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Abstract

When interpreted in terms of a particular fractal model, regularities in the ratio of typical lengths
and times between particles and galaxies are found which suggest that self-similarity between these two
scales could exist. To establish the fractal model, we first review briefly some of the evidence pro and
contra the local quasar hypothesis (LH). Forceful arguments have been advanced on both sides, whence
we suggest, after others, that two classes of objects should be distinguished. A first class would be
constituted of face-on giant elliptical radio galaxies and face-on Seyfert galaxies, with slight to moderate
excess redshift, mimicking quasars. The second class would contain much smaller, faint and compact
”true” quasars with large excess redshift. The latter would be emitted by the nuclei of spiral and giant
elliptical galaxies. A single quasar ejection scheme (QES) could possibly unify many observations related
to active galactic nuclei (AGN’s), namely Seyferts, Liners and extended radio sources (ERS’s). When the
relationship between (true) quasars and galaxies is so understood, a possible link between galaxies and
particles emerges: if galaxies not only emit quasars but are also able to absorb them by a mechanism
seen as the time-reversal of the ejection process, then they should interact with each other via quasar
exchange. This process would be similar to photon exchange between electrons, where spiral galaxies and
quasars are considered as cosmic scale electrons and photons respectively. Giant elliptical and super-giant
cD galaxies would reproduce atomic-like nuclei, also interacting with their electron-like spiral satellites
through quasar exchange. Such a fractal model relating particles to galaxies allows the computation of
scaling factors with respect to length, time, velocity, mass and angular momentum, with relatively good
agreement between various tests of the model. The velocity scaling factor is close to α ≈ 1/137 , which
suggests that α may be a characteristic constant of the fractal for which we also find a mass dimension
D ≈ 2.09 . The quasar speed with respect to the intergalactic medium (IGM) should be a constant
and fall in the range 1000-4000 km/s , with a more probable value of 2188 km/s if the velocity scaling
factor is indeed α . The quanta of galactic scale charge (for quasar exchange) and angular momentum
are computed. The latter is found to be about 5 1076 gcm2 s−1 which is considerably larger than
the values usually quoted for the angular momentum of spiral galaxies, so there seems to be an acute
missing angular momentum problem. Finally, the quasar exchange force between two spiral galaxies is
evaluated and it is shown to be greater than the conventional gravitational interaction. In analogy with
the particle scale it should be repulsive between two spirals and attractive when acting between a spiral
and an elliptical. New gravitational constants must be defined for each scale, and with the value found
for the particle scale, the particle Planck mass, length and time fall respectively very close to the proton
mass, the proton Compton length and the proton Zitterbewegung characteristic time. This suggests that
the particle scale gravitational constant is a redundant definition of the basic (proton) mass, and hence
that α should remain as the unique dimensionless constant of a future unified theory able to describe
particles and galaxies.
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1 THE MODEL

1.1 THE FRACTAL HYPOTHESIS

The early and dispersed works on objects with fractional dimensions were unified by Mandelbrot (1982)
who coined the word ”fractals”, and who demonstrated their relevance to a great number of apparently
disconnected fields. One of their most striking property is self-similarity on different scales. Most man-made
fractals are by design perfectly self-similar but, in real-life, this property could be the exception rather than
the rule. Thus whenever a natural fractal structure is suspected, the perfect self-similarity hypothesis should
be tested carefully. Although the mathematics of fractals is still in its infancy, the concept has been applied
to a growing number of problems with valuable results, and as a consequence of their conspiciousness,
the idea that the Universe itself could be a fractal has emerged in some papers scattered through the
literature. Even if the fractal universe hypothesis is not always clearly stated, at least these papers convey
the intuition that scaling laws could apply between the microcosm and the macrocosm. In that vein, various
self-similar models have flourished in the last decade. For example, several authors arrived by different
routes at the notion of a cosmic scale Planck constant (Cocke, 1983, 1985; Liu Yong-Zhen, Deng Zu-Gan
and Cao Sheng-Lin, 1984; DerSarkissian, 1986a). The hypothesis of quantized rotational velocities in the
metagalaxy furnish essentially the same super Planck constant (Liakhovets, 1986). To try to account for
the observed redshift quantization in galaxy pairs or in small clusters (Tifft, 1976, 1978, 1980, 1982a, 1982b;
Cocke and Tifft, 1983; Tifft and Cocke, 1984), quantum models for the dynamics of interacting galaxies
have been constructed (Cocke, 1983, 1985; DerSarkissian, 1984, 1986a, 1986b). Finally, Oldershaw has
proposed an elaborate fractal space-time model (Oldershaw, 1985, 1986a, 1986b, 1986c, 1986d, 1987) and
he has postulated the following scale transformations for length, time and mass hold between the particle,
the stellar and the galactic scale:

R(n) = Λ R(n−1) ; T(n) = Λ T(n−1) ; M(n) = Λ
D M(n−1) (1.1)

where Λ = 5.2 1017 is the common scaling factor for length and time and D is a parameter whose
experimental value is about 3.17 . The last equation shows that mass scales as LD , whence it results that D
is the so-called fractal mass dimension. Its analogy to the better known self-similarity dimension is stressed
by rewriting it as: D = (log (M(n) /M(n−1) )) / (log (R(n)/R(n−1) )) . In effect ΛD gives the number of
massive structures from level (n− 1) necessary to compose a self-similar structure from level (n) .

Neglecting for the moment the stellar scale, for which we feel that the data at our disposal is still
too scarce to permit strong predictions either pro or contra the self-similarity hypothesis (although the
situation on that front is evolving rapidly), we notice that those analogies between galaxy scale and particle
scale objects have not been pushed very far, as if the fractal hypothesis would not really warrant serious
consideration per se. In particular, gravitation has always been considered as the sole possible force acting
between galaxies. This would invalidate from the start any comparison with the particle level where at
least three interactions mediated by particle exchange have been found. Here we wish to explore the
particle correspondence in greater detail and present arguments showing that at least one exchange-like
force, stronger than the gravitational interaction, may intervene in galactic dynamics, in (perfect ?) analogy
with particle electrodynamics.

1.2 THE FRACTAL VORTEX MODEL

A full account of our own fractal space-time model is presented in a non-published paper (Driessen,
1991; see also Driessen, 1986). We shall introduce here only some of the very basic ideas that are just
sufficient to guide us in the exploration of the self-similarity hypothesis. It must be stressed that they
represent at this point mere conjectures, which should be judged a posteriori on the insights that they
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furnish and on their agreement with known experimental facts. Basically, part I will consist of a heuristic
development of the fractal model, while part II is about its confrontation with observations.

Our views about the space-time structure can be summarized very briefly as follows: the Universe is an
imbrication of self-similar vortex structures, whose Riemannian geometry bear a resemblance to the Einstein-
Rosen bridge, establishing a connection between the sheets of a two-sheeted space-time. In particular two
scales were examined, namely the particle and the galaxy scale, and some qualitative similarities between
particles and galaxies were found, provided that both objects contain a central black hole (BH). For example,
using the membrane paradigm (Thorne, Price and MacDonald, 1986 and references therein) it can be shown
that a galaxy with a (spheroidal) BH horizon needs two complete revolutions of its core to come back to its
original topological state (Driessen, 1991), a property similar to spin 1/2 behaviour. This led us to associate
tentatively spiral galaxies to electrons. Other types of particles (or galaxies) would be distinguished by the
topology of the event horizon in their core. In particular, a possible Riemannian geometry was proposed for
the photon core. The mechanism whereby an electron structure can emit and reabsorb a photon structure
was provided albeit in a purely qualitative way (Driessen, 1991).

On each scale a medium can be defined which is composed of the sea of structures on the next lower self-
similar scale. For example, on the galactic scale the medium is defined as the collection of particles composing
stars, the interstellar medium (ISM), and the intergalactic medium (IGM). In the continuum approximation,
this medium becomes a fluid embodying the space-time continuum. In other words, the space-time manifold
is no more an abstract mathematical concept, it has gained the status of a material representation and
galaxies are remarkably stable spinning structures in this fluid. On account of their morphology and their
astonishing stability, it is guessed that they are vortex structures in this presumably quasi viscousless
fluid. In fact our model actually promotes comparison of galactic cores with vortex structures in superfluid
Helium where the largest part of the body is irrotational and devoid of viscosity, while the viscous fluid
is concentrated around vortex cores. Like galaxies, particles become vortex structures in the fluid of the
postulated self-similar sub-structures, which we propose to call ”fractons” for short. Fractons themselves
would be vortex structures, .. etc (without prejudging if the hierarchy stops at any given scale). Generally,
a structure at level n results from the amalgamation of a critical number of similar structures from level n−
1 , and this is the essence of the vortex fractal model. To unearth its finer details and implications, a
reinterpretation of quasars will prove necessary. By quasars we shall collectively denote radio-loud quasi-
stellar sources (QSS’s) and radio-quiet quasi-stellar objects (QSO’s). In the general acceptation quasars
are defined as star-like objects on the Palomar Sky Survey prints, with strong continuum emission, broad
permitted lines and narrow forbidden ones, and moderate to high redshift. So, incidentally, a large part of
this paper will be devoted to a discussion of the redshift controversy (Field, Arp and Bahcall, 1973). While
reviewing the evidence accumulated on both sides we were stricken by the validity and forcefulness of most
of the arguments. Thus we understood why opponents on each side felt justified to accept no less than
the complete capitulation of the other side. Because the largest body of physicist has decided to keep the
cosmological hypothesis for redshifts of all objects, including quasars (maybe for lack of a really convincing
alternative), many have concluded that the problem is now settled to their advantage. But a detached look
at the evidence proposed by the iconoclasts shows, in my opinion, that it cannot be dismissed as a collection
of mere coincidences.

1.3 THE QUASAR EJECTION SCHEME (QES)

For the majority of astronomers, all low- and high-redshift, radio-quiet and radio-loud quasars should
be understood as the very luminous nuclei of extremely distant galaxies, the redshift being entirely due to
the Universe expansion in what has been termed the cosmological hypothesis (CH). Some of their strongest
arguments are, (i) fuzzes have been observed around many low-redshift quasars (Kristian, 1973; Hawkins,
1978; Stockton, 1978; Wehinger and Wyckoff, 1978; Wyckoff et al., 1981; Hutchings et al., 1981, 1982, 1984;
Gehren et al., 1984; Malkan, 1984; Romanishin and Hintzen, 1989), and the fuzz spectrum is compatible
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with star light (Balick and Heckman, 1983; Boroson and Oke, 1984) (ii) for some quasars nearby galaxies
on the projected sky, absorption lines in the quasar spectrum have been found at the lower redshift of the
galaxy (Blades, 1987 and references therein), (iii) some low-redshift quasars display very close (projected
distance less than 50 kpc) galaxy companions at basically the same redshift (Heckman et al., 1984). In fact
a significant portion of low-redshift fuzzy quasars reside in groups of associated or even interacting galaxies
(Hutchings et al., 1981, 1982, 1984; Wyckoff et al, 1981; Gehren et al. 1984), and it is even suggested that
the quasar phenomenon may actually be triggered by interaction (tidal or merger) with gas-rich companions.
This solid evidence demonstrates that at least some so-called quasars have cosmological redshifts.

However, soon after the first quasar discovery, a small band of dissident put forth the local hypothesis
(LH) which postulated that quasars are in fact much closer objects than their redshift would indicate,
probably ejected from the nuclei of galaxies (Terrell 1964, 1966; Hoyle, 1965; Hoyle and Burbidge, 1966;
Hoyle, Burbidge and Sargent, 1966; Arp, 1967, 1971; Burbidge et al. 1971; Narlikar and Das, 1980; Sulentic,
1983a, 1983b, 1986). The latter conjecture will be called hereafter the quasar emission scheme (QES). If
the quasar excess redshifts were of purely Doppler origin, one would have to suppose that only our Galaxy
could have emitted them to account for the fact that no blueshifted quasar has ever been observed, but this
is not tenable from the Copernician viewpoint. More natural is the idea that all large galaxies are able to
emit quasars but with Doppler redshift always more than offset by another cause at present unknown.

In 1971, a discovery by Arp strengthened the LH: in a particularly close pair of a low-redshift galaxy
(NGC4319) and a higher redshift blue compact object MK205, originally signalled by Weedman (1970), Arp
claimed to have photographed a luminous bridge connecting the two objects (Arp, 1971). An interesting
objection was raised by Stockton, Wyckoff and Wehinger (1979) who found that a small red companion
(RC) just 3” NE to the nucleus of MK205 with stellar absorption lines at the redshift of the MK205 nucleus.
This was used as an argument to claim that both where interacting galaxies at their redshift distance
in the background of NGC4319. Part of the presumed connection was later attributed to tidal tails in
this presumably interacting pair (Cecil and Stockton, 1985). But powerful image processing techniques by
Sulentic (1983a) had already revealed a very thin tortuous filament inside the diffuse bridge. It apparently
continues an undulating jet emerging from the galactic nucleus which is very suggestive of a precessing jet
like those observed in some extended radio-sources, or in SS433 on the stellar scale. There may even be a
second blue object (UV knot with an emission spectrum) in the background which would be also attached
to NGC 4319 by a diametrically opposed jet (Sulentic, 1983b).

Simultaneously, a battle over statistics was fought (Arp, 1970; Burbidge et al., 1971; Weedman, 1980;
Sulentic, 1981; Webster, 1982; Burbidge et al., 1990), with supporters of the LH claiming to have found more
high-redshift QSO’s closer to bright low-redshift galaxies than chance would allow, and in the meantime
other cases of possible associations emerged (see the review by Narlikar, 1986). For example, Carilli, van
Gorkom and Stocke (1989) found a large elongated gas cloud connecting the galaxy NGC 3067 to the nearby
(16 kpc on the projected sky) quasar 3C 232 and including both of them. Actually, this system was the first
recorded case of HI absorption lines in the quasar spectrum at the lower redshift of a nearby galaxy (Haschick
and Burke, 1975) . Somewhat later, Ca II absorption lines where also found (Boskenberg and Sargent, 1978)
and they were thought to arise in a spherical halo surrounding the galaxy. However, after reviewing the
known cases, Bowen et al. (1991b) conclude that there is no evidence for spherical Calcium-absorbing haloes
covering the whole space around galaxies at our epoch. Calcium absorption is either confined to the optical
disc, or distributed in tails as the discovery of Carilli et al. (1989) clearly shows in the NGC 3067-3C 232
system. Naturally, the tail could result from tidal interaction with another galaxy but none is found in the
vicinity (in redshift space) of this system. The only interesting object nearby (on the plane of the sky) is the
quasar which sits right in the middle of a transversal expansion of the tail. Thus a system which was hailed
at the origin as bringing strong support to the CH actually reinforces the LH, and throws some doubt on
other absorption cases. Other arguments and references in favour of the LH are collected in recent papers
(Narlikar, 1986; Arp et al., 1990; Burbidge et al., 1990) , and somewhat older references not cited here can
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be found in Arp’s book (Arp, 1987). The status of the redshift controversy up to 1973 is detailed in Field,
Arp and Bahcall (1973).

Anyhow, the balance of evidence presented so far suggests to us that there are serious cases of quasars
related to galaxies with much smaller redshift, and we claim, after Arp (1987), that the QES could be
extended further to unify phenomena that seem now more or less disconnected; we have in mind Seyfert
galaxies, Liners and extended radio-sources (ERS’s), which are discussed in this order below.

About 2 to 4 % of spiral galaxies have been classified as Seyfert galaxies in relation to their active nuclei.
Roughly, two sub-classes have been discovered: Seyfert Type 1 galaxies have broad permitted emission lines,
narrow high-excitation forbidden lines and a strong featureless continuum, while Seyferts Type 2 display
only narrow permitted and forbidden lines and a very weak continuum (both types are in general radio
quiet). Obscuration of the nucleus continuum and of the broad-line region (BLR) in Seyfert 2s could be
caused by dusty molecular gas clouds, forming a compact torus at about 1 to 50 pc from the nucleus, that
is roughly between the BLR and the narrow-line region (NLR), as shown recently (Antonucci and Miller,
1985; see also the review by Antonucci, 1993). Thus apparent dissimilarities between Seyfert classes could
entirely arise from different obscuration, viewing angle and geometry of the torus. Once this is admitted,
the remaining concern is to understand how Seyfert galaxies relate to normal quiescent spirals. First, let us
recall numerical simulations by Sanders and Prendergast (1974) which have shown that the 3 kpc expanding
gas cloud in our own Galaxy could have been caused by a violent explosion some 67 106 years ago, with a
total energy release of 31058 ergs. If the phenomenon has a recurrence period of say 108 yr, the total energy
emitted over the Galaxy lifetime (≈ 1010 yr) could be comparable to the total yield of a Seyfert galaxy
(≈ 1060 ergs). This suggests that our Galaxy could have had of the order of 100 Seyfert episodes in the
past, a conclusion which should hold for other spiral galaxies as well. Such models of recurrent excitation
have been proposed by many authors (Ambartsumian, 1958, 1961; Vorontsov-Velyaminov, 1961; Arp, 1966;
Sanders and Prendergast, 1974; Sanders and Bania, 1976; Bailey and Clube, 1978; Clube, 1978, 1983). Keel
has even argued that low-luminosity active nuclei (AGN’s) are present in most if not all spiral galaxies (Keel,
1983). In the scheme proposed by Clube (1983), spiral galaxies undergo repeated Seyfert phases at intervals
of 108 yr, which subsist for about 106 yr and culminate in a 104 yr long quasar phase. In our model, Clube’s
”quasar” phase actually corresponds to the emergence of quasars from the nucleus, a point which will be
expanded below.

Liners show moderate activity, with a spectrum of low-excitation emission lines not similar to those of
Seyferts or HII regions but rather reminiscent of emission spectra from supernova remnants. The currently
held view is that they are photoionized by the power-law source from an AGN but with a smaller ionization
parameter than in Seyfert galaxies. They could be either mini-Seyferts or dying Seyferts. For example, they
could correspond to the aftermath of quasar ejection, when the active nucleus has been recently switched
off but is still simmering weakly. An alternative view is that the supernova-like spectrum is due to shock
wave heating. In a particular model (Terlevich and Melnick, 1985; Heckman, 1987) the origin of the shock
excitation should be sought in the winds created by intense starburst activity. Sulentic (1988) pointed out
that another possible mechanism had been overlooked: shocks in the wake of a high velocity body ejected
from the galactic nucleus.

It is possible to sketch a plausible scenario for the quasar ejection scheme (QES) in spiral galaxies. First,
mass loss from stars in the bulge would result in a large number of low angular momentum dusty molecular
clouds (Arp, 1966; Shklovsky, 1971) which may provide the fuel for nuclear activity along the following
sequence. Gas would flow inwards to form an accretion disk (Lynden-Bell, 1969; Lynden-Bell and Pringle,
1974). Viscous stresses in the disk innermost region, of probable magnetic origin, would then transport
angular momentum outwards and cause the gas to spiral down toward the central black hole. Now, one
should wonder if the mass loss rate from bulge stars is consistent with energies involved in Seyfert galaxies.
This seems to be the case at least for spirals. For example, Bailey and Clube (1978) evaluated the mass loss
rate of our Galaxy at about 0.01 M¯ yr−1 in a bulge of about 1010 M¯ at a distance smaller than 1kpc from
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the nucleus. The total mass accumulated in 108 yr would be 106 M¯ and with only a nuclear conversion
efficiency of 0.7%, the energy released would already be sufficient to feed the Seyfert phenomenon, but it
is well known that gravitational energy conversion can have much larger efficiencies. The origin of angular
momentum loss in the first disk formation phase is still discussed. It could arise for example from some
non axially symmetric gravitational potential. The most plausible form of such a perturbation would be a
bar which is known to arise very easily in self-gravitating disk. As computer simulations have shown, such
a potential is able to force 0,5 M¯ yr−1 of the inner region gas to flow inward (Simkin, Su and Schwarz,
1980; Schwarz, 1979). This process would be enhanced during encounters with companion galaxies where
tidal interaction induce non axially symmetric perturbations

Those predictions are relatively safe although fine details are still being debated, but beyond that point
our model becomes much vaguer because we suspect that the physical theory driving the AGN evolution has
yet to be invented (see § 2.8). A very qualitative description has been given in Driessen (1991) where it is
guessed that local variations in the flow across the black hole event horizon can lead to quasi-periodical in-
stabilities resulting in the formation of quasar structures of typically say 106−7 M¯ each. The most common
case would be that of two quasars ejected simultaneously in opposite directions to conserve momentum.

After this rapid overview of Seyferts and Liners, we now turn to extended radio-sources (ERS’s) which
originate from the core of large elliptical radio galaxies or (so-called) quasars, and generally display two large
and diffuse lobes at the extremities of well collimated and diametrically opposed jets. Inside the lobes there
are kpc scale hot spots, but no compact (pc scale) cores have ever been found. Sometimes, especially for
so-called extended quasars, the structure is completely asymmetrical with only one jet and no counter-jet.
We first discuss ERS’s in radio galaxies and we shall come back to the problem of ERS’s in quasars later on.
Radio galaxies most of the time display absorption spectra typical of giant elliptical galaxies, leading to the
basic questions: (i) is there a relationship between AGN’s in Seyfert galaxies and ERS’s in radio galaxies,
and (ii) why does the Seyfert phenomenon always happen in spiral galaxies while large scale ERS’s originate
from elliptical galaxies? First, many observations point to a link between radio and Seyfert galaxies. They
show that a number of radio galaxies have spectra similar to those of Type 1 or Type 2 Seyfert galaxies
(Osterbrock, 1977; Grandi and Osterbrock, 1978) with either broad permitted lines and narrow forbidden
lines (Type 1) or only narrow permitted and forbidden line (Type 2), albeit with some slight differences
(Grandi and Osterbrock, 1978). However, let us note that many radio galaxies do not show emission lines,
not even the narrow ones (Hine and Longair, 1979). Conversely, Seyfert galaxies are also sometimes radio
emitters but at lower power with typical luminosities 1021−25 W Hz−1 at 1GHz (Wilson and Heckman, 1985;
Beichman et al., 1985) as compared to the ERS’s which have 1 GHz luminosities in the range 1024−29 W
Hz−1, and their lobes are much smaller (≈ 1 kpc) than the typical 100-500 kpc scale for ERS’s. Finally,
the strict separation of Seyferts in spiral galaxies and ERS’s in large elliptical galaxies is also questioned
(Balick and Heckman, 1982; Beichman et al. 1985; Heckman et al. 1982). For example, about 10 % of
known Seyfert nuclei are found in galaxies which could be classified as elliptical (Adams, 1977; Bradt et al.,
1978; Caldwell and Phillips, 1981).

This evidence strongly suggests that the Seyfert and ERS phenomena are intimately related, which
can be understood in the framework of the above model for the Seyfert emission. If the energy to feed
the monster effectively originates from mass loss of stars in the spheroidal component with low angular
momentum, then the following correlations become quite plain: firstly, it has been observed that Seyfert
nuclei preferentially occur in early-type rather than late-type spiral galaxies (Heckman, 1978; Adams, 1977;
Simkin et al., 1980), and secondly, elliptical galaxies display only a spheroidal component. Galaxies with
a bigger spheroid would spend a larger fraction of their life-time in the AGN phase and would produce
the most powerful radio sources (for an exhaustive account of the unified view-point, see the review by
Lawrence, 1987). Thus the difference between radio-quiet Seyferts and ERS’s seems to be mostly a case
of variation in the maximum intrinsic power achievable by the source and the fractional time spent in the
active phase, but both phenomena would have basically the same origin. They would represent different
manifestations of ejected quasars, albeit at different powers and periodicities, with jets (vortex tubes in our
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model) of various radio powers connecting the quasars to the galactic nuclei. As shown in section 2.9, the
ejection frequency is inversely proportional to the galactic mass, and periods could vary from 107−8 yr in
spirals to 104−5 yr in ellipticals. Considering the large difference in available energy, ejection velocities could
also differ considerably; from 0.01c in Seyfert galaxies to 0.5-0.7c in giant elliptical galaxies (although, once
freed, all quasars would move with the same speed, a point that will be made clear below).

1.4 OBJECTIONS TO THE QUASAR EJECTION SCHEME

Three immediate and strong objections can be raised however against the extension of the QES to
strong radio sources. First, the QES requires large amounts of gas in the spheroid and it is thus a surprise
to find so little gas in most giant ellipticals where ERS’s almost exclusively arise. The problem had already
been noticed by Faber and Gallagher (1976) who argued that normal mass loss process from old population
stars in the average elliptical galaxy is expected to produce 0.1-1 M¯ yr−1 of gas. Such a quantity not being
observed, the gas must be either stored somewhere or it must be removed periodically or continuously from
the system. Some possible process for the removal of gas (formation of new stars, hot gas at a few million
degrees, clouds of very cold gas) have been discussed by Faber and Gallagher (1976) but none seems able
to remove the gas produced in only 109 yr. Sanders (1981) has proposed a pulsed wind mechanism: a long
period (5 108 - 109 yr) of gas accumulation would be followed by cooling and star formation, giving rise
to a short (≈108 yr) period of intense wind driven by a burst of supernova activity. In our model, if the
accumulated gas can be transported to the nucleus, quasar ejection immediately follows. When expelled
from the core of the parent galaxy, quasars proceed through the spheroidal bulge and collect large amounts
of gas because of their rather impressive mass which is estimated below at 106−7 M¯. It is plausible that
repeated ejections could probably entrain 108−9 M¯ out of the galaxy in 107−8 yr. Thus quasars may act
as strong gas extractors, and possess a gaseous ”fuzz” soon after departure. It is probably relevant to this
picture that most clusters have been found to contain a hot (≈108 K), low-density (≈10−3 atoms cm−3), X-
ray emitting gas (see Sarazin, 1986 for a review) concentrated around giant elliptical galaxies. Furthermore,
X-ray emission lines from heavy elements suggest that a large portion of this gas came from stars in the
galaxies. Not only may this gas trace past ejections but it may also provide part of the next lunch for the
monster. Indeed cooling flows have been observed that supply gas toward the centre of the galaxy (a good
synthesis is given in Fabian et al., 1984).

The second objection arises from the fact that quasars have never been found inside hot spots of ERS
lobes, although it should be noted that in a few cases some have been observed nearby the lobes on the
projected sky (Arp, 1987). As pointed out early by Burbidge (1967), hot spots are surprisingly persistent
flat-spectrum sources which contain highly energetic electrons implying local reenergization far from the
galactic core. This led him to suggest that they should contain massive objects (quasars in our scheme),
but actually they are not resolved below 1 kpc nor do they exhibit emission lines. There is a plausible
and elegant solution to this problem, and it also relates to the possibility of gas entrainment: when the
quasar emerges from the galaxy, it is supposedly enshrouded in a dense gaseous cocoon whose ionized ejecta
could feed the radio source lobes. Even if only a moderate fraction of dust mixed with the gas is present,
it may be sufficient to block the quasar typical radiation, namely the broad and narrow lines, and the
continuum (remember that quasar are extremely small and faint objects in our model). Progressively, the
quasar radiation pushes the cloud away and some relics are left trailing behind. The well known broad-line
spectrum then progressively appears as the quasar departs from the galactic neighbourhood. This scenario is
corroborated by the fact that very broad absorption lines have been found at zabs ≈ zem in some radio-quiet
quasars (BAL QSO’s) and the actual consensus is that they result from gas ejected by the quasar itself (see
the review by Turnshek, 1987). We also note that some indirect observations would be compatible with the
presence of quasars in the lobes: (i) at least 16 sources in the 3CR catalog have multiple hot spots (Laing,
1981). (ii) Optical synchrotron emission from a faint diffuse object (2 kpc scale) has probably been found
in the southern lobe of 3C33 (Meisenheimer and Röser, 1986) signalling the existence of at least 100 Gev
electrons. Their lifetimes is so short that they must map the region where the acceleration takes place. A
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smooth extrapolation between the radio and optical data requires a sharp break in the spectrum at about
1014 Hz. Lobe confinement and local particle reacceleration would be much simpler to explain if a massive
AGN of 107 M¯ was present in the hot spot. Now, similar featureless spectra with a break around the same
frequency have been found in a new class of extremely red quasars which are strong flat-spectrum radio
emitters, variable on a time scale of weeks or less and which frequently lack emission lines (Rieke et al.,
1979; Bregman et al., 1981). These red QSO’s show a very steep decline in the spectrum between IR and
optical wavelengths, with a spectral index around 3. They are easily detected in the IR but not optically
and are much redder (V-K ≈ 6) than a typical elliptical (V-K ≈ 3). On the direct observational side, at
least one possible case of a quasar inside a radio lobe (Kronberg et al., 1977) is known: 3C303 presents one
compact lobe whose centre coincides with the nucleus of a 17th magnitude N-galaxy with redshift z = 0.141.
Another extended lobe contains three ultraviolet stellar-like objects with visual magnitude 20.0, 21.7 and
21.8 which have been labelled C, G and H. Object C is a bit off-centre from the lobe brightest spot, but
still well in the radio contour and was shown to be a QSO with emission lines at z = 1.57 . Object G lies
nearly at the very centre of the lobe, and no lines have been detected. H is nearly outside the lobe and its
spectrum is not known. The radio emission dies gradually away at the outer extremities in contrast to limb
brightening in most sources. This may be linked to the fact that we are able to see the UV-excess objects.
Maybe the lobes are dissipating, unmasking the quasars which were previously obscured inside. We notice
in that respect that it is precisely object G, the most inside the lobe, which shows no spectral features.

However some objects currently classified as quasars appear to seriously threaten our model because they
do not fit easily in the picture outlined above, and this is the third and most serious objection to the QES
that we shall now discuss. A stringent test of the validity of our view is that quasar jets should always be
intrinsically one-sided, because they supposedly connect quasars to their parent galaxy (as in Arp’s object).
Being relatively slow meandering vortex tubes in our model, rather than relativistic beams, jets emitted
by galaxies cannot come to an abrupt ending at shock fronts in the vacuum, and they must terminate on
another vortex structure (the ejected quasar). In contrast, current theories assimilating radio-loud quasars
to ERS’s in very distant giant elliptical galaxies require beaming to explain asymmetry and two relativistic
jets must always exist (the conventional relativistic beam model does not easily accommodate intrinsically
one-sided jets).

Now, two-sided jets are definitely observed in a population of objects with quasar characteristics. Typ-
ically, one strong jet points towards a bright edge-brightened lobe on one side, and on the opposite side
a somewhat weaker lobe may trace the terminating point of a fainter (or earlier) jet. Our goal here is
to show that double-lobed QSS’s are actually radio galaxies with jets close to the line of sight, which are
affected by a slight amount of excess redshift (likewise, it is likely that some Seyfert 1 galaxies could pose as
fainter QSO’s). These objects will be called hereafter ”false” quasars in contrast to ”true” quasars which are
supposedly emitted by galaxies. To establish the proposition, it must be demonstrated that a continuum of
properties links radio galaxies to QSS’s (and Seyfert galaxies to QSO’s), but this is precisely what cosmolog-
ical redshift supporters have attempted to do for quite a long time. In particular they reported optical fuzzes
underlying most low-redshift quasars (Kristian, 1973; Wyckoff et al., 1981; Gehren et al., 1984; Hutchings
et al., 1984; Malkan, 1984; Romanishin and Hintzen, 1989) and have shown a smooth transition between the
luminosities of the most luminous Seyfert 1s and QSO’s on one side, and the most luminous broad-line radio
galaxies and QSS’s on the other side (Lynden-Bell, 1971; Arakelian, 1971; Weedman, 1977). Their findings
are more or less consistent with a picture where all radio-loud quasars reside in giant elliptical galaxies and
all radio-quiet ones in spiral galaxies (see § 1.5 below). Our basic belief is more restricted, nevertheless
many of their arguments can be turned around to suit our purpose which is to show that only some radio
galaxies masquerade as double-lobed quasars (although all double-lobed quasars are radio-galaxies), and
only some Seyferts as radio-quiet QSO’s (but most radio-quiet QSO’s are not Seyferts). In this respect
we first note that the BLR is conspicious in quasars although it is not often seen in radio galaxies, thus
implying in the unified picture that (false) quasars have more or less face-on orientation with OVVs and
BL Lacs maybe representing the most extreme cases. It could also explain why (false) quasars are much
more asymmetrical than ERSs because of Doppler boosting of the incoming jet. Beaming cannot amplify
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the BLR emission lines, but it can enhance the UV/optical synchrotron emission from the base of the jet. In
this picture, the featureless continuum progressively swamps the star light and the BLR emission as the jet
comes closer and closer to the line of sight. In OVVs, some weak (with respect to the continuum) emission
lines would still be visible, while in BL Lacs, they would be completely swallowed by the continuum. But
it is unlikely that orientation alone can explain the extreme luminosities of some (false) quasar nuclei with
respect to the fuzz. What these objects represent is the peak of the active phase in galaxies rather than a
separate population with intrinsically more luminous nuclei. For (false) quasars in spiral galaxies there are
indications that the extreme activity could be triggered by large amounts of gas being fed to the nucleus, a
process maybe enhanced by tidal interaction with companions, or by merger with small gas-rich companions
(Hutchings et al., 1982), or by direct collision between two gas-rich large spirals (Sanders et al., 1988). It
is still not yet totally clear if this could be true for (false) quasars in elliptical galaxies but the original
idea that spheroidal galaxies might become active by accretion of gas was proposed very early (Shklowsky,
1962, 1971) and has received since some strong supporting evidence. Prominent dust lanes more or less
perpendicular to the ejection axis are observed in some radio galaxies (Cen A is the prototype). They could
be indicators of large amount of gas being funnelled to the nucleus during the active phase and it has also
been noted that gas-rich elliptical galaxies are generally active (Sanders, 1981). Let us also remember that
a low-redshift (z = 0.107), infrared-loud but radio-quiet quasar (IRAS 13349 + 2438) has been discovered
(Beichman et al., 1986), and these authors claim that the enormous infrared energy could come from dust
heated by the continuum. It would reside in a gaseous cocoon around the (probably false in view of the low
redshift) quasar. Finally, notice that radio galaxies are much weaker in the infrared than quasars. This also
indicates that the dust enshrouded phase in (false) quasars is a transient of short duration.

While star mass loss is barely sufficient to provide the fuel for a giant elliptical like M87 which requires
only 0.01 M¯ yr−1, it is inadequate to sustain quasars which may require from 1 to 100 M¯ yr−1, although
if some excess redshift is present as we argue below, the requirements may be somewhat diminished. But in
many case it seems that an extrinsic source is required. Two interesting processes could be (i) cooling flows
from the hot intra-cluster gas which could accrete as much as 10-100 M¯ yr−1 onto the central giant ellipticals
and cD’s in clusters (see the reviews by Fabian et al. 1984; Sarazin, 1986; and also Sarazin and O’Connell,
1983) and, (ii) the capture of gas-rich dwarf companion galaxies suggested in another context by Schweizer
(1980). Merger with large spirals or direct gas stripping from colliding spirals, while theoretically possible,
are unlikely because large spirals are seldom seen in the central part of clusters where giant ellipticals and
cD’s reside.

Another obstacle to the unifying viewpoint is that the NLR, also typical of quasars, is not seen in some
radio galaxies. When it is seen, it is weaker than in quasars of comparable extended radio luminosity, by
about a factor 5 (Browne, 1987), although a few cases of radio galaxies with narrow lines nearly as strong
as in quasars are known. But the NLR is difficult to hide, because it lies further away than the torus. We
suspect that dust lanes evoked above could be present in most of them and obscure the narrow lines in
galaxies seen from a plane more or less perpendicular to the ejection axis.

In the face-on orientation close to the jet axis, beaming could be significant, but nevertheless, there
are indications that alone it cannot explain the very strong asymmetries, large sizes and powers in some
sources: (a) jet speeds may be mildly or even non-relativistic, yet a few (non blazar) sources show extreme
asymmetries requiring at least velocities v ≥ 0.9c for beaming to operate, (b) the deprojected average size
of a sample of ultraluminous quasars put them at the extreme fringe of the linear size distribution for other
quasars and radio galaxies (Barthel, 1987) and (c) estimated powers at redshift distances in low-redshift
quasars are on the average larger than in radio galaxies and inverse Compton self-absorption could be a
problem (Hoyle, Burbidge and Sargent, 1966).

Most of these objections (ultraluminous apparent velocities, large sizes and powers, the Compton
catastrophe) could be removed if an hitherto unknown cause of excess redshift operated to make the sources
appear at larger distances than they really are, as dissidents repeatedly stressed. It would arise from the
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same basic physical process that seems to occur in ”true” high-redshift quasars and even in some classes
of otherwise apparently normal spiral galaxies (Arp, 1987). Various observations seem to imply that it is
positively correlated with (i) the gas column density along the photon path, and (ii) the degree of shock
excitation in the gas, but it must be more subtle than simple scattering on gas atoms (Arp, 1990b). For
example Arp (1990a) has shown that Sc I galaxies with well delineated and thick spiral arms seem to have
large excess redshift (large gas density in the arms), and large redshift differences were found by Jaakkola
(1971) and Tifft (1972) between spirals and ellipticals located in the same clusters. It is probably of impor-
tance that first-ranked elliptical galaxies, usually devoid of gas, follow Hubble’s law rather precisely. Small
but significant redshift differences have been found by Tifft between arms (difference in gas densities and
path length), and small excited galaxies are generally more redshifted than their large companions (the fact
that they show early type absorption and emission lines indicates that they contain a lot of excited gas
(Arp, 1987)). Finally, the galaxies NGC55 and NGC300 appear slightly redshifted with respect to hydrogen
clouds that they may have ejected (Arp, 1987), and this could be explained if the temperature of these
clouds is much smaller than the temperature of the disk gas. So according to this view, if (false) quasars
represent special phases in face-on radio galaxies when they are surrounded by an excited gaseous cocoon,
they must necessarily have some excess redshift. Finally, the effect of decreasing (true) QSO redshift with
separation from nearby galaxies (see Burbidge et al., 1990, and references therein) could be explained by
the progressive depletion of the gaseous cocoon.

The extremely strong asymmetries in some ERS imply the further hypothesis that flip-flop ejection
may take place. Rudnick and Edgar (1984) observe a deficit of symmetric sources with a strong avoidance
behaviour: where a peak of radio emission is found on one side, no peak is found on the other side at the
same distance from the nucleus. This they argue, is a proof that the lobes are formed by alternating ejection
from the nucleus. Their model predicts velocities below about 0.12c. Lonsdale and Morison (1983) have
shown how to discriminate between young compact lobes, with typical spectral index 0.5-0.7, and ageing
extended lobes with index 0.9-1.1. Thus it became possible to approximately trace the history of successive
ejections, and for asymmetric sources, they found that the picture is compatible with an alternate ejection
model with flow speeds < 0.3c and switching time of order 106 yr. In some cases it would seem that a string
of a few successive ejections to the same side occur before the direction switches.

One possible mechanism for flip-flop has been discovered byWiita and Siah (1981) albeit in the framework
of a modified twin plasma beam model. By numerical simulations, they showed that when the relativistic
plasma source is offset with respect to the confining gas cloud centre along the polar axis, the backward
beam will be pinched and may even be suppressed. To obtain a periodic flip-flop, they suppose that the
plasma source orbits around the gas cloud centre-of-mass. When applying their idea to the ERS in M87,
they find a plausible period of 104 yr which could explain an uneven distribution between the two lobes if
the lifetime of the source is of order 106 yr. They also point out that misalignment between the jet and the
hypothesized counter-jet is another indirect evidence for intrinsic asymmetry.

To conclude, it would seem that excitations in spirals and giant ellipticals can be accounted for by the
same QES: the nuclei of both species would be able to emit quasars. It should be stressed again that (true)
quasars strongly differ from galaxies in our model: they have very different internal structures (Driessen,
1991) and can in no way evolve to become galaxies. This is the main difference between our model and
Arp’s scheme (Arp, 1987) which postulates that ejected quasars expand and terminate as galaxies.

1.5 DIFFICULTIES OF THE CONVENTIONAL PICTURE

Our arguments in §1.4 could still be used to claim that all radio-loud quasars are radio galaxies (which
is probably true for double-lobed ones but may not be for core-dominated ones) at large distance and all
radio-quiet ones are Seyfert galaxies. Yet we shall show below, that even if allowance is made for beaming
(and flip-flop ?) to explain asymmetries etc.., other incongruities arise when all quasars are forced into the
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galaxy classification scheme as in the conventional unified picture. To avoid constant repetition, all data
will be reduced hereafter to a Robertson-Walker space-time with H0 = 75 km s−1 Mpc−1 and q0 = +1.
This does not reflect a belief in some cosmological model, but simply a trend in recent papers and should
facilitate comparison of magnitudes and distances.

(a) Diameters:

If radio-loud quasars were at their cosmological distance the average isophotal diameter at the surface
brightness level of µr = 26 mag arsec−2 for the postulated radio galaxies underlying them would beD =
128 ± 34h −1

75 kpc (Gehren et al., 1984). In this sample, some have fairly normal diameters compared to
theD ≈ 60± 4.5h −1

75 kpc found by Sandage (1972a) for first-ranked cluster galaxies (cD galaxies excluded).
But the median is too large for them to pertain to that category, and, as reflected by the large variance, a
non negligible number have diameters in the range 160-180 h −1

75 kpc which is rather extreme, even if they
were super-giant cD galaxies. What is also striking is the considerable spread in radii compared to those of
first-ranked cluster galaxies. For the same authors, the radio-quiet version in their sample would reside in
smaller galaxies with spiral-like disks, of average diameter 37 ± 8 h −1

75 kpc (Gehren et al., 1984). Again,
this is somewhat larger than the 25 kpc usually quoted for the largest nearby spiral galaxies. Thus, the
fuzzy quasars selected by Gehren et al. seem to reside in larger than usual galaxies with greater spread in
dimensions.

(b) Absolute Magnitudes:

Still following Gehren et al. (1984), the average magnitude of the fuzz underlying radio-loud quasars is
< MR >= −22.8 ± 0.7. This should be compared to the average magnitude of first-ranked cluster galaxies
and radio galaxies. Sandage finds < MR >= −24.11 ± 0.37 for first-ranked cluster elliptical galaxies
(Sandage, 1973; H0 = 50 km s−1 Mpc−1,
q0 = +1) which translates to < MR >= −23.22 ± 0.37 for H0 = 75 km s−1 Mpc−1. He also derived
< MV >= −22.98 ± 0.49 for radio galaxies (Sandage, 1972b; H0 = 50 km s−1 Mpc−1, q0 = +1). Using a
colour difference MR −MV = −0.81 identical to those of first-ranked cluster galaxies (Sandage, 1973), and
converting to H0 = 75, gives < MR >= −22.91 ± 0.49 for radio galaxies. Thus the postulated galaxies
underlying radio-loud quasars seem to be on the average fainter than the first-ranked elliptical galaxies and
even fainter than radio galaxies in general. This is surprising since they have larger than average radii. We
also note the greater scatter of magnitudes for radio-loud quasars as compared to first ranked ellipticals and
radio galaxies. For the radio-quiet version Gehren et al. (1984) find < MR >= −20.5 ± 1.3 which compares
well to the average < MR >= −20.12 ± 1 for normal spirals and ellipticals (Sandage and Visvanathan,
1978; converted to H0 = 75 km s−1 Mpc−1).

(c) Conclusion:

Even without mentioning the well known enormous scatter of quasars around the mean Hubble diagram
determined by first-ranked cluster galaxies (see for example Burbidge et al., 1990), it can be argued that
the larger than usual spread in quasar characteristics pleads in favour of two separate populations, as
suggested before (Rowan-Robinson, 1972, 1973; Arp, 1977; Burbidge 1979, 1980). The fact that a bimodal
distribution cannot be demonstrated is probably due to the complications introduced by excess redshift
in variable portion in both classes. When it will become possible to subtract it correctly, we believe that
the fuzz around ”false” quasars (true radio galaxies) will be slightly diminished and the diameter of the
underlying galaxy will be brought back into the correct range. For ”true” quasars, with large excess redshift,
the fuzz diameter will become much smaller than a galactic diameter when scaled to its local distance. The
latter case will be illustrated in the next section.

1.6 STATISTICAL DIFFERENCES BETWEEN THE CLASSES

In table I, a small list of quasars very close to galaxies on the projected sky has been assembled. They
have been picked up from the cases published by Arp and coworkers and have a large probability of being
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”true” quasars. We needed the diameter of their haloes, so that we retained only the systems which were
sufficiently close to allow measurement of at least some quasar diameters (a few arsec). So this sample is
heavily biased in favour of the largest and brightest companion QSO’s. In fact, we kept only the cases were
the companion galaxy is not further away than 30 Mpc, which is basically the distance to NGC 4319. To
insure a large probability that the selected quasars effectively interact with the galaxies, we kept only those
which are closer to the galaxy than 20 kpc in the local hypothesis. To the list we added the couple NGC 3067
- 3C232 discussed by Carilli et al. (1989). The two important parameters were the apparent magnitude and
diameter. For the latter we obtained very rough measures from wide field plates published in the literature.
This gave only a bad approximation but should be sufficient to obtain the order of magnitude needed for
our later comparison with MK205 in §1.10.1. We computed the distance, linear diameter and absolute V
magnitude in the local and cosmological hypothesis. For the CH, standard Robertson-Walker cosmological
formulae were applied, together with corrections for absorption and reddening (see appendix A). As can
be seen, absorption is negligible in most cases but reddening is not. It would not have mattered much
until recently because the uncertainty on H0 was so large. But recent determinations seem to converge
on H0 = 75 − 85 kms−1 Mpc−1. For the local hypothesis these corrections (except absorption) must
be changed somewhat because the redshift is no longer a distance indicator, but still contributes to the
reddening correction. Details of the calculations are given in appendices B and C.

A quick glance at table I reveals that, in the CH, the average quasar diameter (21.3 ± 13kpc) is small
compared to those of first-ranked cluster galaxies, but compares well to those of large spiral galaxies, while
the mean magnitude MV ≈ −24 ± 1.4 is on the average one magnitude larger than for giant ellipticals.
In the LH, diameters are extremely small as expected (≈ 0.35 ± 0.34 kpc), even smaller than those of
dwarf galaxies, and these objects are also extremely faint (MV ≈ −12.1 ± 2.47), implying that only the
closest ones are visible. Nevertheless, they are sufficiently bright that, as objected by Weedman (1976), if
”true” quasars were recently emitted by our Galaxy, we should see them as the brightest stars! With our
numbers we can reexamine his claim. The latest possible bout of nuclear activity in the Milky Way could
have happened about 67 107 yr ago (Sanders and Prendergast, 1974). Since quasars presumably move at
the speed of 2200 km s−1 (see § 2.4), they should have crossed a distance of about 150 kpc. Supposing an
absolute magnitude −16 < MV < −9 (table I), the range of possible apparent magnitude at this distance
would be: 5 < mV < 12. Hence they should be seen, unless they fell back onto the nucleus, which is the
most likely fate of ejected quasars as explained in § 1.9.

From this small collection of ”true” quasars we can infer what their general properties should be:

(a) Low visual magnitude (MV ≈ −12). Only the closest and brightest are visible.
(b) Mild to high redshift, with the great majority in the range 0.5 < z < 2.
(c) Mostly radio quiet. If some are radio loud, they should show flat spectra and compact morphology.
(d) Dusty if close to parent galaxy. The cocoon is lost progressively so that the spectrum evolves while

the redshift diminishes.
(e) Very small (diameter ≈ 0.3 kpc).
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