To learn more about AIP Conference Procee@ngs, including the
Conference Proceedings Series, please visit t.he webpage
http://proceedings.aip.org/proceedmgs

COSMOLOGY
AND GRAVITATION

Xl Brazilian School of Cosmology
and Gravitation

Mangaratiba, Rio de Janeiro, Brazil
20 July - 2 August 2008

EDITORS

Mdario Novello

Instituto de Cosmologia, Relatividade, e Astrofisica, ICRA/CBPF
Rio de Janeiro, Brazil

Santiago E.Perez Bergliaffa
Universidade do Estado do Rio de Janeiro
Rio de Janeiro, Brazil

SPONSORING ORGANIZATIONS

Fundagcdo de Amparo & Pequisa do Rio de Janeiro - (FAPERJ)

Centro Brasileiro de Pesquisas Fisicas - (CBPF)

Instituto de Cosmologia, Relatividade, e Astrofisica - (ICRA-Br)

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico - (CNPQ)
Fianciadora de Estudos e Projetos - (FINEP)

International Center for Relativistic Astrophysics Network - ICRANet)

AMERICAN
INSTITUTE Melville, New York, 2009
ZPHYSICS Alp cONFERENCE PROCEEDINGS M VOLUME 1132




3520
e iﬁ
ALTERNATIVE COSMOLOGIES
J.V. Narlikar

Inter-University Centre for Astrophysics and Astronomy, Post Bag 4, Ganeshkhind, Pune
University Campus, Pune 411 007, INDIA

PACS: cosmology, cosmogony, high energy phenomena, alternatives to big bang models

ALTERNATIVES TO FRIEDMANN COSMOLOGIES

In 1922-24 when Friedmann produced the expanding universe solutions of Einstein’s
equations, his work largely went unnoticed. Subsequent to Hubble's discovery of nebular
redshift, however, cosmologists recognized these models as the simplest starting point
for discussing their subject. The physicists, on the other hand considered these attempts
as naive and speculative and so they did not pay much attention to George Gamow’s
very seminal work on the early universe.

The turning point for cosmology came, however, in 1965 with the discovery of
the microwave background radiation. The MBR seemed to confirm the early universe
scenario and taken together with the extended validity of Hubble’s law obtained by
bigger and better telescopes, laid a solid foundation for cosmology as a branch of
physics. By the mid 1970s a considerable body of physicists began to take the Friedmann
cosmology seriously. More so after they realized that the big bang cosmology provides
a setting, the only setting known so far, for testing their very high energy physics
and the grand unification programme. Cosmologists also looked to particle physics for
understanding the primary origin of matter. Thus the subject of astroparticle physics
has grown out of joint speculations of big bang cosmologists and high energy particle
physicists.

To what extent is Friedmann cosmology a correct theory of the origin and the large
scale structure of the universe? While the majority of today’s cosmologists would put
their money on the Friedmann models, there have been a few *agnostics’ from time to
time, who were not satisfied with them. Their criticism of standard model makes the
following points:

1. It is highly speculative
2. It uses untested physics
3. It talks of early epochs that can never be seen.

And out of their efforts have emerged alternative theories of cosmology.

These theories have not been worked through to the depth that Friedman cosmology
can boast of. This is hardly surprising considering the very limited number of people
who worked on them. Nevertheless they contain different perspectives and are worth
taking a look at, if only because they might offer a resolution of some of the outstanding
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problems that the Friedmann cosmology has been unable to solve. In these lectures, we
describe a few such theories, in particular those based on the following concepts:

(1) Mach'’s Principle

(2) The Large Numbers Hypothesis
(3) Modified Newtonian Dynamics
(4) Creation of Matter.

MACH’S PRINCIPLE

There are two ways of measuring the Earth’s spin about its polar axis. By observing
the rising and setting of stars the astronomer can determine the period of one revolution
of the Earth around its axis : the period of 23"56™4%.1. The second method employs a
Foucault pendulum whose plane gradually rotates around a vertical axis as the pendulum
swings. Knowing the latitude of the place of the pendulum it is possible to calculate the
Earth’s spin period. The two methods give the same answer.

At first sight this does not seem surprising. If we are measuring the same quantity, we
should get the same answer regardless of the method used. Closer examination, however,
reveals why the issue is non-trivial. The two methods are based on different assumptions.
The first method measures the Earth’s spin period against a background of distant stars :
while the second employs the standard Newtonian mechanics in a spinning frame of
reference. In the latter case, we take note of how Newton’s laws of motion get modified
when their consequences are measured in a frame of reference spinning relative to the
‘absolute space’ in which these laws were first stated by Newton.

Thus, implicit in the assumption that equates the two methods is the coincidence of
absolute space with the background of distant stars. It was Ernst Mach (1893) in the last
century who pointed out that this coincidence is nontrivial. He read something deeper
in it, arguing that the postulate of absolute space that allows one to write down the
laws of motion and arrive at the concept of inertia, is somehow intimately related to the
background of distant parts of the universe. We will analyse Mach’s argument further.

When expressed in the framework of the absolute space, Newton's second law of
motion takes the familar form

P =mf. (1)

This law states that a body of mass m subjected to an external force P experiences an
acceleration f. Let us denote by X the coordinate system in which P and f are measured.

Newton was well aware that his second law has the simple form (1) only with respect
to = and those frames that are in uniform motion relative to Z. If we choose another frame
5/ that has an acceleration a relative to £, the law of motion measured in I’ becomes

P=P-ma=nf. (2)

Although (2) outwardly looks the same as (1), with f the acceleration of the body
in ¥/, something new has entered into the force term. This is the term —ma, which has
nothing to do with the external force but depends solely on the mass m of the body and

the acceleration a of the reference frame relative to the absol ealizing thi

aspect of the adfiitional force in (2), Newton termed it “inert;lz:Ie fsc?::cee l}\s this ﬁat{ll;:
il-npli::éd th:ﬁ ad;mional force i§ proportional to the inertial mass of the body. Newton
g,us:: bu(:ke['s orce at length in his Principia, citing the example of a rotating water-

In _Lbi§ experingenl, a water filled bucket is suspended from a ceiling by a rope. The
rope is givena twist and let go. The bucket begins to spin and the water in the bucke; also
spins with it. It is observed that the surface of the water dips in the centre and rises at the
bqu}]dary. Neyvton. argued that spin introduces an absolute effect on the water surface
arising from inertial forces: thus one can give an unambiguous meaning to absolute:
space as a reference frame in which the water surface in the bucket is flat.

‘Accordmg to Mach, the Newtonian discussion was incomplete in the sense that the
existence of the absolute space was postulated arbitrarily and in an abstract manner. Wh
docs.Z havg a special status in that it does not require the inertial force? How ca.n onle!
F:l;ysncally identify X without recourse to the second law of motion, which is based on
it?

Mz-wh argued that the answers to these questions were contained in the observation of
the distant parts of the universe. It is the universe that provides a background reference
fraxpe that can be identified with Newton’s frame X. Instead of saying that it is an
accident that l-;anh’s rotation velocity relative to Z agrees with that relative to the distant
parts gf the universe, Mach took it as proof that the distant parts of the universe somehow
entgr into tht:htl:oml;llation of local laws of mechanics.

ne way this co d happen is by a direct connection between inerti
and lh'e existence qf the universal background. To see this point of Sizvll).m itflc;gti};: 22$:
body in an otherwise empty universe. In the absence of any forces (1) becomes

What do&c‘ this equation imply? Following Newton we would conclude from (3) that
f=0, that is, the b(_)dy moves with uniform velocity. But we now no longer have a back-
ground against which to measure velocities. Thus f = 0 has no operational significance
Rather, the lacl_c of any tangible background for measuring motion suggests that f shouki
be complelcly_mdeterminalc. And it is not difficult to see that such a conclusion follows
naturally provided we opt for the alternative deduction, also possible from (3) that

_ In other words, the measure of inertia depends on the exi

in such a way that in the absence of the baclf;round the measstxl:el‘frz:igt::' l"la'l;l;g:soum:

mt.ro_duce:s anew feature into mechanics not considered by Newton. The Nev.vtom'an \m

$:t l;:loepr:; ylsolfh:m ptr:;rperty o{'lmam:rf tlllws to be augmented to the statement that inertia is

as well as of the back i i

This general idea is known as Mach's pﬁncig;(e)?nd .
Such a Machian viewpoint not only modifies local mechanics, but it also introduces

new elements into cosmology. For, except in the universe following the perfect cos-



mological principle !, there is no basis now for assuming that particle masses would
necessarily stay fixed in an evolving universe. This is the reason for considering cos-
mological models anew from the Machian viewpoint. Presented here are some instances
of how different physicists have given quantitative expression to Mach’s principle and
arrived at new cosmological models.

THE BRANS-DICKE THEORY OF GRAVITY

In 1961 C. Brans and R.H. Dicke provided an interesting alternative to general relativity
based on Mach’s principle. To understand the reasons leading to their field equations,
we first note that the concept of a variable inertial mass itself leads to a problem of
interpretation. For, how do we compare masses at two different points in spacetime?
Masses are measured in certain units, such as masses of elementary particles, which are
themselves subject to this change! We need an independent unit of mass against which
an increase or decrease of a particle mass can be measured. Such a unit is provided by
gravity, by the so called Planck mass :

1/2
(”_G‘) ~2.16x 10~ ®)

Thus the dimensionless quantity
G\~
=ml — 6
x=n(z) ©

measured at different spacetime points can tell us whether masses m are changing.

Or alternatively, if we insist on using mass units that are the same everywhere, a
change of ¥ would tell us that the gravitational constant G is changing.? This is the
conclusion Brans and Dicke (1961) arrived at in their approach to Mach’s principle. They
looked for a framework in which the gravitational constant G arises from the structure
of the universe, so that a changing G could be looked upon as the Machian consequence
of a changing universe.

D.W. Sciama (1953) had given general arguments leading to a relationship between
G and the large-scale structure of the universe. We come across one example of such a
relation in the Friedmann cosmologies :

3H}

=azc @)

! We will define it later: but it forces the conclusion that the large scale properties of the universe do not
change with time.

2 We could of course assume that /i and c also change. However, by keeping / and ¢ constant we follow
the principle of least modification of existing theories. Thus special relativity and quantum theory are
unaffected if we keep A and c fixed.

If we write Ro = ¢/Hy as a characteristic length of the universe and Mo —
the characteristic mass of the universe, then the above relation becon,,g = 4nP0R8/ 3as

l 5 Mo -1 ~ Mo m
G Rd® “Rea~ 2z ®
Given a dynamic coupling between the inertia and i i
\ T gravity, a relation of the abo
type is qxpected to holfi: Brans and Dicke took this relation as one that determines G:’(l=
from a linear superposition of inertial contributions m/ rc?, the typical one being from a
mass m at a distance r from the point where G is measured. Since m/r is a solution of a

scalar wave equation with a point source of strength m, Brans and Dick
G behaves as the reciprocal of a scalar field ¢ : € postulated that

G~ol, )

where‘cp is expected to satisfy a scalar wave equation whose source is all the matter in
the universe.

THE ACTION PRINCIPLE

The intuitive concepts described above are contained in the Brans-Di i e
. S- z
ple, which may be written in the form cke action|peinct

A
il m/(¢k+m¢"¢"¢k)\/—_gd“x+A. (10)
?

Notice first that the coefficent of R is c>¢/16x instead of ¢*/167G as in the Einstein-

Hilbert action. The reason for this lies in the anticipated behaviour of G as just given. The

se.cond term, with ¢ = ¢ /dx*, ensures that ¢ will satisfy a wave equation, while the

m term m_clud&s, through a Lagrangian density L, all the matter (and energy) present

in the spacetime region ¥. The A denotes the matter part of the action, leading to energy

momentum tensor T* of matter through the usual relation. @ is a coupling constant.
The variation of 27 for small changes of g’ leads to the field equations

8z

e

) e
ik — igm ¢1)

1
Ri—guR= —
¢?

1
= a(m-gamtﬁ)- (11
Similarly, the variation of ¢ leads to the following equation for 9:

2000 — tio* = %4’2- (12)



This latter equation can be simplified by substituting for R from the contracted form of
(11). We finally get

8z
(2w +3)c* L

where T is the trace of T;: Thus (13) leads to the anticipated scalar wave equation for ¢
with sources in matter, (J being the wave operator.

Because it contains a scalar field ¢ in addition to the metric tensor gi, the Brans-
Dicke theory is often referred to as the scalar-tensor theory of gravitation. Notice that
the theory approaches general relativity as @ — . The solar system tests of this theory
have led to large lower limit on @, e.g., @ > 1000.

O¢ = (13)

COSMOLOGICAL SOLUTIONS OF THE BRANS-DICKE
EQUATIONS

In analogy with the Friedmann models, we will consider only the homogeneous and
isotropic cosmological models in the Brans-Dicke theory. Accordingly we start with the
Robertson-Walker line element and the energy tensor for a perfect fluid. ¢ is now a
function of the cosmic time only. Thus the field equations become

25 $+k2 _ 8mp 205 ¢ ¢

STTE "o S 27 9 el
A S
$24+k? 8me ¢S K 0 15

TS 303 ¢S 697
d 7 > AN
ds(ES )+3pS==0. (16)

In addition, we have the field equation for ¢ :

1id s 3 8n
Bt =——+——(e—3p)- 17
Fa )= Garnat 3P {an
We anticipate that big bang solutions will emerge from these equations and set the big
bang epoch at t = 0. Then the integral of (17) is
: 8n
P = f - dt+C, 18
¢ (20+3)c Jo (e-ap)ide e
where C is a constant. Two types of solutions are obtained, depending on whether C =0
orC#0.
iHC=0

We will consider a simple example of this type, withk =0, p = 0, and £ = pc®. This
solution is therefore analogous to the Eisntein-de Sitter model of general relativity. Write

log s
B
g e
3 log S,
g
logt, o

FIGURE 1. The temporal behaviour of sy
log-log plot. viour of the scale factor § and gravitational constant G plotted on a

s=s(L)" £)’
—So(’;) ’ ¢=¢0(5> . (19)

so that p = t~34 and the field equations give

_20+2 .2
3o+4" T 3w+4° (20)
and
o (20 +3)B¢y
T8mg 21

The temporal behaviour of S and G (e< ¢ ) is illustrated i
) ! = in Fi 1. It can be veri
tha‘;:s a)al—» o0 ttu; ;:)lunon tends to the Einstein-de Sitter modef.me e
n analogue of the radiation model can be obtained in this theory. H. Nariai
obtained solutions for p = ne with n in the range 0 < n < 1/3. RS

(i) C#0
In this case the ¢-terms dominate the dynamics of i i
St L ly cs of the universe in the early stages. Thus
8z d 3 3
S /0 (e—3p)Sidr < |C, 22)
both for the cases of dust and of radiation. For our power law solutions for the case

p =0, we have at small enough ¢

3
3A+B=1, 1= Sog()B. 23)




In the case of a radiation-dominated universe p = £/3 and we can again try a solution
of the form (19) to getas ¢t — 0

A’=—-AB+ g. (24)

Taking into account (22) we can solve (23) to get

A= o+1+4/(20/3)+1

3o+4

- 1+3y/Co3)+1

3o+4

The upper sign holds when C > 0 and the lower sign when C < 0.ForC>0, ¢ —0
when S — 0, while for C < 0, ¢ — oo for § — 0. These conclusions hold irrespective of
the values of k or of the equation of state, since at small values of S the dynamics of the

universe are controlled by the ¢-term (See Figure 1).

THE VARIATION OF G

Since G =< ¢!, a time-dependent ¢ will mean a time-dependent gravitational constant.
As seen from earlier equations, we have for C=0

G 2l H
G 3o+4t S @)
Thus |G| is of the order of Hubble's constant unless @ is large and its sign indicates that
the gravitational constant should decrease with time.
However, for a large enough |C|, the ¢-dominated solutions differ significantly from
the matter-dominated ones even at the present epochs. In this case for C large and
negative we can have G increasing with time even at relatively recent epochs.

INFLATION IN BRANS-DICKE COSMOLOGIES

Because of its relative simplicity of formulation and interpretation of observable results,
the Brans-Dicke cosmology has been studied in the “very early universe’ phase also.
V.B. Johri and C. Mathiazhagan (1984) were the first to consider inflationary phase in
this cosmology. The problem of bubble nucleation and coelescence that was faced by
Guth’s inflationary model, represented the difficulty of what has been known as the
graceful exit from the inflationary phase into the Friedmann radiation dominated phase.
La and Steinhardt had considered the Brans-Dicke framework to generate an ‘extended
inflation’. The phase ‘extended’ arises because the expansion is not exponential but of a
power-law type. The idea seemed to solve the graceful exit problem but ran into trouble
because of the distortions it produced in the cosmic microwave background, distortions
that were unacceptably high. Undeterred by these setbacks the inflation enthusiasts

explored a variation on the Brans-Dicke theme by adding hi i
scalar field wi.r.h gravity. This led to the notion o¥ 'hypeiehzhnzzm: 'h l;fs iy
none of these ideas seem to have received much following in later years g
’!‘o sum up, the Brfms-Dicke theory had generated considerable intei'est as an alter-
native !hc_eory of gravity, but with the solar system tests giving values very close to lh-
predxc'uc.)ms of general relativty with greater and greater accuracy, the w— arameuze
that dxsunguishgd i.l from general relativity had to be larger and la;ger thus I1)1mkin i:
more and more indistinguishable from general relativity at least on the s'cale of the soglar
system. On the cosmological front the theory has given different solutions from standard
Fnedx.nann cosmology, but these differences do not seem to have impressed theoreticians
sufficiently for them to undertake detailed studies of the cosmogony of the universe from
!.he very early epochs. For large @, as shown by equation (25), the rate of change of G
szmwg to be small compared to H and this is consistent with present measurements

DIRAC AND THE LARGE NUMBERS HYPOTHESIS

Dimensionless constants in physics play an im i i
portant role in understanding natural
Pbenomf:na. For example, the fine structure constant @ = */fic ~ 1/137 coiveys an
ﬁapsr;sss;%np(g tthe str;ntith (;f electrodynamics as a basic interaction. Given e, G, and the
on and the electron m, and m,, we can constru imensi
constant (that is, a constant with no u‘l’lits) : ‘ R i

= 9 ~
G 2.3x10* ~ 10%, (26)
This constant measures the relative strength of the electri itati
trical and the gravitational fi
between the electrop a'nd _Lhe proton. Like the fine structure constflnil a= ez/hco r:lf:
constant reflects an intrinsic property of nature. However, unlike ¢, the constant in (26)
is ;n::ously large! Why such a large number?
erhaps the appearance of a large dimensionless constant mi ismi

. ght be dismissed as some
g;urk on the part of nature. The mystery deepens, however, if we consider another

mensionless number. Thx_s is the ratio of the length scale associated with the universe
¢/Hy, and the length associated with the electron, £2/m,c?. This ratio is .

mec®

e2Hy
Not only do we ha i i i iti
e asyin (2:; ve another large dimensionless number in (27), but it is of the same

We can generate another large number of special signi i
: pecial significance out of cle physi

fmd cosngology. Assuming tt}e closure density p,, let us calculate the numpt;‘:rlof pin)llcs:;;s
in a Euclidean sphere of radius c/Hp, the mass of each particle being mp. The answer is

=3.7x% lO"oh‘;l ~ 10%. @

4_"(1)’ 33 __ S
3mp\Ho/ '8%G ~ 2m,GH,



~ 10%, (28)

Thus taking N as a standard we see that the large dimensionless numbers of (26) and
(27) are both of the order of N'/.

Reactions among physicists have varied as to the significance of all these numbers.
Some dismiss it as a coincidence with the rejoinder : “So what?” Others have read deep
significance in these relationships. The latter class includes such distinguished physicists
as A.S. Eddington and P.A.M. Dirac.

_Dirac (1937) pointed out that the relationships (27) and (28) contain the Hubble
constant Ho, and therefore the magnitudes computed in these formulae vary with the
epoch in the standard Friedmann model. If so, the near equality of (26) and (27) has
to be coincidence of the present epoch in the universe, unless the constant (26) also
varies in such a way as to maintain the state of near equality with (27) at all epochs.
With this proviso, the equality of (26) and (27) is not coincidental but is characteristic
of the universe at all epochs. The proviso also implies that at least one of the so-called
constants involved in (26), e,mp, me, and G, must vary with the epoch.

THE LNH

This proviso was generalized by Dirac to what he called the Large Numbers Hypothesis
(LNH). To understand this hypothesis we rewrite the ratio (27) as that between the time
scale associated with the universe, Ty = Hy ', and the time taken by light to travel a
distance of the order of the classical electron radius, f, = €2 /m.c>. The LNH then states
that any large number that at the present epoch is expressible in the form

()

o=

where k is of order unity, varies with the epoch r as (t/t)¥ with a constant of propor-
tionality of order unity.

Applied to (26), therefore, the LNH implies that the ratio ¢ /Gmym, must vary as
(t/t.)~". Dirac made the distinction between e, m,,mp On One side and G on the other in
the sense that the former are atomic (microscopic quantities) while G has macroscopic
significance. In the Machian cosmologies, G is in fact related to the large-scale structure
of the universe. Dirac therefore assumed that if we use “atomic units” that always
maintain fixed values for atomic quantities, then f, will be constant and Ge<t~!. That s,
in terms of atomic time units the gravitational constant must vary with the epoch ¢, with
|G/G| ~H.

Dirac (1973, 1974) wrote papers in which quantitative models based on the LNH were
worked out. One consequence is that new matter is created continuously. In additive mat-
ter creation the rate of creation is proportional to volume whereas in the multiplicative
creation the rate is proportional to the existing mass in the volume. The variation of G
in most of these models is, however, much faster than observed.
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MODIFIED NEWTONIAN DYNAMICS (MOND)

Observational motivation : Rotation curves of galaxies show that typi 4 )
V satisfies the Newtonian equation g at typical orbital velocity

GM _V2 _ ., GM

R? R R 29
However, we get V ~ constant at radial distance R about 2-3 ti isi i
% oo REY = o mes the visible size of
a) Conventional conclusion : M = M(R) — M(R) = R. M(R) increasing with R impli
. 2 R impli
the existance of _dark matter far beyond the visible extent of the galaxy. i‘urther assnfmﬁ
tions made py big bang-cosmologists is that the dark matter is mostly nonbaryonic.
b) Altemaaw_z conclusion : It was proposed by Milgrom (1983) that at sufficiently
low a:_ccelerauons. Newton’s second law of motion gets modified. This idea is called
MOdified Newtonian Dynamics or MOND.

THE MOND ALTERNATIVE

The MOND prescription is briefly stated as follows: True gravitati :
i itati : tional =
Newtonian gravitational acceleration = gy. Then define AcclesiOn A g

_aflely., -8, o=
gN—u(E g ao~10"%cms™? (30)
where, pt(x) =1forx> land pu(x) =xforx< 1.

For example, fi = 10" i
i ple, for a galaxy of mass = 10°'M{,, acceleration at 10 kpc. towards the

2
3% 1077 x 10" x 2 x 10%

a= -
(108 x3x10x 1032 °

=1.5x%10"8cm™2

2

From (30) we get,
Igl<<ao,ux=x=>g—2= L
(x) el Lt
1/2
L, - (GMa)
" R
Vei=gR=>YV = (GMao)‘/‘ 31)

Tully Fisher relation (TFR) as observed empirically, implies

4
Ly bang =< V (32)

11



If L/M =~ constant for the class of galaxies chosen,
Mo V* (33)

MOND => V* = GMay. Thus MOND gives a natural explanation of TFR.
In practice one needs to model each galaxy as a Disc + Halo type combination.
Matching of halo parameters is then needed with those of the disc to get the observed

rotation curves. This demands fine tuning.
To relate to Ly o< V4 (TFR), Ly comes from visible matter and V from halo.
Halo-disc interactive models seem like fine tuning. Such models require dissipational
collapse of gas into potential well of halo. It is usually hard to expect a sharp Tully -
Fisher Relationship. However, explanation of TFR is claimed as a success by MOND.

Other successes of MOND
(i) Expect discrepancies with Newtonian mechanics in galaxies with surface mass den-
sity

o <agG™!

This is found in dwarf spirals.

(ii) MOND predicts detailed shape of rotation curve from the observed part of matter,
gas + stars + dust, using a single parameter Y.

(iii) Does MOND explain ‘excess’ of kinetic energy in clusters?

Yes. Sanders (2003) has argued that this is the case. But in some doubtful cases the
clusters contain much more baryonic matter hithero undiscovered.

MOND & COSMOLOGY

MOND was not proposed as a formal theory but as an empirical rule. To make it into a
relativistic theory with action principle, Bekenstein (2004) proposed the TeVeS (Tensor-

Vector-Scalar theory).
The tensor part is of course provided by the metric. This theory

1. Agrees with solar system tests,
2. Agrees with gravitational lensing observations without dark matter,

3. Needs no superluminal propagation, and
4. Can construct cosmological models.

Sanders’ (2008) comments on this theory are as follows.
In some sense the relativistic MOND does require dark matter, .g.,
1. CDM dark matter potential wells needed at recombination to explain the first two
peaks of angular power spectrum of MBR.
2. Rebrightening of SNIa at z > 1 requires matter domination over vacuum energy. with

Qcpy = 0.25.
3. Numerical coincidence cannot be avoided. For example, the result

12

ap ~ cHy (34)
is not explained by the 7eVeS theory.
Is MOND motivated by cosmology? The possible effect of the univ i
ed b} : erse on local -
cles may recall Machian ideas as in the Brans-Dicke theory. In Sanders’ version onept:lml;s
of preferred frame cosmology, the preferred frame being ‘Cosmological rest frame’. It
shcxxlld be ;o;i((i) mN;a): the Vector field is not invariant under Lorentz Transformations g
thoug is an interesting concept, it is not clear why it i erred.
the dark matter alternative. ° i ©
The three approaches (Mach’s Principle, Large Number H i
! y ypothesis and MOND
l-!ave been presented here in a somewhat sketchy form, largely because of shortage og'
:]me ne_eded for zla more comprehensive presentation. I will, however, now turn to an
ternative cosmology with whose genesis I have been involved. This : i
presented with somewhat greater detail. S

EVOLUTION OF COSMOLOGY IN THE 20TH CENTURY

The s}andard cosmological model accepted by the majority at i
u!e big bang which involves the creation of fnauer azjid et:erggr;feal: ;;i(;ie:ltzl:[;il::zc.;ﬁl
S.mce we ha.ve overwhelming evidence that the universe is expanding, the only altema-'
tive to this picture appears to be the classical steady-state cosmology, o'f Bondi, Gold and
Hf)yle. (BOI!dl and Gold, 1948, Hoyle, 1948) or a model in which the univers'e is cyclic
with an oscillation period which can be estimated from observation. In this latter glass
of models the bounce at a finite minimum of the scale factor is produced by a negative
energy scalar ﬁ;ld. Long ago Hoyle and Narlikar (1964) emphasized the fact that such
a scalar field yv:ll produce models which oscillate between finite ranges of scale. In the
1960§ theoretical physicists shied away from scalar fields, and more so those in\"olvin
negative energy. Later Narlikar and Padmanabhan (1985) discussed how the scalar cre%
ation field helps resolve the problems of singularity, flatness and horizon in cosmolo
It now appears that the popularity of inflation and the so-called new physics of the 198g(¥s.
Igave changed the 1960s’ mind-set. Thus Steinhardt and Turok (2002) introduced a nega-
tive pote.nual energy field and used it to cause a bounce from a non-singular high densgi
state. }I is unfortunate that they did not cite the earlier work of Hoyle and Narlikar whictl};
had pioneered t!ie concept of non-singular bounce through the agency of a negative en-
iesrgy ﬁ:il::hat a time when the physics cqmmunity was hostile to these ideas. Such a field
mal:gr e ;r(:e:gn;.ure that matter creation does not violate the law of conservation of
, Following the discovery of the expansion of the univ i
tically all of the tpeomﬁcal models gonsidered were ofetl;: l‘-zryxm :;pigzu%m
proposal by Pond:, G(?ld and Hoyle in 1948 of the classical steady state mo&el. Bondi
an_d Qold arrived at th:§ model by postulating the perfect cosmological principle. This
Zlnnmple not pnl)_r regmred the universe to be homogeneous and isotropic in space, but
S0 unchangmg in time. Thus statistically, all physical observables in such a unn;erse
s.hould remain constant in time. A classical test of this model lay in the fact that, as dis-
tinct from all of the big bang models, it predicted that the universe must be accelerating
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(cf Hoyle and Sandage, 1956). For many years it was claimed that the observations in-
dicated that the universe is decelerating, and that this finding disproved the steady state
model. Not until much later was it conceded that it was really not possible to deter-
mine the deceleration parameter by the classical methods then being used. Gunn and
Oke (1975) were the first to highlight the observational uncertainties associated with
this test. Of course many other arguments were used against the classical steady state
model (for a discussion of the history see Hoyle, Burbidge and Narlikar 2000 Chapters
7 and 8). But starting in 1998 studies of the redshift-apparent magnitude relation for
supernovae of Type 1A showed that the universe is apparently accelerating (Riess et al.
1998, Perlmutter et al. 1999). The normal and indeed the proper way to proceed after
this result was obtained should have been at least to acknowledge that, despite the diffi-
culties associated with the steady state model, this model had all along been advocating
an accelerating universe.

It is worth mentioning that McCrea (1951) was the first to introduce vacuum related
stresses with equation of state p = —p in the context of the steady state theory. Later
Gliner (1970) discussed how vacuum-like state of the medium can serve as original (non
singular) state of a Friedmann model.

The introduction of dark energy is typical of the way the standard cosmology has
developed; viz, a new assumption is introduced specifically to sustain the model against
some new observation. Thus, when the amount of dark matter proved to be too high
to sustain the primordial origin of deuterium, the assumption was introduced that most
of the dark matter has to be non-baryonic. Further assumptions about this dark matter
became necessary, e.g., cold, hot, warm, to sustain the structure formation scenarios. The
assumption of inflation was introduced to get rid of the horizon and flatness problems
and to do away with an embarrassingly high density of relic magnetic monopoles. As far
as the dark energy is concerned, until 1998 the general attitude towards the cosmological
constant was typically as summarized by Longair in the Beijing cosmology symposium:
“None of the observations to date require the cosmological constant” (Longair 1987).
Yet, when the supernovae observations could not be fitted without this constant, it came
back with a vengeance as dark energy.

Although the popularity of the cosmological constant and dark energy picked up in
the late 1990s, there had been earlier attempts at extending the Friedmann models to
include effects of vacuum energy. A review of these models, vis-a-vis observations may
be found in the article by Carroll and Press (1992).

We concede that with the assumptions of dark energy, non-baryonic dark matter,
inflation etc. an overall self consistent picture has been provided within the framework
of the standard model. One demonstration of this convergence to self consistency is seen

from a comparison of a review of the values of cosmological parameters of the standard
model by Bagla, et al. (1996), with the present values. Except for the evidence from
high redshift supernovae, in favour of an accelerating universe which came 2-3 years
later than the above review, there is an overall consistency of the picture within the last
decade or so, including a firmer belief in the flat (Q = 1) model with narrower error bars.

Nevertheless we also like to emphasize that the inputs required in fundamental physics
through these assumptions have so far no experimental checks from laboratory physics.
Moreover an epoch dependent scenario providing self-consistency checks, e.g. MBR
anisotropies, cluster baryon fraction as a function of redshift does not meet the criterion
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FIGURE 2. The oscillatory + expanding scale factor of QSSC.

of ‘regeatablhty of a scientific experiment’. We contrast this situation with that in stellar
evoluu?n where stars of different masses constitute repeated experimental checks on th
Lhegreuea[lh stellar models thus improving their credibility. .
iven the speculative nature of our understanding of the universe, a scepti
standard mode} is justified in exploring an alternative avenue wherein ;he o:s’:'seszft:ha?
tures of the universe are explained with fewer speculative assumptions. We review here
the progress of such an alternative model known as the Quasi-Steady State Cosmology.

THE QUASI-STEADY STATE COSMOLOGY (QSSC)

In this model creation of matter is brought in as a physical phenom i
kinetic energy scalar field is required to ensure pthit it dl:m notew[:nf:;:tzdl:enﬁ:u ‘:;
conservation of matter and energy. A simple approach based on Mach’s principle leads
naturally to such a field within the curved spacetime of general relativity. The resultin
ﬁe!d equations have_ the two simplest types of solutions for a homogeneous and isotro i
universe: (i) t!lose in which the universe oscillates but there is no creation of matll:,lt
an_d (i) those in which the universe steadily expands with a constant value of H, bein :
driven by continuous creation of matter. The simplest model including features ;f botlgl
Lhese‘ solutions is the Quasi-Steady State Cosmology (QSSC), first proposed by Hoyl
Burbidge and Narlikar (1993). It has the scale factor in the form: e

t
S(t) =exp (F){l +ncosB(r)}, 6(r) =~ %rr, (35)
wh.cre P is the long term ‘steady state’ time scale of expansion while Q is i

: smglg oscillation. T!xe functjon' 0(r) satisfies a known differential quatiotﬁebﬁfg:: g:
d?;)rpx_lmawd t?y the linear funcuon 2mt /Q. The scale factor is plotted in Figure 2. Note
titis .&sse.nnal fc_)r the universe to have a long term expansion; for a universe that has
only oscnlla.uons without long term expansion would run into problems like the Olbers
mx. !l is also a challenge in such a model to avoid running into ‘heat death’ through
4 e y increase of entropy from one cycle to next. These difficulties are avoided if

Zre is creation of new matter at the start of each oscillation as happens in the QSSC,
;n also, if lt.le universe has'a steady long term expansion in addition to the oscillal.ions,
ew matter in such a case is of low entropy and the event horizon ensures a ¢ :
entropy within as the universe expands. e
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CONSIDERATIONS OF COSMOGONY

Before I describe this cosmological model, I want to indicate the importance of the
observed behavior of the galaxies (the observed cosmogony) in this approach.

Now that theoretical cosmologists have begun to look with favor on the concepts
of scalar negative energy fields, and the creation process, they have taken the position
that this subject can only be investigated by working out models based on classical
approaches of high energy physics and their effects on the global scale. In all of the dis-
cussions of what is called precision cosmology there is no discussion of the remarkable
phenomena which have been found in the comparatively nearby universe showing that
galaxies themselves can eject what may become, new galaxies. I believe that only when
we really understand how individual galaxies and clusters etc. have formed, evolve, and
die (if they ever do) shall we really understand the overall cosmology of the universe. As
was mentioned earlier, the method currently used in the standard model is to suppose that
initial quantum fluctuations were present at an unobservable epoch in the early universe,
and then try to mimic the building of galaxies using numerical methods, invoking the
dominance of non-baryonic matter and dark energy for which there is no independent
evidence.

In one sense I believe that the deficiency of the current standard approach is already
obvious. The model is based on only some parts of the observational data. These are: all
of the details of the microwave background, the abundances of the light elements, the
observed dimming of distant supernovae, and the large scale distribution of the observed
galaxies. This has led to the conclusion that most of the mass-energy making up the
universe has properties which are completely unknown to physics. This is hardly a
rational position, since it depends heavily on the belief that all of the laws of physics
known to us today can be extrapolated back to scales and epochs where nothing is really
testable; and that there is nothing new to be learned.

In spite of this, a very persuasive case has been made that all of the observational
parameters can be fitted together to develop what is now becoming widely accepted as
a new standard model, the so-called ACDM model (Spergel et al., 2003). There have
been some publications casting doubt on this model, particularly as far as the reality of
dark energy and cold, dark matter are concerned (Meyers et al. 2004; Blanchard et al.
2003). It is usual to dismiss them as controversial and to argue that a few dissenting
ideas on the periphery of a generally accepted paradigm are but natural. However, it is
unfortunately the case that a large fraction of our understanding of the extragalactic
universe is being based on the belief (for which there is no independent evidence)
that there was a beginning and an inflationary phase, and that the seeds of galaxies all
originate from that very early phase.

I believe that an alternative approach should be considered and tested by observers
and theorists alike. In this scheme the major themes are (1) that the universe is cyclic
and there was no initial big bang, and (2) all of the observational evidence should be used
to test the model. As we shall show, this not only includes the observations which are
used in the current standard model, but also the properties and interactions of galaxies
and QSOs which are present in the local (z < 0.1) universe.

Possibly the most perceptive astronomer in recent history was Viktor Ambartsumian
the famous Armenian theorist. Starting in the 1950s and 1960s (Ambartsumian, 1965)
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he stressed the role of explosions in the unive; i iati
'(groups, clusters, etc.) showed a tendency tor:xe;arﬁgl?wgitt: ?;rtl::rgaisrog:ugns A
is ?pectetg by ashsuming that the gravitational virial condition holds et
Since these phenomena appear on the extragalacti i i
objects, active galaxies, powerful radio sources agnd clu:tes:sa]ai:n ggollﬁ;,: :;e ;]llﬁl-stellar
redshifts, we believe they must have an intimate connection with cosmolog In:lse:;a'u
one loqk§ at standard cosmology, there too the paradigm centers around tlfg .‘b‘ ban lf
wt.ufh is itself an explosive creation of matter and energy. In the big bang sce 82 tlf
origin of all of the phenomena is ultimately attributed to a single origin in%he vmmo ]e
universe. No connection has been considered by the standard cosmologists betwery i/
primordial event and the mini-creation events (MCEs, hereafter) that Ambart?umn mlsian
talked ab?ut. In fact, the' QSOs and AGN are commonly ascribed to supermassive black
hole:s as ‘prime movers’. In this interpretation the only connection with cosmology i
that it must be argued that the central black holes are a result of the processes of e
formation in the early universe. HEERY
In the QSSC we have been trying to relate such mini-creati i
o .the lar_ge scale dynamics of the universe. It can be shownmtlhi:et?:: t(itldn(;ansfxz:sdl ;c l(lllz
universe is governed by the frequency and power of the MCEs, and there is a two-wa
feefil?ack between the two. That is, the universe expands when there is a large MCé
activity and contracts when the activity is switched off. Likewise, the MCEaz:cgtivit i
!a.rge \‘{hen the density of the universe is relatively large and neglig'ible when the d ity
is .re_lauvely smf'all. In short, the universe oscillates between states of finite maxim e
nuﬁum de:;lsuies oss do the creation phases in the MCEs. S
was the m el called the quasi-steady state cosmology or in bri
IEJl;OdCI was mptwated partly by Ambartsumian’s ideas and ptgly b;){ShSng;on“l;vil;ef;mTll:
r of exp}osnve phenomena that are being discovered in extragalactic astro .
the following s.ections I discuss the cosmological model and then turn to thom}r- -
phenomena which are beginning to help us understand the basic cosmogony. e

GRAVITATIONAL EQUATIONS WITH CREATION OF MATTER

;’huib q:jad:emaueal framework for our cosmological model has been discussed by Hoyle,
= b;, ge an:ih Ngr!lknr (1995; l{BN here.aﬁer), and we outline briefly its salient fcatumc,
Princif)]l: \:; d' al;sl:n?es!h&:? u?? is l‘ge:rwfed from an action principle based on Mach’s;
: , an > inertia of matter owes its origin to other matter i
:::nr:]:rrs;.a ’tl'ihxs legds toa (heoreuc.al framework wider than genef'al relativity as it incllI:lctlb;
ng (o inertia and creation of matter. These are explained in the Appendix, and
[ use the results derived there in the following discussion. s

Thus the equations of general relativity are replaced in this theory by

1
7 p— » — l
Rix 2g,kR+ Agix =8nG [Ty‘ —f(CiCk - Zg;de,)J : (36)

with the coupling constant f defined as
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f= 30 (37
(1 have taken the speed of light ¢ = 1.] Here 7= ii/mp is the characteristic life time of a
Planck particle with mass mp = /31/87G. The gradient of C with respect to spacetime
coordinates x(i = 0,1,2,3) is denoted by C;. Although the above equation defines f
in terms of the fundamental constants it is convenient to keep its identity on the right
hand side of Einstein’s equations since there we can compare the C-field energy tensor
directly with the matter tensor. Note that because of positive f, the C-field has negative
kinetic energy. Also, as pointed out in the Appendix, the cosmological constant A is
negative in this theory.

The question now arises of why astrophysical observation suggests that the creation
of matter occurs in some places but not in others. For creation to occur at the points
Ag, Bo, . .- it is necessary classically that the action should not change (i.e. it should
remain stationary) with respect to small changes in the spacetime positions of these
points, which can be shown to require

Ci(A0)C(Ag) = Ci(Bo)C'(Bo) = --- = mp. (38)

This is in general not the case: in general the magnitude of C;(X )Ci(X) is much less
that m%,. However, as one approaches closer and closer to the surface of a massive
compact body Ci(X )C¥(X) is increased by a general relativistic time dilatation factor,
whereas mp stays fixed.

This suggests that we should look for regions of strong gravitational field such as
those near collapsed massive objects. In general relativistic astrophysics such objects are
none other than black holes, formed from gravitational collapse. Theorems by Penrose,
Hawking and others (see Hawking and Ellis 1973) have shown that provided certain
positive energy conditions are met, a compact object undergoes gravitational collapse
to a spacetime singularity. Such objects become black holes before the singularity is
reached. However, in the present case, the negative energy of the C-field intervenes in
such a way as to violate the above energy conditions. What happens to such a collapsing
object containing a C-field apart from ordinary matter? It can be shown (Narlikar et al.
2006) that such an object does not become a black hole. Instead, the collapse of the
object is halted and the object bounces back, thanks to the effect of the C-field. The C-
field strength grows as the object shrinks and so its repulsive effect ultimately dominates
over gravity. This is why the object bounces. We will refer to such an object as a compact
massive object (CMO) or a near-black hole (NBH).

Thus, such an object after bouncing at a minimum radius will expand and as its radius
increases the strength of the C-field falls while for small radii, the size of the object
increases rapidly. This expansion therefore resembles an explosion.

It is worth stressing here that even in classical general relativity, the external observer
never lives long enough to observe the collapsing object enter the horizon. Thus all
claims to have observed black holes in X-ray sources or galactic nuclei really establish
the existence of compact massive objects, and as such they are consistent with the NBH
concept. A spinning NBH, for example can be approximated by the Kerr solution limited
to region outside the horizon (- in an NBH there is no horizon). In cases where C has not
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one to the level of creation of matter, i :

‘gwle. atter, an NBH will behave very much like a Kerr black
The theory would profit most from a quantum descripti

) , ! ption of the creation proces:
difficulty, however, is lhal Planck particles are defined as those for whic(:lnt.hc Cos. =
wayelength and the gravitational radius are essentially the same, which mean;n fhl::,l
unm:l: other quann.lm’ptocegw, flat spacetime cannot be used in the formulation of
the heory. A grav?tanfmal disturbance is necessarily involved and the ideal location
fox: triggering creation is that near a.CMO. The C-field boson far away from a compact
object qf mass M may not be engrgguc enough to trigger the creation of a Planck pam!::lc
gn |f:;lslmg into (ht:: sm::g ﬁ:dwmuonal field of a sufficiently compact object, however'

e boson energy is multipli - B '
& rgy plied by a factor, (1 —2GM/r)~"/2 for a local Schwarzschild
Bosons then multiply up in a cascade, one makes tw:

; ! 1 X 0, two makes four, ..., as i
discharge of a laser._ with pamele' production multiplying up similarly and with 21;2:::
pressure effects ultimately Pl9wxng the system apart. This is the explosive event that
we ear{xer refen:red toasa mmx_-cmation event (MCE). Unlike the big bang, however, the
gglllha?:g]sc(:fftgx;%lﬁnomex:?n mmwell defined and non-singular. For a detaifed discus'sion

as well as the mode of its i
e aa of its formation, see Hoyle et al. (2000), (HBN
While still qualitative, we shall show that this vi
: ) ! iew agrees well with th iri
ggtesr:lf ;(l;s;rs\;auozal astrophysics. For, as mentioned in the previous sectione Sl:g:)n::;
ve phenomena in the universe, such as jets from radi ' amma
bursts, X-ray bursters, QSOs and active i i b ol
X galactic nuclei, etc. Generally it i
a black hole plays the lead role in such an event b e
le p 1 y somehow i i i
Zuge gxavn_tl;?oqal energy into }arge kinetic energy of the ‘b:r:?yéﬁrﬁg.glzmt; fvlztz
t:a gg: m m:ilhx'xg matter that is the signature of a black hole. Rather one sees outgé)ing
ation, which agrees very well with the explosive picture presented above.

COSMOLOGICAL MODELS

'sl;hlz tci;::l(i)t?tti;: g;:éure de§cdbczg6above is too difficult and complex to admit an exact
equations (36). The problem is analogous to that i
mology where a universe with inhomo i 5 e il
geneity on the scale of galaxies, cl
clusters, etc., as well as containin i s it USIch.escnsuper-
s CIC:, g dark matter and radiation is impossibl i
exactly by a general relativistic solution. In s i :
tly b; ‘ ! uch a case one starts with simplified
proximations as in models of Friedmann and Lemaitre and th i i s
as perturbation. The two phases of radiation-dominated e s _Specxﬁc —
likewise reflect approximations implyi e e
plying that in the early stages the relativisti i
cles and photons dominated the expansi i N St s
pansion of the universe whereas in the | i
oo e : as in the later stages it
ety vistic matter or dust, that played the major role in the dynamics of the
In the same spirit we approach the above
_ roach cosmology by a mathematical idealizati
120&2:%;[1&% and‘lsotroglc universe in which there are regularly phasec; epo::zbzuv(:'lkll:lf
were active and matter creation took place while betwee i
! . n two consecuti
epochs there was no creation (- the MCEs lying dormant). We will refer to these two s;,:
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uations as creative and non-creative modes. In the homogeneous universe assumed here
the C-field will be a function of cosmic time only. We will be interested in the matter-
dominated analogues of the standard models since, as we shall see, the analogue of the
radiation-dominated state never arises except locally in each MCE where, however, it re-
mains less intense than the C-field. In this approximation, the increase or decrease of the
scale factor S(t) of the universe indicates an average smoothed out effect of the MCEs
as they are turned on or off. The following discussion is based on the work of Sachs, et
al. (1996).

We write the field equations (36) for the Robertson-Walker line element with S(¢) as
scale factor and k as curvature parameter and for matter in the form of dust, when they
reduce to essentially two independent equations :

§ $S+k_ 2
23455 =31 +20GfC 39)
o2
36°+K) _ 33 +87Gp —67GSC2, (40)

$?
where we have set the speed of light ¢ = 1 and the density of dust is given by p. From
these equations we get the conservation law in the form of an identity :

2%{33 (3A +87Gp — 61GfC?)} = 35*{34 +27G FC2)- (41)

This law incorporates “creative” as well as “non-creative” modes. We will discuss both
in that order.

The creative mode
This has
T #0 (42)
which, in terms of our simplified model becomes
2 (%) £0 @3)
ds '
For the case k = 0, we get a simple steady-state de Sitter type solution with
C=m, S=exp(t/P), (44)
and from (50) and (51) we get
.. 1 _2=Gp
p=fm, ™ A (45)

Since A < 0, we expect that
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2rnGp 1
A Bl s R
3 ' P2 < |A], (46)

but will defer the determination of P to after we have look:

: ed at th i

tions. Although Sachs, et al. (1996) have discussed all cases, we wil? :::me 2

simplest one of flat space k = 0. on the
The rate of creation of matter is given by

_3p
i 2 (47)

As will be seen in the quasi-steady state case, this rate of creation i

) tion is an overall
made of a large number of small events. Further, since the creation activityebas 3;?:5;
downs, we expect J to denote some sort of temporal average. This will become clearer
after we consider the non-creative mode and then link it to the creative one.

The non-creative mode

In this case T = ; ; .
sloné gives 0 and we get a different set of solutions. The conservation of matter
- 1
while for (59) and a constant 4, (52) leads to

1

Ce 3 (49)
Therefore, equation (51) gives
$2+k A B
= HeEew (50

where A and B are positive constants arisin i
g from the constants of rtionality i
and (47). We now find that the exact solution of (48) in the case kp:g,ois ;il:'etlltz;n o

§=38[1+ncos8(r)] (51)
where 7] is a parameter and the function 6(r) is given by

2 B
6% = —A(1+ncos8)2{6+4ncos 0 +n>(1+cos?0)}. (52)

Here, § is a constant and the param ; 30
2 parameter 1) satisfies the condition: || < 1. Th
factor never becomes zero and the model oscillates between fini t!:nslcale limi:gs =

Smin =8(1-1) <S<5(141) = Smax; (53)
The density of matter and the C-field energy density are given by
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= 31
p=—5=5(1 +1%), (54)
- A
fE = —=(1-n")3+1"), (55)

while the period of oscillation is given by
D 1 /2‘ (14+ncosB)de (56)
~V=AlJo {6+4ncosb+n3(l +cos? 0)}1/2
The oscillatory solution can be approximated by a simpler sinusoidal solution with the
same period :

S~1+7 cos-z—g. (57)

Thus the function 6(t) is approximately proportional to 7.
Notice that there is considerable similarity between the oscillatory solution obtained

here and that discussed by Steinhardt and Turok (2002) in the context of a scalar field
arising from phase transition. The bounce at finite minimum of scale factor is produced
in both cosmologies through a negative energy scalar field. As we pointed out in the
introduction, Hoyle and Narlikar (1964) [see also Narlikar (1973)] have emphasized the
fact that such a scalar field can produce models which oscillate between finite ranges of
scale. In the Hoyle-Narlikar paper cited above C = 1/8, as opposed to (60), exactly as
assumed by Steinhardt and Turok (2002) 38 years later. This is because instead of the
trace-free energy tensor of Equation (2) here, Hoyle and Narlikar had used the standard

scalar field tensor given by

=i (c.-ck - %gucld) : (58)

Far from being dismissed as physically unrealistic, negative kinetic energy fields like
the C—field are gaining popularity. Recent works by Rubano and Seudellaro (2004),
Sami and Toporensky (2004), Singh, et al. (2003) who refer to the earlier work by
Hoyle and Narlikar (1964) have adapted the same ideas to describe phantom matter
and the cosmological constant. In these works solutions of vacuum field equations with
a cosmological constant are interpreted as a steady state in which matter or entropy is
being continuously created. Barrow, et al. (2004) who obtain bouncing models similar
to ours refer to the paper by Hoyle and Narlikar (1963) where C-field idea was proposed
in the context of the steady state theory.

The Quasi-Steady State Solution
The quasi-steady state cosmology is described by a combination of the creative and

the non-creative modes. For this the general procedure to be followed is to look for a
composite solution of the form
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S(t) = exp (%){ 1+ncosO(r)} (59)

wherein P > Q. Thus over a period Q as given by (54), th i i

5 , the i i
a Pon_-creatxve mode. However, at regular mstanczs se;mwdu?;eg: mngﬂa_lll);l;sn
injection of new matter at such a rate as to preserve an average rate of creatior: ov
period P as given by J in (45). It is most likely that these epochs of creation are tho:
g;c tlh;;r ?)llll'l:l(;nlls“:]h :allllilehof :h";'h scale factor during oscillation when the level of the C-field

ghest. There is a sharp drop at a typi ini ;

CoaRHONS Cleve With & zer0 derivative at S == sl:nin- typical minimum but the S(z) is a

Suppose that matter creation takes place at the minimum val

: : f S = Smin, and that

N particles are created per unit volume with mass o et
il epoch fx the i mg. Then the extra density added at

Ap =mgN. (60)

After one cycle the volume of the space expands by a fact
: e 0
the density to its original value we should have 4 £ 62 (30/5) mutto zoetore

(p+A4p)e™3P =p, ie., Ap/p=3Q/P. 61)

'I;hebc-gelc} strength likewise takes a jump at creation and declines over the following
cycle by the factor exp(—4Q/P). Thus the requirement of “steady state” from cycle to
cycle tells us that the change in the strength of C? must be 2

240

— X A2
g (62)

The above result is seen to be consistent with (40) whe nserv.
S n we tak i
law (39). A little manipulation of this equation gzv&s us e o

314d,.: 1d
AR sUCS) = H 5P (63)

However, the right hand side is the rate of creati i i
i i g creation of matter per unit volume. Since from

AC?  44p
and from (42) and =fC2 i i
e (42) and (43) we have p = fC=, we see that (61) is deducible from (59) and
To summarize, we find that the composi i
3 posite solution properly reflects the quasi-

ls.;ale character of th; cosmology in that while each cycle of duration Q(!s e;:ct;;di
Si‘t)t‘:t of the‘ preceding one, over a long time scale the universe expands with the de
) e;gansmn factor exp(t/{’). The two time scales P and Q of the model thus turn

0 be related to the coupling constants and the parameters A, f,G,n of the field

equations. Further progress in the theoretical
problem can be mad
the quantum theory of creation by the C-field. i



These solutions contain sufficient number of arbitrary constants to assure us that they
are generic, once we make the simplification that the universe obeys the Weyl postulate
and the cosmological principle. The composite solution can be seen as an illustration of
how a non-creative mode can be joined with the creative mode. More possibilities may
exist of combining the two within the given framework. We have, however, followed
the simplicity argument (also used in the standard big bang cosmology) to limit our
present choice to the composite solution described here. HBN have used (59), or its

approximation
t 2mt
S(t) —exp(;) {l +1] cos -b—} (65)
to work out the observable features of the QSSC, which we shall highlight next.
THE ASTROPHYSICAL PICTURE
Cosmological Parameters

Coming next to a physical interpretation of these mathematical solutions, we can
visualize the above model in terms of the following values of its parameters:

P=200, Q=5 x10%rs, n=0.811,
A =—0.358 x 10~36(cm) 2. (66)

To fix ideas, we have taken the maximum redshift zmgx = 5 so that the scale factor at the
present epoch S is determined from the relation So = S(1—1)(1 + Zmaz)- This set of
parameters has been used in recent papers on the QSSC (Narlikar, et al. 2002, 2003). For
this model the ratio of maximum to minimum scale factor in any oscillation is around

9.6.
These parametric values are not uniquely chosen; they are rather indicative of the

magnitudes that may describe the real universe. For example, Zmax could be as high as
10 without placing any strain on the model. The various observational tests seek to place
constraints on these values. Can the above model quantified by the above parameters
cope with such tests? If it does we will know that the QSSC provides a realistic and

viable alternative to the big bang.

The Radiation Background
As far as the origin and nature of the MBR is concerned we use a fact that is always
ignored by standard cosmologists. If we suppose that most of the *He found in our own
and external galaxies (about 24% of the hydrogen by mass) was synthesized by hydrogen
burning in stars, the energy released amounts to about 437 x 10713 erg cm™>. This
is almost exactly equal to the energy density of the microwave background radiation
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(for more details, see Narlikar et al, 2003):

% = A+
n-2 2
+A2 7 [ cos opP(cos @) — Pr—1(cos 2)]
+A3 (1 +1)e "8, (67)

where the parameters Ay, Az, A3 depend on the number density as well as the typical
temperature fluctuation of each kind of spot, the parameters 0, &2, 03 correspond to
the multipole value [, at which the %, from each component peaks, and the parameter ¥
refers to the correlation of the hot spots due to clusters. These parameters are determined
by fitting the model to the observations by following the method we have used in
(Narlikar, et al, 2003). We find that the observations favour a constant in place of the
first gaussian profile in equation (78), resulting in a 6-parameter model with Ay, Az, A3,
05, 03 and ¥ as the remaining free parameters. We should mention that the first gaussian
profile of equation (78) had been conjectured by Narlikar, et al (2003) to be related to
signature of spacetime curvature at the last minimum scale of oscillation. This conjecture
was analogous to the particle horizon in the standard cosmology. In the QSSC, there is no
particle horizon and the current observations suggest that the curvature effect on MBR
inhomogeneity is negligible.
For the actual fitting, we consider the WMAP-three year data release (Spergel, et al,
2006). The data for the mean value of TT power spectrum have been binned into 39
bins in multipole space. We find that the earlier fit (Narlikar, et al, 2003) of the model is
worsened when we consider the new data, giving x> = 129.6 at 33 degrees of freedom.
However, we should note that while the new data set (WMAP-three year) has generally
increased its accuracy, compared with the WMAP-one year observations, for ! < 700, the
observations for higher / do not seem L0 agree. This is clear from Figure 3 where we have
shown these two observations simultaneously. If we exclude the last three points from
the fit, we can have a satisfactory fit giving %2 = 83.6 for the best-fitting parameters
A; = 890.439 £26.270, Az = 2402543.93 + 3110688.86, A3 = 0.123 £0.033, & =
0.010 + 0.0001, a3 = 0.004 = 0.000004 and ¥ = 3.645 +0.206, We shall see in the
following that the standard cosmology also supplies a similar fit to the data. It should be
noted that the above mentioned parameters in the QSSC can be related to the physical
dimensions of the sources of inhomogeneities along the lines of Narlikar et al (2003)
and are within the broad range of values expected from the physics of the processes.
For comparison, we fitted the same binned data, to the anisotropy spectrum prediction
of a grid of open-CDM and A-CDM models within the standard big bang cosmology.
We varied the matter density, Qqm = 0.1 to 1 in steps of 0.1; the baryon density, Quh?
from 0.005 to 0.03 in steps of 0.004 where h is the Hubble constant in units of 100 km
s—1 Mpc~'; and the age of the universe, f from 10 Gyr to 20 Gyr in steps of 2 Gyr.
For each value of Qm we considered an open model and one flat where a compensaﬁng
Q, was added. For the same binned data set, we find that the minimum value of %
is obtained for the flat model (Qm =0.2=1—-Qx, Quh? = 0.021, to = 14 Gyr and
h = 0.75) with %2=95.9 for the full data and £2=92.7 from the first 36 points. The fit
can be improved marginally by fine tunning the parameters further. However, it should
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bang cosmology the time scales are not long enough to allow such an interpretation. Nor
does that cosmology permit dark matter to be baryonic to such an extent. The constraints
on baryonic dark matter in standard cosmology come from (i) the origin and abundance
of deuterium and (ii) considerations of large scale structure. The latter constraint further
requires the nonbaryonic matter to be cold. In the QSSC, as has been shown before,
these constraints are not relevant. For other observational issues completely handled by
the QSSC, see Hoyle et al. (2000).

The QSSC envisages stars from previous cyc
and around their parent galaxies as dark matter. These may be very faint white dwarfs,

neutron stars and even more massive remnants of supernovae, like near black holes.
Their masses may be in the neighbourhood of Mg, or more, i.e., much larger than
planetary or brown dwarf masses. Thus one form of baryonic dark matter could be in
such remnants. In this connection results from surveys like MACHO or OGLE would

provide possible constraints on this hypothesis.

les to have burnt out and remained in

EXPLOSIVE COSMOGONY

Groups and clusters of galaxies

We have already stated that it was Ambartsumian (1965) who first pointed out that the
simplest interpretation of many physical systems of galaxies ranging from very small
groups to large clusters is that they are expanding and coming apart. Since most of the
observations are of systems at comparatively small redshifts it is clear that this takes
place at the current epoch, and while we do not have direct evidence of the situation at
large redshifts, it is most likely a general phenomenon.

Why has this effect been so widely ignored? The answer (o this is clearly related to
the beliefs of earlier generations of cosmologists. From an historical point of view, the
first physical clusters were identified in the 1920s, and it was Zwicky, and later others
who supposed that they must be stable systems. By measuring individual redshifts of a
nummber of the galaxies in such a cluster itis possible to get a measurement of the line-of-
sight random motions. For stability the virial condition 2Ex +0 = O needs to be satisfied
where Ex and Q are the average values of the kinetic energy and potential energy of the
cluster members. Extensive spectroscopic studies from the 1950s onward showed that

nearly always the kinetic energy of the visible matter far exceeds the potential energy
apparent from the visible parts of the galaxies. Many clusters have structures which
suggest they are stable and relaxed. Thus it was deduced that in these clusters there must
be enough dark matter present 0 stabilize them. This was, originally, one of the first
pieces of evidence for the existence of dark matter.

The other argument was concerned with the ages of the galaxies. Until fairly recently
it has been argued that all galaxies have stellar populations which include stars which
are very old, with ages on the order of H;!, i.e. that they are all as old as the classic big
bang universe. However we now know that young galaxies with ages < H;! do exist.
But the major point made by Ambartsumian was, and is, that there are large numbers of
clusters of galaxies, and many small groups, which are physically connected but clearly
from their forms and their relative velocities, appear to be unstable.
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¥y~ ["272] ' (68)
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If one assumes that clusters may not be bound, their overall astrophysics changes
from that of bound ‘steady’ clusters. Issues like the nature of intracluster medium, the
role of the halo, generation of x-rays will require a new approach in the case where
clusters are expanding. Further, the ejection of new matter provides additional inputs
to the dynamics of the system. For example, the energy of ejection will play a role in
heating the intracluster gas. This important investigation still needs to be carried out.
However, a preliminary discussion may be found in Hoyle, et al. (2000), Chapter 20.

Explosions in individual galaxies

By the early 1960s it had become clear that very large energy outbursts are taking
place in the nuclei of galaxies.

The first evidence came from the discovery of powerful radio sources and the realiza-
tion that the nuclei of the galaxies which they were identified with, had given rise to at
least 10 - 105! ergs largely in the form of relativistic (Gev) particles and magnetic flux
which had been ejected to distances of > 100 kpc from the region of production.

A second line of evidence comes from the classical Seyfert galaxies which have very
bright star-like nuclei which show very blue continua, and highly excited gas which has
random motions = 3000 Km sec—!, and must be escaping from the nucleus. We know
that the gas is being ejected because we see it through absorption in optical and X-ray
spectra of Seyfert nuclei, and the wavelengths of the absorption lines are shifted to the
blue of the main emission. The speeds observed are very large compared with the escape
velocity. Early data were described by Burbidge et al. (1963).

In the decades since then it has been shown that many active nuclei are giving rise to
x-rays, and to relativistic jets, detected in the most detail as high frequency radio waves.
A very large fraction of all of the energy which is detected in the compact sources is
non-thermal in origin, and is likely to be incoherent synchrotron radiation or Compton
radiation.

Early in the discussion of the origin of these very large energies it was concluded that
the only possible energy sources are gravitational energy associated with the collapse of

a large mass, and the ejection of a small fraction of the energy, or we areé indeed seeing
mass and energy being created in the nuclei (cf. Hoyle, Fowler, Burbidge and Burbidge
1964).

Of course the most conservative explanation is that the energy arises from matter
falling into massive black holes with an efficiency of conversion of gravitational energy
to whatever is seen, of order 10%. This is the argument that has been generally advanced
and widely accepted (cf. Rees 1984).

Why do we believe that this is not the correct explanation? After all, there is good
evidence that many nearby galaxies (most of which are not active) contain collapsed
supermassive objects in their centers with masses in the range 108 - 10® Mo.

The major difficulty is associated with the efficiency with which gravitational energy
can be converted into very fast moving gas and relativistic particles, a problem that has
haunted us for more than forty years (Burbidge and Burbidge 1965). In our view the
efficiency factor is not 10% but close to 0.1% — 1%. The reasons why the efficiency
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Quasi-Stellar Objects

In the early 1960s QSOs were discovered (Matthews and Sandage 1963; Schmidt
1963; cf. Burbidge and Burbidge 1967 for an extensive discussion) as star-like objects
with large redshifts. Very early on, continuity arguments led to the general conclusion
that they are very similar to the classical Seyfert glaxies, i.. they are the nuclei of
galaxies at much greater distances. However, also quite early in the investigations, it
became clear that a good case could also be made for supposing that they are more likely
_ to be compact objects € jected from comparatively local, low redshift active galaxies

(Hoyle and Burbidge 1966).

After more than thirty years of controversy this issue has not yet been settled, but a
very strong case for this latter hypothesis based on the observations of the clustering
of many QSOs about active galaxies has been made. (Burbidge et al. 1971; Arp 1987;
Burbidge 1996).

If this is accepted, it provides direct evidence that in the creation process active
galaxies are able to eject compact sources with large intrinsic redshifts. What was not
predicted was the existence of intrinsic redshifts. They present us with an unsolved
problem, but one which must be closely connected to the creation process. A remarkable
aspect of this problem is that the intrinsic redshifts show very clear peaks in their
distribution with the first peak at z = 0.061 and with a periodicity of the form A log
(1+2)=0.089 (cf. Karlsson 1971, Burbidge and Napier 2001). The periodicity is in the
intrinsic redshift component (z;), and in order to single out that component, either the
cosmological redshift component z; must be very small i.e., the sources must be very
close to us, or it must be known and corrected for by using the relation (1 +2ops) = (1
+z.)(1 + z;). Thus a recent claim that the periodicity is not confirmed (Hawkins et al.,
2003) has been shown to be in error (Napier and Burbidge, 2003).

It is admitted that the evidence from gravitational lensing provides an overall consis-
tent picture for the standard cosmological hypothesis. The evidence on quasars of larger
redshift being lensed by a galaxy of lower redshift, together with the time delay in the
radiation found in the two lensed images can be explained by this hypothesis. This type
of evidence needs to be looked at afresh if the claim is made that quasars are much
closer than their redshift-distances. In such cases, the lensing models can be ‘scaled’

down but the time-delay will have to be checked for lower values. To our knowledge no
such exercise has been carried out to date. We hope to examine this issue in a later paper.

Gamma Ray Bursts

One of the most remarkable phenomena discovered in recent years relate to very short
lived (< minutes) bursts of high energy photons (y-ray and x-ray) which can apparently
occur anywhere in the sky, and which sometimes can be identified with a very faint
optical and/or radio source, an afterglow, which may fade with time. Sometimes a very
faint object remains. The first optical observation in which a redshift could be measured
led to the conclusion that those sources are extragalactic. Using the redshifts as distance
indicators this has led to the conclusion that the energies emitted lie in the range 1
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- 10%* ergs, with most of them > 10% i i i

If energies involving single stars are invf)ll.(geii l{tien::gpizs::zgsbteakr:dl:l::; 11; obeamuopiically.
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sup'emovae which are beamed. In the usual interpretation it is assumed thaletl:g n'gdr:smt o
which have been 'measured for the gamma ray bursts are cosmological (cf Bl e
2(?01). However in a recent study using all (more than 30) gamma-ray bursl(;0 T}:Bal
with measured redshifts it was shown that the redshift distribution strongly su : 2
they are closely relatefi to QSOs with the same intrinsic redshift peaks (Byurb%dg%ts o
2004). Also an analysis of the positions of all of the GRBs for which we l';zwl - ‘2(‘)03'
(abouf 150) shows that a number of them are very near to alread identi?ig: i
(Burbldge. 2003). All of this suggests that the GRBs are due to exgiosions of 2805
(perhaps in QSO§) which have themselves been ejected following a creation e
goux: :eumgaamwcs. a%%rﬁl they have slightly greater cosmological redsm!;'rt:cﬁ;

: away (< pc) than the galaxies from which most of brigh

are ejected. While we do not claim that this hypothesis is ge o Ao

(2003) has §hown that there are peculiarities _"z'p the rvedstuftg d?ggzﬁzicgg:eed' Ble(:io!n

the conventional way. More observations may clarify this situation. R

CONCLUDING REMARKS

The u(;squaﬁng l.m.iverse .in the QSSC, together with a long-term expansion, driven b
ggsm ;t:’c;r; of l‘xju(t:-cr;:aua(;n events provides the missing dynamical connect'ion belwge:
and the ‘local’ explosive phenomena. The QSSC additi
: onally ful
r<;l:: normally expected of a cosrpo}oglcal theory, namely (i) it provides anyexplgg;ﬁtﬂ:
0 l t:d microwave bar.:kground radiation with temperature, spectrum and inhomogeneities
1: asaed h:o astropl:xymcal processes (Narlikar. et al. 2003), (ii) it offers a purely stellar-
meidgmr:t:;x;)ylieot; ;gsc;bs(?{\)'efi nuclei (including light ones)(Burbidge et al. 1957;
. » (iii) it generates baryonic dark matter as ; ;
eV{o’lxuuon (prle etal. 1994), (iv) it accounts for the extra dimming of dista[:;rs[u;ir:::gz
;:;h?:m:in racc;uriek to ;i&;l; energy (Narlikar, Vishwakarma and Burbidge 2002;
arlikar ), and it also suggests a possible rol i X
overall scenario of structure formation (Nayeri e b
) t al. 1999). We have bee
discuss some of these issues for lack of tim ) The i S
! e. The references cited will id i
The last mentioned work shows that i i b v
: preferential creation of new matter near existi
concentrations of mass can lead to growth of clusteri million
: . . A toy model based on million-
body simulations demonstrates this effect e : oriprts
¢ : and leads to clustering with i
lation function with index close to —1.8. B Do o
; —1.8. f repulsive effect of the C- iti
e i s g ecause of repul of the C-field, it is
y be more important than gravitational clustering. Ho
neeq 10 .demonsuate. this through simulations like those in our toy mode%- to, “;:VCT, w;
gravitational clustering. SRy
lou’ghreer;s:eﬁstwo challenges that still remain, namely understanding the origin of anoma-
s ifts and the observed per:iodicities in the redshifts. Given the QSSC frame-
shiﬂs;isl::ennqzﬁ to find a s_‘c:gano in which the hitherto classical interpretation of red-
further w
o o ul1 . inputs of quantum theory. These are huge problems which
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Appendix : Field Theory Underlying the QSSC
Following Mach'’s principle, we begin with the hypothesis that inertia of any particle
of matter owes its origin to the existence of all other particles of matter in the universe.
If the particles are labelled a,b,¢, ... and the element of proper time of a'™ particle in
Riemannian spacetime is denoted by dsg, then we express the inertia of particle a by the
sum

MiA) =3, [ 2604 B)dsy = 3, MO(A).
b#a b#a

(A1)
where A is a typical point on the world line of particle a . G(A,B) is a scalar propagator
communicating the inertial effect from B to A. The coupling constant A; denotes the
intensity of the effect and without loss of generality may be set equal to unity. Likewise
we may replace M,(A) by a scalar mass function M(X) of a general spacetime point X,
denoting the mass acquired by a particle at that point. As in Riemannian geometry we
will denote by Ry the Ricci tensor and by R the scalar curvature.

The individual contributors to M(X) are the scalar functions M®)(X), which are
determined by the propagators G(X,B). The simplest theory results from choice of a
conformally invariant wave equation for MO (X),

O ® (x0) + LRM® () + MO (X)? = /Mds '

(A2)
The expression on the right hand side identifies the worldline of b as the source. Why
conformal invariance? In a theory of long range interactions influences travel along
light cones and light cones are entities which are globally invariant under a conformal
transformation. Thus a theory which picks out light cones for global communication
is naturally expected to be conformally invariant. (A comparison may be made with
special relativity. The local invariance of speed of light for all moving observers leads
to the requirement of local Lorentz invariance of a physical theory.)

Although the above equation is non-linear, a simplification results in the smooth
fluid approximation describing a universe containing a larger number of particles. Thus
M(X)= %M(") (X) satisfies an equation

CM 4+ GRM -+ AM® = >/ UX.B)
b

v —8(B)
(A3)

What is A? Assuming that there are N contributing particles in a cosmological horizon
size sphere, we will get

A~xN2,
(A4)
since adding N equations of the kind (A2) leads to the cube term having a reduced
coefficient by this factor, because of the absence of cross products MO M) type (b#c).

Typically the observable mass in the universe is ~ 10°2M, withi

0% i - - o '» within such ivi
N ~ 2 x 10% if the mass is typically that of a planck particle. We :h a?lsphere, giving
aspect shortly. With this value for N, we have L

Ax~25x%x10"121,

With these definitions we now introduce the action principle from which the (é:fg

equations can be derived. In particle-particle interaction form it is simply

of = -g / Ma(A)ds,.

Expressed in terms of a scalar field function M(X), it becomes e
o = -%/(MiM‘— éRMz)\/—_g d'x+ 1A/M¢——gd‘x
4
= ; / f‘\/%u(xma.
(A7)

For example, the variation M — M + 6M leads to th i vari
! varia ‘ oM e wave equation (A2). Th iati
;ﬁ :ls)agc;t:?:i ;:e:nc gn:gs rise to gravitational equations. The vaxiatién oz' paneicle ::3:
o another scalar field, however, if we assume the w i
. - . . . - 2 Oddh
finite beginnings. This is where creation of matter explicitly enters the pt;j:u:: h’;;:

characteristic mass of a typical particle that can be i
- o i
available fundamental constants ¢, G and 4 is the Pla:clcll:s:l::;ed R

3ne \ /2
mp=|— :
(47:6)
(A8)

\;wri:h s:;:l ala)sosume therefore that the typicz.al basic particle created is the Planck particle
by Ove mass. We shall take /i = 1 in what follows. Imagine now the worldline of
ucA a pgr:lcll::al:.egmmng at a world-point Ag. =
typic ck particle a exists from Ag to A i i
) . 0+ 0Ay, in the i
it decays into n stable secondaries, n ~ 6.10'8, deno(t)cd by al:e:zgzbbor:mg:cfhwggg
02500 Ciir

secondary contributes a mass field m(%") ich i
i eld m'%!(X), say, which is the fundamental solution of

Om(@r) 4 lRm(“’) +nPm@) = l/ &(X.4) da
6 Ag+64g g

n Vv —8(4)

while the brief existence of a contributes (%) (X), say, which satisfies ol
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0c@ 4+ Lpe@ 4 gla? = AotBho 8y(X,A) 4o
- 4 V/—8A)
(A10)
Summing ¢(@ with respect to a, b, ... gives
e(X) =¥, (x),
a
(All)

the contribution to the total mass M(X) from the Planck particles during their brief
existence, while

¥ Y m)(x) = m(X)

r=1
(Al12)
gives the contribution of the stable secondary particles.
Although ¢(X) makes a contribution to the total mass function
M(X)=c(X)+m(X)
(A13)

that is generally small compared to M(X), there is the difference that, whereas m(X) is an
essentially smooth field, c(X) contains small exceedingly rapid fluctuations and so can
contribute significantly to the derivatives of ¢(X). The contribution to ¢(X) from Planck
particles a, for example, is largely contained between two light cones, one from Ag, the
other from Ag + 8Ag. Along a timelike line cutting these two cones the contribution to
¢(X) rises from zero as the line crosses the light cone from Ao, attains some maximum
value and then falls back effectively to zero as the line crosses the second light cone
from Ag + 8Ao. The time derivative of ¢{@) (X) therefore involves the reciprocal of the
time difference between the two light cones. This reciprocal cancels the short duration
of the source term on the right-hand side of (A10). The factor in question is of the order
of the decay time 7 of the Planck particles, ~ 10~*? seconds. No matter how small 7
may be, the reduction in the source strength of ¢@)(X) is recovered in the derivatives of
¢l@)(X), which therefore cannot be omitted from the gravitational equations.

The derivatives of ¢@(X),c®(X),... can as well be negative as positive, so that
in averaging many Planck particles, linear terms in the derivatives do disappear. It
is therefore not hard to show that after such an averaging the gravitational equations
become

1 6 1
Rix— ig,}R - 3Am28.'k i 3 [— T+ g(g,'kﬂmz - mik)

1 2 1
+(mimy — = gamm') + 5 (cick — —gacrc)|.
2 3 4
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e T B am——

scale invariant. A scale change can therefore be introduced that reduces M (X)=m(X)+

¢(X) to a constant, or one that reduces m(X) toac :
to a constant, Viz (X) toaconstant. Only that which reduces m(X)

Q= "X)
mp

has the virtue of not intrqducing smal.l very rapidly varying ripples into the metric tz(:l:slci')
M(Pough small in amp}nude such ripples produce non-negligible contributions to th;
derivatives of the metric tgnsor, causing difficulties in the evaluation of the Riemann
;e;:?o;,.andbso are bet?er avfo::ed. Simplifying with (A14) does not bring in this difficulty,
which is why separating of the main smooth of M(X ith
the gravitational equations simplifying to e IR AT

6
881G =—
2’ mp a constant,
(A16)
1 2
Rik - EglkR —+ }’glk — —87[6[7-,} - §(C,'ck - %8ikclcl)]-

We define the cosmological constant A by (A7)

A =—3Amp ~ -2 x10% cm™2

This value falls within the normally expected region of the magnitude of the cosm(:?l(l):3

ical constant. Note, however, that its sign is negative! This has been the consequence of

the Machian origin of th i i
s gi e cosmological constant through the non-linear equations (A2),

It has been on (A17) that the discussion of what i

! is called the quasi-steady state cos-
mological model (QSSC) has been based. A connection with th?: C-field ot)" L:le eafl?s
steady state cosmology can also be given. Writing -

C(X) = 7e(X),

where 7 is the d ifeti : : . (A19)
peticies a,b,?. .‘ecay lifetime of the Planck particle, the action contributed by Planck

(A20)
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can be approximated as
—C(Ag) —C(Bo) = -+
(A21)
which form corresponds to the C-field used in the steady state cosmology.
Thus the equations (A17) are replaced by
1 1
Re-Ssat+ga =861 (cr-gmacic)
' (A22)
with the earlier coupling constant f defined as
2
f=3a
(A23)

[We remind the reader that we have taken the speed of light ¢ = 1.]
The question now arises of why astrophysical observation suggests that the creation

of matter occurs in some places but not in others. For creation to occur at the points
Ag,Bo, . .. it is necessary classically that the action should not vary with respect to small

changes in the spacetime positions of these points, which was shown earlier to require
2

Ci(Ao)C'(Ao) = Ci(Bo)C'(Bo) = --- = mp.
(A24)
More precisely, the field ¢(X) is required to be equal to mp at Ag, Bo, - -
c(Ag) = ¢(Bp) =...=mp.
(A25)
(For, equation (A19) tells us that connection between ¢ and C is through the lifetime 7
of Planck particle.) .

As already remarked in the main text, this is in general not the case: in general
the magnitude of CIC; is much less that mp. However, close to the event horizon of
a massive compact body Ci(Ao)C'(Ag) is increased by a relativistic time dilatation
factor, whereas m,z, stays fixed. Hence, near enough to an event horizon the required
conservation conditions can be satisfied, which has the consequence that creation events
occur only in compact regions, agreeing closely with the condensed regions of high

excitation observed so widely in astrophysics.
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