to any Big Bang scenarios.

Thus there is no way to create the structures observed by Saunders et al.
without either taking far longer than the time since the hypothetical Big Bang or
without generating final velocities of matter far in excess those observed.

Even if we ignore this fundamental problem and allow arbitrary final veloci-
ties, we still have a contradiction with observation. Levin et al. (1991) have calculat-
ed the distortion of the CBR spectrum (y parameter) due to explosions of various
magnitudes starting at a given z, assuming only that density increases as (1+z)°
and that the CBR is not thermalized at low z. For a Q =1 > Q, dark matter cosmos
with explosions at z =9, which they calculate to be the latest possible time,

y =5x 10_5 hlsooQBfoRz (6)

where R is in Mpc and f, is the volume fraction of the cosmos in the bubbles. With
R =114 Mpcand f,= .25 and Q; hy > 1072 as required by Big Bang nucleosynthesis
calculations (Olive et al. 1990) we have

Yy =17x103hy ?)

For H,= 50 km s l\f[qpc"l, y=85x 107, in clear contradiction with COBE
upper limits on y of 3 x 107, For a non-dark matter universe, y, according to Levin
would be doubled, and early creation times or a higher value of h would only make
things worse.

It should be noted that this problem cannot at all be solved by the introduction
of “bias”, an ad hoc assumption that the dark matter in the universe does not have
the same spatial distribution as the galaxies. One still must explain how the baryon-
ic matter came together in such large inhomogeneities. Only a bias between the
bright, observable baryonic matter and non-observed baryonic matter would have
any impact on the problem. Since the amount of matter observed in clusters is
already close to the limits allowed by any Big Bang nucleosynthesis calculations,
there is simply not enough baryonic matter left over to make a large difference.

The problems with large scale structure are not the only age-of-the-universe
problems that contradict basic Big Bang predictions. Many researchers (for example
Hatzidimitrou 1991) have shown that the oldest globular clusters in the Milky Way
must be in excess of 15 Gyr old, making a minimum age for the start of the
contraction of the protogalaxy that was to form the Milky Way of about 16 Gyr. At
the same time, many measurements of the Hubble constant are converging on a
value of about 85 km s Mpc™, with a two sigma lower bound of 65 km s™ Mpc™.
Without a cosmological constant these figures imply an age of the universe of 11.8
Gyr and 15.4 Gyr respectively for an empty universe and 7.8 Gyr and 10.25 Gyr for
an inflationary, flat universe. An inflationary universe is clearly ruled out, since it
implies a universe at least 6 billion years younger than our own galaxy. A low-
density universe is also at least marginally ruled out at the two sigma level.

Again, of course, the ad hoc introduction of a cosmological constant can relieve
this contradiction, at the cost of eliminating any Big Bang prediction as to the age of
the universe.
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IV. Cosmic Background Radiation

The third key prediction of the Big Bang theory is the isotropy and Planck
spectrum of the cosmic background radiation. Here again, there is a large gap
between theory and prediction. As has been known for more than a decade, the
original version of the theory does not predict even rough isotropy of the CBR,
since portions of the sky separated by more than about 10 degrees would not have
had time to be in contact with each other and so could not have reached thermal
equilibrium with each other. Neither isotropy nor a Planck spectrum would thus be
expected on large angular scales, in gross contradiction to observation. (This is the
so-called horizon problem.) The widely accepted solution to this problem is the
additional hypothesis of an inflationary stage that expands a small portion of the
universe that has reached thermal equilibrium. This is another wholly ad hoc hy-
pothesis, since it is derived from grand unified theories that are themselves without
any experimental justification. Indeed, the only unequivocal predictions of these
theories, the instability of the proton, has been contradicted by experiment (Becker-
Szend 1990).

If inflation is accepted, it predicts an Q of unity for the density of the universe.
Since the directly observed density leads to an Q of only .02 at most, this is another
violent contradiction with observation. Indeed, an Q of unity with ordinary matter
is inconsistent with Big Bang nucleosynthesis predictions which allow at most a
density of .04 (Olive et al. 1990). To overcome this inconsistency and contradiction
with observation, a third ad hoc hypothesis has been widely proposed that a new
and wholly unobserved type of matter, dark matter, constitutes 98% of the uni-
verse. Again, the existence of such dark matter is utterly without experimental or
observational support.

It is usually argued that, although there is no evidence for an Q of 1, there is
indirect evidence for some dark matter. This evidence is in the flat rotation curves
of galaxies and the velocities of galaxies in groups and clusters as well as in gravi-
tational bending of light by clusters, all of which is used to argue that dark matter
accounting for an Q of 0.1 exists. All of this evidence, however, has major failings.
Davies (1990) has pointed out convincing evidence that galaxies are optically thick.
This both increases the amount of luminous matter and invalidates conclusions
drawn from optical rotation curves. Observations of rotation curves by radio are
observations of the motion of the plasma in the galaxy, not the stars. As Peratt
(1986), and later Battaner et al. (1992) convincingly showed, such flat rotation curves
are to be expected when the role of galactic currents are taken into account, and
thus do not necessitate dark matter. Valtonen and Byrd (1990) have pointed out that
background and foreground galaxies as well as non-viralized galaxies that are
expelled from clusters would produce apparent masses about four times the actual
masses of clusters. Finally, estimates of dark matter based on observations of grav-
itational bending of light are limited to the core regions of clusters and do not
support amounts of dark matter greatly in excess of the amount of visible matter.

Perhaps the greatest contradiction between the inflationary-dark matter mod-
el and observation is in the large scale structure. As many authors have pointed out,
if the true Q is unity then overdensities on the scale observed in large scale struc-
tures would produce typical peculiar velocities among galaxies of 1000-2000 km
s, two to four times the value observed (Weinberg and Cole 1992). Yet another ad
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hoc hypothesis, biasing, is generally appealed to to overcome this contradiction.
Here it is simply assumed that the non-baryonic dark matter has a different, smoother
spatial distribution, presumably because of a higher effective temperature. The
existence of this smooth, background of massive particles would of course have
virtually no observable consequences, since the dark matter is ex hypothesi not
observable except by its gravitational effects, and a smooth background would
have no gravitational effect. Like any statement without observational consequenc-
es, the existence of such a background must be taken as a statement of faith, not a
scientific hypothesis!

Thus the conventional explanation for the microwave background requires
the acceptance of three purely ad hoc assumptions—inflation, dark matter and bias—
and result in a final model that includes elements—the smooth dark matter back-
ground—that have no observational effects.

The only alternative to this scenario is the use of another ad hoc hypothesis, the
cosmological constant, as a substitute for dark matter. In this model, matter is all
baryonic, amounting to an Q = .04 while the remaining energy density, and Q = .96,
is tied up in the cosmological force field. This variant, as we pointed out, makes the
universe older, thus relieving in part the age of the universe problem, although not
fully resolving it. It is not a very plausible approach, having the universe start off
with a wholly negligible cosmological field, with an energy density 107'%* times
smaller than the matter density, and just crossing over to a cosmological force-
dominated universe at a z of around 2.

In addition, a high cosmological constant would result in a high density of
objects at redshifts of around 2, yielding among other things a high number of
gravitational lenses. Recent surveys of quasars contradict those predictions, assum-
ing that quasars are at their cosmological distances (Maoz et al. 1992).

Despite these serious difficulties, the recent discovery by the COBE satellite of
apparent anisotropies in the CBR has been hailed as definitive proof of the Big Bang
theory. The rather tortured logic involved is that these fluctuations show that inho-
mogeneities in the early universe did indeed exist and that they led to the formation
of large scale structure through gravitational instability. However, the existence of
such fluctuations in fact does not help to resolve any of the previously cited contra-
dictions between Big Bang predictions and observation—the light elements and age
of the universe problems remain. Nor were the magnitude of the fluctuations accu-
rately predicted by Big Bang theory. Without dark matter theorists predicted that
fluctuations on the order of one part in 10> would be observed, a prediction falsi-
fied in the 1970’s. With the addition of dark matter, the theories became sulfficiently
flexible that predictions in the year prior to the COBE announcement ranged from
2x 107 to 1077, The actual claimed detection at 10~ is within this very broad
range, but the range is so broad as to negate any predictive value of the theory.

In fact, there remain additional contradictions between the predictions of Big
Bang theory and the observed level of isotropy of the CBR. Observations of an
upper limit on anisotropy of 1.4 X 10 at scales of one degree (Gorskii 1992) imply
limits to peculiar velocities in the present day universe on length scales of 50~
100k*Mpc. These limits of about 90 km s™ are far below observations in the range
of 300-500 km s™*. Even with inflation and dark matter, it is not possible for such
velocities to be produced gravitationally without violating isotropy constraints,
assuming the CBR is indeed primordial.
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V. Other Contradictions

Thus, not a single one of the Big Bang’s quantitative predictions is in accord
with observation. Even the very existence of substantial quantities of matter in the
cosmos is in contradiction with the basic assumptions of the Big Bang. One of the
most exactly confirmed laws of particle physics is baryon number conservation—
that is, in all experiments when protons are generated from energy, anti-protons are
generated in exactly equal numbers. In the hypothetical early phase of the Big Bang,
at a cosmic age of about 2.2 x 10 seconds, protons and antiprotons would be
formed by pair production when the temperature dropped below 10"*°K. Mutual
annihilation of newly formed proton-antiproton pairs will prevent particle density
from rising above n,.

n. = (tco)” ®)

where ¢ is the cosmic age, 2.2 X 107° sec, and o is the annihilation cross section of
protons- of Gev energy. Since ¢ =5 x 107 cm? n, =2.8 x 10® cm™. Since this
density would exist at a z of 3.6 x 10", current density would be anticipated to be
n./z* =5.7 x 107 some 10" times less than observed matter density. The only way
around this problem is, again, an appeal to ad hoc hypotheses of baryon number
non conservation at high temperature, hypotheses, again without any empirical
support.

Two final contradictions can be added to this substantial list. While it is rarely
cited as evidence for the Big Bang, the theory makes striking predictions about the
relationship between the redshift and angular diameter of objects with the same
linear dimension. While in Euclidian space, angular diameters decline with dis-
tance and thus with z, in the Big Bang universe this is not the case. In an empty
universe, the angular diameter of an object asymptomatically approaches a lower
limit as z goes to infinity, while in an inflationary universe, the angular diameter
reaches a minimum at z=1.25 and then increases. Observations of the angular
diameter of clusters, large central galaxies in clusters and of radio galaxies have all
been used to test this prediction (Kapahi 1987). Without exception, all have found
that the data fit a simple 6 = 1/z relationship, in violent contradiction to Big Bang
predictions.

As in other cases of conflict between theory and observation, Big Bang propo-
nents have simply introduced additional ad hoc hypotheses, in this case speculating
that size evolution is just enough to compensate for the predicted angular diameter
enlargement. Since this size evolution is supposed to affect such different phenom-
enon as galaxies, clusters and radio galaxies equally, it is extremely implausible.

Lastly, the Big Bang hypothesis'demands that the Hubble constant be in fact a
constant everywhere and that the assumed expansion is isotropic. Yet Ichikawa and
Fukugita (1992) have shown that, using identical methodology, there is an approx-
imately 20% difference in the value of H, in the Perseus-Pisces direction as com-
pared with the Coma direction. This discrepancy extends over a region of more
than 100 Mpc and cannot be explained by any gravitationally driven peculiar mo-
tions.

We can thus see that the statement “the Big Bang is a well-verified theory” is
closely akin to the statement “the Emperor’s new clothes are beautiful” and is as
little supported by observation.
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VI. The Plasma Alternative

While Big Bang cosmology cannot be reconciled with the existence of large
scale structure, such structures were successfully predicted by plasma models (Lerner
1986). In these models, without a Big Bang or high density phase of cosmic history,
large scale vortex current filaments develop as instabilities within an initially more
uniform cosmic plasma. Such filaments grow until they become gravitationally
unstable and then begin to gravitationally contract, breaking apart into a hierarchy
of smaller filaments. Plasma instability theory limits the characteristic gravitational
orbital velocity within fully contracted filaments and the objects, such as galaxies
and clusters of galaxies that condense from them, to between (m,/m ) *c and (m,/
mp)/ ¢ or 160-1070 km s™!, where m, and m_ are the electron and proton masses
respectively. Such vortices must be colhslonaf to contract gravitationall ly, wh1ch for
a characteristic maximum velocity of (m,/m ) ic, unphes n’D =1.0 x 10" cm?, where
D is the average distance between structures and o’ is the density structures have
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Figure 2. Plot of orbital velocities V versus nr. C, G, S and s show value for clusters of galaxies,
galaxies stars with M > 1.8 M, and stars with M < 1.8 M,,. C’, G’, S’ and s’ are values for un-
condensed clusters, galaxies, and stars. The vertical and horizontal lines come from plasma in-
stability theory. The cross indicates the dimensions of the large scale structures mapped by
Saunders (1991).
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I (radio luminosity)
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Figure 3. Index of relative radio luminosity I is plotted against Log distance (Mpc).(H, = 75 km
s™'). Small dots are spirals, large dots interactives and starburst galaxies. Solid line is best fit,

Iy ~ D2, Since I is logarithmic (arbitrary units), the regression indicates a factor of 10 absorp-
tion over the range of distances represented.

before condensing (for example, for a galaxy this would be the average density of
all matter in a cluster of galaxies).

As shown in Figure 2, these two simple relations predict the entire hierarchy
of structures, from stars to large scale structures.

To see how the structures confirmed by Saunders et al. (1991) fit with these
predictions, we must estimate the density of the structures. An upper limit on this
density can be derived from estimates of observable matter density which is con-
sistent with Q = .02 {Byrd and Valtonen 1990). For H, = 50 km s Mpc™, this yields
n=6x 10 cm™. For a cylinder of radius 170 Mpc, orbital velocity is 1,000 km s™.
Alternatively, we can take the observed average velocity of 600 km s™ and assume
that this is the orbital velocity. This yields a lower n=2 x 10® cm™. Fora s‘?aci.ng
between cylinders of about 360 Mpc, with n = 1-3 x 10 cm™, nr = 1-3 x 10” em™.
As can be seen from Figure 1, the structures are in good agreement with earlier
plasma-based predictions.

In addition, théories based on the interactions of plasma filaments have ex-
plained in detail the formation of galaxies as shown in analysis and simulation
(Peratt 1986). Such simulations show the development of the form of spiral galaxies
and explain the flat velocity profiles without any recourse to dark matter. Exten-
sions of these theories, using the above relationships of n’D, which imply a relation
between density and mass of condensed objects, show that young galaxies are
dominated by intermediate mass stars of 4-10 M, (Lerner 1988). Such stars pro-
duce the observed .22 proportion of He* by thermonuclear reactions and produce
the observed abundance of deuterium and Li’ by cosmic ray induced reactions
(Lerner 1989).

The energy from these intermediate mass stars, thermalized by galactic and
intercluster duets, provide the energy for the microwave background (Lerner 1988).
The CBR is, in turn, isotropized by an absorbing and emitting thicket of dense,
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magnetically confined filaments of current in the intergalactic medium (Lerner
1988, 1990, 1992).

Such an absorptive and emitting IGM could account for the isotropy and
spectrum of the CBR even with LSS. For example, for an approximate model of IGM
density which declines as D! to 40 Mpc, remains constant to 600 Mpc and then
remains constant at .125 lower densrcy, the y parameter for an emitting and absorb-
ing medium would be 1.8 x 10™. This results from the summation of radiation
from elements of the IGM at hlgher and lower z, If a LSS is modeled as a 1.5
enhancement in IGM densny extendmg from 300—500 Mpc, the resulting anisotropy
from such LSS covering ¥ of the sky is 1.9 x 107, More realistic inhomogeneous
models would probably reduce these figures considerably.

Such an IGM would not eliminate radio ernission from distant radio sources:
average absorption at z = 1 would be about a factor of 6,000.

Previous evidence has supported the idea that the IGM is not transparent to
radio and microwave radiation, but scatters and isotropizes it. The principal evi-
dence for this is in the decrease with distance of radio luminosity of galaxies for a
constant IR luminosity (Lerner 1990). More recent evidence (Lerner 1993) extends
this relationship to 300 Mpc (Figure 3) and yields a statistical significance of 8
sigma. Such a relationship can only be explained by an absorptive medium, which
by Kirchoff’s law must be responsible for the blackbody CBR emission.

Thus, previous work has shown that a coherent, non-Big Bang approach,
which assumes an evolving cosmos without a beginning in time and takes into
account plasma phenomena, can successfully explain large scale structure, galaxy
formation, the abundance of light elements and the characteristics of the CBR as
well as predict new phenomena, such as the absorption of radio radiation by the
IGM. In contrast, the Big Bang approach is incompatible with all data. To continue
to cling to this theory and introduce an unlimited number of ad hoc hypotheses to
bridge the gap with observation is to abandon the scientific method. It is clearly
time to relinquish this theory and seek other explanations of the Hubble relation,
such as, for example, the Alfvén-Klein ambiplasma model (Alfvén 1979, 1983; Alfvén
and Klein 1962) or other alternatives that do not postulate a dense, hot epoch of
cosmic evolution or a beginning in time.
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The de Sitter redshift, a more or less moth-balled relativistic redshift, is re-exam-
ined in light of present-day observations and compared to the Hubble redshift. The
redshift-magnitude relation given by the Hubble law is compared to that given by
the de Sitter law. The intrinsic brightness of quasars, in the context of a de Sitter
redshift, is not at all extraordinary. For high-redshift objects, such as quasars, redshift
is an indicator, but a weak indicator, of distance. Could the “ancient” de Sitter
redshift still play a role in modern astronomy?

Introduction

We shall consider three aspects of the de Sitter solution: first, the history of the
de Sitter redshift; second, an analysis of recent observations in the context of this
redshift; and finally, a brief discussion of the expected black-body radiation from a
de Sitter event horizon.

Historical Overview of the de Sitter Redshift

A friend and colleague of Ehrenfest, Lorentz, and Einstein, the Dutch astrono-
mer Willem de Sitter discovered the first-known cosmological redshift, the so-
called de Sitter redshift, in 1917. Since 1992 is the 75th anniversary of the de Sitter
solution, it seems appropriate to highlight the history of this venerable theory.

In the last of de Sitter’s three papers comprising the first English language
version of Einstein’s general theory, de Sitter (1917) notes,

Consequently the frequency of light-vibrations diminishes with increasing distance from the
origin of co-ordinates. The lines in the spectra of very distant stars or nebulae must therefore
be systematically displaced towards the red, giving rise to a spurious positive radial velocity.

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 105



106 Miller and Miller

This prediction of a redshift was apparently made in ignorance of the contem-
porary observational work by Slipher demonstrating such a redshift. “Slipher’s list
of 13 velocities, although published in 1914, had not reached de Sitter, probably as
a result of the disruption of communications during the war” (Hubble, 1936).

There are three possibilities for a static universe: the flat spacetime of Minkowski,
Einstein’s “cylindrical” world in which space is curved but time is flat, and de
Sitter’s solution in which both space and time are curved. Ehrenfest actually had the
basic idea behind the de Sitter solution (Kerszberg, 1989). In essence, Ehrenfest
asked of de Sitter: if space is curved, why shouldn’t time be curved as well? It is the
time curvature which leads to the de Sitter redshift.

Although de Sitter theory has now slipped largely into obscurity, it was a
dominant theory throughout the 1920’s, sharing the spotlight with Einstein’s “cylin-
drical” world. (Note that the de Sitter theory is distinct from the Einstein-de Sitter
theory.) Edwin Hubble (1929), in his original paper demonstrating a correlation
between redshift and distance, writes,

The outstanding feature, however, is the possibility that the velocity-distance relation may
represent the de Sitter effect.... In the de Sitter cosmology, displacements of the spectra arise
from two sources, an apparent slowing down of atomic vibrations and a general tendency of
material particles to scatter.

It is interesting to note that two types of de Sitter redshift were being dis-
cussed in the 1920’s: metrical and kinematic. The kinematic redshift helped give rise
to the idea of an expanding universe. However, we shall consider only the original,
metrical, de Sitter redshift.

By the mid-1930’s, the de Sitter solution seems to have vanquished its static
rival, the Einstein “cylindrical” universe, only to succumb to the time-dependent
solutions of Friedmann, Lemaitre and others. The reasons for this decline in popu-
larity are not entirely clear, but a general unwillingness to consider the possibility
of negative pressure may have played a role. An equation arises in the de Sitter
solution, p+ p =0, where p is pressure and p is density. Thus, assuming density is
not negative, one must have either negative pressure or an empty universe in which
p=p=0. Apparently, neither of these alternatives seemed palatable at the time,
and the de Sitter solution fell into disuse. Furthermore, World War II intervened,
and the best and brightest were at work on more practical problems.

By the early 1960’s, only a few authors were advocating the de Sitter solution.
In one noteworthy study in Nature, Browne (1962) wrote, “In many respects the
most satisfactory of the cosmological models based on solutions of Einstein’s grav-
itational field equations is the steady-state de Sitter model.” Earlier, Hawkins (1960)
had advocated the de Sitter redshift in the context of the expanding steady-state
cosmology of Bondi, Gold, and Hoyle. Ironically, Hawkins later (1969) abandoned
de Sitter theory with the discovery of quasars:

Actually both the steady state theory and the static universe were dealt a severe blow by the
discovery of quasars. Neither theory can explain a concentration of these objects at the
boundary of the universe, existing at an epoch of 3 billion years in the past.

It will be shown below that, despite Hawkins’s capitulation, the de Sitter
redshift provides a reasonable explanation for quasars.
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Comparison of de Sitter Redshift with Current Observations

A metrical redshift, as its name implies, arises from the relativistic spacetime
metric,

ds? = —yldr? - 1*d6% — *sin® 0 d¢* +y d? @

(We choose units such that G = ¢ = 1.) Redshift z is proportional to the percentage
increase in wavelength and is defined as

A
=M _1=y%_1 2
z—/l =Y ()

0

whereA,, is the wavelength of the unshifted photon and A, is the wavelength of the
photon at a distance 7.

There are many different formulations of the de Sitter solution depending on
which coordinate transformations are employed. Our interest is in converting ap-
parent brightness to intrinsic brightness. Since we wish to use the inverse-square
law, we must choose so-called “pseudo-Euclidean” coordinates which preserve the
Euclidean formula for surface area: A = 4zr”. Other coordinate transformations would
entail unfamiliar surface area formulae and will not obey inverse-square law dim-
ming. For the de Sitter solution, assuming “pseudo-Euclidean” coordinates,

y=1—(%]2 @)

where

Ri=o @

r represents the distance to the de Sitter event horizon; and p is the mean mass
density (e.g., Eddington, 1923). In a de Sitter world, combining equations (2) and (3),
distance r can be given in terms of redshift z as

z- [1-+1?]" 5)

This relationship is plotted in Figure 1.
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Assuming redshift increases with distance, for incomplete catalogs such as we
are using, some increase in intrinsic brightness may be expected as a result of
Malmquist bias: i.e. the more distant objects will tend to be brighter because we will
only be able to see distant objects if they are intrinsically brighter than closer
objects. Assuming a linear Hubble redshift-distance law, high-redshift objects, such
as quasars, must be extraordinarily powerful since they are assumed to be much
farther away than objects of intermediate redshift, and yet appear nearly as bright.
This is difficult to explain as a result only of Malmquist bias. Of course, quasar
luminosities may be understood as an evolutionary effect: as we are looking out
into space, we are looking back into time when objects existed that were intrinsical-
ly much brighter than anything currently existing.

Because of the asymptotic character of the de Sitter redshift, quasars with high
redshifts may not be much more distant than intermediate-redshift objects. Quasars
may be considered in the context of a nonlinear de Sitter redshift-distance law
(equation 5) without requiring an evolutionary effect. Absolute magnitudes are
roughly the same at all redshifts, assuming a de Sitter redshift.

Although normally defined in terms of wavelength, the simplest way to think
of the de Sitter redshift is in terms of frequency. The de Sitter frequency-distance

law is given by
2 2
\& r _
[;:) +(R) 1 )

where v, is the frequency of the unshifted photon and v, is the frequency of the
photon at a distance . This curve forms an easily visualized quarter circle as shown
in Figure 3. However astronomers do not report their results in terms of fractional
frequency but in terms of redshift z (or, more often, in terms of the inferred quantity
“velocity of recession.”)

Black-Body Radiation from a de Sitter Event Horizon

The 2.7°K black-body radiation is often cited in support of the Big Bang
theory since it was predicted by this theory in advance of the observation. But note
that Eddington (1926) predicted a 3° K temperature before he adopted Lemaitre’s
Big Bang model.

The de Sitter event horizon, like a black hole event horizon, emits black-body
radiation. It can also absorb radiation. Emitting and absorbing over a long time, the
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horizon should come to equilibrium with the energy contained within it. This is
consistent with the well-known observation that the energy density of starlight is
roughly equal to the energy density of the microwave background radiation. The
observed 2.7° K radiation can be thought of as Hawking radiation from a de Sitter
event horizon in a quasi-static universe.
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Equilibrium Cosmology
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In equilibrium cosmology (EC), the Universe neither expands nor changes global-
ly in other respects, i.e., it is in equilibrium. Theoretically, EC is based on the (empir-
ically supported) strong (“perfect”) cosmological principle (CP) and—as a conse-
quence of the CP—electrogravitational coupling (EGC). The essence of and argu-
ments for the EGC are summarized. EC divides into three fields: radiation and
gravitation, connected via EGC, and research into equilibrium evolutionary processes
(EEP), which in the CP-universe, ensure the properties of matter are unchanging,
even though all individual systems evolve. The foundations and construction of EC
are simple and coherent, and the CP-property makes it extremely sensitive to the
empirical tests.

In radiation cosmology, the EGC explains the redshift effect with all its observed
properties, including distance-dependent and distance-independent z’s; in the former,
varying steepness of the (r,z) relation depending on density is predicted and also
observed. Cosmological redshift is a special case of the universal z-effect; EC predicts
a unique (m,z)-relation, which is in form different but numerically coincides with the
Hubble relation, which has depicted the observations well for six decades. The value
of the Hubble constant is derived theoretically. The quantization of both the (cosmo-
logical) redshift of galaxies and intrinsic z of QSO’s also follows from the theory.

The cosmic background radiation is a re-emission of the electromagnetic energy
originating in galaxies and absorbed by EGC in the cosmological redshift. Its energy
density, temperature, Planckian spectrum, photon-baryon number ratio, similarity
with the local starlight energy density, and general isotropy are all derived from the
EC-model. The predicted dipole anisotropy vector fits the observations well. In par-
ticular, it is emphasized that the reported extremely exact blackbody form of the
spectrum and the still extreme isotropy of the CBR are firm fingerprints of a Universe
in equilibrium, while these are implausible in the other models.

In gravitation cosmology, an explicit formulation of Mach’s principle is first given.
Following from a finite limiting value of the “Machian force” of cosmic masses, the
solution of the Seeliger-Neumann gravity paradox is obtained. It appears that the
Machian force (a, = ch/a H=10" cms™?) determines the structure in the Universe:
uniform cosmological distribution, the transition to hierarchical local structure, and
mass-to-size structure of supergalaxies, clusters, groups and individual galaxies. The
gross internal structure and its evolution are derived, and the flat rotation curves of
spiral galaxies are explained without hypothetical dark matter. The field equation
defining EGC and equation of state joining the two long-range forces to large-scale
structure are given.

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993
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Equilibrium evolutionary processes (EEP) are not examined in detail. The problem
is to find, for galaxies (and stars) and their systems, and for the intergalactic back-
ground, those processes which establish physical parameters as invariant on the large
scale, even though these are known to change locally. Important parameters are, e.g.,
density distribution, rotation, morphological type, stellar populations, galaxy age
and mass distributions, element abundances, and photon/baryon number ratio. Some
preliminary discussion is presented. In all cases, processes in the diffuse cosmological
background, those in the dense galactic nuclei, and, of course, stellar astrophysics,
have important roles. It should be noted that, while Olbers’ paradox is solved easily
by the finite value of the integral of the redshifted radiation of the galaxies, this works
only on the first level; the final solution will probably parallel the solution of the
photon/baryon EEP problem. The whole problem of the EEP forms a new and ex-
tremely rich field for physical science, and will probably be the focus of research in
the next century.

1. Introduction

For over two decades, the author has been involved in a project to test the
cosmological expansion hypothesis in a systematic manner (Section 2). The results
have been quite consistent: the Universe does not expand. Nor does it evolve
globally in other respects. Consequently, the Universe must be in equilibrium, and
this necessitates a corresponding theory.

Of course, this result destroys the standard big-bang theory of cosmology
(ST). Nor does it it offer support to the classical steady-state cosmology (SST),
which has been the main challenger of the ST for almost half a century. The dis—
tinguishing feature of the SST is the perfect cosmological principle, which is con-
firmed by the results in Section 2. Consequently, the new theory described here
will be steady-state, though it will not be a static version of the classic SST. There
is no expansion, while the theoretical basis is different. The cornerstone of the
equilibrium cosmology (EC) will be the strong cosmological principle (CP, Section
3.1.); its physical foundation is not general relativity, as in ST and SST, but a hy-
pothesis of electrogravitational coupling (EGC, Section 3.ii). Consequently, in most
respects (e.g. as regards the redshift, microwave background, origin of baryonic
matter, galaxies and light elements, solutions in the background paradoxes, etc.),
the theory differs not only from the ST but also from the SST.

The general structure of the EC will be presented in Section 4. Its three compo-
nents—radiation cosmology, gravitation cosmology and the search for equilibrium
evolutionary processes (EEP)—will be outlined in the subsequent sections 5 through
7. The most obvious testing possibilities are pointed out in Section 8. The discussion
in Section 9 deals with the status of ST, SST and the new theory.

All the sections below confront the reader with empirical or theoretical argu-
ments which are quite new or controversial in the prevailing model. The only way
to solve the dilemmas posed is by logical reasoning combined with careful analysis
of observations specific to the problems. In particular due to the strong form of the
CP, but also due to its theoretical conceptions, the theory presented appears to be an
exceptionally testable theory. Perhaps the most intriguing—and most difficult—
problem is that of the EEPs. This field of research is established by the most charac-
teristic feature of the Universe which leads to a third cosmological paradox, analo-
gous to the earlier paradoxes of Olbers-de Cheseaux and Seeliger-Neumann. It
states: everything evolves, yet the whole does not evolve. Together with its associ-
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ated parameters, this paradox manifests itself in cosmic nature in a wide variety of
forms. Its full solution will be a matter for science in the next century.

2. Observations in Favour of an Equilibrium Universe

An equilibrium Universe means essentially that, in the first instance, the hy-
pothesis of cosmological expansion is incorrect, and second, there exist no other
global evolutionary effects; i.e., the galaxies as a class, their systems as a class, and
properties of intergalactic matter on the large scale remain unchanged. The author
is well aware that both of these assertions contradict most of what is presented in
the current cosmological and astrophysical literature. Even so, I consider them well
justified.

There is a widespread belief that theories of the Universe are only weakly
testable. This is not at all true. There are at least four groups of tests of the cosmo-
logical expansion hypothesis, each containing tens of separate tests along with the
classes of objects and the parameters that can be examined. The results in the four
test groups are reviewed below and references to more detailed studies are present-
ed. Three more theoretically controversial items are then discussed.

i. Properties of the Redshift Effect in Systems of Different Scales

As the first test, an examination of the properties of the redshift effect in
systems of different scales will inevitably reveal whether it is a Doppler effect or
something else (Jaakkola 1978a). Taking into account the effect of gravitation, the z-
effect should be, in the Doppler case, fainter within the systems than between the
systems. In the case of interaction redshifts, the situation would be the reverse.
There is some evidence for the strength of redshift (¢:) being higher within the Local
supergalaxy (LSG) than in the homogenous metagalactic distribution. In clusters,
groups and pairs of galaxies, z appears to depend on, e.g., the type (Jaakkola 1971,
Moles and Jaakkola 1976), compactness and status of the galaxies, high z-values
usually being connected with features pointing to youth of the galaxy (Jaakkola
1973). There are indications that redshift is also a function of position in the systems,
an argument in favour of strong intergalactic z-fields. These results remove the
missing mass problem in systems of galaxies (Jaakkola 1976, 1993 a).

In individual galaxies, there are redshift gradients from the near to the far
sides (Jaakkola et al. 1975a). A redshift field is found also in the plane of the Milky
Way, with o ten times larger than the cosmological value o, = H/c. This field has
distorted the structural maps of our galaxy derived from the kinematical maps
(Jaakkola et al. 1978, 1984). The lines originating in the nucleus of the Galaxy are
redshifted by 40-75 km s™ (Jaakkola 1978b). The O-B type stars in the solar neigh-
borhood, in star clusters and in the Small and Large Magellanic clouds show excess
z of 5-15 km s™ (Jaakkola 1978a, Arp 1992). The solar limb redshift is larger than
Einstein’s prediction by 2x107 —107°. Significant redshifts of the lines emitted by
Taurus A and spacecraft Pioneer 6 are found symmetrically before and after eclipse
by the Sun (Pecker 1976). These effects, like the related excess light deflections
observed for tens of stars, cannot be explained by relativity theory.

Bringing the results together, the strength of redshift appears to depend on the
density according to o o ‘/Eg, the value of k= ca ranges from the metagalactic value
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Figure 1. Strength of redshift, h=ca, given in units of kms™ Mpc?, in systems of different
scales. R is the radius of a system, r the distance from the centre, or (as for three values on the
right which refer to z,) distance from the observer (in Mpc). In the middle, galaxies and their
systems, on the left, solar observations.

H= 60 km s Mpc™ to 10® km s Mpc™ on the surface of the Sun (Jaakkola 1978,
Figure 1 here). The results indicate unambiguously the test alternative where « is
stronger within the systems than between them, proving that redshift is an interac-
tion effect and not due to expansion. The problem of the QSO redshift is omitted
here; I would only point out that the large intrinsic redshifts in a sub-class of QSO’s
(Jaakkola et al. 1975b, Jaakkola 1982, 1984) are due to one and the same interaction
effect as the cosmological redshifts.

ii. Consistency of the Cosmological Test Results

The second test of expansion involves a systematic review of the global and
the local cosmological tests for both the expanding and the static theories (Jaakkola
et al. 1979). Within the frame of the standard theory, the empirical value of the
deceleration parameter g, is dependent on the method: the Hubble diagrams give it
the mean value +0.93 + 0.19, the local tests +0.03 + 0.08, the (O, z)-relation for
galaxies +0.3 + 0.2, for clusters 0.9 + 0.2, and for radio sources symbolically < -1;
the latter results are inconsistent with all existing relativistic models. The empirical
inconsistency of the standard cosmology appears to be of a systematic and stable
character (see Figure 2).

In the static Universe interpretation, the (m,z)-relation is practically identical
with Hubble’s linear relation and with that for g, = +1. The value g,= +1 found
above indicates that the data fit the static model. The (©,z)-diagrams for clusters,
and for radio sources (Nilsson et al. 1993) also fit the static prediction (Figure 3). The
observed convergence of the test results, opposing the trend in the standard cosmol-
ogy, provides strong evidence of the static character of the Universe.
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Figure 2. Systematization of cosmological test results in the framework of the ST (g, -values),
and EC (arrows on the right), as a function of the year of publication. Note systematic and con-
stant spread in the former model. Angular diameters (8, squares) fall below any relativistic
prediction.

iii. The Hubble-Tolman Test

The surface brightness test (SB o< (1+2z)™; a = 4 for expansion, a = 1 for the
static model), first suggested by Hubble and Tolman (1935), forms the third test
group. It has been applied to four different kinds of data (Jaakkola 1986). Galaxies
in six clusters have been argued to support expansion (Crane and Hoffman 1976).
However, agreement (Hoffman and Crane 1977) is due to other reasons: procedure
of absorption correction, a K-related selection effect and circular reasoning involved
in usage of the metric SB. After proper corrections, a=1. Even without such correc-
tions, the 1st, 3rd and 10th brightest galaxies give a <1. A similar criticism applies to
the analysis of Sandage and Perelmuter (1991). The SB-profiles of six cD clusters,
measured at 0.5 and 1.0 Mpc from the centres, favour the static solution. So do the
QSO host galaxy SB-profiles. The contrary conclusion by Gehren (1985) results from
inhomogeneity of the data and use of the g, = +1 metric. The lowest SB-values in the
subsequent z-intervals for QSO double radio sources, based on component sizes
and LAS, follow the static model prediction. Hence, the Hubble-Tolman test also
argues consistently against the expansion hypothesis.
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iv. Non-Existence of Cosmological Evolutionary Effects

The theme of cosmic evolution in respects other than the supposed expansion
is one of the most frequent topics in the current astronomical literature. The absence
of such effects is the second condition for an equilibrium universe, and I consider it
the fourth test group of the expansion hypothesis. If the Metagalaxy expands, it
must also change in other respects; if not, its age is infinite and it must not change.
There are several kinds of data that exclude evolution (Zwicky 1957). Other data,
such as the counts of bright QSO’s (Green and Schmidt 1978), have been claimed to
support evolution. It has been shown (Jaakkola 1982) that this result is due to a
morphological selection effect, and if we add the type 1 Seyfert galaxies which are
physically identical to the QSO’s, the counts fit the static unevolving model closely.
The argued spectral evolution of galaxies results from a selection effect arising from
the K-term (Laurikainen and Jaakkola 1985a, b). There are several ways to interpret
the radio counts without evolution (Jaakkola et al. 1979). The experimental failure of
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Figure 3. Largest angular size-redshift diagram for radio galaxies (circles) and QSOs (dots),
from Nilsson et al. (1993). Two ST predictions, the (unphysical) linear relation and the curve for
EC (tired light) are shown.
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the most strongly urged claims of cosmic evolution demonstrates that such effects
do not exist, and hence contradicts the expansion hypothesis.

v. Homogeneity and Isotropy

Statistical non-evolution and homogeneity of a cosmic distribution are proba-
bly complementary, becoming true at the same scale. Subregions of a stationary
homogeneous distribution must be in mutual equilibrium: the contrary would be
hard to imagine. Hence, a homogeneous, isotropic cosmological distribution argues
for a state of equilibrium; the inference is straightforward, and it may be countered
that homogeneity and isotropy are basic features of the ST models as well. Any-
thing, even a homogeneous explosion cloud, can be ordered mathematically in a
specific model, but this is not a physical statement, while the inference of equilibri-
um from isotropy definitely is.

Empirically, the CBR is isotropic, past the local dipole deviation, to the level of
<107 In EC, one half of the CBR originates within z = 1. The X-ray background is
isotropic at < 1.3 percent level; the effective distance of the source is not known well,
but it could be the scale of galaxies and quasars. As for the galaxies and their
systems, there is no reliable evidence of structures larger than superclusters, which
have sizes of some tens of Mpc. For the time being, the reported structures and
voids of hundreds of Mpc should be treated with caution: this result may simply be
due to the redshift quantization, as suggested by the concentric form of many such
structures. Galactic absorption may be at play in some data. From isotropy, and
from counts of galaxies and X-ray sources, we conclude tentatively that a volume
containing a number of superclusters, say with radius 100 Mpc, forms a homogene-
ous region where most of the equilibrium processes can be tested with a degree of
confidence.

vi. Planck Spectrum of the CBR

Quite surprisingly, nobody has yet noticed that the exact black-body form of
the spectrum of the CBR can be regarded as firm evidence of a Universe in equilib-
rium. Such a Universe is an ideal cavity (blackbody) radiator, in which emission and
absorption are in equilibrium. In cosmic nature there probably does not exist any
other such radiator. The exploding cloud of the ST-model cannot be a black-body
radiator with emission and absorption in equilibrium.

vii. Similarity of Cosmological and Local Energy Densities

Tremendous significance should be attached to observation of a cosmological
radiation background at a temperature T = 3° K, since this is also the temperature of
interstellar space. Accordingly, the radiation energy densities U, and U, for CBR
and local starlight are similar. Moreover, it is known that the (local) energy densities
of the magnetic field, cosmic rays and motions in gas clouds are close to U, (Peebles
1971). The fact that U, =U, indicates that the galaxies are in equilibrium with their
cosmological environment, i.e. the Universe is in equilibrium. In EC, many threads
lead from the fact that U, =U]; to the dynamics of the interconnection between local
and global structure. In ST, where U, = (1+ z)*, this fact can only be due to a very
improbable chance coincidence.
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viii. Discussion and Implications of Empirical Data

Therefore, several different kinds of evidence point consistently to the conclu-
sion that the Universe is in equilibrium. This means there is no expansion. In the
author’s estimation, there are already arguments enough for this statement. With-
out doubt, these are not enough to convince the majority of the researchers working
in the field. However, a consensus is not necessary; obviously the tests must be
continued, both those described above and those following from a new theory.
Ideally, the tests should be performed by independent groups using the most ad-
vanced data. What we wish to stress here is that there are already arguments
enough in favour of developing a theory of a non-expanding universe and deriving
from it further tests of the real state of the Universe.

Homogeneity and non-evolution mean that, on the scale of the observed Me-
tagalaxy, we possess a representative sample of the Universe. This finding opens
the door to a genuine cosmology. It is worth noting that Hubble (1934) reached that
conclusion sixty years ago on the basis of galaxy counts from 12™7 to 16™0.

The non-existence of expansion and other cosmic evolution means that there is
no time characteristic of the cosmological scale. In this regard, EC differs radically
from the ST and also from the SST, since the latter involves a cosmic time in the
sense of recession of the existing galaxies. On the other hand, EC, unlike its rivals,
involves a large number of definite cosmological time-scales determined by certain
important evolutionary periods.

The most important implication of the above results is the requirement that a
solution be found to the following paradox: all individual systems are known to
evolve, yet the Universe does not evolve. In other words, galaxies evolve, but
galaxies do not evolve as a class. In addition to the paradoxes of the dark night sky
and the finite background gravitation, this is the third major problem confronting
cosmological research. All three suggest a characteristic property of the cosmolog-
ical scale, namely, that it is different from the other scales not only quantitatively
but also in a qualitative respect.

3. Theoretical Foundations of Equilibrium Cosmology

The cosmological problem can also be approached from the direction of theo-
retical conceptions. This affords a consistent logical structure of the theory, with
observations remaining as testing possibilities. Naturally, in the theoretical ap-
proach some pre-existing knowledge about the subject matter—the Universe—and
about the laws of nature is necessary. In equilibrium cosmology, a theoretical asser-
tion about the Universe is given in the form of the (strong) cosmological principle
(CP). The conception of physics here is radically different from the relativistic
physics; it is contained in the hypothesis of electrogravitational coupling (EGC). A
new conception of gravitation will also be presented.

i. The Cosmological Principle

Any non-empirical idea about the Universe is, of course, philosophical in
character. Throughout the history of natural philosophy since antiquity, one of the
main motifs in both idealist and materialist modes of thought has been a belief that
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behind the visible, changing and vanishing local world there exists an invisible
eternal and unchangeable level of reality. A cosmological model—like the ST—
which contradicts this great line of philosophical thinking can hardly be correct. The
cosmological principle (CP) in its strong (“perfect”) form conforms to the old phil-
osophical conviction and presents it in a scientific language. It says, essentially, that
the Universe is seen as similar from any place at any time. This definition already
extends beyond any local inhomogeneities.

We shall call this statement about the Universe simply the “cosmological
principle,” and refer to it as CP. It may be pointed out that the “sttong” CP is not
completely identical to the “perfect” CP in SST. In the latter there is, e.g., a continu-
ous increase in distance between any two galaxies or systems of galaxies, and this
signifies the existence of a cosmic time, which is absent in EC. Hoyle (1980) also
suggests an increase of information content in his model. Other philosophical and
physical problems are numerous in SST, in particular with the topic of “continuous
creation” versus the conservation principles; these difficulties are not encountered
in EC.

That the CP should be a foundation stone of the new theory is also suggested
by the history of cosmology, which can be seen as “variations on a theme of one”.
There is the well-known progression: geocentric-heliocentric-galactocentric world
pictures. The presently prevailing model of an expanding universe is obviously
only a continuation of the outdated ideas which have the common conception about
the Universe as a single structured and (in the modern view) evolving system.
While the spatial aspect of CP has been generally accepted, the Copernican revolu-
tion in science remains still unfinished in its temporal content. In the structure of
natural sciences cosmology is the science which extends beyond any local, struc-
tured, evolving system and aspires to the universal, permanent properties of matter.
Accordingly, cosmology can be defined logically as the study of an entity which
fulfills CP, the strong cosmological principle.

It is an empirical, not a philosophical, question whether the observed part of
the Universe, the Metagalaxy, fulfills the CP. In Section 2, it was shown that it
probably does. The tests must be continued, since an answer to this primary ques-
tion fixes the character of the Universe better than anything else.

If we adopt the CP as the foundation, the theory becomes extremely testable.
It covers all the parameters which characterize the properties of matter: their number
is practically endless.

The position of the CP is so central in EC because, in the first instance, it
defines the position of cosmology among the sciences; second, it defines the present
model in an exact and clear manner; third, it defines its position with respect to the
other theories, mainly ST and SST; fourth, it makes the theory testable; and fifth, the
other fundamental hypothesis behind the theory, the ECC, can be reduced to it.

Other discussions of the cosmological principle can be found, e.g., in Bondi
(1960), Hoyle (1980), Rudnicki (1989) and Jaakkola (1989).

ii. Electrogravitational Coupling

A physical theory is necessary in order to deal with the various aspects of the
equilibrium Universe in an explicit manner. Equilibrium in the Universe means on
one level a large-scale equilibrium between baryons (b), photons (y), and gravitons
(g). Radiation (y) is produced chiefly as described by the current theories. Gravita-
tion is the countervailing equilibrium effect which maintains the energy in the
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systems of baryonic matter unchanged on the large scale. The ¥ ‘s and the g’s also
interact and are in large-scale equilibrium. This is called electrogravitational cou-
pling (EGC). The EGC is the physical theoretical basis of the EC, while the CP is its
cosmological basis.

The hypothesis of EGC was found necessary when searching for a physical
mechanism of the redshift effect. Three main arguments suggest EGC; these are
deeply rooted in the history of physics. Both for radiation and for gravitation, there
exist the well-known parallel paradoxes of an infinite background field, known as
the Olbers-de Cheseaux and Seeliger-Neumann paradoxes. EGC provides a simul-
taneous solution for both. Second, there is a long history, originating from Faraday
(1849) and recently advanced by Woodward (1983), of laboratory experiments de-
signed to produce electricity by accelerated masses. Third, the solar tests of GR,
combined with obviously related data concerning redshifts of sources occulted by
the Sun, speak for a connection between gravitation and redshift, i.e., for the EGC.
Moreover, at all macroscopic scales of nature there are “anomalies” which can
possibly be explained by EGC. The latter features and the three historical deduc-
tions have been discussed in more length in Jaakkola (1991), and are listed in Table
1. The table should be considered only as indicative: it may include phenomena that
are actually unrelated to EGC. The rationale for Table 1 is to call attention to the
fascinating possibility that such a wide range of phenomena might really have a
single physical basis.

The hypothesis of EGC is applied in cosmology by studying how radiation
and gravitation respond to the effect of coupling (Sections 5 and 6). Section 6
includes a discussion of the nature of gravitation.

4. Structure of Equilibrium Cosmology

According to its theoretical foundations, EC can reasonably be divided into
three sections. Radiation cosmology (Section 5) deals with such effects as redshift,
cosmic background radiation and Olbers paradox in the framework of an equilibri-
um Universe. Gravitation cosmology (Section 6) attempts to solve the problems of
the large-scale homogeneity of matter distribution, the design of the hierarchic
structure on the smaller scale, the Seeliger-Neumann gravity paradox, and the
missing mass problem, to mention a few historical and currently discussed open
problems. The EGC hypothesis connects the two sections, which can be seen as
studies of the responses of the two long-range forces to their mutual coupling.

The third branch of cosmology deals with a question: how can the Universe
fulfilling the CP remain unevolving, even though every one of its constituent sys-
tems evolves? The problem is approached by considering equilibrium evolutionary
processes (EEP), i.e. chains of processes in galaxies and intergalactic space that
ensure the properties of matter remain unchanged on the large scale, while these
properties are changing locally within any system. The number of cosmologically
interesting parameters is very large. A theoretical understanding and observational
check of the constancy of such parameters, such as density distribution on various
scales, morphological distribution of galaxies, angular momentum, element abun-
dances and photon/baryon/ graviton number ratios - to mention only a few - forms
the contents of the third section of EC (Section 7). The EEPs are actually the core of
EC. These will also bring the strong and the weak nuclear forces into the purview of
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Table 1. Empirical Arguments in Favour of Electrogravitational Coupling (EGC)

No System Scale Effect or Problem  Possible Link to EGC
(cm)
1. Universe Cosmological redshift zz EGC is redshift
non-Doppler mechanism
2. B o< Finite CBR z, (EGC) part
(Olbers paradox) of solution
3. - Finite CBG Due to EGC
(gravity paradox)
4. - Origin of CBR Cosmic EG induction
5. - Homogeneity and isotropy Finite CBG
6 - Local structure Finite CBG
(galaxies, clusters)
7. - Dynamical stability ~ Finite CBG + item 11
instability
8. - Steady state Involves EG and other
forces
9. Hierarchic  10% Strength of z Redshift coupled with
structure -10" heyC mass
10. Outer parts 102 Missing mass problem  From EGC Fe< r
of gal. -10% dynamics
11. Nuclei of 10% Missing energy problem Light weakens gravity
galaxies -10"®
12. Quasars, 10" Intrinsic redshift z, Light coupled with
compact gal. -10" matter
13. Solar 10" Light deflection -
vicinity -10" 5> 5(CR)
14. Solar 10" Passing light -
vicinity -10" redshifted
15. Solar 10" Center-to-limb redshift As other (r,z)
surface gradients
16. Earth 10° “Fifth force” As other deviations
surface from 1/r* gravity
17. Laboratory 10? Electrograv. induction Self-explanatory
experiment
18. Sun-Moon 10" Gravity anomalies in
-Earth solar eclipses
19. Sun- 10" Mercury orbit
Mercury acceleration
20. Planet- 10" Anomalous orbit Gravitation different
satellite -10° accelerations from usual conception
21. Laboratory 107 Grav. depends on

experiment

composition?
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cosmology. In previous cosmological theories, there are no elements comparable to
the study of the EEPs. Consequently quite little is known about them. The EEPs will
possibly be a major field of research in cosmology and astrophysics, as well as in
theoretical and laboratory physics in the coming decades.

Looking at the foundations and the structure of EC, both are compact and
intrinsically consistent: EGC can be derived from the CP, and the latter is in agree-
ment with the essence of philosophical tradition, with the history of cosmology, and
with the observations. The structure of the theory follows logically from the two
theoretical principles. The foundation provided by the CP guarantees that EC is a
highly testable scientific theory.

5. Radiation Cosmology

In radiation cosmology the main task is to derive from the fundamental theo-
ry, i.e., from the CP and EGC, the existence and properties of the redshift effect and
of the cosmic background radiation, and also to deal with the Olbers-de Cheseaux
paradox of the finite background light.

i. The Redshift Effect

Let us summarize the properties of the redshift effect that need to be explained
by a cosmological theory. The following represents a personal view of the effect.

F1. Spectral shift is always toward the longer wavelengths (with a few local excep-
tions).

F2. The redshift z=AA/A, is independent of A,, the rest wavelength of a line.

F3. In a homogenous distribution, for small distances 7, z is approximately propor-
tional to r: ze< H. For any distance, z fits well Hubble’s linear (m, log z)-relation

m=5logz+K(z)+C o))

where the K-correction K(z) is observational in character.

F4. The parameter o depends on matter density p, with o o JE found for the main
classes of systems in various levels of hierarchy (Jaakkola 1978a).

F5. On the cosmological scale o = &, = H/c=6.33x10"” em™ (H = 60 kms™ Mpc™
is the Hubble constant and ¢ the velocity of light).

F6. For most QSOs, z is independent of distance and it originates in the source:
z=z;. Equation (1) does not apply. The brightest QSOs in each z-interval follow
a relation (Jaakkola 1984)

m=2.5log(1+2)+C, (V)

There appears to be a cut-off of at z;= 2.5, with a strong drop-off at higher
values.

F7. Both r-dependent and r-independent redshifts obtain quantized, preferred val-
ues according to the equation

Aln(1+2)=C, 3)
For cosmological redshift, C; =2.4x10™, corresponding to A(cz) = 72 km s, as
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observed for nearby galaxies by Tifft (1976, 1988), Napier (1991, 1993) and
Guthrie and Napier (1990). For the QSOs, C, = 0.206, as discovered by Karlsson
(1971) and confirmed by Arp et al. (1990).

F8. Intrinsic redshift is time-variable, with young objects observed at excess z;,
which decreases over cosmic periods (Jaakkola 1973, Ar? 1987).

F9. zin general may be slightly time-variable by a few km s™ of (cz) on a time-scale
of years; presently z’s are decreasing. This seemingly incredible finding by Tifft
(1988) should be taken seriously.

We now attempt to derive properties 1 to 9 from the fundamental theory (CP
and EGC). The existence of z > 0 (point F1) is required by CP: otherwise the total
energy in the form of radiation would grow continuously. The physical mechanism
is the EGC. If AA e A, (F2) would not be valid, the spectrum of the background
radiation would change, contrary to the CP; moreover, gravitation as the z-mecha-
nism is not a selective effect.

The Hubble relation (F3) is deduced as follows. The effect of a homogenous
graviton bath (or other tired light medium) on a photon moving in it is a linear
function of distance:

S _adr @

i.e. the photon loses part of its forward momentum ], and energy E=hv into the
graviton bath through which it moves. Integration from the source, where E, =hv,,
to the observer at distance r, and using z=E,/E-1 gives

dE dv
—=|—=-afdr (5)
E, E Yo v ‘(').
E=Ee™” (6)
In(1+z)=ar )

Equation (7) gives the redshift-distance relation in the EGC model.
Before deriving the coefficient ¢, we will present the redshift law in observa-
ble terms of magnitude m,

m=-25log f =—2.5log " (1f :_ 2

where f, and f are the emitted flux and redshifted flux at distance 7. Then we have
m=5logIn(1+z)+2.5log(1+2z)+K(z)+C, 8)

where K(z) is the K-correction (effect of z on m through the form of the spectrum
and broadening of the waveband), and constant C; contains the absolute magnitude
and the distance scale a. The first term on the right comes from the geometrical 1/7*
effect of distance via equation (7), and the second term is the energy effect of
redshift diminishing the flux by a factor 1/(1+z). Now equation (8) is a very close
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approximation of the original Hubble relation [equation (1)]. At z= 0.1 the differ-
ence between equations (1) and (8) is Am= 0.0008 mag, at z= 1, Am= 0.043 mag,
and at as high as z= 10, Am= 0.50 mag. Hubble’s linear (m,logz) relation is
commonly adopted intuitively without any theoretical justification. However, it has
been observed repeatedly in the (m, log z) diagrams of galaxies from the 1930s to the
present day (Section 2.ii., Jaakkola et al. 1979). The embarrassing situation, where
the data actually fit the linear (m, log z) relation deduced through erroneous steps
from an erroneous linear redshift-distance law [z =ar, instead of equation (7)],
becomes clear through the practical identity of equations (8) and (1).

By the same token, the EC prediction for the global z-angular diameter relation
is from equation (7)

aC
O=di1s ©)

where d is linear diameter.

The gravitational field depends on density p, and, hence, in the EGC scheme,
a depends on p (F4). From equations (26) and (29), to be derived in Section 6, we
obtain

A 14 cm %
o(r) = \/; -Jp(r) =634x107 [p(r) (-g-) (10)

With regard to F5, a value of o, =Hj/c can be predicted theoretically from
EGC, without expansion (Jaakkola 1991).

Q= 1.04—‘/‘5: 1)

Adopting p, =10 g cm™ and G, = 10G, (Section 6), we obtain o, =2.83x107%
cm™. This yields a reasonably good fit with the observed value «,(obs) = 6.33x10™%
cm (H = 60 km s Mpc™).

The large intrinsic redshift, z;, of a sub-class of the QSOs (F6), like that of the
compact and late-type galaxies and early type stars, is due to one and the same
physical effect—EGC—as z,. The length-scales are here small, and values of p and
« high. The particular form of the bright edge of the QSO Hubble diagram, fitting
equation (2), follows neither from the distance effect nor from the energy effect,
since the graviton atmosphere absorbing the factor z/(1+z) of the incident energy
must reradiate it. More obviously, the form of equation (3) is due to the broadening
of the rest-frame spectral band by the redshift, usually included in the K-term; the
K-effect due to the form of the spectrum is close to zero for this class of QSOs.

The quantized fine-structure of the z-effect (F7) is expected in view of the
quantum character of the photons and of the gravitons with which they interact. In
the case of z,, energy is lost in constant fractions AE over constant distance intervals
Ar, ie. AEJE=-0 Ar=-C;. Equation (3) follows from equations (4) to (7). Hence
periodicity is not exactly in z but in In(1+z); for z< 0.05 the two are practically the
same. This brings the periodicies in z, and z; to the same figure. In z;, the energy
losses correspond to non-constant distance intervals, mean free path L(r), and var-
ying o(r), obeying L(r)=C;/e(r).
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The temporal decrease of z; and in some classes of objects (F8) probably
follows from decreasing density evolution. High z; in young objects indicates their
origin as dense splinters thrown out of the nuclei of the parent systems; the forma-
tion of a gravitational field ab novo is also possible in the pressure-induced gravita-
tion scheme. This resembles the Hoyle-Narlikar-Arp interpretation of excess red-
shift (Arp 1987).

A small change in accurate z-values over a few years (F9), as argued by Tifft
(1988)—which at first sight sounds impossible for a sample of astronomical ob-
jects—could possibly, if true, be explained in the EGC scheme. The redshift energy,
i.e. the fraction z; /(1 +z; ) of the incident energy, caught by the gravitational atmos-
phere of QSOs, must be reradiated, and this could explain the rapid light variation
and its z-dependence (a broad maximum around z/(1+z) =}, Jaakkola 1984). The
light variations might be accompanied by fluctuations of the gravitation field. The
same is valid with smaller amplitudes for normal galaxies, including the Milky
Way, where the “galactic aurora” and its gravitational counterpart are predicted by
the EGC. Tifft’s time-dependent redshift could be due to the latter, a local aurora-
like variation of the g-field of the Galaxy. In due course, the sign of the change of z
is expected to change.

Therefore, EC offers an effective theoretical apparatus to explain the redshift
phenomenon, which itself is much richer in features than usually imagined. Obvi-
ously, in this respect, EC is superior to the ST, which actually contains no theory of
redshift. Its fundamental theory, the GR theory of gravitation, actually predicts
contraction and a cosmological blueshift effect. Whereas the Doppler mechanism is
a theory of symmetric shifts toward the red and blue, galactic redshift is a quite
different, asymmetric effect. To explain it, ST resorts to an ad hoc assumption of a
metaphysical (beyond-physics) big bang event. In EC, redshift is an equilibrium
effect predicted by the fundamental theory.

ii. Cosmic Background Radiation

In EC, while redshift is an equilibrium process providing for the energy bal-
ance between electromagnetic radiation and the other substances in the Universe,
the cosmic background radiation (CBR) is an equilibrium effect maintaining energy
balance between the gravitational background and radiation. The CBR is reradia-
tion of the redshift energy (RE) absorbed into the graviton bath in the redshift effect.

To broaden the context further: just as z, is physically the same effect as z; in
QSOs, and the same as the z-gradient over the disk of the Milky Way, so the CBR is
physically the same effect as reradiation of RE absorbed in z; by the gravitational
atmospheres of QSOs, or their more mundane analogues in galaxies. The latter
obviously provides an interpretation of the light variations in QSOs and related
objects, as well as the variable background radiation related to our Galaxy, as
predicted by the EGC hypothesis. It is appropriate to refer to this new radiation
mechanism and to call it “redshift radiation” (RR). Since most of the radiation
energy density in the Universe is contained in the CBR, RR actually forms the
principal mechanism of observed electromagnetic radiation.

The CP implies that the cosmic vacuum is in EC an ideal black body (cavity)
radiator, i.e., absorber and emitter of radiation. In fact, it may be the only black body
expected to exist in nature. Therefore the reported extremely exact black-body form
of the CBR spectrum is not a surprise in EC: it should be a surprise in ST, which
asserts that the Universe is an exploding cloud. The observation of the Planckian
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spectrum is a strong evidence for an equilibrium state of the Universe, and an
argument in favor of the present theory.

According to the CP, the Universe is structureless on the large scale and the
observed extreme isotropy of the CBR is therefore expected, following from the
isotropy of the galaxy distribution, cosmic background gravitation (CBG) and the
redshift effect. Via the z-effect, the CBG thermalizes and homogenizes the radiation
from discrete sources.

Let us attempt to derive the properties of the CBR quantitatively. The original
CBR energy is in the emission processes of discrete sources. Therefore the energy
density of CBR should equal the total redshifted light from galaxies. The intensity of
radiation due to the galaxies from within distance r is the integral

nLt dr
I =—|— 12
’ dmyl+z (12)

where n is number density and L is the luminosity of an average galaxy. Using
equation (7), we obtain

nL

L= (1-e) (13)
nL ( z
L= —
* dra, (1+z) (14)
which approaches the value
_ nL
" 4o, (15)

when z — . The function I, and the contributions of the background intensity
from the different z intervals are shown in Figure 4. It can be seen that half of the
total background light comes from within z=1 and nine percent from z>10. The
distribution in Figure 4 of the origin of CBR energy (and CBR flux) is quite specific
to the present theory, and also applies to the Machian cosmic background gravita-
tion (Section 6). If one adopts as parameters the values n=3x107 Mpc?,
L=39x10* ergs™ (10" stars of solar luminosity), and H = 60 km s* Mpc?, we
obtain for the integrated radiation energy density U, =4xl,/c=nL/ca, the value
U, =2x10" erg cm®=013eV cm™. Within the range of uncertainties, this is the
same as the observed energy density of the microwave background,
U, (obs)=0.25eV am®,

For the temperature of blackbody radiation, the Stefan-Boltzmann law can be
applied:

R, =0T} (16)

where radiance R =4nl, =cU, =nL/c,. With the above value of U, and 8 = 5.67
x107 erg s em™ K™, the prediction for the cosmic temperature is T, = 3.2° K.
Agreement with the observed value 2.73° K is quite satisfactory, in particular as the
accuracy of the ST prediction is much lower, from 1 to 30 Kelvins (Smirnov 1964,
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Peebles, 1971). A more strict intercomparison of the values of nL, &, U, and T, is a
matter for future study.

Though the way in which T, and the helium abundance have been related is
an admirable chapter of ST, as a test of the correctness of the theory it is rather loose,
both theoretically and observationally. Derivation of U, and T, from the luminosity
density of discrete radiation, and the Planckian spectrum and isotropy as implica-
tions of equilibrium—all straightforward from the fundamental theory—make the
EC approach tighter than the ST approach, with the added virtue that EC works
with terms which are acting in nature at the present time, not in the remote past.

The standard cosmology does not offer any explanation of the photon/baryon
number ratio 7, / n,=10° which is a fundamental cosmological parameter. Here the
interpretation is immediate:

n, u, =051 mpL
s (h/A)[p/m,  CchHMTI, (17)

where Wien’s law, equation (15) and U, =4l /c are used in the latter step, h is
Planck’s constant and m, is the proton mass.

Therefore, the prof»lem reduces to the astrophysical problems of emissivity
(L/M), on the one hand, and redshift (H), on the other hand. Taking T, = 3.2 K and
M/L = 10 in solar units, we obtain 7, /n, =3x10°. This fits the observations.

The similarity of the cosmological radiation energy density U, and the local
starlight energy density U, should be regarded as an extremely important cosmo-
logical observation. This may even be the key observation for attempts to under-
stand the connection between local physics and the cosmological environment. Also
the local energy density of the magnetic field, cosmic rays and motions in gas clouds
have values close to U,.

Standard cosmology does not provide any interpretation of these similaritiesl
which appear as pure chance coincidences. At z= 0.5 the cosmic value of U, o< (1+z)
would change by a factor of five, and in the big-bang cosmology this is an insignif-
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Figure 4. Contributions from within z (scale on the right) and from different z-intervals (left), to
the CBR and CBG.
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icant period as compared, e.g., to the time of the last scattering thought to have
happened at z= 1500. The similarity of U, and U, follows from the adopted inter-
pretation of the background radiation and from Machian control of galaxy forma-
tion, to be discussed in Section 6. Evidently

u, mLRje nR
U, " nl./H R, (18)

Here L. is the stellar luminosity, n the number density and R the radius;
indices I and c refer to the local and the cosmological values, respectively. From
a, = a; (Section 6), n;/n, = R /R;, which implies U, = U}, hence the observed similar-

ity.

The dipole anisotropy and recently reported smaller scale fluctuations should
then be addressed in the framework of EC. The observed dipole anisotropy, AT/T =107,
is not a problem of magnitude, but it is in terms of direction, which is almost
opposite to the solar apex, due to galactic rotation (V,, = 232.3 km s™, 1= 87.°8, b =
+1.°7: de Vaucouleurs et al. 1991). The dipole measurement is, in terms of velocity,
V, =332 kms™, I = 287°, b = +61° (Cheng et al. 1979). The scope of the difficulties
following from the Doppler ST interpretation of the dipole anisotropy, including a
bulk motion of the whole LSG at 600 kms™, and a curious supermassive but
invisible cluster, the “Great Attractor” (GA) causing these motions, should raise
doubts about its correctness.

In EC we have the following prediction for V3. The known local motions are:
the Sun in the Galaxy, V,,, as above; the Galaxy in the Local group, V = 61 km s™,
I'=121.°2, b = -21.°6 (as observed by the blueshift of M31); and the Local group due
to rotation of the LSG, V,; = 300 km s, I = 319°, b = -14°. De Vaucouleurs (1958) has
repeatedly presented evidence of supergalactic rotation, and it is also seen in the
data presented in the GA context (e.g. Staveley-Smith and Davies 1989). After reduc-
tion of the non-velocity redshift effect which is obvious in the data, the local z-data
reveals a clear differential rotation pattern, analogous to the kinematical data of the
Milky Way. The three local velocity vectors summarize into the Doppler component
of the CBR dipole:

Vo=V +V;+V,c =236 kms?,1=24°,b=-22° 19)

A further, non-Doppler component is predicted in EC due to the excess field in
LSG, Aa/e. = (s — H)/H = (80— 60)/60 = 0.33. This excess strength of z in the LSG
(Jaakkola 1978) is still present in a very distinct manner in the GA data, e.g. in
Staveley-Smith and Davies. (1989). Because the CBR is emission of redshift energy,
the excess Aa/a = 0.33 causes an excess temperature, AT, for the CBR. From equa-
tion (14), we expect for the non-Doppler component of the dipole anisotropy

ATp _Aa_ z

=166x107
T, o, 1+z4 (20)

for z,4; = 0.005, with coordinates I =284°, b=+74°5 (Virgo cluster). In terms of
symbolic velocity, this is V,,, = cAT,, /T =497.5 km s™. The total predicted anisotro-
py is

Vr=V,+V =456 kms™, 1 = 347°, b = +51° (1)
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In view of the uncertainties, the fit of V;, with V} is quite satisfactory: the angle
difference is 30 degrees. Closer scrutiny will be needed to check whether the details
of the nearby distributions of density, aand AT fit the interpretation.

Using the recently reported smaller scale and smaller amplitude fluctuations
of the CBR (Smoot et al. 1991) as an ultimate verification of the big bang doctrine
represents a very strange approach indeed. While the details of AT/T <6x10™ are
typically about 7 degrees wide, regions 3 degrees apart would have been causally
unconnected at the time of last scattering (here neglecting a discussion of the infla-
tion theory). In EC, there is some interest in comparing the position, size and scale
of the faint fluctuations with those of the second-order clustering at small and
moderate distances. Like the Sunyaev-Zeldovich effect, these fluctuations can be
used as a test of the origin of the CBR.

In the author’s estimation, the EC-approach has already achieved much more
than ST in understanding the CBR: EC explains all the properties of CBR directly
from the fundamental theory without ad hoc hypotheses, just as it did above for the
properties of the redshift effect.

iii. The Olbers-de Cheseaux Paradox

We need not discuss the meaning and history of the Olbers’ paradox here. I
would only note that with the collapse of the big-bang hypothesis, this centuries-old
riddle still remains open. The finiteness of I in equation (15) gives one part of the
answer: the tired-light redshift effect makes the integrated incident radiation from
galaxies finite. But as an absorption effect (of energy), any tired-light mechanism is
open to the same criticism as was Olbers’ interpretation in terms of interstellar
absorption. It will be seen in Section 7.i., that EC is able to overcome this difficulty,
though the details of the full solution still remain unclear.

6. Gravitational Cosmology

The discovery that the Universe is in equilibrium also requires a gravitational
treatment. A century ago, Newtonian analysis came up against the Seeliger-Neu-
mann gravity paradox. The big-bang cosmology solved this in its own peculiar
manner; this is not applicable in EC, and hence we are still faced with the paradox,
and with it, the stability problem. Other features which must be confronted by any
cosmological theory are the observed homogeneity and isotropy, i.e. structureless-
ness on the large scale, and the observed hierarchical structure on smaller scales.
Moreover, the problem of the existence and amount of invisible matter has grown
during the last decades into an important cosmological topic.

Starting from the theoretical principles discussed in Section 3, the general task
here is to examine, on the cosmological scale, the response of gravitation to cou-
pling with the electromagnetic interaction, as asserted in the EGC hypothesis. We
first consider the general nature of the effect of gravitation.

i. Nature of Gravitation

General relativity (GR), usually adopted as the fundamental theory in cosmol-
ogy, is, in our view, unsatisfactory for both conceptual and empirical reasons (for a
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discussion, see Jaakkola 1991, 1993; Monti 1991). Moreover, the equilibrium theory
is, in essence, contradictory to GR. It regards baryonic matter, its gravitational
effect, and electromagnetic radiation as being in mutual equilibrium on the large
scale. It is not plausible to assume that gravitation should differ from the other
substances, working through space geometry instead of particle/quantum interac-
tions like the other forces. This dilemma has been a general concern in physics,
which has operated during several decades simultaneously with quantum mechan-
ics and the geometrical tools of GR. It is straightforward to assume that gravitation
works by gravitational quanta, gravitons (g), which reside and move in space like
the CBR photons (7,), and interact with ¥, and incident photons from galaxies ().
This interaction is just the EGC. On the cosmological scale, the g’s form the back-
ground field which can be called cosmic background gravitation (CBG), analogous
to CBR.

Gravitation appears to be a pressure effect of gravitons flowing from the
background space. The flow is proportional to the mass of the body, and it is
conducted by the gravitational field of the body. The field is formed and maintained
by interactions of the gravitons streaming from the background space with those
already existing in the field, with the radiation field, and with the particles of the
body and its atmosphere. The background field, which is the source of the graviton
inflow, is associated with the higher-order system—for the Earth the solar system
and the Galaxy which form their own gravitation fields—and hierarchically thereaf-
ter, up to the homogeneous cosmological background field CBG. The strength of
gravitation is a variable, G(r), the locally measured value of which is Newton'’s
constant G,.

The apparent two-body attraction does not mean a direct gravitational interac-
tion between the bodies. It is due to a mutual screening of the inflows towards the
bodies. Newton’s law of gravitation can be deduced in a simple manner (Jaakkola
1991, 1993), the inverse square distance factor resulting from the geometrical con-
traction of the solid angles and 1/r* dependence of the surface density of the
graviton inflows. At the scale of the solar system, the strength of the galactic back-
ground gravitation field, G(r), stays nearly constant at G,. The EGC does not have
a measurable effect at that scale.

Gravitation as a pressure effect is not an attractive but rather a repulsive force.
Like the other physical forces, gravitation is a local interaction. In a sense, the
historical dilemma of local action versus action-at-a-distance vanishes in the two-
body problem when it is treated as a screening effect: the screening body acts at a
distance without mutual signals of interaction, but gravitation still remains a local
action of gravitational quanta.

The idea of pressure-induced gravitation (PIG) can be traced into the nine-
teenth and eighteenth centuries, when most of the famous physicists of the time
attempted intensely to solve the riddle of gravitation (North 1965). Most adopted a
material field concept, as is the case here. Closest to the present approach is perhaps
that of le Sage (1784). GR has been a milestone in this history, but because it was
often mistakenly thought of as the ultimate answer, it has caused a stoppage in the
centuries-long effort towards an understanding of gravity. More recent work by
Broberg (1982) resembles the model of gravitation described above. A more detailed
historical account, a more specific critical treatment of GR and a more extensive
study of gravitation, including discussion of laboratory experiments, must be omit-
ted. The properties of gravitons are still unknown, and a treatment of EGC on the
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quantum level has not yet been worked out. In this outline of the EC, it is sufficient
to point out the general nature of gravitation and state the EGC hypothesis.

ii. Mach’s Force and the Gravity Paradox

Opinions are divided as to whether the inertia of a body is already implied in
Newton’s mechanism or whether it requires a further explanation along the lines
first suggested by Mach, i.e., in terms of an action by distant masses (Mach, 1883;
Bondi 1960). I am inclined toward the former explanation (with gravitation under-
stood as above). However, the gravitational effect of the distant regions of the
Universe, which we will call the Machian force, belongs to the same picture. Inter-
connection of local and global action is a characteristic feature of EC, which appears
to be capable of giving an explicit expression for the Machian force.

According to the lines of the PIG-theory, there is no direct gravitational inter-
action between the mass systems over cosmological distances; their screening ef-
fects are hidden by more important local effects. However, the distant masses are in
equilibrium with their gravitational background space and thereby affect our local
gravitation through that background field. This kind of focusing of the distant
action is very satisfying, since as far as I know, Newtonian (or relativistic) formula-
tions of the Machian interaction have never worked well.

Consider a homogeneous cosmological distribution with mean density, p,_,
and a graviton g with energy E, in a background field at distance r (or z) moving
towards the Earth. E, is connected to a particular graviton spectrum, of which we
have today no knowledge. In the presence of EGC, exactly as for the photons in
equation (6), the graviton is observed on the Earth at E=E,r™*', with the same
value of &, = H/c as for the redshift effect. This provides the theoretical justification
for the Seeliger-Neuman-type potential function, deduced a century ago quite ad
hoc, but here deduced directly from the fundamental theory.

Gravitational acceleration per steradian induced by the masses and their back-
ground field within radius 7 and the corresponding z is (cf. Jaakkola 1983, 1987)

zZ
- G.p _ Gp, z
a(r,z)= | G,p.e % dr=—"(1-¢ % )= —cLc_—_ 22
-! e a, ( ) a, l+z (22)

Here G,, @, and p, are the cosmological values of the gravity parameter (analog of

Newton’s constant), strength of redshift, and density, respectively. Equation (21)

can be understood as an explicit formulation of Mach'’s force and “Mach’s princi-

ple” (with a meaning slightly different from the original one; see above). Figure 4

shows a, as a function of z and contributions from the different z-intervals.
When r and z go to infinity, a(r,z) approaches the value

= GePe
a, a, (23)
a,, the “Machian force”, is a fundamental constant playing a central role in cosmo-
logical processes. Its finite value solves the gravity paradox in a straightforward
manner. However, since out of the multitude of the cosmic equilibrium processes,
only the EGC and redshift effect is present in equations (21) and (22), the solution is
not perfect. We shall touch on the question in Section 7.i.
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In a vectorical presentation of equations (19) and (21), forces from opposite
directions would cancel each other. However, particularly in view of the form of the
step function in Figure 4, the actual non-isotropic nearby distribution becomes
important, as it was for Mach (1893). Clearly, finiteness of 4, in equation (23) is
important; if 4, were infinite, the cosmological matter distribution would be highly
unstable, and the existence of quasi-stationary individual mass systems could not be
understood.

iii. Effective Radius of the Universe

One half of the CBG, as well as one half of the CBR, comes from within z=1,
where a,/a.=1,/I, = };. This scale can be defined as an “effective radius of the
Universe”, D. For H=60 km s Mpc?, we have D=1In2(c/H) = 3466 Mpc. Of
course, this does not affect the main statement about an infinite Universe.

The given D can be seen as a more rigorous scale parameter than o™ = 5000
Mpc, which occupies no special position in z or in z/(1+2) : z= 1.718, z/(1+2) =
0.632.

iv. Field Equation for Electrogravitational Coupling

Energy and momentum are conserved in each photon-graviton collision in the
EGC scheme. The strength of redshift is known to increase as a function of density
(Sections 2 and 5). This means that, within the systems, part of the outward momen-
tum of the ¥ ‘s is transferred to the infalling graviton flow. As a consequence, the G-
parameter decreases with decreasing distance and increasing strength of redshift
o(r). A field equation valid for EGC in quasi-stationary systems is as follows:

G(r)a(r)= A= constant (24)

Inserting the local values, G, = 6.67 x10® cm® g™ s and a,=~ 100, = 6.33
%1072 cm™, one obtains A =4.22 10 cm? g™ s7%. Instead of emphasizing a local
value, G,, and the cosmological value & = H/c, we should consider the universal
behaviour of the variables G(r) and a(r), the product of which, the electrogravita-
tional coupling constant A, is a more fundamental constant than the special values
G, and ..

v. Cosmological Strength of Gravitation and Size of the Machian Force

From equation (23) and «,~10e,, it follows that G, =10G, = 6.67 x10” cm?
g™! s™2. The strength of gravitation per unit mass (e.g. affecting a singular atom) is
thus an order of magnitude higher in the intergalactic space than locally: there exists
no opposite force balancing the Machian gravitation pressure a,.

With this value of G,, the Machian force 4, of equation (23) becomes 4, = 1.05
%107 cm s72. Actually, 4, is uncertain by a factor of a few integers. Constant a,
turns out to be a fundamental cosmological constant which determines macroscopic
structure in the Universe.

vi. Interpretation of the Large-Scale Structure of Matter

Interpretation of the structural organization of matter observed on various
scales is, of course, a major problem for the whole of physics. In the standard
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cosmology, the problem of the macroscopic structure has been dealt with, starting
from either the large scale (Doroshkevich et al. 1974) or from the small scale (Peebles
1971) density disturbances in the early phases of the big bang. Resorting to hypo-
thetical initial conditions is not very satisfactory scientifically. We should try to
understand the observed Universe through the processes which exist here and now.
In EC, we must consider the role of the Machian force 4, in the large-scale structural
organization of matter. Table 2 gives the local gravitational acceleration

G(R)M
a4 = RZ
at the edge of a system with radius R and mass M for various systems within a
range of scales, over a factor of about 10%; 4, is also given.

(25)

Table 2. Local acceleration 4, = G(R)M(R)/R* at the edges of systems of different
scales. The Machian force 4, is also given.

Class of objects log M log R a

(8) (cm) (em §2)
Supergalaxies 48.7 25.5 3.4x107°
Large clusters of ellipticals 47.9 24.5 5.4x107
Small clusters of ellipticals 47.2 24.3 2.7x107®
Small clouds of spirals 47.0 24.3 1.7x107
Small loose groups of spirals 46.5 24.1 1.3x1078
Small dense clusters of ellipticals 46.5 23.7 8.5x107°
Compact groups of spirals 45.5 22,6 1.3x107°
Giant ellipticals 45.5 2235 4.2x107®
M31 (Sb) 446 22.89 4551078
Milky Way (Sbc) 44.45 22.79 5.0x107®
The Universe (a_) — - 1.1x1078

It is assumed that at the edge of systems of galaxies the strength of gravitation
attains the cosmological value: G(R) =G, =10G,. For galaxies usually lying in the
larger systems, and hence with further gradient of G(r) for r >R, G(R) =0.2G, =2G,
is adopted. This fits through equation (24) the observation of a(r) in the Milky Way
(Jaakkola et al. 1984). Estimates of R and M are from de Vaucouleurs (1971, Allen
1973); for M31 and the Galaxy 25 kpc and 20 kpc are adopted for R.

With the exception of supergalaxies and giant ellipticals, the a;-values are
practically equal for the systems in the list, and at the same time also equal to 4.
This remarkable fact implies that the CBG, the Machian force, controls the gross
mass-radius structure of galaxies and their systems.

The high value of 4 for the E-galaxies is well understood as due to their long
individual dynamical evolution. Supergalaxies are discussed in the next subsection.
The origin of galaxies and systems of galaxies is examined in Section 7.iii.

vii. Supergalaxies, Passage from Hierarchic Structure to Cosmological Distribution,
and Isotropy

In Table 2, g, is for supergalaxies an order of magnitude smaller than 4,. These
are therefore unstable systems being broken up by the Machian force and screening
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attraction by neighboring systems. The second-order clusters are not rotating ellip-
soids but often chain-like configurations. The incidence of clusters belonging to the
second-order systems, a few tens of percent, supports non-stationarity of the super-
clusters. The Local supergalaxy is probably a rotating, quasi-stationary system; it
contains only one cluster with attached groups and field galaxies.

Furthermore, a, < a, implies that third order systems do not coalesce, since
evidently a5 <a,, i.e. a;<a, would be true. A second point to note is the rapid
decrease of the number of units with the level of hierarchy: there are 10°~10'* stars
in a galaxy, less than 10* galaxies in a cluster, and only a few clusters in a second-
order cluster; i.e. the number of sub-units has already fallen close to the minimum.

Hence, in addition to supplying an explanation for hierarchic cosmic structure
over a broad range of scales, the EC-theory, due to a fixed finite size of 4,, also offers
an interpretation of the absolute scale of the hierarchic structure and a passage to
the homogenous cosmological distribution. EC thus defines the dimensions of its
own subject matter.

Naturally, the above also furnishes an interpretation of the observed large-
scale isotropy.

viii. Global Stability

Global stability can be understood in the light of the preceding arguments, i.e.
finiteness of CBG, cessation of hierarchical structuring on a certain scale, and conse-
quent lack of any basis for larger scale motions. A rapid weakening of the contribu-
tions from the different distances (Figure 4) should also be noted. On smaller scales,
explosive processes in the nuclei of galaxies balance the gravitational increase of
density, as discussed in Sections 6.xi and 7.ii. Global stability is a matter of cause
and effect: there is no cause for global motion, and, consequently, there is none.

ix. Equation of State for Cosmic Mass Systems

Consider a function a(r)=G(r)p(r)/a(r) at distance r from the center of a
galaxy or a system of galaxies. By equation (24), it acquires the form a(r) = Ap(r) / a(r).
For a(r) a relation o(r)=a,+dr” has been found empirically, with p= 0.8 for
average systems on different scales (Jaakkola 1978a) and p = 1.2 within the Milky
Way (Jaakkola 1978b). Here we adopt the value p=1. For p(r), we can make a
reasonable assumption that the density distribution follows the Emden isothermal
gas sphere, p(r) < Kr™2. Zwicky (1957) has applied this model successfully to clus-
ters of stars and galaxies. We then obtain the remarkable result that a(r), the local
gravitational acceleration, is a constant, 4;. Evidently, 4, = a.. This is found by writ-
ing a quasi-Newtonian force law
-a(r)r

F(r) = ma(r) = mM(r)G(r) <

2 (26)

where ¢™*") =1 on galactic scales. Since G(r) = Aa™\(r) and a(r) = dr™, as above, we
obtain a 1/r force law for galaxies. Function a(r) of equation (26) is, again, a constant
if M(r) e r. With the local values r = 10 kpc, G(r) =G, and M(r) =10" M, a(r)= 1.4
10 cm 572 ~ g,. We obtain an equation, valid in quasi-stationary systems
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_G(e(r) _ -
a(r)= an) - constant 4, = a, (27)

Therefore, a, is a universal constant which controls both the gross M/R-
structure of galaxies and systems of galaxies and their intrinsic structure. Evidently,
it also controls the smooth evolution of density distribution. Equation (27) is a
plausible result, since a gradient in 4(r) would mean an imbalance between inward
gravitation pressure and outward centrifugal force and radiation pressure. Equa-
tion (27), the equation of state for the EC-theory, binds together the two long-range
forces and the large-scale distribution of matter.

x. The Problems of Dark Matter and Mean Density

During the past few decades, the problem of the existence and amount of non-
luminous matter, to which Zwicky was the first to pay attention in the 1930’s
(Zwicky 1957), has become one of the dominant themes in astrophysics and cosmol-
ogy. In the author’s opinion, for systems of galaxies, the problem is solvable, first, as
an artifact caused by non-Doppler intrinsic redshifts in the member galaxies and in
the intergalactic field; and second, due to the non-Newtonian dynamics outlined in
the preceding section. The more difficult problem, that posed by the flat rotation
curves of spiral galaxies was actually solved above by deducing for the galaxies a
1/r force law replacing Newton’s law. According to Sanders (1990), a 1/r distance
law is needed to explain constant V(r) without additional dark matter.

The actual value of the cosmological mean density p, is still unclear. In EC, p,
has a different role than in ST; it is present, together with other factors, in the
formulae for &, 4., G, and in b—7y — g equilibrium processes. After the influences of
non-Doppler redshifts and non-Newtonian dynamics are clarified, an effort should
be made to estimate the amount of possible dark matter in the Universe and the true
value of p,. Matter in the form of the background gravitation field must be included
in the new value of p._.

xi. Connection with Violent Motions in Nuclei of Galaxies

Parallel to the solution of the missing mass problem, EGC also offers a solu-
tion to the “missing energy problem” posed by ejection of large amounts of matter
from the nuclei of galaxies, in spite of gravitation due to central condensations of
10°-10" solar masses. According to conventional dynamics, in some cases 10% ergs
are required for such events.

Energy required is proportional to G(r), where G(r)= Ar/d. At r= 1 kpc,
G(r)=G,/10, at r= 1 pc, G(r)=10"*G,. With these factors, outward mass motions
are less energetic on these scales. Hence the missing energy problem can be ap-
proached in a totally new light. This solution also has a role in the origin of galaxies
(7 iii).

xii. Discussion of Gravitational Cosmology

How do the various cosmological theories fare when confronted with the
three outstanding features of the observable Universe which are intimately connect-
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ed with the effect of gravitation: homogeneity and isotropy, the existence of local
structure (galaxies and systems of galaxies), and the static state of the Metagalaxy?

The standard big-bang cosmology cannot explain any of them. Homogeneity
and isotropy cannot be derived from fundamental theory (Peebles 1980), and cau-
sality poses serious problems: regions now 3 degrees apart were causally discon-
nected at the time of recombination. The origin of galaxies in the expanding frame
is extremely difficult to understand. The seeds of galaxies and their systems should
have existed from the very beginning of the Universe. The recently reported small-
scale fluctuations of the 3° K background with scales of ~10 degrees do not relate to
such seeds. Moreover, if they existed, their development into galaxies cannot be
deduced from known physical principles (Peebles 1980); rather, they should have
led to black holes. Third, while the big-bang theory cannot be required to interpret
the staticity of the Metagalaxy (as it takes expansion for granted), one might insist
on an explanation of the assumed expansion directly from fundamental theory (i.e.,
gravitation). However, fundamental theory points to a contraction of the Universe,
and expansion is obtained only by an ad hoc assumption of an physically implausi-
ble initial “big-bang”.

In contrast to the situation in ST, the EC theory succeeds in explaining homo-
geneity, isotropy and large-scale stability in a physically plausible manner, and it
explains effectively the formation and the major features of local structure at the
level of galaxies, groups, clusters and superclusters, sets the scale of the transition
from hierarchical to homogenous structure in the correct place—and all this with
parallel solutions of the major problems of the radiation cosmology. New light is
thrown on the astrophysical mass and energy problems. The empirical facts can be
seen to converge with different parts of theory. The status in the triangle of big
problems in gravitation cosmology is shown schematically in Figure 5.

Problem Standard Cosmology Equilibrium Cosmology

commcuou
STABLE

STABILITY »
:x»msvou

INHOMOG[ NEOUS
HOMOGENEITY i
1SOTROPY HOMOC[N[OUS HOMOGENEOUS

ISOTROPIC ISOTROPIC

GALAXIES musomomc /
Locat CLUSTERS

STRUCTURE GALAXIES
CLUSTERS
BLACK HOLES

Figure 5. Comparison of two theories. Crossed arrows in the left indicate that all three major
features are mutually inconsistent; the short arrows show predictions of the fundamental theory
of standard cosmology. In the equilibrium theory, all three major features are consistent with
one another.
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7. Cosmology of Equilibrium Evolutionary Processes

The fact that the Universe as a whole does not evolve, while all individual
systems do evolve, confronts cosmology with a fundamental problem which may
be called the Third Cosmological Paradox: everything changes—the whole does not
change.

gIt is appropriate to point out that the eternal, steady-state existence of the
material world, as empirically discussed in Section 2 and translated into scientific
terms in CP (3.i.), has been anticipated by philosophy for at least two and half
thousand years (see Jaakkola 1989). I have no hesitation in saying—acknowledging
the historical roots of any true advance in modern science as well as parallel efforts
made in other branches of knowledge—that I find this conformity very gratifying.

Explaining equilibrium in the Universe will be the core of the new cosmology.
The task is to examine, theoretically and empirically, the processes which provide
for the properties of matter unchanged on the cosmological scale, while other
processes change these properties in individual systems. In what follows, equilibri-
um evolutionary processes (EEPs) of some parameters are briefly discussed in a
preliminary and qualitative manner. No solutions to the numerous theoretical prob-
lems confronted are given, nor are statistical verifications of the hypotheses at-
tempted. The aim is merely to initiate discussion concerning a problem which will
confront science with a new and extremely rich field of work.

i. Origin of Baryonic Matter: the Photon-Baryon Equilibrium

The hypothesis of a single basis for everything that dates back to the ancient
Greek philosophers. The nature of the primary substance varied: water (Thales), fire
(Heraclitus), air (Anaximenes), soil (Empedokles). Pythagoras and Plato, in their
idealist philosophies, proposed numbers and ideas, respectively. More general no-
tions of the fundamental substance were also proposed: the apeiron, an infinite,
undetermined nature (Anaximander), homoiomers (Anaxagoras), and atoms (Leucippus
and Democritus). In none of these hypotheses is there any notion of a birth of the
Universe, which was thought to be eternal and globally unchanging.

The big-bang theory—together with certain religious doctrines—is clearly at
variance with this great line of thought. It supposes an origin of everything that
exists, including the baryonic matter, in the big bang, and even out of nothing, as a
gigantic quantum fluctuation.

In equilibrium cosmology there is no primary origin of any kind of substance;
the substances only change form into one another. As for the baryonic matter, there
is an equilibrium between it and other forms of matter. If baryonic matter is con-
verted into electromagnetic radiation via fairly well-known processes in stars and
the nuclei of galaxies and quasars, for equilibrium to be valid there must be a
reciprocal process of transformation of radiation energy (y) into baryonic matter
(b). In equation (18) which reduces the problem of the y —b number ratio to a
problem of redshift and emissivity (M/L) of matter, only the CP and the interpreta-
tion of CBR are implicit; it says nothing about the y — b transformation.

The redshift effect is, without doubt, one step of this process. In the EGC
scheme, it transfers energy from radiation (y) to the graviton bath (g). Part of this
redshift energy re-emits as CBR. Part of the RE must in some way return to baryonic
matter. Otherwise, Olbers’ paradox would remain unresolved; the facts behind the
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paradox can be taken as a proof of the reality of the Yy — b process. In spite of
finiteness of I, in equation (15), redshift alone is not enough for a solution, since it
is an absorption effect (of energy) and as such open to the same criticism as Olbers’
original solution: if nothing else happens, the redshifting medium would shine as
bright as the stars. It must be said that the solutions to Olbers’ paradox and the by
equilibrium are parallel.

How does energy return back to baryonic matter? What is the role of gravita-
tion, i.e. the flow of g’s to mass systems? Do baryons vanish in radiation, are new
baryons born in the reciprocal process? In that case, the law of conservation of
baryon number would be valid only on the large scale, not locally (if the new matter
is not equally of negative and positive charge). If fresh baryons are born, does this
happen in galaxies, or in the intergalactic space where the redshift (z,) occurs?
Probably in both; the inflow motions (see subsection ii below) suggest that the latter
does occur. The condensing of redshift energy into gravitons must be a lengthy
process: high-energy gravitons (“supergravitons”) and gathering of ¢’s into existing
b’s, then to divide into two b’s (like cell division) are possible pathways. Are the
known facts enough to rule out these proposals?

The production rate of baryonic matter in the EC-model is

nL

Co="5r (28)

We obtain the value

C,, =10% gs* Mpc? =10° M,y™ Mpc?
~1 M, (10% y)” Mpc® =3x10°% gs™ cm?®

or one proton in a lab of 5 x 5 x 4 m in 3x10™ years. This is only ~5x107* times
the “creation” rate in the expanding steady-state model.

It is likely not possible to create in the laboratory the conditions prevailing in
space where the particles are born. However, in the future it may become possible
to follow this process experimentally with an extremely intense source of radiation
and the conditions for a strong redshift field. This is a matter for experimental and
theoretical physicists to ponder.

On the other hand, the vanishingly small effect C,, may be within the range of
observations; it is worth 8pointing out that C,, coincides with the energy density of
cosmic rays with E>10'® eV, usually assumed to make up the extragalactic back-
ground that cannot be trapped by the magnetic field of the Galaxy.

An important cosmological time-scale, “a cosmological cycle” is

7= (29)

I
Con
With n= 0.03 gal Mpc™, 7, =3x10" years. This is the time-scale on which one
galactic mass in a proper volume is transformed into radiation, and, corresponding-
ly, a similar quantity of particles is born. This interval of time covers thousands of
generations of stars, and probably numerous morphological cycles of individual
galaxies.
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When we contemplate various processes occurring in cosmological space,
processes which we think are necessarily there in order to maintain the general
equilibrium, but which we have never seen, we are standing on the shore of a newly
discovered, uncharted ocean. I see cosmology as a deeply human, courageous enter-
prise. We must prepare ourselves to set out on the great adventure that awaits us.

ii. Density Distribution

The problem of a large-scale stability was discussed in the preceding section.
In galaxies, gravitation tends to increase central density. Dense nuclei found in
almost all galaxies prove this natural trend. Examples of large scale inward motions
are given by such intensively studied events as the merging of galaxies, cooling
flows and high-velocity clouds connected with the Milky Way. Other fashionable,
though possibly not real, items are the Virgocentric infall and the one towards the
hypothetical Great Attractor.

We have plenty of data on outward motions. Optical and radio jets from the
nuclei of galaxies are most evident. Quasars and the birth of new galaxies are
associated with expulsion of matter from the nuclei of existing galaxies. Outflows of
gas, and even stars, are reported in the central regions of some well-known galaxies
(Rubin et al. 1973), however, this data is distorted by non-velocity redshift gradients.
Actual examples of outward motions are jets in M87 and 3C273, the Ambartsumian
knot, M82, NGC 1275, and the 3-kpc arm and the counter arm in the Milky Way.

One prediction of the EC-model, which is very precise and difficult to check,
is that the inward and outward flows of energy should cancel, when summed over
a representative sample of galaxies.

C-MATTER
/ _ ACCRETION THROUGH
X/ ¢ ¢ *'° " SCREENING GRAVIy

e
3 .-EJECTED BODY =
%’\ NUCLEUS OF NEW GAL

C-MATTER

Figure 6. A schematic representation of the origin of galaxies in a process involving ejection of
a compact body and accretion of galactic and newly born C-matter by screening gravity with

varying G(r)..
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iii. Origin and Fate of Galaxies

Figure 6 is a schematic representation of how galaxies may be born. Dense
nuclei, observed in almost all types of galaxies, may have been the germs around
which the screening gravity builds the galaxies. Originally, the germs have been
ejected from the nuclei of existing galaxies.

Ejections of embryos of new galaxies are frequently observed as knotty radial
jets. In the EGC scheme ejection is aided by the low G(r)-value in the center of the
parent galaxy. The screening effect by the center may be weak in the beginning,
with the field of the expelled fragment possibly being constructed only gradually;
this also helps the protogalaxy to escape. When the embryo reaches the edge, both
G(r) rising up to G, and screening by the galaxy come into play, and this promotes
the growth of the new galaxy. This process also brakes the outward velocity, ex-
plaining the origin of double galaxies, M51-type and other type companion galaxy
systems, and groups of galaxies. In the large clusters, the supergiant cD-galaxies
and other giant galaxies play the role of parent galaxies. In addition, galaxy forma-
tion by fragmentation, apparent in some cases, such as Vorontsov-Velyaminov’s
“nest of galaxies,” is allowed by the low G(r) in the central regions of giant galaxies.

During the escape phase, the accreted material is drawn from the parent
galaxy. This explains old population stars in irregular and young galaxies—one
reason for the prevailing mistaken view that all galaxies are of similar age. The
bridges to presumably newborn companions are tidal tracks formed mainly from
material from the parent galaxy. Further out, material accreting into the young
galaxy is supplied by the newborn matter discussed in 7.i. This must be collected
into and around the parent galaxies, which further explains the group structure in
the distribution of galaxies.

While the above scheme is favored by the bulk of extragalactic data, the more
conventional mode of birth by condensation of low-density clouds becomes more
comprehensible with the PIG gravity. The difficulty with classical gravitation is that
the cloud should condense into one large object, not many smaller ones, as required
for stars or galaxies in clusters. Screening gravity is able to collect material around
small causal seeds. “Mock gravity” working by screening of radiation pressure has
been suggested for the formation of planets (Whipple 1946) and galaxies (Hogan
and White 1986). In PIG, screening gravity provides a more powerful piling mech-
anism, whether the center is a chance fluctuation or a splinter from an old-genera-
tion object.

In the equilibrium Universe, the rate of death of galaxies must be the same as
the birth rate. Galaxies die, i.e. lose their identity as a single system, usually by
merging into a larger galaxy, or by collective merging of galaxies of similar status to
form a new giant galaxy: cD galaxies in the clusters are born in that way. Tidal
disruption of a companion is also possible; the nucleus continues its life with a
changed identity, possibly as a globular cluster. In a sense, the origin of galaxies by
fragmentation—probably not a very common event—means the death, i.e. loss of
identity, of the fragmented galaxy. The more common production of galaxies via
the expulsion of embryos does not cause the parent galaxy to wither away; recreat-
ed by new material flowing in, its life may be very long and end only in the course
of the dynamical evolution of the system of which it is a member.
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iv. Morphological Distribution and Stellar Content

In the prevailing conception, the morphological types of galaxies result from
initial conditions in the clouds from which galaxies are thought to have formed at a
certain epoch after the big bang. Clearly, this is a contrived solution. In EC, the
formation and waning of each type is continuous process, and the frequencies of the
types measure the evolutionary periods corresponding to those particular types on
each level of mass and status-in-system.

Contrary to the usual view, Hubble’s morphological sequence is most proba-
bly an evolutionary one. The usual argument, namely, that within the Hubble
period there is not enough time for a morphological evolution does not apply in the
eternal equilibrium universe. It can be pointed out that those parameters which are
expected to change in the course of astrophysical evolution and differential rotation
(stellar types, element abundances, gas fraction, disk/bulge ratio, tightness, length,
massiveness and clumpiness of spiral arms, rotation curves) change in the expected
manner along the Hubble sequence from the “late” to the “early” types. Parameters
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Figure 7. A schema for evolution and mutual and external interconnections of galaxies. Quasars
Q1 are thought to be identical to Seyfert galaxies; Q2 are local quasars with intrinsic z. C-com-
pact, d-dwarf, gE-giant elliptical, cD-supergiant in the center of cluster. Inward and outward
arrows: b and g-baryon and graviton inflow, ¥ -electromagnetic emission.
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which are expected not to change, such as the masses and globular cluster systems,
do not change.

Evolution along the Hubble sequence means that differential rotation destroys
the spiral structure. What recreates the spirals in that case? N-body computer
simulations indicate that the tides by the encounters or by companion galaxies
excite spiral structure, at least in the outer regions. Spiral arms extending to the
galactic centre are probably due to ejections of coherent bodies from the core, and
differential rotation of the tidal trails. In some cases, as in that of the 3-kpc arm and
its counterarm in the Milky Way, outflows of diffuse matter may come into play.
This mode of formation of spiral structure is closely connected to the galaxy cos-
mogony discussed in the preceding subsection; obviously the angle between the
ejection and the plane of the galaxy determines the outcome. Moreover, tidal exci-
tation of the spiral structure by the satellite galaxies eventually becomes connected
with nuclear activity, in view of the origin of the satellites outlined above.

v. Stellar Population and Gas Content

The average stellar content of galaxies ages along the Hubble sequence. Peri-
odically, new stars are formed from interstellar matter accreting onto embryos of
stars (either remnants or fragments of older generation stars, or of planet sized
objects) along the tidal trails of coherent bodies ejected from the galactic nuclei, or
along the jets of diffuse matter. Gas content diminishes accordingly, though it is
replenished by nova and supernova explosions and stellar winds, as well as out-
flows from the galactic nucleus.

An important factor in the quasi-equilibrium of a galaxy, greatly expanding its
active age, is an inflow of inter- and circum-galactic neutral hydrogen onto the
plane of the galaxy. In the Milky Way, this is observed as high velocity clouds,
which in most cases exhibit negative radial velocities and are hence falling into the
Galaxy with a rate which is enough to produce the observed amount of gas in the
Hubble time. In this sense, the formation of a galaxy is not a single event, but a
continuous process.

vi. Galactic Rotation

True to form, existing theories of rotation seek the cause for this phenomenon
in conditions “at the beginning”. In the vortex theory (Descartes, 1644), rotation is
seen as a relic of motions in the primordial clouds from which the galaxies are said
to have been born in some early phase of the big bang (von Weizsicker 1951,
Gamow 1954, Ozernoy and Chernin 1969, Harrison 1971). The tidal theory suggests
that there were density fluctuations which caused these motions by their gravita-
tion (Hoyle 1949, Peebles 1969, Harrison 1971). A combination of the two primordi-
al causes has been suggested (Harrison 1971). Again, these explanations smack of
the contrived; the problem is only pushed to such a distance that it is neither
necessary to deal with it, nor possible to check it empirically. Of course, these
theories become immediately invalid in the present approach which does not pre-
suppose any global initial conditions.

Therefore, cosmology and physics still face the problem of explaining the
phenomenon of rotation—of the planets, stars, galaxies. Only the moons, which
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always turn the same face towards their planets, do not present this problem: the
tidal forces induced by the mother planets cause their observed rotation.

To discover the physics behind rotation, we should first try to find clues in the
empirical data. Among galaxies, the spiral galaxies rotate very fast, with velocities
of hundreds of km s, and with typical rotation curves for the different morpholog-
ical subclasses. The difficulty of finding enough mass to prevent the spiral galaxy
from flying apart by rotation proves that rotation in these galaxies is not a relic
phenomenon, but that the spirals are rotationally active systems. On the other hand,
elliptical galaxies, which are dynarmcally more evolved systems, rotate with veloc-
ities of a few tens of kms™ only, below the accuracy of the observations. The
interesting point in the galactic data is that the rotationally active spiral galaxies are
also active in other respects, i.e., as regards structure, star formation, magnetic field
and, most important, activity of their nuclei. The slowly rotating E galaxies do not
show such activity, except some supergiant galaxies which have a special position
in the centre of clusters, and, without doubt, also in the evolutionary history. There-
fore, in the realm of galaxies, rotational and non-stationary activity appear to be
connected. The same feature could be shown to hold true also for the stars and
planets. The universal connection between the non-stationary and rotational activ-
ity adds one fundamental aspect to the non-stationary phenomena discovered and
much emphasized originally by Ambartsumian (1971).

A possible way to increase angular momentum, for example, in the case of
galaxies, is the following. When a galactic nucleus throws out part of its mass, this
gives rise to a wave of outward motions in the outer regions. It is a well-known fact
in stellar dynamics that stars which have peculiar motion in the direction of rotation
most easily reach escape velocity. Thus, these stars move outward in the equatorial
plane, increasing its angular momentum. The slower stars, due to encounters, drift
out of the plane to form the slower-rotating halo. The total effect of this scheme is
that, triggered by nuclear activity, kinetic energy in the form of random motion is
transformed into rotational motion. A similar process may also play a role in the
rotation of stars and planets.

Galaxies are not isolated systems, but are connected with the surrounding
cosmological environment. Yet this does not explain the equilibrium feature a, = a,.
Newly created matter collected around a galaxy is wound up to rotation by the drag
of the rotating galaxy, inflows into the galaxy and increases its angular momentum,
hence compensating the loss due to tidal friction by the halo and by the neighboring
galaxies (some net change naturally occurs). The resulting rotation curve is such
that it is in quasi-equilibrium with the external and galactic gravitational fields, as
explained in the preceding section. Hence, again, the local effect, connected to the
activity of galactic nuclei, and the cosmological factor are both present when equi-
librium of a physical parameter, now angular momentum, is set up.

vii. Element Abundances

Cosmological conservation of element abundances must now be outlined. In
EC, the observed abundance distribution should be a function of the stability of
nuclei and of astrophysical conditions for further fusion, decay or violent dissolu-
tion. For hydrogen, baryon-photon-graviton equilibrium also enters into the pic-
ture.
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In 1917 Harkins drew attention to the connection between the abundance of
the elements and the stability of atomic nuclei—a matter naturally of extreme
interest in the present context. This was followed by what was called “equilibrium
theory”, originated by Tolman (1932). He showed that equilibrium between H and
He cannot be obtained in normal densities and temperatures within a reasonable
time. This is indeed curious: in an equilibrium theory a time-scale should not be a
problem, and in a model with a limiting time-scale, equilibrium should not be of
interest. I have heard one astrophysicist say that given a tenfold time, the observed
amount of helium could well have been produced in the stars. In the EC-model,
there is certainly time enough for any astrophysical process to reach a state of
equilibrium.

When hydrogen in stars burns into helium and heavier elements, what turns
the nuclei back into protons? Today, we can only guess. Once again, nuclei of
galaxies may be the focus of the problem, possibly working as “smelting furnaces”
of matter. There is indeed some evidence that helium is deficient in the nucleus of
the Galaxy (Mezger et al. 1970), as well as in quasars and Seyfert galaxies (Peimbert
and Spinrad 1970a,b; Osterbrock and Parker 1966; Bahcall and Kozlovsky 1969).
According to Shklovskii (1978) the metal nuclei dissociate in the extreme tempera-
tures of supernovae into helium, and further into protons and neutrons. A similar
process may be connected with the activity of the nuclei of galaxies. And, as a final
point, in the equilibrium Universe with an infinite time-scale there is time enough
for any nuclei to decay into protons, even gradually.

The light element abundances are cited repeatedly as a proof of the hot big
bang model (Peebles et al. 1991). Actually the helium abundance of about 25 % is
only known for the Sun, young stars and interstellar medium, i.e., in a very restrict-
ed range of astrophysical circumstances. Possible deficiency in galactic nuclei and
quasars was mentioned above. In young star clusters He-abundance is known to
increase with stellar age. Therefore an argument of a primordial, spatially constant
He-content, so essential for ST, is observationally less well grounded. Hoyle (1980)
points out that due to the two-to-one mass ratio of D to H, deuterium is measured
where its concentration is unusually high, and that primordial ”Li is easily shaken
loose by non-thermal collisions. Therefore, the light element argument, for all its
ingenuity, is empirically weak.

From the point of view of EC, the observational features mentioned above fit
the theory. So does the fact that the metal content increases both towards the
nuclear regions of galaxies, and with increasing luminosity (age) of the galaxy. The
gross feature, that the abundant elements (H, He, Fe) are the ones which can be
produced both by fusion (as in 7.i.) and by decay or dissolution, is quite telling in
the present context. Yet the details of the process are not yet clear.

viii. Discussion of the EEPs

The preceding examples will have served, I hope, as an introduction to the
new, extremely difficult, but also extremely rewarding field of science, i.e., the
investigation of how the equilibrium Universe works. Indeed, this is hinted at by
the etymology of the word “cosmology”: studying the order of the things.

Reference to the second law of thermodynamics can be anticipated in the
context of the third paradox. It should be pointed out that the cosmological system
considered here is not an isolated system, but one connected to the entire Universe



Equilibrium Cosmology 145

in a certain manner according to equations (22), (23) and (27). Further, this system,
unlike a gas, is not composed of identical particles but of several qualitatively
different constituents, i.e., stars, objects in the nuclei of galaxies, interstellar and
intergalactic gas and dust, as well as the gravitational, magnetic, and radiation
fields. All this is arranged in a hierarchic manner ascending from small to large.
Taken as a whole, the cosmological system is too complicated for the thermody-
namical theory to apply.

It is appropriate to mention a methodological point. Constancy of the various
parameters of matter over the cosmological scale and time-period, as stated by the
(strong) CP, provides us with a number of new “conservation principles”, which
may turn out to constitute, in cosmology and astrophysics, as powerful a tool as the
well-known conservation principles in physics. All local evolutionary processes can
be viewed against these principles, and this may guide galactic, stellar and even
planetary astrophysics into unforeseen developments. The number of the cosmo-
logical conservation principles is as large as the number of the parameters of matter,
i.e. practically limitless.

8. Testing the Equilibrium Cosmology

The Universe may eventually prove to be non-expanding and to be in equilib-
rium in the other respects, but at the same time work through mechanisms other
than those suggested here. Therefore, the tests of expansion and (non-)existence of
cosmic evolution are now of the highest priority, possibly maintaining the funda-
mentals of EC, even if the above theory proves to be partially incorrect. To prove or
disprove the present theory, all of its theoretical assessments, including the hypoth-
eses of CP, EGC and PIG, and the conclusions drawn in Sections 5, 6 and 7, must be
tested with care.

There is little disagreement about the spatial aspect of the CP (2.v.). Tests of its
temporal aspect are those discussed in Section 2.i to iv, and in the papers referred to
there. These include tests of the nature of redshifts, the global tests, and tests of
cosmic evolution. For the latter, EC predicts, for any physical parameter p, deter-
mined as a statistical average in a representative sample

p(z) = constant (30)

The number of such tests is very large, amounting to dozens. Checks of the
EGC hypothesis should include critical analysis of the arguments in its favour, as
listed in Table 1 and discussed (with references) in Jaakkola (1991), as well as
developing the theory and its tests further.

Due to the nature of the PIG theory, there are, at least in principle, very many
possibilities for testing it; therefore, it clearly satisfies the main criterion of scientific
theories. In practice, of course, working out the experiments will be difficult, as
always in non-trivial physical problems. The following list of parameters to be
tested as possible factors affecting gravitation follows from the different aspects of
the theory: distance (the 1/ r? law), mass, density, material, temperature, time, veloc-
ity, rotation, acceleration, shape, orientation with respect to the Earth, orientation
with respect to the Sun and the Moon, and with respect to the distant cosmic objects
(Milky Way and the CMB dipole), electric field, magnetic field, occultations, inter-
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vening matter, etc. Existing data on the tides represent a wealth of material for
analysis in relation to the PIG-hypothesis.

Experiments in gravitation have a long history. Most parameters have been
examined, and only a few minor anomalies remain unexplained in the Newtonian-
Einsteinian framework (Cook 1987; Will 1987; however, see Jaakkola 1991). The
aspects of the PIG theory may require special experimental setups. Many of the
above factors have not yet been studied, and surprises may wait us in further
experimental gravity research.
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Figure 8. A schematic representation of the structure of equilibrium cosmology.

In radiation cosmology in particular, features F4, ie. oo [p, and F9, short
time-scale variability, demand further verification. In Table 1, the gap between 10'?
and 10" cm should be bridged. With regard to the CBR, a strict intercomparison of
u, T, a, nL and p,, also involving requirements from the b—y — ¢ equilibrium,

has yet to be made.
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In gravitation cosmology, equations (24) and (27) are the chief targets of em-
pirical tests. The equality 4, = a, should be checked for a large sample of galaxies
and systems of galaxies, also comparing the degree of variance from the other
measures of dynamical evolution.

In the science of the equilibrium processes, thorough analysis of the problems
may suffice to bring about advances in this new field of research. Consideration of
possible laboratory experiments relating in particular to the b—7y — g equilibrium is
a necessity. Perhaps such conditions can never be attained; however, the possibility
that something interesting can be found in measured effects should also be consid-
ered.

A cosmological test of the EEPs and the state of the Universe concerns the age
dispersion 6, of galaxies: a small 6, at a given z supports ST, and a large 6 ,, EC.
Young galaxies at small z and old galaxies at large z would imply the latter case (as
is actually found).

Another general idea for cosmological tests of the EEPs may be explored. For
an evolutionary process, such as morphological evolution of galaxies, EC predicts

pW/

i

(=T, (3D
izl

where f; is the observed frequency of a sub-class (e.g. Hubble sub-type), T; its
theoretical evolutionary period, Z j the total number in the whole j class (Hubble

sequence within a restricted range’z of mass), and ZT] the period of the whole cycle.

Differences in the environments, as for galaxies in]the clusters and in the field, at the
same time complicate and refine the test. The observed f;/f;-difference between
the field and clusters may turn out to be one further argument in favour of the
equilibrium Universe, adding to the number of those given in Section 2.

9. Discussion

In order to advance discussion in the science of cosmology, it seems useful to
present openly the author’s view of the present status of the most important rivals
of the EC theory. Following this, I shall outline my thoughts on the present state of
EC.

Two well-known papers published in Nature (Arp et al. 1990; Peebles et al.
1991) give a good basis for estimation of the status of the two most prominent
theories. As for the standard theory (ST), without going into details, it can be
commented that the strongest empirical arguments cited in support of ST (expan-
sion, cosmic evolution), are clearly not true (Section 2), and some arguments, even
if empirically true (light element abundances, number of neutrino families), are
theoretically so frail and vulnerable that they cannot be considered compelling. As
pointed out in 7.vi., abundances are actually known only in a very narrow range of
astrophysical circumstances. Observations of very distant galaxies with apparently
locally normal abundances constitute a blow to ST, as do local galaxies seen in the
process of formation. Internal inconsistency of ST in the cosmological test results is
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as bad as it could be (2.ii) To keep from collapsing, the ST needs far more epicycles
than the Ptolemaic system before its collapse. But the ST may fight for survival by
trying to find, e.g. new (false) cosmic evolutionary effects, analysis of which from
the present point of view is, unfortunately, still far from complete.

For all its sophistication and extreme theoretical development, ST is actually a
rather clumsy construction. Almost everything is solved by resorting to initial con-
ditions and choosing them in an ad hoc manner. There is one exception: the connec-
tion between the CBR temperature and the helium abundance forms the finest
chapter of the theory. My reservations were discussed above. The worst fault of the
theory is its doctrine of creation of the Universe, with matter, space and time
emerging from a singularity (out of nothing) at time ¢ = 0. This violates the conser-
vation principles which are so fundamental in physics, and essentially reduces the
theory to sheer metaphysics.

Moreover, the ST rests on a false fundamental theory, i.e. general relativity.
Without going into a full theoretical and empirical criticism (see Jaakkola 1991), it is
sufficient to note that an interaction redshift effect invalidates both special and
general relativity. The propagation of light is found to be connected with properties
(e.g. density) of matter, and this leaves no further grounds for connecting to it
properties of space and time, as is done in relativity theory.

As a model of a steady-state universe, the theory of Bondi, Gold and Hoyle
(SST) captured an essential property of the Universe, expressed in the (perfect) CP.
However, because it is based on belief in a universal expansion, it is open to the
same crucial empirical criticism as the ST. In the SST, the origin of helium and the
CBR are, in principle, similar to the ST case (Hoyle 1980); the difference is that it
emerges in “little bangs” or “white holes” instead of one big bang, as in the ST; for
thermalization at 2.7° K, Hoyle supposes a specific interaction with graphite parti-
cles.

The SST uses general relativity, which we have criticized above. The principal
feature of the SST—violation of the physical conservation principles by creation of
matter in continuous creation or in white holes, again out of nothing—is just as
unacceptable as the single creation event of the big bang. This is not improved by
putting into the equations a C-field describing mathematically a creation process.
Nor is the problem of conservation of energy solved by saying that in the model of
continuous creation energy is conserved within a volume determined by fixed
rulers. Conservation principles have a certain physical meaning: they are not sim-
ply a matter of convention. The SST is thus not a satisfactory alternative to the ST,
although it has the historical merit that it may have prevented the latter from
growing to become an even more unshakable monolith than it is today.

The present article was intended as a summary discussion of one proposal for
a theory of the equilibrium Universe. I hope it has provided at least an idea of the
scope of the problems. The empirical grounds already seem very strong. As a
scientific construction, the EC theory is flawless, which of course does not mean that
it is true. Solutions for the redshift and the CBR, gross structure of galaxies, back-
ground paradoxes, etc., achieved in the EC fairly successfully (compared to the
other theories), may eventually prove to be different from those suggested in Sec-
tions 5 and 6. A core should be present in the approach to the evolution paradox in
Section 7; however, research into EEPs is just beginning. Therefore, we can be
content with the status of EC only when comparing it to the ST. But I am convinced
that a concerted attack on the problem, with resources amounting to only a fraction
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of those mobilized behind the ST today, would bring about remarkable advances in
cosmology.

Today many scientists are working on the physics of the non-expanding Uni-
verse and, as seen in this volume, in some areas they have advanced further than
the content of the present paper. A most interesting historical antecedent of the
themes discussed in this paper is to be found in the ideas of William Macmillan at
a time when the redshift phenomenon had not yet been discovered, and even the
identity of the galaxies was unclear. MacMillan writes (1918, 1920):

...cosmology, ... might be defined as the study of the transformations of energy throughout the
cosmos, the study of the origins being of no more interest than the study of dissolutions.... It
is natural to suppose that atoms ... are formed by the flow of energy through space.... Just as
the atom and the molecule are permanent forms of physical existence, so also is the star a
permanent form of physical existence, notwithstanding that the individual may pass from
birth to its dissolution. There is no necessary limit to its age, and though the star itself may
rise and fall, the universe as a whole is not essentially altered. The singular points may change
their positions and their brilliancy, but it is not necessary to suppose that the universe as a
whole has ever been or ever will be essentially different from what it is today....

To which I would only add: It is infinite, eternal and unchangeable!

This study was prepared as part of a research project supported by the Acad-
emy of Finland.
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A Steady-State Cosmology
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We analyze a steady-state cosmology based on a boundless universe which has
always existed and which is homogeneous on the very large scale. As this is a
stationary model without expansion, it does not require a continuous creation of
matter, in contrast to the steady-state model of Bondi, Hoyle and Gold. We study the
problems and properties of this model relating to inertia and gravitation (Mach’s
principle and the origin of inertia, the Seeliger-Neumann term), the cosmological
redshift (alternatives to the Doppler interpretation of Hubble's law, the Finlay-Freun-
dlich model), and the cosmic background radiation (predictions of a background
temperature around 3° K previous to the experimental discovery by Penzias and
Wilson in 1965). Some observational tests of this general model are outlined.

PACS: 98.80.-k Cosmology.

98.80.Dr Theoretical cosmology.

98.70.Vc Background radiations.

12.25.+e Models for gravitational interactions.

Key Words: Cosmology, Hubble’s law of redshift, Mach’s principle, cosmic back-
ground radiation, Seeliger-Neumann exponential gravity damping, cosmological principle

I. Introduction

In this paper we present a steady-state model of the universe that has grown
out of two previous works (Assis 1992 a, b). Essentially, the model which we adopt
complies with the perfect cosmological principle, which can be stated as follows:
apart from local irregularities, the universe presents the same aspect from any place
at any time (Bondi 1960, Ch. 2, p. 12). The history of this principle and its empirical
foundations have been discussed by Rudnicki (1989) and Jaakkola (1989). The main
properties of the universe at large assumed here are as follows: the universe ex-

* Also Collaborating Professor at the Department of Applied Mathematics, IMECC,
UNICAMP, 13081 Campinas, SP, Brazil.

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 153



154 A. K. T. Assis

tends in all directions indefinitely; it has an infinite age; it is homogeneous on a
large scale; the density of matter and energy are finite and constant, except for local
irregularities; it is in a steady-state without expansion and without creation of
matter; it complies with the principles of conservation of mass and energy.

In this work we will discuss this model and its relation with inertia and
gravitation, the cosmological redshift, and the cosmic background radiation. Since
we have analyzed Olbers’ paradox (Olbers 1826) in detail in previous work (Assis
1992 a), we will not discuss it here.

Il. Gravitation and Inertia

For low velocities and low energy densities, Newton’s law of gravitation is
known to be valid with high accuracy. However, when we try to apply it to an
infinite and homogeneous universe, certain difficulties arise which can be easily
visualized in Figure 1. Suppose we want to calculate the gravitational force on a
particle of mass m, located at point P due to the whole universe. If the origin of the
coordinates is at O and the distance between O and P is 7, the net force on m, is
given by

G(47W *p/3)m, _ Gm,panr
r? T3

pointing from P towards O. In this expression G is Newton’s gravitational constant
(G=6.67x10""Nm?kg™?) and p is the uniform mass density of this hypothetical
homogeneous universe. This result is due to the fact that a spherical shell of mass M
and radius R exerts no force on any internal point, and attracts any external point as
if its whole mass were concentrated on its center, according to Newton’s law of
universal gravitation, as Newton proved in the Principia in 1687. On the other hand,

z A

X

Figure 1. An infinite and homogeneous universe with constant mass density p. A mass
my is located at P. If we utilize spherical coordinates to calculate the net force on m, we
will obtain different results if the origin of the coordinate system is at O or at Q .
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if we calculate the net gravitational force on m, from the point Q as the center of the
coordinate system (see Figure 1), we find its value to be Gm,p47r, /3 pointing from
P towards Q, where 7y, is the distance between P and Q. This is different from the
previous value, which shows that we can get any value for the net force on m,
depending on our arbitrary choice of the point Q.

This is certainly undesirable. In order to overcome the problem we can either
assume that the universe is not infinite and homogeneous in space and time, or that
Newton’s law of gravitation should be modified when there is a many-body inter-
action. Here we will follow H. Seeliger and C. Neumann who in 1895 and 1896
proposed that the Newtonian gravitational potential should be modified by the
introduction of the factor ™, where « is a small quantity which would only be
significant for large values of r. Laplace had introduced an exponential in Newton's
force law of gravitation as early as 1846 (North 1965, Ch. 2; Assis 1992 b).

One way of interpreting this exponential decay in the gravitational potential
or force law is to regard this term as an absorption of gravity: instead of having a
potential given by Gm,m,/r, it would be given by Gm;m,e™™ /r, where o depends
on the distribution and amount of matter in the straight line connecting m, and m,.
We can then look for experimental support of this proposal. Some anomalies in
pendulum behavior during solar eclipses which could be due to a screening effect
for gravitation have been described by Dragone (1990). To our knowledge, the best
experiments specifically designed to test the idea of a gravitational absorption are
due to Q. Majorana (Martins 1986, Assis 1992 b). He found a positive value with an
absorption coefficient for liquid mercury of the order of &=10"" m™. Because his
experiments were never repeated, we cannot have complete confidence in these
results. On the other hand, the fact that they were never contested shows that there
is a real possibility the effect exists, which, as we have seen, is of great cosmological
significance.

A similar situation arises with inertia if we follow Mach'’s principle, according
to which the inertia of any body is due to its interaction with the remainder of the
universe (Mach 1960, Barbour 1989). For instance, recently we implemented Mach’s
principle quantitatively utilizing a Weber-type force law (Assis 1989 a). In order to
derive Newton's first and second laws from a gravitational interaction of any body
with the remainder of the universe, we postulated that the resultant force (includ-
ing all kinds of interaction—gravitational, electromagnetic, nuclear, elastic, inertial,
etc.) on any body is always zero in all frames of reference, even when the test body
is in motion and accelerated. Beyond this, we also assumed that Newton’s force of
gravitation should be modified following the structure of Weber’s force. Weber's
law was introduced in electromagnetism in 1846 in order to unify electrostatics,
magnetism (force between current elements) and electromagnetic induction (Weber
1872, 1892-4 and 1966; Maxwell 1954, Volume 2, Ch. 23; O’Rahilly 1965, Volume 2,
Ch. 11; Wesley 1990 and 1991, Ch. 6; Phipps 1990 a, b; Assis 1989 b, 1990, 1991 and
1992 ¢; Assis and Caluzi 1991; Assis and Clemente 1992; Clemente and Assis 1991).
The first to propose a similar modification for gravitation seems to have been G.
Holzmuller in 1870, and in 1872, F. Tisserand utilized the same force law (North
1965, Ch. 3, pp. 46-47; Assis 1989 a). Recently other authors have followed the same
procedure, applying a Weber-type force law to gravitation: (Eby 1977, Sokol’skii
and Sadovnikov 1987). A similar idea has been followed by Ghosh, arriving at
equivalent results (Ghosh 1984, 1986, 1988 and 1991). Although his force law is not
exactly like Weber’s, he has also succeeded in implementing Mach’s principle.
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Moreover his expression involves a velocity drag term, not present in Weber's
force, which leads to many interesting and reasonable results.

In our previous work (Assis 1989 a) implementing Mach'’s ideas mathemati-
cally, we derived Newton's first and second laws from a gravitational interaction of
any body with the remainder of the universe. This was done by integrating a
Weber-type force law for gravitation in a finite universe of radius R = ¢/H,,, where
c=2.998x10® ms™ is the light velocity in vacuum and H, =3x107%s" =107 years is
Hubble's constant, so that R=10% m. If we had integrated over an infinite universe
with a constant mass density compatible with the value estimated from observa-
tions (p=3x10%kgm?), this model would not have worked. Accordingly, we
suppose here the Mach-Weber model modified by the Seeliger-Neumann term,
such that the potential energy U of the gravitational masses m, and m, is given by

-2
u=—H3@( —%Z—z}e‘“’. @)

In this equation H g is a constant, r is the distance between m, and m,, namely,

r=ym 1) +h-1) +(@-n),

and & =6 in order to obtain the correct value of the precession of the perihelion of
the planets (Assis 1989 a). Moreover, 7 =dr/dt= ?'Jzzfl -%,), where 7= (% —%)/r is
the unit vector pointing from m, to m, and %, -5, =d(%, - 7 /dt, and « is a constant
characteristic of the medium in the straight line between m; and m, (@=0 in a
complete vacuum). -

As usual, we can define the force exerted by m, on m, by F=-#dU/dr so that

E= —Hg—"-‘ir’f—zf[1--§-;—z+gcﬁ;+w[1—§§ﬂe'w @)

where

d’r (81— 5y) (B~ Bp) + (A~ 7%) (6, - ) -7

#* r

4

o

and & -, = d( - 5,)/df’.

Weber’s original expressions for the potential energy between the electric
charges ¢, and ¢,, and the force exerted by g, on ¢, are the same as equations (1) and
(2) with the replacements —H mym, — g,q,/4m€,, £ -1 and a — 0.

We now follow the same procedure as in our previous work (Assis 1989 a) to
calculate the force on a test mass m, due to an isotropic distribution of mass
extending to infinity. We suppose an observer at the origin of a coordinate system,
such that for this observer the universe (which is supposed to have a constant mass
density p) as a whole is spinning with an angular frequency @. Integrating equa-
tion (2) utilizing spherical coordinates yields
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-

F=—Amo[ﬁo+E)x(&3x'ﬁ,)+2iioxc7)+ﬁ,x%)-:| 3

In this equation A is a dimensionless constant given by

A——H pjre""’dr-——Hs%f—

where a would be the mean absorption coefficient of the universe. By analogy with
the cosmological redshift, which will be described in the next section (and which
can be interpreted as an absorption of light by intergalactic matter), we propose that
a=H,/c.

A/s in our previous work (Assis 1989 a) we can then derive Newton's first and
second laws, with a very important development: these two laws are now derived
in an infinite and homogeneous universe. The main idea is that the Seeliger-Neu-
mann term both solves the gravitational paradoxes arising from Newton's law of
gravitation, and leads to a derivation of inertia in full compliance with Mach’s
principle in an infinite and homogeneous universe. A complete derivation of these
results and an analysis of its consequences is given by Assis (1992 b).

I11. Cosmological Redshift

Our next subject is the cosmological redshift. When the spectra of the extra-
galactic nebulae or external galaxies are observed, what we measure are the appar-
ent luminosities of nebulae and shifts in their spectra (Hubble 1958, p. 3). It has been
observed that the fainter the nebula, the larger the redshift (with the exception of
the nearby galaxies, most galaxies present a shift toward the red instead of the
blue). By assuming the faintness of the nebulae to be related to their distance by a
certain function, Hubble was able to conclude that there exists a linear relation
between redshifts and distances (Hubble 1929). This relation can be written as

M=%, _H, |
c

2(r)= 7

)

In this relation z(r) is the fractional spectral shift, 1, is the wavelength of a
certain line as observed in the laboratory (when the source and detector are at rest
relative to the earth), A(r) is the wavelength as observed in the earth’s detector of
the same line which had been emitted (presumably at a wavelength A,) by a galaxy
which is at a distance r from the earth, and H, is Hubble’s constant.

Usually this redshift is interpreted as a Doppler shift. This interpretation is
what leads to the idea of the expansion of the universe, the big bang, etc. If this were
the case we would have (Sciama 1971, p. 71)

1+z(r)=%r)= E—Z=1+%+O(Z—§) ©)
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This would mean

v (1+2)°-1
P ©)
c (1+z)°+1

In 1929 the largest value of v/c given by Hubble was v/c=6x10" (Hubble
1929, Table 2), and by 1936 when he wrote The Realm of the Nebulae this value had
increased to v/c = 0.13 (Hubble 1958, plate VII). In 1971 the record redshift was 2.88,
which implies v/c = 0.87 (Sciama 1971, p. 70). This applies to quasi-stellar objects
(quasars) as well as some galaxies. For instance, Arp described some galaxies which
according to the Doppler interpretation of redshifts would be moving away from us
at v/c= 0.1 (Arp 1987, Ch. 6). These extremely large recession velocities are a source
of doubt for the interpretation of the redshift as a Doppler effect. The reason is that
all other velocities of astronomical objects known to us are much smaller. For
instance, the orbital velocity of the earth around the sun is approximately 30 km s
(v/c=10"*); the orbital velocity of the solar system relative to the center of our
galaxy is approximately 250 km s™ (v/ ¢=10"%); and the random or peculiar motion
of galaxies is of this same order of magnitude.

There are other problems with the big-bang model: the age of some structures
in the universe (some galaxies and agglomerates of galaxies) is supposedly greater
than the “age of the universe” derived from the big-bang model; there are intrinsic
redshifts of quasars and some galaxies which are clearly not due to a Doppler effect,
etc. (Arp 1987, Arp and van Flandern 1992). A general criticism of big bang cosmo-
logical models has been given by Kierein (1988).

If the redshift is not due to a Doppler effect, what is its origin? We prefer to
assume that a photon loses energy in its journey from the surface of a star to the
earth. The energy which is lost by the photon would be acquired by the matter with
which it interacts in its journey. If this is the case, there would be two components
in the redshift of any astronomical object: one intrinsic, due to the interaction of the
photon with the atmosphere of the astronomical body (a star and its atmosphere,
for instance) and with the matter surrounding it (interstellar matter), and one exter-
nal component due to intergalactic matter. Both redshifts may be due to the same
mechanism, but only the latter (the cosmological or Hubble component) would
obey the redshift-distance relation (equation (4)). The first component should be
independent of our distance to the source if the source is an external galaxy or a star
belonging to this external galaxy. If the source is a star in our own galaxy, then its
redshift should have an intrinsic component (due to interaction of its light with its
own atmosphere and immediately surrounding matter) and a component which
should depend on our distance to the star due to the interaction of its light with the
interstellar matter.

This interpretation of the redshifts is usually called the tired light model. We
discussed this model in our previous work (Assis 1992 a). In simple terms, the
cosmological or Hubble component utilizes Einstein’s expression for the energy E
of a photon related to its frequency v and wavelength A: E=hv =hc/A, h= 6.6 x
107* Js being Planck’s constant. This expression is coupled to the energy lost by the
photon to the matter with which it interacts in its journey from the surface of a star
to the earth: E(r)=E,e™™, E, being the initial photon energy at the surface of the
star, or the equivalent energy of a photon of the same frequency in the laboratory.
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E(r) is the energy of the photon upon its arrival at the Earth, and o is the mean
absorption coefficient of light in the line of sight connecting the source and the
earth. From these two relations we obtain

A(r)-A, a?

z(r)= 7 =e"‘”'—1=0tr+—§—r2 @
0

Comparison with (4) yields @ =H,/c. A good discussion of the tired light model
can be found in Reber (1983) and LaViolette (1986). LaViolette, in particular, has
shown that the tired light model fits the data better than the big bang model in four
important tests: the angular size-redshift test, the Hubble diagram test, the galaxy
number count-magnitude test, and the differential log N—log S test.

This explanation is a very simple one and avoids the problem of the high
velocities mentioned above. It was advocated, for instance, by de Broglie (1966).
After discussing the Doppler interpretation of the redshift, he said explicitly:

Cependant je ne suis pas personnellement persuadé que l'interprétation des déplacements
spectraux observés par un effet Doppler lié & une expansion de l'univers s‘impose réellement.
A mon sens, l'effet observé pourrait étre dit @ un “vieillissement du photon”, c’est-a-dire a
une perte progressive d’energie par le photon au cours de son long parcours intersidéral. Cet
effet, jusqu'ici inconnu de toutes les théories de la lumiére meme ce tenus de l'existence des
photons, pourrait résulter d’une cession continue d'énergie par le photon a 'onde qui 'entoure.*

In a previous paper he had explained in more detail how this loss of photon
energy might occur (de Broglie 1962):

Un photon venant a nous d’une nébuleuse trés lointaine pourrait voir son onde u s'affaiblir
par suite d'un étalement lent ou d‘une absorption par les milieux absorbants extrémement
ténus qui existent, on le sait aujourd’hui, dans les espaces intersidéraux.... Il y aurait ainsi
une diminution progressive du quantum hv, donc un déplacement vers le rouge, par un
mécanisme tout a fait différent de l'absorption forte par le photon et de l'effet Comptom,
mécanisme relié a l'affaiblissement faible” et continu de I'onde u.**

What are the main arguments which have been raised against this explana-
tion? Recently Arp pointed out five observational tests tired light theories must
confront in order to become useful theories (Arp 1990): (1) absence of blurring in the
optical images of extragalactic objects; (2) existence or not of a correlation between

*  Translation (Keys 1991): Personally, however, I am not convinced that the interpretation
of the observed spectral shifts as due to a Doppler effect connected with expansion of the
universe is really necessary. In my opinion, the observed effect could be due to a ‘photon
aging’, i.e. a gradual loss of energy by photons during their long intergalactic voyage. This
effect, hitherto unknown in any theory of light, even theories that admit photons, could be
due to a continuous loss of energy by the photon to its surrounding wave.

**  Translation (Keys 1991): A photon arriving from a very distant nebula could have its
wave u weakened through a slow attenuation or absorption by the extremely tenuous
absorbing matter that we now know exists in interstellar space.... This would result in a
gradual decrease of the quantum kv, and hence a redshift, through a mechanism quite
different from strong photon absorption or the Compton effect. The actual mechanism
would be the continuous ‘weak’ absorption of the wave u.
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Figure 2. (A) An observer O looking at a point P in the surface of the sun (centre C, radius R,
atmosphere with a thickness I, <R;).

(B) The same situation in a plane cutting the sun and containing the points O, C and
P. The path traversed by a photon in the sun’s atmosphere is given by I=PQ =1, /cos6 =, sec6.

redshifts of stars and the column density of gas (hydrogen or molecular clouds,
ionized gas clouds) in front of each star; (3) the fact that two galaxies may be
interacting so that they are at the same distance but may have much different
redshifts; (4) spiral galaxies embedded in a redshifting medium should show a
gradient of redshift from center to edge; (5) there should be severe redshift disloca-
tions along the edge of objects due to the redshifting medium. All five tests have
been specifically analyzed by Jaakkola, who showed that observational evidence
complies with the tired light model (Jaakkola 1990).

The main criticisms against the tired light model are its ad hoc assumption of a
beginning in time and lack of a suitable mechanism which could account for the
observed phenomena. In this work we will not analyze any possible mechanism in
depth, but will discuss an important example which gives considerable support to
the tired light idea, namely the center-to-limb variation of solar lines (the sun being
the star that is best known to us). The fact that the redshift in the solar lines changes
from the center of the sun to the limb has been known since the turn of the century.
In Figure 2 (A) (not drawn to scale) we present the main parameters which describe
this phenomenon. An observer O on the earth observes a point P on the surface of
the sun. The sun has a radius R,=7%10® m and an atmosphere of thickness
l, < Ry(l, =R,/2000). We represent by 6 the angle between the line of sight and the
solar radius to the point where the line of sight cuts the solar surface. In Figure 2 (B)
we have the same situation in a plane which cuts the sun but contains the sun’s
center C, the observer O and the point P. Observations in the visible spectrum
(A=6100 A) show a redshift which changes from center to limb according to Finlay-
Freundlich (1954)
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A = My, = (272 +1.85sec8) x107° A ®)

which leads to a fractional change of

Agps — A

e lab = (4.5+30sec)x107 ©)

lab

The observed points and relation (8) are represented in Figure 3, taken from Finlay-
Freundlich (1954).

Let us now try to understand the origin of this observed redshift. Is it a
Doppler redshift? The answer seems to be no, because equation (9) was obtained
after taking into account the known Doppler shifts resulting from the relative mo-
tion of the sun and the earth (Marmet 1989). The rotation of the sun has no influ-
ence, since equation (8) is observed everywhere on the surface of the sun (Marmet
1989). The spots on the sun’s surface have a period T of rotation of approximately 21
days. This would lead to a Doppler shift of z=1v/c=2xaR,/Tc=81x107%, suggesting
a redshift at the points on the surface of the sun which are moving away from us
and a blue shift at the points which are coming towards us. This is not what is
described by equation (9).

Is it a gravitational redshift? According to Einstein’s theory of relativity, light
emitted with frequency v, from a place of gravitational potential ® will arrive at a
place of relative gravitational potential zero with frequency v, such that (North
1965, p. 53):

147

A10° Redshift (relativity theory)

!
12 §
¢

0

[ - Adam (Oxford) 1948 o Freundlich et al. (Potsdam)
x A=(2.72+1.85sec 6) . 10°

0.0 0.2 04 0.6 0.8 1.0

sin @
Figure 3. The redshift from the centre of the sun to the limb (from Finlay-Freundlich
1954). Full and open circles represent two sets of observations. The dotted line with X’s
is the least square solution given by (8) which best fits the data. The horizontal line is the
gravitational redshift according to Einstein’s theory of relativity.
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Hv, 2@ (10)
v, ¢

Applying this to the sun would yield z=AA/A =-Av/v=GM,/R,c* =212x107°,
where M, is the sun’s mass. As we can see from Figure 2, this is near the observed
value at the limb of the sun but is much larger than the value in the center. As the
gravitational potential is a constant over the surface of the sun, the redshift should
not vary from center to limb. So the conclusion is that the redshift of the sun is not
wholly due to a gravitational redshift.

An alternative interpretation of the cosmological or Hubble redshift has been
presented by Arp (1991). According to this model, the cosmological redshift, rather
than a Doppler effect, would depend on the epoch of creation of the astronomical
object. This model explains many anomalous and intrinsic redshifts of some galax-
ies made of younger matter but cannot explain the variation of the redshift from
center to limb in the sun, as the age of the matter at the sun’s surface should be the
same everywhere.

What explanation is left? Figure 2 (B) shows that the length that light travels
across the sun’s atmosphere is given by = PQ. From the triangle OCP it can be
easily seen that (as [, <R,) I = PQ=-1,/cos(m — ) =1, sec6. Consequently, an expla-
nation which almost forces itself upon us is that the redshift is due to the interaction
of light in its passage through the atmosphere of the sun. The redshift would then
be proportional to the length of travel, which as we have seen, is proportional to
sec@. Finlay-Freundlich has successfully explained the redshift of the solar lines, as
well as those anomalous redshifts of O, B and A stars, supergiant M stars, Wolf-
Rayet stars and the cosmological redshift, with a simple formula (Finlay-Freundlich
1954)

=2l ATY (11)

where A=2x10"% K™ m™ is a constant, T is the temperature of the radiation field
where light is moving (it is not necessarily the temperature of the source) and I is
the length of path traversed through the radiation field. This formula explains
reasonably well the second term on the right hand side of equation (8).

This redshift of the sun’s line is a clear proof that the tired light proposal meets
Arp’s condition (2) due to the proportionality between the redshift and the length of
path across the sun’s atmosphere, namely, z is proportional to sec, which is pro-
portional to I.

The dependence of the solar redshift on the length of path through its atmos-
phere is remarkable and lends support to a tired light model. If this is the case, what
is the physical mechanism responsible for this effect? When presenting equation
(11), Finlay-Freundlich suggested that it might be due to a photon-photon interac-
tion. A variation of this proposal was given by Pecker et al. (1972) Another mecha-
nism based on an inelastic collision of the photon with atoms or molecules has been
given by Marmet, and he has also successfully explained the redshift of the solar
limb (Marmet 1988, 1989). Another possibility is an interaction of photons with free
electrons (Kierein 1990). There are many other proposals; however, we will not
discuss them here. The main difficulty which I see with regard to Marmet’s propos-
al (or any other of this kind) is that atoms and molecules have extremely well
defined levels of energy, and therefore they can only absorb and emit in these
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frequencies. On the other hand, an interaction between photons and free electrons
would appear more plausible, since free electrons can absorb and emit photons of
any frequency. Another problem is that to explain Hubble law of redshifts by the
same mechanism, Marmet (1988) needed to assume an average density of hydrogen
atoms throughout the universe of 2.5x10* atoms m™. But as we have seen, the
estimated mass densit7y in the universe (based on observations of visible galaxies,
etc) is only p=3x10"" kg m™, which is equivalent to only one hydrogen atom per
cubic meter, four orders of magnitude smaller than what is required in Marmet's
proposal.

Whatever the nature of the mechanism (there may even be several mecha-
nisms at work simultaneously), a tired light model does seem to satisfactorily
account for the data on redshifts. The center-to-limb variation of the solar lines
shows clearly that there exist redshifts which are not due to a Doppler effect or a
gravitational redshift, and are also not age dependent. This constitutes a proof that
another mechanism is at work to create this redshift. This is the case at the sun’s
surface. Why should the same mechanism not work in other stars and in interstellar
and intergalactic space?

IV. Cosmic Background Radiation

In 1965, working with a horn-reflector antenna at 4080 Mc s™ (v =4.08 x10°
Hz, A =¢/v =7 cm), Penzias and Wilson discovered an excess temperature of 3.5 + 1.0°
K (Penzias and Wilson 1965). They found this temperature to be isotropic, unpolar-
ized, and free from seasonal variations. It was soon interpreted by Dicke et al. as
cosmic black-body radiation, a relic of a hot big-bang (Dicke et al. 1965). The idea of
a hot big bang had been developed by Gamow, Alpher, Herman and others in the
period 1948-54 (see for instance Alpher et al. 1948). Later, a dipole anisotropy was
found in the cosmic background radiation which is usually interpreted as being due
to the earth’s motion through the radiation field. The value of the dipole anisotropy
is well known nowadays, and allows a precise determination of our motion relative
to this radiation background (see, for instance, Lubin et al. 1985).

Here we want to emphasize certain other parallel developments which are not
so well known. First of all, in 1954 (prior to the discovery by Penzias and Wilson)
Finlay-Freundlich developed his alternative interpretation of the cosmological red-
shift on the basis of a tired light model (see equation (11)). As a corollary he
predicted a mean temperature of intergalactic space between 1.9 and 6.0° K (Finlay-
Freundlich 1954), stating that: “One may have, therefore, to envisage that the cos-
mological redshift is not due to an expanding universe, but to a loss of energy
which light suffers in the immense lengths of space it has to traverse coming from
the most distant star systems. That intergalactic space is not completely empty is
indicated by Stebbins and Whitford’s discovery (1948) that the cosmological red-
shift is accompanied by a parallel unaccountable excess reddening. Thus the light
must be exposed to some kind of interaction with matter and radiation in interga-
lactic space.” Max Born discussed Finlay-Freundlich’s ideas, and indicated his sup-
port for them (Born 1954).

Less well-known is an important text by Regener which was published in
1933—well before Gamow’s paper (1948). Regener utilized the Stefan-Boltzmann
law, equating it to the measured value of the flux energy of the night sky (due to
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light, heat and cosmic radiation), and obtained a mean temperature for interstellar
space of 2.8° K (Regener 1933, Monti 1988). Regener’s work was taken up by Nernst
in his model of a boundless universe, homogeneous on the large scale and without
expansion (Nernst 1937, Monti 1988). Nernst is another advocate of the tired light
model.

Even before Regener, a temperature of interstellar space of 3° K had been
given by Eddington in his famous book first published in 1926 (Eddington 1988, p.
371).

The conclusion we draw is that the existence of a background radiation of 2.7°
K cannot be used as a proof of the big bang theory. This is true not only because
other models are compatible with it, but also because other models had even pre-
dicted its existence prior to its discovery.

V. Predictions of the Model and Conclusion

Here we would like to present some consequences of the model described in
this paper. These are not predictions to be tested in the laboratory, but something to
be expected in future observations.

We assume that the universe is isotropic, homogeneous and boundless (ex-
tending indefinitely in all directions with a constant, finite mass density). This
means that, in principle, there should be galaxies at all distances from us. Conse-
quently, one prediction is that with the development of observational instruments
we should find galaxies at an ever increasing distance from us, without limit (the
only limitations are the resolving power of the instruments and the range of prop-
agation of electromagnetic radiation).

The universe is also assumed to be homogeneous in time (on a macroscopic
scale, the same in the past, now and in the future). A second prediction is thus that
in any large region of space, no matter how far from us, we should find approxi-
mately the same number of galaxies dying out and being created. In the big-bang
model, on the other hand, all the galaxies were formed at approximately the same
time. Therefore any young galaxy found at large distance from the earth lends
support to a model of the universe which is in a steady state on a large scale.

Another prediction of the model can be obtained by comparing equations (4)
and (7). According to equation (4), H, should be a constant independent of the
distance. But if we write equation (7) in the same form as equation (4) we obtain a
Hubble “constant’” which should depend on the distance, namely

H(r) o, o
— 0 1= _ 2 3 4.4
2(r)=¢ 1_——-——C r-ozr+——2 r +—3! r +O(a r ) 12)

As we have already identified & with H,/c, we obtain:
2 3,2
Hgr + HOZ +
2c  6c
This shows that Hubble’s “constant’” should in fact increase with the distance
according to the tired light model. Is there any indication that this is the case? If we

measure the distance of galaxies by a method which does not depend on their
redshift we find that the redshift does not in fact seem to be a linear function of

H(r)=H,+
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distance (Arp 1988; Arp and Van Flandern 1992). Furthermore, the slope of the
curve H(r)xr seems to agree with equation (12). With an improvement in the
observations and an increase in the number of observed galaxies, it will be possible
to test this prediction in more detail in the near future.

We may thus conclude that an absorption of light offers an explanation of the
cosmological redshift in an infinite and homogeneous universe which is essentially
static and without expansion. A similar phenomernon in the realm of gravitation
yields inertia as due to a gravitational interaction with the remainder of the uni-
verse, in compliance with Mach'’s principle. Moreover, this is obtained in the frame-
work of the simplest of all models of the universe: a universe which has always
existed, in which there is no expansion or creation of matter, and which is essential-
ly uniform and homogeneous in all directions and at all distances.
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Cosmological Principles
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The most important cosmological principles are presented and briefly discussed.
This lecture is a summary of a long monograph on cosmological principles being
prepared for publication. A more developed presentation of problems mentioned
here and more complete references to original papers can be found in that work.

1. Astronomy and Cosmology

Astronomy is an observational and theoretical science dealing with celestial
bodies and celestial phenomena accessible to human eyes as well as to astronomical
and physical scientific instruments. Cosmology is the science of the entire Universe.
Cosmology would be just another name for astronomy, if the total area of the
Universe were accessible to observations. And in fact there are some cosmological
models, called “small Universe models” (cf. Ellis 1987, Dyer 1987), which represent
the Universe as a region entirely accessible to earth-based observations. These
models, however, are not developed in the main stream of cosmological ideas. They
were devised more to illustrate some methodological possibilities than to depict
reality.

In most contemporary conceptions and contemporary models of the Universe,
the so called cosmological horizon is accepted, i.e. a surface located at a certain
distance, from beyond which no signal can reach the observer. Points located beyond
the cosmological horizon cannot have any causal connection with the observer.
There are various definitions of cosmological horizons. For our purposes all of
them are of the same value. Because of the cosmological horizon, the entire Universe
is divided for every observer into two parts: one part that is accessible and another
that is not accessible to observations.*

One can discuss whether cosmology, the field of human knowledge about the
observable as well as unobservable regions of the Universe, can be accepted as a

* For a Universe born all at the same time (Ed. note).
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science, or should instead be considered as a part of metaphysics. But in other exact
sciences statements are also made which are not in direct relation to observations.
In mathematics no geometrical figure can be seen or measured by physical devices.
All that can be constructed in the physical world may only roughly remind us of
mathematical reality, which is accessible as such for the mind only. Physical laws,
as such, are likewise not observable. We can observe only their consequences. Still
nobody takes this fact as an argument for considering mathematics or physical laws
as belonging to metaphysics. Similarly, nobody has the right to demand that everything
in cosmology should be observable. The human mind can supplement what cannot
be reached by sense perception.

2. The Building Stones of the Universe

In addition to one or more cosmological principles, any theory of the Universe,
and any model of the same, has to contain some ideas about the main constituents
of the Universe. In various epochs of the development of cosmology, different
celestial bodies or their agglomerations were accepted as such building stones. To
mention only the most important ones in the time interval from Copernicus till
today, they were: planets, stars, galaxies, clusters of galaxies, bubbles of “Voronoy
Foam” as well as abstract agglomerations of matter called “fundamental bodies”.
Besides these, the structure of spacetime as such is often (not always!) taken as a
main “building stuff” of the Universe. These “building materials” have, however,
only secondary influence on the property of theories or models of the Universe. I
will not discuss the problems connected with choosing among these. The participants
at the School or the reader of these proceedings can easily supplement for himself
all that I will say with comments on constituents of the Universe used in various
models and theories.

3. Extrapolation: Mach’s Principle as a Basic Cosmological Principle

The simplest way to describe the regions not accessible directly to observa-
tions is to extrapolate the observable into unobservable regions.

There exists in mathematics a wide class of analytical functions possessing the
characteristic property that out of the features of a function in even a very small
neighbourhood of a point, the features of the function in the entire domain of its
arguments can be derived. This is the basic theorem of such functions. There exists
a certain kind of a counterpart to this theorem in the realm of physical principles,
called Mach’s Principle. This can be formulated as follows: out of the features
(positions and velocities of all physical bodies, qualitative and quantitative proper-
ties of all physical fields and of the spacetime itself) even in the immediate cosmological
vicinity of an observer, the features of the entire Universe can be derived. Mach’s
Principle has many different formulations e.g. “local physical properties are uniquely
determined by the features of the entire Universe and vice versa.” Mach'’s Principle
does not belong to the main physical principles. Nobody, till now, has given any
significant theoretical arguments in its favor. It is rather a postulate which, with the
authority of Albert Einstein, who was a fan of it, has gained an important place in
cosmological considerations. The first strict formulation of the rather general ideas
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of Ernst Mach as well as the name Mach’s Principle itself was given by Einstein.
Most modern cosmological principles (and some historical ones) are just specifica-
tions of this general conviction of Mach, that out of intrinsic knowledge of local
features of the World, all features of the entire Universe can be deciphered.

Mathematics deals with ideal situations. One can think about perfect knowledge
of properties of an analytical function in the vicinity of a point. It is, however, much
more difficult to explain what it means “to know perfectly” all properties of the
physical world in the vicinity of an observer. It is difficult to define, and even more
difficult to achieve, even in the macrocosmic sense, perfect cognizance of physical
reality. The problem becomes even more complicated when the problem of the
microcosmic uncertainty principle has to be taken into consideration. Nevertheless,
Mach’s idea, which admits the possibility of reconstructing the totality of existence
out of a fragment is accepted today by most cosmologists. In a subconscious way, it
was also accepted in past epochs.

4. The Genuine Copernican Cosmological Principle

There exist today about 30 different cosmological principles in the cosmologi-
cal literature. I want to limit myself to the four main streams of cosmological
principles in this compact presentation.

The first stream was originated by Nicolaus Copernicus when he dared to
postulate that the Universe observed from every planet looks roughly the same.
This statement, called today the Genuine Copernican Cosmological Principle, was a
basis for the model of the Universe created by Copernicus himself, as well as for
two other historical models, the most important of them being the model of Johan-
nes Kepler.

5. The Generalized Copernican Cosmological Principle

Einstein and his contemporary cosmologists introduced the natural generalization
of the Genuine Copernican Principle when they assumed by solving the General
Relativity equations that the Universe observed from every point and in every
direction looks roughly the same. This principle has various names. Besides the
Generalized Copernican Cosmological Principle, it is also called the Ordinary, the
Narrow, or the Weak Cosmological Principle. In fact this was the first cosmological
principle accepted as such by cosmologists. As long as other cosmological principles
were not known, it was called simply “the Cosmological Principle,” and sometimes
it is called this even today.

This principle leads to the Hubble Law of spatial expansion. All models based
on this principle allow in the Universe only radial systematic motions with the
velocity proportional to the distance:

V. =Hr

where V, is the velocity of radial motion, ¥ —the distance between two points
(fundamental bodies) of the Universe, H—the so called Hubble Constant, which
can be positive, negative or equal to zero. The Hubble Law was first considered to
be due to General Relativity. Much later it was proved that it is not connected with
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General Relativity or with any physical theory or assumption, but simply with the
Generalized Copernican Cosmological Principle, which restricts the possibility of
systematic velocities exclusively to radial and proportional-to-distance. After the
discovery of this fact, the name “Weak Cosmological Principle” is not used any
more because in fact it is a powerful principle which produces the Hubble Law.

The generalization of the Genuine Copernican Principle has to be understood
in a specific sense. In fact the genuine principle is more general than the generalized
one. Every model fulfilling the Generalized Copernican Principle likewise fulfills
the Genuine Copernican Principle, but not vice versa. If the Universe looks (roughly)
the same from every point, it looks (roughly) the same from every planet. But it is
not enough to look (roughly) the same from every planet in order to look (roughly)
the same in every direction and from every point in the Universe.

Most contemporary models of the Universe (e.g. the Friedman type models, or
the majority of the inflationary models) are based on the Generalized Copernican
Principle.

If we accept the Generalized Copernican Principle with a positive value for
the Hubble Constant, we obtain a theory (a model) of the Universe with an initial
singularity. A subclass of such models are Big Bang models.

6. The Perfect Cosmological Principle

A further modification of Copernican ideas leads to the Perfect or the Strong
Cosmological Principle: The Universe observed from every point in every direction
at any time looks roughly the same. Again, this is a kind of generalization because
it concerns not only space but also time, yet it also narrows the possibility of being
fulfilled by cosmological models. Every model which fulfills the Perfect Principle
also fulfills the Generalized Copernican Principle but not vice versa. What looks the
same “from every point and at any time” looks the same “from every point.”
However, the Universe could also look the same from every point, but look differ-
ent at various times.

The models fulfilling the Perfect Principle must, of course, obey the Hubble
Law. If we accept the Hubble Constant to be not equal zero, we could obtain a
Universe where the density of matter increases or diminishes constantly due to
expansion or to contraction of the Universe. This would be contradictory to the
assumption that the Universe looks the same at any time. To avoid this contradic-
tion one has to introduce the production of matter out of nothing. In the case of
positive value of the Hubble Constant (expansion), one gets the famous “Steady
State Universe”. In the case of contraction, the vanishing of matter is required.

7. The Lucretian Cosmological Principle

One can avoid these contradictions and preserve the principle of preservation
of mass, by accepting zero for the Hubble Constant. With this assumption we
obtain a static Universe. Models of such a Universe were popular in 19th century
and in the early 20th. A contemporary picture of such Universe has been proposed
by Jaakkola (1989). The assumption that the Universe looks roughly (on the large
scale) the same in every direction and at every point in time from every point and
admits no systematic motions is sometimes called the Lucretian Cosmological Principle.
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8. The Generalized Perfect Cosmological Principle

Universe models based on the Genuine Copernican Principle are not con-
nected with any simple geometrical symmetry in the space. The subclass of these
models fulfilling the Generalized Copernican Cosmological Principle possesses simple
space symmetry. The General Relativity theory employs the concept of spacetime
and thereby requires certain properties in spacetime, not in space only. In this sense
the Perfect Principle is much more relativistic because it requires uniformity from
both. Still it limits the requirement of isotropy to space only, while not requiring
isotropy of time.

At first glance, the requirement of isotropy in time seems to be impossible in a
real Cosmos. Even in the stationary Universe of Jaakkola, isotropy in time can be
considered in a metaphorical sense only. To be sure, the general view of the Universe
is the same when we move in the positive and the negative direction of time, but
local phenomena are not reversible. The gravitation pulling forces and the explosive
dispersing forces are working in opposite directions in time, but, even in Jaakkola’s
Universe, by no means produce the same kind of phenomena, when changing only
the time direction. The same is true with electromagnetic radiation. The arrow of
time still exists.

But one cannot exclude the possibility that, in the course of further search for
similarities and identities in various physical interactions, some theories may emerge
with perfect symmetries of phenomena according to time. Then, a subclass of models
based on the Perfect Principle and fulfilling the narrower requirement of uniformity
as well as isotropy of space and time can be envisioned. This requirement might
perhaps be called the Generalized Perfect Cosmological Principle.

9. The Fully Perfect Cosmological Principle

But even such a Generalized Perfect Cosmological Principle is not completely
relativistic in the sense that it requires homogeneity, but only separately from space
and separately from time. One can propose a Fully Perfect Cosmological Principle,
establishing one requirement for spacetime as such. At first glance, such total isotropy
seems impossible, at least as long as we keep the ordinary notion of the relativistic
spacetime, because the metric signature distinguishes time with the opposite sign to
the signs of spatial dimensions. But there do exist mathematical concepts of other
spacetimes, and it is possible to introduce imaginary time ix, instead of x, in simple
relativistic spacetime. Then the metric formula:

ds? = +dx2 —da? — dx? — dx?

becomes fully symmetrical with respect to all four dimensions.

The Fully Perfect Principle seems useless, at least with today’s physical and
astronomical concepts, but may still be explored with some more exotic cosmologi-
cal ideas.

The principles discussed thus far—Genuine Copernican, Generalized Copernican,
Perfect, Lucretian, Generalized Perfect and Fully Perfect Principle—form a series
where the class of cosmological models fulfilling every consecutive principle is a
subclass of the previous one. According to most of today’s cosmologists, the Genuine
Copernican Principle is too broad to be useful for understanding the Universe, and
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the Fully Perfect Principle is too narrow for this purpose. These extreme principles
are not popular. Models considered similar to reality are today based on principles
lying somewhere in the diapason from the Generalized Copernican (the standard
model, the inflationary Universes) to Lucretian principles (the Universe of Jaak-
kola).

In any case, the series of principles that originated with Copernican ideas is
the most popular in today’s cosmology.

10. The Ancient Greek Cosmological Principle

The basis for most cosmological models constructed in the time from Eudoxios*
to Tycho Brahe was the Ancient Greek Cosmological Principle, which can be formulated
as follows: Our Earth is the natural center of the Universe. Today this principle is
not popular.

11. The Generalized Ancient Greek Cosmological Principle

The following statement can be considered as a generalization of the former
principle: The Universe possesses its distinguished center. This principle is sometimes
used today. For example, Ellis, Maartens and Nel (1978) proposed a model of
spherically symmetrical Universe with our Galaxy in its center. They showed that
this model is not contradictory to observations. Furthermore, the Schwarzschild
point solution of General Relativity theory, when considered as a model of the
Universe, fulfills this principle.

It can be mentioned that all known heliocentric models fulfilled at the same
time the Genuine Copernican and the Generalized Ancient Greek Principle. It is
important to remember that cosmological models can fulfill several cosmological
principles, not necessarily only one of them.

12. The Ancient Hindu Cosmological Principle

The ancient Hindu cosmological views can be expressed in contemporary
terms this way: The Universe is infinite in space and time and is infinitely heterogeneous.
The principles discussed in sections 4-11 were certain realizations of a general
Mach’s Principle. All of them give some possibility to extrapolate the local observational
facts to the unobservable parts of the Universe. This is not the case with the Ancient
Hindu Cosmological Principle. Here the Universe is considered as infinitely heterogenous.
With this principle, an extrapolation can, in best of cases, be validated only in a
small restricted domain of time and space.

In contemporary cosmology, the Ancient Hindu Cosmological Principle is in
fact accepted in all theories (models) of domain-universes, and in all arguments
along the line that what is observed here is not necessarily valid everywhere. Take,

*  With the notable exception of the early period, during the time of Aristarchos of Samos (Ed.
note).
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for example, the case where the expansion of the Universe can be true in a domain
of space in which all observable parts of the Universe are contained within the
entire surface of our cosmological horizon. But in an other domain only a general
contraction can take place, while others can posses a different number of dimen-
sions or different signatures of their spacetime.

13. The Cosmological Anthropic Principle

The anthropic principle, formulated in 1973, has aspired to the status of a
cosmological principle in the last decade. This principle states that the physical
properties of the Universe have to be taken as a logical conclusion from the premise
that real observers are present in some parts of the Universe’s spacetime. Here I
shall not discuss the entire, very complex problem of the anthropic principle (cf.
Barrow and Tipler 1986). I only wish to say (Rudnicki 1989) that this principle,
when considered as a cosmological principle, is a very weak one, and can produce
specific cosmological models only with the help of other cosmological principles.

14. Final Remarks

The sole possibility of crossing the cosmological horizon is given by the power
of human thinking. Cosmological principles form only one possible pattern, are just
one example of such thinking. I would resist overestimating this particular pattern.
My personal conviction is that the Universe is too complicated to grasp by means of
one sentence called a cosmological principle. Since, however, cosmological principles
are in common use in toady’s cosmology, I think that it is prudent to undertake a
logical discussion and arrive at a classification of principles. This short lecture may
be understood as a preliminary introduction to the problem.
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A model of the universe can be derived, entirely deductively, from first principles.
The advantage of such a process is that deductive reasoning is unique (induction is
not); so the resulting model is severely constrained in its degrees of freedom. The
disadvantage of this approach is that finding valid starting premises is extraordinar-
ily difficult. A starting point which seems to work well is a universe consisting of
nothing at all—no space, no time, no scale, no light, no gravity, no matter or energy,
no implicit structure, no directions or orientations. From there we introduce units of
substance one at a time, deriving their properties as we go. We soon must confront
Zeno's paradoxes, which lead to new understandings of the meaning of space, time,
and matter. The model also demands that the four standard dimensions be infinite,
as must a fifth dimension of scale, which has profound implications. Substances can
interact only through collisions, which create what we call “forces”. One of these
interactions at our scale gives rise to the phenomenon we call gravity, which behaves
just as in General Relativity with three exceptions: no singularities arise, the field has
finite range, and the flux entities travel faster than light. A new understanding of
Special Relativity arises from these concepts. Finally, the model makes specific pre-
dictions about the nature of cosmological redshift, the cosmic microwave radiation,
quasars, dark matter, and both the large-scale and quantum universes.

Why not the Big Bang?

The standard model for the origin of the universe in current cosmology is the
Big Bang, in which the universe originated in an explosion of space and time
between 10 and 15 billion years ago. The two cornerstones of the Big Bang are the
observed galaxy redshift-brightness relationship, which seems to imply that the
universe is expanding, and the microwave blackbody radiation, which appears to
be a fireball remnant of the Big Bang explosion. But both of these interpretations are
assumed, and are unconfirmed by observations.
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Recent data has cast considerable doubt on both assumptions. If galaxy bright-
ness and distance were related in the way that the Big Bang requires, then the
angular diameters of radio galaxies should diminish rapidly with increasing red-
shift. That is not seen. Instead, there appears to be a minimum angular diameter
cut-off for high-redshift objects. That is inconsistent with the redshift-implies-ex-
pansion assumption (Hewish et al. 1974).

Over twenty years ago, the American astronomer Tifft found that redshifts of
galaxies were “quantized”; that is, they tended to occur more frequently in multi-
ples of about 36 km s, for example. Since this is impossible in a Big Bang universe
where redshift indicates velocity, it has been assumed that Tifft was mistaken. But
just recently, his result was confirmed with an independent sample of galaxies by
independent investigators (Guthrie and Napier 1992).

The interpretation of the microwave blackbody radiation as coming from
beyond the galaxies has also run into trouble. Intergalactic absorption has been
shown to be sufficiently severe to prevent the direct visibility of microwave radia-
tion at a redshift of over 10,000, as the Big Bang requires (Lerner 1990). Moreover, it
has been shown that the temperature of that radiation, 3 degrees Kelvin, is about
the same as the equilibrium temperature of most nearby interstellar and intergalac-
tic material, suggesting that the radiation sources are nearby also.

Still another anomaly is that the bulk of the galaxies in our part of the universe
appear to be streaming in one direction when their peculiar velocities are measured
with respect to the microwave radiation (Lindley 1992). The alternative is that the
radiation is asymmetric with respect to us. So we are forced to choose between a
flowing stream of galaxies in our part of the universe with respect to a fixed
microwave background, or an asymmetric source of microwave radiation and rela-
tively fixed galaxies. Occam’s Razor certainly favors the latter view, that contradicts
the Big Bang. But even the former picture is difficult for the Big Bang to accommo-
date if the universe is homogeneous, as the Big Bang hypothesizes.

Starting Assumptions

To build a model one must have a starting point—one or more observations or
assumptions from which one may deduce or generalize. One starting assumption
for the Big Bang is called the Cosmological Principle. It is assumed that the universe
is homogeneous (matter density is everywhere the same over large enough scales)
and isotropic (the universe looks the same in all directions to all observers). But
such assumptions are motivated by aesthetics. In effect, we are telling the universe
how it must be, instead of asking how reality is.

A second problem is that we use inductive reasoning to take observations and
guess their interpretation, so that we can guess the models which will explain them.
Inductive reasoning backwards from observations to causes is non-unique and
often well off the mark. Experience has shown that it is not a good method for
arriving at successful models of reality.

Deductive reasoning, by contrast, does not suffer from this handicap. If our
starting point is correct and our reasoning valid, we may trust our deductions quite
absolutely. Moreover, every successful comparison between deductions and obser-
vations is a new validation of our starting point. Models developed deductively are
severely constrained in their degrees of freedom, because introducing any ad hoc
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helper hypotheses along the way violates the methodology. The chances of such a
model resembling reality are vanishingly remote unless the starting point is valid.
The disadvantage of this approach is that finding a valid starting point is extraordi-
narily difficult.

The Meta Model is the first cosmology which is completely a product of
deductive reasoning. After the model was developed, the name was chosen from
the dictionary meaning of the prefix “meta”: “..]ater or more highly organized or
specialized form of; more comprehensive; transcending; used with the name of a
discipline to designate a new but related discipline designed to deal critically with
the original one.”

A starting point which seems to work well is a universe consisting of nothing
at all—no space, no time, no scale, no light, no gravity, no matter or energy, no
implicit structure, no directions or orientations.

Introduce one unit of substance into this universe. (“Substance” means what-
ever exists and influences its environment. It might be more general than matter
and energy, the two known forms of substance.) Note that it has no determinable
dimensions, and there are still no properties to the universe. This unit cannot move,
because any possible state of motion would be indistinguishable from non-motion.

Introduce a second unit of substance. This gives meaning to direction and
scale, which can be measured relative to the two substances. But all possible orien-
tations of the two substances are equivalent. And if the substances are dimension-
less, then all possible separations are equivalent also, except zero separation.

We can distinguish zero separation of two substances from non-zero separa-
tion. The first coincidence of two substances is an observable change in the state of
the universe, and marks the beginning of a time interval. The second coincidence
completes the time interval. The length of such an interval is indeterminate.

With a third unit of substance, time intervals, distance intervals, and scale
intervals can be measured relatively. For example, a time interval involving A and
B is relatively longer than other time intervals involving B and C if there are more
B-C coincidences than A-B coincidences in it. This gives meaning to the concept of
“time”, which is necessarily a relative construct.

The Nature of Space, Time, and Matter

In one of Zeno's paradoxes, it is argued that one cannot traverse an interval
because an infinite number of half-the-remaining-distance steps is required. But if
there were a smallest possible unit of space, then straight line motion through such
units in arbitrary directions would be impossible, since at some level lines would
have to pass between units of space.

In another paradox, one arrow in flight cannot catch another arrow because an
infinite number of half-the-remaining-time steps is required. But if there were a
smallest possible unit of time, then change between time units would be discontin-
uous, requiring constant re-creation of the universe.

In a Zeno-like paradox for mass or scale, it may be argued that nothing can
ever touch anything else because each thing is composed of smaller entities which
are mostly empty space and not touching. But if there were a smallest possible unit
of substance, it could not be further composed; so it could not deform on collision
or rebound or otherwise react to other substance; nor could its interior contribute in
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any way to the external universe. Such things are properties of substances which
are further composed.

Such paradoxes must be resolvable. There exists a 1-to-1 correspondence be-
tween points in a space or time interval and the rational numbers between zero and
one. The same may be said of the logarithm of a scale interval. This implies that
infinite divisibility of finite amounts of space, time, and substance is possible. It is
therefore required, since finite divisibility still leads to the logical paradoxes al-
ready mentioned.

By logical extension, our universe must have five, and only five, dimensions:
three in space, plus time and scale. It must be infinite in all five dimensions, because
no possible boundaries in space or time or scale could be stable. This Meta Model
differs from most other theoretical universes by being infinite in scale; that is, the
smallest imaginable particle in it is an entire universe on a still smaller scale; and
the largest imaginable construct is but an elementary particle on a still larger scale.

As in the case of the Cosmological Principle, we would expect that all parts of
the universe are ultimately made up of assemblages of similar smaller substances,
so the universe looks similar in all places and at all times and from the vantage
point of all scales. But since it is infinite in all five dimensions, no one vantage point
may be expected to be “average.” That is, local differences may always be expected
to outweigh distant similarities. We might conclude, therefore, that all the universe
we see is but structure in the “ocean” of a huge assemblage on a vaster scale. But
not far away on that great scale must lie a “shore” and an “atmosphere” and
“space” beyond, implying that the character of the universe surrounding us must
change greatly in its details if we look far enough away.

The Nature of Force

The only means by which the substances in this model universe can interact is
by collision. Collisions produce a reaction, always of the “pushing” type, which we
might call a “force”. Different forces are simply interactions between substances on
different scales. There must therefore be an infinite number of fundamental forces,
of which only a few will manifest themselves as viewed from any one scale.

Consider two large substances, A and B, immersed in a sea of much smaller,
rapidly-moving substances (see Figure 1). The constant bombardment on the sur-
faces of A and B from the smaller substances produces a downward-pushing force,
making it appear that A and B pull things toward themselves. Moreover, both A
and B shadow each other from some impacts by smaller substances, resulting in a
net force toward each other, as if they “attracted” one another. On an astronomical
scale, we call the smaller substances “C-gravitons” (“C” for “classical,” since these
are not the same as the hypothetical spin-2 gravitons of quantum physics). And we
call the resulting apparent force between A and B “gravity.”

Let us further conjecture that the CGs are so small that the large substance
(say, a mass) is nearly transparent to them. Then only a small fraction of the CGs
contribute to the force, the rest passing through without effect. Under such circum-
stances the force would be proportional to the total matter content in the mass, since
every bit of its three dimensional interior is equally likely to reflect CGs.

Indeed such a construction has all the properties of Newton’s Universal Law
of Gravitation: Any two masses immersed in a high-velocity sea of CGs will appear
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immersed. External media give rise to attractive forces, and entities that are emitted
from inside particles give rise to repulsive forces.

Waves may propagate through any of these media at any scale. Each medium
will have some characteristic velocity; for example, that of lightwaves. The medium
that carries lightwaves must be as different from the medium of CGs as oceans are
from atmospheres. The medium of CGs consists of rapidly-moving separate enti-
ties, much like a planetary atmosphere. The medium through which light propa-
gates must consist of contiguous, relatively stationary entities, much like water in
the ocean, since lightwaves are transverse. We call this light-carrying medium the
LCM.

Special Relativity

Anything sensitive to this LCM would also propagate through it, as light does.
Consider the effect this would have on electrons orbiting atoms. They must propa-
gate through the LCM at less than the speed of light. As their speed of propagation
approached lightspeed, the orbits of electrons would necessarily all become com-
pressed in their direction of motion, just as sound waves must bunch up together as
the speed of sound is approached in an atmosphere. If the dimensions of electron
orbits, or rulers made of assemblages of such electrons, served as the unit of length,
it would appear to external observers that those moving rulers had contracted in
the direction of motion.

In like manner, we know it takes longer to make a round trip in a moving
stream than in a stationary one. So electrons will take longer to complete their orbits
when moving rapidly with respect to the medium they are propagating in than
when stationary in it. If the circuit time for the electron or clocks based on electrons
serves as the unit of time, it will appear to external observers that those clocks have
slowed. The amounts of these length contractions and time dilations are given by
the well-known Lorentz formula.

If the moving observer could communicate via faster-than-light signals, he
would have no difficulty detecting his own motion and judging that his rulers and
clocks were the affected ones. But if his communications are limited to signaling
through the LCM at the speed of light, the moving observer will be unable to detect
his own motion. This is because the speed of light will appear to him to be the same
in all directions. Moreover, the length contractions and time dilations will make it
appear to him that the rulers of other relatively moving observers are contracted,
and that relatively moving clocks are dilated. This illusion is invincible as long as an
observer is limited to communications at the speed of light.

These properties, the relativity of motion for all observers and the constancy
of the speed of light for all observers, are the fundamental postulates of Einstein’s
theory of Special Relativity. These postulates are obeyed in the Meta Model. But we
can see that, contrary to the conventional interpretation, those postulates do not
necessarily imply that faster-than-light communication is impossible. They only
imply that the universe will appear that way to observers who do not have faster-
than-light signals at their disposal.

This point is important. In the standard interpretation of Special Relativity,
time slows for a body approaching lightspeed. If it were possible for an entity to
exceed lightspeed, time would appear to move backwards for that entity. Hence, it
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has been concluded that crossing the light barrier is impossible. But in the Meta
Model interpretation of the same postulates, electrons approaching the speed of
light would take longer and longer to complete their orbits. At faster-than-light
speeds, those electrons would reverse the direction of their orbital motion. Clocks
which measured time using those electrons might indeed “run backwards.” But the
meta-time of the universe neither slows nor reverses. Observers with faster-than-
light communications would be able to measure this meta-time. And in principle,
they could shield themselves from the LCM, thereby theoretically permitting mat-
ter and observers to travel faster than light in forward time.

General Relativity

CGs do not propagate through the LCM, and so do not experience Special
Relativistic effects as ordinary matter does. They are far too small to be affected by
the LCM in any bulk way, although individual CGs can occasionally be deflected
by the LCM. Near large masses, the net downward pressure toward the mass
produced by the CGs in its vicinity also collects more LCM near the mass. The
increased density of the LCM near mass then affects light and clocks in precisely the
manner described by the theory of General Relativity (GR). But GR ascribes these
same effects to a “curvature of space-time.” In the Meta Model, this curvature is
actually ordinary refraction in the LCM. The extra density of LCM near mass
refracts photons, which slows their travel (as in the radar-delay test of GR), causes
extra bending near the Sun’s limb, and slows clocks in a gravitational potential. In
like manner, the increased density of LCM near the perihelion of Mercury’s orbit, as
compared with its aphelion, produces an effectively stronger radial force at perihe-
lion that progressively advances the perihelion. Hence, all classical tests of GR are
obeyed exactly, but by virtue of refractive curvature in a medium of varying densi-
ty instead of curvature of space-time.

It is well-known but not often mentioned that the direction of the Sun’s grav-
itational field and of its arriving photons are not parallel for an Earth observer
because of “aberration,” an effect arising from the finite speed of light. Gravitation-
al forces, by contrast with radiation-pressure forces, always appear to operate with-
out detectable delay. This phenomenon is explained in GR by postulating that
space-time curvature at a distance instantly conforms to the new velocity and accel-
eration state of a body. In the Meta Model, this apparent instantaneous action of
gravity is explained by CGs moving at mean speeds of at least 10" times the speed
of light (as experimentally required). As we have seen, such superluminal speeds
are allowed in the Meta Model, and no causality violations occur.

Properties of the Universe

As lightwaves propagate over great distances through the LCM, they gradual-
ly lose energy because of resistance from the medium of CGs, just as ocean waves
gradually lose energy from friction with the atmosphere. This slow, gradual energy
loss would be observed as a redshift that is proportional to the distance traveled by
the lightwave through the CGs. Unsuspecting observers, finding that all arriving
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lightwaves have less energy than when they were emitted, might interpret this
“redshift” as due to an expansion of the universe around them.

Although ordinary matter is largely transparent to CGs, having only occasion-
al interactions with them, collapsing matter would eventually become so dense that
CGs can no longer penetrate at all. Such a superdense body would exert the strong-
est “gravitational field” it is capable of, since it would reflect all CGs and allow
none to pass through. Hence the gravity field would get no stronger if more matter
were added to the superdense body’s interior in the same volume. Infinite gravita-
tional fields and collapse to a singularity are not possible. Hence there are no black
holes in the Meta Model. When matter exceeds a certain density, additional gravita-
tional force becomes shielded. Such an effect may be measurable when three bodies
line up and the middle one is dense enough to produce significant gravitational
shielding. For example, a very slight effect might be seen in an Earth satellite such
as Lageos during eclipse seasons, when the Sun’s gravity would be mildly shielded
by the Earth’s dense core.

Instead of forming black holes, large collapsed masses would simply produce
ultra-strong gravitational fields, and the light escaping from them would be highly
redshifted by this intense gravitation. Such “quasi-stellar” objects would have prop-
erties which resemble quasars—principally a high redshift from an object with
stellar dimensions. Regular high-speed ejection of such objects from galaxies in
supernova explosions is to be expected. But since their gravitational redshift would
be much stronger than their doppler shift, blue-shifted quasars would be unlikely
to occur.

Gravitational shielding effects would change stellar models for high-mass
stars significantly. Because the interior matter content and densities would be great-
er than the external gravity field indicated, neutrino fluxes (for example) would be
smaller than predicted. Stable stars could exist over much longer times with masses
well in excess of 100 solar masses. In fact, there would be a red and a blue extension
of the stellar H-R diagram into the high-luminosity regions. The blue branch would
produce many supergiant stars with ultraviolet excesses. Nearby galaxies contain-
ing these would look normal because ultraviolet light is blocked by the Earth’s
atmosphere. But distant galaxies with many extended-blue-supergiant-branch stars
would have the ultraviolet excess redshifted into the blue part of the spectrum, and
we would observe an excess of blue galaxies at those redshifts.

No matter how transparent matter may be to CGs, there will be a characteris-
tic distance that CGs will travel before collisions with one another. At much greater
distances than this “mean free path” for CGs, the CG medium will begin to act like
a “perfect gas.” Over such large scales CGs can still produce pressure, but not an
apparent inverse square force, just as is true for air molecules. The force of gravity
would apparently change its character from inverse square to inverse linear (the
actual form of the force law would be more complex—see Figure 2). If this charac-
teristic distance were about 2000 parsecs, this would then explain the observed
“non-inverse-square” behavior of rotation velocities of matter in galaxies, and the
behavior of clusters of galaxies, without need for inventing hypothetical “dark
matter.” The actual behavior of these systems on scales over 2 kpc is more nearly
inverse linear than inverse square with distance, just as this feature predicts.

Pencil-beam surveys show at least a dozen equi-spaced “walls” of galaxies
stretching across the visible universe. Such large-scale structure is difficult for the
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Big Bang to explain. In the Meta Model, we would be seeing waves in an enormous
medium in which galaxies are the constituent entities.

The Meta Model is not vulnerable to “heat death” from the increase in entro-
py, as the Big Bang is. Forces operating at some scales, such as electromagnetism,
always increase entropy. Forces operating at other scales, such as gravity, always
decrease entropy. The net over an infinite number of fundamental forces operating
over an infinite range of scales is that entropy is perfectly conserved.

Properties of the Quantum World

The Meta Model also has many implications for quantum physics, especially
in light of its requirement that the universe be infinitely divisible in scale. It implies
new interpretations for particle-wave duality, Heisenberg uncertainty, observer-
created reality, and the Bell Interconnectedness Theorem. Since this is an extensive
topic in its own right, we will develop it at length elsewhere (Van Flandern 1993).

Summary

From first principles, this model predicts a universe in which wave phenome-
na will suffer a redshift proportional to distance, creating the illusion of expansion
in a universe that is actually infinite. It predicts the existence of superdense stellar-
class bodies with high gravitational redshifts located relatively nearby, whose prop-
erties resemble the objects we call quasars. It insists that gravity and all forces must
eventually lose their inverse square character and have a finite range. In the case of
gravity, if that failure sets in at a characteristic distance of about 2000 parsecs, the
behavior of galaxy rotations and clusters of galaxies is explained without the need
to invoke missing “dark matter”. Indeed, the model is completely devoid of such ad
hoc helper hypotheses, and has very few adjustable parameters (e.g., the characteris-
tic distance between CG collisions). Finally the model illustrates one way in which
entities may propagate faster than light in forward time without the slightest con-
tradiction of the vast body of experimental evidence supporting special relativity.

A model universe built up from first principles, with each step deductively
required by the previous steps and without helper hypotheses to make it “fit”
reality, turns out to resemble reality in remarkable ways; yet it has somewhat
different interpretations of many common phenomena. Since the model seems not
to be obviously contradicted by observations, and since it makes many predictions
and is therefore a “falsifiable” model, it seems to have met the criteria of a viable
model that may be considered and tested further by the scientific community.

The model’s chief benefit is its intuitive quality, providing many new insights
into the nature of things. Although this brief exposition may not contain enough
detail to see how the model’s features follow from its first principles in every case
without ad hoc manipulation (see Van Flandern 1993 for more particulars), the fact
that it does arrive at descriptions of all the main properties of the observable
universe from those principles without the author needing to think up explanations
and add them to the model is its greatest strength.
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Dark Matter, Spiral Arms and Giant Comets
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On the scales of cosmological, galactic and planetary systems, we come across
prominent categories of matter whose relevance, to one another, is not usually per-
ceived as being particularly close: dark matter, spiral arms and giant comets. Our
understanding of these categories is discussed here in the context of two assumptions
regarding the nature of the physical substratum. i.e.,, whether it is expanding or
stationary. In particular, it is emphasized that these assumptions are, themselves,
dependent on the adopted process by which electromagnetic radiation is transmitted,
leading to a certain arbitrariness at present in our understanding of the origin of the
cosmological redshift. Accordingly, the halo-disc discrepancies and quantization ef-
fects amongst cosmological redshifts should now be taken into consideration. If these
new physical effects prove to be real, a logical basis for returning to Lorentzian
theory would now appear to exist.

1. Introduction

By the beginning of the 20th century, straightforward laboratory experiments
had failed to reveal the Earth’s absolute motion through space. This finding was a
surprise, and placed unexpected constraints on the physical nature of the substra-
tum and the mode of electromagnetic communication between material bodies in
space and time. The resolution of the problem became an issue for both physics and
astrophysics.

1.1 Cosmological and Galactic Considerations

Conventionally, the massless vacuum (Einstein 1905b) was associated with
new proposals regarding the transmission of electromagnetic radiation through
space (Einstein 1905a) and gravitational action (Einstein 1916), as a result of which
the redshifts of cosmological photons were interpreted as a universal effect of the
expanding substratum (Eddington 1931). This interpretation was not achieved, however,
without a fundamental assumption regarding the nature of the commonest build-
ing blocks of the universe, namely, spiral galaxies and their environments. Thus,
the contemporary debate excluded any possible role for active galactic nuclei (not
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then observed) in the production of spiral arms, since it also eliminated any possi-
bility that the associated extreme physics might be so extreme as to cause perturba-
tions of the “Hubble flow” within distances ~ 100 Mpc (also not then observed), i.e.,
on timescales not significantly greater than the circulation time, based on the ob-
served few turns, of typical spirals <10° years.

Gravity theory was thus constrained so that galaxies were understood in each
case as having a time-invariant mass and an axisymmetric circulation of gas and
dust released by normal evolved stars, this circulation also being a continuous source
of new stellar condensations and planetesimal accretions in an appropriately “grand
design” spiral: the crucial point here being that the spiral pattern results from the
passage through the disc of a density wave whose lifetime is substantially greater
than the circulation time of typical spiral arms >10° years. The theory was to
remain unchanged in spite of the discovery, subsequently, of (i) extreme activity in
a proportion of galactic nuclei, frequently associated with the production of primi-
tive arms or jets, and (ii) significant departures from the underlying cosmological
flow at distances within ~ 100 Mpc.

Any theory involving this degree of arbitrariness clearly cannot expect to
enjoy universal support amongst physicists and astrophysicists. Alternative pro-
posals regarding the nature of the substratum have never, therefore, been excluded.
Thus, the material aether (Lorentz 1904) is associated with alternative proposals
regarding the transmission of electromagnetic radiation (waves) and gravitational
action (Dicke 1961; see also Atkinson 1962), as a result of which the cosmological
redshift may be understood as an effect of the stationary substratum (this paper).
The gravitational theory, in this instance, is evidently constrained so that the ex-
treme physical conditions in central galactic concentrations are responsible for the
(repeated) plasma outflows (e.g. Jeans 1928) which, due to subsequent cooling and
backpressure by the disc, are also the natural source of stellar through to planetes-
imal condensations in spiral arms. It follows that we can expect these extreme
conditions to be associated with active phases in the evolution of galactic nuclei and
departures from uniformity in the underlying cosmological flow, which is usually
regarded as revealing the presence of substantial dark matter.

Essentially, therefore, a situation has developed in late twentieth century as-
trophysics where an unknown characteristic of the substratum (i.e., whether it is
expanding or stationary) is associated with alternative perceptions regarding (i) the
source of dark matter in galactic environments, and (ii) the physical nature of
planetesimals. So far as dark matter is concerned, the choice lies between unidenti-
fied primordial material continuously present in galactic halos, and intermittent cen-
tral galactic concentrations displaying symptoms of extreme physics. So far as plan-
etesimals are concerned, the choice lies between (post-stellar) accretions and (pre-
stellar) condensations. In their case, the solar system provides an accessible envi-
ronment for detailed study, and it may well be that the true nature of the substra-
tum has a good prospect of being revealed, if not settled, through this line of
enquiry. We consider this point first.

1.2 Stellar and Planetary Considerations
In accordance with conventional theory, supposing that there is a big bang to

explain universal expansion (Sandage 1961), and a process of star formation associ-
ated with halo collapse and spiral density waves in the disc to explain galactic
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evolution (Eggen, Lynden-Bell and Sandage 1962), the present short-period comet
population is thought of as being predominantly supplied by the residual solar
nebula, the latter necessarily containing planetesimal accretions of dust and gas
drawn from the galactic disc (Kuiper 1951, Whipple 1963, Cameron 1962). Planetes-
imal accretions in such nebular accretions are believed, in fact, to be the building
blocks for larger objects, i.e., meteorite parent bodies and proto-planets, whose
differentiated state is also materially assisted by radioactive heating. The later frag-
mentation and reconstitution of some of these objects creates something of a theo-
retical distinction between the comets and asteroids . This distinction may be artifi-
cial, however, for we cannot a priori exclude the possibility that the range of bodies
covered by planetesimals through to proto-planets embraces rapid condensations
on different scales in a hot, rapidly cooling proto-stellar medium which is suitably
compressed, in which case we may start with differentiated planetesimals (comets
with asteroidal cores), and there need not be a nebula prior to the formation of
planets and stars (cf. McCrea 1978).

The solar nebula was considered to be an essential component of conventional
theory when the latter was set up during the 1960’s. The nebula, however, is an
aspect of theory which is more readily tested than most by reason of its accessibili-
ty, and it is by no means fully endorsed by cometary scientists. Thus, the short-
period comet population is also widely thought of as being dominated by possible
planetesimal condensations associated with the isotropic cometary cloud (Oort 1950;
see Section 2.1), since it is recognised that prograde, low inclination orbits are
especially favoured amongst those captured when Jupiter deflections are involved
(Everhart 1972). The observed source and nature of short-period comets, in other
words, have not been settled, and continue to be critical to the cosmological debate.

The question, then, is whether the only product of the star formation process
we are able to study in detail, namely the Sun and its planetary system, is obviously
formed from a solar nebula containing accreted planetesimals, the accepted natural
adjunct of the cosmological and galactic theory currently preferred; or whether it is
more plausibly associated with an isotropic cloud containing condensed planetesi-
mals, the perceived natural adjunct of the cosmological and galactic theory regard-
ed here as being the likely alternative. From the most recent studies of the evolution
and dynamics of giant comets such as Chiron and the Taurid progenitor (Bailey et
al. 1993, Steel et al. 1993), it would seem that the isotropic cloud known as the Oort
cloud is, in fact, the more probable source of short-period comets.

However, it is not merely the apparent absence of the residual solar nebula
that forces this change of view. There is, in addition, a new category of evidence
arising from the catastrophism studies of the recent decade which also supports the
Oort cloud as the source. This is the so-called eschatological record, the fact that
repeated enhancements of the global fireball flux (Hasegawa 1992) which are asso-
ciated with revivals of the astrological doctrine of “last times” during the last 2,000
years, are also associated with the disintegrations of the latest giant comet in sub-
Jovian space, which have produced the so-called Taurid stream (Clube 1993). The
point here is that the disintegration of comets and asteroids by splitting, marked
also by the formation of dust-trails, is probably the principal process by which
captured Oort cloud bodies deposit new material in sub-Jovian space, while the
cometary and asteroidal constituents of the Taurid stream undergoing a hierarchy
of disintegrations, are apparently the dominant source (over millennia) at the present
time. It seems, therefore, from the piecemeal structure of the original giant comet,
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which allows this kind of hierarchical breakdown, that we are dealing with a
Chiron-like, differentiated planetesimal which was itself built up from lesser con-
densations already formed.

If so, the evidence to hand is favouring substantial bodies which are produced
through a hierarchy of rapid condensations and aggregations, such as are associat-
ed with a formation regime undergoing rapid compression and terminating with
Jeans collapse. Indeed, the conventional slow accretion of planetesimals no longer
appears particularly likely, and it follows from considerations such as these that we
now have a scientific basis for preferring plasma outflows from galactic nuclei and,
hence, cosmological redshifts in a stationary substratum. Such redshifts may then
be attributed to the so-called quadratic Doppler effect (this paper), as a result of
which there are (i) halo-disc discrepancies in extragalactic sources arising from
stellar mass function differences due to mean age (Arp, these proceedings), and (ii)
“quantisation” effects in accordance with the statistical distribution of cosmic mate-
rial in spiral galaxies throughout the universe (Napier and Guthrie, these proceed-
ings).

The purpose of the present paper is to provide an overview of some of these
developments. The factors influencing the growing eschatological debate are con-
sidered first (Section 2). Matters relating to galactic theory are then briefly described
prior to a recapitulation of Lorentzian theory (Section 3), with particular emphasis
on the quadratic Doppler effect and its consequences (Section 4).

2. Short-period Comets and the Eschatological Debate

2.1 The Current View

The favoured world-view of the 1990's is essentially that of the 1960’s (Sand-
age 1961; Eggen, Lynden-Bell and Sandage 1962). The theory has been considerably
embellished, of course, as a result of detailed studies in those areas of science which
have subsequently attracted most technological support. Much of this effort, how-
ever, has had the undesirable effect of polarising the enquiry towards areas of
knowledge which seem particularly critical so far as the favoured world-view is
concerned, with the paradoxical result of hindering any movement towards an
early resolution of the underlying substratum debate. Moreover, the 1960’s world-
view, as we have seen, presupposes (i) the existence of a residual solar nebula
which, rather than the Oort cloud, is the prime source of all short-period comets;
and (ii) the existence of an accretion process during the formation of the solar
nebula which is responsible for the presumed homogeneity, non-asteroidal consti-
tution and extremely rapid comminution of short-period comets in the vicinity of
the Sun.

The latter is not a precisely quantified aspect of the theory, though it is inter-
preted in such a way as to provide a precise description of how most of the sub-
cometary and sub-asteroidal material is continuously breaking down in the inner
solar system environment. As part of this description, we note the flux to Earth of
cometary fireballs (diameter < 10 m; Ceplecha 1992) is currently observed to be ~
10-107 times their long-term flux inferred from the impact cratering record on the
Moon (Shoemaker 1983), consistent with ~ 10~10° year flux enhancements at ~ 10°
year intervals. Enhancements of this kind are usually though of as taking place as a
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consequence of the hierarchical splitting of intermittent large comets (Kresak 1981),
such as may be invoked to explain the recent production of the present zodiacal
cloud (Whipple 1967).

Nevertheless, it is not anticipated that the fireball excess extends in the same
proportion to intermediate objects (diameter ~ 10-1000 m), such as may be associ-
ated with the incompletely disintegrated products of a large comet in the inner
solar system at the present time. The accepted picture arising, therefore, from the
intermittent fireball flux is that of random missiles in the Tunguska class (diameter
~ 100 m) which are currently being deflected from the asteroid belt at the appropri-
ately steady long-term rate (e.g. Brandt and Chapman 1982), thereby positively
discounting coherent streams of cometary-cum-asteroidal debris of ~ 10-1000 m
dimensions, such as may be produced during the disintegration of a differentiated
giant comet.

However, it is hardly realistic now to discount giant comets and disintegrat-
ing streams. In fact, the assumptions (i) and (ii) above, for short-period comets, are
now more of the nature of a bold hypothesis for which recent studies provide little
support. Thus, dynamical considerations based upon the observed splitting of Oort
cloud members deflected towards inner solar system space have long indicated the
progressively increased resilience and reduced volatility of the dominant material
species from the originating isotropic cloud, more readily associated with conden-
sations than with accretions (Oort 1950). The implied differentiation and break-up
of the larger planetesimals would then lead us to expect a population of short-
period comets which is more numerous than it would otherwise be, as observed,
and which probably includes large cometary bodies of asteroidal appearance; also
as observed. The discovery of Chiron during the 1970’s and other similar bodies
since, along with the absence of any strong evidence for the residual solar nebula,
have now seriously weakened the idea of planetesimal accretions.

Indeed, the 1960’s world-view is increasingly difficult to maintain in the face
of the most recent discoveries in sub-Jovian space. The critical development has
been the substantial evidence for the large cometary-cum-asteroidal stream, the
Taurids, resulting from the breakup of the latest Chiron-like body to be deflected
therein (Steel et al. 1991, Asher et al. 1993). It appears that the stream includes a
dense, coherently moving swarm of recent debris from the progenitor, indicating
after all that the current excess in the cometary fireball flux may well extend to
Tunguska class objects as well, these latter being mostly in mean motion resonance
with Jupiter close to the orbit of Comet Encke (Asher and Clube 1993). These objects
cannot be readily seen at present, but their interactions with the Earth in the past
and in the future are now expected, introducing a degree of immediacy and realism
to cosmological and cosmogonic speculation which would otherwise be absent.
Altogether, it seems, therefore, that there may be considerable elements of wishful
thinking in the principal theoretical structures underpinning the popular view of
comets, leading one to suspect the cosmological and evolutionary considerations
relating to the present world-view are by no means secure.

2.2 The Displaced World-View

The recovery of the Oort cloud as the primary source of short-period comets
coupled with the observed frequency of Chiron-like planetesimals implies the re-
population of sub-Jovian space by the disintegrating debris of these planetesimals
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every 10°-10° years or so. Indeed we expect separate orbital classes of debris corre-
sponding to particular ranges of values for certain orbital parameters (semi-major
axis, orbital inclination) of the source, namely (4,{) > and < (2.5 AU, 10°), corre-
sponding to so-called “Halley-types” (e.g. the so-called Kreutz group) and “Encke-
types” (e.g. the Taurids) respectively. Since the debris in highly elongated orbits is
the more widely dispersed, it follows that we expect the Encke-types to dominate
the supply of inner solar system dust (the zodiacal cloud) and the incidence of
physical encounters with the Earth (through the fireball flux). It also follows that
the most recent glacial and interglacial periods (i.e., the late Pleistocene and the
Holocene), characteristic of glacial-interglacials generally, may be plausibly associ-
ated with the expected periods of erosion and fragmentation of the latest (progres-
sively structured) giant comet to reach sub-Jovian space (i.e. ~ 20,000 BP) and un-
dergo hierarchical splitting. The importance of these developments in cometary
science is the fact that Chiron-like planetesimals are now probably dominant and
commonplace throughout the history and evolution of the Earth (i.e., the dinosaurs
were victims of an earlier arrival and disintegration in sub-Jovian space, some 65
million years ago); furthermore, they are probably numerous in the spiral arms of
the Galaxy (being the natural building blocks of planets and stars).

The significance of the evidence for an overabundance at present of Tunguska
class objects in sub-Jovian space (Steel et al. 1993) resides in its potentially serious
implications for the eschatological and fireball flux records. The latter record was in
fact available to western civilization early in the nineteenth century (Biot 1848) but
was essentially set aside during the rise of uniformitarianism. The 1860 British
Association Meeting at Oxford marks the occasion of the Huxley-Wilberforce de-
bate, which was subsequently represented as being the point in time when the
uniformitarian view of geological and biological evolution was established (Gould
1991). Nowadays, of course, we are accustomed to the very long timescale that is
required for the major geological and biological processes on Earth (which was
Huxley’s principal concern), and we tend to overlook the much shorter timescale of
the cosmic interventions which were considered to be the possible cause of cata-
strophic processes during the historical period (which were Wilberforce’s principal
concern). Wilberforce, in fact, had very little to say regarding the Earth’s great age
or the immense scale of cosmic phenomena which had already begun in his time to
extend far beyond the planetary system. Rather, the issue at stake, so far as he was
concerned, was the historical evidence for the recognised cosmic interventions in
terrestrial (and state) affairs, which he and his non-secular contemporaries thought
of as having divine implications as well.

In this respect, of course, he was not so very different from earlier luminaries,
such as Ussher and Whiston, or indeed historians today who continue to ponder the
evidence for our repeatedly eschatological past. Thus the problem which historians
have always sought to resolve is why our ancestors were afflicted from time to time
with the deeply held eschatological belief that the “last times” were imminent.
Usually nowadays, especially as a result of the Huxley-Wilberforce debate and its
nineteenth century aftermath, this belief is regarded as having a purely (crowd-)
psychological basis. However, the correlation in time (Figure 1) between the known
effects of eschatological impulses (Ball 1975, Hill 1980) and the enhanced fireball
flux runs counter to the assumption, and it is now likely that the belief was promot-
ed by truly observed celestial phenomena which, in the light of historical knowl-
edge, were liable to be interpreted as phenomena which had sometimes proved
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Figure 1. Combined monthly (a) and annual (b) variations of the large meteor (fireball) flux
during the last two millennia, based on Chinese records (cf. Clube 1993). Note the persistent
July-August and October-November peaks in the millennial and centennial fluxes consistent
with the broad Taurid stream association. Note also the major enhancements of the annual flux,
due apparently to partial or total fragmentations of individual Taurid members, e.g. the progen-
itor now much reduced, each of which coincides also with periods of supposed “divine provi-
dence” and intensified eschatological concern. These are associated, in fact, with significant rev-
olutionary epochs, e.g., the early Christian period, the European dark age, the split with Islam,
the great schism, the reformation, the English revolution, the French revolution (contemporary
with the American war of independence) and the years of European revolutions. By taking note
of the recorded background flux, so far as this is possible, to estimate (b { ii }), the recorded to-
tal flux (b{ i }) may be appropriately rectified and normalized in order to obtain a realistic esti-
mate of the relative fragmentation fluxes (b{ iii }). It is not expected that these are particularly
well calibrated, one with respect to the other, especially before ca. 1000 AD, since it is likely
then that only the very largest fireballs were recorded.
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harmful to civilization (Clube 1993). Indeed, the uniformitarian belief that evolution
on the geological timescale (as opposed to the biblical timescale) is also unaffected
by cosmic interventions (asteroid impacts) has likewise been discredited. In other
words, it is by now rather clear that Huxley’s precipitate uniformitarian view in
1860 was endorsed without it ever having had a secure astronomical foundation.
The possibility thus exists that accounts of past events harmful to civilization may
well relate to crises which had a Taurid Tunguska swarm as their source.

2.3 The Possible Outcome of the Current Debate

The historical record, then, is characterized by eschatological impulses. These
correspond to those relatively short periods (say about 50 years) during the last two
millennia when the attention given to apocalyptic studies was at an exceptionally
high level. Such periods occurred, for example, at the turn of the Christian era, at
the end of the fourth century through to the seventh, during the eleventh century
and then again, several times, during the past millennium. In each case, there was a
significant association with political and religious upheavals. Thus, by the time of
the 30 years’ war in Europe (1618-1648) and its civil war counterpart in Britain
(1642-1649), the issue at stake was the precise (astrological) nature of the cosmic
interventions in terrestrial (and state) affairs, the original question at the catholic-
puritan divide being whether or not they indicate a forthcoming apocalyptic judg-
ment on human behaviour.

From this particular period, however, we also learn that the apocalyptic reviv-
als were associated with a perceived recurrence time (orbital revolution) of ~ 3.5
years (e.g. Mede 1672, Brightman 1644, Alsted 1627) during the decadal-to-centenni-
al enhancements of the fireball flux at centennial-to-millennial intervals. These en-
hancements are ostensibly due to the underlying helion-antihelion stream of mete-
oroids and asteroids in sub-Jovian space known as the Taurids (Figure 1) which, as
we have seen, is believed now to have originated from a single large progenitor
through hierarchical disintegrations during the last ~ 2x10* years. Since the stream
includes Comet Encke (period ~ 3.30 years), in addition to a putative cometary-
cum-asteroidal source in 7:2 mean motion resonance with Jupiter (period ~ 3.39
years), the basically cometary nature of the progenitor seems assured. Also, since
the stochastically recurring eschatological impulses are in accordance with a contin-
uing hierarchical disintegration of the progenitor, the fundamental question has
now been raised whether a source cluster of low-velocity debris (i.e., a putative
cometary-cum-asteroidal source containing objects as large as 0.1-1 km in size) is
penetrated by the Earth in the wake of significant cometary splits (Asher and Clube
1993). Such events clearly provide a valid physical basis for particular cosmic inter-
ventions with the character of multiple-Tunguska bombardments which seem also
to be implied by the well known (Christian) apocalyptic.

The outcome of the eschatological debate is unlikely now to be long delayed.
Following the decision by US Congress in 1990 to assess and consider ways of
ameliorating the celestial hazard to civilization (Morrison et al., 1992; Canavan et al.
1992), an issue now exercising the attention of at least three government agencies,
the potential role of the previously unsuspected source cluster and its mode of
origin are now under increased scientific scrutiny (Clube 1993, Bailey et al. 1993,
Steel et al. 1993). The emergence of a viewpoint which admits the past exclusion of
eschatological impulses from the historical record whilst recognizing that Oort
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cloud planetesimals of the same type as Chiron dominate the cometary mass func-
tion, marks a significant turning point in our perception of the astronomical envi-
ronment. Thus we envisage large comets which feed into sub-Jovian space at ~ 10°-
10° year intervals where they break up under the influence of the sun over timespans
of several 10* years, providing massive inputs to the Earth of heat-processed
cometary material (meteoroids, dust, chemicals) which essentially determine the
evolution of civilization, climate and life. While this implied new focus on terrestri-
al evolution may not be accepted immediately by theologians, historians, biologists,
climatologists and geologists, members of the disciplines which came to be strongly
guided by the Darwin-Huxley tradition of uniformitarianism, neither the US Con-
gress (concerned with the civilization hazard) nor astrophysicists (concerned with
the origin of planetesimals) can be expected now to ignore the full implications of
“eschatological impulses” in the historical record.

3. Spiral Arms and the Cosmological Debate
3.1 Galaxies in Perspective

To the extent that the comets we observe are frozen planetesimals of the type
expected to form in proto-stellar discs, namely, homogeneous dust-volatile accretions,
the lack of evidence confirming the existence of any residual solar nebula from
which most short-period comets are likely to be derived, proves, as we have seen,
not to be adequately explained. On the other hand, we do observe a top-heavy mass
distribution of comets from the Oort cloud and dynamical-evolutionary products
such as Chiron and the Taurids which are consistent with hierarchical splitting and
fading in the vicinity of the Sun. This is the sort of behaviour we expect if there is a
history of rapid planetesimal formation which is likewise hierarchical, involving
both condensation and aggregation. Indeed, if a formative medium which is the
ultimate source of stars is the source of lesser gravitational condensations as well,
then it is to be expected that the linear dimension and amount of (heat) processing
to be associated with the components that emerge as a result of subsequent splitting
will be correlated in accordance with their reduced volatility and increased resil-
ience. Any such hierarchy would suggest we are dealing with a primordial medium
in comet forming regions of low temperature and high molecular weight which
undergoes rapid compression terminating in Jeans collapse. If so, we are bound to
take seriously the possibility of a formation process, applied to planetesimals through
to stars in the general location of galactic Keplerian discs, which has the perceived
plasma injections producing successive spiral arms also undergoing adiabatic cool-
ing and expansion prior to their containment and recompression by the disc. A
general mechanism of this kind, accounting for the most conspicuous physical
properties of the comets and asteroids we observe, involving the rapid hierarchical
condensation of intermittent outflows from the galactic centre, evidently presup-
poses the repeated gathering up and release of part (or all) of the Keplerian disc
material into and from compact galactic cores. The question arises therefore wheth-
er there is a natural process responsible for producing galactic cores on timescales
significantly less than the spiral circulation period.

Under the normal conditions of stellar mass loss in relaxed galaxies, we antic-
ipate the emergence of supermassive stars from time to time in galactic nuclei (e.g.
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Bailey and Clube 1978). This is interesting not only for the periods of their gestation,
which are ~ 10°~10° years, depending on their mass and their environment, but for
the fact of their subsequent evolution, which causes exceptionally large amounts of
cosmic material to assume a macroscopic physical state, extreme gravitational po-
tential, which is not normally encountered in the laboratory or in the solar system.
It follows that the environments of galactic nuclei are then of interest on account of
their providing the circumstances par excellence wherein it is possible to examine
empirically what happens when ordinary matter advances to states of extreme grav-
itational potential. The simplest practical expression of this consequence, in accord-
ance with weak field dynamical facts, is that given by the Lorentz-Dicke theory of
matter (Dicke 1961) in which the inertial-cum-gravitational rest mass of ordinary
material (m,,) and the corresponding velocity of light (c,,) are elementary functions
of the local Newtonian potential ¢, namely,

my =My, exp(— ST¢) (1)
— exp(fglj @

It is immediately apparent from these relationships that supermassive stars can be
understood as evolving to hypermassive states in near-relativistic regimes in which
¢ ~ c2, though, of course, the extrapolation from the weak-field regime where the
relationships are established is one which has to be guided in practice as much by
the empirical facts as by any underlying theory. Similar expressions for the material
rest-mass and the velocity of light are also associated with forms of relativistic
theory which allow these physical parameters to vary with gravitational potential
(Atkinson 1962), but the general principles prescribing the space-time metric are
then no longer self-evident, and it is clear that, here too, we need to be guided by
empirical facts as much as by underlying theory.

Be this as it may, it is apparent that we must also expect highly evolved
supermassive stars in galactic nuclei to undergo further growth, probably through
the medium of an enhanced nuclear accretion disc involving enhanced nuclear
activity. The evolution here depends, however, on the precise balance between the
mass outflow (due to normal (super) stellar processes) and the mass inflow (due to
hypermassive effects on the environment) and may not be easy to predict. Never-
theless, in principle, there is an obvious limiting factor to this growth, namely, the
distribution of material in the associated parent galaxy itself. In other words we can
expect to observe cosmic masses at least as great as

my ~ M, {spiral galaxy} exp(%) o)
00

where ¢,,,.... is a physical parameter depending on the structural properties of the
material aether associated with the Lorentz-Dicke theory. Arbitrarily assuming such
cosmic masses are amongst the most luminous quasars known, whilst admitting
perhaps that the gravitational and cosmological components of typical large red-
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shifts are not readily separated at present, we then anticipate (approximate) “great
attractor” masses of m; <10"2¢!°M,,, or

my; < 10" M, 4

Whether or not this is a realistic upper limit, given also that fundamental
particles are thought of in this framework as extreme states of very small aether
aggregates which undergo bifurcation when suitably perturbed (i.e., the process of
matter—antimatter creation), it does seem that we also have reason to expect that
the extreme states of much larger aether aggregates rendered unstable may likewise
undergo bifurcation, giving rise in effect to the symmetrical outflows which, it
seems, may be responsible for spiral arms. A fully developed theory for this process
is not, of course, available at present, but the more obvious properties of comets,
spiral arms and dark matter, taken together, do now appear to provide evidence
that a familiar macroscopic process (spiral arm formation) and a familiar high
energy process (pair production) may be understood in similar fundamental terms.
They also provide a prima facie physical basis for examining further the basic impli-
cations of Lorentz’s theory.

3.2 Lorentzian Theory in Perspective

To some extent, it is now a self-serving justification of relativistic physics that
the paradigm shift accepting the principle of relativity is generally considered to
have occurred more or less at the time of the original publication (Einstein 1905b).
In practice of course, the continuity between relativistic physics and nineteenth
century physics was capable of being maintained (e.g. Lorentz 1904, Cunningham
1914), the implications for the material aether being abandoned only as recently as
the 1930’s following the recognition of cosmological redshifts (Hubble 1929). By the
1930’s, however, the quantum character of the physical processes involved in the
absorption and emission of electromagnetic radiation were accepted as playing a
fundamental role in physics and there was a greater readiness than before to dis-
pose of the material aether and admit the possibility that electromagnetic radiation
is transmitted by zero-mass photons, as proposed by Einstein.

Under these circumstances, the existence of cosmological redshifts necessarily
implied an expanding substratum. This fact was recognised more or less immedi-
ately by astrophysicists (Eddington 1931), but the enthusiasm for zero-mass pho-
tons was not apparently universal. Thus, several decades were to pass before this
development was accepted by physicists generally. Nevertheless, the wave trans-
mission of electromagnetic radiation remained a viable concept, possibly associated
with a material aether, and it was clearly necessary to keep open this theoretical
option so far as the cosmological redshift was concerned. Even Hubble himself was
strongly inclined to insist on this viewpoint, though there is a tendency nowadays
to associate him exclusively with the expanding substratum concept.

“Inertial frames of reference” are essentially a twentieth century concept de-
scribing coherently moving distributions of Euclidean space (x, y, z) in association
with co-moving (inertial) masses. Newtonian gravitational fields, on the other hand,
are essentially a concept of the nineteenth century (and earlier) describing coherent-
ly moving distributions of gravitational potential ¢(x, y, z) within appropriate vol-
umes of Euclidean space containing co-moving material. The principle of equiva-
lence permits a degree of congruence between these concepts, so that the nineteenth
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century identity between gravitational and inertial mass may continue to be allied
with both moving fields and moving inertial frames.

This alliance implied that otherwise identical fields in different states of abso-
lute motion were originally regarded as referring to “corresponding states” (Lorentz
1899). At the microscopic level, these corresponding states would appear to have
been commonly envisaged as instantaneous, topologically identical ¢(x, y, z)-de-
pendent distributions of (visible) material and (material) aether. At the same time,
however, the aether as a whole was evidently regarded as a topologically invariant
substratum comprising an infinite array of intrinsically identical fundamental parti-
cles (i.e., invisible material in bound motion), whilst visible material in its varied
manifestations corresponded to physical states of the (material) aether which de-
pended on their potential. It follows that the “corresponding states” were perceived
as instantaneous configurations of (visible) material and (material) aether reflecting
the passage of potential fields, a picture which seemed, then, to result in the idea
that fields were in some sense more basic than the instantaneous material states
they described. It also follows from this line of thinking that if an underlying
material substratum is physically interlocked, then (visible) matter in motion is
itself a succession of aether states involving annihilation-creation events which are
coordinated, not only in accordance with an underlying universal motion (or uni-
versal clock), but also in accordance with the advancing field. Subsequently it was a
reassuring development that the material aether apparently participated in isolated
annihilation and creation events involving symmetrical particle pairs suggestive of
bound motion in the aether.

At the beginning of the twentieth century, therefore, a general understanding
of the physical properties of (visible) matter was sought (e.g. Larmor 1900, Lorentz
1904, etc.) with a particular perception of the (material) aether in mind, according to
which identical-dependent distributions of (visible) material and (material) aether
in different states of absolute motion experienced correspondingly orchestrated
effects, namely, Fitzgerald contraction and clock retardation. The connections amongst
the bound motions of the common substratum were inevitably considered to be
preserved through (i) a universally regular phase, and (ii) a common value for its
bound motion in the ground state. After a certain amount of exploration during the
last two decades of the nineteenth century, these orchestrated effects were eventual-
ly reduced to a description in terms of event sequences and physical relationships
(the Lorentz transformations) between corresponding states S and §’.

In their most familiar form, due to Einstein, these relationships between corre-
sponding states are:

x’ = B(x—vt) ©)
¥= ﬁ(t—z—f) ©)

where f=(1-v%/ cz)-}4 and the other symbols have their usual meanings. The sec-
ond expression may also be written in the form

v= ,B'l(t—?c—;c-+—tz—’;) @)
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and hence

¥= ﬁ'l(t—[x —vt]{%——c-_-t;]) ®

provided v/c <1 and we limit the expansion of series to no more than quadratic
terms in v/c, making it clear that the second bracketed term in equation (8), assum-
ing (x,t) coordinates relate to an event in absolute space and time, arises at this level
of approximation as a consequence of the absolute time difference in the reception
of signals from remote events by stationary and moving clocks. It follows that (x, t)
and (x’,#') correspond to remotely observed event coordinates; specifically, t was
known as “local time” in Lorentz’s analysis; also that equation (6) is an approxima-
tion if equation (8) is regarded as exact. Thus, whilst expecting the universality and
constancy of c to be a realistic requirement for the material aether, corresponding to
the universal application of physics, the choice amongst these particular relation-
ships between corresponding states was seen as an issue which had to be decided
by experiment alone. In the supposed absence of experiments demonstrating the
existence of the material aether, Einstein elected to interpret equations (5) and (6) as
exact, whence he attributed their derivation to a fundamental “principle of relativi-
ty’. In the supposed absence of experiments demonstrating the non-existence of the
material aether on the other hand, Lorentz elected to interpret these equations in
terms of material undergoing Fitzgerald contraction (the B term in (5)) and clock
retardation (the B term in equation 8), treating the Einstein (1905b) principle,
therefore, as non-fundamental.

More or less in parallel with the proposed relativity principle, apparently
assuming that he had independent support for the inferred non-existence of the
material aether, Einstein (1905a) provided an explanation of the photoelectric effect
in terms of the transmission of electromagnetic radiation by photons rather than by
waves. Be that as it may, the predicted Doppler effect based on the Lorentz transfor-
mations for radiation passing between emitters and absorbers associated with rela-
tively moving gravitational fields is

-1
V= vﬁ‘l(l +cos 9%) ©)

where 0 is the angle between the line of transmission and the line of relative motion
and the other symbols have their usual meaning. It follows that the dispersion free
spectral shifts along and perpendicular to the line of transmission, assuming v/c <1,
are, respectively

2

1 v
cz|=v+-2—c—cy (10)

10
czl=5c—ci (11)

the longitudinal and transverse quadratic terms being subsequently confirmed by
experiments with positive rays (Ives and Stilwell 1938, 1941). In the absence of the
material aether, photons are generally envisaged as travelling unaltered between
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source and distant receiver, the value of cz, then being close to their relative velocity
v(<c). Correcting for the absolute motion of the sun and assuming fields with
random motions, the expected relative velocity is zero, whence it follows that the
observed cosmological redshift cz, is largely due to the expanding substratum
(Eddington 1931). In the presence of a material aether however, with successive
absorbers and emitters associated with intervening gravitational fields in relative
motion v, having components u along the radiation path, the observed spectral shift
is given by

cz, =Zu+lc222- (12)
I 2~

whence, correcting for the absolute motion of the sun and summing over cosmolog-
ical paths dominated by a sufficiently large number of intervening fields in random
absolute motion (i.e., Zu — 0), the spectral displacement (cosmological redshift) is
given by

1 «??
==cy = 13
ez 2 CZ 2 ( )

For the purposes of discussion, we shall assume that the successive relative
velocities along any line of sight “between galaxies” and “between stars” are com-
parable, in which case cz is dominated by the stellar component alone. To this
degree of approximation, for an object at distance 7, it follows that

czy=Hr (14)

the quadratic Doppler expression for the Hubble constant being H ~ 17, (% nd, fc;),
where 7, is the number of typical (spiral) galaxies per megaparsec, d, is a repre-
sentative depth for a typical galaxy halo intercepted by the line of sight, n, is a
representative number density per unit distance for halo stars, and v, is one compo-
nent of the typical “between stars” relative velocity. Evidently for a cosmological
distribution of intervening gravitational fields which are isotropic, random and of
similar dimensions and mass, we anticipate a common value Q ~ (%nsdg "7‘), and the
Hubble law is “quantized”. This quantization is meaningful in the sense that indi-

vidual galaxies apparently have redshifts of the form
cz=kQ+w (15)

where k is integer and w is the line of sight velocity component of a galaxy with
respect to the sun. In general this may be re-expressed in the form

cz=(k+k)Q+e (16)

in which k’ is integer and |¢|<Q, with the awkward consequence that dynamical
effects (reflecting the influence of both ordinary and dark matter) may be masked
by quantization.

On the other hand, for near equivalent lines of sight originating from the same
galactic or supergalactic system, we anticipate halo-disc cz; discrepancies ~ A(% nd, E:L),
depending on typical near-halo and near-disc values of (n,, v,). The preponderance
of red rather than blue shifts is consistent with a stellar relative velocity effect which
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is stronger amongst more aged stars, in accordance with the galactic-dynamical
properties of stellar populations generally. It would appear that the quantization
effect and halo-disc discrepancies among cosmological redshifts are both potential
discriminants, therefore, so far as stationary and expanding versions of the underly-
ing substratum are concerned.

4. The Cosmological Redshift

The approach of this paper has been to demonstrate the disadvantages with
which we are saddled by the present “top-down” theoretical attitude to astrophys-
ics. Thus, throughout the twentieth century, there has been a general desire amongst
physicists to explore to the fullest the “relativity principle” introduced by Einstein
and its remarkable implications for massless photons and the massless vacuum.
However, sight has never been lost of the fact that we could be dealing with
photons of finite mass interacting with massive bosons presumed to be present in
the material vacuum (e.g. Vigier 1990). This has kept open the possibility of a
(material) aether traversed by waves, as previously envisaged by nineteenth centu-
ry physicists. On the other hand, astrophysicists have been rather single-minded in
their enthusiasm for the relativity principle. Indeed, through their premature ac-
ceptance of its implications for the cosmological redshift (Eddington 1931), they
have risked abrogating their responsibility for a balanced understanding of the full
range of known astrophysical effects at lesser scales.

Their enthusiasm appears now to have been least bridled during two separate
postwar periods which can be seen as marking the implicit acceptance (during the
1920’s) of the massless vacuum, fixating ideas about the general state of the substra-
tum and spiral galaxies, and (during the 1950’s) of the star-forming process in spiral
arms, fixating ideas about an accreting source for comets and planets. It is true of
course that the discovery during the 1960’s of the cosmic microwave background—
leaving aside the coincidental value of its energy density and the discovery subse-
quently of additional backgrounds (X-ray, IR)—helped to entrench further the uni-
versal expansion based upon the supposed big bang. However, this assumption
plainly set aside any prediction that cooled plasma is injected into intergalactic
space, such as may be expected from the many jets which escape from galactic
discs. Moreover, it has taken the full paraphernalia of the space age to uncover the
broad character of the cometary and asteroidal populations within the solar system,
incidentally affecting the Earth, to begin revealing that our cosmologically and
cosmogonically fixated ideas about comets not only defied the facts in 1960, but do
so still in 1990. A balanced understanding of the full range of known astrophysical
effects must, of course, include cometary phenomena, and we must seek to avoid
any tendency of the “top-down” approach to subordinate our knowledge of comets
to the demands of an imagined cosmos simply on the grounds of their relative
mass!

Progress along these lines will, of course, require us now to examine fully the
implications of a stationary aether and the quadratic Doppler effect. In Section 3, we
considered in particular two predicted effects involving cosmological redshifts. In
each case, so far as the observed quantum ~ 37 km s™ (Napier and Guthrie loc. cit.)
and the observed halo-disc discrepancies <100 km s (Arp loc. cit.) are concerned,
we appear to be dealing predominantly with the dynamics of typical halo stars. For
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some time now;, it has also been known that the Galactocentric velocity relative to
the local standard of rest (l.s.r.) has an apparent symmetry around + 40 km s
rather than 0 km s™. This suggests an outward motion in the Galaxy for the Ls.r. of
~20 kms™ to which is added the effects of a typical cosmological redshift ~ 20
km s?, say, roughly half the quadratic Doppler quantum. For the Galactic centre
line of sight, the disc population contribution to the redshift may be estimated on
the basis of ~10°-10* intervening fields and typical motions ~20 kms? (say),
yielding an approximate value ~ 10-20 km s™.

The outward motion of the ls.r. in the Galaxy is independently determined at
present with respect to galaxies (e.g. Napier and Guthrie loc. cit.), globular clusters
(e.g. Clube and Waddington, in preparation) and the relaxed disc (formerly identi-
fied as Stream II; Clube 1985), each these standards of rest being consistent with a
significantly non-zero value of ~ 20 km s™.

5. Concluding Remarks

The main emphasis of this paper has, of course, been on the possibilities that
arise through considering some of the latest findings in cometary science, not least
through taking note of the (excluded) eschatological record. However it should also
be noted that the present “top-down” theoretical approach to astrophysics, which
essentially determines the assumed weight of such findings, would probably not be
supported were it not for the continuing positivistic tendency in the study of phys-
ics—the predilection for conceptions of nature which treat ‘nothing’ as if it were
‘something’.

Consider, for example: Which has most legs, a horse or no horse ? This riddle
(Rees-Mogg 1993) goes back at least to the first half of the eighteenth century and
may be far older. The answer is: “No horse, for a horse has but four legs, and no
horse has five”. This kind of logical fallacy was first noticed in ancient Greece.
When Odysseus put out the eye of Cyclops, for example, he told him that his name
was “Nobody”; when Cyclops complained, he went round telling his friends that
Nobody had put his eye out. In the meantime Odysseus was thus able to escape!

Twentieth century physicists often appear to fall into the trap provided by this
old fallacy which treats negatives as though they were merely another kind of
positive. To explain the myriad properties of the vacuum, for example, it is custom-
ary to credit the aether and the no-aether, so far as possible, with corresponding
physical attributes. Thus to give meaning to descriptive equations which evidently
work so far as the phenomena are concerned, both the aether and the no-aether are
understood as being capable of carrying electromagnetic ‘waves’. At the same time,
so far as the longitudinal transmission by the intervening medium is concerned, we
apparently consider it to be a matter of convention whether we have a no-aether (or
absent aether) affected by local gravitational fields. Obviously, by invalidating
equation (12), we disclaim any influence on cosmological photons as we establish
the expanding substratum. On the other hand, there is no logical basis for the
disclaimer if the horse has four legs.
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Active Galactic Nuclei:
Their Synchrotron and Cerenkov Radiations

P. F. Browne
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A previously suggested acceleration mechanism generates ultrarelativistic charged
particles which are collimated into a beam. For a typical active galactic nucleus
(AGN), the mechanism yields charges of energy 10" eV, assuming a magnetic vortex
tube (MVT) of radius R=10" cm with “wall” magnetic field B,(R)=10 mG. A col-
umn density =10® cm™ generates luminosity 4x10% erg s™ typical of AGNs with
power-law spectra v'** when injected into the nonuniform field B,(r) 7™, where
electron density varies as n,(r) e #™°. The emission is forward-directed into a solid
angle depending on charge collimation.

It is shown that Cerenkov radiation develops at resonance-line frequencies if y’n,
exceeds a threshold value, where n, is the density of atoms/ions of species s and ¥ is
the Lorentz factor of the exciting charge. For H(Le) the condition is ¥n, >5x10"
cm™, assumin§ thermal broadening of 150 km s™. For y =2x10°%, this requires that
ny > 7500 cm™. Outflow velocity increases with distance due to continued accelera-
tion, reaching relativistic values. Self-shielding leads to shells of gas of optical thick-
ness unity which are individually tuned to different driving fields, explaining the
richness of the La absorption spectrum. Continued acceleration may separate the
velocities of shells, explaining different absorption redshifts associated with a single
source.

Cerenkov fields at the LB, Lo, efc. resonance lines of H generate strong broad
emission lines by stimulated Raman transitions, i — j— k, the direct transition i -k
being forbidden. For strong pumping of the resonance line (i— j) stimulated emis-
sion (j— k) dominates spontaneous emission. The emission lines are broadened by
AC Stark effect. AGN broad emission lines have the properties expected for stimulat-
ed Raman scattering. They originate in an outflow through the core of a magnetic
vortex tube (MVT) along the rotation axis, as do other lines.

For strong pumping, the broad profile develops two peaks with separation
2Q; =p,E, [h, where p; is the transition dipole moment and E, is the amplitude of
the pump field. Only the redshifted peak is present for Cerenkov pumping: a Cerenk-
ov field cannot develop blueward of @; because the refractive index y <1. Intrinsic
redshifts and asymmetrical line profiles are predicted for the broad emission lines,
superimposed on Doppler blueshifts for outflow. From observed Aw; one infers E,,
which yields a value for source dimension R. We obtain R =10'2 cm ¥or 3C 273.

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 205
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1. Introduction

Previously (Browne 1986) I have proposed a mechanism for generating beams
of ultrarelativistic charged particles in various astrophysical sources (Browne 1985,
1986, 1987, 1988a). The mechanism has been applied also to acceleration in a labora-
tory device, the plasma focus (Browne 1988b, 1988c) prompted by a discussion with
E.J. Lerner (see Lerner 1986). Here the mechanism will be applied specifically to
active galactic nuclei (AGNS), including quasi-stellar objects (QSOs), BL Lac objects,
Seyfert 1 nuclei and broad-line radio galaxies.

The acceleration mechanism is summarised in Section 2. A cylindrical electro-
static double layer of radius R and thickness AR carries an axial electric current |
which flows across lines of B, because of a radial electric field E, in the double
layer. The annular double layer therefore carried the axial current | which is the
source of the pinching magnetic field B,(r) = 2]/rc. When differential rotation winds
a loop of field line around the MVT, the outward and return branches of the loop
become opposite helices with opposite axial source currents +]. The opposite cur-
rents are arrested by accumulation of space charge, whose axial electric field even-
tually acquires all of the energy in B,(r). The current then reverses, and energy
oscillates between E; and B, but the oscillation is rapidly damped because charges
acquire energy in E; which allows them to escape from the region, no longer
contributing to J. A field E; can also arise when a region R of the current channel
becomes denuded of free charges due to an instability, in which case induction
drives a displacement current density in R as in a charging capacitor.

For an AGN with R=10" cm and B,(7) =10 mG, charges are accelerated to
typically 10** eV, which implies Lorentz factor ¥ =2x10° for electrons. A typical
AGN of luminosity =3x10% erg s™ is obtained for radiating charge column densi-
ty =10® cm, implying perhaps electron density n,=3x10° cm™ and column
length Z =3x10" cm. For electrons of constant ¥ injected into the nonuniform field
B,(r) =< ™, the synchrotron spectrum is L, o v, assuming n,(r) =< #°. The emis-
sion is anisotropic, with strong forward beaming determined by collimation of the
electron trajectories. A bunch of relativistic electrons which are confined to the core
of an MVT by a helical wall magnetic field can generate synchrotron radiation
whose direction of polarization rotates by more than 360°, explaining a feature of
blazars. The requirements for superluminal expansion are also met by a bunch of
relativistic electrons moving outward within an MVT core, and changing direction
if the MVT bends.

The accelerated charges with velocity fc generate Cerenkov radiation in a
medium of refractive index y provided that fu>1, or 72[32(;12 —1) >1. This condi-
tion is most easily satisfied at resonance-line frequencies. In particular at the Lo
line of H the condition becomes Yy, >5%10™ cm™, assuming thermal broadening
of 15 km s™. For LS, yan >3x10" cm™. For y =2x10? these conditions are easily
met. Strong Cerenkov fields at resonance line frequencies have two consequences.
Firstly, radiation pressure drives strong gas outflows. Self-screening causes out-
flowing gas to form shells of optical thickness unity—each Doppler tuned to a
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different radiation band, explaining the richness of the L& absorption line spec-
trum. Outflow velocity increases with distance due to continued acceleration, so
that shells may, eventually, become well separated in velocity; this explains the
existence of more than one redshift system in rich absorption spectra. Outflow
velocity can become relativistic; for example, the observation of z,,, = 1.95 and z,, =
0.61 in PHL 938 implies outflow velocity 0.5 c. However, all absorption systems are
associated with the source, as the idea of intergalactic absorbers has now been
abandoned.

Secondly, Cerenkov pumping of the n = 2, 3, efc. levels of hydrogen generates
strong stimulated Raman emission to levels k lying between the resonance levels i
and j. This process is well known in electrooptics, where laser pumping of transi-
tions between vibrational states of molecules is accompanied by stimulated emis-
sion from transitions between rotational levels of the upper vibrational state. The
cross section for the two-photon single transition i — j— k is comparable to that of
a resonance scattering i — j — i. Because the rate of the two-photon single transition
is proportional to I(@)I’(w’), where I(w) is the intensity of the pumping radiation at
frequency @ =, and I’(w’) is the intensity of the emitted radiation at frequency
o' =y, the singfe-transition stimulated emission dominates the two-transition spon-
taneous emission for strong pumping. The broad emission lines of active galactic
nuclei have all of the properties of such emission (Browne 1983, 1985). Their broad-
ening and asymmetric profiles are not caused by Doppler effect, but by AC Stark
effect. They originate in the same outflow as the narrow emission lines, the only
difference being that they have a Cerenkov field at the frequency of the i—j
transition. The threshold condition for the Cerenkov resonance line field deter-
mines which emission lines will be broad and which will not.

Anomalous dispersion causes a Cerenkov field to develop only for the red-
ward wing of the resonance line at @;;, the reason being that the threshold condition
Pc>1 requires p—1 to be positive, which is achieved only for @ < ;. For strong
pumping, both the w and @’ transitions develop two peaks separated by 2Q;; = p,E, /1,
where p; is the transition dipole moment and E, the amplitude of the pump field.
In the case of Cerenkov pumping, the blueward peak is suppressed, yielding an
intrinsic redshift £2; (=10,000 km s) which is superimposed on a Doppler blueshift
due to the outflow. Both the broad emission lines and the absorption lines should
show a Doppler shift to the blue, but the emission lines have a superimposed
intrinsic redshift which usually exceeds the blueshift. Also, the emission lines orig-
inate close to the source of relativistic charges, where outflow velocity will be less
than for the absorption lines produced at long range. Now all spectral lines, emis-
sion or absorption, broad or narrow, with the same or different redshifts, originate
in a single gas outflow through the core of an MVT. The emissions are forward
beamed.

It is possible to infer the source dimension R from the observed value of Aw;;,
yielding a value for E, at the source which can be compared with a value at Earth.
The result obtained, R =10 c¢m, agrees with the dimension inferred from the most
rapid X-ray variability, assuming of course that the distance is known from the
Hubble effect.
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2. Acceleration in Pinched Magnetic Vortex Tubes
(i) Axial Current Channel

In the core of a magnetic vortex tube (MVT) (Browne 1985, 1986, 1988a) charg-
es are trapped by reflection in the B,(R) field which defines the core “wall”. As the
wall pinches with velocity R, trapped charges gain velocity at each reflection. Let
an ion have radial velocity f;c. If this velocity is reversed from +f; to —f; in the rest
frame of the wall, then in the laboratory frame it is changed from +B; to —(B; + AB;),
where

21-B})R/e

T12BRJc+RYE

88, = 201-F) o)

The approximate form assumes R/c <1. The number of reflections per unit time is
Bic/2R, so that

Bi = _ﬂi(l—ﬂ?)%i 2
which has the integral
B.7:R(t) = constant 3)

Thus, contraction of the MVT from radius R(0) at time zero to R(t) at time ¢ causes
the proper velocity of trapped charges to increase by a factor R(0)/R(t). This factor
is the same for electrons and ions, so that the wall pressure is exerted almost
entirely by ions, being given by

pi= (Zﬂii’imic)("iﬁic) = 2By mm,c? @

Pinching is caused by force density jx B/c which acts on the electrons. If j is
nonzero in an annular layer of thickness AR and radius R (see below), then inward
pressure is AR(jx B)/c. Eliminating j by Maxwell’s equations, and using the iden-
tity V2B = 2(B- ﬁ)B+2B><V><B, one finds (neglecting any change of B in the direc-
tion of B)

pi=(jxB)- AR/c= (4x)'[(VxB) xB- AR

2 5
=—(87)'VB?- AR = A[—B—J s ®
8t ) 8xm

Since pinching force is exerted by electrons, whilst pressure opposing pinch is
exerted by positive ions, there develops radial charge separation which is limited
by electric field E, extending over the thickness AR of an annular layer between the
charge surfaces. The force ?er unit area restraining separation of surfaces of charge
density o is p, =0E,/2=E; /87:, where one notes E, = 470" If contraction is steady,
the forces balance, yielding
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It follows that E, =B,(R). Hence, charges with gyroradii less than AR will acquire in
the annular channel electric drift velocity cE, /B, = c. For electrons with gyroradius
t,.» we can show that 7., <AR, but for ions with gyroradius 7;, we find that r,; > AR.

The thickness AR is determined by the distance required to bring to rest a
proton with energy ¥;m;c%:

eE AR =(y; - 1m;c? @)

Expressing the gyroradii in terms of AR, we have

. _Bmgc _ BymAR

& eB,(R) (v;-1)m, )
ro= BiviAR

£ y-1

where (6) and (7) have been used. The condition 7,, < AR reducesto f8; > 2m, /m; =1/918,
where we assume non-relativistic motions for the Fermi-accelerated charges and
where we note that f; = B for these charges. Assuming this condition to be met,
electrons acquire electric drift velocity cE,/B, =c, but ions do not acquire the full
electric drift. Thus the annular channel carries current J. Current J is the source of
the field B, (r); that is, B,(r)=2]/rc for >R and B,(r)=0 for r < R.

The annular channel approximates a current sheet when AR < R. A current
sheet tends to evolve into an array of parallel current filaments due to tearing mode
instability (Gekelman and Pfister 1988). The magnetic field due to a cylindrical
array of such filaments has been calculated by Syrovatskii (1966). Such filamenta-
tion of the current clearly occurs when the mechanism operates in the plasma focus
device (Nardi 1978, Nardi et al. 1980).

(ii) Displacement Current

Winding of a loop of magnetic field line around the axis of the MVT by
differential rotation produces a pair of helices of opposite parity, one for each arm
of the loop (Figure 1). Because the loop has an outgoing and returning arm, the
azimuthal field component B, reverses across the apex of the loop at z=0, so that

By(r,2)=-By(r,~2),  jy(r,2)=~j(r~2) ©)

The reversal of B, at z=0 implies a reversal of j;. Then opposite currents meet at
z=0. Charge of one sign accumulates at z=0, and charge of the opposite sign
accumulates at z=1Az (Figure 1). The equivalent circuit for this situation is a pair
of LC circuits as shown in Figure 2a.
The accumulating space charge at z=0 generates an axial electrostatic field
(#) directed away from z=0 to the opposite space charges at z=+Az. The maxi-
mum strength of E (f) is attained when all of the energy in the magnetic field
B, () [=2J(t)/rc] has been transferred into E;, at which stage J() has fallen to zero.
Thereafter the energy oscillates between E; and By, until it is dissipated.
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Because the current is confined to a well defined channel, it is possible to
model the oscillation with an equivalent circuit containing a self-inductance L, a
capacitance C and a resistance Ry, (Figure 2a). The energy is transferred from B, to

on the reactive time scale £ = (LC)*%. The time scale for Ohmic dissipation is the
magnetic energy LJ? /2 divided by the Ohmic dissipation rate R, J?, yielding f, = L/2R,.
If accelerated charges escape from the vicinity of the acceleration region they will
no longer contribute to J, which is to say that their energy represents dissipative
loss. Since t < g, this process greatly increases the rate of dissipation of magnetic
field energy. At present the process is not recognized in either astrophysical or
laboratory plasma work.

Beams of electrons and ions are ejected from opposite sides of each of the
double acceleration region in Figure 3a. The charges which are directed inwards
from either the +E; or the —E, region are decelerated as they pass through the other
region. The charges which are directed outwards escape. During one half-cycle,
positive charges escape, and during the next half-cycle negative charges escape
because the polarity of the central space charge in Figure 3a alternates. The beams
from either end of the double acceleration region in Figure 3a are identical and
macroscopically neutral. One notes that bunches of alternately electrons and posi-
tive ions will produce periodic polarization of the beams which is maintained for
some distance if both types of particle have velocity = c, but which will eventually
relax.

There is another possibility. An instability of drift velocity can denude a
region R of the current channel of free charges. Let R be bounded by surfaces S
and S, through which charges enter R and leave R, and suppose that the number
of charges in R is slightly reduced. Induction maintains constant total current
(conduction plus displacement). Thus the drift velocity of remaining charges must
increase, causing charges to exit across S; and S, with increased velocity. In order to

Figure 1. Stretching and winding of a magnetic field line by differential rotation of type w(r) in
a magnetic vortex tube. Note reversal of B, to either side of the apex A of the loop, and the con-
sequent reversal of J,.
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maintain ] constant at S, and S,, charges must enter region with reduced velocity.
Increased exit rate and reduced entry rate will in time denude the region R. If the
charges are electrons and positrons, the above argument is straightforward, because
both carriers have equal drift velocities. If we replace the positrons with protons,
there will arise space charge whose field retards electrons and accelerates protons
in order to ensure that the difference between exit and entry rates is the same for
electrons and ions in the steady state.

Denudation of region R causes conduction current in K to be replaced by
displacement current (5/475)5E3 / 0t, where S5=27RAR. The axial electrostatic field
E,(t) increases until all of the energy in the field By(f) has been transferred into E,(t)
as previously. Then the energy oscillates between the fields, until dissipated. The
equivalent circuit for this situation is shown in Figure 2b. We represent the increas-
ing denudation of the region R by a parallel plate capacitor whose plates are
gradually separated from a touching initial position. In most laboratory situations
the drift velocity instability is too slow to be of interest, but an exception may be
acceleration in the magnetic pinch of the “plasma focus” device. Drift velocities are
much higher in astrophysical situations.

In the case of denudation, Ea(t) oscillates between a maximum value E, and
zero as extrema. Because there is no reversal of polarity, successive bunches of
charges ejected from one end of R have the same sign, resulting in a beam which is
macroscopically charged (Figure 3b). The beam from the other end is oppositely
charged.

Integration of the energy density in B,(r) yields

2 2 232
&= ]E‘—”-ZZn‘rdr - klz(l) - ERB(R)Z (10)
2 37 c 4
where k; =In(5/R), , being the maximum radial extent of the field as determined
by return current.

Integration of the energy density in the electric field, assumed uniform over
the volume SAz, yields

Az 2 22
&= f 5 gqp= 20002 _ R Bz 11)

0875 S 4

where +Q is the accumulated charge at either end of the break and k, = AR/R.
The field Ea(t) reaches maximum strength when it has acquired all of the
energy in By (t). From & =& we obtain amplitude

E, = KB,(R) (12)
where
% %
_(kZ ) _(kRZ
K_(szz) “(ARAz) 13

The maximum energy W gained by charge e in the field E,(t) is
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Figure 2. Equivalent circuits for two situtions in which energy oscillates between an azimuthal
magnetic field B, and an axial electrostatic field E,. In case (a) there are two acceleration re-
gions with oppositely directed fields +E,, and each field oscillates with reversal of polarity. In
case (b) there is one acceleration region, and now E, oscillates without reversal of polarity be-
tween zero and a maximum value.

W = eE,Az = KeB,(R)Az (14)

A more useful form of (14) is

W =K'eB,(R)R = ZKC' i
K (’ﬁZAZ )% - @)
=822 ) 23
RAR

The numerical value is based on assumptions k; =9 and ZAz =RAR.
A self-inductance L and capacitance C of the equivalent circuit can be defined
from the energies in the fields by

2’ c?
16
& - Ccv? ce k,R? (16)
2’ 2Az

where V = E;Az. The period of the electromagnetic “ringing” oscillation is

P=2xn(LC)% =

- (B2 i
RAz

2nK”R
c
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A circuit with capacitance C, self-inductance L and resistance R, in series has
charge Q(#) on the capacitor at time #, where LQ - RoQ+(Q/C)=0. The time scale
for transfer of energy from electrostatic to magnehc fields (reactive time scale) is
te= (LC) = P/2r. Ohmic dissipation rate is RyQ?, and magnetic energy is LQ? /
so dissipation time is L/2R,,.

The above mechanism has important implications for reconnection of magnet-
ic field lines (Gekelman and Pfister 1988, Cowley 1981, Baum and Bratenahl 1980).
Field lines can reconnect only in the time scale for dissipation of the induced
currents which oppose any change of magnetic field, and this time has usually been
assumed to be that for Ohmic dissipation, which is uncomfortably long (e.g. Wild et
al. 1981). If we recognize that magnetic field energy can be converted into electro-
static field energy in the reactive time scale (17), and then dissipated by charges
which are accelerated to velocities above escape velocity, the difficulty disappears.
It follows that acceleration of charges will always accompany reconnection of mag-
netic field lines, the particles being accelerated in the direction normal both to the
approaching opposite field lines and to the velocity with which they approach. One
might regard electrons with collimated motions as a hallmark of field-line recon-
nection, a conclusion not at present recognized by laboratory plasma physicists.

@ St =TT = YIEC
¢ E, E, ?

-4+ + -+ -

G £ B = S £ B

@ ZIIC F = [ yYire
& X Co E, : P

------ 4

e [+ = "T1-T M

Figure 3. In situations where energy oscillates between an azimuthal magnetic field B, and an
axial electrostatic field E;, bunches of charged particles are accelerated in E,, emerging as
beams which are macroscopxcally neutral when E, reverses polarity (case a) and are macroscop-
ically charged when E; does not reverse polarity Ezcase b).

3. Cosmic Rays
(i) Origin of High Energy Cosmic Rays

Acceleration mechanisms hitherto considered fail to produce particles with
the highest cosmic ray energies =10% eV. The mechanism herein proposed suc-
ceeds in this objective. The mechanism operates at a pinched region of a magnetic
vortex tube (MVT) which enters and leaves the polar caps of a star or galaxy. In
both the stellar and galactic cases, the maximum cosmic ray energies can be achieved.
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In the stellar case, the acceleration occurs in MVTs associated with highly
degenerate stars, specifically some X-ray pulsars (Joss and Rappaport 1984) identi-
fied with white dwarfs, and most y-ray burst sources (Mazets et al. 1981) here
identified with neutron stars. Photons with energies in the range 2-20 PeV (1 PeV =
10" eV) from some X-ray pulsars, notably Cyg X-3, Her X-1, LMC X~4 and Vela X-
1, have been detected by air-shower techniques, identification being made by the
periods characteristic of the sources (see review by Hillas 1984). There can be no
doubt that particles are accelerated to energies > 10' eV in these sources. Cyclotron
lines from the sources confirm the presence of magnetic fields in the terragauss
range (1 TG =10" G). Cyclotron lines in the range 20-70 keV are seen also in many
¥ -ray burst sources, demonstrating the presence of fields in the 1.7-6 TG range.

(ii) Cosmic Rays from Stellar MVTs

X-ray bursters are white dwarf stars which exhibit bursts of X-rays with high
luminosities (10* —~3x10* erg s™) and short durations (10-1000 s), repeating with
irregular intervals of 10*~10° s. The spectrum is that of a black body of changing
temperature and sometimes changing radius. At peak a typical temperature is
kT =3 keV. The model which best explains such bursts has been mentioned briefly
previously (Browne 1986, 1990, 1991), and will be presented in more detail else-
where; it differs radically from the conventional model of accretion from a compan-
ion star in a binary system. The new model attributes the X-rays to thermal emis-
sion from the hot isothermal interior of a degenerate star which is exposed tran-
siently to view through an MVT “window”. The transient window is created when
gas in the core of a polar MVT is expelled by radiation pressure, creating a low
density path to the degenerate interior which cannot refill by lateral inflow due to
the strong magnetic field at the MVT wall. The reason for the “blow out” is an
imbalance between internal power generation P and surface luminosity L, causing a
slow increase of radiation pressure at the base of the surface layer of normal gas.
Note that isothermal degenerate gas cannot expand in response to a pressure gradi-
ent, as would happen in a normal star. The surface layer “punctures” where a polar
MVT enters the star, because here the threshold pressure for “lift off” is least. After
release of excess energy the outflow ceases and the window closes. The process
now repeats because the imbalance P> L is reestablished. The star responds to the
imbalance by release of excess energy in a quasi-periodic sequence of outbursts.
The precise flux profile of the X-ray burst depends on the degree to which the
expelled gas front is transparent to the X-rays from beneath. As expelled gas is first
compressed the optical thickness of the front can increase before it decreases, pro-
ducing a double-peak flux profile. The values L=3x10% s and kT =3 keV imply
emitting area AR?, where R=10 km, the “blackbody radius” of the source. This
radius now is that of the MVT where it enters the star.

The same model can be applied to y-ray bursts, but with the more extreme
parameters of neutron stars. The sources of y-ray bursts are unknown, because
usually no identifiable source is found in the direction from which the burst comes.
In general the bursts appear not to repeat, but there are a few exceptions, the so-
called “repeaters”. The repeaters are distinguished in another respect; their flux is
considerably softer than that of the majority of bursts. Previously (Browne 1990,
1991) I have suggested that the softening of the flux (from kT = 300 keV to kT = 30
keV) is due to reprocessing in the escaping gas in analogy to reprocessing in the X-
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ray bursts, specifically to Compton scattering in the outflowing plasma. Why the
majority of bursts appear not to repeat can now be understood; their emission is
directed into a small solid angle Q about a direction which varies from burst to
burst, so that the chance of the Earth intercepting successive bursts is small. In the
case of the repeaters, the Compton scattering enlarges Q sufficiently for successive
bursts to be detected.

One burst, GBS 05236 occurring on 5 March 1979, came from a direction which
was located to within 0.1 arcmin? by nine widely separated spacecraft (Cline et al.
1982). In this direction only, the supernova remnant N49 in the Large Magellanic
Cloud is within the error box. This would place the source at the distance 55 kpc, in
which case its luminosity is 7 x10* (Q/47) erg s™, where Q is the solid angle into
which the emission is directed. The y-ray rays had energies extending above 300
keV during the initial spike, but for the lower intensity flux following the initial
spike the spectrum was considerably softer with kT = 30 keV (Golenetskii et al.
1984), suggesting reprocessing of the primary flux. Evidently the outflow becomes
optically thick to Compton scattering, which requires a column density as high as
=10%cm™, but this is to be expected for gas escaping from a neutron star. Confir-
mation of the reprocessing comes from the observation of repeat bursts (Rothschild
and Lingenfelder 1984). The blackbody temperature kT=300 keV is typical for
primary escaping flux. Values between 90 keV and 870 keV are inferred by Mazets
et al. (1981) from a survey of spectra. Choosing arbitrarily Q=0.1 sterad, we find
L=56x10® erg s™ , and then kT =300 keV yields R =0.46 km.

For kT =300 keV the degenerate plasma of the neutron star is relativistic,
because kT/ mc? =3/5. There will be a high rate of pair creations, and for equilibri-
um density of electrons and positrons there will be a high density of positronium,
which annihilates into two 511 keV photons. A broad 511 keV line is seen in most ¥ -
ray bursts, but with a substantial redshift. In GBS 05236 the line is seen at 430 keV,
implying redshift z=511/430 = 1.19. The redshift can be attributed to the transverse
(second order) Doppler effect, z=(1-v?/c?) “ =y, where v is thermal velocity of
positronium. Then from 3kT/2=2ymc* we obtain kT =128 keV. This temperature
may refer to cooler outflowing plasma.

The y-ray burst sources exhibit in addition to the positronium line also a
cyclotron line, usually in absorption (Mazets et al. 1981). The cyclotron line is seen
in the range 20-70 keV, which implies the presence of a magnetic field in the range
1.7-6.0 TG. If one substitutes into formula (15) the values B=6 G and R=0.5 km,
then with K’=3 we obtain W=3x10% eV, in good agreement with the highest
cosmic ray energy.

The isotropic distribution of ¥ -ray bursts has interesting implications for the
number of undetected neutron stars surrounding the Earth, and possibly for the
undetected dark matter of the universe.

(iif) Cosmic Rays from Galactic MVTs

Turning now to galactic MVTs, one might adopt B, =10 mG and R =10 cm.
The value of R comes from the shortest time scales for variability of X-ray flux from
AGN, and independent justification is given in section 7 (iii). The value for B,
comes from the observed synchrotron spectra and flux densities (section 4i). With
these values, formula (15) yields y =2x10® or W=10" eV.
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The highest energy synchrotron emission from a quasar is probably that of
PKS 0208-512 which extends from 30 MeV to 4 GeV with power-law flux spectrum,
where o =0.69 (Bertsch et al. 1993). Synchrotron emission at 4 GeV in a magnetic
field of 10 mG requires that ¥ =6x10° according to (18), which is electron energy
3x10% eV.

Whether the value of B, at a magnetic pinch can be great enough to provide
ions of energy 10” eV remains an open question. The threshold condition for the
Cerenkov continuum (section 7vi) requires that y?n,; >2x10% cm™, so that if ;; = 2000
cm™ we require ¥ >10' for ions. Such a proton would have energy > 10" eV,
which is approaching the maximum cosmic ray energy.

4. Synchrotron Radiation
(i) Non-uniform Field Model

Active galactic nuclei (AGNs), which embrace quasi-stellar objects (QSOs), BL
Lac objects, and Seyfert 1 nuclei, radiate a power-law continuum spectrum extend-
ing from radio to X-ray frequencies. Flux density 3,6v in sFectral range v > v+6v
has the form 3, « v™* over the frequency range 10® < v <10"® Hz for a large number
of sources. In general, @ =1 (Neugebauer et al. 1979, Richstone and Schmidt 1980,
Moore and Stockman 1981, Cruz-Gonzalez and Huchra 1984, Ledden and O'Dell
1985).

Electrons which have been accelerated in the axial field E, in a denuded
region of current channel (section 2) emerge into a non-uniform magnetic field
B,(r) = 2] /rc. Synchrotron power radiated by an electron with Lorentz factor y ina
transverse magnetic field B, occurs at frequencies

2

Y°eB,

v= =2.8x10°y?B, (18)

Traditionally, one obtains the spectrum for a distribution of electron energies in a
uniform magnetic field. Here we shall obtain the spectrum for monoenergetic elec-
trons (of Lorentz factor ¥ ) in a nonuniform magnetic field (B, = 2]/rc). The densi-
ty of electrons n,(r) also may depend on . The task is to calculate S,6v.

Noting that

Ve y?B,(r) o 17! (19)

the emission in frequency band v — v+4v comes from electrons in radius band
r = r+6r, where 8v/v=—0r/r. An electron radiates synchrotron power,

2
B=Sd%erB() (20)

where d = ¢?/mc?. Electrons in the cylindrical annulus 7 — 7+ & of length Z gener-
ate synchrotron luminosity

LVSV=2m‘8ane(r)Ps%’- 1)
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Noting that 8v/r=—v/r and using B,,(r) = 2]/rc, we obtain

L =2 2 (P 22

Writing 7,(r) =< #° o v?, one obtains the power-law spectrum
Le<v?® a=1-6 (23)

Most observed spectra fit this law with values of o between 1 and 0. The value
o =1 implies 6 =0, and hence uniform electron density n,. The value & =0 implies
n,(r) < r*. The BL Lac source AO 235+164 shows a flat spectrum over five orders of
magnitude in an unresolved core of < 0.1 mas (Jones et al. 1984). The variation
n,(r) < r! seems to hold close to the acceleration site.

The values R=3x10" cm and B,(R)=10 mG (appropriate for the pinch) in
the acceleration formula (15) yield W=10" eV, corresponding to electron Lorentz
factor y =2x10%. Then J/c=RB,(r)/2=15x10" emu. Then, taking the length of the
radiating column to be Z = 4 x 10" cm, and the electron density tobe 3x10° cm™(column
density Zn, =12x10" cm™) one obtains from (22) vL, =4.3x10® erg s7!, which
agrees with observation (Moore and Stockman 1981).

Superimposed on the v spectrum of QSOs is a high energy tail in some
sources. Centaurus A has a power-law intensity spectrum with index a =0.59 be-
tween 70 keV and 8 MeV (Gehrels et al. 1984). The Seyfert galaxy NGC 4151 has a
power-law spectrum with @ = 0.6 in the range 2 keV-2 MeV (Baity et al. 1984), but
spectral indices & = 0.1, -0.1, 0.43 and 0.53 also have been observed (see Ubertini et
al. 1984). The QSO 3C 273 shows a 30-100 keV power-law spectrum with o =0.3
(Bezler et al. 1984). The QSO PKS 0208-512 has 7y-ray flux from 30 MeV to 4 GeV
with spectral index o =0.69 (Bertsch et al. 1993)..

One expects that synchrotron radiation is beamed into a cone of solid angle
Q(A) which depends on wavelength A. The forward-beaming of radiation from an
individual electron with Lorentz factor ¥ is into a cone of semi-angle ¥, which is
exceedingly small for y =10%, so that overall beaming is determined by the spread
of electron trajectories. The trajectories will be most collimated close to the MVT
wall of radius R where X-rays are produced, and will be most spread at large values
of r where radio emission is generated.

The limited radiative lifetimes of electrons in hot-spots of extended radio-jets
(Kapahi and Schilizzi (1979) and optical emissions from jets or knots (Butcherer et
al. 1980, Meisenheimer and Roser 1986) both are arguments for local acceleration of
electrons. According to Meisenheimer and Heavens (1986) shock waves can account
for acceleration in the hot spot of the jet of 3C 273.

(ii) Variability

Because the X-rays arise close to the MVT core of radius R, the time scale for
variations of flux will be shortest for X-rays and longest for radio flux. This is
observed. For the BL Lac source A0235+164. Jones et al. (1984) write (omitting their
references):

Perhaps the best known property of AO 0235+164 is its variability, which is dramatic at both
radio and optical wavelengths. The time scale of this variability ranges from months at low
frequencies to weeks at frequencies = 10 GHz to days at optical frequencies.
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QSO 4C 29.45 has shown optical variability on time scale 12 min (Grauer 1984). X-
ray flux varies on the shortest time scales. Matilsky et al. (1982) report 200 s variabil-
ity of X-rays in QSO 1525+227. Marshall et al. (1983) report 70% increase of X-ray
flux in 150 s for Seyfert galaxy NGC 4051. Tennant et al. (1981) have reported 100 s
X-ray fluctuations in Seyfert galaxy NGC 6814, and Kuneida et al. (1990) found a
factor of two change of 2-20 keV flux in 50 s and a correlated change in a 6.35 keV
line with delay less than 256 s. A dimension of only 1.5x10" cm is implied for NGC
6814.

At radio frequencies polarization position angle ¥ may rotate through more
than a revolution. During the 1975 outburst in AO 0235+164, x at centimeter wave-
lengths rotated over nearly 180° in an apparently linear manner (Ledden and Aller
1979). Similar rotations were found in three other sources, 0607-157, 0727-115, and
BL Lac (Aller et al. 1981). In the latter two sources rotations exceeding 360° have
been observed. In regard to 0727-115, Aller et al. write:

Although the first year of data is consistent with a steady rate of rotation, the remainder of the
changes of X appear to occur in a series of jumps.

Jumps of between 55° and 82° occurred in single months. In BL Lac, total rotation
range was 440° in a 38 day period. Large changes of y coincide with outbursts of
flux. After an outburst, ¥ at 8.0 GHz and 14.5 GHz differed by 360° from y at 4.8
GHz, which had not changed. Infrared polarization behaves similarly (Holmes et al.
1984a, Holmes et al 1984b).

The model which best accounts for the above behaviour envisages a bunch of
relativistic electrons with collimated motions propagating toward the observer through
the core of an MVT which points toward the observer. The core of the MVT can be
field-free, or may have a weak purely axial field B,, but the strong helical magnetic
field at the wall traps the electrons. Such a field configuration can be seen for
transverse viewing in the case of 3C 66B, mapped by the Hubble Space telescope
(Macchetto ef al. 1991). Each time the electron is deflected toward the axis by the
wall magnetic field, its acceleration is toward the axis in the direction specified by
the azimuthal coordinate ¢ of the reflection point so that y = ¢. Successive reflec-
tions cause a series of jumps of x. The jump is 180 for an electron whose trajectory
lies on a plane containing the axis of the MVT. More generally, the electron follows
the path of a light ray in an off-axis mode of an optical fibre. If electrons follow a
helical trajectory and are deflected by a helical field, the polarization position angle
X may rotate smoothly with time.

In B2 1308+326 optical polarization has position angle ¥ which varies with
wavelength A as well as with time ¢ or axial distance z (Sitko et al. 1984). On March
16, 1983, Ax/At was —8° per day, and Ay/AA was +6° per 0.5 m. On June 8, 1983,
both quantities had reversed sign, Ay/At becoming +5.5° per day and Ay/AA
becoming —6° per 0.5 ym. Since dx/dA = (dx/dz)(dz/dA), it follows that dA/dz does
not reverse sign, and hence dB,, /dz does not reverse sign, because for synchrotron
radiation v « B, according to (25). It follows, therefore that dB,, /dz remains posi-
tive, as would happen if electrons were approaching a magnetic mirror or were
entering a magnetic pinch without passing through it. The field configuration shown
in Figure 1 also is excluded.

With regard to polarization, we expect bimodal behaviour. (1) Large rotations
of ¥ are observed only when the line of sight is nearly parallel to the MVT axis,
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which sources will tend to be brightest. (2) Off-axis viewing selects emission from
those electrons which have been deflected into the line of sight, so that acceleration
is in the plane containing the line of sight and the MVT axis, causing a preferred y
and small percentage polarization for the majority of less bright sources. Exactly
this behaviour has been observed. To quote from Angel and Stockman (1980), one
luminous group (with 9 quoted examples) ”shows no tendency for a preferred
angle, and data span all points of the compass whilst in the case of another less
luminous group (with 12 quoted examples) “repeated measurements show a re-
stricted range of angles”.

Another finding from VLBI measurements is a “strong trend for the radio E
vector to be normal to, and for the optical E vector to be parallel to, the VLBI
structural axis” (Rusk and Seaquist 1985). The radio emission must come from
regions where B; dominates, and the optical emission from regions where B, dom-
inates, assuming transverse viewing in each case. When B, dominates, the ]et edges
should be circularly polarized and the center linearly polarized for acceleration
parallel to the axis.

(i) Superluminal Expansion

The phenomenon of superluminal expansion refers to the expansion of radio
knots at angular rates which imply, at the distance of the source, superluminal
velocities. The phenomenon can be explained by assuming that the source ap-
proaches the observer with ultrarelativistic motion in a direction making angle 6
with the line of sight where 0< 6 < /2. Resolving the velocity fc of the source into
components (fc cos, fc sinB) parallel and transverse to the line of sight, succes-
sive light signals which are emitted with time separation At are received with time
separation, At’=(1-fBcos6)At, due to Doppler effect. This shortening makes the
transverse displacement of the source fic(sin@)At seem to occur in time A#, which
represents transverse velocity

ﬂcsm@-——— _ _Pesin6

—— 24
A¥  1-PBcosO @)

If the moving radio component is a bunch of relativistic electrons, a circumstance

that might now be predicted, then B =1, so that

v, = ccot(g-), (B=1) (25)

If 6 < m/2, it follows that v, >c. By measuring v,, we can infer 6. For example, a
single radio knot expands from the nucleus of 3C 273 with angular velocity 0.76
milliarcsecond per year. From the redshift z=0.158, we assign distance 147 x10%
cm to 3C 273. Then v, = 9.6c (Pearson et al. 1981). Substituting this value into (25), it
follows that 6= 12°.

Emitted knots may change direction, so that v, changes along their trajectory,
as has been shown for 3C 345 (Biretta et al. 1983, Moore et al. 1983). Presumably the
electron bunch is guided by being confined to the core of a curved MVT. The
distinction between the moving knots, which are electron bunches with superlumi-
nal apparent motions, and stationary knots should be noted. For example, synchro-
tron emission with a power-law spectrum from radio to X-rays comes from station-
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ary knots in Centaurus A (M87) at distance 5 Mpc (Burns et al. 1983). The stationary
knots presumably are regions where B, > B;, perhaps magnetic pinches.

Relationship (25) would provide an absolute measurement of v, if 8 could be
measured independently of this relationship. Lynden-Bell (1977) postulated that
separating superluminal knots seen in 3C 120 were emitted in opposite directions.
This enabled him to write two equations

e} 0
v, = ccot(—zl), v,= ccot(?zj (26)

where 6, +6, =7x. Thus v,, = ctan(6,/2) so that v,;v,, =c*. Then, if one measures
angular expansion rates o, = v 14/d and @, =v,,/d, where d is the distance of the
source, we obtain d = c(¢t,0,) . However, it is unlikely that the assumption 6, +6, = 7
is valid for 3C 120 (Cohen et al. 1979). What is noteworthy is that any relahonshlp
between 6, and 6, yields a reliable measurement of the Hubble constant.

5. Galactic Magnetic Vortex Tubes
(i) Trailing Magnetic Vortex Tubes

As discussed elsewhere (Browne 1985, 1993) an axial vortex forms during
early evolution of both stars and galaxies at a stage when both still are surrounded
by discs. In the stellar case, bipolar outflows occur orthogonally to the plane of the
disc. In the galactic case, bipolar outflows from QSOs are indicated by the Doppler
shifts of the narrow absorption lines which are consistent with flows driven by
resonance-line radiation pressure, in this case a Cerenkov field. The broad emission
lines originate in the same outflow in response to the Cerenkov resonance line
fields, the broadening being attributed to saturation pumping (Browne 1983, see
section 7). Cloud models of these sources are not required, and are totally mislead-
ing in regard to the picture they evoke.

One usually observes a pair of synchrotron jets extending in opposite direc-
tions along the rotation axis of the galaxy. A synchrotron jet will be assumed to
delineate a magnetic vortex tube, which will distort because vortex lines comove
with the fluid medium. Often the jets trail as the galaxy moves through a material
medium. The various morphologies of jet-counterjet systems can be understood as
trailing of different degrees viewed from different perspectives (Browne 1985).

The synchrotron emission from jets is anisotropic, being beamed along the jet
axis. Such sources are therefore brighter when the MVT is viewed “end-on”. A
classic example is Cygnus A. Assuming Cygnus A has motion along the line of
sight, the trailing jets are seen transversely close to the galaxy but axially at the
extremities where jets are tangent to the line of sight. The transition from ordered
filaments in the jet to disordered filaments in the lobes (Perley et al. 1984) is under-
standable if the latter are merely end-on projections of the former. The source will
be brightest at the extremities, explaining the symmetric radio lobes. The radio
lobes will be equidistant from the galaxy and collinear with the galaxy, all three
being coplanar. The observation of a bow shock wave outside the trailing arms
(Carilli et al. 1988) also can be expected.
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The filamentary character of synchrotron jets in general is a consequence of
each MVT being a bundle of sub-MVTs. The range of jet scales, from <1 pc to > 1
Mpc, can be expected for the same reason, as can their co-alignment (Bridle and
Perley 1984).

(ii) Precessing Magnetic Vortex Tubes

Magnetic vortex tubes have a tendency to precess. The reason is a change in
the axis of resultant angular momentum of fluid being expelled, which is the cause
of precession of the vortex at the exit of a bathtub. The jets of galaxies in some cases
show clear evidence of precession in the form of periodic wiggles (Icke 1981) or
circular arcs (Dreher and Feigelson 1984, Hunstead et al. 1984). Luminous arcs on
the scale of clusters of galaxies, with center of curvature toward a cD galaxy at the
center of the cluster (Paczynski 1987, Lynds and Petrosian 1989), may indicate
precession of an MVT of scale comparable to the cluster.

(iii) Pairs of Magnetic Vortex Tubes

There is observational evidence for pairing of QSOs. The classic double quasar
0957+561 has components with identical spectra separated by 6 arcsec (Walsh et al.
1979). The hypothesis of a double image of a single QSO stimulated a search for
further examples. The idea is that the bending of light in the gravitational field of an
intervening galaxy is comparable to the bending in a Fresnel biprism or a Billet split
lens. There followed the discovery of PG1115+080, a triple source with member
separations < 2.7 arcsec (Weymann et al. 1980), 2345+007 (Weedman et al. 1982),
2016+112 (Lawrence et al. 1984), 1635+267 (Djorgovski and Spinrad 1984) and 2237+030
(Huchra et al. 1985). A pair 1146+111 B,C with large separation of 157 arcsec, showed
spectral similarities (Turner ef al. 1986), but later differences were found in the red
(Shaver and Cristiani 1986) and in the ultraviolet (Huchra 1986). Djorgovski et al.
(1987) have noted a pair of sources QQ1145-071 which would be classified as a
double image on the basis of optical data alone, yet cannot be such when radio data
are considered. The existence of slight differences between members of a pair which
have strong similarities makes the double-image hypothesis unlikely for any pairs.
There exist also close pairs (<1"—2") whose members have quite different proper-
ties; for example, in 1038+528 (33”) the member redshifts are 0.678 and 2.296 (Owen
et al. 1980). A common absorption system has been found for the pair Q0307-195
A,B (58”) (Shaver and Robertson 1983).

If the MVT emanating from either side of a galaxy trails after the galaxy which
recedes along the line of sight, so that the line of sight is tangent to the MVTs (as
happens in Cyg A) the beamed emission from the MVT and counter MVT could
produce a pair of QSOs. It is possible for a pair of MVTs to emanate from the same
side of a galactic disc, an example being 3C 75 (Owen et al. 1985). It is required, of
course, that acceleration in both MVTs produces identical spectra, both in continu-
um and line emissions. Certainly, if one does not believe the double image hypoth-
esis, the pairing of QSOs contains an important clue as to their character.

The distribution of QSOs in the sky can show other types of order. For exam-
ple, the linear alignment of eight QSOs across the galaxy NHC 3384 (Arp et al. 1979)
might indicate a spiral MVT, with a QSO being seen at points where the line of sight
is tangent to the spiral. Arp and Hazard (1980) found six QSOs in a region of
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dimensions 15’ x15" with redshifts 2.22, 2.12, 1.10, 1.01, 1.01 and 0.86, and also three
nearby QSOs with redshifts of 1.93, 1.89 and 1.67.

6. Cerenkov Resonance-Line Radiation
(i) Resonance Line Cerenkov Field

The rate at which an ultrarelativistic particle of charge 4 moving with velocity
Bc along the z-axis loses energy to a polarizable medium with dielectric constant €
underlies the calculation of Cerenkov radiation (Jackson 1975). An atom at position

(q, b, 0) experiences a pulse of electric field (E,, E,, 0) and of magnetic field (0, 0, B))
given by

E,= —€7'qyBet(b* + yzﬁzcztz)_%

E, =~ qyb(t* +y’B°cF) 27)
B, =—€fE,

where 7 = (1 - eﬁz)% with € = €(w). We obtain the Fourier transforms

E,(@)=(2m)™ IEy(t) exp(iot)dt
=(2n)% Te"qby(bz + y2ﬁ2c2t2)'% exp(iot)dt (28a)

= () B 2P g [ @b
@) eyp’c’ Kl(yﬁcJ

E;(0)=(27)* IE,(t) exp(iof)dt

= 2n)* [ qypet(t? + P BR)  expliot)dt (28b)

—o0

P b
= —1(271,’ ) % __732—3;2 Ko(m]

where K;(x) and K, (x) are modified Bessel functions of order unity and zero respec-
tively. Defining

(1-¢2)" 29)
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and using the asymptotic forms

x>l K@x)- (%)% exp(—x) (30)

we obtain

£y0) > 42 1- 2 o Hexpt-t
oY

E, () ;Z_C(%)% exp(~1b)

The flow of energy across a cylinder of radius b around the trajectory of the
particle is given by the integral of the Poynting vector acrass this cylinder:

_ I Ciﬁ:" ombdx =1 BcszEa(t)Bx(t)dt
=- ﬁczbj B,(@)E,(0)dw 32
-2t j( l) oft- ) exgl-(1 + Ao

where we use dx = ffcdt to convert the integral from dx to dt and then we convert
from d¢ to dw using

(2r)? Texp[i(k—k')x]dx =8(k-k’) (33)

If P, is not to decrease exponentially with b, we require that A+ A =0, which is
satisfied by purely imaginary A, requiring that €8? >1. Then

= iﬁj@— 'p?)odo (34)

Introducing index of refrac’aon i by u? =e, the condition for imaginary A can be
expressed by

uB>1 or By (e-1)>1 (35)

It is useful to compare the Cerenkov power per unit bandwidth dP,/d® with
the synchrotron power per unit bandwidth obtained from (20) and (18). With g=e¢,
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do ¢
36
P_2 2¢%w (36)
—=-—de = 5
o 3 3cy
For the ratio we find
dP. o _3py° -1p-2
EJ.—-:-——]—- 3
e B 2 (1-€787?) (37)

If we write ¢82=1+8, so that § >0 is the condition for Cerenkov emission, then
q=3y25/2eB=(3/2)y 2. Regarding the relationship between synchrotron and Cer-
enkov radiations, see Schwinger et al. (1976).

For a gas with 7, atoms per unit volume in state i one has

e-1= 47rdc222w2 — ﬂy (38)
ij

where f; is oscillator strength and y; damping constant for transition i— j of
frequency ;. Near the resonance @ = w;;, the summahons can be reduced to two
terms only. Noting that f; =-f;, and writing €=¢€+i€”, one finds

1o 4ndc (n n)f]( 2) 39)

(w'i w) +7'J

The condition (35) is most easily satisfied at resonance. However (39) assumes
that all atoms are tuned within a natural linewidth 7, of ;, whereas usually one
the fraction y; /6@ are so tuned, where éw is the thermal broademng Understand-
ing n,—n; to ée the total })opu]atlon difference we must include a factor y;; /6w in
(39). Then, noting that @} - ®” = wy; we obtain at resonance the threshold condi-
tion

m)fi
T b0

i

€ ~1=4ndc? ( >(By)? (40)

This condition has been obtained previously (Browne 1983), but its implications
have not been fully analysed.

Dielectric constant €, refractive index u, and electric susceptibility y are
related by p? = e =1+4my. Wntmgy =p'+ip” and ¥ = y’+ix”, and noting thaty’ =1
and u” <1, we obtain p’'-1=2xy" and u”=2ny". Because the amplitude of an
electromagnetic wave propagating along the x-axis is proportional to exp(iuarx/c) =
exp(—p"ax/c)exp(ip’ax/c), and because intensity varies as the square of amplitude,
the absorption coefficient is k =2u"w/c=4ny"w/c.

(ii) Stimulated Raman Emission

In addition to elastic scattering due to the two-photon transition i—j—k
there is inelastic scattering due to the two-photon transition i — j— k (stimulated
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Raman scattering), where state k has energy between the energies of j and i and
where the direct transition i — k is forbidden. In the elastic process a photon %@ (= ha),).)
is absorbed and re-emitted. In the inelastic process a photon #@ (= ha),-j? is absorbed
and a photon i@’ (= ho ik) is emitted. The cross sections are comparable; specifical-

ly, the inelastic cross section is less than the elastic cross section by the factor
Vi e / y* where ¥ = 2?’,1( with summation being over all states between j and i
(Loudon 1983). The résonance o = j; is not essential, but it greatly increases the
cross section. The stimulated Raman scattering is proportional to the intensity of
radiation fields at both frequencies @ and @’ (Yariv 1989).

The stimulated Raman transition has been used to obtain a submillimeter laser
using a rotational transition of a molecule such as CH,F in an excited vibrational
state pumped by 10.6 um radiation from a CO, laser (e.g. Levy 1981, Tobin 1985).

Coherence of the wavefunction is preserved during the 2-photon transition
i— j— k. There is also a competing 2-transition process i — j followed by j— k in
which coherence is not preserved. Competition between the two processes was
observed in experiments of Wiggins et al. (1978) at different gas pressures.

The behaviour of an atom with natural frequencies ; = (Ei - E,.) h which is
exposed to strong radiation fields at frequencies @ and @’ has been treated by
several authors (Javan 1957, Panock and Temkin 1977, Chang 1977). The atom is
perturbed by the combined field,

E(t) = E, exp(iot) + E, exp(io't) 41)

where E, and E; include phase factors exp(i¢) and exp(i¢’). Associated with the
transition dipole moments p; and p; are interaction energies and frequencies,

_ PiEo Q. = Pﬂ‘ES

) , Q. 42
i on *= op (42)

Conventional time-dependent perturbation theory cannot be used when E, and E,
are strong. We require the polarization

P =[x(w)E, exp(iwt) + x(w)E; exp(in’t)] 43)

where x(®) is complex electric susceptibility. Panock and Temkin (1978) use a
density matrix approach to find

Pi(n; ~ Q4RK)
H(iy —5)

; X@) H(iy + &)

2(@)= (44)

where

—_ ’ ’
b=0-0; §=0-0,

K=ny(8—iy) " +n, (8 +iy) ™

-1

8= Re=(y 5[5 -0} vir(y + 5+ + 03

The spontaneous decay time on switching off E(f) is 7.
For saturation pumping, when populations 7; and n; are comparable, both the
resonance line absorption and the stimulated Raman emission transitions are great-
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ly broadened by AC Stark effect. Moreover the line profile develops two peaks
separated by the Rabi frequency 2Q; =p,E, /i, where E, is the amplitude of the
pump field at frequency ;. The blueward peak may be suppressed when a Cer-
enkov field (as opposed to a laser field) provides the pumping for the following
imply asymmetry of the emission line. The stimulated Raman emission lines due to
Cerenkov pumping will therefore have an intrinsic redshift of magnitude = Aw;.

The Cerenkov field produces off-resonance pumping (& >7) because it is
confined to the redward wing of the resonance line. The various cases have been
treated by Panock and Temkin (1977). When emission intensity is weak, so that
Q. <7, the emission profile shows two peaks of equal heights displaced by

=8
2
When emission intensity is strong, so that Q; >, the profile continues to have two

peaks, but the redward peak at &’ mcreases whilst the blueward peak at &, de-
creases, and disappears when Q; >7.

&, = 1(92+82/4) =+Q; (45)

7. Cerenkov Effects
(i) Lo Forest

In the case of the Lyman & we have 4; =1215 A, v; = 2.47x10" Hz, f; = 0.832
and y; =3. 76 x10° Hz. Then, assummg thermal velocity 150 km s, condition (40)
for Cerenkov emission yields y> iy > 4 5x10" cm™. Taking as previously y =2x10°%,
the condition is 7, >1000 cm™

The strong Lo Cerenkov radiation will exert strong outward pressure on H
atoms. Of course only photons which are scattered incoherently exert radiation
pressure; the coherent component of the resonance scattering does not affect the
motion of the scatterer. The result will be a high-velocity outflow channeled through
the core of the MVT, rather like the bipolar outflows from protostars. The radiation
pressure will provide continued acceleration, so one may expect the highest veloc-
ities to occur farthest from the source of the particle beam. Moreover, resonance-
line radiation pressure on ions drives an axial current if the drag forces on ions and
electrons differ, which is a radiation battery. Such a force due to resonance line
radiation pressure segregates chemical elements in Ap stars (Browne 1968, 1993).
The electrons are co-accelerated in a space charge field, so that a current depends on
different drag forces for ions and electrons.

A characteristic of outflows driven by resonance-line radiation pressure is a
tendency to form shells with optical depth unity, each shell being driven by radia-
tion in a discrete band of frequencies 6w determined by velocity spread &v within
the shell. Within an individual shell the atoms at the front are screened by the atoms
at the rear, causing a circulation of atoms from rear to front and back again.

At resonance the cross section for scattering of a photon is o = /1 2r, where
Aij =2mc/w; (Loudon 1983). If ny, is the density of H atoms, the fraction which at any
instant are tuned to within ¥;; of radiation of frequency ® in thermal bandwidth éo
is (y,] / 5(0)11,_, Consequently, the shell thickness Az required for optical depth unity
at resonance is given by

(45 /27 )(nay ) Sw)Az =1 (46)
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For La we have 4, =1215x10" cm, ¥, = 62x10°s™ and 6w/, = 6v/c where 6v =15
km s (Boksenberg 1978). Thus 8a/7; =200, and (46) yields n,,Az =8.8x10'? cm™.
If ny =3x10° cm™ then Az =30 km.

Different shells are accelerated by different bands of radiation, and they may
attain different velocities accounting for the multiplicity of narrow Lo absorption
lines. Because acceleration is continual, the largest velocities will be attained at the
largest distances. Material at different distances may show quite different Doppler
blueshifts.

The observations, reviewed by Strittmatter and Williams (1976), Perry et al.
(1978) and Weymann et al. (1981), confirm these predictions in detail. The absorp-
tion line spectrum blueward of Le. QSO PHL 957 shows well over 200 narrow lines
(Lo forest). A separation of 149 km s™ occurred at least seven times between La
forest lines in PKS 0237-23 (Boksenberg and Sargent 1975). Perry et al. (1978) write:

The extreme narrowness of the lines implies very small internal velocity dispersions in the
absorbing gas at a few 10* °K. At very high resolution (AA< 1 A) components as narrow as
10-20 km s™ are reported in the optical data (Boksenberg 1978) and as narrow as 4 km s™
in the 21-cm absorption in 3C 286 (Wolfe et al. 1976). If the gas is intrinsic to the QSO, this
implies that there is no dispersion in velocity relative to the central source except for random
thermal motions. Several of the narrow lines are essentially black, implying total obscuration
of the central source.

The narrow absorption lines exhibit redshifts z,, substantially less than the emis-
sion lines z,,,. The difference is particularly large in PHL 938 (z,,, = 1.95, z,,, = 0.61),
where it implies relative outflow velocity =0.5¢ (Burbidge et al. 1968).

In a few QSOs direct evidence for outflow comes from broad absorption
troughs instead of a multitude of discrete lines. The instability leading to shells with
discrete velocities evidently is not fully developed in these sources. The broad
absorption troughs in PHL 5200 and RS 23 are adjacent to the emissions, but are
separated from the emissions in Q1246-057 and in the latter source structure is
developing at the bottom of the troughs (Perry et al. 1978). The latter source has
evidently evolved further toward the Lo forest. No Lo emission usually is seen at
the absorption redshifts (Elston et al. 1991).

The rich absorption line spectrum of QSO OQ 172 reveals three redshift sys-
tems, z,,, =3.092, 2.651 and 3.066. The first two redshifts include over 20 absorption
lines in the range A =3325-4530 A attributed to the Lyman and Werner bands of the
H, molecule, and for each redshift system column density N(H,) =4x10" ecm™ is
found (Levshakov and Varshalovich 1979). Total column density is proportional to
the number of contributing shells, and to the random velocity spread dv within
each shell. The value =10" cm™ inferred from (47) was for a shell with very small
thermal velocity spread &v. Total column densities for HI range up to 10% cm™ in
PHL 957, 1331+170 and 0528-250 (Perry et al. 1978). In Mk 231 a new absorption
redshift has appeared at 4660 km s™, which is less than the systematic velocity by
8240 km s~'. (Boroson et al. 1991).

Weymann et al. (1981) summarize the observations of redshift systems as
follows (with reversal of their sign convention for outflow velocity v):

(a) A narrow peak at z,, = z,,, with systems extending to about -3000 km s™*; (b) A nearly
uniform distribution from v=0 out to very large ( =-60,000 km s~) velocities; (c) An
excess of systems from the velocity of the peak at =-3000 km s™ to =-20,000 kms™,
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Most of the excess came from several systems in just two objects, but Wey-
mann et al. claimed some excess remained after these two systems were removed.

(ii) Stimulated Raman Emission Lines

Cerenkov fields at the frequencies of Lf, Ly, efc. of H will excite emission
lines due to transitions j— k originating from the upper resonance level j. Specifi-
cally, in addition to the resonance elastic scattering i — j— i there occurs resonance
inelastic scattering i — j— k, where k is a level above the ground level i which
cannot be populated directly because i — k is forbidden (section 5 ii). The transi-
tions i — j followed by j— k may occur independently, with absorption of a pho-
ton hw =hw,; and emission of a photon A®’ =hw,, or there may occur a two-
photon single transition i — j— k (“stimulated Raman scattering”). The probability
of the latter is proportional to the product of the intensities of the two radiation
fields I(w)I'(@), so that at high intensities it is dominant. Resonance @ = @ is not
essential for the process, but it enhances the cross section greatly.

If the pumping field (usually a laser field, but here a Cerenkov field) at
frequency @ is strong enough to saturate the i — j transition (equalize the popula-
tions in levels i and j), then the level j is much broadened by AC Stark effect. Both
the i — jand j— k transitions are broadened. Moreover the broadened line profile
develops two peaks separated by the Rabi frequency ; =p;E,/2h, where p; is the
transition electric dipole moment and E, is the amplitude of the pump flefd Itis
proposed to explain the broad emission Tines of AGNs (with widths ten times the
narrow emission line widths) as stimulated Raman transitions for a Cerenkov pumping
field at resonance-line frequencies.

Because of anomalous dispersion the condition for a Cerenkov field fu >1 can
be satisfied only for the redward wing of a resonance line where y>1 (Jackson
1975). Thus the pump field will be off-resonance with redward displacement = Q.
From (45) the stimulated emission field also will be off-resonance with an approx1-
mately equal redward displacement. In other words, the broad emission lines have
an intrinsic redshift Q; proportional to the amplitude E, of the pump field. Since E,
varies from resonance line to resonance line the intrinsic redshift will vary from line
to line. In particular, E, will be weakest for high ionization lines owing to low
density of exciting charges. It is also possible for E, to vary from region to region of
the outflow.

There is no stimulated Raman scattering for Lez pumping, but L pumping
gives Ha emission. The threshold condition for the LB Cerenkov field is slightly
more stringent than for the Le field. The values to be substituted into (40) now are

w; =1.83 x10" rads?, g, f; =0.158, giving for thermal velocity 150 kms™
y* ny >3.3x10% cm?.

The existence of a threshold condltlon (40) will mean that certain sources
exhibit broad lines whilst other sources, similar in other respects, do not. The classic
example is the complete absence of emission lines in BL Lacs in contrast to QSOs,
despite their otherwise similar properties. The sudden appearance of broad emis-
sion lines in BL Lac source PKS 0521-36 (Ulrich 1981) suggests that the threshold for
Cerenkov emission, not normally met in BL Lacs, was suddenly exceeded in this
source. The distinction between Seyfert 1 and Seyfert 2 nuclei may be another case.
Without Cerenkov radiation no explanation is apparent. It is possible for the thresh-
old to be exceeded in the core of an outflow but not in the periphery, in which case
broad and narrow emission lines will coexist, as in Seyfert 1.5 galaxies.
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(iii) Intrinsic Redshifts

The narrow-line regions show line asymmetry with excess blueward flux,
whereas the broad lines show line asymmetry with usually excess redward flux.
The excess blueward flux is due to Doppler effect for outflowing gas approaching
the observer (section 5). The excess redward flux is due to superposition of an
intrinsic redshift for the broad emission lines, usually but not always large enough
to dominate the blueshift caused by outflow, because both sets of lines now" origi-
nate in the same outflow.

Sulentic (1989) has made a general study for classification purposes of broad-
line profiles in AGNs, for a total sample of 61 objects. He writes:

Quasars and Seyfert galaxies (and also broad-line radio galaxies) exhibit more complex emis-
sion-line spectra that show both “narrow” (200~800 km s FWHM) and broad (2500-6000
km s FWHM) emission featutes. The fact that the narrow emission lines arise from forbid-
den transitions suggest that these lines arise from gas that is spatially (as well as kinematical-
ly) distinct from the broad line emitting gas. Thus the concept of two distinct zones in AGNs
has arisen. Actually, recent observations suggest that, in many cases, no well defined bound-
ary exists between these two regions; however, the broad (BLR) versus narrow (NLR) distinc-
tion is still clearly fundamental in some way.

These welljudged remarks are precisely what the present theory predicts. Both
narrow and broad lines originate in the same region, and there is a fundamental
distinction between them, but of physical emission process rather than region of
origin or kinematics. The Cerenkov excitation process requires that the lines origi-
nate from levels connected to the ground level by permitted transitions.

Sulentic goes on to remark (omitting references):

Both NLR and BLR profiles are complicated in at least two other ways: (1) they are frequently
observed to be asymmetric and (2) redshifts determined from the NLR and BLR often differ
significantly. The line shifts and asymmetries are now observed both toward the red and the
blue with displacements as large as 5000 km s™ . While existing models can deal with system-
atic red or blueward effects the presence of both greatly complicates the problem. There also
appears to be a systematic blueshift of the high ionization relative to the low ionization, broad
lines in these objects.

Again these observations are in complete accord with what we would now expect.
The broad emission lines originate in outflowing gas because the Cerenkov pump-
ing field exerts strong radiation pressure. Their intrinsic redshift therefore will be
superimposed on a Doppler blue shift, and because in general the redshift out-
weighs the blueshift the asymmetry of the broad lines is toward the red most often.
The lower redshift for higher ionization lines is predicted above (section (i)). The
narrow emission lines are from atoms not subject to resonance-line radiation pres-
sure, so that such atoms fall inwards if they are not entrained in the outflow.
The statistics for 61 sources are summarized by Sulentic as follows:

(a) Only 9 objects show symmetric and unshifted profiles; (b) a large number (15) of displaced
profiles are symmetric, with redshifts twice as common as blueshifts; (c) 35 objects show a
measurable wavelength shift relative to the narrow-line region [O III] (from 120 to 1900
km s™), with redshifts (20) slightly more common than blueshifts; () a shifted profile is very
unlikely to show a blue asymmetry (red asymmetries are 8 times more common); and (e) 37
objects show an asymmetrical profile with red (27) ones almost three times as common as blue.
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(iv)JAnomalous Balmer Decrements

If the broad lines are stimulated Raman scattering for a Cerenkov resonance-
line field then levels connected to the ground level by allowed transitions will be
heavily overpopulated relative to levels populated by recombinations. For recombi-
nations in hydrogen, which is optically thick only in the Lyman lines (case B), the
expected level populations yield line intensity ratios Lo/Ho = 12, Ho/HB = 2.9
and Pa/Hp = 0.3, and hence Lo/HB = 35. The intensity ratios observed are Lo;/Ho =
1-2, Ha/Hp = 3-5, and Pa/HB = 0.3 for QSOs (Soifer et al. 1981), and Lo/HB = 22
for Seyfert 1 nuclei (Clarke et al. 1986). In order to account for the anomalous Balmer
decrements it has been necessary to consider multiple optically thick clouds occu-
pying a small fraction of the volume (e.g. Canfield and Puetter 1981).

On recognizing the Cerenkov excitation mechanism, the problem disappears.
The level populations will depend on the intensities of the resonance lines L, Ly,
etc. Thus Ha is excited by the LB Cerenkov field, whilst both HB and Pa are
excited by the Ly field. The intensity ratio Ha/Hf can therefore be highly anoma-
lous, whilst the intensity ratio Po/Hf must remain normal since both Hf and Pa
originate from the same level. This is observed.

The threshold condition (40) is most easily satisfied for H lines because of the
abundance of H. Less abundant species will require higher values of ¥ to compen-
sate for their reduced abundance, and since there will be less high ¥ exciting charg-
es their Cerenkov fields will be weaker if they exist at all. One notes the role of
thermal broadening in the threshold condition (40); the less is thermal broadening
(for example within velocity-selected shells) the lower the threshold condition.

For 5 Seyfert 1 galaxies Clavel and Joly (1984) found a UV spectrum (1200~
3200 A) rich in emission lines, and in particular Fell emission from levels connected
to the ground level by 5-9 eV resonance lines. The four main emission lines have
different widths and profiles, which they ascribed to various sub-regions with
different physical conditions. However, it is difficult to envisage different kinematic
conditions specific to different spectral lines. The difficulty now disappears, be-
cause the broadening is not kinematical but proportional to the amplitude E, of the
Cerenkov pump field at the particular resonance line.

It should be noted that the stimulated Raman emission will populate fine
structure levels of the ground electronic configuration. Populated fine structure
levels have been observed, although collisions are held responsible. To quote from
Perry et al. (1978):

Of the ions usually observed in absorption, only C II, Si II and Fe II have ground-state fine
structures; thus it is only in systems where these lines are seen that such arguments (density
limits for collisional excitation) can be used. Despite the oft repeated statement that excited
fine structure is almost never present and that therefore upper limits on the density ~10? cm™
are general, when one examines the list of ~230 absorption systems one finds that actually
40% of them contain identifications of any C II, Si II, or Fe II lines and about 20% of that
those that de, show fine structure lines.

(v) Broad-Line Variability

Variable line intensity may be expected for Cerenkov excited lines. Pressure
waves which affect gas density will influence the strength of the Cerenkov pump-
ing field, and hence the emission line strengths. Variability is a feature of the broad
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emission lines (Peterson e al. 1985, Zheng 1988). The continuum and Hp usually co-
vary, but not always. Time scales are a few months to a few years. One assumes that
the broad emission lines originate from gas which is outflowing within the core of
an MVT, the lines being pumped by the Cerenkov field generated by ultrarelativis-
tic electrons also moving outward within the MVT core. Variation in the density of
the outflowing gas will cause the Cerenkov pumped stimulated Raman emission
lines to vary. The synchrotron radiation from the electrons also may vary because
the B, /B, ratio is affected. The velocity of the density wave is unknown but should
be comparable to genetal outflow velocity, perhaps 100 kms™ (see Sulentic 1989).
Then the distance traveled in one year is 3x10™ cm.

(vi) Cerenkov Continuum

An interesting problem is posed by the so-called “blue-UV” bump which is
superimposed on the power law continuum spectrum of QSOs and Seyfert I galax-
ies (Grandi and Phillips 1980, Malkan and Sargent 1982, Oke et al. 1984, Bechtold et
al. 1987). This additional continuum tends to co-vary with the broad emission lines,
an example being NGC 4151 (Antonucci and Cohen 1983). Thus there is reason to
suppose that the blue-UV bump may represent Cerenkov eontinuum.

The threshold for Cerenkov continuum is considerably more stringent than
for resonance-line fields. For the Ha line condition (4) is y’n, >2.3x10”(8w/y;)
cm®, where dw/y; is the thermal broadening factor. It is possible for éw/y;; to be as
small as 200. For continuum emission dw/y; is replaced by ; / Vi =4x10°. Thus

the continuum threshold is a factor 2x10* above minimum threshold. Neverthe-
less, this higher threshold may well be reached.

(vii) Cerenkov Polarization

In the case of Cerenkov radiation one selects a direction of polarization by
direction of viewing relative to the direction of motion of the ultrarelativistic excit-
ing charges because of forward beaming of the emission. The preferred direction of
acceleration, and hence of the E vector, lies in the plane containing the line of sight
and the source axis. This should apply also to Cerenkov stimulated Raman transi-
tions. Osterbrock and Matthews (1986) write:

The emission lines in many AGNs are fairly strongly polarized, and in several Seyfert 1s the
broad lines and narrow lines show different degrees of polarization (Schmidt and Miller
1985).

They suggest electron scattering, but now the explanation is different. The
situation is somewhat analogous to that discussed in section 3(ii) for the polariza-
tion of the synchrotron emission of QSOs.

(viii) Dimensions of AGNs from AC Stark Effect

The observed value for Q; yields a direct value for the amplitude E, of the
Cerenkov resonance-line field within the source. If this can be related to the ampli-
tude of the same field at Earth then a value for R/d can be inferred, where R is
source radius and d source distance. From (42) we have
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2nQ; =p,E, 47)

where p; and E, can be eliminated in favour of g; f,.j and I(a),]) by

3hg,f;€ _cE2
Pi= e H@5)=32 (48)

resulting in

I(o;)= 1337mw Q(8:f) B (49)

Then, by relating pump intensity I(@ ) at source to flux density S(a) ]) at Earth a
value for the ratio of source radius fo source distance d is obtained.

For 3C 273 the equivalent width of Ha is 330 A (Oke 1965). We adopt half this
value for Q;, so that Q; /@, = 165/6562 =2. 5x1072. For LB we have w; = 27{0/11
1.84x10' rad s? and g,f, = 0.158. Then (49) ylelds I( ) 8x10" ergs™ cm?. At
Earth one observes S( ]j 38x102 ergs™ cm™ for LB (Boggess et al. 1979). Hence
R/d =6.9%107'. But for 3C 273 the redshift z=0.158 implies a distance of d =1.46x10”
cm, for H =100 km s Mpc?. Hence R=14x10" cm.

The result is in agreement with source dimensions inferred from the time scale
of most rapid X-ray variability. Kuneida et al. (1990) inferred a dimension 1.5x10'
cm for Seyfert galaxy NGC 6814 from a factor of two change in 2-20 keV X-ray flux
in 50 s. If a reliable independent method of measuring R were available, it would be
possible to use the foregoing argument to obtain an absolute measurement for d,
and hence for the Hubble constant.

8. Summary

It is shown that magnetic vortex tubes (MVTs) , which are essentially vortex
tubes with a magnetic field twisted into helical form and concentrated toward the
wall of the vortex tube (i.e. the core of radius R), plays a basic role in the synchro-
tron jets which emanate from active galactic nuclei (AGNSs), including quasi-stellar
objects (QSOs), BL Lac sources and Seyfert 1 nuclei. The MVTs channel outflows of
gas, rather like the bipolar outflows from stars at an early phase of their evolution,
when they are surrounded by discs. The mechanism of the outflow is exactly the
same mechanism which drives the updraught at the centre of a terrestrial tornado
(Browne 1991, 1993). The outer lobes of radio galaxies are supplied by gas in the
same manner, but because the jets feeding the lobes are viewed transversely to their
axes, the beamed emission in the jets does not intercept the Earth.

In order to account for the synchrotron radiation from these jets, one requires
a mechanism for acceleration of charged particles to >10" > eV, which is in the upper
cosmic ray range, and the mechanism must provide collimated beams of charges in
order to account for the beaming of the synchrotron radiation generated by the
charges. This problem was solved previously (Browne 1985b, 1986, 1988a, b, c).
This mechanism has been reviewed in section 2 of this paper because the produc-
tion of charges with energies in the upper cosmic ray range is essential for the
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Cerenkov broad line emissions from AGNs, was well as for their synchrotron
radiation.

It is argued, again following previous work (Browne 1983), that the broad
emission lines of AGNs are excited by a strong Cerenkov radiation field at reso-
nance line frequencies. The Cerenkov field populates the upper level j from which
the emission line transition j—k arises. The resonance transition i— j and .the
emission transition j— k are not sequential at strong pumping fields, but occur as a
single transition involving two photons, the absorption of a photon hw(= hw,-i) and
the emission of a photon h(u’(= ha)q) This process, stimulated Raman scattering,
has a cross section comparable with resonance fluorescence i — j— i. It has been
thoroughly investigated in quantum electronics in relation to far infrared lasers,
although apparently unknown to astrophysicists. The broadening of the lines is not
of Doppler origin, as commonly assumed, but is due to AC Stark effect associated
with saturation pumping. Due to anomalous dispersion, a Cerenkov field can de-
velop only for the redward wing of the resonance line, the Cerenkov threshold
condition not being satisfied for the blueward wing, so that the broad emission lines
always have an intrinsic redshift comparable to their broadening. However, this
redshift is superimposed on a Doppler blueshift due to the outflow of the gas
toward the observer. Numerous papers have been published attempting to fit the
spectral observations to multiple cloud models, but, however contrived the envis-
aged physical scene, they have not been fully satisfactory. This problem now disap-
pears. So do many other problems, such as the anomalous Balmer decrements.

The outflow is driven by resonance-line radiation pressure, which can persist
for a very long distance from the source. The complexity of the absorption line
blueshifts seen in QSO spectra is attributed to structure within the outflow. Because
of self-screening of the resonance line flux, there is a tendency for the outflowing
gas to split into numerous shells, each with optical thickness about unity to reso-
nance radiation and each driven by radiation in a separate frequency band. The
existence of different redshift systems in the rich absorption spectra is attributed to
gas at different distance which has different ouflow velocities due to the continued
acceleration. Thus, these absorption spectra are all associated with the source, and
are not intergalactic, as often supposed.

It is shown that a dimension for the AGN jets at source can be inferred from
the AC Stark effect, because the Rabi peaks in the line profile are displaced by an
amount which depends on the intensity of line radiation at the source. Comparing
this intensity with that at Earth, and knowing the distance of the source from the
Hubble redshift, one obtains a redshift for the emitting area. A value of 1.4x10" cm
is obtained for 3C 273. An upper limit to source dimension of 1.5x10'? cm has been
inferred for Seyfert galaxy NGC 6814 from the time-scale of X-ray variability (Kune-
ida et al. 1990).

In regard to the problem of intrinsic redshifts, one such effect has been identi-
fied as being superimposed on the Hubble redshift, but it is no greater than the
maximum broadening of the lines. The agreement between the source dimension
inferred from the AC Stark effect and X-ray variability tends to confirm that the
sources really are at the distances indicated by the Hubble interpretations of their
redshifts. The problems of large discrepancies between emission and absorption
line redshifts has been resolved by recognizing that the outflow velocities can be
relativistic. Nevertheless, there remains one other type of intrinsic redshift for QSOs,
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which can be comparable to the Hubble redshift, and which will be discussed in a
subsequent paper.
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Gravitational N-body experiments can be used to simulate the stability of model
galaxies, the evolution of disk-shaped galaxies, and spiral structure. However, they
usually suffer from overheating (i.e., large velocity dispersions of the interacting
stars), and non-flat rotational curves. For the N-body simulations to agree with obser-
vation of actual normal galaxies, it is necessary to assume the presence of a large
spherical slowly rotating subsystem (a halo) with the bulk of the galactic mass. An
Alfvén model based on the interaction of two galactic-sized plasma filaments (or
equivalently, two inviscid fluid vortices) may explain interesting features of galactic
morphology including double radio lobes and the presence of extragalactic jets from
classic double radio sources.

1. Introduction

One of the most important problems in stellar dynamics is to construct models
of stable flattened galaxies which have properties consistent with observed ones in
actual collisionless galaxies of stars. Gravitational N-body experiments, in spite of
shortcomings due to the finiteness of the number of particles, yield interesting
information on the stability of model galaxies (see Bardeen 1975, Bertin 1980, and
Athanassoula 1984 for reviews). Galactic simulations can also be used to trace the
evolution of disk-shaped galaxies and the development of spiral structure.

Three methods are currently employed to simulate evolution of collisionless
disk galaxies by N-body experiments. Miller et al. (1970) and Quirk (1971) proposed
a model that is doubly periodic in which the forces, star positions, and velocities are
allowed to attain only discrete values; stars jump between integer values of position
and velocity. A typical disk contains about 10° total particles. In the experiments of
Hohl (1971a,b; 1972), the disk plane was covered with a difference grid. The stars
within the grid cell did not interact gravitationally; the potential at the center of
each cell was then computed, and the particles moved under the action of a force
equal to the gradient at the centers of cells. These simulations utilized a relatively
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large number of particles (typically of the order of 10°~10°) to represent the 10"
stars in an actual galaxy; each particle is then considered to be a cloud of stars of 10°
to 107 solar masses. Miller et al. and Hohl used a fast Fourier transform technique to
solve for the gravitational potential. Ostriker and Peebles (1973), Morozov (1981a)
and Grivnev (1985) investigated the evolution and final stationary states of a series
of models for an isolated disk of stars by direct integration over a time span of
equations of motion

ﬁzii__:_'___
dtz N i [(;‘; _ )2 +r;2]% (1)

The cutoff radius r. of the Newtonian potential is introduced in order to eliminate
collisions between the model particles. It is so specified to ensure that the system
remains collisionless throughout the time interval covered by the calculation. This
“softening” parameter reduces the interaction at short ranges and puts a lower limit
on the “size” of the particles, i.e., the stars in the system can no longer be considered
as point-masses.

Initially, the evolution of infinitesimally thin systems in cartesian coordinates
was simulated. Hockney and Brownrigg (1974), Hohl (1978), Morozov (1981b) and
Miller (1985) included both the z-motions of stars and a spherical nonrotating sub-
system. Miller (1976) has simulated disks by performing the calculations in polar
coordinates.

w1
4

Enl)

2. Numerical Experiments: Initial Conditions

Linear stability analysis demonstrates that an infinitely thin disk will be local-
ly Jeans-stable against small-scale axisymmetric perturbations of gravitational po-
tential and density only if the radial-velocity dispersion of random velocities of
stars exceeds Toomre’s analytical limit (Toomre 1964; see also Bardeen 1975, Bertin
1980, Athanassoula 1984 and Fridman and Polyachenko 1984),

or =336 @

where n,(r) is the local surface density, y = 2Q[1+(r/2§2)(d§2/ dr)]}é is the local epi-
cyclic frequency, and Q(r) is the angular velocity of disk rotation. Toomre’s criteri-
on (2) is the local stability criterion which applies to axisymmetric ring or tightly
wound spiral modes. It does not take into account the effects of tangential forces. In
order to suppress the axisymmetric instability that would cause the disk to break
up, numerical experiments superpose random radial and azimuthal velocities, with
dispersions equal to or a little more than the one from (2), on the particle circular
velocities v, =rQ. The model disks jnitially conform to several different surface-
density distributions n(r)~(1—r2/ L2) : a nearly homogeneous disk; a power law
disk with n(r)~r""; and, according to observations, a series of exponential disks
n(r) ~ exp(—1/L). For actual galaxies that are seen in the sky, collisional relaxation
times due to binary star-star encounters are several hundred rotation periods of the
system (Chandrasekhar 1942). For the parameters used in the simulation, the model
can also be considered collisionless for tens or hundreds of rotations (Hohl 1973).
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3. Numerical Experiments: Principal Results

As all computer simulations show, the model evolution, irrespective of the
initial distribution, entails primarily a reorganization of the system toward a state
where in the final quasi-steady state the surface density approaches the sum of two
exponentials (Hohl 1971a, b 1972). One exponential describes the central core com-
ponent and the other the extended disk (Bardeen 1975). The original axisymmetric
shape of the disk becomes distorted into a barlike structure similar to elongated
elliptical galaxies or to the bars of Type SB galaxies. As the model evolves during 2-
3 rotations the spiral structure will develop. The spiral arms are evidently density
waves and not material arms, since test particles pass right through them (Miller
1971, Grivnev 1985). In many cases, initially the normal spiral modes of two tightly
wound arms grow exponentially; the growth then saturates and the unstable spiral
modes are converted into bars. Bar formation is a partial gravitational collapse
(Jeans instability); angular momentum must be lost in order that contraction can
occur (Lynden-Bell and Kalnajs 1972). Two unexpected results are obtained. (1) The
system heats up very quickly. The stars quickly acquire large random velocities ~ 2~
3 times more than Toomre’s criterion, equation (2), predicts. (2) In a steady state the
velocity dispersion at the edge of the disk is equal to half the circular velocity. In
real normal galaxies such large velocity dispersions are not observed. For example,
according to Hohl (1972) and Miller (1978), the model steady-state velocity disper-
sions scale ~150 km s™ in the center of the galaxy and ~ 60 km s™ at the edge. This
is in contrast to ~30 km s™ observed in the neighborhood of the sun in our own
Galaxy.

With regard to the first difficulty, the explanations are speculative (see next
section); with regard to the second, there must be something present to stabilize a
model galaxy (Miller 1976). The principal stabilizing factor would evidently be a
spherical component (a central bulge and/or an extended halo subsystem) which
can be called the halo (Ostriker and Peebles 1973, Morozov 1981b). According to
calculations of Ostriker and Peebles, a disk is stable against bar modes only if a
substantial part of the mass of the system is in the form of the halo. The computer
simulations agree with the observed value for ratio of the velocity dispersion to the
circular velocity in the solar vicinity in the event that M;;/M,, =2 where M, and
M, are the masses of halo and disk. A halo strongly concentrated toward the center
will exert the best stabilizing effect (Morozov 1981b). The addition of a nonrotating
massive core/halo component shows that multiarmed tightly-wound spiral struc-
ture develops and persists for many rotations in an evolving manner (Hockney and
Brownrigg 1974, Hohl 1978).

4. Stability of Stellar Disks

To describe the collisionless star disks of galaxies, the Boltzmann kinetic and
Poisson equations will be used. Let 5 and Jf be the amplitudes of small perturba-
tions of the gravitational potential and distribution function, respectively. The line-
arized kinetic equation becomes (Shu 1970, Bertin 1980, Morozov 1981b)

5r=% 5(I>[r(t)]+z[(w mn)af°+29m‘9f°] [arsa[reym )
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where E=1(u?+v?), and u and v are the radial and azimuthal components of the
peculiar velocity, respectively. Also,  is the frequency of the excited waves, and f,
is the steady-state distribution function. Equation (3) and Poisson’s equation give a
complete statement of the problem of the modes of a disk. These modes are either
normal spiral modes or barred and spiral modes in transition, depending on the
properties of the equilibrium model (see Lin and Bertin 1984 and papers cited
therein). The role of spiral modes is to carry angular momentum from the inner
parts to the outer parts of the disk (Lynden-Bell and Kalnajs 1972). Numerical
experiments have confirmed this prediction (Sellwood and James 1979). The Jeans
instability, by increasing the random velocities of the particles, brings the disk to
the limit of gravitational stability. Therefore, the spiral waves in computer-generat-
ed galaxies are short-lived, and dissipate after 2-3 rotations of the system.

Thermodynamically, under the action of growing spiral waves, the energy of
the star’s random motions will increase. That is, the velocity dispersion will in-
crease and the system will approach a steady state (Lynden-Bell and Kalnajs 1972).
Carlberg and Sellwood (1985) investigated with a computer model the process of
the increase of random velocities by the interaction of stars and unstable spiral
waves.

To second order in the asymptotic theory of Lin et al.(1969), Equation(3) and
the Poisson equation give the following relation for small arbitrary nonaxisymmet-
ric perturbations (Bertin 1980, Griv 1992a)

, d26®

47 Tk r)s0=0 ()

€

where €* «1 and k is the wave number. The complex eigenvalues o of the discrete
spiral modes are determined from equation(4) by means of the “quasi-classical
quantization rules” of Bohr-Sommerfeld. This has been done in fluid dynamics and
in stellar dynamics (Bertin 1980). For weakly inhomogeneous stellar systems of
galaxies a discrete spectrum will differ little from a continuous one, and in the
zeroth approximation may be regarded as continuous. In this approximation, omit-
ting the first term in equation (4), we obtain the generalized dispersion relation.
This relation for axisymmetric perturbations coincides with the well-known Lin-
Yuan-Shu dispersion equation (Lin et al. 1969), and in the simplest case describes
two ordinary gravitational (Jeans) branches of oscillations (Morozov 1981b, Grivnev
1988). Using the dispersion relation, we can obtain to second order in asymptotic
theory a generalized stability criterion: In order for arbitrary nonaxisymmetric per-
turbations to be stable, the value of the stellar radial-velocity dispersion o(r) should
satisfy the inequality (Morozov 1981b)

%

.

6201{[l+

Here o is Toomre’s limit, equation (2), and A =r(9Q/dr)/4Q; ¢ is the pitch
angle of spiral arms, kp=yx’/2nGn,; L=dnn,/dr, {=aIn(2Q/x)/dnn,;
n=dlnc/dinn,. Griv (1992a) has obtained the value of critical dispersion in the
next order of asymptotic theory. The stabilizing effect of the disk’s thickness was
determined by Toomre (1964) and Shu (1970). Grivnev (1988) has considered the
effect of stellar drift motion on the stability of the system. The oscillation and

A 2 A sing
" |t —11n)>—x
1+/’L' an go:l +(1+¢-11n) WL










Computer Simulations of Galaxies 243

the N-1 other bodies, and the interactions must be carried out for each of the N
bodies. Hence the number of operations per time step o« N?, which for a typical run
of 10° particles and 10* timesteps may take as long as a month to run. By introduc-
ing a grid into the calculation, each particle’s charge is accumulated on the grid
points and the field equations are solved. Forces are then interpolated onto the
particle position, and the run time is considerably reduced. This is the particle-in-cell
approach.

Particle-in-cell methods have been employed successfully in gravitational N-
body experiments, but their application to plasma physics problems is more devel-
oped. With suitable particle shaping, charge and current allocation, and field solv-
ing algorithms, particle-in-cell codes can push a large number (> 10°) of particles a
significant amount of timesteps (> 10*). Consider, for example, three-dimensional
particle-in-cell simulations of interacting galactic-sized plasma filaments with mag-
netic-field-aligned electric currents (Peratt 1992). This describes a nonstandard as-
trophysical (but standard plasma physics) Alfvén model of a plasma universe threaded
by field-aligned plasma currents and filaments (Figure 2). The simulations show the
attraction and eventual coalescence of two field-aligned current filaments into an
object whose cross-section is strikingly similar to a spiral galaxy. Some interesting
features of the simulations are: (1) no center massive galactic halos are required to
keep the galactic system stable, (2) results of synchrotron emission suggest that the
isophotal contours may be identified as double radio lobes, and (3) the rotational
velocities of the galaxy are flat, i.e., consistent with present-day observation without
requiring the presence of dark matter (Figure 3).

The isophotal contours of the synchrotron emission from a typical simulation
are plotted in Figure 4 as an increasing function of time, spanning 10.7 to 58.7 Myr
after the start of the filament interaction. Initially, the current is uniformly distribut-
ed over each pinch, but, after a few Myr, the current density hollows out. The most
intense current is then at the outer boundaries.

The monochromatic power of quasars and double radio galaxies spans a range
of about 10* to 10* W. For example, a ‘prototype’ double radio galaxy Cygnus A
has an estimated radio luminosity of 10¥ W. Together with the power calculated
from the simulations, the simulation isophotes are in good agreement with those
observed from this object. Figure 2 may suggest that double radio lobes in galaxies
are not unrelated, and may belong to the same species of object seen at different
times in its evolution.

The simulations of the two interacting Birkeland currents discussed here ares-
imilar to the interaction of two magnetically confined electron columns in the labo-
ratory (Driscoll and Fine 1990). This phenomenon, in turn, is known to be an
excellent experimental manifestation of the two vortex instability in a constant
density, inviscid fluid. This instability accounts for the pairing (and merger) of two
isolated vortices into a larger structure with well-developed spiral arms. It is known
that the two-dimensional drift-Poisson equations governing a magnetized electron
column are isomorphic to the Euler equations governing a constant density inviscid
fluid (Levy 1965, 1968). Surface charge perturbations on the electron column (dioco-
tron modes) are equivalent to surface ripples on extended vortices; unstable dioco-
tron modes on hollow electron columns are examples of the Kelvin-Helmholtz
instability. Simulations of two interacting field-aligned current filaments (Peratt
1992) would also describe the interaction between two vortices in a constant-
density, inviscid fluid.
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An interesting feature of double radio sources is the presence of jets, or colli-
mated supersonic outflows of plasma (e.g., Burns et al. 1991). Class II sources usual-
ly have only a single jet present, and this jet typically points towards one of the
lobes. One explanation for the absence of a second jet has been a relativistic beam-
ing effect. In the filamentary plasma model, jets are likened to sheet beams which
filament into current bundles because of the diocotron (or Kelvin-Helmholtz) insta-
bility. In this scheme, the absence of a second jet follows from the fact that synchro-
tron radiation from the channel plasma in the simulations is possible only when the
polarity of the induction field in the channel is correct (Peratt 1986). An explanation
for jet production in this model (or, equivalently, the constant density inviscid
Eulerian fluid model) may be inferred from the experimentally observed interac-
tion between charged vortices produced by nucleation in a cloud chamber (Wong et
al. 1991). Such a system is known to produce jets of charges due to the conservation
of flux and the conservation of angular momentum.

6. Discussion

The circumstance between criterion (2) and the radial-velocity dispersion which
was obtained from numerical experiments results from Toomre’s neglect of nonax-
isymmetric perturbation instabilities. The tendency of numerical N-body systems to
get hot (typically, the velocity dispersion at the edge of the disk is about half the
circular velocity) may be due to the neglect of stabilizing factors [i.e., a central
massive bulge or extended halo]. The way to construct stellar disks which are stable
against bar modes and have properties consistent with observed ones is to put a
bulk of the galactic mass in a spherical slow-rotating subsystem.

Gravitational N-body simulations require a halo mass in flat galaxies to be
somewhat larger than the mass of the disk; in our Galaxy the spherical component
mass is about twice that of the disk mass. Up to now, no direct observational evidence
for such massive halos has been found. Marochnik and Suchkov (1969) investigated the
spiral density waves in a model galaxy consisting of rotating and nonrotating
subsystems. It has been shown that the Cherenkov instability (i.e., inverse Landau
damping) in such a galaxy develops just like it would, for example, in a plasma.
This instability is a kinetic one and is not associated with the gravitational Jeans
instability. It arises from the interaction between resonant stars of the nonrotating
subsystem with the wave field. In principle, this resonant instability may explain
the appearance of long-lived sprial structure in a disk with a massive halo seen in
the computer experiments of Hockney and Brownrigg (1974). This question has not
been studied in detail eitherin computer simulations or in theory.

A direct numerical integration of the collisionless Boltzmann and Poisson
equations, which are free from the shortcomings of numerical experiments (the
finiteness of the number of particles) and of analytical methods (the difficult task in
the nonlinear regime), has been proposed by Fujiwara (1981) as another approach to
investigate the stability of galaxies. However, the results of a Boltzmann simulation
are almost the same as an N-body calculation (Nishida et al. 1984). Note that the
gaseous component may play an important role in the development and stability of
spiral structures (Fridman and Polyachenko 1984).

Gravitational N-body calculations assume that gravitational forces are the
overriding influence on galactic morphology. Large-scale magnetic fields (of order
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of tens of uG) have now been observed and carefully measured in spiral galaxies
(Beck 1986). The fact that these fields tend to follow the orientation of the optical spiral
arms in the form of large-scale (~ tens of kpc) filaments may suggest that magnetic
fields may play a more important role in spiral galaxies than is believed today. For
instance, based on observations, Arp (1986) argues for a mass ejection model from
central regions as the explanation for spiral galaxies. This concept (Bucerius 1938)
postulates that spiral arms represent material streaming out of two diametrically
opposed points on a rotating disk. The gaseous matter (which should at least be
partially ionized) might be stabilized in these arms by the large-scale magnetic
fields.

It is interesting to note that the ejection model for spiral arms may be consist-
ent with the plasma simulations (Peratt 1992) if we adopt the mathematically equiv-
alent scenario that the simulations describe two interacting fluid vortices (Section
5). In this case, the interactions of the two vortices would cause material outflow out
of the system in the form of spiral arms even without the presence of a magnetic
field. The interaction of two nonneutral electron columns in the laboratory (Driscoll
and Fine 1990) can be used to model the interaction of two vortices in a fluid
without, for example, the disturbing effects of a boundary layer. The experiment-
ally observed morphology of the system during the merging of the two vortices
agrees very well with the simulations of Peratt (1992), and demonstrates the forma-
tion of long-lived spiral arms.
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Are There Gamma-Ray Burst Sources
at Cosmological Distances?

W. Tkaczyk

Institute of Physics, University of £6dz
ul. Pomorska 149/153, 90-236 £6dz, Poland

The experimental data for gamma-ray bursts are reviewed and discussed from the
point of view the localization of sources. The spectral features in the 60 keV and 400
keV energy ranges, as well the time history (0.2 ms time variations) favour a Galactic
source distribution. The dipole and quadrupole moments show isotropic distribution
inconsistent with the disk neutron star population. The BATSE test results indicate an
inhomogeneous cosmological source distribution. The difficulty with the convention-
al cosmological model is that the extremely luminous objects must be very compact.
No known extragalactic objects have the spatial distribution observed for gamma-ray
burst sources. This may point toward unconventional cosmological models.

1. Introduction

Gamma-ray bursts (GRBs) are short flashes of hard photons with energies of
10 keV to few tens of MeV, and thus have the hardest spectra of any known class of
astrophysical objects. Gamma-ray bursts have remained an enigma for two dec-
ades. In the last five years, a distribution hypothesis favouring an extragalactic
location of GRB sources has gained a large number of followers (Paczyfiski 1991).
Gamma-ray bursts were discovered in 1969 by the Vela satellites, originally de-
signed to detect GRBs from nuclear explosions above the atmosphere. The discov-
ery paper by Klebesadel et al. (1973) was publistied four years later, when the
authors were finally convinced that the bursts they saw were from cosmic sources.
In the twenty years since the discovery of gamma-ray bursts was reported, a rich
collection of data on several hundred events has been accumulated from the KONUS
experiment (Mazets et al. 1981, 1988). The spectroscopic study of gamma-ray burst
spectra on the Solar Maximum Mission (SMM) satellite (Nolan et al. 1984, 1983) has
given renewed impetus to the quest to understand the origin of these events. For
detailed discussions of the experimental data on gamma-ray bursts, see review
articles by Mazets and Golenetskii (1988), Nolan et al. (1984), Teagarden (1984) and
Harding (1991).

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 249
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The most powerful laboratory providing recent measurements of GRBs is
BATSE (Burst And Transient Source Experiment), launched in April 1991. BATSE
consists of eight uncollimated detector modules arranged on the corners of the
Compton Gamma-ray Observatory to provide the maximum unobstructed view of
the celestial sphere. In full operation, the experiment detects about one GRB per
day. The number of GRBs from BATSE has exceeded the number of events detected
by any other experiment to date.

Measuring the energy spectrum from bursts provides additional information
about their origin. In the burst, both the continuum emission and the spectral
features are characterized by rapid variability. The spectroscopic study of gamma-
ray spectra from the KONUS experiment (Mazets et al. 1981), GINGA, SIGNE and
from the Gamma-ray Spectrometer on the Solar Maximum Mission (Nolan et al.
1983) have provided rich material on their characteristic features. The spectra of
many bursts contain absorption (E <100 keV) and emission (E =350-450 keV) fea-
tures which have been interpreted respectively as broad cyclotron scattering and
gravitationally redshifted annihilation lines (Mazets et al. 1985). This favours a
neutron star as the source of gamma bursts. One of the most important results from
the both KONUS and SMM experiments is the fact that some classes of bursts have
hard tails in the energy spectrum. The hard spectrum begins near the energy range
400-500 keV.

Before the BATSE era, a consensus had developed that GRBs originate on or
near (magnetic) neutron stars. This conclusion was based largely on the > 8 sec
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Figure 1. Examples of GRBs lacking fine time structure observed by BATSE (Fishman et al. 1993)
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oscillations seen in the tail of the March 5, 1979 event and the rapid intensity
variation seen in many other events. The low-energy features (= 50 keV) reported in
30% of events and interpreted as absorption or emission cyclotron lines, and the
high energy (400 keV) features reported in about 7% events and interpreted as a
redshifted pair annihilation line, also support neutron stars as a source of GRBs.

The data from GINGA and BATSE experiments, which registered GRBs with
higher sensitivity, show that the sources are isotropically distributed on the sky.
These results support either a close local or a distant cosmological distribution.

The new characteristics discovered by activated experiments were followed
by a wide variety of theoretical ideas to explain the origin of the bursts.

The primary reason for the persistent aura of mystery surrounding GRBs is
that their distances are not known. The one important question which GRB models
have, as yet, not answered is: What are the sources of gamma-rays bursts? It is quite
easy to propose a model in which part of the energy is emitted in this energy range,
but relatively difficult to say why almost all the energy output is in gamma-rays.
The gamma-ray production process requires a relativistic plasma in the source, and
this plasma should also produce substantial luminosity in X-ray or optical wave-

lengths.
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Figure 2. Examples of GRBs with complex time profiles observed by BATSE in energy range 60
keV to 300 keV (Fishman et al. 1993)
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2. Time History

The time history of bursts has a complicated structure, and can be extended
from several milliseconds up to a few hundred seconds. The time history or light
curve of typical GRBs is characterized by a decay phase which may be quite com-
plex and multipeaked. The duration is measured from the beginning of the rise to
the time when the decay phase reaches noise level. The observed time profiles of
gamma bursts show an enormous diversity in overall shape, pulse structure and
duration. The duration of a typical GRB is in the range from a few ms to few
hundreds of seconds, with a mean duration 15 s. A few examples of the variety of
GRBs observed by BATSE (Fishman et al. 1993) are shown in Figures 1 and 2.

Recently, an extremely short rise time ~ 0.2 msec was recorded (Cline et al.
1980) in the time history of GB790305. This burst is unique in that it was the first
event observed from the source, which is positionally coincident with the radio
source N49, a supernova remnant in the Large Magellanic Cloud. The decay phase
of this burst also showed at least 22 cycles of strong 8 s periodicity (Mazets et al.
1979, Barat et al. 1979). This last feature can be interpreted as the precession or
rotation of a neutron star.

BATSE experiments have found some evidence for a sub-millisecond struc-
ture in GRBs (Bhat et al. 1992). The extremely short time-scale variability (~0.2) msec
has been detected in GB910711, in the absence of relativistic beaming. Such a fast
temporal structure limits the emission region to =60 km, suggesting a compact
object (neutron star).

3. Spectral Features

Observations of the spectra of GRBs are usually performed with satellite-
borne scintillators. The response functions of these devices are complicated. The
observed photon count-rate spectrum is really a convolution of the true GRB spec-
trum with the instrument response function. Thus, the estimate of the incident
spectrum from the data and the detector response function is nontrivial. As a result
of these problems, the shape of GRB continua remains highly controversial, and still
not confirmed by all experiments.

The spectra of GRBs are remarkable in that nearly all of the emission is in
gamma-ray energies. The earliest observed GRB continuum spectra appeared to be
thermal, with temperatures of a few hundred keV derived from fits with thermal
bremsstrahlung models (Mazets et al. 1981), and are in general variable over the
burst duration. Golenetskii ef al. (1984), based on an analysis of GRBs in the KONUS
catalogue, suggested that there is a correlation between temporal variability of
luminosity and temperature in many bursts. This has been confirmed by data from
SIGNE and PROGNOZ 9.

The gamma-ray spectrometer on SMM confirmed early indications that a
power-law component was required to fit some spectra above 400 keV (Matz et al.
1985). From the SMM data, it was determined that most bursts have this high
energy emission, and that most of the burst energy is above 1 MeV (hard tail).
Continuum spectra of GRBs seem to be variable on time scales as short as the
detector resolution time. In general, for the wide energy range, the spectra are fitted
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by a broken inverse power-law model with X-ray photon number index yx =1 and
a gamma-ray spectral index y, varying from 1.5-3.

The transition between the X-ray and gamma regimes occurs between 100 keV
and 1 MeV, suggesting a link between the shape of GRB spectra and the rest mass-
energy of the electron. This is a strong indication that annihilation processes can
essentially contribute photons to GRB spectra. The most convincing evidence for an
annihilation line in GRB spectra was obtained by KONUS for burst GB 790305. The
line shows asymmetric features at 43030 keV which clearly stand above the
continuum and have a relatively high statistical significance ~ 50. The SIGNE team
data provided confirmation of annihilation lines in this burst (Cline 1984). The
emission features appear in spectra of 10-20% of GRBs at energies of 350400 keV.
Only the SMM detector did not register emission line features in any of its GRB
spectra. The annihilation features appear to be variable from burst to burst, and, in
particular, in bursts on time scales that are short compared to the total burst dura-
tion. In some cases the annihilation lines are so narrow that required pair tempera-
tures are much lower than the continuum temperatures. In other cases, the features
can be fit with broad line profiles (hard tail) which may contribute significantly to
the continuum above the line. In a paper by Tkaczyk and Karakula (1985), we
proposed annihilation of unthermalized plasma as the mechanism producing GRB
spectra with line and hard tail features. Recently, we have found the peak energy
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Figure 3. Spectra of electron annihilation for different positron temperatures.
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and widths of spectra which are significantly different from annihilation of unther-
malized (T,, #T,_) electrons and positrons (Tkaczyk and Karakula 1985, 1987), in
comparison to the case when plasma is thermalized (T,, =T, ). Figure 3 shows, as
an example, the spectra of electron annihilation at a temperature T, =10%° K for
different temperatures of positrons. We have shown that the nine GRB spectra with
hard tails measured by KONUS, SMM and HEAO A-4 experiments have good fits
with thermal bremsstrahlung in soft energy regions, and annihilation lines of non-
thermalized plasma in hard energy regions. We argue that conditions for the exist-
ence of nonthermalized plasma occur close to the surfaces of neutron stars. There
are two possible cases where positrons will not thermalize with electrons: with
injection by turbulent motion of hot positrons or electrons into a colder plasma
region, the positrons are additionally heated (accelerated) by an electric potential
caused by the charge separation between light electrons and heavy protons in the
stationary Eddington limited matter accreting onto a neutron star. In my opinion,
the fact that some of the BATSE spectra cannot be fitted by a single power-law
(Schaefer et al. 1992) is a weak indication that these can also be fitted by our model.
Figure 4 shows, as an example, KONUS GB191178 and the best fit spectrum by our
model.

In the KONUS catalogue (Mazets et al. 1983, 1981), 30% of the GRBs show
single-absorption features at energies between 20 and 60 keV. The data from the
GINGA spectrometer have confirmed these features by detecting double-absorp-
tion lines in three GRBs (Murakami ef al. 1988). Absorption features also have been
detected in GB780325 by HEAO-1 (Heuter 1988). The interpretation of these fea-
tures as cyclotron absorption or emission lines implies strong magnetic fields in the
range 2-5x10'2 G and a magnetic neutron star origin for them. There are no known
astronomical objects except neutron stars having such strong magnetic fields. Al-
though this result leads us to conclude that GRBs originate from neutron stars in
our Galaxy, the distance to the objects is still unknown. In strong magnetic fields the
effective temperature of positrons is higher than the temperature of electron pairs
(Tkaczyk and Karakula 1992).
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Figure 4. KONUS GB191178 and the best fit photon spectrum from the present model (full line
from annihilation process and broken line from bremsstrahlung)
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4. Spatial Distribution

One simple method to estimate the distance to the sources of GRBs is to plot
their distribution on the sky. If we find an anisotropy in their distribution similar to
the clustering in the Galaxy or Local Group of galaxies, we can estimate the distance
scale. Three previous sky distributions have been obtained from the KONUS, inter-
planetary network on the PVO, IC3 Helios and VENERA satellites and BATSE for
153 bursts (Meegan et al. 1992). The plots did not show any anisotropy and were
consistent with a uniform sky distribution (Klebesadel et al. 1982, Atteia 1987,
Golenetskii 1988). Constraints on the source distribution can also be obtained from
measurements of the dipole and quadrupole moments of the source distributions.
The dipole moment is proportional to cos@, where 0 is the angle of the source with
respect to the Galactic Centre. In the case of a uniform distribution of detectable
sources, it should be cos8 = 0. The quadrupole moment is proportional to sin’b- %,
where b is the galactic latitude, and in a uniform distribution of sources, the mean
sin®b is equal to %. For BATSE bursts (Meegan et al. 1992), cos 6 =-0.002+0.006, as
compared with 0+0.046 for an anisotropic distribution and sin? = 0.31+0.006,
compared with 0.333+0.023 for an isotropic distribution. Another method widely
used for estimating the distance scale is a logN(>5)-logS plot of GRBs, where S is
the luminosity of the GRBs and N is the number of detected events from the whole
sky above a certain level, S, of intensity. The intensity of sources can be expressed
by their luminosity L and distance r

L
S=—r>s 1
4nr’ @
The number of detected events N(>S) can be expressed for a spherical distri-
bution of sources with density p by

4 L 3/2 .
NG S)=p§n(71;) 52 2

For sources distributed in a disc with thickness #, it is

L
— 2 - —
N(>S)=nr*hp=ph e 3)

In most cases of balloon-born experiments, this type of analysis has shown a
break in the shape the logN-log$ relation. But this can be caused by limitations on
the detection response and sensitivity. To overcome the difficulties between the sky
distribution and the logN-log$ relation, a test called V/V,,, is applied. The defini-
tion of V/V,_,, is as follows: the counting rate in maximum light curve from a source
with luminosity L and at distance r is:

L 2 nL
C =N— = ,
max = e A T T @

Minimum counting rates are from sources at 7,.,,, so the number of GRBs relative to
the threshold of the detector is given by equation (7),



256 W. Tkaczyk

n-L
C. = , 5
min 4zr-r2mx ©)

The distance to the GRB source with a counting rate at maximum light curve C,, is

C.
= . mml 6
T =T —Cmax 6)
-3/2
4 3 C
N==.1-p-1>. .| —max
3 7P Tmax (Cm) @)

The V/V,,., expressed in terms of radius and counting rate is

Cou | () 2V ®
Cmin B Tmax - Vmax ’

Although instrumental sensitivity affects the values of C_;, and C,,, the
value V/V,,, does not depend on the sensitivity of each detector because variations
in C,,, from burst to burst are due mainly to the incident angle, and changes in the
background are taken into account, so the value V/V,_, does not depend on chang-
es in background and sensitivity threshold. If the distribution of GRB sources is
uniform in a volume, the values of V/V_,, should be uniformly distributed between
0 and 1. Thus the mean V/V,,, is expected to be 0.5.

5. Discussion and Conclusions

The results of the V/V,, test are summarized in Table 1. It is clear that all data
are significantly different from the 0.5 value predicted by homogeneously distribut-
ed sources of gamma-ray bursts. From BATSE, the power index of the plot logN-
108C1ax /Crnin is —0.8 (Meegan 1992), and does not follow the —% power law expect-
ed for a spherical extended homogeneous distribution of sources. There is a statis-
tically noticeable deficit of weak bursts.

The mean value V/V_, indicated in Table 1 from this experiment is not
consistent with a homogeneous source distribution. Bearing in mind measured

Table 1. V/V,,, test results from different experiments

Experiment VIV ax
KONUS 0.4310.024
Solar Maximum Mission 0.40£0.03
Pioneer Venus Orbiter (PVO)  0.4610.024
Single, Apex and Lilas 0.43+0.024
GINGA 0.3510.035
BATSE 0.348+0.042

0.330.02
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dipole and quadruple moments, which are consistent with isotropic distribution,
this is a strong indication that GRB sources are at cosmological distances. Detailed
comparisons show that no known galactic objects have a spatial distribution that
satisfies the BATSE data. Sources distributed in the disk would produce unaccepta-
ble quadrupole moments for distant objects or unacceptable V/V, . for nearby
displacements (Paczyiiski 1990). Nearby extragalactic models have difficulty with
the lack of correlation with objects in the Local Group and Virgo cluster. Local
Galactic models require energy output of 10¥ erg, and assume that sources are
neutron stars. This provides a very good explanation of the spectral features and
time variation. The cosmological models need more luminous sources ~10°' erg. No
known extragalactic object is so compact. If the BATSE data are not an apparatus
effect, the results indicate that GRB sources are an unknown class of object. Their
existence may suggest a non conventional model of the Universe.
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Gamma-Ray Emission Regions in AGNs
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In the cascade model for the production of gamma-radiation from AGNs one
would expect gamma-ray flux as well as radiation at other wavelengths to vary.
Recent observations provide strong evidence for variability of high-energy gamma-
ray flux. In this paper we suggest a technique for calculating gamma-radiation vari-
ations in the cascade model. The results obtained are in agreement with available
data. By considering mean gamma-ray spectra and their variations together, one can
obtain more detailed information about the structure of gamma-ray emission regions
in AGNSs.

Key words: gamma-rays — AGN: NGC 4151, 3C 273, 3C 279 — cascade model

1. Introduction

Since Seyfert galaxies were recognized as galaxies having unusually luminous
nuclei with strong broad emission lines, and quasars were identified as distant
extragalactic radio sources, with similar strong emission lines, all the evidence has
tended to indicate these are not different kinds of objects, but physically similar
entities. Both observation and theory increasingly show the continuity of physical
appearance from the least luminous Seyfert 1 galaxies to the rarest but most lumi-
nous types of AGNs—quasars and QSOs. Recent observations using high-quality
digital detectors and subtraction techniques have enabled a number of authors to
detect faint galaxy images surrounding AGNs previously described as quasars or
QSOs (Osterbrock 1991). What were previously regarded as seperate phenomena
have been shown to be different manifestations of the same underlying physical
process, distinguished by luminosity, observer distance, orientation or physical
environment.

Attempts have been made to incorporate all observed nuclear activity within a
unified framework (Blandford 1990). In the general theory of AGNSs, one of the most
important parameters controling AGN properties is the rate of accretion onto a
black hole. The black hole hypothesis is supported by much of the evidence, but it
lacks definitive proof. The nature of the source of power that produces a continuum
(from radio to gamma) nonthermal spectrum with a highly variable flux in many
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wavelength ranges is the main astrophysical problem posed by AGNs. Gamma-
quanta of ultra-high energies have been detected from AGNs: up to 5 GeV from
quasar 3C 279 (Hartman ef al. 1992), up to 1 TeV from BL Lac object Mkn 421 (Punch
et al. 1992). The radio emission consists of synchrotron radiation produced by rela-
tivistic particles in a strong magnetic field. This—along with the apparent superlu-
minal expansion and relativistic jets observed in some blazars and quasars—pro-
vides strong evidence for an acceleration of particles up to relativistic velocities in
AGNSs.

Obtaining observations of the gamma-ray radiation and interpreting the ob-
servations are both problematic. The sources are not resolved in gamma-rays, and
the region where radiation is generated is unknown. Numerous mechanisms have
been suggested for producing gamma-radiation in association with active galactic
nuclei and quasars; a sample of these is discussed, for example by Hartman et al.
(1992). The most widely studied mechanism is the so called synchrotron self-Comp-
ton (SSC) model (Grindlay 1975). According to the model, gamma-quanta are pro-
duced in inverse Compton upscattering of relativistic electrons off their own syn-
chrotron photons. High-energy gamma-rays might be expected in significant quan-
tities from second-order Compton scattering, but simple SSC models have trouble
not only producing gamma-ray luminosity as high as that observed and explaining
the mismatch between spectral indices of the radio and hard X-rays (Dean et al.
1990), but also interpreting the observed lack of correlation of variations between
different wavelengths (Bednarek and Calvani 1991). The most important point is
that steep high-energy gamma-ray spectra from most AGNs suggest that photon-
photon absorption is actually taking place in the objects.

This process is taken into account in the currently very popular cascade mod-
els. The high luminosity and rapid variability of the low-energy radiation from
AGN’s suggests that a compact emission region of dense soft photons exists in the
source. If relativistic particles propagate through this region, electrons lose their
energy through inverse Compton scattering off the soft photons, and gamma-quan-
ta are absorbed, producing electron-positron pairs on the soft photons. The inverse
Compton gamma-quanta can produce further pairs; the pairs in turn lose their
energy through Compton scattering. Estimates of optical depths based on the ob-
served high luminosity and rapid variability of the soft radiation show that relativ-
istic electron-photon cascades (EPC) may well develop in such objects. According to
the cascade models, an essential part of the gamma-radiation observed from AGNs
is of cascade origin. Using these models, it is possible to describe the mean observed
gamma-ray spectra and explain their characteristic properties (Aharonian ef al.
1984, Fabian et al. 1986, Lightman and Zdziarski 1987, Svensson 1987, Ivanenko et al.
1991a).

The variability of low-energy radiation from AGNSs is a well-established fact.
Recently, variations of high-energy gamma-radiation have been observed (Kanbach
1992). In the cascade model, we should naturally expect the gamma-radiation to
vary, since luminosity in soft photons is variable. In fact, changes in the soft photon
spectra (the medium of the cascade development) should produce definite charac-
teristic variations in gamma-ray spectra (resulting from the development of elec-
tron-photon cascades).

In this paper, we consider Seyfert galaxy NGC 4151 and radio loud quasar 3C
273 and OVV quasar 3C 279—objects each a different distance, luminosity, spec-
trum—in the framework of the one and the same cascade model. By bringing
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together results on mean gamma-ray spectra and variations, it is possible to draw
some conclusions as to the region of the gamma-ray spectra production.

2. Mean Gamma-Ray Spectra and Variations

Gamma-quanta with energies E in the interval from 1 MeV to 100 MeV are
most effectively absorbed in collisions with the X-ray photons, because the cross
section of e’e -pair production is maximum at 3m?c*/E (Aharonian et al. 1985).

The energy output of the objects under consideration either is dominated by
hard X/low energy gamma-ray emission (NGC 4151, 3C 273) or is larger in the
high-energy gamma-ray band than in any other frequency band (3C 279). Therefore,
we suppose that the photon energy density dominates the energy density of mag-
netic field, and that the latter can be neglected when considering the production of
the gamma-ray radiation.

We suppose that high-energy electrons (@ = e) and/or gamma-quanta (@ =)
with differential energetic spectrum S,(E) generated in the core propagate through
the region of dimension R isotropically filled with X-ray photons with spectral
density n(®)=n,/@® in the interval @, <® < ®,. Allowance is made for e'e -pair
production in photon-photon collisions and inverse Compton scattering of elec-
trons off X-ray photons. We are interested in the cascade spectrum of the gamma-
quanta escaping the X-ray emission region.

If the dunensmn of the X-ray emission region R is measured in cascade units

(4m'2 ) then cascade gamma-ray spectra depend on the value = R/t, (see
equatlon @ below) We now introduce differential energetic spectra I (t E*) a=eY,
such that I (t E )dE is the mean number of the gamma-quanta with energies be-
tween E” and E '+ dE’, escaping a region of thickness ¢t . I (t E ) may be written as

I(tE") = [ S,(E)qa(t E;E)AE )

where qa(t, E; E') =q,(t E) is the so-called importance—in other words, the contri-
bution from an individual cascade initiated by a single primary particle of type o

with energy E. For g,(t,E), the following adjoint cascade equations are valid (Ivanenko
et al. 1991b)

E,
2t D)+ 0, (B, - [ B We (B, By ') -
E
E
[dEW,(E E-ENq.(t,E)=0 @
max{E' E- }

(+,E)+0,(E)q, (t,E) -2 j dE'W,(E,E)q,(t,E) = 8(H)5(E- E)

at"’
max{E" By }
Here W, and W, are the differential cross-sections of the inverse Compton
scattering and pair productlon, 0. and o, — the corresponding total absorption
cross-sections
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E, Ep,
0(E)= [Wy(EE)E  o,= [We(EE)dE
0 E,

E _ [_E
Ee = ;:W 2 E’}'LZ - OSE[]. i 1_ %J
4E

and E,, = m**/w, is the energy threshold of pair production in a given photon field.

The cross-sections W4 are obtained by integrating the cross-sections W,,(E, E’; )
of the interactions in the unit density field of monoenergetic photons with energy @
(¢f- Aharonian et al. 1985) over the X-ray photon spectral density n(w)

Wea (B E) = [Wyo(E E';@)n(@)d @)
It follows from formulae (1-3) that Ia(t, E') is a functional of the functions n(®w) and
S.(E), so variations of the X-ray photon spectrum as well as variations of the
primary cascade-initiating particle spectrum cause changes in the spectrum of
escaping gamma-quanta I,(t,E’).

To obtain the functional variations, we use the sensitivity technique (Oblow
1973, 1976). First, one finds the mean value of the functional with realistic values of
functions. Next, the sensitivity coefficients are calculated. They represent differen-
tial rates of change of the functional with respect to the differential changes in the
functions used to calculate the mean value of the functional.

Thus, the functional derivative I a(t, E') / (6S,(E)dE) gives the change of [, a(t, E')
corresponding to the change per unit of primary particle number inside unit energy
range in the vicinity of the point E. Similarly, the functional derivative
O, (t, E'y(ﬁn(a))da)) gives (in the linear approximation) the variation 5Ia(t, E') as a
result of a unit change of n(w) in unit energy interval near the point ®. Then the
variation 6Ia(t, E') caused by certain variations dn(w) and 85, is written as (taking
into account equation (1))

81,(t,E") = [ 4a(t, E)3S,(E)AE+ [ dES, (B)j%%&n(w)dw

Thus, it is sufficient to know the importances g,(t E) and sensitivity coefficients
&, (¢, E)/ (6n(w)dw) to calculate the mean gamma-quanta spectra and their varia-
tions in the cascade model.

The equations for the sensitivity coefficients of the importance, i.e.
&7, (t,E)/(én(w)dw), may be derived from equations (2) by applying the functional
derivative 6/(8n(@)dw) to the left-hand and right-hand sides of the equations; these
differ from equations (2) on their right-hand sides. The equations are then solved
numerically (Pljasheshnikov et al., 1979). By making test calculations, it has been
found that computations of relative variations of the importance &, (t E)/q,(t E)
are accurate to within a few percent (Ivanenko et al. 1992).

The mean X-ray spectra from AGNs are accurately described by a single
power law with photon spectral indexes o, around a “universal” value of 1.7
(Turner et al. 1991). We suppose that the primary cascade-initiating particle spectra
are power-laws S(E)~E™" with indexes =2, as predicted by shock acceleration
models. By comparing the calculated spectra with the observed ones, the value of ¢
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is obtained. Using the known expression for the X-ray photon density (Herterich
1974)

E.(w)d®
w)=-=
(@) R%
we obtain
2 P;dz a
t=R to=47tro E‘(O (4)

Here d is the distance to the source, R-the dimension of the X-ray emission region of
the AGN and F,(®)-the observed flux of X-rays with energy . The values of d and
E, are assumed to be known; thus, the value of R can be derived.

3. Results
NGC 4151
Figure 1 shows the spectrum of Seyfert galaxy NGC 4151. The mean X-ray

spectrum of this galaxy is represented by a single power law spectrum of index
o, =16 over the energy range 1-150 keV. The calculated mean gamma-ray spec-
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Figure 1. The spectrum of Seyfert galaxy
NGC 4151; observational data: + are
from Galper et al. (1973), the other data
from Perotti et al. (1981).
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trum (dashed curve) well describes the experimental data when the primary elec-
tron spectrum has an index f, =2.2 in the interval 50-10° MeV and the radius of the
cascade development region is on the order of R=5-10" cm. This value is obtained
provided d =20 Mpc and the 10 keV X-ray photons flux is F, =8-107* (cm? s keV) ™.

The X-ray variability of NGC 4151 is now a well- established fact. Variations of
2-10 kev photon flux by a factor of 2-10 on various time scales have been measured
(see refs in Perotti et al. 1991). The minimum X-ray flux-doubling time scale of a few
times 10* s (Yaqoob and Warwick, 1991) agrees with the value ~10" cm obtained in
the cascade model. Hard X- ray photon flux variability by a factor of 4 on a time
scale of several months can be assumed from observations. Low-energy gamma-ray
emission up to few MeV shows evidence for intensity variability by a factor of 4 on
the same time scale (Perotti et al. 1991). Over the set of Ginga observations, the 2-10
keV flux from the source varied by a factor of 4 (Yaqoob and Warwick 1989).

We have considered as perturbed the state of the X-ray photon field in which
the photon density decreased to one fourth of the mean density. The corresponding
gamma-ray spectrum is shown in Figure 1 (solid curve).

It is evident that there exists a characteristic anti-correlation between varia-
tions of the gamma-quanta fluxes with energies below and above 10 Mev: as X-ray
luminosity decreases, soft gamma-quanta flux also decreases, while the hard gam-
ma-ray flux increases. The calculated variations are greatest (by a factor of 7) in the
energy range up to 1 Mev and around 100 MeV. The observational data are the most
dispersed in the same regions—by a factor of up to 10. When the X-ray flux is varied
by a factor greater than 4 (see above), we can easily obtain gamma-ray flux varia-
tions by a factor of 10.

If a simultaneous reduction of the cascade-initiating electron spectrum is as-
sumed, the variations in the 0.5-5 MeV region should increase, while they decrease
at 100 MeV due to the above noted anti-correlation. However, before making any
inferences about changes in the primary electron spectrum, allowance must be
made for a softening of the X-ray spectrum as the source brightens (Perotti et al.
1991), as well as possible variations of plasma in the cascade-development region.
These factors should give rise to an increase of gamma-ray spectra variations: the
former will produce variations at high energies, the latter mainly in the vicinity of
0.5 MeV.

3C273

The spectrum of quasar 3C 273 is shown in Figure 2. The mean gamma-ray
spectrum (solid curve) corresponds to a single power law X-ray spectrum of index
@, =17 in the range 1-150 keV and spectrum of an index 3, = 2of primary gamma-
quanta with energies 100-10° MeV. Provided E, =6-10™* (cm? s keV) ™ and d =860
Mpc the radius of the cascade-development region was found to be R =3-10 cm.

This quasar is variable in the X-ray band, and the X-ray emission is very
decoupled from the emission mechanism in other low-frequency bands (Courvois-
ier et al. 1990, Dean et al. 1991). Short time variations at hard X-rays of 41 days were
observed by SIGMA (Bassani et al. 1992). This is in agreement with our assumption
of the existence in the object of a compact region of hard X-ray emission having a
dimension R<10" cm.

Twice, in 1976 and 1978, quasar 3C 273 was observed in hard X-ray and
gamma-ray regions nearly simultaneously (Swanenburg et al. 1978, Bignami et al.
1981). In the twenty days before the gamma-ray observations in 1976, the X-ray flux
may have changed by 40% (Courvoisier et al. 1987). According to our calculations,
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this should result in the gamma-ray flux changing by a factor of 2 (see dashed curve
on Figure 2). No variations of the gamma-ray flux between the two observations in
1976 and 1978 were reported within the 50% uncertainty, but B.N. Swanenburg (in
private communication) has indicated that the flux did change—by precisely a
factor of 2.

3C279

The gamma-ray spectrum of quasar 3C 279 detected by GRO during June 1991
exhibited a power law between 50 MeV and 5 GeV with a differential spectral index
(2.02+0.07), and was harder than the spectra of many other AGNs (Hartman et al.
1992). Maraschi et al. (1992) have proposed that the gamma-ray spectrum is pro-
duced in relativistic jet via a synchrotron self-Compton mechanism, and that it is
the high-energy extension of the inverse Compton radiation responsible for lower-
energy emission from IR to X-rays.

We should now like to know if it is possible to describe the gamma-ray
spectrum of quasar 3C 279 using the cascade model. We begin by supposing that
cascade develops on the radiation of accretion disk. Since there is no change in
slope of the gamma-ray spectrum up to 5 GeV—which in the cascade model is
connected with the existence of the low-energy cutoff of the soft photon spectrum
(Ivanenko et al. 1991)—we assume the whole low-energy photon spectrum from
radio to X-rays to be the medium of cascade development. Though no information
was available on the intensity of the source at other wavelengths during the GRO
gamma-observation, it appears likely that intense gamma-emission is associated
with an outburst at all wavelengths (Hartman et al. 1992, Maraschi et al. 1992). The
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multifrequency spectrum of 3C 279 from radio to X-rays in the outburst period
(Makino et al. 1989) was taken as continuous one, and represented by a series of
single power laws (see Table 1). The resulting absorption cross sections of gamma-
quanta and electrons are, respectively, approximately proportional to the energy
and nearly constant up to 10* TeV.

Table 1. Parameters used to approximate the multifrequency photon spectrum of
quasar 3C 279 for the outburst period.

Energy range cutoffs (MeV) Slope
415-10"%-913.107"° 1.0
913-107°-12-107 1.8
12-107 -23-10" 2.0
23-10°-66-107° 2.28
66-10°-178-107 2.03
178107 - 4.15-107 1.58

Different primary high-energy gamma-quanta spectra were taken: 1. high-
energy cut off E,,, =10 GeV and spectral slope , = 2.2, 2. E,,, = 10 GeV and S,
=24,3. Ep, =100 TeV and B, = 2.2, 4. E,,,, = 100 TeV and B, = 2.4.

The calculated cascade gamma-ray spectra describing the experimental data
are shown on Figure 3. As seen from the figure, the gamma quanta spectra may
become harder in consequence of the cascade process. It is also evident that differ-
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ent high-energy primary spectra may be involved. This should be taken into ac-
count when extrapolating the observed gamma-ray spectrum of 3C 279 into the
higher energy region (Stecker et al. 1992).

The values obtained for the dimension of the cascade-development region,
10" —=10? cm, should be regarded as estimates, since we have taken a homogeneous
distribution of photons. In the case under consideration, a cascade process may be
associated with the relativistic jet emanating from the nucleus into the ambient
radiation field. The different time scales of variations observed in different wave-
length bands in quasar 3C 279 (Kanbach et al. 1992, Makino et al. 1989 and refs.
therein) also suggest that the jet associated with this object is the gamma-ray emis-
sion region.

It therefore appears that a cascade process may be responsible for forming the
observed gamma-ray spectrum of quasar 3C 279.

4. Conclusions

We have considered three different objects of the AGN class in the framework
of the cascade model. We have described observed mean gamma-ray spectra and
their variations. Assuming spherical symmetry of the ambient soft photon radia-
tion, we have obtained values for gamma-ray production regions which are consist-
ent with the vicinity of a black hole in the case of NGC 4151, with the accretion disk
in the case of 3C 273, and with the relativistic jet in the case of 3C 279. It is
remarkable that values of the parameter ¢ (see equation (4)) obtained in the cascade
model for sources having steep gamma-ray spectra, NGC 4151 and 3C 273, are
practically the same. The observed X-ray fluxes F, are also very close. Due to the
presumed different distances to these sources, they are supposed to be of differing
dimension and luminosity. According to an alternative view of the extragalactic
universe (Arp et al. 1990 and this volume), quasars may be associated with nearby
galaxies. On this theory, therefore they could be entities resembling the ‘micro-
quasars’ observed in the center of our Galaxy.

The currently available data do not allow us to determine the structure and
size of the emission region precisely. To draw any definite conclusions about the
region of gamma-ray emission, we need more abundant data on variations and time
scales and simultaneous observations in different wavelength bands. If the regions
of emission of soft photons and high-energy gamma-quanta more or less coincide,
the time scales of variations would be comparable. In the case of relativistic beam-
ing, the time scales of variations in different wavelength bands can be distinguished.

The cascade model predicts a very characteristic correlation between varia-
tions in different wavelength bands, which could be a test of the model. By consid-
ering mean gamma-ray spectra and their variations together, one can obtain more
detailed information about the sources. We believe that the cascade model merits
further development, although any real progress will depend on the availability of
more abundant data on variations.
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On the Meaning of Special Relativity
If a Fundamental Frame Exists

F. Selleri

Dipartimento di Fisica, Universita di Bari
INL.F.N., Sezione di Bari

The physical foundations of the theory of special relativity are critically examined
from the point of view that a fundamental inertial frame exists in nature. This idea is
implicit in the older works of Lorentz and Fitzgerald, and in more recent work by
Janossy, Builder, Prokhovnik, Bell and others. Even in the event of modifications to
the theory, certain elements will have to be retained: the usual relativistic formulae
for energy and momentum, the full equivalence of mass and energy, the idea of c as
a limit velocity, Lorentz contraction and time dilation of moving bodies.

1. Motivations

Interest in the foundations of the Special Theory of Relativity (STR) has grown
steadily in recent years. A number of very interesting papers on the history of STR
(Keswani 1966, Zahar 1973, Tyapkin 1982) have led to a better understanding of the
roles of Lorentz and Poincaré and of their conviction—even after 1905—that the
existence of an ether needs to be postulated. Lorentz was convinced that the con-
traction of the length of a moving body is a real phenomenon, and this opinion was
shared by Fitzgerald, the other proponent of the contraction effect (Bell 1992).
Moreover, it has been convincingly documented that Einstein was opposed to the
ether only around 1905, but later reverted to this conception in connection with
both General Relativity (GR) and the STR (Kostro 1992). For example, he writes
(Einstein 1920):

There is an important argument in favour of the hypothesis of the ether. To deny the existence
of the ether means, in the last analysis, denying all physical properties to empty space.

Likewise, Poincaré, usually considered a conventionalist, wrote (1905):
We know nothing as to what is the ether, how its molecules are disposed, whether they attract

or repel each other; but we know that this medium transmits the optical perturbations and the
electrical perturbations at the same time; we know that this transmission should be made in
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conformity with the general principles of mechanics and that suffices us for the establishment
of the equations of the electromagnetic field.

The previous statement was made at the St. Louis conference, and was printed
in the journal The Monist on the same page on which the modern formulation of the
principle of relativity was given for the first time—one year before Einstein! Other
papers by Poincaré document the fact that he remained steadfastly in favour of the
ether.

Who opposed the ether, then? Einstein did, until about 1916, and the papers
and books he wrote at the time he discovered STR became extremely famous and
created the false impression that his theory was based on the “discovery” that the
ether does not exist. A naive understanding of the experimental evidence (Michel-
son and Morley 1887) strengthened this opinion in the minds of the majority of the
scientific community after 1905.

2. Relativistic Energy and Momentum

There is an important but little used physical argument connecting the math-
ematical expressions for kinetic energy and momentum in any theory based on
energy conservation (cf. Lewis 1908). Here we will use it in a simplified one-
dimensional notation, writing

Fds=dT @

where Fds is the work done by the force F in the displacement ds and dT is the
variation of the kinetic energy T generated by the application of F. We can think of
this as applying to a particle in which the force is always parallel to the velocity.
Equation (1) can also be written

Fo=—
dt

where dt is the time interval during which the displacement ds and the variation
dT take place. According to Newton's law

dp__dT

—_— = —

dt dt

If we now imagine that p and T are functions of time through v, we have

Consequently, the following relation must always hold

dT __dp
W dv @
By integrating (2), we can check, for example, that p=mv implies T =1mv?, if the

kinetic energy is required to vanish for v=0.
In the relativistic case, we can also check that
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=T ®)

necessarily leads to

T= rnoc2 .._1—
1-7/,
2

provided that T is again required to vanish for v =0. The proof is accomplished by
substituting (3) in (2) and integrating. Therefore, the relativistic expressions for
momentum and kinetic energy are bound tightly together by a simple, convincing
physical argument.

We might then ask ourselves if other reasonable expressions for p and T exist
that are consistent with (2). We will next show, however, that (3) and (4) are the
necessary forms of momentum and kinetic energy if we assume the following two
physical conditions to obtain:

-1 )

1. Mass-energy equivalence, which can be written
E(v) = m(v)c? )
where E(v) is the total energy, including the energy equivalent of the rest mass
E=T+my’ (6)

and m(v) is the velocity-dependent mass. Mass energy equivalence can be
formulated by saying that mass is a totally redundant ingredient of physics,
and that it can be completely eliminated. For historical reasons, however, it is
prudent to be more conservative, and say only that every physical property of
energy is shared by mass multiplied by c?, and that every function of mass can
be adequately performed by energy divided by c?. We may regard (5) and (6) as
consequences of the mass-energy equivalence principle, and anticipate that the
inertial mass of a particle will not be given by the rest mass, but by E/c?, or by
m(v), which amounts to the same.

2. Momentum is “quantity of motion”. The interpretation of momentum as quan-
tity of motion means that we must multiply a given velocity by the amount of
matter having that velocity, or by the total mass:

p(v) =m(v)o @)

Equivalently, we could also write

pv) = E—C(f—)v

because of the mass-energy equivalence. In view of (6), we can write (2) as

dE__dp
dv v dov @®)
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where the “initial condition” on E is that it is equal to the rest energy E, = m,c?.

If we introduce our postulated expressions (5) and (7) into (8) we obtain

drgf}v) - dfg(v) P +m(v)o )

which can easily be integrated to obtain

To (10)

2
v
-7
where m,, = m(0). Obviously, inserting (10) into (7) leads to (3), while inserting it
into (5) leads to (4) if (6) is also taken into account.

m(v) =

We therefore see that the validity of mass-energy equivalence and of the
interpretation of p as quantity of motion lead to the usual expressions for kinetic
energy and momentum. This conclusion does not force us to assume that (3) and (4)
hold with respect to all conceivable inertial frames. Only if the principle of relativity
is assumed can the general validity of (3) and (4) be granted, while in other theories
not based on the relativity postulate, the invariance of form of energy and momen-
tum does not generally hold.

3. The Limit Velocity

We have seen that m(v), p and T became infinitely large when v — ¢. Thisis a
sign that no physical body can overcome the velocity of light, but it is possible to
give a physically clearer argument. In fact, the assumption of a complete equiva-
lence between mass and energy is sufficient to ensure that the velocity of light is an
upper limit for the velocities of all massive particles. In order to clarify this point,
consider a time-dependent force F applied in the direction of the velocity of a
particle having rest mass m, and velocity dependent mass m =m(v). From New-
ton’s law

RO =2 =< (o] S (a1

From (10) and (11) it follows for the acceleration dv/d¢ that

2.3 o)

(]

whence

do _1
(;———1176—2)% o F(t)dt (13)

By direct integration of (13) one obtains
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0

L =I)+y (14)
1-7 42
where
I(%) =mljdt'F(t') (15)
09

and the integration constant ¥ is given in terms of the initial (¢=0) velocity v, as

Y= ) (16)
c
It follows from (14) that
It)+y
f=e— 1T
[c +(I(t)+ 7)2]% 17)

whence it is clear that v(f)<c at any finite time f, since I(f)—the integral of an
arbitrarily large but finite force—must remain finite at all times.

It thus appears that there is nothing mystical about the existence of ¢, which is
the limit velocity of physical bodies only because the increase of velocity gives rise
to an increase of kinetic energy T, with T — o if v — ¢ (see equation (4)). Given the
complete equivalence of energy and mass, if T — o, the inertial properties of the
particle become infinitely large, which amounts to saying that the inertial mass
grows without limit. Even a very large force would then be unable to accelerate a
body beyond c.

4. The Threshold for Inelastic Processes

We will next show that a typically relativistic calculation, such as the calcula-
tion of the energy “threshold” for an inelastic particle reaction, can be performed
without resorting to the usually employed relativistic conceptions (invariance of the
scalar product, c.m. energy, and so on). We will simply rely on the energy and
momentum conservation laws. A particle with velocity 7, and rest mass m, collides
with another particle at rest (in the laboratory) having rest mass m,, producmg in
the final state n—2 particles with rest masses m,, m,,...m, and velocities v,, 9,,...7,.
The conservation laws for energy and the longitudinal component of momentum
can be written

(18)

2 n
T myc? = ___m,.cz
-2 BB

mBy _ B; )
B EE @
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where B, =v,/c (k=1,3,...) and 8, is the angle between 7; and 7, (i=3,4,...). It will
be useful to transform (18) and (19) by putting

ﬂk 20
N (20)

with k=1,3,...n. The previous equations can now respectively be written

m |1+ €2 +m2=2m,.,/1+e§ (1)
i=3

&

me, = Zml.si cos0, (22)
i=3

By squaring the two previous relations and subtracting the second one from the
first, we obtain

m2 +m2 + 2mmy[1+ €2 = Zm,.mj[w/1+a,?,fl+£]2. ~££;cos0; cose,.] (23)
i

The latter equation fixes €, for given ¢;, 8;, just as the former equations did.
However, it is more physically transparent, as it enables us to easily obtain the
minimum value of &, (threshold) for which our reaction can take place. It can
readily be shown that every term within parentheses on the right-hand side of (23)
cannot be smaller than 1, or that

,[1+e,.21f1+£]2. 21+¢;€;cos0;cosb;

In fact, the previous inequality can be transformed to

(e:- 8,.)2 +2¢,£;(1-cos0; cos;) + £7¢3(1 - cos” §,cos’0,) 2 0 (24)

which is always satisfied, since every ¢; is non-negative. The minimum value of the
left-hand side of (24) is obtained for

and

cosf; cos; = +1

These same values assign the parenthesis in (23) a minimum value of unity. Notice
that the last equality implies cos6; = cos; = +1; otherwise, (22) would not be satis-
fied.

In conclusion, the minimum value of the velocity 8, for which our reaction
can take place is given by the minimum value of & (in fact, € is an increasing
function of f;, and vice versa—see equation (20) with k=1), which in turn is
obtained by giving all parentheses in (23) their minimum value of 1. This can only
be done by taking:
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1. Al final velocities 7; collinear with ;:
cosf, =cosf, =...=cosf, =+1 (25)

2. All final velocities equal to one another:

E3=€,=...5E, (26)
implying
By=By=...=B, 27)
Under these conditions, (23) becomes
m2 +m2 + 2mmy 1+ €2 = M? (28)
where

is the total final mass. Under these conditions, we obtain

For the “threshold” kinetic energy T, of the incoming particle, it follows that

T, = myc?| -1 _Mo(mrm) (31)
! Jl—ﬂf 2m,

1 M-ml-m
\/I—Bf 2mym,

(30)

We can thus calculate the threshold in T; for different inelastic processes, e.g.
for the reactions listed in Table 1. The excellent agreement of the experimental
observations with the calculated thresholds is proof of the validity of the conserva-
tion laws of energy and momentum and of the full equivalence between energy and
mass. The above proof of (31), which is a well-known kinematical result in particle
physics, has the advantage over the standard proofs that it does not use the relativ-
istic invariance of scalar products and considers only one inertial frame, the labora-
tory—which for all practical purposes could be assumed to coincide with the funda-
mental frame (precision rarely exceeds 1 part in 10* for such experiments).

Table 1. Thresholds for inelastic reactions calculated from energy and momentum
conservation laws

Reaction Threshold
PP — PP7° 280 MeV
PP — PA°K" 1585 MeV
PP — PX'K° 1790 MeV
PP —PEK'K" 3743 MeV
P - A" 1013 MeV
T P-IK 904 MeV
KP—=K* 662 MeV

KP-0KK'n 3086 MeV
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5. Potentials and Fields of a Moving Charge

It is a well-known fact that the scalar and vector potentials of the electromag-
netic fields can be written in the causally meaningful “retarded” form as

o7 0= d?'w (32)
) =-1c- | d?’—I(?/;—_% (33)

where
R=[f-7) (34)

We want to calculate the potential generated by a very small (but not point-
like) electric charge in uniform motion with velocity v along the positive x axis
(Figure 1). Of course, this is a standard problem, but our proof may have the
advantage of being physically clearer. Let Q be the position occupied by g at time .
Two things must be considered:

1. Retarded potentials. The potentials are not generated instantaneously in P by gq
in Q, but with some delay due to the propagation of information with the speed
of light. Therefore one must consider a point Q' occupied by g at an earlier time
¥’ (¥ <t), such that

At=t-r=L (35)
(o}

In this way, the determination of the potential at time ¢ in P occurs simultane-
ously with the arrival of the particle in Q (namely, at time #). Obviously

’

00=0vAt= vcr (36)

Px.y)

Figure 1. Potential generated
by a very small (but not
pointlike) electric charge in
uniform motion.
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if g were at rest, where f;(x) and f,(x) describe lower and upper boundaries of the
charge. The particle motion represented in Figure 2 stretches the boundaries, as it
were, and the charge density itself, in such a way that the total length swept inside
the particle is not d, but I’. Evidently, I’ is swept at the speed of light ¢, while,
during the same time a distance [ =1’—d is described by the particle with speed v.
Therefore

r=1% (40)

We can now write the effective charge

v flxn) X
()= fdx _[ dyp(—,yj (41)
0 filw/)
where gt =1’/d is the stretching factor. By writing x’ = x/1, it follows from (41) that
d  Ax)
N l' ’ , _ l_l
qqf(t)—d!dx f(jjlyp(x,y)—dq 42)

Remembering (40) and the relation d=1I’~1I, which is evident from Figure 2, we
finally arrive at
r 1
¥)=g——=g—o 43

If the point P is not on the x-axis, we must consider only the projection of 7
over 7/, and (43) becomes (37). We may conclude that the scalar potential is given

by
¢(?,t)=—q”ﬁ;(,t') =q(r’—-:‘:-5-7')_1 (4)

This expression can be cast in a slightly different form by observing, from Figure 1,
that

1. . r'v
r'—=0.F =¢' ~—cos0’
c c

=QP-Q'M=MP

2.2 %

r&?
=(r2— 5 smze')

c

2.2 %

o |
=(r2——zsm29)

c

=r1- Bsin?0 (45)
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where B =v/c. It then follows for ¢ and for the similarly calculated vector potential
A that

o7 1) =1(1- psin’6) "

qo % (#6)
A(F,t)=1(1- p*sin?6) "
¢.)=L1-fsin’e)
The electric and magnetic fields can be calculated as follows
= o 104
E=-Vo--22
My 7)
H=VxA
and after a straightforward calculation, we obtain
. 1-p2
r*[1- B*sin® 0]
H,=0; H,=-fE,; H,=JE, 49)

where 7 =7/r is a unit vector directed from Q to P.
We can see that the retarded field E depends on 68, as well as 7, but is

nevertheless central, since it is proportional to 7. This feature guarantees that
angular momentum conservation will hold for the motion of a charge in E.

6. Length Contraction of Moving Bodies

In the words of John Bell (1992):

...the main point to be stressed is that electrical forces change with motion, and if they are
important in matter it is simply unreasonable to think that matter will keep the same shape
when in motion.

In fact, it was shown by Lorentz, and later confirmed by other authors, that
electric charges in motion in the field of a moving charge give rise to bound states
that are contracted in the direction of motion by the Lorentz factor (1 - ﬁz)%. There-
fore, the explanation of the negative result of the Michelson-Morley experiment is
immediately available even in a theory in which Maxwell’s equations hold in a
preferred frame.

The Lorentz-Fitzgerald contraction of moving bodies must be a physically real
phenomenon if it is due to the mechanism outlined in the previous section. There is,
however, another argument, due to John Bell ( 1987), that points in the same direc-
tion. Consider two identical spaceships A and B, moving in space with the same
velocity v,, one behind the other on the same straight line. Their velocity v, is
measured with respect to some inertial frame I, in which time is defined and many
synchronized clocks are placed at rest near the path of A and B. When the clocks
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near the two spaceships show time t =0, their engines are ignited by the pilots. The
two engines are assumed identical and produce exactly the same force F(t) acting
on A and B, starting at the same I-time ¢ =0. We can thus write

x,()=x,(0)+ jdt’v(t’)
. (50)
x5(6) = x5(0) + [ d¥'o(t')

where o(t) is given by (17) with the same y for A and B because of (16) and the
existence of the common initial velocity v,. It follows from (50) that

x4 (£) = xp() = x4 (0) — x5(0)

meaning that the distance between the two spaceships, as seen from I, is a constant.
Suppose now that a fragile thread is tied initially between A and B. If it is just long
enough to span the distance AB initially, then as the rockets speed up, it will
become too short, because of its Lorentz-Fitzgerald contraction, and must finally
break. The breaking takes place when, at a sufficiently high velocity, the artificial
obstacle to contraction gives rise to a large internal stress. What is remarkable is that
such a conclusion is exactly the same as what one would reason in STR, or, in the
spirit of Lorentz-Fitzgerald, within classical physics with the contraction mecha-
nism.

Consider next a different problem, that of a rod AB moving with velocity ¢
with respect to the fundamental system I. We assume it to be inclined at an angle 6
with respect to 7 (Figure 3), where 6 is also measured in I

Suppose that the Lorentz-Fitzgerald contraction has taken place for the com-
ponent Icos8 of the rod along v, while Isinf has remained unmodified. The length
I, of the rod when stationary in I can then be calculated from the equation

1cos’6
2= 1_° 7 +125in20 (51)

where f=v/c and the factor (1—- Bz) ! corrects for the contraction of Icos8. Obvi-
ously, we are also assuming that the particular acceleration used by the rod to reach
the velocity v has no effect on the length I only the final velocity matters. By
inverting (51) we obtain

B
i
0 Figure 3. Lorentz-Fitzgerald
/ ¥ contraction of a moving rod.

A




On the Meaning of Special Relativity 281

lo (1 - B 2 )}é
T PTIYEYA (62)
(1 - B%sin? 9)

which gives the contraction effect for a rod of arbitrary inclination. Just like the
elementary contraction effect (case 8 = 0), the value (52) of I must be imagined as
a real contraction due to translation with respect to I. Note, however, that [, is the
length when the rod is at rest in I, while 8 is the angle of the moving rod with its
velocity with respect to L. The quantities in the right-hand side of equation (52) are,
then, in a sense, not homogeneous.

7. The Velocity of Light in a Moving Frame

If the velocity of light is c in all directions of the fundamental system I, the
Galilei transformation gives

¢'=Cc+7v (53)
for the velocity of light ¢’ with respect to a system I’ moving with velocity 7 with
respect to I. By inverting and squaring we obtain

¢ =c?+v> - 2c'vcosb (54)

where 6 is the angle between ¢’ and -7 (see Figure 4).
By solving (54) as an equation in ¢’, we obtain

¢’ =vcosf ++/c* —v*sin® 0 (55)

the positive sign being a consequence of the condition ¢’ =c if v=0. Although in
general, ¢’ # c, the consequences of (55) are often startlingly similar to the results of
STR, as Builder (1958) and Prokhovnik (1985) have pointed out (cf. also Janossy
1964).

Figure 4. Velocity of light in
a moving frame.

.

(=)
x4
xXv
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8. The Time Dilation Effect

Consider now one of the most elementary clocks that can be conceived, con-
sisting of the rigid moving rod of Figure 3, having mirrors inserted at the two ends
A and B to reflect a beam of light backwards and forwards along the length of the
rod. The unit of time T, will be defined as the time required to describe the trajecto-
ry ABA. We would then have

T, =% (56)

if the rod were at rest in I with length L, since the light velocity would, in this case,
be simply c.
In the general case of a moving rod, the unit of time is

L L 2IJc2-v*sin?0
T=F—t = (57)

CAB CBA c -0

since cjp is given by (55), while in c;, we must regard 6 as being increased by x,
which amounts to a change of sign of the first term in (55).
If we use the fundamental result (52) for L we get

T
2
_U
-7/

This is a truly striking consequence of the anisotropic formulae for length and
velocity of light in a moving system: in spite of the fact that L, ¢ and ¢, in (57) are
all 8-dependent, it so happens that their combination is completely independent of
6. It is only because of this that We can think of T as a unit of time.

Due to the factor (1—'02/ 02) * in (58), we can say that the unit of time in the
moving system is longer than the corresponding unit of time T, inI. Given a certain
time interval measured as Af in units of T, it will instead be measured as

T= (58)

.02
A = At [1-= (59)
C

if units of T, are used. This is like saying that time is running slower in the moving
system: the traveling twin will be younger than the stationary one when he comes to
rest in the same inertial system.

From a theoretical point of view, it can be stressed that the same result ob-
tained above was deduced by Bell (1987) by studying an electron bound to a proton
in motion with the use of the retarded fields in equations (32) and (33). His conclu-
sion was that the period of rotation of the electron in a hydrogen atom in motion
exceeds the same period for an atom at rest by a factor (1— 02/ cz)—%. Therefore, the
choice of the unit of time given by the hydrogen atom also leads to the result (59)

obtained above with the light bouncing back and forth between the extremities of a
moving rod.
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Notice, however, that our conclusion would have been different if we had
assumed we possessed a previously defined unit of time, because (58) would then
have represented a relationship between time intervals (rather than between time
units): the interval measured from the moving system would have been longer,
since (58) and (59) have an opposite structure in terms of the factor (1 - 172/ 1:2) % The
correctness of one of the two choices can only be suggested by nature, and it is well
known that high-velocity unstable particles live longer than similar particles at rest.
The time dilation in moving systems is, in fact, one of the best established facts of
physics, given the very considerable experience of particle physicists with beams of
unstable objects (pions, kaons, hyperons, etc.) in high-energy accelerators. The situ-
ation is analogous in cosmic ray physics: without time dilation, the muons that
decay with a lifetime of 2x107 sec and are produced about 20 km above sea level
would all disappear within 2 km of the production site, while it is experimentally
known that a considerable fraction of them reach sea level.

But time dilation has also been established at the macroscopic level. Hafele
and Keating (1972) placed several cesium atomic clocks aboard ordinary commer-
cial around-the-world jet flights. One flight circumnavigated the earth traveling in
the eastward direction; the other in the westward direction. The clocks were com-
pared with similar clocks that remained on the ground. Relative to the ground
clocks, the clocks that traveled eastward lost 59+10 nanoseconds, while those traveling
westward gained 273 +7 nanoseconds. These results are in excellent agreement with
the predictions of standard relativity theory, predictions depending both on the
flight velocity and on the earth’s gravitational field.

9. The Velocity of Light

We again consider formula (52) for the contraction of a rod forming an angle 6
with respect to its velocity.

Obviously, this formula applies to all conceivable rods, and in particular to
one of rest length L, taken as the unit of length (e.g. 1 meter).

%
(1-Bsin?6)*
Therefore, the contracted rod measured with the contracted unit of length having

the same inclination will necessarily give the same result as obtained by measuring
I, with L:

-k (61)

(]

=]~

In other words, the moving observer will be unable to observe his motion by
means of length contraction: all the objects at rest in his system will appear to him
as having the same length they had at rest in the fundamental system. The situation
is similar if one tries to measure time with the time-dilated unit T given by (58). This
unit is similarly unable to allow a moving observer to detect the time dilation of the
physical process taking place in his inertial system.
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Therefore, if an observer O is initially at rest in the fundamental frame I and
then accelerates until he acquires velocity v with respect to I, he will continue to
find the same results for lengths and time intervals before, during and after the
acceleration. For him, the rod AB always has the length [, whatever its inclination
with respect to the x-axis. A light pulse moving forwards or backwards on AB,
according to the observer, always takes the time 2/, /c. But this amounts to saying
that he continues to observe c as the velocity of light, and in all directions!
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This paper argues that except for a chance event—the early death of Heinrich
Hertz at the turn of the century—the development of 20th century physics might
have been quite different from its actual course. In particular, it is suggested that
curved spacetime gravitational physics would never have been formulated, being
replaced, instead, by formalisms describing gravitational action within which, ulti-
mately, quantization would have been a relatively routine process.

1. Introduction

Perhaps the pivotal problem of late 19th Century physics was the fact that
Maxwell’s equations were not Galilean invariant. As is well known, the dilemma
was considered finally resolved when these equations were found to be invariant
with respect to motional transformations in what is now called the Lorentz group,
and the shape of modern physics has been largely determined by this event. How-
ever, prior to this, Hertz (1962) had discovered that Maxwell’s equations could be
made Galilean invariant by the simple formal step of replacing partial time deriva-
tives, wherever they occurred in Maxwell’s theory, by total time derivatives. This
new set of equations, referred to here as Hertz’s equations, introduced an uninter-
preted v, say, into electromagnetic theory; Maxwell’s equations are recovered when
v, =0. For Hertz, an obvious interpretation—given the mood of the time—of this
convection velocity was as a description of the motion of the laboratory frame, within
which Maxwell had derived his equations, with respect to the hypothesised lu-
miniferous aether. This interpretation had the positive advantage of predicting an
observable effect: that the motion of a dielectric in the laboratory would create a
magnetic field detectable by an instrument at rest in the laboratory. This prediction
was experimentally falsified in 1903 by Eichenwald (1903), and it was this event
which effectively killed off Hertzian electromagnetism, opening the way to the
modern Lorentzian interpretation.

By the time of Eichenwald’s experiment, Hertz was already dead, and so had
no chance to review the status of his Galilean invariant electromagnetism in the
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light of Eichenwald’s null result. However, it can be speculated, with profit, what
might have happened had he lived. Since v, does not describe an ‘aether velocity’,
an obvious next question would be: do Maxwell’s equations adequately parametrize
all the possible relationships that exist between the laboratory elements which go to
make up the experiments which the theory was constructed to describe? In electro-
magnetism experiments there are basically two elements a distribution of charges,
p, which create the Maxwellian fields, and a system of detectors, which detect these
fields. Arbitrary motions of the charges are parametrized in the j= pv current term,
but, as Phipps (1986) points out, in the classical experiments, detectors are always
assumed to be at rest in the laboratory frame. Consequently, Phipps suggests that
an alternative interpretation of the Hertz convection velocity, v,, is that it para-
metrizes arbitrary motions of the laboratory detectors. From a pragmatic point of
view this is reasonable since, if the process of accelerating charges has observable
consequences, why should not the process of accelerating the detectors also have
observable consequences? Of course, the acid test of such an interpretation must
always be found in the laboratory, and it might very well be that the Hertz theory
would fail under such scrutiny. However, let us speculate that, in fact, the Hertz
theory with the foregoing interpretation for v, was confirmed—so far as the present
author is aware, it has never been put to the test. In this case, a very interesting
situation would have emerged: basically, the Galilean group would have been
likely to retain its pre-eminence, although the Lorentz group would have still been
lurking, hidden away, as the motion group for the Maxwellian v, = 0 special case of
the Hertz theory, maybe to emerge at some later date—albeit interpreted rather
differently (see postscript).

The retention of the Galilean group, as the primary motion group of physics,
into the first part of this century, would almost certainly have had profound effects
on the subsequent evolution of gravitation theory. The problem posed by the excess
advance of Mercury’s perihelion to Newtonian gravitation theory would still have
stimulated a fundamental review of gravitation theory. However, in the absence of
the new Lorentzian physics, and therefore of the concepts of spacetime manifolds
awaiting curvature, this review would, in the first instance, have taken place within
the context of Galilean physics, with a natural first stop being an analysis of the
assumptions built into the Newtonian gravitational framework; subsequent progress
would have been determined largely by the results of such an analysis. This paper
sets out to reconstruct gravitation theory according to this general pattern.

2. The Overview

In this paper, the phrase ‘inertial interaction’ is used to categorize any interac-
tion in which the basic determining factor is the relative inertial masses of the
particles involved. With this understanding, the following section, Section 3, analy-
ses Newtonian gravitational action, showing it to be interpretable as a special case
of inertial interaction, and an approximation predicated upon the assumption M m,
where M is the inertial mass of the gravitational source, and m is the inertial mass of
the gravitating particle. Section 4 completes the analysis of the Newtonian theory
by analysing the concept of ‘potential energy’, showing it to be simply a convenient
metaphor used to represent the dynamical behaviour of the gravitating source.
From the constructive point of view, the fact that these analyses provide the Newto-
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nian gravitational approximation with a purely inertial context suggests the exist-
ence of an exact Galilean invariant formalism, describing gravitational action, to be
obtained from an appropriate consideration of Newtonian at-a-distance inertial
interaction.

Galilean gravitational interactions can be considered as belonging to that ge-
neric class of interactions in which linear momentum is conserved and through
which particle trajectories are independent of specific mass values; this class is
termed, for convenience, as the class of generalized gravitational interactions. Subse-
quent to the Newtonian analysis of sections 3 and 4, it is shown how this generic
class can be modelled purely in terms of the constraints imposed by the physics of
momentum conservation, together with a naturally arising minimum principle.
Specifically, it is possible to show how any momentum conserving interaction,
involving three or more particles, can be given an abstract representation in terms
of an unspecified class of Galilean manifolds (which have nothing to do with space-
time manifolds). It is then noted that the freedom exists to constrain the interactions
concerned so that the corresponding trajectories are coincident with geodesics in an
abstract space in which these manifolds act as coordinate surfaces. This latter proc-
ess makes trajectories through such interactions independent of specific inertial
mass values, and so can be interpreted as a modelling step which identifies these
interactions with the generic class of generalized gravitational interactions. Howev-
er, because the Galilean manifolds over which these interactions take place are
unspecified, this generic class cannot be a priori identified with actual gravitational
interactions, but can only be said to include them as special cases; even so, this is
sufficient to identify actual gravitational process as a special case of inertial process,
and, therefore, make the Equivalence Principle formally redundant. The final step
of identifying that subclass of Galilean manifolds over which actual gravitational
processes occur requires the additional knowledge arising from Newtonian experi-
ence which suggests the concept of ‘potential’ to be central to gravitational physics;
this additional knowledge can be used as a constraint on the class of admissible
Galilean manifolds so that they become identified with the level surfaces of an
unspecified potential function defined on a velocity space.

The paper continues, in Section 11, by suggesting one particular approach for
determining appropriate potential functions which is worked through to obtain
approximate equations of motion. These equations of motion are distinguished in
being independent of externally determined parameters, such as the gravitational
constant of classical theory, and gravitational dynamics are then determined by the
simple specification of initial dynamic conditions. The theory is therefore complete
in the sense of requiring no exterior determinations of arbitrary parameters. The
paper finishes by applying the (parameter free) approximate equations of motion to
predicting periods for planetary orbits in the solar system, and the resulting numer-
ical integrations are presented in Section 13.

However, perhaps the most significant property of the analysis which leads to
the exact Galilean formalism, presented here, is it is not ‘Galilean specific’—in other
words, the general approach can be applied directly to analyse momentum conser-
vation within the Lorentzian context. In this latter context, it can be expected to lead
to a formalism describing gravitational process in which the instantaneous action-
at-a-distance of the Galilean formalism is replaced by a retarded local action in
which momentum transfer takes place between retarded fields and the particles
which act as sources for these fields.
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3. Newtonian Gravitation and the Third Law

One of the enduring mysteries of classical and modern physics arises from the
fact that the value obtained for the gravitational-mass ratio of two particles com-
pared in a weighing experiment is identical to the value obtained for the inertial-
mass ratio of the same two particles compared in a collision experiment (to within
experimental error). For this reason it is common to speak of the equivalence be-
tween inertial and gravitational mass, and there is a tendency to use the concepts
interchangeably. However, an appropriate consideration of the general nature of
Newtonian instantaneous action-at-a-distance shows that the gravitational-mass
ratio of two particles determined in a weighing experiment can be interpreted
directly as the inertial-mass ratio of the same two particles determined in a particu-
lar kind of ‘at-a-distance collision experiment’.

A common formulation of Newton’s Third Law states ‘for every action there is
an equal and opposite reaction” and so, for two particles in collision (observed from
an inertial frame), there necessarily follows

mAv =-MAV,

where m, M are the respective inertial masses and Av, AV are the respective veloc-
ity changes through the collision. However, this formal rendering of the Third Law
for a two-particle system is specific to the case of collision, in which interaction
occurs through direct contact. Now, the various phenomena of gravitation and
electromagnetism impose the notion of a more general case in which the interaction
between two particles can be characterized as being continual, and ‘at-a-distance’.
In this case, the foregoing formal statement which summarizes the case of ‘collision’
is inadequate, and must be generalized to become

mx = +G(t); MX =-G(%), (1)

where G(#) can be interpreted as the programme of Newtonian forces exerted on
each particle in the system. However, (1) by itself is not sufficient to express the full
meaning of the Third Law for the at-a-distance case since it merely asserts the
equality of the opposing forces, but neglects to say these forces act along the straight
line which connects these particles—a condition which is generally taken to be
implied in any statement of the Third Law. This condition of colinearity can be
expressed as

x—X=AG(?) @

where 1 is an unknown Galilean scalar. If it is noted from (1) that X =G/m and
X=-G/m, then there follows

%-X = ('"m;i"f)c(t),

so that writing Y = (x— X), then G(#) can be eliminated between this latter statement
and (2) to obtain

y=a(m"_’fjw )Y @)
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Now consider the general nature of a procedure which is required to compare
two test masses, m; and m,, for equality only via measurements made on their
respective interactions with the mass M, which occur according to (3). Suppose
these latter measurements are made simultaneously and in the same location—
implying Y and 4 are identical for both cases—and suppose they simply consist of
instantaneous measurements of the two relative acceleration vectors, denoted as Y,
and Y, respectively. Now taking the scalar product of (3) with itself there follows,
for each set of measurements, the scalar equations

Y rnlM 2 e
(Y,Y)= ¥ (ml +M) (Y% %,)

4

Y sz 2 e
(Y,Y)= ¥ [mz +MJ (Y, Yy)

where the notation (a,b) denotes the scalar product of a with b, and it follows

immediately that
m | m M
m, \my+M

It is clear from this latter expression that m; and m, can only be equal when
the magnitudes of the two relative acceleration vectors are also equal. In this gener-
al way, it can be seen how Newtonian action-at-a-distance can be used to calibrate
the relative inertial masses of particles, and how—significantly—the process is inde-
pendent of the specific form of A which defines the quantitative nature of the
action; that is, the process could be electromagnetic, gravitational, or anything else
one cares to imagine.

Newton’s Law of Universal Gravitation can now be seen as simply a special
case which starts with the assumption M (say) is so large compared to m that, by (1),
X»X=0 with the consequence x can be considered fixed in some subclass of
inertial frames; consequently, relative to those particular frames in this subclass for
which X =0, (3) becomes x = AmX. Consistency with Kepler's Laws is then obtained
if A =-2/x’, where A, is an appropriately determined positive constant. With this
perspective of Newtonian gravitation, it is possible to see how the process de-
scribed above to test for equality between inertial masses in a Newtonian at-a-
distance interaction defines the essential features of the classical pan-scale weighing
experiment. In other words, relative masses determined in weighing experiments
can be interpreted simply as measures of relative inertial masses determined in at-a-
distance ‘collision” experiments, and Newtonian gravitation can be interpreted as
simply a special case of an ‘at-a-distance inertial interaction’.

4. The Nature of Newtonian Potential

The foregoing discussion on the general nature of Newtonian gravitation
leads immediately to questions concerning the nature of Newtonian ‘potential ener-
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gy’ and, in the following, it is shown how this concept can be viewed as simply a
modelling device which allows the dynamical behaviour of the gravitating source
to be ignored and that, in fact, it is essentially the negative kinetic energy of the
source.

Consider a binary inertial interaction, described from a frame which is at rest
with respect to the system’s centre of gravity, and suppose the particles concerned
have masses and velocities (m,v), (M, V). Then

mv+MV=0,

from which

-;-m(v, v)= (%)%M(V, V),

so that, using (KE), and (KE),, to denote the respective kinetic energies, there
finally follows

(Ks)m-(%j(KE)M ~o. @

The important point to remember is, since this relationship follows directly
from the Third Law, it must be true for any Newtonian binary interaction including,
specifically, a classical Newtonian gravitating pair for which M m. In such a case,
m is the mass of the gravitating particle, and M is the mass of the ‘gravitational
source’. The kinetic-energy/potential-energy relationship for the gravitating parti-
cle in such a system, given in the form (KE), +(PE) _ =0, is, like (4), only true in that
class of frames which is at rest with respect to the system centre of gravity; conse-
quently, it can be compared directly with (4) with the result

(PE), = —(%)(KE)M.

That is, the potential energy of a gravitating-mass is proportional to the nega-
tive kinetic energy of the source-mass, and this conclusion is based purely on the
physics of momentum conservation. In other words, the Newtonian concept of
‘potential energy’ is simply a modelling device which, in cases for which M»>m,
allows the dynamical behaviour of the gravitating source to be ignored.

5. Summary of Newtonian Analysis

It was shown, in Section 3, how Newtonian gravitation theory is an approxi-
mation based on the assumption that the gravitational source is at rest in some
inertial frame (m/M = 0), and that a weighing experiment can be interpreted direct-
ly as an ‘at-a-distance’ determination of inertial mass whilst, in Section 4, it was
shown how the Newtonian concept of ‘potential energy’ of a particle in a binary
interaction can be interpreted directly as a measure of the negative kinetic energy of
the second particle involved. Reasonable conclusions following from these simple
analyses are
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e there exists an exact Galilean gravitation theory;

e  this exact theory will follow from an appropriate consideration of ‘at-a-distance’
inertial interaction;

® any concept of ‘potential’ in this exact theory will take the form of some kind of
kinetic-energy function satisfying some kind of potential equation.

The remaining sections are devoted to obtaining this theory, and to demon-
strating its validity.

6. The Galilean Model Universe

Suppose a model Universe consists of N < ec material particles, F,... Py, having
inertial masses m,...my, and suppose these N particles have respective velocities
vi..v" at time ¢, and v! +dv'..v} +dv" at time t+dt measured from within some

inertial frame. Then, according to Newton’s Third Law, there is the relationship
mdv? +m,dv?+.. +mydvN =0

between the velocity-change vectors of the whole class of Universal particles. Now
suppose the whole model Universe of N particles is partitioned, arbitrarily, into
exactly three non-trivial agglomerations of particles, and that these agglomerations
have respective masses M,, M, and M, respective centre-of-mass velocities V*, V2
and V? at time ¢, and respective centre-of-mass velocities V! +dV*, V2 +dV? and
V3 +dV? at time ¢ +dt. The foregoing statement of global momentum conservation
in the model Universe can then be expressed as

MdV'+M,dV? + M,dV® = 0. ()

The particular representation, (5), of global momentum conservation in the
model Universe is the primary form upon which the whole of the following analy-
sis is predicated.

7. The Galilean Reference Scalar

In the following, it is shown how (5) provides the basis for a geometric repre-
sentation of gravitational action within the Galilean model Universe leading, final-
ly, to the identification of gravitation as a special kind of inertial process, and
making the Equivalence Principle redundant to physics.

According to (4), the trajectories, represented by the velocity-change vectors
dV?, dv?, dV?, of the three agglomerations involved in the global momentum
conserving interaction, must lie in some Galilean invariant 2-dimensional subspace
of the velocity space.

Analogy 1: consider three non-colinear lines which lie in the same plane in ordinary Euclide-
an space; the direction of any one of these lines can be expressed purely in terms of the
directions of the other two; these lines are then said to be linearly dependent, and to lie in a
two-dimensional subspace—the plane which contains them—of the general three-dimensional
Euclidean space.
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Any such Galilean subspace can, in turn, be considered to define a tangent
plane to a level surface of some Galilean scalar function, U, for example, defined on
the velocity space.

Analogy 2: the Euclidean plane of analogy 1 can be thought of as tangential to the surface of
an ordinary sphere which, in turn, can be referred to as a level surface of the Euclidean
distance function, > +y* +2°.

In this way, it is clearly seen that the level surfaces of the scalar function U are
simply abstract representations of the agglomeration trajectories into, and out of,
the global momentum conserving interaction; they have no meaning beyond this.
However, in the following it will be shown that these level surfaces provide a very
powerful means for referencing the motion of an arbitrary particle which belongs to
any of the three agglomerations; for this reason, the scalar U will be referred to as
the ‘reference scalar’ and the level surfaces themselves will be referred to as the
‘interaction manifolds’.

8. Geometry and the Reference Scalar

Consider now the trajectory, v, of a single particle chosen arbitrarily from one
of the three agglomerations; in general, such a trajectory will not be confined to any
particular level surface of U, but will cut across such surfaces with the consequence
that it can be parameterized by changes in U.

To see how this can be done, first note that, since n, =V U, a = 1, 2, 3, defines
normal vectors to the level surfaces of the reference scalar, U, then

dn, =V, (V,U)dv' = g,dv/, where g, =V, VU, ©)

gives the covariant change in n, along an arbitrary infinitessimal arc dv . Effective-
ly, therefore, if dv is confined to the particle trajectory, v, then dn, provides a
vector measure of reference-scalar change along an infinitessimal section of trajecto-
ry and, in particular, the scalar product

dnl.dv" = 3,-jdvidvf =ds?
will give a scalar measure of the invariant resolution of this change along dv.

Now suppose p and g are two arbitrarily chosen point velocities, and suppose
the latter expression is integrated to give the scalar invariant

I(p,q)= }Jdn,-dvi = }J g;dv'dv’ = }\/ ;' dr. )
P

4 4

where T is some parameter, and further suppose that I(p,q) is minimized with
respect to choice of the trajectory connecting p and 4. This minimizing trajectory is
then geodesic in the velocity space formed by the union of all level surfaces of the
reference scalar, U, and within which g, provides the metric tensor; it is to be noted
that these trajectories are specified by the Euler-Lagrange equations defined using
the Lagrangian density £ = /8,00’ , of (7).
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Analogy 3: a level surface of the Euclidean distance function, x +y* +22, is the set of all
points which are a fixed distance away from the origin; the union of all such level surfaces is
the set of all points in an ordinary Euclidean space, and a geodesic in this space is simply the
shortest distance between any two points.

Since the existence of this abstract velocity space—and hence of geodesics
within it—is independent of specific inertial-mass values, then this latter step makes
particle trajectories independent of particle inertial masses, and is the modelling
step defining that general subclass of trajectories which conform to the characteris-
tic phenomonology of gravitation.

The abstract velocity space with metric tensor g, is, of course, not yet suffi-
ciently specified since the formal expression of this tensor, given in (6), has the
explicit form

U au
8w =5 F o > ®)

where T are the objects (connection coefficients) which describe the velocity-space
geometry, and this has yet to be specified. However, before these connection coeffi-
cients are finally specified, it is easier to first consider the nature of the most simple
possible circumstance described by (8).

9. The No-Interaction Solution

The most simple case which the presented formalism might be expected to
describe is that which contains the class of all possible non-interacting inertial
particle trajectories. In this particular case, the interaction manifold metric tensor,
9. and the corresponding connection coefficients, I, would be expected to as-
sume their most simple possible forms, and therefore to be given by

84=04 and Ty =0, )

where 8, is the 3 X 3 unit matrix. It is easily seen that this prescription represents a
consistent resolution of (8).

In order to see that this formal resolution of the given formalism actually does
contain the class of non-interacting inertial trajectories, first note that (9) in (7) gives
the Lagrangian density £ = ,,z’f‘b" 8; . The Euler-Lagrange equations can now be
written down as v =k, for arbitrary vector constant k, and it is easily shown that
this has the unique solution ¥ =0, which represents the class of all possible inertial
trajectories.

In order to determine the form of the reference scalar, U, corresponding to this
case, simply note that (8) with (9) can be written

_u
=

from which the most general solution is found to be given by

é

1, L
U=-§vv’8,.i+av’5,-j+ﬁ,
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where a” is a constant vector and B is a constant scalar. Writing a" = -f, such a
solution can always be written as

U= %(vi - vf,)(vi - v{;)éij +y (10)

where 7 is some constant scalar. Since v} is constant, it can be interpreted as the
velocity of some arbitrarily chosen inertially moving reference point—for example,
the system centre of mass (c of m) is a natural choice. In this case, w=v—v, is the
velocity of the particle relative to this reference point and, since this latter vector is
a vector with respect to the Galilean group (in fact, it is a vector with respect to
transformations between arbitrarily accelerating frames), then U is a Galilean invar-
iant scalar function of velocities. With the foregoing interpretation of v, the first
term of (10) has an obvious interpretation as the kinetic-energy/unit mass defined
relative to the arbitrarily chosen reference point; it is subsequently referred to as the
‘relative kinetic-energy density’, and is denoted by ®.

10 . The Connection Coefficients

The identification of the velocity-space metric, g,, with the 3 X3 unit matrix,
d,, for the case of non-accelerated motions makes the task of identifying the con-
nection coefficients a relatively routine procedure.

The velocities in relation (8) are particle velocities defined relative to an arbi-
trarily defined inertial frame. Since inertial motion within the context of a Galilean
model Universe can only be defined as motion which is unaccelerated with respect
to the global centre-of-mass, then a natural frame of reference is any which is
stationary with respect to this global centre. It follows that, without loss of general-
ity, the velocity in (8) can be identified with the velocity w of the previous section,
and therefore be considered as being defined relative to this absolutely defined
centre. Since v can now be seen as a relative velocity defined between two physical
points, and since the reference scalar, U, is defined in terms of v, then (8) is invariant
with respect to transformations between arbitrarily accelerating frames, and not just
between inertial frames. This means that a coordinate transformation can always be
made such that, locally, particles appear to be unaccelarated, and therefore—by the
result of the previous section—to have local dynamics prescribed by the relation
8a =04 It follows, as a standard result of differential geometry, that the Ricci
condition, V g, =0, is necessarily true everywhere; from this it follows, again as a
standard result, that the connection coefficients must be the Christoffel symbols,
and given by

e 1 {985 98 9g4
Ta=328 [W’”ﬁ"ﬁ‘ :

The general formalism is now completely defined to within the specification of the
reference scalar, U.
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11. The Potential Structure of the Reference Scalar

So far, the presented formalism has been obtained as a pure description of that
generic class of at-a-distance inertial interactions through which particle trajectories
are independent of specific particle masses and so, 4 priori, the formalism includes
actual gravitational interactions as a special case; it cannot yet be identified with
them since, whilst (8) can be considered as a constraint on the structure of the metric
tensor, g,,, which determines particle trajectories through gravitational interac-
tions, it does not determine this tensor since there is, as yet, no rule for the determi-
nation of the reference scalar, U. However, as was noted in Section 2, the success of
Newtoniari gravitational physics can be interpreted as providing very strong cir-
cumstantial evidence for the importance of the potential concept to gravitational
physics in general; Section 4 showed the Newtonian potential in a binary interac-
tion to be closely related to a kinetic energy in such an interaction whilst, in Section
8, it was shown how the referente scalar U (the level surfaces of which define the
interaction manifolds of the given formalism) could—in very simple circumstanc-
es—Dbe interpreted as a ‘relative kinetic energy density’. Altogether, these circum-
stances suggest that, for gravitational interactions, U must be constrained to have
some form of potential content or; équivalently, constrained to satisfy some form of
Poisson-type equation.

Whilst there appears to be no unique way of determining which Poisson-type
equation should be imposed on the system, an obvious starting point is to consider
the possibility of a ‘weak field’ case, defined as a small perturbation of the no-
interaction case for which, from (10),

U=%[(v—v0),(v—vo)]+yE—;-(w,w)+y =b+y

_du

ow'ouw’”
Taking the inner product of this equation with % shows that U= ®+7 also satis-
fies

6ab

&4 =VU=3,

ow'ow’

which is a Poisson-type equation, as required. However, this latter equation has the
more general solution

lI=<I>+y+T/f§ (11)

which has the required potential component and which, for large values of @, can
be considered a small perturbation of the no-interaction solution. If the level surfac-
es of this Poisson U are assumed to define interaction manifolds, then the corre-
sponding metric tensors on these manifolds can be found by putting this U in (8),
and solving the resulting differential equations for the g,,. These equations are non-
linear, and probably only resolvable in a numerical sense; however, a closed approx-
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imate solution can be be easily obtained if g, = 8, is assumed, and used in connec-
tion coefficients of (8). In this case, I, =0, and (8) leads to

A
8ab ow® awb ’
where U is defined at (10), so finally
S = U8, + U ww’ (12)

where U’ =dU/d® etc. Notice that, since g, is defined purely in terms of deriva-
tives of U, ¥ in (10) is arbitrary, and it is only necessary to determine S.

12. Equations of Motion

The geodesic trajectories in reference scalar space corresponding to g, de-
fined at (12) are calculated as those trajectories which minimize the integral (7), and
these arise as the solutions of the Euler-Lagrange equations defined by the Lagrang-
ian density

I
L= ww’gij.

However, this density function is homogeneous, of degree one, in the acceler-
ation vector, W, and so leads to equations of motion which are invariant with
respect to arbitrary transformations of the independent parameter, 7 (@' = dw'/dr).
For example, the particular choice of parameter defined by

dr = /dw'dwlg,,

implies £ = constant, and leads to the relatively simple set of equations for geodes-
ic trajectories in reference scalar space given by

2U'wW+2 du
dr

W+(%[u”(w,v'v)]+U”(W/W))W=0 (13)

where U and @ are defined at (10), and the notation U’ =dU/d® has been used.
However, we are generally only concerned with that choice which identifies the
parameter, 7, with Galilean time, ¢, and there is one particular circumstance in
which the parameter 7 coincides with physical time, f: using (12), and the definition
of 7, above, it is easily seen that

2
(éz) = U(, W) + LI (w, W2
dt

In the particular case of circular motion, (w,w) =0, and (w, W)= constant and
U’ = constant since U’ is a function of energy only. It follows that d7/dt = constant
and so 7 and { are effectively identical. Consequently, the theory can be tested for
the dynamics of circular gravitational orbits using the approximate equation of
motion, (13).
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The first thing to notice about this equation is that it contains a single undeter-
mined constant, 8, in the functions U’ and U” arising from (11). In Appendix A, it
is shown that the system (13) has a particular class of solutions for which the
relative kinetic-energy density, ®, is constant, which corresponds to the cases of
unaccelerated and circular motions. It is further shown, in Appendix A, how the
system (13) can only support solutions which are small perturbations of these
particular solutions if f=—4(® 0) , where @, is the relative kinetic-energy density

at the initial time. This effectively means that the system (13) is independent of all
externally measured parameters, and is, therefore, an internally complete theory.

13. Results

The basic details of the procedure used to solve equations of motion, (13), are
given in Appendix B and C whilst, in this section, the particular results which arise
when they are used to model planetary motions in the solar system are presented.
First, however, it is shown how, for the special case of circular orbits, the approxi-
mate equations of motion reproduce exact Newtonian dynamics.

Particles in circular orbits are characterized by constant kinetic-energies ((w, w) =
constant) and magnitudes of acceleration ((W, w)= constant) and it is shown in Ap-
pendix D how, for such orbits, the equations of motion (13) reduce to

W+[(w’w)]w=0 (14)

(w,w)

Since the coefficient of w in this equation is constant, then it describes a simple
harmonic motion with period, T, given by

T2=4n2[9.“'—‘?’)] (15)

(W, W)

In order to compare this prescription for orbital periods with the Newtonian
prescription, note first that the Newtonian formulation gives circular orbits accord-
ing to

1_m 7Ms
r hz,rO—

where ¥ is the gravitational constant, M, is the solar mass, and h is angular momen-
tum/unit mass of orbiting particle. Since, in (15), (w,w) is the magnitude of the
square velocity, and (W, W) is the magnitude of the square acceleration, then there
follows immediately, for circular orbits, the relations

(w,w)= (ré'))2 = (71;145 )2,

6
iy = (2 = T2

Substitution into (15) gives



298 D. F. Roscoe

TR 7|
(rM,)

which is the Newtonian period arising from Kepler’s Third Law. It follows that if
(13) is integrated using w, and W, taken at a point on a Newtonian circular orbit,
then the resulting orbit will have the Newtonian period, given above. This, of
course, is exactly what happens and, as a check, the full system (13) was integrated
to compute the orbital periods of three hypothetical planets having circular orbits,
but different angular momenta/unit mass, h. These had Newtonian periods of 4.124
days, 3.872 years and 304.8 years respectively. The integrated periods were comput-
ed as 4.124 days, 3.872 years and 304.8 years respectively, as expected.

Finally, the equations (13) were integrated by specifying initial conditions
chosen from the orbits of real planets (see Appendix C); the approximate nature of
2. defined at (12) has the consequence that the resulting orbits are generally quite
unlike the real orbits and—except for the case of exactly circular orbits—cannot be
represented by simple repeated closed curves. However, by defining the ‘quasi-
period’ of an orbit as the elapsed time from the initial point until the first moment of
closest approach to this initial point, it is possible to compute a ‘quasi-period’ for
each of the planets, and the results of these integrations are given in the table below.
The first column records the name of the planet concerned, the second column
records its observed period, the third column records its computed quasi-period
and the fourth column records the computed period which would arise if the planet
concerned had unchanged angular momentum, but a circular orbit.

Table 1
Planet Observed Period Computed Period Computed Period
Circular Orbits

years years years
Mercury 0.241 0.239 0.230
Venus 0.615 0.615 0.615
Earth 1.000 1.000 1.000
Mars 1.881 1.878 1.865
Jupiter 11.86 11.86 11.83
Saturn 29.46 29.45 29.37
Uranus 84.02 84.00 83.83
Neptune 164.8 164.8 164.8
Pluto 247.7 2444 2314

14. Conclusions

A Galilean invariant formalism describing a generic gravitational action has
been derived which is predicated upon the concept of Galilean invariant inertial
mass together with the results of the Eotvos experiment, which imply that the
trajectories of material particles in a gravitational field appear to be independent of
their specific mass values; this formalism is exact in the sense that it provides the
formal structure of an exact (but unknown) Galilean theory of gravitation, to which
the Newtonian theory is only an approximation. This unknown theory is deter-
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mined to within a Poisson-type equation, and it is the determination of this which
provides the hypothetical content of the presented work. An appropriate equation
has been suggested and used to obtain approximate equations of motion which are
complete in the sense of being independent of all externally measured parameters.
These approximations were applied to the estimation of orbital periods within the
solar system, and the results of these calculations are so accurate it is almost incon-
ceivable that the formalism presented is not giving a fundamental insight into
gravitational phenomena.

From the point of view of modern physics, the most significant property of the
presented formalism is that the methods by which it is derived are independent of
any specific motion-group. For example, when applied to the concept of Lorentz-
invariant inertial mass (that is, the rest-mass of Special Relativity) it can be expected
that a formalism describing gravitational process will arise in which the instantane-
ous actions-at-a-distance of the Galilean formalism will be replaced by a retarded
local action in which momentum transfer takes place between retarded fields and
the particles which act as sources for these fields. Such a formalism will be exact in
the same sense that its Galilean equivalent is exact and, by virtue of its general
structure, will provide a natural correspondence limit for a conventional field quan-
tization of gravitational action.

Postscript

Independent of the empirical validity of the Hertz theory, the fact that the full
Hertz theory is Galilean invariant whilst its Maxwellian special case in Lorentz
invariant, suggests, somehow, the existence of a connection between the Lorentz
group and the Galilean group, with the Lorentz group being the subordinate group.
Certainly, such a concept is entirely inconsistent with the standard interpretations
given to the Lorentz group, but a recent paper by Trempe (Trempe 1992) shows
how the formal structure of the Lorentz group (that is, without its kinematic con-
tent) can be obtained purely by considering the geometry of an ordinary ellipse.
This paper then goes on to provide kinematic structure by considering an ellipse
expanding homothetically in Galilean space and time. In this way, Trempe links the
Lorentz group in a subordinate fashion to the Galilean group, noting, of course, the
necessity for a re-interpretation of the Lorentz group, which he duly provides.

Appendix A. A Determination of the Constant  in the Function U

The function U, the level surfaces of which define the interaction manifold
geometry, is defined according to

U=<I>+y+7% (16)

where ¥ and f are undetermined constants. Since only derivatives of U are required
for the equations of motion, then it is only necessary to have knowledge of . This
latter constant can be determined by the requirement that the given formalism
supports solutions which can be expressed as small perturbations of the special case
solutions for which the relative kinetic-energy density is always constant. Since
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these latter solutions correspond to cases of unaccelerated motion, and to cases of
circular motion, and since experience shows that small perturbations from these
particular states do exist in gravitationally interacting systems, then the require-
ment is necessary if the formalism is to successfully describe the world.

The simplest way to proceed is to form the energy equation from the equa-
tions of motion, (13). Firstly, however, note that since U’ = dU/d®, then the relation

do_du
dt dt

holds. With this, then (13) can be expressed in a slightly more convenient form as

U"(W, w) - ull

’ 2y
2 + 2%{w + [idg— + U”(W,W)]w =0 17)

To obtain the energy equation from this latter equation then:

®  Take the scalar product of (17) with W, and integrate with respect to ¢ to obtain an
equation involving ® and (w,w) only;

® Take the scalar product of (17) with w to obtain a further equation involving ® and
(W, W) only;

¢ Eliminate ® between these two equations, and use the definition of U at (16), to
obtain

1, , B _B)P® 3 (15 1P (i‘:) K(1+1£)
217 @% @ )dP 20(40% 20° |\ dt 4% )

which is the equation describing the evolution of the relative kinetic energy density
along a particle’s trajectory. The constant K is a constant of integration.

It is clear that a special solution of this latter equation is given by &% = - /4,
so B<0 for real solutions, and that these solutions correspond to the cases of
unaccelerated and circular motions.

If solutions are searched for which exist as small periodic perturbations of
these latter special case solutions, then it is found

¢(t)=¢o+¢o,/%sm fé%t
0

where @, is the initial value of ® and is necessarily given by

ol

In this way, it can be seen that = —4(@0)% so that, finally,

U=¢+A—4¢01’% (18)
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Since B is the only parameter in the equations of motion, it follows that these
equations are independent of externally measured parameters, and are therefore
self-contained, and complete.

Appendix B. Solving the Equations of Motion

In this appendix, the general procedure used to generate trajectories from the
equations of motion is briefly described.

Following (17), the approximate equations of motion arising from the given
formalism for any particle involved in an interaction is given by

’ 2717
v +29 | L ) [w = 0.
dt df?

For the purpose of numerical integration, it is convenient to express this latter form
of the equations of motion in the form

AW+BW+Cw=0 19
where A, B and C are functions of w and W only. This is done in the following way:
firstly, the relations

4 2 4 . .
P L S (20)
dt d#

are used to express the equations of motion as

2u’W+29&lf—w+[u"(w,W)+u"'d>2 +2 "(w,W)]w =0 (1)

Now form the scalar product of this latter equation with w, and rearrange the
resulting equation in terms of (W, W) to get, finally,

(22)

- {20t

u’'+2u e

The equations of motion for each particle in the binary interaction are then
solved in the form of (21) with (22), where U is defined at (18).

Appendix C. A Technical Difficulty

The results, given in Section 13, for the orbital periods of solar system bodies
were obtained simply by choosing, as initial conditions, the known velocity and
acceleration at a particular point on the orbit derived from standard Newtonian
theory. In principle, given the general validity of the given formalism, together with
the availability of an exact representation of its equations of motion, then, that
choosing initial conditions in this way should be sufficient for these equations of
motion to recover the whole Newtonian orbit. However, in the present case, the
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equations of motion obtained here are derived as equations defined on an approxi-
mate interaction manifold, and are therefore, themselves only approximate. It fol-
lows that two distinct sets of initial conditions which belong to the same Newtonian
orbit will, in practice, lead to distinct trajectories here. Since there is no a priori
reason to suppose that such distinct trajectories will have the same periods then,
from the point of view of calculating approximate predictions for these periods,
there is a problem concerning the choice of initial conditions. To resolve this prob-
lem in a consistent way for all orbits, it is argued that since the relative kinetic-
energy density is the basic object of the given formalism, then the initial conditions
for integration of the corresponding equations of motion should be taken from that
point on the Newtonian orbit where the orbital kinetic-energy attained its mean
value for the orbit. That is, since the relative kinetic energy density on the Newtoni-
an orbit given by

= -,%(1+esin9), r0=h,

GEGIRGE
==||—| +{=| |+€ = 0,
2[( n ) w) |TCh)
where €, pt and h have their usual Newtonian meanings, and 6 is the angular
displacement on the orbit, and since this KE attains its mean value at 6 =0, then the
velocities and accelerations supplied to the equations of motion as initial conditions

should be calculated at the same point. Consequently, the integrations of Section 12
all had their initial conditions computed from

is given by

o _HE oMK
F= 16 e

Appendix D. The Special Case of ® = constant Motion

The equations of motion for a single trajectory are given, from (21) and (22), by

ZU'W+2dd—L:w + U (3, ) + U762 + 217 (w, ) w = 0.
2 ..
(W,W) = — (I) :"(D(‘V”,W) ul/
u +2u"e
If @ = ®, where @, is constant then, immediately,

2L +| U™ (W, W) - 2U” AN L tw=0.
u +2u"®d
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Now use the expressions for U’ and U” derived from (18), evaluating these at
D =®,, to obtain

W+ ______(w,w) =0.
20,

Since this equation is only true for the case 2@ = (w,w)= constant, then w and w

must be specified to satisfy (w,w) =0 at the initial point, and this implies the above

equation can be written, finally, as

W+ [—-—(W""")]w =0,

(w,w)

which is the form given in the main text at (14). To see this, it is only necessary to
form the scalar product of this latter equation with w, and integrate, to find (w,w) =
constant. However, since this latter constant is specified to be zero at the initial point
then, immediately, (w,w) =2® = constant, which was the basic assumption.
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Astrophysical and Cosmological Consequences of
Velocity-Dependent Inertial Induction
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We discuss various astrophysical and cosmological consequences of the introduc-
tion of a velocity dependent term in a phenomenological model of dynamic gravita-
tional interaction. In particular, we show that the observed cosmological redshift is
consistent with a stationary universe, although other aspects of a quasistatic cosmo-
logical model have not been touched upon.

Without incorporating any free adjustable parameters in the model, the value for
the observed Hubble constant has been obtained. The model further shows that the
gravitational and inertial masses are exactly equal, and G decreases with distance
exponentially, the coefficient of distance in the exponent being equal to (-H,/c).
Local interactions are shown to produce a number of effects which are detectable and
can explain a number of ill explained and unexplained phenomena. Furthermore, the
proposed mechanism can act as a servomechanism to distribute matter in spiral
galaxies in a unique way which results in flat rotation curves. Suggestions for further
work are put forward, including an investigation of the filamentary nature of the
large scale structure.

Introduction

At a meeting of the Institution of Mechanical Engineers of the United King-
dom on June 18, 1943, a very interesting observation was made by Dr. E. Orowan,
F.RS. of University of Cambridge during a discussion on a paper entitled “The
Significance of Tensile and other Mechanical Test Properties of Metals” by Dr.
Hugh O’Neill. To quote him:

The extension of a piece of metal was, in a sense, more complicated than the working of a
pocket watch, and to hope to derive information about its mechanism from two or three data
derived from measurements during the tensile test was perhaps as optimistic as would be an
attempt to learn about the working of a pocket watch by determining its compressive strength.

The basic idea behind the above is that, even though the overall characteristics
of a physical phenomenon can be approximately described by a simple phenome-
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nological model, all physical phenomena are extremely complicated in their de-
tailed structure. As a result, the descriptive laws which are supposed to represent
the behaviour of the phenomena are also very complicated in their details. In other
words, there is always more detail to be found in the fine structure of the phenom-
enological rules. Thus, while the gravitational interaction between two particles is
well described by Newton'’s simple inverse square law, there is no reason to believe
that this law provides a complete description of the phenomenon.

In a recent article in Nature, Lindley (1992) has remarked that Milgrom’s
attempt to explain the galactic rotation curves by adding extra terms to Newton’s
inverse square law without invoking missing mass amounts to messing around
with gravity, since it is ad hoc and destroys the simplicity of the rules. However, he
remains silent on the many ad hoc free parameters in the standard model of cosmol-
ogy and the introduction of inflation, which definitely complicate a simple expand-
ing model of the universe. The real issue is perhaps reflected in the following
comments (Lizhi and Yaoquan 1987).

The awe-inspiring fame that accompanies every great success often so affects the successors
that they may refuse to consider, or dislike to consider what among the consequences is really
the proved truth and what remains a conjecture or a hypothesis.

Though the above remark was made in connection with the transition from
Newtonian to Einsteinian era, it holds true for the expansion hypothesis also. Since
no mechanism for the observed cosmological redshift other than the Doppler effect
has been found within the framework of Newtonian and relativistic mechanics,
most scientists are unwilling to abandon the expansion hypothesis. Yet there has
not been a single proof in favour of cosmological expansion and the non-Euclidean
nature of the space. Both are presumed to have their origin in General Theory of
Relativity. On the other hand, most of the proposed “tired light” mechanisms
cannot be verified through alternative tests and also bear the mark of ad hocism.

The main objectives of this paper are as follows:

1. The gravitational interaction between two particles will be expanded to include
the dynamical terms depending on relative velocity and acceleration. This model
is also phenomenological, but free parameters will be avoided.

2. It will be shown that such an interaction of a particle with the rest of the
universe (which is taken to satisfy the perfect cosmological principle i.e. infinite,
homogeneous, non-evolving and quasistatic) results in a small velocity-dependent
drag force over and above the acceleration-dependent force ma. This also yields
an exact equivalence between gravitational and inertial masses. Furthermore,
the small velocity dependent drag force will be shown to be responsible for the
cosmological redshift.

3. It will be further shown that G is not a constant, but decreases exponentially
with distance. This eliminates both the problem of an infinite potential at a
point and the paradox in Newtonian gravitational law whereby a particle in a
universe is acted upon by an arbitrary force.

4. Unlike most other cases, this model will be applied to a host of other problems
involving both material bodies and photons. All the predicted effects are shown
to be present, while the model can also explain a number of unexplained or
poorly-explained phenomena.

5. During the last nine years, the terminology involved in the model of inertial
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induction has not been rationalized. Here we will attempt to arrive at a ration-
alized nomenclature.

Cosmic Drag and Exact Equivalence of Gravitational and Inertial Mass

The concept of a dynamic gravitational interaction, in which the interacting
force between two bodies depends not only on separation, but also on relative
motion, was first suggested by George Berkeley thirty years after the publication of
the Principia. However, the tremendous success of Newton’s law of gravitation did
not allow any progress in this direction until 1872, when the point was raised again
by Ernst Mach. He stated that the inertial property of any given object depends
upon the presence of other material bodies in the universe. In other words, the
property of inertia is nothing but the manifestation of a dynamic gravitational
interaction. This idea influenced many contemporary scientists, including Einstein,
and it eventually became known as Mach’s Principle. The question whether inertia is
an intrinsic property of matter or represents an interaction with the matter in the
rest of the universe is still not resolved.

The main difficulty in coming to a definite conclusion about Mach’s Principle
was due to the absence of any quantitative model of the theory. Sciama (1953, 1961,
1969) was the first to propose a quantitative model of dynamic gravitation incorpo-
rating Mach’s Principle. In his model, the force between two bodies has one static
part, which is the usual Newtonian gravitation, and another part dependent on the
acceleration between the bodies which was termed inertial induction. Sciama pro-
posed that the interactive force between two bodies of mass m, and m, at a distance
r will be given by

r r

where 4 is the acceleration between the bodies, G is the constant of gravitation and
cis the velocity of light. Assuming the universe to be in a quasistatic state, a body of
mass m moving with an acceleration a with respect to the mean rest-frame of the
universe, will experience a resistance

F=ma 2 9% @

where M represents the mass of a body in the universe at a distance 7 from the mass
m. Sciama and others (Cook 1976, Selak 1984) have shown that

ZEM_

2
unive»secr

becomes of the order of unity when the presently estimated values of the average
matter density in the universe and the radius of the observable universe are used.
Thus, it has been demonstrated that inertia is nothing but a manifestation of the
acceleration dependent gravitational interaction of a body with the matter in the
rest of the universe. However, the model fails to show why the coefficient of ma in
(1) is exactly equal to unity!
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Ghosh (1984, 1986a, 1990) has proposed a more comprehensive model of dy-
namic gravitational interaction according to which the interacting force between
two objects depends on separation and relative acceleration, as well as relative
velocity. The structure of the phenomenological model of the dynamic gravitational
interaction between two objects can be represented as follows:

F=E +E +E+.. 2

B

Figure 1. Dynamic gravitational interaction between two particles.

F is the force on A due to B (Figure 1), E, is the force depending on the relative
separation of the two bodies, F, is the force depending on the relative velocity and
E, is the force depending on the relative acceleration. There may be other terms
depending on the higher order derivatives, but for the present we will ignore them.
Each component may have a complicated structure. For example the first term in E,
can represent the usual Newtonian law, but may also contain other position-de-
pendent terms, as proposed by other researchers (Milgrom 1983, Kuhn and Kruglyak
1987 and references therein). This is also the case with F, and F,. We can write

Gm Am

F=- u, +F(r) (3a)
GmAmB u

E=-—37"vuf(O)+E(rv) (3b)

E, =224 au,f(9) +Ei(x,v,2) 9

where r(=ru,), v(=vu,) and a(= au,) are the position, velocity and acceleration of
body a with respect to B (u,, u, and u,are the unit vectors); f(6) and f(¢) (with
cosf=u,-u, and cos¢ =u, -u,) represent the inclination effects; m,and m are the
gravitational masses of bodies A and B (in fact m, and mj are the relativistic masses
of A and B). However, as in the first term of F, (which is well established), the
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relativistic effect is negligible except in special situations. f(8) is a symmetric func-
tion of 6 and satisfies the following conditions:

f(@)=1 for 6=0
and f(@)=-1for 6==
The primed terms F,, F, and F, represent the higher order terms. If we neglect the

higher order terms in (2) and those in (3a), (3b) and (3c), the simplest form of
dynamic gravitation can be written as follows:

Gm,m Gm,m
F=- T4, - ST o, f(6) - AT

mAmB

au, f(¢) )

It should be further stressed that G is not a constant, but decreases with
distance. In conventional mechanics, the influence of gravitation is assumed to
decrease as 1/r? because the surface area of a sphere increases as 2. But the
decrease in force is due both to the depletion of flux as 1/? and to a decline in the
strength (or energy) of the agent which is responsible for the gravitational interac-
tion. Laplace and others (Laplace 1880, Pechlaner and Sex! 1966, Fujii 1975, Sanders
1984, Assis 1992) have speculated that G may decline exponentially with distance.
In the dynamical model, the nature of the variation of G will emerge directly from
the analysis. It will also be seen that there are no adjustable free parameters in the
model. However, to complete the relation quantitatively, f(6) and f(¢) will be
assigned a definite functional form satisfying the conditions set out above. Of
course, at this stage the only important thing to note is that f(0) and f(¢) have the
same functional form.

Before proceeding further, it should be pointed out that the inclusion of a
velocity dependent term in the dynamic model of gravitational interaction is more
than just a small modification of Sciama’s model. In fact, it introduces some pro-
found changes in the nature of the problem, leading to some significant major
results, as will be seen later. Furthermore, the occurrence of a velocity dependent
term is also found in the work of Assis (1989), who has utilized a force law equiva-
lent to Weber’s law to obtain a quantitative model of Mach’s Principle. However, in
Assis” work, the force is a conservative one, and the velocity dependent term does
not appear as a drag effect, as in our model. Because (4) represents a force law which
is not conservative, an elegant analysis based on the concept of potential is unfortu-
nately not possible.

The key assumptions which will be used in developing the model are as
follows:

1. Even a single body can establish a field of influence, so that a three dimensional
space is characterized. Thus, when another particle moves, it can be assigned a
velocity and acceleration which need not be 7 and #. In other words, it is not
meaningless to conceive anything other than 7 and # in an isolated 2-particle
system.

2. Gravitons (which can be assumed to carry the gravitational effect) emitted from
one body can interact with those from other bodies. Furthermore gravitons are
assumed to move at the speed of light, while G is assumed to be proportional to
the energy of gravitons from the active body at the location of the passive
object.
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3. The universe is infinite, homogeneous, isotropic and quasistatic; i.e. there are
statistical local fluctuating motions, but there is no universal motion. Most
material bodies are also assumed to move at nonrelativistic speeds, save for
some exceptional cases. A mean rest-frame of the universe exists.

Next, the interactive force between a body A of mass m (moving with a
velocity v and acceleration a with respect to the mean rest-frame of the universe)
with the matter in the rest of the universe will be determined. The universe can be
considered to be composed of thin concentric spherical shells, with A as the centre.
Figures 2(a) and (b) show the velocity and acceleration dependent interactive forces
between A and an elemental ring of a thin spherical shell of radius r and thickness
dr. When summed over the whole universe, the contribution from the first term
will be zero because of symmetry, and the resultant force will be the sum of the
velocity- and acceleration-dependent dynamic gravitational forces, as follows:

0 7f2 2 . 5
p=_2J'J'qu2m’ psin@-v 1;1f2(0)cosed9dr
cr
00
oo 7/2 2 .
2nr°psing-a-mf(¢)cospdedr
of | ucZpsng @ mf@)cosods o
00 cr

mv® 7 xGp ma§
= —u,,T.([—C—dr—ua?—{xGrpdr

(a)

G-2nr2sin®@dedr-p-m

252 veu, f(e)
2ur sin®-rdé-drp
(b) v F dr
de /;ﬁ’
m :’// \"
4 a

G-2nrlsinddddr-p-m
c?r

au,- f(d)

Figure 2. (a) Velocity-dependent interactive force on a particle due to a ring element of the uni-
verse.
(b) Acceleration-dependent interactive force on a particle due to a ring element of the universe.
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where

72 72

=47 [sin6coso f(6)d6 = 4z jsm¢cos¢ f(¢)de
0 0

and p is the average density of the universe.
To proceed further, it is essential to know G as a function of r. The problem is
solved in the following manner. First, we write

[£Lar=k ©)
0 c

The expression for the force on the moving body a can then be written as follows:

mv?

F=—uk™——u, 7 [ xGrpdr @)
Cc C 0

Equation 7 implies that if a particle moves—even with a constant velocity v
(=u,v)—with respect to the mean rest-frame of the universe, it will be subjected to
a cosmic drag

and will loose both momentum and energy. This lost momentum and energy go to
the rest of the universe. Everything moving, even the gravitons themselves, is
subjected to this drag. Consequently, if at any instant, a graviton has an energy E
(i.e. a mass E/ c?) it will be subjected to a drag

kE
c

because the speed of a graviton is equal to c. The energy change when it moves a
distance dr is

dE=—kE.ar
c
If the initial energy (i.e. at 7 = 0) is E,, the solution of the above equation yields
E=E, exp(—kr)
c
Hence

k

G=G,exp| =7 @)

Thus, we have found that G is an exponentially decreasing function of 7, as
suggested by earlier workers on an ad hoc basis. Furthermore, we have identified
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the coefficient of the exponent as well. The value of G, is just the local value of G,
which is equal to the constant of gravitation in Newton’s law (= 6.67 x 10" m®/
kg s?). Substituting the expression for G from (8) in (6) and (7) we obtain

XGoP _ )
k
and
2
F:uvﬂ.k_uamu._x_czgg. (10)
c k
Solving (9) we have
k=(xG,p)"* (11)
and using this in (10) we obtain
k 2
F=—va ‘u,—ma (12)

Thus, the acceleration-dependent part of the inertial force (due to dynamic
gravitational interaction) is identically equal to

—ma

where m is the gravitational mass of the moving particle. This means that the exact
equivalence of inertial and gravitational masses is established, and Newton’'s sec-
ond law can be derived from the model of dynamic gravitational interaction. The
velocity-dependent part is equal to

—=mvu,
c

and to determine it a knowledge of y is essential. For this purpose, the inclination
effects represented by f(6) and f(¢) have to be given a definite form, as we noted
earlier. Let us assume!

f(6) =cosb|cosB| and f(¢)= cosg|cosg|

With the above function, we find y =, and taking p=7 x 107 kg m™®, we get the
following numerical value for k: k=121x1078 s,

It is obvious that the force due to the velocity-dependent term is extremely
small and cannot be detected by laboratory experiments. Perhaps this is why the
existence of a velocity drag has not been suspected before. Even though the order of
magnitude is extremely small, it has some profound implications; for example,
photons moving through the universe are subjected to this drag, and a non-Doppler

1  Other forms can also be assumed, satisfying the required conditions. This may be
considered to be the only assumed parameter in the model. Another possibility is
f(8)=cosb
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origin of the cosmological redshift becomes possible. This velocity-dependent iner-
tial induction (VDII) can also act as a mechanism for the transfer of angular momen-
tum. In Newtonian mechanics, there is no mechanism other than tidal friction for
transferring angular momentum from rotating bodies.

Before presenting the various astrophysical and cosmological consequences, it
is desirable to have some idea about the relative contributions of the inertial induc-
tion terms when one considers interactions with the Earth, the Sun, the galaxy and
the whole universe. Table 1 shows the orders of magnitude of the interactive forces
in the above mentioned cases. It is interesting to note that the magnitude of local
velocity-dependent inertial induction in the vicinity of massive bodies predomi-
nates over the interaction with the whole universe. On the other hand, in case of
acceleration-dependent inertial induction, the interaction with the whole universe
is dominant. This is not unexpected, since the velocity-dependent inertial induction
term in (4) is inversely proportional to r?, whereas the acceleration-dependent
interaction falls off as 1/7, making it a long range force.

Table 1. Comparative magnitudes of inertial induction terms

Interacting system Velocity-dependent Acceleration-dependent
inertial induction inertial induction
muv?
Earth (near its surface) ~10 —— ~ 0.75x107 ma
c
2
Sun (near its surface) ~ 275 Lnizl— ~1.5x107 ma
2
Milky Way Galaxy (near Sun) ~ 200 ”;—Z ~107 ma
2
Universe 3.6x107° g ma
c

Cosmological Redshift in a Stationary Universe

In the previous section we showed that, in the proposed model of dynamic
gravitational interaction (i.e. inertial induction) any object moving with a constant
velocity v experiences a cosmic drag due to velocity-dependent inertial induction.
The magnitude of the drag is

—=mv?
c

Let us consider a photon starting from a source at a distance x from the earth.
At any instant, the magnitude of the drag on the photon is

E
—kc-—
2
where E is the energy of the photon at that instant. When the photon travels a
distance d&, the decrease in energy is
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dE= —kcgdé

Since E=hv, where h is the Planck’s constant and v is the frequency, the above
equation reduces to

dv= —-k—!dé
c
Using the initial condition v =v, when & =0, the solution of the above equa-

tion yields the following expression for the frequency of the photon upon arriving
at the earth

LA exp(—k x) (13)

Ve c

When (k/c)x <1, the right hand side of (13) can be approximately linearized in the
following form:

or,

v _v-v, _(k)
—_—= = — |X
Vo V, c

Using the relation (with A representing the wavelength)
1ZE

in the above relation we obtain the following redshift equation

Z=2’—o=-'-l-:-x (14)

If the redshift is assumed to be due to a recessional velocity of the source, then
V=cz=kx (15)

Thus we have identified k (=/xG,p) as the Hubble constant H! It should be
noted that the derived magnitude of k (= 1.2x107™ s with y =) is extremely close
to the present estimate of H, (= 1.6x107®s?)! In the short range, the redshift-
distance relation is linear. However, (13) clearly indicates that in the very long
range it deviates from the linear relation and becomes exponential, as has been
observed. Figure 3 shows a comparison of a plot of (13) and observed redshift.

Unlike most other tired-light mechanisms, velocity-dependent inertial induc-
tion can be tested in other situations, and it will be shown in the next section that it
yields results in excellent agreement with observations in all cases. According to the
velocity-dependent inertial induction mechanism of the cosmological redshift, it is
expected that such shifts will be more pronounced when a photon travels through
volumes of space where galaxies are most concentrated. The observations indeed
support this conclusion (Karoji and Nottale 1976, Vigier et al. 1990).
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Figure 3. Cosmological redshift in a stationary universe due to velocity-dependent inertial in-
duction.

Consequences of Local Velocity-Dependent Inertial Induction

From Table 1 it is quite obvious that effects of local velocity-dependent inertial
induction are much stronger compared to the universal interaction. Furthermore,
the universe is lumpy, and such interactions can lead to observable effects. In
almost all cases of local interaction the effects of acceleration-dependent inertial
induction will be comparatively small, and can generally be neglected.

Local interactions can be divided into two large groups: (A) interaction of
photons with matter and (B) interaction of matter with matter. A major source of
data is the solar system, as accurate observation is possible in many cases. It will be
interesting to note that many of the effects that have been observed remained
unexplained mysteries until now.

Interaction of Photons with Matter

When a photon moves near a massive object (viz. a star) the photon is
subjected to two forces according to the proposed model (4). The contribution of the
first term is the usual effect, resulting in gravitational redshift (or blueshift depending
on the direction of motion). However, the contribution of the second term will result
in a comparable effect (as the speed is equal to c), which should be observable.

Excess Redshift in Solar Spectrum. Figure 4a shows a photon originating at a
point on the surface of the sun and moving towards earth. The total force on the
photon at any instant will be due to the first two terms of (4), since photons move
with constant speed. Hence, the photon will loose momentum and energy due to
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(a)

To Earth

(b) 1"

Sun

Figure 4. (a) A photon emitted by the sun and moving towards the earth.
(b) Motion of photosphere material due to solar granulation.

the gravitational pull and velocity-dependent inertial drag. Assuming the mass of
the sun to be concentrated at its centre (which is not at all unjustified, as the density
increases very rapidly towards the centre) and the distance of the earth to be much
larger than the radius of the sun, the fractional redshift of the photon when it
arrives at the earth can be expressed (Ghosh 1986b) as follows:

z=—"="0"5(2-1sin’6) (16)

where M, and 7, are the mass and the radius of the sun, respectively, and 6 is the
angle shown in Figure 4a. However, the sources emitting the photons at the surface
of the sun are not stationary. Due to the solar granulation effect, the material of the
photosphere possesses radial and transverse motion, as indicated in Figure 4b. The
resultant redshift can be expressed in terms of an “equivalent velocity of recession”
in the following form:

v,,(6)= G°2M s(1-4sin’ 6)-1v,cos0—1,sind 17)
c*r,

s
where v, and v, are the mean radial and transverse speeds of photosphere matter

due to the granulation phenomenon. Substituting the known and observed values
of G,, M,, ¢, r,, v, and v,, the above relation takes the following final form:

7,(0) = 0.636(2 - -g;sin2 0) -cosf—-02sinf kms™ (18)

Figure 5 shows a plot of the above function as well as the measured values of
the redshift of the solar spectrum for different values of 8. It has not been possible
to account for the observed excess redshift at the limb when 8 = 90°. However,
taking velocity-dependent inertial drag into account, the observed and predicted
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values are found to be in good agreement. It must be pointed out that the values of
v, and v, are measured in other experiments conducted to study the granulation
phenomenon and cannot be treated as free parameters to adjust the value of v,,.

Even if the effects of granulation phenomenon are ignored, the measured
intrinsic redshift of a star should be more than the conventional expectation, which
is (G,M/c?r). The effect is bound to be more pronounced for denser objects, where
(GOM/ c’r) is high. The next section shows that this is precisely the observation
which has remained as a mystery.

White Dwarfs. White dwarf degenerate stars are much denser than common
main-sequence stars, and consequently the order of magnitude of the expected
relativistic redshift (G,M/c’r) is much higher than for normal stars. If the proposed
velocity-dependent inertial drag is present, then the total intrinsic redshift (the
effect of granulation can be ignored, because in the very high gravity atmosphere of
white dwarfs granulation effects are absent) should be substantially greater than
(G,M/c*). Conversely, if we calculate the mass m from the measured intrinsic
redshift, the obtained value will be substantially higher than the true value. The
“apparent” relativistic mass, ignoring the velocity drag effect is given by
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Figure 5. Variation of redshift in solar spectrum-theory and observation.
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M= (19)

where 2 is the intrinsic redshift of the star. On the other hand, if velocity-dependent
drag is also present, then

2
, T

"~ 167G, (20)
taking the average effect of (2—3sin6) to be approximately represented by 1.67.
However, the mass of a white dwarf can be determined by other methods: the value
obtained is termed the “astrophysical” mass (M,) and should be equal to the value
of the “relativistic” mass determined from the redshift.

Since 1967 it has been observed by a number of astronomers (Greenstein 1967,
Trimble and Greenstein 1972, Moffett et al. 1978, Shipman and Sass 1980, Grabowski
et al. 1987) that the “relativistic” masses (without considering velocity-dependent
inertial drag effects) of the white dwarf stars are significantly greater than the
“astrophysical” masses. Various attempts to explain the discrepancy have been
made, but the problem is still unsolved. Table 2 shows a considerable amount of
data compiled by Shipman and Sass (1980) and the values of M, and M,, as well as
M. It is clear that M, shows good agreement with M,, but M, is significantly larger
than M,.

Table 2. “ Astrophysical” and “relativistic” masses of white dwarfs

Method No. of Stars Mean Mass
Photometry 110 0.55 M,
Photometry 31 0.60 M,
Binary stars 7 0.73 M,
Two-colour Diagram 40 0.60 M,
Two-colour Diagram 35 0.45 M,
H-line Profiles 17 0.55 M,
All together 240 Average M, = 0.55 M,
Gravitational Redshift 83 Average M, = 0.80 M,
(Conventional)

Gravitational Redshift 83 Average M; ~ 0.50 M
(proposed)

As the values of M, and M, were expected to be same, a considerable amount
of cooking was done in an attempt to bring M, and M, closer. However, more data
(without any bias) taken using recent advanced techniques can throw more light on
this subject.

The reason why the effect of the velocity-dependent inertial induction cannot
be seen in the terrestrial experiments (viz. Rebka, and Pound, Vessot et al.) has been
discussed by Ghosh (1986b). It is primarily because all these experiments are two
way experiments and the VDII effect, being a drag, cancels out.
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Redshift of Photons Grazing a Massive Object: According to conventional
theory, when a photon grazes a massive body no resultant redshift is expected. The
blue shift caused during the approach is canceled during its recession. However,
because the velocity-dependent inertial induction is a drag, this effect will cause a
photon to undergo a resultant redshift when it grazes past a massive object. If the
mass of the object is assumed to be concentrated at its centre and  is the perpendic-
ular distance of the centre from the path of the photon, the fractional redshift of the
photon can be expressed as follows:

==L -1 21
2= mexpS 1)
where M is the mass of the body. The maximum possible value of z will occur when

r is equal to the radius of the object. The orders of magnitude of redshift for
different classes of objects are given in Table 3.

Table 3. Redshift of electromagnetic waves grazing massive objects

Type of Object M r z
Jupiter 102 M, r,/10 ~2.7x107¢
Sun M, 1, ~2.7x10°°
White Dwarf M, 7,/80 ~2.2x10™
Neutron Star 2 M, 10 km ~0.5
Black Hole - Schwarzchild Radius ~1

Evidently, the redshift caused by Jupiter is too small to be measured using the
currently available techniques. However, once the method of laser heterodyne spec-
troscopy is perfected, it may be possible to detect redshifts of the order of 107®. Then
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Figure 6. (a) Variation in excess redshift in the 21 cm signal from Tauras A at near occultation
position by the sun.

(b) Variation in the ecxess redshift in the 2292 MHz signal from Pioneer 6 during occultation by
the sun.
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the redshift during occultation by Jupiter can be detected. However, the redshift
produced by the sun is measurable, and the first report of such an unexplained
redshift was made by Sadeh (Sadeh et al. 1968). It was reported that the 21 cm signal
from Taurus A at a near occultation position by the sun suffered a redshift of 150 Hz
at a distance of 5 solar radii. Figure 6a shows the results, which agree with the
estimated values using (21) so far as the order of magnitude is concerned. The 2292
MHz signal from Pioneer-6 was also found to be subjected to an unexplained
redshift when it passed behind the sun (Merat et al. 1974). Figure 6b shows the
variation of the redshift with distance from the sun’s centre. The results are in
reasonable agreement with the expected redshift.

Grazing experiments can be conducted with the objective to determine the
existence of any redshift. A considerable amount of data are available for eclipsing
binaries, and the introduction of the velocity-dependent inertial drag may lead to
many interesting results. An analysis of binary pulsar signals should also be con-
ducted to investigate a possible VDIIL.

Figure 7. Tidal friction on the spinning earth.

Interaction of Matter with Matter

Of the many observed phenomena described in the previous section some
have already been discussed proposing some photon-photon interaction. However,
thus far no proposals for matter-matter interactions have been made apart from the
standard gravitational interaction. In this section the proposal of a velocity-depend-
ent inertial drag will be examined in connection with objects in the solar system for
which accurate observational data exist.

Secular Retardation of Earth’s Rotation. Of all the celestial systems, the most
accurate data are available for the earth-moon system. Thus we will focus our
attention on this system first, and investigate possible velocity-dependent inertial
induction effects. It is now well established that the earth’s spin is gradually slow-
ing down. The conventional explanation for this has been tidal friction, as indicated
in Figure 7. The torque due to tidal friction, T, cannot be calculated directly, but it
can be derived from the estimated value of Q, which has been determined from
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various observational data (Q = spin rate of the earth). Investigations have been
done to determine whether the derived value of T is within the feasible range. The
difficulty with this explanation comes from another direction. To conserve the total
angular momentum of the earth-moon system, the orbital angular momentum of
the moon increases causing it to recede as per Kepler’s law. With R, as the orbital
radius of the moon, the observational data yield the following values:

Q=—-6x10" rad s
Ry =13x10° ms?

According to this rate of recession, some 1300 million years ago the moon
must have been so close to the earth that both would have been destroyed because
of the mutual gravitational pull. In fact, this should have happened much more
recently, since the intensity of tides varies as R;; and the torque due to tidal friction,
T < R;;. In the past, the tide also should have been much more intense. Surprisingly
the geological evidence does not indicate any such disaster or strong tide, even
though there is evidence of the presence of the tidal phenomenon during the last
3500 million years. This is a stumbling block, and there has been no satisfactory
solution until now. Some have tried to reason that tidal friction was lower in the
distant past, because the configuration of the land masses was different due to
continental drift. However, no quantitative analysis has been done along these
lines.

Analysis of the sun-earth-moon system shows (Ghosh 1986a) that velocity-
dependent inertial induction produces a torque of 4.75 x10'® N-m resisting the
earth’s spin. This torque results in a spindown rate of Q =~-55x10" rad s™! Only
a small fraction (0.5x 107 rad s2) is left to be taken care of by tidal friction. Usin§
this model it is found that R, is presently decreasing at a very small rate (0.15 x10~
m ™), and the difficulty of the moon’s close approach is resolved. The almost exact
amount of Q derived from velocity-dependent inertial induction without using any
observational data on secular motion can hardly be pure chance.

Secular Acceleration of Phobos. Another system for which reasonably accu-
rate observation has been possible is the Mars-Phobos system. It has been found
that Phobos is spiraling down with acceleration of 10~ deg yr™ (Pollack 1977,
Sinclair 1989). It is very difficult to satisfactorily explain such a large secular accel-
eration. The ability of Mars to provide enough tidal effect to produce the observed
result is highly doubtful, even if a molten core is present. Applying velocity-de-
pendent inertial induction to the Sun-Mars-Phobos system in a very approximate
model yields a secular acceleration of 1.5 x 10~ deg yr™ (Ghosh 1986a)—surpris-
ingly close to the observed value. The slight discrepancy could be due to the
assumption that the density variation of Mars is the same as the earth'’s.

Greenberg (1977) has observed that tidal dissipation does not explain the large
number of circulating near-commensurabilities among planets and satellites. Veloc-
ity-dependent inertial induction can explain the prevalence of these near-commen-
surabilities. This mechanism may also eliminate the need for an uncomfortably
small Q for tidal effects on Saturn caused by Titan.

Transfer of Angular Momentum. Leaving the interaction between planets and
satellites, let us now take up a more fundamental problem related to the cosmogony
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of the solar system. The present scientific community has unanimously accepted the
nebular hypothesis for the origin of the solar system. One of the most serious
problems in this model is to account for the anomalous distribution of angular
momentum. Although the sun possesses about 99.9% of the total mass of the solar
system, it contains only about 0.5% of the total angular momentum. Thus, if the
whole system has evolved through the condensation of a rotating cloud, the only
way the present distribution of angular momentum can be achieved is by transfer-
ring most of the angular momentum from the central body (the sun) to the plane-
tary system. All the conventional mechanisms for angular momentum transfer pro-
posed so far could have been active during the pre-main-sequence period only
(which had a duration of about 2x 10’ yrs). However, in most cases it is very
doubtful if the required intensities of the mechanisms are at all feasible.

Now, velocity-dependent inertial induction is capable of transferring momen-
tum without any physical contact between material bodies. It has been shown
(Ghosh 1988) that the angular momentum of the sun 4.7 x 10° years after the forma-
tion of the protoplanetary disc is equal to 1.4 x10* kg m? s™ if the angular
momentum of the original cloud is taken as 10* kg m? s™, and about 2% of the
central body is detached in forming the protoplanetary disc. Both values have been
suggested by researchers in the field after investigating the various properties of the
solar system. This value is very close to the actual value of the angular momentum
of the sun. Thus, it is clear that the mechanism based on velocity-dependent inertial
induction can transfer the requisite amount of angular momentum in the available
time, 4.7 x 10° yrs. There is a major difference from other mechanisms: velocity-
dependent inertial induction is active during the whole period and, therefore, the
major part of the transfer takes place during the long main-sequence period. This is
in agreement with the observation that new born stars are fast rotators because a
comparatively small portion of the original angular momentum has been trans-
ferred in the preceding short pre-main-sequence period.

This mechanism also explains similar situations in many planetary satellite
systems where the majority of the system’s angular momentum is contained in the
orbital motion of the satellites rather than the central body. The mechanism also
yields the correct value of the orbital radius of the planet nearest to the central
body.

Radial Matter Distribution in Spiral Galaxies. A very important feature of the
spiral galaxies is that the stars rotate around the galactic centre with an almost
constant speed except near the centre (Figure 8). The flat rotation curves (almost a
universal feature of all spiral galaxies) have given rise to the theory of missing
mass, though a few (e.g. Milgrom) have tried to explain the flatness by modifying
Newton’s law of gravitation. Whatever the reason, it is not possible to have a flat
rotation curve unless the matter is distributed in a unique manner in the galactic
disc. Thus, there must be a servomechanism to distribute the matter in a galaxy in
the required way. No such servomechanism has been reported using the conven-
tional mechanics.

When the model of velocity-dependent inertial induction, combined with Newton’s
law of gravitation, is applied to a self gravitating, rotating disc-like system (viz.
spiral galaxies) it is found that a stable equilibrium configuration is achieved when
a star’s motion is such that its inward centripetal acceleration is equal to the total
inward gravitational pull divided by its mass and the forward tangential pull due
to the velocity-dependent inertial induction from the matter inside the orbit is
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and the resulting relaxation time of a star in a typical globular cluster comes down
to the order of magnitude of 10" s, which is a realistic value.

Since velocity-dependent inertial induction bears a strong resemblance to vis-
cous drag, an attempt can be made to explain the filamentary character of the large
scale structure of the universe. The “large scale streaming of galaxies” can also be
eliminated if the excess redshifts can be explained by the proposed mechanism.
Thus, the elusive search for the so called “Great Attractor” can be abandoned.

Rationalization of Terminology

During the past few years quite a few research papers and articles have been
published which have either directly or indirectly dealt with the ideas presented in
this paper. It is now desirable to rationalize the terminology before further prolifer-
ation takes place. A few suggestions will be made in this section for acceptance by
the researchers in the field.

To distinguish the proposed phenomenological model from that proposed by
Newton (4), we propose the expression dynamic gravitational interaction. The first
term in the right hand side of (4) representing the static interaction may be termed
gravitational attraction. This is logical, since it is always an attraction and the pro-
posed terminology has been used for the last three centuries. Thus, no confusion
will be created. The third term represents a quantification of Mach’s Principle (MP),
and including the second term may be called an extension of Mach’s principle. The
entire model may be called Extended Mach’s Principle (EMP). Sciama has coined an
appropriate term for the dynamic gravitational interaction depending on accelera-
tion: inertial induction. However, to distinguish between the second and third terms,
we may call the second term velocity-dependent inertial induction (VDII) and the third
term acceleration-dependent inertial induction (ADII). The first term on the right hand
side of (12) may be called cosmic drag.

Concluding Remarks

Many important conclusions can be drawn on the basis of the results of the
application of the proposed phenomenological model of dynamic gravitational in-
teraction. In fact there are so many important and interesting results that it may be
helpful to present the whole model in tabular form (Table 4).

The reader should note that the model does not have any adjustable free param-
eters. The only quantity which can be changed is the form of f(6). However, it is
quite obvious that no major adjustment of the order of magnitudes of the values is
possible via f(0). The author’s opinion is that so many excellent results in widely
differing circumstances cannot be pure accident. Thus, there are good reasons to
design and perform further tests of the hypothesis. Until now, the model has re-
mained purely phenomenological; theorists may wish to look into the possibility of
providing a physical basis for the proposed interaction. Further work on the differ-
ent problems within the solar system may be attempted by using Equation (4) in
place of the Newtonian gravitation law.
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Table 4. Consequences of velocity-dependent inertial induction

Particle-Photon Universal Interaction
. G varies with distance: G=G, exp[—(k/c)r] where k=/xG,p with x =0(r)
. Gravitational mass = Inertial mass

Photon-Matter Local Interaction
1.

Matter-Matter Local Interaction
1.

k . Lo
. F=——mv*u,—ma (So when a particle moves, the force required is ma + small drag pro-
c

. In a steady state stationary universe, photons are subjected to a cosmological redshift as

. If the local inhomogeneity of matter distribution in the universe is taken into account then

. When photons graze massive objects they undergo a redshift which can be very substan-

. Produces a secular acceleration of about 1.5x107 deg yr of Phobos as compared to the

. Can explain the many near-commensurabilities in the satellite motions in the solar system.

. A feasible mechanism for transfer of angular momentum of the central body to the orbit-
. Automatically distributes matter in all spiral galaxies in a unique way which results in flat

. Reduces the relaxation time of a star in a globular cluster to about 10Y s, which removes

portional to 2.

follows:

z=exp(!(--x)—1
c

=£~x when kx/c <1
c
Therefore, V=kx; i.e. k is the so called Hubble constant H,

k (or, H,) will be larger when the photon travels through a comparatively denser region.
This may appear as an extra velocity of the source when the redshift is assumed to be of
Doppler origin.

The redshift from a source (viz. a star) is more than the conventional value (GM/czr).
(a) Explains the excess redshift at the solar limb quantitatively.

(b) Eliminates the long-standing discrepancy between the “astrophysical” and “relativistic”
mass of white dwarfs.

tial in the case of degenerate stars.

(a) Explains the observed excess redshift of Taurus A at near occultation position with the
sun.

(b) Explains the observed excess redshift of the signal from Pioneer 6 during occultation
by the sun.

(c) Can explain some discordant redshifts

Produces a secular retardation of the earth’s spin at a rate of -5.5x102rad s in com-
parison to the observed rate of -6x1072 rad s™2. Only a small fraction is due to tidal fric-
tion. Completely eliminates the problem of moon’s close approach in the past.

observed value of 1x10 deg yr2. Eliminates the need for a small Q and large tidal dissi-
pation in Mars.

Eliminates the need for uncomfortably small Q. May explain the secular changes in the
motion of the satellite LAGEOS without invoking theories such as elastic rebound of the
earth’s mantle due to gradual disappearance of polar ice sheets. May be responsible for
the spiraling down of artificial satellites earlier than expected.

ing objects. Transfer of solar angular momentum matches the estimated values very well.
rotation curves, as observed.

the age problem.
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A New Interpretation of Cosmological Redshifts:
Variable Light Velocity

Eugene I. Shtyrkov

Kazan Physical-Technical Institute
Sibirsky Tr.10/7
420029 Kazan, Russia

At present there are two alternative points of view to explain non-intrinsic
redshifts in galaxy spectra which were discovered experimentally early in our
century. One of them is based on the assumption of the Doppler effect and results in
the Big Bang model of the Universe. The alternative approach is the notion of a
step-by-step energy loss by a photon while it is traveling through space from a
galaxy to a terrestrial observer (tired-light model). Though differing in essence,
both assume that astronomical spectral experiments provide us with information
about the frequency of the light being examined.

No experiments have ever directly measured either the frequency of light
arriving from distant galaxies or its velocity. Information in the galaxy spectra is
usually obtained with a diffraction spectrometer in values of the length of waves
(4) but not in frequency (). Indeed, the diffraction angle from spectral gratings is
a result of interference of the waves shifted on multiples of 4, i.e. the angles depend
on a wavelength. Though neither idea has been proved directly by experiment, the
former has admittedly become the official version.

Nevertheless, the tired-light mechanism has a number of adherents as well. In
my opinion, the main barrier to developing this idea is the fact that a light wave
with variable frequency cannot be a solution of the wave equation with the station-
ary boundary conditions which is currently used in quantum electronics and optics
to study propagating light in any medium. In effect, stepwise energy loss by a
photon on its way from a star to a terrestrial observer is usually identified with a
change of frequency. However, dependence of frequency on distance is not in
accord with the stationary boundary conditions of the wave equation. A wave with
variable frequency requires a new assumption: a source has to be unstable itself, i.e.
the frequency of its irradiation should change with time.

This work presents a new point of view on the problem of cosmological
redshift. While remaining in the framework of the steady state theory, one can
obtain a result satisfying stationary boundary conditions and the experimental data
on observed redshifts. This approach is based on a solution of the modified wave
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equation taking into account the real influence of the vacuum on a light wave while
it is traveling through space.

The vacuum has been experimentally established to be not a void, but some
material medium with definite, though not yet investigated, features. This is con-
firmed by several vacuum effects, for example, zero point oscillations and polariza-
tion of vacuum, generating the particles in the vacuum due to electromagnetic
interaction. Therefore, it is reasonable to assume that this real matter can posses
internal friction due to its small but a real viscosity. Hence, the vacuum can affect
the light wave because of its resistance. Similarly, in the equation for a damped
simple oscillator, such a resistance can be taken into account by formally introduc-
ing a term with some constant vacuum coefficient ¥ .

’E . JE K* JIE
o ' ox @ IF 0 @

This wave equation is written for the plane polarized monochromatic wave
with a constant frequency @, which is traveling along the OX-axis. As was men-
tioned above, in the redshift experiments usually the wavelength is measured, not
the frequency. The wavelength was found to depend on the distance (Hubble 1929).
Thus in equation (1) the wave number (k) should be considered as a function of x.
This equation can be solved under the following boundary conditions: at the point
x=0 the light source (any spectral component of stellar radiation ) emits the sta-
tionary field

E(0,t)=E, exp(iw,t) )
with the initial wavelength 4, =2nc/®w, and the wave number for the radiated
wave k(0) =k, =27/,

Let us seek a solution of (1) in the form of a periodic function with the same
frequency but variable phase

E(x,t)=E, expi¢(x,t) 3)

where d¢/dt =, is constant.
Performing differentiation of (3) with respect to X and ¢ and inserting into (1),

we have
2 2
op|  .d% . d¢ k \o¢
= +i—5+iy—+|| —|=| =0
{ax] FraLe | P @
After separating the real and imaginary parts we obtain simple equations

P02 a2 (L) o

o Tox M5 w, ) o

Since a time derivative of a phase is a frequency (d¢/dt = w,) the latter term in
(5) results in d¢/dx =k as a function of x. Taking into account the boundary condi-
tions we obtain the expressions for the wave number, phase and field strength

k(x) =k, exp(-yx) ©)
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#(x, t)=wot—1;‘;’.(1_e-rx) )
E(x,t)=E, expil:a)ot_k_;(l_e—rx)] o

Since k(x)=27r/A(x), Equation 6 gives directly
Ax) = A, exp(yx) ©)

This implies a gradual increase of the wavelength at a constant frequency
while the wave propagates through the vacuum. To compare this dependence with
one well-known in cosmology, we write from (9) the result for the relative spectral
shift

22 - explyx)-1 (10)
Ao

where AA=A(x)-A4,.
Let us expand the exponential in terms of (yx)

(rx)’

Pl

+eee 11)
and compare this with the well-known expression (Zelmanov 1962)

AL _ Hr+ (1+¢)(Hx)’

Co— 12
(] Ao 2‘:0 ( )
where ¢, is the electrodynamical constant, H is the Hubble coefficient, and the
dimensionless parameter (g = —RR/ R?) determines a relative acceleration of Meta-
galactic expansion. For a stationary universe g =0. Comparing (11) with (12) leads
to

H=cy (13)

It is interesting to note that the value of the vacuum constant y = H/c,, derived
from (13) is identical with the cosmological parameter A introduced by A. Einstein
into the gravitational potential equation (Zelmanov 1962). According to current
data, the Hubble constant is in the interval 60-140 km s! Mpc‘l. To estimate ¥y we
use the mean of H =100 km s™ Mpc ™. As one would expect, the vacuum constant is
very small—about 10 cm™. At such a small value of ¥, gigantic distances are
required for appreciable changes in light characteristics. Thus, it follows directly
from this that the phase velocity of light in vacuum does not remain constant while
a wave is traveling. This conclusion is certainly not in agreement with the generally
accepted point of view. However, several additional considerations can be dis-
cussed in favor of it.

Firstly, there is no direct experimental evidence that light velocity does not
depend on distance traveled. No such test has been carried out. Moreover, in
terrestrial experiments it has not been possible to find any influence of such an



330 Eugene 1. Shtyrkov

effect even occasionally because of its infinitesimal value. Even over distances com-
parable with the size of our galaxy (30 kps) this effect cannot be detected by modern
apparatus.

Secondly, phase velocity is known to depend on the permittivity (£) and
permeability (#) of a medium and the electrodynamical constant (c). Since the
vacuum is real matter, all of these characteristics are real parameters of the interac-
tion of light with this real matter. In their turn, these interaction parameters depend
on conditions both of the medium and of the light field itself. During the travel of
light through the vacuum, some of its characteristics may be changed due to vacu-
um resistance, i.e. the interaction parameters can depend on x. As for € and p, the
situation with variable permittivity and permeability was discussed in (Shtyrkov
1992) where a wave equation with the term JE/dx was derived from Maxwell’s
equations. Variable £ and y were shown in principle to result in stepwise redshifts
of A with conservation of frequency. However, in the linear approximation, £ and
1 of the vacuum are actually constant. Therefore, another solution is more promis-
ing as an explanation of the step-by-step mechanism of the redshifts, namely, treat-
ing the electrodynamical parameter ¢ as an interaction parameter which can de-
pend on distance covered.

In effect, from Maxwell’s equations one can see that the process of electromag-
netic wave generation is consistent according to the principle of short-range interac-
tion: the change of E causes the electrical induction to change, then a generated
magnetic field curl gives rise to magnetic induction and a new curl of E at the next
point in space. This process reproduces itself, and the excitation propagates with a
definite velocity depending on the state of the vacuum. In this case the curl can be
considered as an excited state of the vacuum. Therefore, it is not ruled out that the
change of such a state due to vacuum resistance during a cycle E— H — E may lead
to a significant change in the further excitation rate. The electrodynamical constant,
then, is a parameter which links electrical and magnetic phenomena. Hence, a
change of rate of the unit E— H — E cycle is determined by any change in the
parameter. At large distances, these changes are accumulated and may lead to the
effect detected experimentally.

We consider the problem in more detail by writing Maxwell’s equations

1JB
VxE=--2
% c ot
1JD
VxH=-—, D=¢E 14
c ot (14)
V-D=4np,V-B=0 B=uH

With linear polarization of light wave in vacuum and p=0, € =pu=1, parameter
c = c(x), it follows from (14) that

JE__10H
- q) o
H 1 OE (15)

x dx) o
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Differentiating the former with respect to x and substituting dH/dx from the latter
and JH/ot from the former we obtain

PE 1dcdE 19

PP S T a9

Comparing this equation with (1) yields

_d(Inc)
Codx

and k(x)="2e

¥ c(x)

After integrating the former at the previous boundary conditions k(0)=k, and
c(0)=c, =, /k, we derive

c(x) = c, exp(yx) (17)

and obtain the same dependence of wavelength on distance as in (8). Thus a change
in the electrodynamical parameter can be a reason for variable phase velocity of
light in vacuo.

At present the idea that a traveling electromagnetic wave is created according
to the Carman wave principle (Azjukovskii 1990) is being widely discussed. On this
hypothesis a photon is a stable formation (a particle) made up of vacuum curls with
periodic distances between them equal to A. It is reasonable to assume that an
interaction with the vacuum due to resistance causes this formation to come to a
new dynamic equilibrium state. This leads to the gradual rearrangement of the
system, i.e. to a change of A. With this assumption the photon gradually propagates
as much as it is allowed to by its stability range. When a definite value of 1 is
achieved, the structure leaves the stability region and the photon collapses. This
conclusion may be in agreement with experimental data on redshift limits. If the
maximum value of A4 detected for galaxies does not exceed 0.5 4,, we may assume
that this value corresponds to the critical collapse distance.

The estimate obtained from (10) would give the value for limiting distance of
about 4x10% cm, i.e. 1000 Mpc. This value may be increased by a factor of 9-10 if
quasar redshifts are not of gravitational origin, but of the same cosmological nature
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Figure 1. Experiment to test variable light velocity hypothesis
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(the limiting value of AA/A, for quasars does not exceed 5). Thus the light from
galaxy associations situated beyond this distance may not reach the Earth due to a
total collapse of the photon. Consequently, the photometric Olbers’ paradox has a
natural explanation.

The concept considered in this work certainly requires additional experimen-
tal examination. At least two types of experiments can be suggested: 1) direct
measurements of either the velocity of light from far galaxies or the frequency of
this light (measuring its wavelength redshift value as well). For instance, one possi-
ble experimental setup to test whether light velocity depends on x is illustrated in
Figure 1. To examine redshifted light, a telescope (Tel. 1) and pulsed optical shutter
(POS: P-polarizer, A-analyzer, CS, cell) are used. The POS is opened by a short light
pulse from the pulsed laser. Another light from the reference source (cw-laser in the
figure or some star without redshift) is passed through POS as well. By comparing
the difference of arrival times for both signals, one can detect a difference of light
velocities, if it is measurable. Employing a POS with an exposure of about one
picosecond time scale, for instance, it is possible confidently to measure Ac/c of
about 0.01 if the distance from the CS, cell to the detector is of the order of only one
meter.

In order to detect light frequency, either the heterodyne method or a resonant
absorption medium could be used directly. In the latter case, instead of the CS, cell
a medium with some resonant absorption should be inserted. Choosing an appro-
priate spectral line of a specific atomic element in a redshifted spectrum as well as
a relevant absorption line for the same element in the medium, one should be able
to measure some absorption, if the frequency is, in fact, not shifted. Measuring a
frequency and/or light velocity could yield real data concerning a photon at its
source location and, hence, advance our understanding of the real origin of the
cosmological redshifts.
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Quantized Vacuum Energy and the Hierarchy of Matter
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The cosmological redshift is treated as the loss of units of quantized energy by the
photon travelling through a nonzero energy vacuum, and the quantum characteris-
tics of the Metagalaxy are deduced. Particles are created from the vacuum, appearing
as confined waves of quantized energy in a system with quantum characteristics. A
model of energy circulation in an equilibrium universe is discussed, and hypotheses
to explain the stability and energy production of neutron stars and other astrophysi-
cal objects are advanced.

1. Introduction

One of the major problems facing modern physics is a general understanding
of the phenomenon of particle rest mass. Previous attempts, by de Broglie and
Einstein in particular, to explain the rest mass of elementary particles using singu-
larities in space-time met with little success. Present efforts aimed at a unification of
the forces in the universe are intimately related to this problem, and the most
common approach is to use a rather arbitrary notion of rescaling during the expan-
sion of the universe since the big bang.

A great deal is known about relations between elementary particles, their
energy levels and their forces. However, the fundamental problem persists: Why do
particles have the observed scale of masses? Why is the mass of the neutron on the
order of 107 kg, and not, say one kilogram? How do particles confine their ener-
gy? What is the basic material of which particles are made?

In this paper, we begin with the postulate of a minimum quantum of energy,
which we deduce from the phenomenon of the cosmological redshift (for a detailed
treatment, see Broberg 1981, 1982, 1984). This quantum corresponds to a standing
wave across the gravitational diameter of the universe (or Metagalaxy), which we
treat as a large black hole. The entire energy of the Metagalaxy would be made up
of 10" such quanta, each having energy hH,, i.e. the product of the Planck and
Hubble constants. The gravitational force constant can thus be directly linked to the
mass of the Metagalaxy, conceived as a quantum system.

Progress in New Cosmologies: Beyond the Big Bang
Edited by H.C. Arp et al., Plenum Press, New York, 1993 333
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From the above understanding of the Metagalaxy, we apply the notion of a
quantum system to the microcosm, where we analyze elementary particles as “min-
iature” universes, each confined within an event horizon. The energy confined
within such a system forms its own quantum conditions, with the minimal energy
quantum corresponding to a wave across the gravitational diameter and an internal
vibration, while each system has a “gravitational” force constant of its own, de-
pending on its mass. From these assumptions, we may calculate the quantum num-
bers for each level of energy condensation. Naturally, we find that the smaller the
mass of the quantum system, the larger the constituent quantum. The resulting
mathematical series is brought back to the starting point when one elementary
quantum provides all the energy of the smallest local “universe”. This case gener-
ates the mass of the lightest of the elementary particles subject to the strong nuclear
force, or the -meson group (the value of Hubble’s constant used for the numerical
calculations is consistent with a Hubble time of 12 billion years).

As noted above, the clue to a description of elementary particles as singulari-
ties was found by analyzing the cosmological redshift of photons. One conclusion
we will draw from this is that photons move in space with a group velocity just
below ¢, while the theoretical velocity c is only applicable to an ideal case of energy
transfer, due to the fact that vacuum space has a certain energy density. The ideal
energy transfer applies to a spiral along the photon pattern. The elementary quan-
tum can therefore be seen as the limiting case of a standing wave across the uni-
verse: it has zero group velocity. The energy of a photon is relativistic energy with
the elementary quantum as the rest state, and therefore depends on the photon
group velocity. In the photon’s internal system, its energy can be described as a
rotating system, a disk with peripheral velocity equal to the group velocity. In the
system of an observer, the circumference of the disk will appear shrunk by the
relativistic factor, giving the periphery of the photon’s spiraling information front.
When the energy is high enough, the circumference shrinks back to that of a black
hole containing the photon energy. This happens for a distinct energy, which is
found to be below the energy of the z-meson above the energy of the y1-meson.
Hence, this case separates the particles subject to the strong nuclear force from the
lighter particles. Finally, the magnitude of the force at the particle level is obtained
from a generalized expression for the force coefficient, as a function of Newton’s
constant G, and the constituent mass of the quantum system. Thus, the force coeffi-
cient is determined by the number of elementary quanta in the particle system.

2. The Cosmological Redshift as a Probe of Space

The original Hubble law was an empirical relation between redshift and mag-
nitude, or distance to the observed source. This relation is generally written

_H,
z==r M
where r is the distance to the object and H, is Hubble’s constant. The time taken for
the light to travel from the source to the observer is At =7/c, and with this notation
the above formula can be rewritten as

2o @
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This is almost the same relation as the one used in the standard “big-bang” model,
with the only difference that H, is replaced by H(t) in the latter.

However, contrary to the standard model, we will assume that Hubble’s con-
stant is a true constant, and that its significance is to be found in an analysis of the
interaction between the photon and the energy of vacuum space. In fact, this as-
sumption is supported by a comprehensive survey by Jaakkola et al. (1979), from
which the authors conclude that the redshift is most probably of a non-Doppler
origin, as well as contributions by Arp, Napier, Jaakkola, Lerner and others to these
proceedings.

Hence, using formula (2) the photon frequency loss per cycle is

Av(t)=-H, ®3)

This energy is independent of the energy of the individual photons.

We know that angular momentum is quantized in multiples of #/2. Could
another quantized property in the universe lurk behind the above derived unitary
loss of frequency by all photons on the cosmic time-scale? The immediate answer is
that angular frequency is quantized as well. This will mean that energy is also
quantized. Therefore, the basic property of energy itself seems to be natural candi-
date for a universal law, and the following postulate is made:

The energy of the universe is quantized in integer numbers of a system-invari-
ant elementary energy quantum.

We add to this a hypothesis on the energy of the elementary quantum:

The elementary energy quantum in the universe is equal to the product of
Planck’s and Hubble’s constants.

The elementary quantum is therefore treated as an isotropic two-dimensional
quantum oscillator (Levich et al. 1973) with ground level energy

E, = ha, =hH, @)

The photon as a system of N elementary quanta thus has the energy

E,=NhH, )

where N is the integer number of elementary quanta that make up the photon
energy.

gI{ should be recalled that the vacuum in the lowest energy state is character-
ized by Maxwell’s equations, and that there is no formulation of quantum electro-
dynamics by which the mean energy density becomes zero in the vacuum (Zeldov-
ich and Novikov 1971). Consequently, the vacuum is assumed to have a certain
positive energy density p,c?.

The loss of one elementary unit of angular frequency ®,, from the photon
during each cycle will be treated as an absorption of one elementary oscillator into
vacuum space. A cross section ¢, is defined as a characteristic interaction surface
for the interaction between the photon and the vacuum space it encounters. In the
following, we will describe the interaction between the photon and the vacuum
space globally in terms of the following basic concepts: the elementary energy
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quantum, the vacuum density and the cross section. A more comprehensive discus-
sion is given later, in part 4.2.

The energy flow from the photon to the vacuum space during one photon
cycle is given, in equivalent mass units, by

{Am,,(r) ==0,poh
Am,(7)=—E,[c*

Hence, the cross section is

_hH,1 _H,

q—-po?'x—ﬁmq =Am,, (6)

The equivalent mass of the photon is m,, and with the above assumptions, the
cross section becomes proportional to m, by the constant A

_H
Poc

A quantum volume can now be defined as the volume covered in vacuum space by
the photon cross section during one cycle

hH, _ Ah
Vo=0,4, =po_cg=T 8)
This quantity is invariant of the photon energy and corresponds directly to the
volume of space with density p, that contains one elementary quantum of energy.
We can as well define a cross section o, characteristic for the vacuum space,
to describe the absorption of photon energy. In this case, the absorption during one
cycle is described by

A 7)

absorbed energy : os(pqcz)lq =hH,
energy density :  p,c*=E, [V,
The density of the photon p; is defined using the above found quantum volume V,.

The cross section characteristic for a quantum volume of vacuum space becomes

hH,
2 ©

o,=A

Hence, an interaction surface can be defined for vacuum space as well, using
a constant A for the relation between the surface and the equivalent mass of vacu-
um energy.

The above concept of a cross section is equivalent to the application of the
term in nuclear physics, and it is a measure of the likelihood that a wave of energy
will interact with the vacuum space it penetrates.

The expression (9), however, is independent of the photon energy, and can,
therefore, also be assumed to remain valid for interactions with the lowest energy
state, or without the vacuum itself. Compared to the interaction surface of the
photon, which is singly directed in space, the total interaction surface of a closed
quantum volume in comoving space will be six times larger, representing energy
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flows in all the £X,+Y,+Z directions, which gives an interaction constant equal to
6A.

For the interactions within the vacuum itself, it can be assumed that two
interacting quantum volumes share a common surface, each having the interaction
constant 3A4; this case will be applied to the static comoving space in our surround-
ing.

Any object that can be described as a packet of energy waves can be character-
ized by a certain cross section for its interaction with the vacuum. We will show that
particle rest-mass energy can be described as a system of energy waves in a micro-
scopic vacuum state, isolated from the surrounding universe by its interaction
surface, and therefore the particle will be characterized by the interaction constant
6A. For any physical object, the interaction surface o, is given by the constant A,
the dimensionality L, and the mass M,

o, =LAM, (10)

3. The Comoving Quantum Universe

We will now discuss a local universe of vacuum energy with density p, which
is comoving with the observer. The idea is first to analyze such a universe in terms
of the quantum parameters defined in the preceding section, and then to see how it
can be generalized and rescaled to particle dimensjons.

The static Gaussian curvature of the three dimensional universal space in a
comoving frame is (Zeldovich and Novikov 1971)

A:—:—IE—T— (11)

where G, is Newton’s constant. For this space, we will use L, =L, =3 in equation

(10) for the interaction constant, although we will retain the symbol L, in the

calculation in order to allow us to later use our results in the case of particles.
Combining equations (7) and (11) to eliminate p, gives

2_ 3AC
Ro - SﬂGo Ho (12)
The gravitational radius of the comoving vacuum space is
2G,

c

where M, is the equivalent mass of the comoving vacuum space. It is easily shown
that R, is equivalent to R, from equation (11) by setting M, equal to the mass of a
Euclidean sphere with density p, and radius R,.

The surface of our comoving space in geometrized units in the Kerr metric
becomes (Stephani 1982)

%
"°=4’{RT§'Q2+('IZ_;"R§Q‘P2] J (14)
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By assuming that the charge Q and the angular momentum P are negligible
compared to the mass, here represented by R,, we can describe the universal
surface g, with a spherically symmetrical surface in three dimensional space

= 4nR? (15)

This surface is the characteristic surface of a black hole, and we will now make the
assumption that it is identical to the surface given by equation (10), namely, the
total interaction surface for all transfer of energy (and information) from the exteri-
or to the interior vacuum space. Combining equations (10) and (15) yields

= L,AM, = 47k} (16)

We can now eliminate M, from equations (13) and (16). Using R, =R, and
equation (12), we obtain an expression linking Newton’s constant directly to the
Hubble constant

G, = 2{10” H,Ac 17)

The radius of the comoving universal vacuum space is thus, using equations (12)
and (17)

=TT (18)

And, when equation (18) is combined with equation (16), we obtain the equivalent
mass

M, = 367:( )2 19)
" EAH
We are now in a position to develop a direct relationship between the force

constant and the equivalent mass of the vacuum universe by eliminating H, from
(17) and (19). We therefore obtain

G, (fgfz\flo) (20)

With the observed value of Newton's constant G,, we may compute the values of
the mass, radius and other characteristics of the large scale vacuum universe. We
use a reasonably safe mid-range value of the Hubble constant H, =2.64x107® s,
equivalent to (12><109 years) (Weinberg 1972). The Metagalaxy is assumed to be
characterized by the observed values of Newton’s and Hubble’s constants. With
these constants, the basic features of the comoving vacuum universe may be ob-
tained as follows (with L, =3):

From equation (17), the value of the interaction constant is

=Se=070 [m/ie] | @

Equation (18) gives the radius of the Metagalaxy as
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R =

0

=11x10% [m] (22)

LI

Equation (19) provides an evaluation of the mass of the comoving system

2
4| ¢
M, =—|—| =8x10%*
A 3A[Ho) 8x10% [kg] (23)

Combining equations (4) and (23) yields an estimate of the number of elemen-
tary quanta of energy in the system

M,
nH,

And finally, for the energy density, equations (11) and (18) yield

N,= =4x10" [elementary quanta| (24)

_3H}
Po= 87CG0

=12x10%[kg/m?] (25)

The values obtained from the above computation are on the proper order of
magnitudes for the observed universal dimensions, although they apply only to the
comoving vacuum space. The constant A calculated above is assumed to be a
universal constant, valid in the microcosm as well. The number N gives the quan-
tum number of our comoving universe, and is equivalent to the number of elemen-
tary quanta that make up the energy of the total vacuum space of any observer.

The density of the vacuum p,, is equivalent to the equilibrium density in the
Friedmann models (Weinberg 1972).

4. Local Confinement of Energy in Particles
4.1 The Rescaled Comoving Vacuum Universe

We now return to formula (21), which gave the gravitational force constant as
a function of the equivalent mass of the comoving vacuum universe with the di-
mensionality L, =L, as a parameter. The “surface-to-mass” constant A in the formu-
la is assumed to be valid generally, in both the microcosm and the macrocosm,
following the examples of h and c. We will now generalize equation (20), and let
each L, represent a class of vacuum universes with different values of the force
constant, generally written G,, for different values of M,

_(LAc Y

Of course, each such universe will have its own typical value of an elementary
energy hH, and vacuum density p,.

We substitute now the proper numerical value for A from formula (21) and
our observed values for Newton'’s constant G, and Hubble’s constant H, from our
own universe with the dimensionality L,, which gives the following expression for
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the force constant as a function of the mass for any universe belonging to a certain
class, defined by the parameter L,

%

In the same sense we can now also develop a formula for the mass of any
comoving vacuum universe belonging to the same class of universes, defined by L,,
as a function of a quantum number K giving the number of elementary energy
quanta that make up the total equivalent mass of the universe. In our surrounding,
the frequency of the elementary energy quantum is H, from (3), and the relation
between that frequency and the gravitational radius of the universe is given by (18).
In the generalized case, we use the latter formula with L, replaced by L, and H, by
H,, while G, is replaced by G, and M, by M, in the expression for the gravitational
radius (13).

We arrive then at the following equation system:

KhH,
M, = 2 *
Jp 3¢ _2GM,
“LH, ¢
G [ LAt &
7~ \TenM,
Eliminating H, and G,, the following expression is found for the mass
_(36nK22
M, = (W) (28)

Hence, we have all the masses of the same class of the universes (common L,)
expressed in the constants A, & and ¢ and a quantum number K.

Using equation (17) we can eliminate A, and reinstate the mass formula with
the parameters G, and H, instead

_(32k%2H, Y?
() ®
In the same way the radius becomes
_(LAM,Y _(2L,GM,\*
R“‘( in ) ‘( 3H,c ) (30)

We will now evaluate the quantities applications to the family of comoving
universes for which the dimension parameter is L, =6. As we already discussed in
part 3, this case may be thought of as applicable to the total interaction surface of
isolated volumes in vacuum space.

To distinguish the following case (L, = 6) from one of part 3 above (L, = 3), the
symbol K is used instead of N for the quantum number.
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The physical characteristics of this class (L, = 6) of isolated universes become

from (21): A=§nT_IGLC
, _(kH,)
from (29) Mu = T66:C— (31)
%
from (27): G, =(§%) (32)
%
from (30): R.= (4—61#) (33)

The above formulae are evaluated for the ground state and resonance masses
of the hadronic particles (the pion and the nucleon) in the following table. The same
value of Hubble’s constant is used here as earlier in part 3.

Table 1. Experimental values of baryon and meson masses compared with pre-
dicted results.

Experimental data Estimated
quantum Quantum
number mass
Particle group Mass (GeV) K. K (GeV)
Baryons p; n 0.938; 0.940 35.94 36 0.94
A 1.116 46.56 46 1.11
z 1.189; 1.192; 1.197 51.42 52 1.20
A, 1.236 54.26 54 1.23
) 1.315; 1.321 59.76 60 1.32
z, 1.379 63.96 64 1.38
Mesons =#n°; n°; n” 0.140; 0.135; 0.140 2.04 2 0.14
K 0.494; 0.498 13.8 14 0.50
n, 0.548 16.02 16 0.55
, 0.783 27.36 28 0.79
0, 1.019 40.62 40 1.01

From the table, we can easily see that the ground state particle masses (proton,
neutron and pions) fall directly on integer quantum numbers, i.e. with the numeri-
cal value used for Hubble’s constant. Furthermore, the ratios between the calculat-
ed force constants from equation (32), and Newton’s constant G, /G, ~ 10%agree
with the known ratio between the strong nuclear force and the gravitational force,
while the calculated particle radii calculated from equation (33) are compatible with
the reach of the strong nuclear force, and apply to known particle dimensions.
Using a more refined approach, the author has calculated a fuller series of meson
and baryon masses (Broberg 1991).
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4.2 The Interaction Between the Photon Energy and Vacuum Space

The physical significance of the above rescaling of the comoving vacuum
universe can be understood through a discussion of the interaction between the
photon and vacuum space.

The velocity ¢ will be assumed to represent an idealized case of information
transfer in space, and we will use the Lorentz-Minkowski geometry with reference
to idealized information cones instead of light cones.

From the point of view of a stationary observer who looks at the system of a
passing photon, the internal oscillator with frequency v in the photon’s rest system
cannot have its frequency reduced (by relativistic “time dilation”) to less than a
minimum value v,,, which is identical to the equivalent frequency of the minimal
energy quantum H, postulated above. Therefore, while the proper frequency v and
wavelength A apply in the photon frame, the coordinate time is assumed to be
At=1/H, in the system of the observer, in which the photon moves a distance Ax
during the interval At. The minimum frequency corresponds to a maximum wave-
length A, such that

Ar=(R,, - R
At = Fmax
c

The velocity of energy transport in the observer system therefore becomes

vg=—§—t"-={1—(—£;)2}% 39

which is just the group velocity of photon energy. The relation between A and A,,,,
can be expressed as

=g (35)

Therefore, y will play the same role as the usual relativistic factor for the elementa-

ry energy quantum
2\ %
y= {1—(”78) ] (36)

If Amax =¢/H, corresponds to the energy hH, of the elementary energy quan-
tum from equation (4), using equation (27) we find that all “normal” photons with,
say, A <10° m, have y 210%. We may also note that, in accordance with de Broglie’s
theory of the photon (de Broglie 1926), the difference between the ideal velocity of
information (¢ ) and the actual group velocity of the electromagnetic wave in vacu-
um is real, though extremely small
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(1—”—8) <100
c

A<10° [m]

Hence, “normal” light is a very good approximation of ideal information, although
this approximation will cease to apply when we discuss particle rest mass.

At each cycle of the photon’s internal oscillator 7, the photon’s energy will be
contained in a new quantum volume V,, from equation (8), which is defined in the
observer system as the product of the photon cross section and the wavelength A.
Conversely, from the photon system, the wavelength is contracted and this volume
may be expressed as V,/y. When the contracted wavelength reaches the dimension
of the gravitational diameter of the photon’s internal energy, a stationary , self-
confining particle energy system can be created in its ground form. The photon
energy is then trapped in a quantum volume, and we have the following equation
system:

vt
Y
r_op 4G, h
A=2R, = ¢z cA
y:ﬁ-=1—£—
‘eq -IHO

Eliminating A’ and y gives the equivalent mass

%
- =%=(%oﬁc) =137 MeV (37)

This energy limit is almost identical to the mass of the lightest hadron
m,. =135MeV), and the mass formula is also equivalent to the mass generated by
equation (31) for the case K=2.

In order to recover the ground form of equation (31), we need to treat the case
of an ideal optical resonator, where the wavelength is twice the distance between
the “mirrors”. We must also adopt the parameter L, = 6, which reduces the radius
of the reference universe to R=4¢/H,, according to equation (18). The “reference
resonator” will then have the diameter ¢/H, and the “reference resonant wave” will
have the wavelength 2¢/H, . With these adjustments, our equation system becomes

w=t

! 8G, h
Ar=4Rg= CZOE-Z
_2c
=7,

Solving this equation system yields
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h_(HRY
M=d-($E) @

which is the ground state (K=1) of equation (31).

However, equation (37) gave the lowest limit for capturing photon-energy
locally in space, corresponding to quantum number K=2 in equation (31). The
ground state expressed by equation (38) cannot, therefore, actually exist. Instead,
the above established relationship for the confinement of one wave within a gravi-
tational surface must be extrapolated to a system made up of an integer number of
identical waves. The total mass of this system has a gravitational diameter which
we set equal to half the wavelength of the constituent elementary waves. This
procedure completely restores equation (31), with the number of waves corre-
sponding to the quantum number (K) of that equation. The elementary wave thus
has the wavelength KA, and we obtain the equation system

=t
i 8G, h
KA’=4R, = czoa
-2 c
"=R1m,

Solving this system then brings back equation (31). It thus follows that one captured
photon is transformed into a pair (or pairs) of waves in the particle system.

5. Implications for Astrophysics and Cosmology

The elementary quantum hypothesis affords new insights into a number of
astrophysical phenomena and processes. Here we will discuss only a few of the
model’s predictions, and only in the most general terms.

The cornerstone of the cosmological model must be the existence of a univer-
sal balance of energy as elementary quanta pass between different states (mass
particles, electromagnetic energy, free vacuum quanta). We established above that
the energy loss by photons to the vacuum, by virtue of the fact that their velocity
approaches ¢, was given by

dm

—=-H,m

dt °
Conversely, the transfer of energy from the vacuum to mass particles must there-
fore take place at the rate

dm, _
ETi

where t’ is the time in the particle system. When the particle translates at a certain
velocity, it would have to give up energy to conserve its velocity, just as a photon
does. Therefore, in relation to its kinetic energy, we propose that it has to give up
energy (or mass) to space according to
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dm, E _
dtl = _HOF = _Homp(y _1)

Assuming that the above relations are valid in the system of the particle, the
resulting flow of mass to the particle in its own time system would be

dm

Fo H,m, - Hym,(y-1)= H,m,(2~-7)
However, the above relation must also apply to the particle’s internal system and
the background space. In the particle system, the internal frequency provides the
time standard, while in background space the frequency of a stationary particle
could be chosen. Therefore, the relation between the time in the particle system and
the time in background space is just

d _v(v) _ 4
dt 7 Y (v)

where ¢ is the time in background space and 7 is the background cycle time of the
particle at rest. Transferring the above relation for the mass flow to the system of
background space thus gives

e cHm S s
a Ay ar Ty T e 39

Now, if we suppose that the density of particles in the universe p,,, can be
divided into a ground state portion, p,,,, corresponding to the mass of particles at
rest relative to a fundamental frame, and another purely kinetic (or relativistic)
portion p,, , corresponding to kinetic energy, we obtain

pmzpmo=pmo+pmk

We may therefore express equation (39) in terms of densities, as follows

Combining the expressions for p,, and o above yields

(+1)'pmo +(_1)'pmk
Pmo +pmk

a=

This latter expression can be understood as the weighted average of the factor
a for the distribution of mass, or its equivalent, between rest mass and kinetic
energy, the rest mass being associated with a flow H,p,,, to particles from back-
ground space, and the kinetic mass associated with a flow H,p,, in the opposite
direction.

Applying the above defined concept of mass flow vis-a-vis the inertial and
kinetic mass components, and with the rate of flow of energy from “free” electro-
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magnetic quanta to background space as given above, we obtain a cycle of matter in
the universe along the lines of Figure 1. Rather than give absolute values of the
mass quantities in the different states, the densities have been used, such that the
figure relates to any sufficiently large volume of space (e.g. V ~(c/H, )3). The trans-
fer rates indicated in the figure should be understood as the time derivatives of the
quantities concerned. For example

dp,
Cft =2,Pmo — Hop;

The dotted line in the figure indicates the possibility of creation of matter
directly from the energy of background space, and this would be necessary for a
dynamic analysis starting from all energy in the p, state. We will not undertake this
analysis here, since we assume that 4, is several orders of magnitude smaller than
the other quantities in the process.

In simple terms, then, we have flows of elementary quanta between states of:

—

Rest mass, or mass at rest relative to background space, corresponding to the
ground states of the elementary particles.
2. Kinetic mass, corresponding to kinetic energy, or the equivalent excited part
of the inertial mass content.
3. Radiation, or “free” electromagnetic quanta in space.
4. Background space, or “free” elementary quanta in space.

We may, for example, assume that the universe is in a state of equilibrium,
and derive relations for the time derivative of energy exchange and for the kinetic
mass density. The following data are used in the numerical calculation:

REST

Ao COMPONENT

FREE
QUANTA
IN SPACE
Po

Hopr HoPmk

Figure 1. Circulation of matter through different different states in a universe in equilibrium.
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a) Particle matter in the rest (ground) state:
The observed density of galactic mass from dynamical analysis gives (Weinberg
1972)

Pmo =3%x10 % kgm™

b) Radiation
The total spectrum corresponding to the 2.7° K background radiation gives the
equivalent mass density from the Stefan-Boltzmann laws as:

p,=44x10" kgm

c) Background space
The density of “free” elementary quanta in background space from equations
(7) and (21) is

_3H;
Po=g =

=10 kgm™
With the above values, the following relations may be derived:

A, =H,-Pr ~4x102 5"

mo

) lk = Ho(pmo _pr) = 3)(10-18 s—l

Pro
Pk = Pro—Pr =310 kgm™

\

From the above expression for the density of elementary quanta in back-
ground space, we obtain a total density of

3
Piot =PotPeot Pino Pk + P E"z‘po +2pmo
or simply

HZ
Pt = '3;‘5“ +2P 0

If we compare this result with General relativity (Friedmann models), the first
term can be identified as the critical density, or the equilibrium density between an
open and closed universe. In a universe dominated by relativistic matter, this is also
the expected density from the Einstein equations (Weinberg 1972). The second term
is a factor of 0.05 smaller, accounting for the non-relativistic matter; therefore, the
elementary quantum concept appears to lead to the same density as General Rela-
tivity, though the “missing mass” is contained in elementary quanta in a free (or
possibly compound) state in space.

Interactions between mass particles (fusion, fission, efc.) produce relativistic
energy in the form of photons or neutrinos, and this contributes to the entropy of
the Universe. The transfer of energy back to the vacuum when elementary quanta
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are lost by relativistic particles counterbalances the increasing entropy, and this
balance between entropy creation and destruction gives rise to a constant entropy
density on the large scale.

It can be argued that much of the electromagnetic radiation from stars is
generated by the same process that is responsible for the cosmic background radia-
tion. In other words, the energy absorbed by the particles that make up a star might
be re-radiated into space through the surface of the star. This mechanism, if real,
would account for the lack of neutrinos in solar radiation, and might provide the
energy required to fuse the particles comprising a normal star into a neutron star,
i.e. bypassing the heavy elements. It is thus conceivable that fusion is only responsi-
ble for part of a star’s energy output, mainly during the early phases of the stellar
cycle. Radiation produced in the later stages of the cycle could arise through the
release of residual energy once the fusion process has absorbed part of the energy
provided by the interaction between the star’s constituent particles and the vacuum
energy.

The vacuum energy absorption hypothesis may likewise be applied to the
problem of the energy supply to neutron stars and X-ray burst sources. If we
suppose that the mass of a stable neutron star is roughly one solar mass, the rates at
which energy is absorbed and radiated by the star must approximately balance. A
neutron star of mass M,will, therefore, absorb energy according to

%: H,M, =6-10% kgs™ =54-10° W

and the black body temperature of the radiation is given by

dE
a = oMoC2

%= oT* - 47R?, & =567-10° W m= T~

leading to a temperature of

2
1;,=4JIZ‘;::;; ~93.10 K

in good agreement with observations of a steady state temperature for neutron stars
on the order of 10'°° K or less (Lewin 1981). Photon energy levels are characteristi-
cally in the range 2-10 KeV (Marshall and Millit 1981), which agrees well with the 4
KeV maximum average temperature that would correspond to a maximum energy
density at A, ~3A. In other cases, the intensity decreases from 3 KeV upward ,
though the spectra are flatter than a black body spectrum, and would appear to
suggest Compton scattering of optical or UV photons in a very hot plasma. The
range of energy emission and spectral temperature due to the energy absorption
mechanism proposed here is evidently compatible with observational data, although
the black body spectrum may not be entirely adequate as a model.

In an equilibrium situation, we may assume that the elementary particles in
the star absorb very long-wavelength energy (very light particles) from space in
proportion to their rest masses, i.e. the first term in the general formula, while they
return energy to background space in relation to their kinetic energy, given by the
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second term in the general formula. When the net energy exchange is zero, the
relativistic factor becomes 2, i.e. the kinetic energy is equal to the rest energy.

The energy released from normal particles would take the form of electromag-
netic energy radiated directly back into space, but in the case of a very dense
neutron star, many processes may occur before the released energy reaches the
surrounding space. It may be interesting to consider the following possibilities:

a) neutrons decay into protons and electrons (lifting the collapsed electron shells
to higher energy levels) and the subsequent collapse into neutrons again, ac-
companied by radiation.

b) spontaneous creation of particles in the dense flow of radiation surrounding
the star, leading to thermonuclear reactions at intervals when sufficient amounts
of new matter have been deposited on the star.

¢) buildup of thermal and dynamical instabilities, while the star increases its mass
above the stable maximum, leading to violent energy bursts to reset equilib-
rium.

d) total destruction of the star due to instabilities when its interior material com-
position has developed to a certain stage, where energy bursts are no longer
sufficient to reset the equilibrium.

The general formula for mass exchange utilized here also provides an alterna-
tive explanation regarding the source of energy that powers X-ray bursts on the
order of 10 Joule emanating from objects in the galactic nucleus and from globular
clusters. On the conventional view, of course, this energy is furnished by a compan-
ion star in a binary system, which gives up hydrogen to a dense object, normally
assumed to be a black hole, or more likely a neutron star. In many cases, however,
the binary companion cannot be accounted for. Energy absorption by neutron stars
directly from space could provide the missing energy for X-ray burst sources.
Indeed, if this hypothesis is confirmed, and if the neutron star is the final steady
state of stellar evolution, the masses of these objects being subject to a certain limit,
then it must be conceded that there is very little prospect of finding objects denser
than neutron stars, i.e. black holes. The same model may ultimately prove success-
ful in explaining the extremely high redshifts, energy output and spectral variations
of quasars and active galactic nuclei.

6. Discussion

The hypothesis of a nonzero vacuum energy provides an affirmative answer
to the question whether there exist definite relationships between the microcosm
and the macrocosm. To illustrate the significance of this claim, we consider the case
of the mass formula devised by Weinberg (1972) by means of an arbitrary combina-
tion of fundamental constants

e, Y
Ge "

which yields a value m, approximately equal to the mass of the pion. According to
the method adopted here, the pion mass arises when vacuum energy becomes
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confined within a volume equal to the volume defined by the cross-section radius of
the mass equivalent

wH, Y
m, _(4600) ~137 MeV

In a sense then, the Weinberg mass (pion) represents the boundary between
the microcosm and the macrocosm. From the above analysis, we may conclude that
the Weinberg mass formula is merely a special case of a general mass formula
incorporating a parameter that establishes the scale of the quantum system, extend-
ing from elementary particles up to the Metagalaxy. Within this series, the force
coefficient is rescaled for each system. For low values of the quantum parameter,
the force corresponds in magnitude to the strong force, while at large values, it
represents the gravitational force, with a proportionality of approximately 10*
between the two extremes. The derivation of this figure, which specifies the rela-
tionship between the large and small scale Universe, from a general model of
quantum systems, provides a theoretical foundation for the Dirac large numbers.

Elsewhere (Broberg 1991, 1993) I have suggested a relationship between the
spiral structure of galaxies and the toroidal geometry which, I have found, appears
to characterize elementary particle masses. As noted above, especially in the discus-
sion of the Tifft effect, galaxies, like fundamental particles, must absorb elementary
quanta from the vacuum and re-radiate energy at shorter wavelengths. Presumably,
stars would also conform to the toroidal geometry. This analogy leads to some
interesting consequences. First, we note that the gravitational radius of an average
galaxy is on the same order as the cross-section, or toroid radius of an average star.
Moreover, the sum of the star toroid radii

Amg
(T'Z‘") ~10° m

in a galaxy yields a distance on the order of the Hubble length ¢/H, . Thus, nature
appears to be ordered in a hierarchical sequence, with definite relations between
structures at different scales.

Certainly, more research will be required to elucidate all the steps and nuanc-
es in this sequence. However, in view of the foregoing, we can assert with some
degree of confidence that the hierarchical order extends from elementary particles
to the Metagalaxy.
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Gravitons, 310. Seealso C-gravitons
Gravity
absorption, 155
GRB. See Gamma-ray: bursts
Great Attractor, 128, 139, 325
Greek philosophers, 137
GRO, 265
Group crossing time, 53
Guthrie, B, 9
Gyroradius, 208

H

h + y Persei, 10
Halo. See Galactic halo
He4, 90-93
HEAO A4, 254
HEAO-1, 254
Heliocentricmodel. See Cosmological princi-
ples: Generalized Ancient Greek
Helios, 255
Helium (3,4), 91, 92-93
primordial, 90
Heraclitus, 137
Hertzsprung-Russell diagram, 184
HI emission, 59, 60, 61
Hidden hypotheses
beauty, vii
origin, vii
reduction of phenomena, vii
simplicity, vii
High-energy accelerators, 283
HII regions, 59
HOI, 3
Homoiomers, 137
Hoyle, F., 25
Hubble age, 90
Hubble constant, 90, 98, 329, 338
calculated from superluminal knots, 220
derivation, 16, 315
variation with direction, 101
variation with distance, 17, 165
Hubble diagram, 114
for QSOs, 124
Hubble, Edwin, 82



Hubble sequence, 141-142
Hubble Space Telescope, 23, 90-91, 218
Hubble-Tolman test. See Redshift: vs. surface
brightness
Hubble’s law, 122, 123, 328
and Copernican Cosmological Princi-
ple, 171
and Perfect Cosmological Principle, 172
Humason, Milton, vi
Hydrogen atom, 283
Hydrogen Balmer lines, 7

I

IC2574, 3
IC3, 255
IC342, 1,9
Inelastic collision
photon-atom (molecule), 163
Inelastic processes
threshold, 273-276
Inertial frame, 197
Inertial induction
acceleration, 308
velocity, 308-313
Inertial interaction, 286-288
Infinite dimension, 185
Infinite divisibility, 180
Inflation, 46, 98-99
Interaction cross-section, 336-337
Interaction manifold, 292
metric tensor, 293
Intergalactic medium
and cosmic background radiation, 25
hot, 95
plasma, 103
Inverse Landau damping, 247
IRAS, 94
Iwanowska lines, 71

J

Jaakkola

universe model. See Cosmological models:
equilibrium

Jeans collapse, 190, 195

Jeans instability, 239

Jet-counterjet systems, 220

Jets. See also Galaxies: spiral: ejection model
filamentary character, 220
hot spots, 217
knots, 219
superluminal expansion, 219-220
viewing angle, 220

K

K effect, 10
Karlsson, K.G., 7
Kelvin-Helmholtz instability, 246
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Kepler's Laws, 289

Kerr metric, 337

Kinetic energy, 345
KONUS, 249, 252, 254, 255

L

Lagrange equation. See Euler-Lagrange equa-
tions
Lagrangian density, 293, 294, 296
Large Magellanic Cloud, 9-10, 113
Large scale structure, 100
Large-scale structure, 94-98, 102, 132-133
Length contraction, 182
Lensing. See Gravitational lensing
Leucippus, 137
Light clock, 282
Light element abundances. See Abundance of
elements: light elements
Light velocity. See also Velocity of light: as limit
experimental measurement, 332
resonant absorption medium, 332
in a moving frame, 282
Light-carrying medium, 182-183
and curvature of space-time, 183
Lightbending. See Bending of light
Local Group, 1, 27, 49, 71-79
bipolar jets, 72-73, 77
M31 group, 72, 77-78
Milky Way group, 72, 74-75
redshift groupings, 73-74, 75-76
velocity dispersion, 71-72
Local standard of rest (1s.r.), 201
Local Supercluster, 113
Lorentz contraction. See Fitzgerald contraction
Lorentz group, 286
Lorentz transformation, 182, 198, 199
in Galilean space and time, 300
Lorentz-Dicke theory, 195
Luminosity
radio, 103
Luminous envelope
around compact groups, 56
Lyman alpha forest
absorption lines, 226-227

M

M3,

M32,

M33,

M51,

Ms81,

M82, 3,7

Mach, Ernst, 307

Machian force, 130-131, 132

Mach’s principle, 170-171, 155, 307
extended, 325

Macmillan, William, 148
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Magnetic fields
intergalactic, 96
lines
reconnection, 212
Magnetic vortex tube (MVT), 207-209, 214-
215
active galactic nuclei, 218
and synchrotron jets, 220
displacement current, 209-213
in galaxies, 215-216, 220-221
origin of cosmic rays, 213
pairing, 221
precession, 220
Mann-Whitney test, 42
Markarian 205, 23
Markarian 421, 260
Mars, 322
Mass
density, 138
hypermassive states, 196
inertial, 289
Galilean invariant, 299
missing, 347
photon, 46
rest, 333, 345
variable
in subatomic particles, 14, 46
Mass loss wind, 10, 12
Mass-energy equivalence, 271-272, 275
Matter flows, 138, 143
Maxwell’s equations, 285-286, 280, 330-
331, 335
Mercury. See Perihelion advance (Mercury)
Mergers, 140
Metagalaxy, 333, 338
equilibrium state, 118
homogeneous distribution, 117, 119
Metric tensor, 295
Michelson-Morley experiment, 280
Microwave background. See Cosmic back-
ground radiation: temperature
Milky Way, 10, 27
Missing mass. See Mass: missing
Mock gravity, 140

Models, cosmological. See Cosmological models

Momentum
as quantity of motion, 271
Monte Carlo simulation, 40
Morphological method. See Zwicky, Fritz:
morphological method

N

Napier, W., 9

Natural frame of reference, 294

Nature, 3

Neutral hydrogen, 59, 142
deficiency, 56

Index

Neutrino

tau-, 93
Neutron, 341

lifetime, 91
Neutron star. See also Accretion: neutron star

accretion, 254

as gamma-ray burst source, 214-

215, 250, 252, 254

radiation temperature, 348-349
Newtonian binary interaction, 290
Newtonian dynamics, 297
Newton’s constant, 130, 338
Newton’s Law, 182, 289, 270, 306

derivation, 130
Newton’s Laws of motion, 155-156

Second law, 312

Third law, 288, 290, 291
NGC 185, 3
NGC 205, 3
NGC 3077, 3
NGC 404, 7
NGC 4051, 217
NGC 4151, 217, 231, 264
NGC 4319, 23
NGC 5068,
NGC 5102,
NGC 5128,
NGC 5195,
NGC 5236,
NGC 5253,
NGC 6814, 217, 232
NGC 7317, 57
NGC 7318ab, 59
NGC 7318B, 59, 60
NGC 7319, 59
NGC 7320, 58-61
NGC 7331, 59, 60
NHC 3384, 221
Nuclear processing, 91

o)

Olbers-de Cheseaux paradox. See Paradoxes:
Olbers-de Cheseaux

Oort cloud, 189, 191, 195

0Q172, 227

Origin, of universe, vii

P

Pair production, 215, 344
Palomar Sky Survey, 51, 62
Paradoxes
cosmological, 118
Olbers-de
Cheseaux, 112, 119, 129, 137, 332
Seeliger-Neumann, 112, 119
Zeno's, 179
Particle-in-cell approach, 243
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Particles. See Elementary particles
Pencil beam surveys, 8
Perihelion advance (Mercury), 183, 286
PG 1115+080, 221
PHL 5200, 227
PHL 938, 227
PHL 957, 226
Phobos
secular acceleration, 322
Photoelectric effect, 199
Photon
energy loss, 335-337
Photon-baryon number ratio, 137-138
Physical laws, 306-307
Pinching, 208
Pion, 341, 350
Pioneer 6, 113, 321
PKS 0208-512, 215, 217
PKS 0237-23, 226
PKS 0521-36, 228
Planetary orbits
predicted from Galilean gravitation, 297-
299, 302-303
Planetesimals, 188, 191, 194
Plasma
degenerate, 215
focus, 206, 209
nonthermalized
in gamma-ray bursts, 254
outflows, 189, 195
simulations, 243-246
vortices, 247
Plato, 137
Poisson equation, 295-296
Polarization position angle, 217-218
Positronium, 215
Power spectrum analysis, 31-33
Preferred frame, 280
PROGNOZ 9, 252
Proton, 341
Proton-antiproton pairs, 100
Pulsed optical shutter, 332
PVO, 255
Pythagoras, 137

Q

Q 0307-195, 221

Q 1246-057, 227

QQ 1145-071, 221

Quantization. See Redshift: periodicity

(quantization)

Quantum mechanics, 197
and cosmology, 25-26

Quantum system, 334

Quasars/QSOs, 259
ejection, 23
gravitational field, 125
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Quasars/QSOs (cont’d)
high redshifts, 109, 122, 124, 184
galaxy associations, 23-24
synchrotron emission, 215, 216-220
X-ray bright, 7

R

Rabi frequency, 225, 228
Radial velocity, 58
Radio arc, 59, 60
Radio lobes, 220
Radio sources, 59, 61
double
jets, 246
steep spectrum, 59, 60
Radio telescopes, 39
Raman emission, 207
stimulated, 224-225, 227-228, 230
Re-radiation, 348
Reasoning
inductive, 178, 179
Redshift, 1
absorption, 206
cosmological, vi, 105-110, 157-
163, 187, 197, 199, 201, 306, 314
315, 327-332, 333, 334-337
deSitter, 105-110
differential, 3, 5, 43
discordant, 3, 47, 57
statistical analysis, 61-65
electrogravitational coupling, 123-125
gravitational, 196
grazing experiment, 320
HI, 33, 39
interaction effect, 113, 122-125
intrinsic, 1-3, 4, 21, 113, 158, 162, 207
in stars, 9-13, 215
of Raman emission, 225, 228-229
related to distance, 15
time-variability, 122, 124, 145
mean, 18-20
negative, 19
occultation by Sun, 120
peaks, 34-35, 38-40, 4143, 44
periodicity (quantization), 7-9, 25-26, 29—
47, 74, 122, 124, 178, 200
and Local Group, 8, 78-79
in quasars, 7-8
quadratic Doppler, 200, 201
related to galaxy age, 7, 13, 17, 21
mechanism, 14-15, 124
related to size of system, 113-114
Solar limb, 160-162, 316-318
tired-light mechanism, 69, 83, 158
160, 184, 315, 327
problems, 13, 160-161
vs. angular diameter, 100-101, 124



360 Index

Redshift (cont’d) Spearman rank correlation coefficients, 35, 41
vs. apparent magnitude, 21 Special Relativity, 183, 197
vs. rotation rate, 85-86 foundations, 269-284
vs. surface brightness, 82, 114-115 Spectral displacement. See redshift
Rees, Martin, 7 Spiral arms, 240. See also Galaxies: spiral
Reference resonator, 343 radial matter distribution, 141
Reference scalar, 292-293, 294 rotation curve, 242
potential structure, 295-296 SSC. See Synchrotron radiation: self-Compton
Relative kinetic energy density, 294, 295, 302  Stability of matter, 134
Relativistic energy Stahl, Otmar, 12
and momentum, 270-272 Stark effect, 207, 225, 228
Relativistic invariance Stars
of scalar products, 275 Ap type, 226
Relativistic spacetime, 173 supergiants, 9-13
Relativity principle, 198, 200 blue, 12
Retarded field, 276 in nearby galaxies, 12
Retarded local action, 288 supermassive, 195
Retarded potential, 277 white dwarfs
Revised Shapley Ames Catalog, 19, 20 mass discrepancy, 318-319
Ricci condition, 295 young, 7, 23
Roemer, Olaf, 83 Statistical testing, 30-31
ROSAT, 23 ranking procedure, 33
Rotation signal strength, 37-38, 4243
of a receding object, 83-84 Stellar population, 142
RS 23, 227 Stephan’s Quintet, 50, 57-61
S Streaming of galaxies, 178
Strong force. See Force: strong (nuclear)
Sandage, Allan, 19, 21 Substance, 179
Saunders, W., 94 Sulentic,J., 7
Seeliger-Neumann. See Gravitation: law: Supergalaxies, 133
Seeliger-Neumann Supernova, v, 59
Seeliger-Neumann paradox. See Paradoxes: Synchrotron radiation, 215
Seeliger-Neumann beaming, 217
Selection effects, 43 non-uniform field model, 216-217
Sensitivity technique, 262-263 self-Compton, 260
Seyfert galaxies, 116, 228, 259 T
emission lines, 230
synchrotron emission, 216-220 Taurid stream, 189, 191, 192, 194
Seyfert’s Sextet, 50, 61 Taurus A, 113, 321
Shapley Ames Catalog. See Revised Shapley Texture models
Ames Catalog explosive mechanisms, 96
Shock waves, 217. See also Bow shock wave Thales, 137
SIGMA, 265 The Monist, 270
SIGNE, 250, 252 Thermodynamics, 144
Small Magellanic Cloud, 9-10, 113 Tifft effect. See Redshift: periodicity
Solar limb shift, 113. See also Redshift: Solar (quantization)
limb Tifft, W.G., 7
Solar Maximum Mission, 249, 252 Time dilation. See Clock retardation
Solar motion, 29 Tolman, Richard, 82
Solar nebula, 189, 190 Toomre’s analytical limit, 238-239
Solar system Toroidal geometry, 350
transfer of angular momentum, 322-323 Transformation of radiation to matter, 137
Solar vector Tully, R. Brent, 4, 94
correction, 30, 34 Tully-Fisher
galactocentric, 34, 35, 37, 44 distance, 17

Space. See Euclidean space relation, 85



Tunguska, 190, 192, 194

U
U 12810, 85
Ultrarelativistic

electrons, 230
particles, 206
Uniformitarianism, 192
Unit vector, 277, 279
Universal balance of energy, 344
Universe
age of, 90, 94-98
comoving vacuum, 337-339
effective radius of, 132
expansion, 1
Galilean model, 291, 294
mean rest frame, 310

A%

Vacuum
and wave propagation, 187, 328, 342-344
energy, 46, 201, 335
density, 339
permeability, 330
permittivity, 330
Vector potential, 279
Velocity of light
as limit, 272-273, 334
Velocity space, 293
VENERA, 255
Virgo Cluster, 17-21
velocity dispersion
ellipticals, 71
Virgocentric infall, 139
VLA, 60
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Voids, 67-69

South Coma, 69
Voronoy Foam, 170
Vortex current filaments, 102
Vv 172, 50

W

Walls of galaxies, 185
Wave equation
phase, 328
phase velocity, 329-330
stationary boundary condition, 327
Wave transmitting medium. See Light-carrying
medium
Weber's law, 155, 309
Wedge diagram, 20
Weinberg mass, 349-350
Wickramasinghe, C., 25

X

X-ray

background, 117
bursts, 214-215, 349
extensions, 23
pulsars, 213
sources

diffuse, 56, 60, 61
spectrum, 261, 263

Y/

Zeno's paradox. See Paradoxes: Zeno's
Zero-mass hypersurfaces, 15
Zwicky, Fritz, v-vi

morphological method, v



ERRATUM
The caption on page 22 of this volume should read

Figure 12. The above diagram shows that on the gravitational lense hy-
pothesis, if quasar images around an interposed lensing galaxy are
resolved they must be elongated by a factor of 4 or 5 to 1 in the circum-
ferential direction. A high-resolution image of the so-called Einstein
Cross, consisting of the low-redshift spiral galaxy G2237 + 0305 and
four associated quasars photographed in redshifted Lyman alpha by the
Hubble Space Telescope (reproduced on the cover of this volume) pre-
sents exactly the opposite situation, with luminous connections
extending from some of the quasars back to the central galaxy. The ob-
servations thus indicate physical ejection of the four quasars from the
galaxy. (cf. also Arp and Crane 1992).
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