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Abstract. Starting from the various alternative theoretical
interpretations offered for redshifts, this paper describes
two models in some detail. The first model belongs to
conventional physics and makes use of the Doppler effect.
The second model makes use of the variable mass hypothesis
arising from the Hoyle-Narlikar theory of gravitation. Some
observable consequences of these models and testable
predictions are briefly outlined.

Introduction

In a recent survey of observational evidence for noncosmo-
logical redshifts (Narlikar, 1986, hereafter referred to as Paper I). I
had mentioned the paradoxical situation that exists vis-a-vis theory and
observations. On the one hand it is argued that much of the evidence is
unacceptable because it cannot be interpreted, that is there is no
theory available for it. At the same time unorthodox theories belonging
to 'conventional' or 'new' physics are set aside because it is claimed
that there is no observational evidence that calls for them.

Indeed, if history of science is any guide, theory and observations

have never exactly been in phase. For example, Maxwell's electromag-
netic theory predicted electromagnetic waves whose existence was
experimentally demonstrated by Hertz several years later. Likewise, the
 existence of spectral lines was known and accepted long before quantum
theory appeared on the scene.

The only difference between such examples and the claims of anomalous
redshifts is that the former were found in laboratory experiments while
the latter involve astronomical observations. However, it can no longer
be argued that astronomy can and should use only that physics that has
been tested in the laboratory. Most of the present speculations about
the very early universe and dark matter are based on physical theories
that have not been tested in the laboratory, nor have they yet come up
with any observable consequences. Anomalous redshifts at least provide
concrete observations of the present-day universe that can be checked
and rechecked.

The cartoon shown in Figure 1 illustrates the frustrating situation
* concerning the cosmological hypothesis (CH). Awkward observations are
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Figure 1 : Chip Arp and Geoffrey Burbidge trying to kill
the fly CH.
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either 'wished away' on the grounds of statistics not always sound, as
found in the case of the Arp-tlazard triplets (Edmunds and George, 1982;
Narlikar and Subramanian, 1982) or artificially reinterpreted as, for
example, in the case of the quasar found near the galaxy 2237+0305
(Huchra, et al, 1985, Burbidge, 1985).

To fix ideas I will define CH as the statement that the entire redshift
z of any extragalactic object arises from the Hubble's law. To allow
for some flexibility one may permit Doppler redshifts of upto ~500 kms
as are observed in clusters of galaxies. One may allow a gravitational
redshift. component of comparable magnitude if the light has to climb out
of potential wells typical of galaxies or clusters.

1

The alternative to CH, the noncosmological hypothesis simply states that
a substantial part of the redshift of at least a few extragalactic
objects are of noncosmological nature. Specifically one may write

1+ 2z = (1 + zc) (1 + zNC) (1)

where z_  is cosmological (arising from the expansion of the universe)
and Zy € is due to some other causes. The killing of the fly in

Figure 9 amounts to admitting that Zy # 0. To get out of the vicious
circle described in the first paragrapﬁ of the article, I will assume
that the present evidence (e.g. that reviewed in Paper I) warrants this
assumption. What theoretical alternatives then exist for noncosmological
interpretations?

The alternatives may be divided into two classes: the first is limited
to known physics while the second calls for new physics. To the first
class belong the two well known alternatives of Doppler and gravitation-
al redshifts. The second class is necessarily open but the alternatives
often discussed in it are the variable mass hypothesis (VMH) of the
Hoyle-Narlikar theory of gravity and the tired light theory discussed in
this conference by Vigier and Pecker. In the present talk I will
describe the first of these alternatives in each class.

The Doppler Hypothesis

Proposed by Terrell (1964) soon after the first two quasars
were discovered, the Doppler hypothesis has undergone a few modifica-
tions. Instead of arguing that quasars were ejected from the centre of
the Galaxy, as Terrell had proposed, Hoyle and Burbidge (1966) suggested
that they were ejected from active galactic nuclei. Such nuclei provide
manifest signs of explosions and are more plausible candidates for
ejectors of quasars then the relatively sedate nucleus of our Galaxy.
However, this hypothesis immediately ran into the difficulty of the
apparent absence of blueshifted quasars. Indeed, as first demonstrated
by Strittmatter (1967) the blueshifted quasars should far outnumber the
redshifted ones (because of their brightness) in a flux limited sample.
To get round the difficulty Strittmatter had suggested that quasars might
be emitting light preferentially in the backward direction.
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Subsequently Hoyle (1980) calculated that a quasar moving with velocity
V with respect to the cosmological rest frame (CRF) and emitting
radiation in a backward cone of angle

1 c- Yc"-V

0 = 2 cos v

P g (2)

in its rest frame would never be seen blueshifted by any observer
stationary in the CRF. What physical process, however, would limit the
quasar to radiate backwards?

Three motion-dependent alternatives suggest themselves. Hoyle's own
suggestion (op.cit) was that piled up plasma in the forward direction
would absorb quasar's radiation so as to make it invisible from the
front. In practice this does not work because the intergalactic medium
(IGM) is not dense enough to cause effective absorption. A second
possibility is suggested by the adaptation of a model of Rudermann and
Spiegel (1971) in which the quasar may focus incoming IGM into a dense
wake which would radiate. Again, putting actual numbers into the
problem shows that the mechanism does not work. The details of both
these calculations are given in a paper by myself and Subramanian (1983)
which is mainly concerned with exploring a third alternative that does
work. Hereafter this paper will be referred to as Paper II.

The idea is based on a modification of the twin exhaust model of
Blandford and Rees (1974). 1In the original Blandford-Rees model the
source, which is a massive object (either a compact one like a black
hole or a dense star cluster) surrounded by a plasma cloud develops a
twin delaval nozzle along the line of least resistence through the cloud
(which happens to be its axis of rotation). Plasma is squirted out in
highly collimated jets in opposite directions.

When this model is viewed in the case of a quasar ejected at high speed
through the IGM a modification becomes necessary. The line of least
resistence is now the backward direction, where the jet should emerge.
The ram pressure of the IGM (moving relativistically relative to the
quasar) is high enough to prevent a forward jet from developing. The
highlights of the model are as follows.

To begin with, the model has four alternative scenarios. The central
gravitating source in the ejected quasar for example could either be a
uniform starcluster (Type I) or a compact massive object (Type IT).

For each of these two source types the IGM could interact with the gas
cloud in two ways: Case A: it goes clean through it, or Case B: it
produces a bow shock. Figure 2 illustrates one of these four scenarios.

Several questions arise when this model is investigated in detail. I
mention some below:

a) Can the gas cloud remain intact in spite of its motion at high
speed against the IGM?
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The answer to this question is 'yes' provided the gravitational binding
of the cloud is sufficiently strong. The inequalities expressing this
condition for all the four scenarios are described in Paper II.

b)  Does the IGM distort the internal composition of the gas cloud?

Again, details given in Paper II indicate that the answer is 'No',
provided certain inequalities are satisfied.

Figure 2 : The components of the quasar model where the gravitating mass
is a compact object. The jet is in backward direction. The dots denote
emission line clouds.
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c¢) How is the jet formed?

Here the scenario differs between the two cases A and B. 1In case A, the
plasma would have magnetic fields which would stop the incoming IGM
through a collisionless shock. The plasma then 'feels' the IGM pressure
and begins to decelerate. The resistence to the plasma progressively
drops as one goes over from the forward to the backward direction. The
plasma then seeks the way out along the line of least resistence and
thus forms a backward jet.

In Case B, transient pressure gradients are set up impeding plasma
expansion in the forward direction while accelerating it in the backward
direction. When the transient effects are over (within~ 104 yrs) the
plasma keeps flowing along the backward direction along the channel
scooped out by the initial jet.

d) What is the size of the jet? What are its other physical
parameters?

Adaptation of the Blandford-Rees model gives the answer to this question.
Details are worked out in Paper II for all four cases. The model for
local quasars is, of course, a scaled down version of the Blandford-Rees
model.

e) Where does the continuum emission come from?

Calculations using a synchrotron model suggest that the luminosity in
the range 1041 - 104l erg s-1 (for a local QSO) can be generated in a
magnetic field ~,10'4G and electron energies ymc? for vy ~ 100,
Spectral analysis of this radiation shows that it is less powerful in
the radio than in the optical. To see a 'radio' quasar therefore one
needs to be more or less preferentially located in the backward
direction. Then the Doppler enhancement can uplift radio emission to
observable levels. For example, for a plasma flowing with a jet

velocity c¢/v3 forward radiation along the jet is 27 times as intense
as in the direction opposite the jet. This may explain why radio
quasars are comparatively rare.

f) What is the source of line radiation?

To explain line radiation the model postulates the existence of clouds
of characteristic mass ~ 10-2 M_ and radius ~ 5 x 10-4 pc in the jet.
The clouds are driven forward by the ram pressure of the plasma jet
while the gravity of the source pulls them back. These two opposing
forces determine the location of a typical cloud in the jet.

Only a small proportion (v 10-3) of the plasma cloud by mass in the
‘form of dust is sufficient to absorb the emission lines. Thus in the
forward direction the object would appear lineless.
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These questions and their answers indicate that a viable Doppler model
can be constructed in sufficient detail to make it testable as a

realistic hypothesis. What tests can one use? A few are suggested
below.

(i) Of course, the most direct test is the detection of proper
motions. VLBI techniques capable of measuring angular proper motions of
0.5-5 m arc-s yr-1 against the cosmological rest frame should detect the
effect especially if the quasars are closer than ~ 100-300 Mpc .

(ii) The quasars should as a rule have only one jet. Observations to
date support this conclusion. Proper motions, if detected, should be
opposite to the direction of the jet.

(iii) The cloud surrounding the quasar should be detected as a fuzz.
The larger the redshift, the smaller are the physical dimensions of the
cloud and hence the shorter the fuzz.

(iv) The apparent rarity of radio loud quasars is understood naturally
by the Doppler model.

(v) The alignments of quasars or their location near low redshift
galaxies may be understood as the Doppler ejection phenomenon.

The Variable Mass Hypothesis

More than two decades ago Fred Hoyle and I (1964) proposed
a theory of gravitation that explicitly incorporated Mach's Principle
(1893) That is, it started with the assumption that a long range scalar
interaction between any two particles in the universe generates inertia
for each of them. Thus the total inertial mass m of any particle a
can be written as the sum of inertial contribution® m(b) ~from al1
other particles in the universe.

m o= § nt®
8 b#a

Apart from this input which quantifies Mach's principle, this theory
(hereafter called the HN theory) assumed the curved spacetime framework
of general relativity, as well as that the mass-interaction (3) is
conformally invariant. The following important result then emerges
from the theory:

(3)

If the solution of any gravitational problem is described by inertial
masses m_,--- and the spacetime metric g, (i,k = 0,1,2,3) then the
same probfem can also be described by anotﬁér solution in which the
particle masses are m_ Q-1,--- and the metric is @ Bix? for any well
behaved function Q>0, a(lloyle and Narlikar, 1966).

In the simplest set of solutions the function  , called the conformal

function, can be so chosen as to make all particle masses constant. The
theory then becomes identical to general relativity. However, as shown
by A.K. Kembhavi (1978) the 'constant mass' constraint is an artificial
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one. In particular, if a hypersurface in the original solution had all
particle masses vanishing, then the above conformal transformation to
general relativity leads to that hypersurface becoming singular. Thus
the inevitability of spacetime singularity in general relativity is seen
in the HN theory as being due to the existence of zero-mass hyper-
surfaces.

To illustrate this effect consider the standard k = 0 Friedman model,
given by

4/3
dslz, = dte - (32—1:) [drz o 5% (dez + sin? 6d¢2)] (4)

where we have taken the Hubble constant at the present epoch (t = 2/3)

to be unity. This spacetime manifold is singular on the hypersurface
t = 00

However, this is a conformal transform of the flat spacetime given by
the Minkowski line element

dsﬁ = drz - [:érz + r2 (de2 + sin2 ed¢2):] A (5)
where
2/3
A (%t‘) L e 5 b 6) -

In the HN cosmology, a homogeneous isotropic universe is described in
its simplest form by the line element (5) but with particle masses
given by

m(t) = urz . B = constant . (7)

The masses all vanish on the hypersurface t = 0, which is the same as
the singular hypersurface t = 0 of the standard model. The insistance
that all masses be constant forces the relativistic solution to have an
unphysical @ that vanishes on t = 0 leading to a spacetime singularity.
The big bang of standard cosmology thus corresponds to the zero mass
epoch in the HN cosmology.

In general the HN cosmology has variable mass solutions with m = 0
hypersurfaces occurring now and then. All such hypersurfaces lead to
singular geometries if one forces on the spacetime a conformal function
that makes masses constant.

Returning to the Minkowski solution, it is easy to see how redshifts
arise in the HN theory. A galaxy G, at r =0, t =t  views another
G, at r > 0, when its epoch was 1 = R (we have tak@n ¢ =1 here).
The particle masses at this epoch were systematically smaller than those

in Go at T,. Hence the spectral wavelengths of lines in G's radiation
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will be systematically longer than those measured in a locally generated
radiation by an observer in Go' Using (7) we get the observed redshift
as

2

"o
Zo = ( s -r> -1, (8)
0

Thus redshifts can be produced without cosmological expansion, from
variable particle masses. This is the Variable Mass Hypothesis (VMH) .

Notice that unlike the Friedman solution the m = 0 hypersurfaces allow
the spacetime to be extended to v < 0. There is no corresponding pre-
big bang era (t < 0) in standard cosmology. Later work (Narlikar 1977)

showed that redshift anomalies can occur when such hypersurfaces develop
kinks.

The effect of a kink is illustrated in Figure 3. Imagine the worldlines
of the observer galaxy G, and the source galaxy G crossing the zero
mass hypersurface at t=0 . The galaxy G has a neighbour quasar Q

whose worldline crosses the m = 0 hypersurface at 1 = t.. > 0. Particle

masses in Q change according to the rule Q
m=yu (1t -1 )2 (9)
Q -
Hence the quasar redshift as measured at Go is
2
o
Zq ® | T -1, (10)
? <‘oTQr> .
with the result that zQ > Z4e Thus Q has an anomalous part Zne > 0.

In physical terms thus result has the following interpretation. We may
in loose terms consider the epoch m = 0 as one of creation although,
as shown in Figure 3, the worldlines of particles existed prior to it.
Thus bulk of the matter in the universe had m = 0 at t = 0. The 'later
creation' in the kink may be thought of as occurring in a minor
explosion at certain isolated spots in the universe. The quasar Q in
the above example could be considered as fired out of the nucleus of the
neighbouring galaxy G.

The dynamical details of this phenomenon have been analysed by Narlikar
and Das (1980, hereafter referred to as Paper III). The salient points
are summarised below.

a) An upward kink (t > 0) like the one in Figure 3 would inevitably
lead to 2\ >0, i.e., to anomalous redshifts. For anomalous blue-
shifts (z < 0) one needs 1t < 0, i.e., galactic explosions to occur
before thgcbig bang. The ejegta of such explosions are unlikely to
survive the big bang. So one should see anomalous redshifts only,
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b) If the galactic explosions occurred soon after the big bang, i.e.
if T <<1, then we expect the anomalous component of the redshift to
be smgll. We may consider the anomalous redshifts of companion

galaxies observed by Arp and others to arise in this way. The companion
galaxies are thus the evolved states of quasars. Present day quasars
may likewise acquire galactic forms at later epochs.

c) Since the particles at the creation epoch have zero rest mass, they
initially travel with the speed of light. Can such particles remain
trapped in the gravitational field of the parent galaxy? Narlikar and
Das (op. cit) find that since the mass of the ejected object rapidly

Figure 3 : The 'upward' kink in the (r, t) plane in the zero mass
hypersurface has a quasar worldline (Q) passing through it at 1 = 1
The neighbouring galaxy (G) has its worldline passing through the Q
hypersurface at 1t = 0.

Go GQ

T=0




Narlikar : Noncosmological Redshifts 11

grows, it slows down. Denoting by n the time elapsed since the
explosion, it can be shown that the relativistic time dilatation factor
y for the ejected mass declines in the early stages as

"o 2 n4 1/2
3 (1 4)"

o

where no is a constant of the motion.

It is clear that whether the quasar escapes the galaxy or remains
trapped in it depends on the magnitude of n_, and on the mass M of
the parent galaxy. For each M one finds fhat there is a critical n
such that for n < n_ the quasar has already got into a bound orbit °©
around the galax9 at the time of its observation (1). Forn > n the
quasar has either escaped altogether, or its 'turn round tim@' isClater
than the epoch 1 at which it was observed.

- For a bound highly eccentric orbit one may calculate the maximum separa-

tion Rna "between G ‘and Q. Riax . depends on zq and M. For
example, for M= 1011 MO’ 2 =2 M™% have n_ = 1,03 x 10-% and
R = 398. For the same mags zo = 0.5 leads to R = 449, Thus

R$:§ decreases slowly as 1z, increases. It is also"#ound that
Rmax « M1/3 and that it decreases slowly with 2

d) It could be argued on the basis of the VMH that all quasars were so
created through delayed galactic explosions and that the bound quasars
are the ones showing anomalous redshifts, Quasars which have escaped
are seen as field quasars.

The VMH can be tested observationally in a number of ways. Some are
indicated below.

(i)  The typical Q - G separation will be less than R for two
reasons. At the time of observation the quasar need not ggx at maximum
separation. Moreover, for a highly eccentric orbit the projected
separation perpendicular to the line of sight will be less than
Averaging with respect to position on the orbit and projection angles
suggests that typical separation may be ~ 10% of the Rmax valug. Since
Rpmax Slowly decreases with z. we expect 8 to drop as 2z~~~ where
§ 1s small and positive. Likgwise we expect 6 to decrease slowly with
Zq- In Paper III it is shown how these expectations are borne out by
observations.

(ii) If a number of quasars are ejected in a single explosion we expect
them to have the same redshift. Also two quasars so ejected would be
aligned across the galaxy with equal redshifts. Observations of this
type have been reported from time to time (see for example, Arp et. al
1979, Arp 1980, also, Paper I).

(iii) The Arp-llazard triplets (Arp and Hazard, 1980) can be given a
novel interpretation in VMH. The well aligned triplets have redshifts
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(2.15, 0.51, 1.72) and (2.12, 0.54, 1.61). The corresponding members of
the two triplets have nearly the same redshifts! By joining their
positions we find that they could have been ejected in a triple explo-
sion from a compact region. This region should be searched for post-
explosion remnants. ;

(iv)  Evidence for smaller particle masses in higher redshift quasars
could also come from the astrophysics of these objects. For example, in
a given magnetic field a less massive electron would generate greater
synchrotron luminosity than a more massive one.

Concluding Remarks

These two models illustrate what may be possible by way of
theoretical interpretation of noncosmological redshifts. Further work
needs to be done in both the models so far described. For example, one
needs to know more about the ejection process in the Doppler model. The
VMH might throw some light on the periodicities observed in redshift
distributions (Hewitt and Burbidge 1986, Depaquit et al 1985, Tifft,
1987), through the phenomenon of quantization of particle masses.

Whatever be the ultimate fate fate of such theories they serve a useful
purpose in breaking the vicious circle mentioned in the beginning of
this contribution.
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Paper I.

In the Introduction the attitude of the authore to the ends of world
lines is not made clear and seems ambivalent. On the one hand,
singularities are regarded as reprehensible b cause they lead to the ending
of the world lines of particles and the C-field is considered Justified
because it avoids such ends. On the other hand, the C-field is then
introduced as erising from precisely the very "ends" that it has been
olaimed could be eliminated,

Page 3: ' I am not quite happy about the notation'a labels to the world

line and also,in Equation (1), proper time, but the proper time of Equation
(1) by definition and the structure of the quadratioc form need not lie
along world line a. This seems to be confusing. Less confusing, but still
not ideal, is the use of capitel A's for typical points along world lines,
as well as (page 5) for a veotor potential,

Page 73  f should be stated to be conetant.

Page 121 Politeness is not part of science. If a number of authors have
claimed something that is incorrect, however, references to these mistakes
should be given,

PCEI I1.

I wonder whether some of the heavy cmloulations had better be put
into an appendix.

Paper III.

I rather object to the title. Of course, the authors' theory is highly
original, but it does in many cases of importance reduce to general relativity,
While the title suggests to me at least an alternative to general relativity.
Perha;s the authors could think of something a little different. In the
Abstract I feel that'the last sentence on the front pvage is a little arch.

In the Introduction, particularly towards the end, surely it is desirable
to use the well-known term, Mach's principle., After all, the authors are
attempting to satisfy this very important principle in a way not done before.

Page 211 I rather object to the authors' statement of the first requirement
as being the so-oalled crucial teste of general relativity. The firet
requirement muet be the derivation of Newtonian equations, and the next
requirement, a little more refined, is to meet the tests distinguishing
general relativity from Newtonian theory.





