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Chapter 1

Introduction

“But whoever loves the truth
must give special consideration to what
is right or wrong in this matter.”

(Tobias Adami)

Cosmology may be considered as one of the most natural areas of man’s
interest. Since the early days of history curious scientists were concerned with
the nature of the world they inhabited. Cosmology deals with the basic questions,
physical as well as philosophical, like the origin of the world, its outer part, if
there is any, the formation of observable structures and as a last consequence the
reason for our existence.

During the centuries the scientists’ horizon went from different continents,
over the entire earth, the solar system to finally the universe as a whole, hand
in hand with the availability of more and better observational data. The latest
crucial step was Einstein’s development of a theory of gravitation in the beginning
of this century, the General Theory of Relativity (GR). It is a theory for large
scales, for the macroscopic features of our world. So far no attempt to disprove
GR has been successful.

Besides providing solutions for local gravitational fields like the Schwarzschild
solution, GR can also yield a description of the whole universe. According to his
philosophical view Einstein proposed a static universe which had been disproved
subsequently by Eddington. Nowadays the most successful cosmological model is
based on the solution of the field equations found by the Russian mathematician
A. Friedmann. It contains a beginning of the universe in a singularity, for which
Fred Hoyle coined the name “Big Bang”, and an expansion afterwards. The vast
majority of the cosmological community supports this so-called standard model.

Nevertheless scientists suggested alternative theories, but the more and more
severe constraints put by better observations left them abandoned finally, with

big bang cosmology, including inflation, remaining a promising idea on the way
to a final theory.
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However, there are some problems still to be solved, enough justification for
the quest for another model. Recent observations of the cosmic microwave back-
ground radiation and the Hubble constant led to a new discussion about the
validity of the standard model.

The purpose of this work is to take a closer look at an alternative model,
the quasi-steady state cosmology, henceforward QSSC in brief, as suggested by
F. Hoyle, G. Burbidge and J. V. Narlikar in the early nineties. The main difference
to the standard model is the absence of a singular beginning of the universe.
Instead, there is an endless series of oscillations of the scale factor.

In Chapter 2 we give an introduction to the standard model. We start with the
derivation of Einstein’s field equations and demonstrate their solution by means
of the Friedmann-Robertson-Walker model, the basis of standard relativistic cos-
mology. It is a very simple and therefore elegant and preferred picture of the
universe. It predicted for example the presence of the CMB as a relic of the big
bang and provides explanations for a range of observational data like the abun-
dance of the light elements. Some of its problems can be solved by introducing
an inflationary phase, done in 1981 by A. Guth. Nevertheless we are yet not able
to explain the singularity itself, leaving the problem of the initial conditions and
the breakdown of physical laws unresolved. New contributions are expected from
high energy physics and quantum theory.

Chapter 3 contains some motivations and reasons for looking for alternative
cosmologies. The cosmological constant problem is present since the foundation
of GR, and still after 70 years there is no satisfying solution available. The latest
measurements of Hubble’s constant lead to the dilemma of the universe being
younger than its oldest structures. Obviously, this is a serious contradiction.

Quasi-steady state cosmology, outlined in Chapter 4, provides solutions for
these challenges. As a historically interesting remark we first give a brief descrip-
tion of the famous steady state theory that sponsored the development of QSSC.
Like in Chapter 2 we derive the field equations which become modified under
the more general assumptions in this theory. Nonetheless they can be reduced to
their well known form, so that the standard model is contained in this framework.
We are also able to derive the cosmological constant instead of introducing it by
hand like big bang cosmologists do up to now. Steady state as well as QSSC
requires the creation of matter, a process which can be described by means of a
negative energy field. This C-field was introduced in the 60’s and widely used by
F. Hoyle and J. V. Narlikar. We will demonstrate the underlying basic principles
of this creation mechanism.

The behaviour of the scale factor in QSSC will be calculated and analysed in
Chapter 3. We will obtain the equations of motion in a Robertson-Walker metric
and we will see that there is no singularity, therefore no origin of the universe
in this model. The scale factor is a superposition of an overall steady state-like
exponential expansion and a series of short term oscillations. We investigate the
creative and non-creative modes separately, depending on whether the condition
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of creation of matter is satisfied or not. We will illnstrate the qualitative be-
haviour in a phase space analysis. After that we will calculate the exact solution.
It turns out that there are some deviations from the solution used by Hoyle,
Burbidge and Narlikar.

We use the exact solution to calculate data which can be related to observa-
tions in the next Chapter 6. First we will fix the set of parameters of QSSC by
assuiing a reasonable value for the Hubble constant and the maximum redshift
for sources at the last minimum of the scale factor. It is shown that the results
do not vary much when we change the parameters’ values. Next we will look into
counts of radio sources. Whereas big bang needs to assume evolution of sources,
QSSC can match the observational data under much simpler conditions. For the
first scenario we will assume that the sources do not evolve with time. It will
lead to some problem with blueshifted sources, that will be solved by introducing
periodic evolution. Another test involving blueshifts is an extension of Hubble’s
diagram, the magnitude-redshift relation. We will calculate and discuss its form.
The last point will be iron whiskers, the thermalizing agent to produce the CMB
in QSSC. We will calculate the optical depth arising from these structures and
their influence on high redshift objects especially in the infrared.

In Chapter 7 we will summarize and compare to the results obtained with the
approximate solution. We will give suggestions for future investigations.



Chapter 2

Standard Relativistic Cosmology

2.1 Field Equations

There are many conventions used in GR. The differences are only formal but may
cause a lot of unnecessary confusion. In this thesis we will follow the notation of
Narlikar [38]. Appendix A contains a summary and a list of all abbreviations we
used.

As it is true with all physical laws, we can derive the field equations from an
action using the variational principle. In GR we usually start with an action that

consists of two parts, one for the gravitational field, the other for the physical
properties, i.e., the matter content, of our system.

A= Agruv + Amattcr

Let us consider Ag., first. Following the general principle of GR, we have to
choose a quantity that is covariant under coordinate transformations. Regard

A= /V Lv=gds (2.1)

The factor /=g is needed to get a covariant volume element, as follows from
the transformation rules for the metric tensor g;x. The quantity L has to be a
scalar, also due to the principle of covariance. It turns out, that a suitable scalar
in gravitational theory is the curvature R. This is the only scalar, that contains
the second derivatives of gy in linear order, the first derivatives in second order.
We can not use any scalar containing only first derivatives of the metric, as these

can always be made to zero by transforming to a local inertial frame. A suitable
choice is therefore

c? .
Agray = TM—G/V(R-QA)\/-_gd‘m, (2.2)

where the factor is introduced for future convenience. Note, that we can include

an arbitrary constant A without destroying the covariance. We will postpone the
discussion of this constant to a later chapter.
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The field equations can be obtained by varying the above action with respect
to gik
ik — ik + 6gu
and setting §A = 0. The result of this calculation, found by Hilbert [22] shortly
after Einstein [13] published his equations, is

Gik + Agik = —&T3. (2.3)
The Einstein tensor Gy is given by
G = Ry — %gikR (2.4)
The nmumerical value for x in conventional units is
K= §-:;£ =2.07-10"*cm g 1s? (2.3)

and Ty, is defined such that
1
aAmatter B '2' /;/ T‘iksgikv —g d4$- (26)
The usual form of Apatier for a special relativistic particle moving in flat spacetime

is given by
Amatter S _mC/ d.!, ds = Hnikdwidwk (2.7)

This can be seen if we start with the well known form of the action for a freely
moving particle in classical mechanics

= [TM,2
A_/det (2.8)

and regard the form of the line element in special relativity

ds = \/czdt2 — dz? — dy? — d2?

1 /v\?
~ cdt— ¢ (-) dt. 2.
c 5(3) ¢ (2.9)
With this approximation we may write
/mc ds = /mcz dt — / %-vz dt. (2.10)

The first term on the right hand side of (2.10) drops out under variation, so we
see that (2.7) follows from (2.8) and (2.10). For the GR case we have to replace
nik by gar in (2.7).
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The task of finding a solution of the field equations (2.3) is not done by simply
assuming a certain matter contribution in spacetime and solving the differential
equations. There are constraints given by the Bianchi identities for the curvature
tensor. It can be shown, that only for

G*yp=0 (2.11)

it is possible to find a metric. From (2.3) we see, if we neglect A for the moment,
that the energy-momentum tensor has to fulfill the conservation law

T, =0. (2.12)

It so happens, that only for this particular matter distribution a solution for
the metric can be found. But unfortunately, we have to calculate the covariant
derivative in (2.12) with respect to exactly this metric. So, generally spoken,
it is impossible to solve the field equations for a given matter distribution in a

straightforward manner. The geometry of spacetime influences the distribution
of matter and vice versa.

2.2 Friedmann-Robertson-Walker Model

As we have already seen, the solution of Einstein’s field equations is everything
else but easy. So we have to make some assumptions to simplify this problem.
This is done by two postulates, both of which the solution should obey.

The first is called Weyl’s postulate [57] and states that world lines of funda-
mental observers, e.g., galaxies, do not intersect and are orthogonal to a set of
spacelike hypersurfaces. Qur coordinate system does therefore not break down in
the sense that we have two different coordinates for a single point in spacetime.

More popular is the second postulate, the cosmological principle. We assume
the universe to be homogeneous and isotropic, provided we average over a suffi-
cient large region of spacetime.

The most general line element satisfying these principles was found indepen-
dently by Robertson [45] and Walker [53]. It has the well known form

dr?
1— kr?
Here S(t) is called the scale factor and k specifies the curvature with the usual
values k =0, £1.

Using this metric we get from the field equations (2.3) with A =0 two differ-
ential equations

ds® = 2dt* - §%(¢) ( +r? (dt92 + sin® 0d¢2)) . (2.13)

3.'5'2+l<:c2 8@

2 = Ty (2.14)
S  S%+4kc? &G, y
25 + Sg = cz Ta (2'1"))
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Because of symmetries of the metric (2.13) we were able to reduce the number
of unknown quantities to two as compared to the 10 components of g; in the
general case.

The symmetry furthermore demands the energy-momentum tensor to take
the form of an ideal liquid.

T = (p + pc?)usus — PGk, (2.16)

where p denotes the pressure and p the matter density. Both are only functions

of time, which reflects the homogeneity and isotropy. u, is the i-th component of
the 4-velocity

u' = %:z:?’ why; = 2. (2.17)

Here 7 is the proper time and is defined hy
ds? = *dr?. (2.18)

Therefore we get from (2.14) and (2.13), when we make use of this form of
the energy-momentum tensor

S? 4 kc?
S 8?4 ke? &G
D M iimmets) 2= ==
25 + = P (2.20)

The conservation law T*%, = 0 reads in the context of the RW-metric like

% (pc*S%) +3pS* =10, (2.21)

which can also be arrived at by taking the time derivative of (2.19) and making
use of (2.20).

As we have only two equations for three variables S, p and p, we have the
freedom to choose one more relation between p and p. This equation of state
specifies the properties of our model. There are basically two epochs in the FRW
model, one being dominated by matter, the other by radiation.

Let us consider the matter-dominated epoch first. If we neglect the pressure,
we get from (2.21)

p~ S (2.22)

The simplest case is the euclidean or flat universe with k = 0. In the literature
it is also commonly referred to as Einstein-de Sitter universe. Equation (2.19)
yields

87('Gp0 Sg

e 5
S 3 S’

(2.23)
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k %0 S po  topology
+1 >% >1 >p. spherical, closed
0 % 1 pc  euclidean, open
-1 <% <1 <p. hyperbolical, open

Table 2.1: Characteristics of FRW models

which can be easily solved by

S(t) = So (t )m. (2.24)

T

The Hubble parameter is defined as

tal -

Hy = lt : (2.25)

Usually it is written as
Hy=100hokm s !Mpc™, 0< ho < 1. (2.26)

The second parameter connected with the dynamics of spacetime in the deceler-
ation parameter, defined as

S

Qo = — —=~ v (2.27)
5%,

With use of (2.25) we can write (2.23) as

H = %,,0 (2.28)
or -
=, =20 _ o 1020 2 -3 .

Pe = po= g7 2:.107*" hggem™, (2.29)

where p. is called the critical or closure density. For p > p. the universe is closed,
whereas for p < p. it is open. Finally we define the density parameter 2 as

Making use of these quantities we can simply characterize the three possibil-
ities k = 0, %1 as shown in Table 2.1. Common to all these models is that they
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imply a scale factor of zero at a certain epoch back in time, a singularity which
is known as big bang. The universe according to FRW models had a beginning.

The epoch prior to the one described above is dominated by radiation, as the
energy density of radiation goes like

pr~S* (2.31)

and §(t) ~ t1/2. Consequently we can deduce the behaviour of temperature
as T ~ t~'/2. However, at some time both matter and radiation were equally
important. This time can be specified by the redshift z, with

14z= % (2.32)

It turns out that z.q & 1000, so the universe is matter dominated for z < 1000
and radiation dominated for z > 1000.

On our way further back we may encounter several other significant epochs.
The time of recombination is the first at a temperature of about 3000-4000 K.
Electrons and protons, being free up to now, form H-atoms, so that the universe
becomes transparent for photons. Matter and radiation decouple.

During the second epoch neutrons and protons form stable light nuclei at
temperatures of about 10% - 10° K.

The transition to the third epoch marks the breakdown of the GUT’s, elec-
troweak and strong interaction separate. This happens at energies of = 10 GeV,
or 10738 § after the big hang.

Prior to this epoch is the domain of quantum cosmology. We can trace back
to ~ 107*® 5 after the big bang, the Planck time. The physics we know so far
does not allow us to step any further. A quantum theory of gravity is required
to tell us what happened prior to the Planck time.

This model is very well developed and provided predictions and explanations
for a lot of observable features of the universe. We would like to stress the point,
that confirmed predictions are always a sign of a good theory. In the case of big
bang there is first the nature of expansion, predicted by Friedmann’s solution
and observed by Hubble. Second, the cosmic microwave background radiation
(CMB) was expected by Gamow in the 1940’s and finally detected by Penzias
and Wilson in 1963 [44]. A third prediction were the abundances of light nuclei,
especially *He and 2H, calculated by Gamow [19], Alpher and Herman [4], which
can be interpreted as relics from the second epoch. Furthermore the application of
particle physics during the GUT epoch predicted that there should be only threee
species of neutrinos. This was verified by accelerator experiments, particularly
the Z° boson decay observed at CERN. Finally we should not forget that the

underlying theory, general relativity, is widely tested and could not be disproved
until today.
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Figure 2.1: Mlustration of the horizon problem

2.3 Inflation

Regardless the achievements of the hot big bang model, there are several diffi-
culties which can be solved in an inflationary universe [21]. We will pose the
problems first, before we have a look at how inflation works and solves these
problems.

One of the problems is known as the horizon problem. The past light cone
of a fundamental observer O at a time ¢ is cut off at ¢t = 0. The epoch we are

considering is radiation dominated, so the proper distance a photon could travel
is

Ru(t) = S(2) /0 ' % = 2ct. (2.33)

Ry is called the particle horizon, which separates causally connected from discon-
nected areas. Two observers O and O’ at time t are totally causally disconnected,
if they are separated by a proper distance larger than 2Ry(t) (Figure 2.1). It
should be stressed that causal connection is a necessary condition for homogene-
ity in a given region. There is no conclusive reason for the same initial conditions
in two disconnected regions.

Let us regard the example of CMB. The expansion factor since the time of
GUT up to now can be calculated for example by using the temperature to be
~ 4 -10%, Now, at t &~ 1073% 5 the particle horizon is 2Ry = 6 - 1072 cm. In
present time we get therefore a length scale of homogeneity of =~ 240 cm. This
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does not match at all with ohservations, as we see the universe to be more or less
homogeneous over scales of 1028 cm. The analysis of data collected by the satellite
COBE has recently shown that the CMB has an anisotropy of AT/T ~ 10~° [51].
On an angular scale of a few degrees this corresponds to a length scale of 10?7 cm.

Next we may consider the flatness problem. It can also be stated as “Why
is Qo so close to unity?” In the previous section we neglected the term kc?/S?,
the influence of curvature. However, this is not valid for all times, as this term

is scale dependent. When we use the density parameter 2, we can express (2.19)
as ,
$2 |
Q-1= E(QO -1). (2.34)

As for t — 0, $§ — oo for the radiation dominated epoch, the convergence of
Q — 1 is very rapidly, in numbers
S(2) . —48 -

tqut
Or the other way around: if Q had not been extremely fine-tuned to nnity at very
early times, it would have evolved much further away from the observed values
0.1 < Qp < 2. This means the universe would have contracted back to S =0 or
expanded to § — oo much before the present epoch.

There are some other problems of the standard model, like the magnetic
monopol problem, but we may constrain ourselves to these two.

The way inflation solves these difficulties is by introdncing a temporary phase
of exponential expansion into the dynamics of the very early universe. Suppose,
the expansion starts at t; and lasts until ¢;. The scale factor looks like

t1/2 t<
S(t) ~ exp H(t - ti) h<t<tig (236)
£1/2 te <t

for the universe is radiation dominated before and after inflation. Typical values
for t;, t; and H are

t~107%s, H~10"GeV, t;~T0H. (2.37)

In the end we get an overall expansion of & exp(70) = 2.5 - 10%.

Inflation deals with the previously stated problems as follows. The horizon
problem is trivially solved: due to the exponential expansion the entire observed
region since decoupling is bronght into a cansally connected area. The large scale
isotropy is guaranteed. Also for the flatness problem inflation provides a natural
solution. The deviation from euclidean space is given by the term kc?/S?. Even
if one starts with some reasonable large term, inflation brings it down to merely
zero for t &~ t;. The Qo = 1 solution is a strong attractor for an universe, which
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had an inflationary phase in its past. We can illustrate the “flattening” of space
by an easy example. Assume we are two dimensional and live on the surface of
a 3-sphere, whose radius is comparable to our size. In that case we might notice
its curvature by measuring the well known deviations from euclidean geometry
for instance. Once the radius of our sphere is increased by a factor of the order
of 10%°, say, we will hardly be able to make out any effect of curvature. The
same argument naturally holds for hyperbolical space, too. Notice that we did
not change the topology of space, i.e., setting the value of k from 1 to 0. Inflation
just reduces the contribution of curvature.

The idea of inflation is quite appealing and several mechanisms have been
suggested to realize this idea. It is clear, e.g., from equation (2.19), that we
need a (at least approximately) constant energy density to get an exponentially
increasing scale factor.

We can obtain such a density from a phase transition at a temperature of
about 10* GeV connected to the spontaneous breaking of GUT symmetry. The
theories which describe this symmetry breaking contain a massless scalar field
$, the so-called Higgs field. The behaviour of this field, is guided by a potential
V(4,T), which itself interacts with the temperature of the surrounding.

For very high temperatures T >> 10 GeV the potential has only one min-
imum at ¢ = 0 with V(0) = (10'*GeV)*. When we reduce the temperature to
T ~~ 10" GeV a second minimum occurs at ¢ = 0. For T <« 10 GeV this is the
true minimum with V(o) = 0.

However, the Higgs field may not transit immediately from ¢ = 0 to ¢ = o,
when the universe is cooling down. It might get stuck in the false vacunm state
¢ = 0. If that happens, the energy density is dominated by the constant term
V(0) and the universe expands rapidly. Finally quantum tunneling and thermal
fluctuations will lead to a transition of the Higgs field to the true minimum V(o)
and inflation stops.

One particular potential which was suggested is the Coleman-Weinherg po-
tential [11]. For T' =0 it is given by

2
V(¢) = %,\04 + ¢t (h% - %) ., Ax1073,0%2-101 GeV.  (2.38)

This potential is very flat near ¢ = 0 and drops rapidly to V =0 near ¢ = 0o.
For finite temperatures there is a small barrier near ¢ = 0 with a height of O(T*)
between the false and true vacuum (Figure 2.2). When the temperature of the
universe dropped sufficiently, to about 10° GeV, say, the Higgs field tunnels rather
quickly through this potential well and slowly ‘rolls down’ the gentle slope of the
potential. During this time the energy density remains (nearly) constant and the
universe expands exponentially. The total expansion factor is & exp(O(10?)) for
typical values of the Coleman-Weinberg potential.

When the Higgs field finally falls down and oscillates around the minimum
¢ = o, the decay of Higgs particles into secondaries damps the oscillation and
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0]

Figure 2.2: The Coleman-Weinberg potential for T =0 and T > 0.

leads to a reheating of the universe to T & Tipiia & 10 GeV. The decay process
also explains, why the entropy of the universe is so large. At present we have
s =~ 10% in the observable region. With the main contribution coming from
photons the entropy goes like 7% ~ S73, so the entropy per proper volume is
conserved in an adiabatically expanding universe. Therefore we would have to
explain, why a conserved dimensionless quantity has such a large value. During
reheating a lot of entropy is released by the decaying Higgs field, whereas the scale
factor and consequently the proper volume remains nearly constant. Inflation
provides a natural explanation for the large entropy density today.

A problem in general with all versions of inflation is the growth of density
perturbations, which only works, if the parameters are fine-tuned. Remember
that one of the motivations of inflation was to avoid fine-tuning. So far, no
model of inflation can be considered completely satisfactory (41).

Anyway, the combination of inflation with the Einstein-de Sitter model is
referred to as the standard model, which shows the confidence physicists have in
it. There are, as we have already seen and will see in the next chapter, still some
puzzles left, known for a long time as well as recently occurred. Thus there is

enough justification for the search for alternative and eventually more satisfying
theories [6, 43].



Chapter 3

Motivations for Alternative
Cosmologies

3.1 The Cosmological Constant

Browsing through the history of GR we find that especially one feature behaves
just like a jinn in the bottle. The cosmological constant, released by Einstein, is
always invoked when there are problems to solve. Let us have a closer look at
this mystic constant.

It justifies its existence simply by the mathematical possibility of being in-
cluded in the Lagrangian (2.2). And it is attacked by the aesthetics among
physicists, who do not like its appearance making the theory less elegant. By
the way, we could have also included higher orders of R, but naturally one al-
ways looks for the simplest case and includes higher order terms only if they are
technically demanded or on other reasons, e.g., convenience, philosophy.

As mentioned above, Einstein [16] himself introduced the cosmological con-
stant gnided by the imagination of a static universe at that times. It can easily
be shown that a static universe corresponds to the & = +1 case in the FRW
context with ppatrer = 0 and

All:utit: = %) (31)
where the scale factor is naturally a constant. Obviously A is positive and acts
as a repulsive force to prevent the static universe from collapsing under the influ-
ence of gravitational attraction of the dust particles. Unfortunately this solution
turned out to be unstable, as minor deviations in S caused the universe either to
expand to infinity or to contract back to zero [14]. When Hubble observed the
redshifts of galaxies, which could easily be understood in an expanding universe
a la Friedmann, the cosmological constant disappeared.

In the 1960’s A became popular again, when observations seemed to reveal
the fact, that there was an excessively large number of quasars at redshifts of
z =~ 1.95. So cosmologists concluded the universe should have had a phase of
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constant scale factor like in the Lemaitre model [33]. Therein the scale factor
starts from zero, reaches a plateau and remains there for some time until it
expands further to infinity. This behaviour can be realised, if one chooses A to
be slightly larger than Agaic.

Apparently this was the first time when quantum effects were said to be
responsible for the cosmological constant, where A can be regarded as a vacuum
energy density. This is not contradictory, as in quantum field theories there exists
no “perfect” vacuum. Quantum fluctuations give rise to an energy density. These
fluctuations are the origin of the Casimir effect [10], which was first observed by
Spaarnay in 1937 [33]. Obviously physicists had a possible explanation for the
cosmological constant from quantum theory but unfortunately it does not work
out conclusively at all.

Equation (2.14) including the A-term can be written for the present epoch as
‘N 2
S
S

or with use of the density parameter

kc?
K73

A2 81G

+
L3773

Po (3.2)

to

1 = Q‘k+Q}‘+Qm

Qtot = QA + Qm = 1 - Qk. (3.3)

Here we defined
kc? Ac? &r@G .
O = R = 3R O = 3_H§P° (3.4)

for the present epoch. Observations show that Q does not differ much from

unity and major effects from the curvature term are not expected. So we get for
the contribution of A

51 (3.9)
or in units of length

|\ $107%€ cm™2. (3.6)

This is the total vaciun energy contribution. We want to look at A as consisting
of a bare cosmological constant and a part arising from quantum theory

A = Apare + AQT. (37)

Aqr can be calculated and, if we trust GR up to the Planck scale, the puzzling
result is

Aqr = 10%2 cm™? (3.8)
We face the fact that Apsre and Aqr have to cancel each other at an accuracy of

118 orders of magnitude. There is no obvious reason why some constant should
be so extremely fine-tuned.
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One may not like our separation of A into two parts and argue that there is
only one A, namely from quantum fluctuations. But this moves the problem to
that the particle physics’ prediction is wrong by a factor of at least 108! This
enormous discrepancy leads us to the conclusion that there is either something
wrong with the standard model of particle physics, its application to the very
early universe, or that there is an unknown relation between the free parameters
of particle physics and cosmology, which has yet to be discovered.

Up to now particle physics was quite successful in the context of big bang,
regarding for example the abundances of light nuclei or the number of neutrino
species as mentioned in the previous chapter. Furthermore the symmetry break-
ing during the GUT epoch leads to an explanation for a phase transition and
therefore for inflation.

So we tend to look for the third alternative, a still hidden relation between
the parameters, that leads to an unexpected cancellation. We should draw our
attention to the fact that we calculated Aqr only for one sort of particles, whereas
in reality a whole 700 of elementary particles contributes and consequently has
to cancel out.

A viable solution for A should also explain the inflationary phase, during
which a rather large cosmological constant drives the exponential expansion, and
its small value at present. A small but non-vanishing A might he demanded by
present observations as we will see in the next section. Promising solutions of the
A-problem may possibly be found in quantum cosmology, particularly through
the contribution of wormholes. As this is not part of the work to he done here,
we refer to a review article by Carroll et al. [9] for example. We will also see, how
QSSC provides an elegant solution for A.

3.2 The Age Problem

Of all the cosmological parameters the Hubble constant is the most popular one.
The discussion about the exact value started in the 1930’s and will continue to
the day, when someone will have found a watertight method to measure it.

The value Edwin Hubble found was about 330kms~! Mpc~!. Nowadays the
experts’ opinions converge to an interval from

Hy = 100 ho km s~ *Mpc™? (3.9)
in the usnal notation with

0.5 < hg < 1. (3.10)

How can we determine hy and why is it so important? To deduce the Hubble
constant from the relation

z=HD (3.11)
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Figure 3.1: The Hubble constant as function of the density parameter Qn, (A = 0).

we obviously need the redshift and the proper distance of the extragalactic object.
Note that we did not take into account the object’s peculiar velocity, i.e., with
respect to the cosmic rest frame. We assumed this velocity to be known and
already removed from (3.11). While it is rather simple to measure the redshift,
the proper distance is not at all easy to obtain. For a good description of different
methods see for example Fukugita et al. [18].

The importance of Hy lies in the fact that it allows us to estimate one funda-
mental property of the universe in big bang cosmology, its age. We see that Hy
has the dimension of inverse time, hence Hy' is a time interval, the Hubble time.
Closer examination shows, as is naturally expected, that the matter content has
certain influence on the dynamical evolution of the universe. Like in the previous
section we characterize matter density by Q.. Large Qp, leads to short life time
of the universe and vice versa. Some numerical values for different choices of
parameters are given in Table 3.1. The Hp -ty dependence is more complicated
for all other values of Q.

We should recall that 0, < 1 universes are open, O, > 1 closed. Nowadays
we have to cope with the missing mass rather than with the exceeding mass
problem, so we constrain our discussion to the interval 0 < Q,, < 1.

Figure 3.1 shows Hp as a function of Q. The graphs are labeled with the
corresponding age. Note that we have put A =0 in the preceding discussion.

There are various other methods to estimate the age of the universe. It is
obvious that the universe can not be younger than a single object inside. So if
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Qm to to(ho = 05) to(ho = 08)
0 HLO 19.6 Ga 12.2 Ga
1 3—:{0 13.0Ga 8.1Ga

Table 3.1: Age of the universe for different values of Qy, and ho.

we know the age of some contents we have a lower limit for to.

Stellar evolutionary theory is a reasonably reliable branch of astrophysics.
From the Hertzsprung-Russell diagram of globular clusters, we are able to deter-
mine the age of these apparently oldest structures in the universe. There is a
broad consensus that the oldest globular clusters are around 15 - 18 Ga old. The
lower limits of all these ages range between 12 and 14 Ga.

Nuclear dating methods are unfortunately not very accurate, if they are ap-
plied to the whole universe. One has to rely on some speculative assumptions
regarding the nucleosynthesis of these heavy elements, like 238U, 235U, 2*Th, and
the uncertainties in their abundances. Nevertheless one can obtain a lower limit
of 9.6 Ga [49]. This limit is clearly less restrictive than the ones obtained from
globular clusters. However, the physics of nuclear decay is much better under-
stood than stellar evolution and galaxy formation, so that this limit is more
secure.

We would like to mention a third method, not very reliable at all, but inter-
esting in its argumentation. It is based on the anthropic principle. One can find a
lot of different versions of this “principle”, we may use a sort of weak variant: The
universe or parts of it must be such that we can inhabit it or them in principle.
To be specific, some stars must have completed their life and produced the heavy
elements, that are necessary for our life, which gives a lower limit. On the other
hand, the universe must be young enough that some stars can still provide energy
through nuclear reactions. Estimates from these assumptions yield at least the
right order of magnitude for to, several times 10 Ga.

Returning to the beginning of this section, the Hubble constant, we see that
either a low hg or a low Qp, is necessary to obtain an age of the universe which is
consistent with the limits above. For Qp, = 0.1 we require 0.63 < ho < 0.73, for
0, =1 we need 0.46 < hg < 0.54. The last case is the favourite of promoters of
inflation, as it corresponds to an euclidean universe.

Recent analysis of data obtained by the Hubble Space Telescope (HST) yielded
the result shown in Figure 3.2 [17). Distance measurements to the Virgo cluster
galaxy M100 using the Cepheid method leads to 17.1+1.8 Mpc and consequently
to a Hubble constant of 80+ 17 km s~ !Mpc~!. We can see that only 0.1 < Qn <
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Figure 3.2: Current limits on Hp (in km s™! Mpc™!) and the age and matter
density of the Universe. The box denotes the result obtained by Freedman et al.

[17]

0.4, a low density universe is compatible with this value of Hy and a lower age
limit of 12 Ga. For a ), = 1 model as demanded by inflationary theory, hy = 0.8
leads to to = 8.1 Ga, far below the limits.

In order to save big bang theory we have three possibilities: we could either
doubt this result and believe more in the existing measurements of a low Hub-
ble constant. Or we could reexamine the theory of stellar evolution. Finally,
seemingly the last remaining solution, we can revive the cosmological constant.

For A # 0 and Q,,, =1 the age of an object at redshift z is given by [36)

to(2) = :,2,; (1 + ?2—':)% Hg' {sinh"1 (8—;)% — sinh™? [(g—:\-)% (1+ z)‘g] } ;
(3.12)

In order to get Qo = O + 2y = 1 for inflation, we can chose Qy = 0.1 and
2, = 0.9, in accordance with observations for Q.

to(z = 00) 1.3 Hy' =15.9Ga (3.13)
So we could reach the limits given by globular clusters and the recent measure-

ment of Hy, but the price we pay is the occurrence of A with all its implications
mentioned in the previous section.



Chapter 4

Quasi-Steady State Cosmology

4.1 The Steady State Theory

Before we come to QSSC we would like to give, as a historical remark, an outline
of its predecessor and godfather, the steady state theory.

In 1948 there were two major reasons that gave rise to this theory, developed
by Hoyle [23], Bondi and Gold [7]. From the value of Hubble’s constant known
at that time, the age of the universe turned out to be

to = Hy' =1.9- 10, (4.1)

considerably less than the age of the Earth, the latter being well known from
radioactive dating methods.

The other reason was the appearance of a singularity, the big bang itself. It
seemed to be artificial. Further we have the freedom to choose initial conditions
on a spacelike hypersurface, which should not be possible in a complete theory.
Finally, the laws of physics should remain the same for all times, but exactly this
is violated when we encounter a singularity.

One approach to the steady state theory is the perfect cosmological principle
(PCP). It is an extension of the common CP and states that the universe shonld
have the same properties not only in all directions for all fundamental observers,
but also for all times. We therefore get

S
H= 3= const = Hy, q=-1 (4.2)
and
S ~efft, (4.3)
As the curvature is given by the expression k/S? and it should also remain un-
changed in time, we arrive at an euclidean spacetime (k = 0) with the line
element

ds? = 2dt? — 2! (dr? +r*(df? + sin?0d4?)) O (44)
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The steady state theory provides also an argument for the sign of Hp, until now
undetermined, without measuring the redshift of galaxies. If Hy = 0 was true,
the universe would be infinitely old. As already pointed out by Olbers in 1826
[40], such an universe should have reached thermal equilibrinmn already and sky
at night should be as bright as during the day. For Hy < 0 the situation would
be even worse. So Hy > 0 remains the only possibility.

Regarding the matter density in the universe, one obviously needs matter
to be created, in order to keep the density constant. The rate of creation is
quantified by the following calculation. The proper volume increases as

So the total mass M must increase as M = Vg, or

M = 3HOVp0 (4.6)

The rate of creation per unit volume is therefore

Q@ = 3Hopo
2107 K3 Qogem s (4.7)

For present values of hg = 0.8, 0y = 0.2 we get an average creation of one nucleon

per day and km®. This creation of matter is basically a violation of the energy
conservation law.

T%, #0! (4.8)
One way of describing the matter creation is to use a scalar field. As this feature is
also incorporated in the quasi-steady state theory, we will postpone the discussion
to the next section.

Steady State was finally abandoned on grounds of counts of radio sources, the
discovery of the CMB, its perfect Planckian spectrun [33] and the abundance of
light nuclei, which are said to be primordial in the context of big bang, whereas
in steady state they are formed in stars only. Nevertheless, one of the merits of
steady state is that it enlived the discussion on different cosmological models and
acted as a stimulant for research. In Popper’s sense it is a good theory, because
it made clear-cut predictions that could be proved or disproved.

4.2 Field Equations

We will now derive the field equations of QSSC, a theory proposed by Hoyle,
Burbidge and Narlikar [27, 28, 29, 30 as an alternative to big bang cosmology.
Again, as in usual GR, we start with an action A to derive the field equations.
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The difference now is that we look for conformal invariant equations. A conformal
transformation is given by

i = *(X) gir, (4.9)
which scales distances between two points by Q(X), but leaves angles and orien-
tation unchanged.

The reason to demand conformal invariance is that the causal structure of
spacetime is not changed under these transformations. The light cones remain the
same. Nonetheless it is clearly not valid to use the extreme cases Q =0, Q = oc.
It is not possible to extend the metric down to a singularity, for example to the
big bang or beyond.

It can be calculated from (4.9) with more or less effort

da* = Qda
-5 = 2'V—g
R* = Q7*R+6Q7'0Q). (4.10)

The last relation clearly destroys the conformal invariance of the action used in
Section 2.1

c3
Agay = m/V(R- 2N) V=g d's. (4.11)

Qur Ansatz for the action is
A=-Y / M©(4) da, (4.12)

where a denotes particle ‘a’, A its location in 4-space and M(®) its inertia. Ac-
cording to Ernst Mach [34] inertial forces should arise entirely by motion of a
particle with respect to the background matter. Here we take the particle’s iner-
tia determined by other particles present in the universe

M@(4) =Y p? / G(A, B) db (4.13)
b

p is a coupling constant, G(A, B) a Green function. It is a biscalar which prop-

agates the contribution of particle b from B to A. G(X, B) obeys the conformal
invariant wave equation

0.G(X, B) + %R(X) 6(x, B) = 24X B) (4.14)

J/-9(B)

Under conformal transformations we require G(X, B) to scale like

G*(X,B) = =

1 .
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From (4.13) it is clear that M(X) obeys the transformation law

M) = Gy M), (4.16)

hence the action (4.12) is conformally invariant.

The field equations can be obtained in the nusual way. We vary A and set
A = 0. In this case we have

A = =% / [6(M@(4)) da + M®(A) §(da)]
= - / [Gik + Ti)v/—g bg™* d'z
= 0 (4.17)

The energy-momentum tensor Tj has the form of a set of relativistic moving
particles

_ i gk
T =3 / M) A) ‘;“ ‘f; da (4.18)

a \-9(4) da da
The Einstein tensor Gy looks now more complicated as in the standard case.

Equation (4.14) has retarded and advanced solutions. We write the retarded
solution as

M™(X)=Yp / (X, A) da (4.19)

and M*d¥ analogous. The result after a rather tedious but straightforward cal-
culation is {26]

1 1
G.’k - E(qu _ Egth) MretMadv
1
_E(M:derket + M'r‘etMidv _ gikgabM:,,de,?t)

1

3

[(MretMadv);._k — gikD(MretMudv’)] (420)
Both M™ and M®" are not completely determined as the homogeneous wave
equation can yield different solutions. By the physical requirement that fields

without sources have to be zero this ambiguity is removed. From (4.14) we get
for the retarded and advanced solution

1
D(Madv _ Mret) + aR(Modv o Mret) =0. (421)
With the boundary condition this gives

M™ =M =M (4.22)
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We can therefore write (4.20) as

1
6
1
-M;M; + EgikgabM,aM,b
1
+z (M%) ~ gaeD(M?)] (4.23)

In contrast to Einstein’s field equations in Section 2.1, (4.23) is conformally in-
variant. The masses of particles depend on their coordinates X. We can get

constant particle masses, if we choose a particular conformal factor Q(X) such
that

1 .
G = Mz(Rik"EgikR)

1 _
= —— = t. 24
m Q(X)M(X) cons (4.24)
All derivatives of M drop out in (4.23) and we get the well known result
1 .
R.,'k = Eg,-kR = -—K,T,'k (42-.))

with & = 6/m?. We will obtain the nsual form of this coupling constant in a
minute. First note that the action (4.12) should be a dimensionless quantity as
required by quantun mechanics, where exp(¢A) gives the probability amplitude
for the occurrence of a particular configuration in a volume V. The mass field
M had units of inverse length in our calculation so far, hence (4.12) was dimen-
sionless. When we want to restore conventional units for masses, we have to
replace

m % (4.26)
in & and Ty. We can see that the Compton wavelength was used as a natural
unit for particle masses. After this transformation the constant & looks like

It takes its usual form k = 87 G/c?, provided we define the gravitational constant
G as -
c .
' 4.28
4mm? (428)

We note that, if G has its usual value, the particle’s mass is the Planck mass

G=

3he |/ s .

This relationship can be looked upon in two different ways. If we assume G
to be one of the fundamental constants then it determines the mass of particles
of our gravitational theory. Or we regard the value of my, which is the result of
our scaling to obtain constant particle masses, as fundamental. In this case the
gravitational constant is fixed by the matter content of the nniverse.
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4.3 The Cosmological Constant Revisited

We have already seen that G can be related to the background matter in the

universe. What about A? So far there was no reason for the cosmological constant
to appear.

It turns out that we can actually derive A in the right order of magnitude, if
we choose a more general case of the wave equation (4.14). Withont destroying
the conformal invariance we can include a term proportional to G3*(X, B). The
resulting equation for one particle a then reads like

54XA

4.30

This is unfortunately not a linear equation any more, so we can not obtain a
solution for M = ¥, M® by superposition of all one particle equations. Assumed
all particles have the same mass, we can write the wave equation for M as

64XA)

4.31

with A = N2, the inverse square of all Planck pa.rtlcles present in the universe.
Now we have to relate A to the cosmological constant. Consider the action

= ;/(M"M —-RM”) V=g d%
+ZA/M4\/—_d“z
(X, A)

_; / \/T (4.32)

Variation with respect to M leads to (4.31) and if we set M = m = const and
use the deﬁnirion of G we get

= %G (R”’A( =) ) VEgds+ [ L/ Tgde. (43

Comparison with (4.11) leads to

3, [mc\?
r=-5a (3. 434
A (% (4.34)
A rough estimate gives that the total observed mass in the nniverse is about 108

nucleons. These could be theoretically combined to ~ 10%! Planck particles. A is
therefore of the order 107122 and the result for the cosmological constant is

oM@ + %RM (@) 4 M) = /

1
aOM + = AM? = /
+6RM+\M Xaj

A=~ —-10"%cm™?, (4.39)

which matches fairly well with the observational constraints. Note that X is neg-

ative. It acts as additional gravitating mass, unlike in Einstein’s static universe,
and slows down the expansion,
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4.4 Creation of Matter

Until now we did not depart drastically from the standard picture of GR. We
obtained the field equations, which are scale invariant and which reduce to the
standard form in a particular scale with M(X) = m = const. In what follows we
put ¢ = h =1 unless mentioned explicitly.

However, in QSSC we have the phenomenon of matter to be created like
in steady state theory. In the latter creation was necessary to combine the PCP
with the expansion of space, the matter content had to remain constant. Creation
occurred thronghout spacetime at a small rate. In QSSC, as we will see, creation
takes place only in regions with strong curvature and is of explosive nature.

The concept of creation of particles, i.e., broken world lines, can also be
related to requirements from quantun mechanics. When calculating the quantity
exp(14) in a volume V, this volume should be entirely arbitrary. Instead, in
standard big bang cosmology V is chosen such that ¢ > 0 for all interior points.
All world lines start at t = 0, a point which is placed outside V. In QSSC the
more general case is considered, that world lines of particles start at different
points and all these points are included.

The process of creation can be described by including a mass less scalar field
¢(X) in the mass field M(X). This formalism was developed and widely used
by Hoyle and Narlikar in the 60’s [24, 25]. So we regard M(X) to consist of two
components

M(X)=m(X) + c(X). (4.36)

The contribution of the c-field is due to short living primaries, that decay into
n stable secondary particles, such as baryons. To be specific, matter is created
as Planck particles with mass m, = 1075 g and mean life time 7 = 107*s. The

stable particles give rise to m(X), which we will make constant by a suitable
choice of scale like in the previous section.

X) = Y dIX) (4.37)
>3 me)(X) (438)

a r=1

ER
>
I

From the action for this inertia field we can obtain a conservation law for the

creation process. We vary the action with respect to the starting point of the
particle’s world line.

A = —Z[(m+c)da
a3

Ao+640

= —Z / mda—z / cda

% Ao+64o @ 4
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= -y / mda = 3 c(do)r (4.39)

® Ao+640

The last step is justified, as the life time of a Planck particle is very short. In the
steady state theory a similar action has been considered

A=-Y [ mda-Y 0(40) (4.40)
? Ao+640 ¢

The analogy is easy to see: C = cT.
The conservation law is now given by

dz* .
= m_da; gik+ckT =0 (4.41)
or
p_m
cact = (4.42)

In general, i.e., in flat space, this condition is not satisfied like in steady state.
In the latter creation was possible throughout spacetime but at a much smaller

rate. However, in the vicinity of a massive body spacetime can be described by
the Schwarzschild metric

2
d82 = (1 — '?%4'—) dt2 — ﬁ‘ c— T2d92. (4.43)

On grounds of symmetry we regard only time and radial derivatives of ¢(X) and
it can be shown that the left hand side of (4.42) increases as one goes to smaller r,
while m?/72? remains constant. Thereby creation should only occur near massive
objects.

How do the field equations (4.23) look when we use the form (4.36) for the
inertia field? Let us first recall, that m(X) = m = const, so all derivatives of
m(X) drop out. We further note the very small contribution of ¢(X) to M(X)
compared to m(X), as the life time of Planck particles is very short. Nevertheless,
we can not neglect the derivatives of ¢(X). However, when we average over
many Planck particles, terms linear in ¢;(X) will cancel each other. Under these

assumptions and including the cosmological constant we get from (4.23) and
(4.28)

1 8t G
R;. — EgikR'i' Agik = — = [Tk + Cir] - (4.44)
The contribution of the c-field part on the right hand side is given by

2h 1
C.'k = ——3—c (C';C,k = Zg.-kc';c'l> “ (4.45)
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Its (0,0)-component clearly shows that ¢(X) is a negative energy field.

R
Co =—-—¢&. 4.46
0 92 ( )
If we furthermore make the usual assumption of homogeneity and isotropy for
the universe, spatial derivatives in (4.44) will vanish and we get

Ce = ié’. (4.47)

6c
Negative pressure occurs through the c-field, the former driving the expansion of
spacetime. The process of matter creation looks now as follows. In a region with
strong curvature condition (4.42) is satisfied. Planck particles are produced and
the c-field transits down to a lower state. Usually this would lead to an instability,
as there is no lowest energy state and the field wonld continue cascading down.
The process will be explosive, anyway, but due to the negative pressure space

expands. The c-background will decrease and fall below the threshold, thus
creation stops.



Chapter 5

The Dynamics of QSSC

5.1 The Field Equations in Robertson-Walker
Metrics

Like in Chapter 2 we make simplifying assumptions to obtain solutions of the field
equations (4.44). We regard the cosmological principle to be valid. It will turn
out thay even Weyl’s postulate is obeyed World lines of fundamental observers
do not intersect like in big bang.
Our energy-momentum tensor is the same as in the FRW-models, dust without
pressure,
T,'k = pczu,-uk. (51)
We have already seen in the previous chapter that the contribution of the c-field
looks like

2he -
C,‘k = —T(c,,-c,k - Zg,'kc_gc"). (0.2)
The CP demands spatial derivatives in (3.2) to vanish, leading to
; 2he, 1 ;.4 .
Ck = —T(C' Ck — E&C ) (03)
The only non-zero components of C} are
R
o = ——& 5.4
CO 2Cc (0 )
ce = glc& (5.5)

Using the form of Robertson-Walker metrics (2.13) together with these results
and (5.1) we get from (4.44) two equations for the scale factor.

S? + kc? ) 4rGh , .

3T = Ac’ +87Gp — = c (5.6)

S S 4k ,  47Gh , .
922 4 2 T 2° SIS -

25 + Iz Ac” + 73 ¢ (5.7)
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Even in the case of mass creation, i.e., %, # 0, in this model, a more general
conservation law still holds.

(T* +C*) =0 (5.8)
We can calculate this straight away or derive it from (3.6) and (3.7) to
h S .9 22 S b
ﬁ (4§C + 3¢c ) = 3§p + ng. (09)

If we set the right hand side of (5.9) to zero, we get the conservation law of
standard big bang, namely no creation of matter and p ~ §-3. For the c-field
(5.9) leads to ¢ ~ S~%. Generally spoken, for small S the background of the
c-field could be large enough to satisfy the creation condition (4.42). In order to
deal with the solution of (5.6) and (3.7) we regard two separate cases, one with
matter creation, the other without, and combine these two solutions afterwards.

5.2 The Creative Mode

We assume that condition (4.42) is satisfied everywhere and for all times, thus
we have an overall and continuous creation of matter.
mc

ér = (5.10)

We regard only time derivatives in accordance with the CP. This scenario is
similar to the steady state theory, so we use

i -
S = Soexp (7)-) (3.11)
as Ansatz for the scale factor to solve (5.6) and (5.7) for k = 0:
il a 4w G m? y
3F = A + 87I'Gp - ’—,{C—T—z (0.12)
1 ,  ArGm? .
leading to
2m?
= 5.14
1 A 2nGp o

Now, let m = my, 7 = 7, and we get a result which seems puzzling at first glance.

p = 6-10%gcem™®

P = 7,
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The universe would be as dense as a Planck particle and would expand with
a characteristic time scale of the order of the Planck time. But this result is
expected under the assumption, that (4.42) holds at all points in spacetime. It
shows that the creation process is of explosive nature and extremely violent. If
we make the more realistic assumption of matter creation to take place only in
strongly curved regions, we expect that the average of all these single creation
events lowers to a reasonable level.

In case k # 0 we get similar results, the scale factor looks like

S = cPcosh (%) , k=41 (3.16)
S = cPsinh (%) ; k=-1 (3.17)

P is again given by (3.13).
It is a well known feature of de Sitter solutions that spacetime has a constant

curvature in four dimensions. The three solutions for k = 0, %1 are in fact just
three different sections of the same space.

5.3 The Non-Creative Mode

In this case condition (4.42) does not hold anywhere. The covariant derivative of
(5.8) vanishes for both terms separately

Tik_k = 0

C*, = 0. (5.18)
From (5.9) we see for the non-creative mode

p ~ 8§73
& ~ S (5.19)

We can write (3.6) as follows.

S? + kc? 8rGpS®  4nGhRE 5
S

The barred quantities are constants from integration of (5.9). We will look at
them when we consider the composite solution.
In the following section we will discuss the general behaviour of the scale

factor as determined by (5.20). After that we will find an exact solution for the
scale factor.

(5.20)
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5.3.1 Phase Space Analysis

For simplicity we denote (3.6) and (3.7) in the following way:

S+ k A B _
—— = pys i (3.21)
S . 5'+k B
e (5.22)

We have put Ai=c=1, A = 3) and

A = %;35‘3 (5.23)
= #E’S*. (5.24)

Most of the following analysis will be done with use of (3.21) only.
Let us consider the case k = 0 first. (5.21) gives

. A B
2 __ 2 g L8 Bt
Se=A8+ S (3.23)
The roots of the right hand side of this equation, i.e., the extrema of the scale
factor are approximately

| o

Sminz

(5.26)

1/3
Smax ~ (_é) . (:)27)

In the first case we neglected the influence of A for small S, in the latter the
influence of B for large S. As we expect approximately equal contributions from
all three ‘sources’ A, B and ), the results are fairly accurate. However, these
values are exact for either A = 0 or B = 0 respectively. For A = 0 the scale factor
becomes minimal at § = Sy, but has no upper limit. Without the c-field S has
a single extremum at S = Sp...

If we look at i 4 B
. 3
—_Q2 -l — = 3.2
dSS 228 5 +2S3 0, (5.28)
which gives the extrema of the ‘velocities’ S, we find that there exists no ex-
tremum for B = 0, but for A = 0.

A 1/3
= === 5.29
B=0: § <2A) <0 (5.29)
A=0: S=% (5.30)
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Figure 3.1: Two typical possibilities for the scale factor in absence of either the
c-field or the cosmological constant.

These two extreme cases can be characterized as follows. The c-field acts as a
repulsive force, which prevents the scale factor from reaching zero. There is a
lower limit, given approximately by Smin. The negative cosmological constant
tends to slow down the expansion. As its influence does not decrease with in-
creasing S, like the influence of matter, we get an upper boundary Smax. Absence
of the c-field yields to a singularity. Without A we have a bouncing universe, i.e.,
the scale factor starts at infinity, contracts to Spin and expands again to infinity.
Figure 3.1 shows these two possibilities.

Therefore, in order to get closed trajectories, i.e., an oscillating scale factor,
we require

A< 0
B > 0.

In fact, there is a third condition. Looking at (3.23) we notice that there is an
upper lnmt for B. If B > Bpax We can not get any real solution for S. For k=0
this limit can be calculated from § =0 and d 52 = 0 and yields

3 A4 1/3 ) .
Bmax = Z (—IA-) . (031)

If B < Bpax we have an oscillating scale factor as shown in Figure 5.2 for different
values of the parameters A, B and A.
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Figure 5.2: Trajectories in phase space for different values of A, B and A. The
‘*’s denote a static universe.
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Figure 5.3: Increasing B leads to a static universe

As a curiousity we can obtain a static universe, marked by ‘%’ in the figures.
These solutions are stable unlike the static universe of Einstein. We have set

S=0and §=0in(5.21) and (5.22). We easily find

A 1/3

static = \ =73 . 5.32

S tat ( 4A) ('J 3 )

To reach such a solution, we can for example keep A and A fixed and increase B

until i
3( At
B=Bpux=-\|—-—7 J.
1 ( 1 )\) (5.33)

as in the previous discussion. Some trajectories for this procedure are shown in
Figure 3.3. The static universe is an extremely fine-tuned state. It corresponds
to a single point in parameter space. For smaller B we have small oscillations,
for larger B we will not have any solution at all. The universe behaves similar to
a pendulum which gets slightly pushed from a stable position of rest.

Including the curvature term k shows no difference in principle. For k = +1 it
is easy to see, that Smin increases and Smayx decreases. It is the other way around

for k = —1. In Figure 3.4 we show the influence of k on the behaviour of the
scale factor.
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Figure 5.4: Influence of the curvature term k on trajectories

Now Sgtatic is given by

swe= (B + @) (-G + @) 60

and the maximal value for B by

Bmax = _3As:totic + kSsztetic' (535)

We should note that for & = —1 Equation (5.34) is only valid as long as X is
smaller than

8 . .
Ama:n: = —_27A2 . (036)
For A = Anax We get from (5.34)
3 .
Sltatic = 'é'A; (037)

which is the upper turn-around point for § in the phase space diagram. There
are actnally two more solutions, but these are not of any physical relevance as
they lead to a negative scale factor.

Saja = —%A _ (5.38)
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Finally, if X > Anax, We get three solutions again, and again there is only one
positive.

2
—6A

S =

oS [% cos™! (%A\/—_GX)] (5.39)

5.3.2 Exact Solution

From the qualitative analysis in the preceding section we expect an oscillatory
solution for the scale factor. In the series of papers concerning the QSSC (27, 28,
29] Hoyle et al. assumed the form

S(t)=S (1 + 7 cos gg—t) (3.40)

during the interval without creation of matter. The parameter 5 satisfies the
condition

0<n<l

to avoid a singularity. This is in accordance with the discussion above. The

oscillation period Q is of the order of several billion years. The meaning of § will

be discussed later. Basically, S is related to an overall exponential expansion.
We will now calculate an exact solution for S(t) and we start with the form

St)=8(1 +ncosb(t)). (5.41)

The linear relation between ¢ and 8 and the free parameter @ are replaced by a
function 8(t), which has to be determined. If we put (5.41) into (5.20) we get

k_cz_ 8nGp 4nGhe’

292 :.2 =\ t0S -
3n?6?sin® 0 + 52 = Ac (1+T’('OS€)+1+T]COSG c3(1 +mncos§)?

(5.42)

Two more conditions can be obtained, when we make use of the extrema of S.
We set Spmax = S(6 = 0) and Spin = S(6 = 7), and note that § = 0 at these
points. From (5.42) we then have

— =2 2
8rGp 47 Ghe 3 ke _0 (5.43)

2 — —
G (e R S L T

In the end these relations yield  and & as functions of 9, k, X and §

Ac? ) 3kc? .
P = gttt em (5:44)
-2 Ac® = I 3kc® 2 -
¢ = —pap(l=n)n"+3)+ —=m (1 —n). (3.45)
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Figure 5.3: 4(t) for k = 0 and n = 0.75. We set A = —10"%6 cm™2, to get a time
scale in Ga.

After some calculation we get an equation for 6, which is unfortunately not an-

alytically to integrate. This could have already been seen from (3.25), as that
equation leads to an elliptical integral.

1 V—:; 3k 1/2 §
= \/?7(1+n:oq ) (’72 L Uepdealonag = Ts’z) (5.46)
or
: = V3 /9 1+ncosd’ -
vV=-XcJo \/.,’2(,0529:_*_4,700591_'_6_'_”2_%

V3 -
St ). (5.47)

The integral can be evaluated numerically. All results for ¢ scale with (—X)~%/2,
s0 we set A = —107% cin~? for this section in accordance with Section 4.3. A
more accurate determination will be given later, when we relate the theoretical
results to observations.

In Figure 5.5 we show the §-t-dependence for k = 0 and n = 0.75. The
deviation from a linear relation is apparently maximal around the minimum of
the scale factor, at § = m. It is easy to see from (5.47) that for = 0 we have
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Figure 5.6: Larger n lead to more deviation from a linear relation between 6 and
t. ) takes different values to get the same oscillation period for the different
values of n = 0, 0.25, 0.5, 0.73, 0.95.

again 6 proportional to t. Figure 5.6 illustrates the influence of # on the non-
linearity of 6(t). Here we used different values for A to get the same oscillation
period Q. The latter is obviously given by (5.47) with the upper limit 8 = 2.

V3 p
Q= —\/_=)mf(fl,27f) (5.48)

The change of @ with 5 is shown in Figure 5.7 for the three different curvatures
k = 0,%1. For the numerical evaluation in case k # 0 we assumed S = 102 cm,
the Hubble radius.

It can be seen that the oscillation period is larger for k = —1 and smaller for
k = +1 than in the enclidean case. The period decreases for all three possibilities
with increasing amplitude n. We note that the previous mentioned analogy with a
pendulum does not match perfectly, as the period is independent of the amplitude
for the latter. However, the change in @ is not very large.

The difference of §(¢) for k = 0,1 for the same values for # and A is illustrated
in the next Figure 3.8. At first sight it seems to be possible to go from one case
to another by a simple rescaling of time. This is not the case as one can see from
Table 5.1, where we calculated several ratios of time for different k and equal 7.
Rescaling fo time would be successful only if there would be the same ratio for

all 6.
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Figure 5.8: 4(t) for the three possibilities k = 0, £1 (7 = 0.75).
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0 t_yft,  to/ty

0.05 1.35732 1.13857
0.80 137670 1.14415
1.6 1.43185 1.13842
235 1.52126 1.17664
3.15 1.60313 1.18893
3.90 1.66647 1.19839
4.70 1.69362 1.20499
5.00 1.65600 1.19946
6.30 1.60135 1.18862

Table 5.1: Ratio of time t,(8) for k =0, +1

(I) 10 20 30 40 50 60

t [Ga]

Figure 5.9: Comparison of exact and approximate solution of the scale factor in
a non-creation interval
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t [Ga]
Figure 5.10: The influence of curvature k on the scale factor

Until now we have looked only at 6(t) but not at the scale factor and its
difference to the approximate solution (5.40). We adjusted amplitude and period
of both solutions and show the result in Figure 3.9. The amplitude is n = 0.8
and A = —0.88 - 107%€ cm™2, but these exact values will be important only when
we deal with observations. We notice the narrower troughs and flatter crests as
compared to the approximate solution, which is represented by the dashed line.

Figure 5.10 illustrates the influence of k. Again we have the difference in
Q, but additionally even narrower troughs for £ = 1 than for £ = 0, —1. The
contraction and expansion is more rapid in a closed universe.

Recalling the parameter B from the preceding phase space analysis, we can
illustrate the general behaviour of the scale factor in Figure 3.11. The static
solution corresponds to B = By, or n = 0 respectively. For decreasing B we
get oscillations with small amplitude n and long period @. Even smaller B are

equivalent to large n and shorter period. It can be seen that solutions with large
7 deviate more from a pure cosine solution.

5.4 The Composite Solution

In general we will not have just one of the previously discussed modes but a
mixture of both. Creation of matter is very likely to occur around the minima of
the scale factor as the c-field background is then the highest. We expect a series
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Figure 3.11: Solutions for different values of B

of free oscillations in between which matter is created.
In order to find a combined solution, we have to relate barred quantities like
bl
p to the corresponding non-harred. From the de Sitter like solution we have

2nGpps = % - (5.49)
and from the oscillation
2rGp = —A(1+17?) +%%672 (5.50)
-3 = i%%ﬂ. (3.31)
With these equations we get
-1
ﬁ%i = (1 + ?*%) (1 +10 + g;%:) . (5.52)

As we expect the time scale of exponential expansion to be much longer than
one oscillation, P < @, the second term in the numerator can be neglected. The
third term in the denominator can essentially be written as k.

pDS 1
p l+n?+k

(5.33)
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During one oscillation we had poe ~ S73, leading to pmin = p(1 + 7)~2 and
Pmax = P(1 = )73, ergo

1 Posc 1
< =— < .
(14972 5 (1-19)

p has been sort of a mean density during one cycle. It can be seen from the last
two relations, that ppg also lies between these two limits. It therefore suggests
itself to identify pps with this mean density.

The rate of creation can be calculated in the following way. According to the
principle that every cycle should be an exact repetition of the previous one, we
need creation of mass as space has expanded due to the de Sitter like solution
after one particular oscillation. The amount of new matter is therefore

(5.54)

(p+Ap)e™F = p (5.55)
or, as P € Q, A Q
p . 3Q e
S~ (3.56)

In the end we find that a solution of the form
S(t) = et/F (1 + ncos 6(t)) (5.37)

is very well suited for the quasi-steady state cosmological model (Figure 5.12).
For the future calculations we choose k = 0, for convenience and for it was shown
that there is no major difference to the other cases.
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Figure 5.12: Nlustration of the scale factor in QSSC. The expansion time scale is
P =20 Q, the oscillation amplitude n = 0.8. The dashed line (- - - -) shows the
exponential expansion.



Chapter 6

Observational Tests

6.1 Parameters of QSSC

We have seen that the general solution for the scale factor in QSSC is an exponen-
tial expansion superposed with an oscillation. We will now relate the parameters
of the theory A, , P, and ty to observations. P will be determined later by ra-
dio source connts. The present epoch ¢y is measured in units of the oscillation
period @ since the last maximum, (¢t = 0) = 0.
The Hubble constant is given by
1 7 siné

H=—-—

P 14ncosb (6:1)

Assuming a maximal redshift for sources located at the minima we get a condition
for 7, when we for the moment neglect the exponential expansion.

cos 0 = Zpax (l - 1) -1 (6.2)
n
or
0 < Zrnax (% = 1) <. (6.3)

We will use these two quantities to determine the other free parameters. We
recall from (3.47) that § ~ /=X and therefore Q ~ 1/v/=X and H ~ v/=X. The
Hubble constant can be scaled with the cosmological constant. This is, however,
not possible for the deceleration parameter q. The latter is given by

18

1= -~

1 (1 nsinﬂ(%é-t—é)—nmsﬂsz)

T H\p? 1 +ncosd

(6.4)
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with 10
. N sin : : .
0 = —————(8 —7ncosf —2). (6.2
(1+17c056)2( 77 <08 ) (6.5)
Note that g is a function of n and 8 only. In Table 6.1 we started with the values
for ho = 0.73, 2max = 3 and P = 20Q. For 5 within the possible range as given by
(6.3) we calculated the dimensionless oscillation period ¢, the angle 6 from (6.2)

and the present epoch to. Using ho we get A and therefore Q in units of time.
Finally we obtain from 6 and 7 the deceleration parameter gq.

It is interesting to see that for the minimal possible n we have to go close to
the scale factor maximum at 8 = 27 for the demanded zpa,. As S approaches
zero at this limit, the Hubble constant becomes very small. A large cosmological
constant is required to scale ho to its desired value, leading therefore to a very
short oscillation period in physical units. We showed already in Chapter 3.3 that
€ does not vary significantly with n. However, go is independent of X, so that the
small ‘scaleless’ Hubble constant causes a considerable rise for 8 approaching 2,
where go diverges. ,

At the large  end we are closed to the minimum, § = w. The scale factor
shows a steep incline, therefore hy becomes large. We need X to be small, on the
other hand leading to very long oscillation periods. Whereas ¢ is very sensitive
for smaller 9, it does not vary much in this region.

In previous papers Hoyle et al. {28, 29] had used the approximate solution
and they had chosen the following values for the parameters:

n = 0.75, to = 0.85

P = 20Q, @Q@=40-10°a
They obtained a Hubble constant of hy = 0.65 and a rather high deceleration
parameter go = 1.725. The maximal redshift was z,,, = 4.86. This choice of

parameters also took care of the age of globular clusters, which are about 14 Ga

old. Hoyle et al. assumed these structures to have formed during oscillatory
minima.

Table 6.1 clearly shows that this set of parameters is not compatible with the
exact solution. We could, however, change A to get the same Hubble constant,
but @ would be generally too small and q far too large. \

In accordance with recent measurements of the Hubble constant [17] we take

ho = 073, t,=0.7
n = 080, P=20Q

Hence the other parameters take the values

Zmax = 0.1
A = —0.88-107%6 cm?
Q = 43.8.10%a
@ = 0.99
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n ¢ 6 to A Q 9o
[10~%¢cm =2 [Ga]
0.72 230467 35.94829 0.920961 -24.6173 8.50393 17.6998
0.73 2.29789 5.72708 0.869036 -8.84399 14.1461 6.5631
0.74 2.29104 3.57073 0.832619 -3.09866 18.5754 3.92922
0.75 2.28413 5.44212 0.802928 -3.41435 22.6301 2.74865
0.76 2.27715 5.32983 0.777271 -2.43952 26.5827 2.08118
0.77 2.27012 35.22851 0.754392 -1.84718 30.5793 1.6345
0.78 2.26302 5.13512 0.73339 -1.42365 34.7232  1.3603
0.79 2.25587 5.04775 0.714424 -1.11346 39.1039 1.14692
0.8 2.24866 4.96507 0.6966 -0.883007 43.8101 0.986553
0.81 2.24139 4.8861 0.679912 -0.703084 48.9381 0.862913
0.82 2.23407 4.81011 0.664208 -0.361131 24.5996 0.765801
0.83 2.22669 4.73649 0.649375 -0.447637 60.9298 0.688513
0.84 2.21926 4.66475 0.635328 -0.355974 68.0977 0.626452
0.85 2.21178 4.59447 0.622002 -0.281499 76.3198 0.576354
0.86 2.20425 4.32525 0.609348 -0.220799 85.8807 0.335831
0.87 2.19668 4.45674 0.59733 -0.171316 97.1626 0.503094
0.88 2.18905 4.38838 0.583921 -0.131082 110.692 0.476765
0.89 2.18138 4.32041 0.575103 -0.0983489 127.215 0.455761
0.9 217367 4.25183 0.564869 -0.0724766 147.818 0.439212
091 2.16591 4.18243 0.555215 -0.0518473 174.145 0.426402
0.92 2.15811 4.11169 0.546148 -0.033809 208.791 0.416731
0.93 2.15027 4.03898 0.537683 -0.0236332 256.074 0.409683
0.94 21424 3.96346 0.529842 -0.0146841 323.675 0.404805
0.95 2.13448 3.884 0.52266  -0.00839468 426.504 0.401691
0.96 2.12653 3.79886 0.516188 -0.00423013 297.177  0.399966
0.97 2.11834 3.70515 0.510499 -0.00177433 920.776 0.399279
0.98 2.11033 3.59728 0.305708 -0.000520302 1693.61 0.399292
0.99 2.10248 3.46077 0.502015 -0.0000644326 4795.25 0.399665

Table 6.1: Parameters for hg = 0.75, Zmax = 5 and P =20Q
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Taking the exponential expansion into account, the maximal observed redshift is
slightly higher than 5. It should be mentioned that the time elapsed since the
last minimum in this case is about 8.8 Ga.

In the following sections we work out observational features of QSSC, using
the exact solution for the scale factor and the above values for the parameters.

6.2 Counts of Radio Sources

6.2.1 * Principles

The number counts of radio sources is one of the classical cosmological tests. As
the results depend on the geometry of spacetime, we should be able to distinguish
between different cosmological models. We will give a general overview about the
underlying principles, after that we will apply the formalism to the QSSC.

In a static euclidean space there is a simple relation for the flux from a source
with luminosity L at distance r

L
F=175 (6.6)

For the number of sources up to a given distance we have

N==7xnr’

3 ?
where n = const is the density of sources per unit volume. We can combine these
two relations to

(6.7)

N*F® = const (6.8)
or, equivalently

dlog N 3 :

T o (6.9)

It is nothing else than the well known volume-surface relationship in euclidean
geometry.

In a FRW-like universe the formulae above look of course different. Due to
the expansion of space we expect less faint sources, whereas the deviation from
the euclidean result should be less striking in our neighbourhood.

The simplest case is the matter dominated Einstein-de Sitter (EdS) model,
k=0, Q2 =1. It is convenient to use the redshift z as a distance parameter. We
can write the flux reaching us from a distant source as

L

e 4n D%’

(6.10)
Here we defined the luminosity distance Dy, as

Dy = Sor(2)(1+ 2) (6.11)
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in order to make (6.10) look similar to (6.6). In an EdS universe Dy, looks like
. 2¢c 1/2
DL—E((1+Z)—(1+Z) ). (6.12)

Astronomers do not measure the total (bolometric) flux F, i.e., integrated
over all wavelengths, but only in a frequency range given by the bandwidth of
the instrument. The appropriate quantity is therefore the flux density F. The
objects of interest are extragalactic, like radio galaxies, so the flux quantities are
very small. The common unit is Jansky, where 1Jy = 1072 Wm~2Hz"!. We
find the flux density as a function of frequency to be

_ LI(v(1+2))

Flv) = 4w SEri(1 +2)

(6.13)

Here I(v) is the intensity function, which gives the lnminosity in the emission
frequency range v...v + dv in the rest frame of the source

dL = LI(v)dv. (6.14)

In order to make calculations easier, it is very common to use a power law for
I(v) with a spectral index a

Ivy=v"" (6.13)
For a power law spectrum we can write (6.13) in the simpler form
L .
F(v)= i . 6.16
(v) 4w Ser2(1 4+ z)1te ( )

The quantity L, is called power and is the luminosity per frequency. In the case
o = 1 the spectrum is also referred to as a logarithmic spectrum. We will assume
this form for the remainder of the chapter.

The number of sources in a shell with volume dV is generally given by

dN = nCMdVCM. (617)

The index cM denotes quantities in a comoving frame. Expressing ngm through
today’s proper density we get

dN = nyS3 dnridr. . (6.18)
With the coordinate radius
i 2¢ -1/2
P (1-(1+2)77) (6.19)
and 4
] — £ -3/2 9
= S (1+2) (6.20)
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log F

Figure 6.1: Integral source counts as expected in an EdS universe. No = NF~3/2
is the normalization factor.

(6.18) yields

dN = 167n, (Hi())a ((1 +2)3 2 (142)"%2 201 + z)‘z) dz. (6.21)

This result can easily be integrated and we get the number of sources in a redshift
interval from z; to 2z,

z2

3
N(z,,2,) = 3270, <i> [(1 +2) (1422 l(z + 1)‘3/2] . (6.22)
H, 3 z

Figure 6.1 shows the expected results for an euclidean and an EdS universe.
Number counts are usually normalized to the value expected in an uniformly
filled static euclidean universe. As euclidean source counts show a slope of —1.5
on a log-log scale (cf. (6.9)), it is convenient to multiply N with F*? to get a
horizontal line instead. Another possibility is to show differential source counts,
dN/dF = AN against F, multiplied with F*/2, thus not introducing an arbitrary
normalization factor. We will use both conventions.

In this very simplified picture we assumed that n, the density of sources is
constant and independent of the luminosity. A more realistic model involves a
luminosity function ¢, which gives the mean number of sources per unit volume
with Inminosity in the range L...L + dL

dn = ¢(L)dL. (6.23)
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Figure 6.2: Observational data at 408 MHz. The differential count is normalized
to an uniformly filled euclidean universe with AN, = 1125 F~5/2,

As for the spectrum, a simple power law is frequently used, ¢ ~ L. For small
B the counts are dominated by strong sources, for large 8 by weak sources.

However, even these assumptions can not fit observations. In Figure 6.2 we
have redrawn the data for a frequency of 408 MHz obtained by Kellermann et al.
[32]. There is a clear excess of faint sources, which can in principle be explained
in two ways. First, we sit in a region of smaller source density. This explanation
is also known as the “local hole” interpretation. Second, the luminosity and/or
the density of sources evolve with time. Faint sources as distant and hence older
objects could have had different properties than fairly nearby brighter sources.
Evolution of galaxies seems to be plausible. There is increasing evidence, but
still no conclusive proof, that galaxy properties correlate with redshift.

Historically, the deduction of galaxy evolution went against the steady state
theory, as it is clearly inconsistent with the perfect cosmological principle.

It is now extremely difficult, if not impossible to untangle the geometry, the
form of the luminosity function and its evolution with time from the observa-
tional data. The fact that we deal with an inhomogeneous mixture of quasars,
radio galaxies, compact and extended sources, which all have different lnminosity
characteristics, does not make the task easier. Evolutionary models that fit the
observations contain some 30-40 parameters [42].
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6.2.2 Source Counts in QSSC

Contrary to big bang cosmology we start with the rather simple assumption of
no evolution. Using the same formulae as in the standard case, we compute
tables for coordinate radius and flux density. Instead of redshift we take time as
distance parameter, as the redshift is ambiguous owing to the oscillating scale
factor. We can see from Eq. (6.16) that the flux density F ~ (14 2)~2. With the
redshift being an oscillating function the flux density shows periodic variations,
too. It turns out that besides the present half cycle we receive the largest fluxes
from sources located around the maxima of previous cycles. These sources will
therefore have a major effect on mumber counts in QSSC.

Due to the expected creation of matter around the minima of the scale factor,
we do not assume a constant comoving density as usual. The density evolves
on the time scale of the exponential expansion, while it remains constant during
a particular oscillation. Or in terms of proper density, Nproper €volves ~ S3
during one oscillation. In accordance with the steady state principle nproper does
not change from one oscillation to the next. The comoving density changes
exponentially

ncM = No Sg eS(t—to)/P, (6.24)

where ng again is the present proper density. The number of sources in a time
interval t...t + dt can therefore be calculated from

. t)?
dN(t) = dr (L) no S3 3(t-t0)/P TS(T)) cdt. (6.25)
The algorithm is the following. For a flux density Fycan We calculate from the
flux table by interpolation all times ¢;, at which sources with this flux are located.

t; o> F(t.') = Fycan- (626)

The number of solutions ¢; will be odd. When going back in time, the first solution
will be during the present half cycle before the last minimum. The second will be
before the last maximum, marking the starting point of sources with flux higher
than F,c.,. The third solution marks the end of this population, in general prior
the last maximum. The same holds for all cycles back. For smaller and smaller
Fycan we get contributions from earlier and earlier cycles. Figure 6.3 illustrates
the sitnation.

For all times ¢; we will compute the corresponding number of sources back to
that time, i.e., up to that distance and get the total number from an alternating
series

N =N(t)) - N(t2) + N(ts) F - - - (6.27)

This has been done for various sets of source populations with different lnuminosi-
ties L and abundances ¢(L).
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Figure 6.3: We plotted log F against ¢ (arbitrary units), where ¢ decreases to the
right, to illustrate the calculation. The bold part marks the total contribution.
Fycan is 1 Jy in this example.

For the first calculation we assumed the luminosity function ¢ ~ L=%1, The
population of sources consisted of eleven classes with power L, ranging from
3-10%%-3.10%° W Hz! in equidistant steps on a logarithmic scale. Figure 6.4
shows the result as differential number count. The theoretical result resembles
the observational data in Figure 6.2 fairly closely.

The most obvious features of this figure are

o the decrease down to fluxes of 50 Jy,

the sharp rise that starts at about 30 Jy,

the flattening at around 3 Jy,

the plateau between 0.4 and 2 Jy,

the gradual decline for even fainter sources.

As in the calculation done with the approximate solution by Hoyle et al. [28],
we determined the ratio P/Q to differ not much from 20. It turns out that for
larger valnes of P the decline towards the faint end is more gentle. For smaller
P we will have the opposite effect, less faint sources. We see that the differences
in source counts are only marginal as compared to the result obtained by Hoyle
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Figure 6.4: Differential connts of radio sources for the first scenario

et al. (op.cit.). But we should keep in mind that the luminosities we used are
rednced by a factor 0.3.

Unlike in hig bang cosmology, where evolution is said to be responsible for the
excess of faint sources, the novel feature of the QSSC is the addition of sources
from previous cycles, mainly the last one. As we have already pointed out earlier
these sources are from epochs where the scale factor was larger than today. The
very peculiar result of this calculation is that the majority of the sources in the
steeper than euclidean flux range is blueshifted. In Figure 6.3 we computed the
fraction of blueshifted sources for the first scenario. Clearly, more than 80%
of sources in the flux range from 1 to 6 Jy should be blueshifted. In order to
determine the redshift, or blueshift respectively, of one of the sources, we have
to make an optical identification, since the measurement of shifts in frequency
requires a line spectrum.

Such an identification has been done, e.g., by Allington-Smith (2, 3]. They had
selected 59 sources at 408 Mhz from the B2 catalog with flux densities between
1 and 2 Jy. The aim was to study that particular part of the population that
exceeds the non-evolutionary prediction by the greatest amount. The result was
that 36 members of the sample have measured redshifts, corresponding to 61%.

It is tempting to conclude that the QSSC prediction is wrong. However,
Allington-Smith’s sample is very small, hence statistically not extremely relevant.
It has been pointed out by McCarthy [36] that it is incomplete in its redshift
content. Finally, there is always a non-zero probability of misidentifications of



54‘;%‘,_* }*‘@2 Counts of Radio Sources ; 59
XA U TR
o g o . : o ]
s 0.6} * 1
u‘ L]
%) . ]
ERY -
0.2 } .
Ol e s . NEDST N S W'Y
=2 -1 0 1 2
log F [Jy]

Figure 6.5: Fraction of blueshifted sources for the first scenario

radio sources with optical ones. In the next section we will see that the blueshifted
galaxies tend to be very faint optically and hence they may be missed out in favour
of the nearby redshifted ones in an optical identification program.

Nevertheless, to avoid blueshift dominated counts, we considered a second
scenario analogous Hoyle et al. [31], but with the new solution for the scale factor
and different numerical values. We regarded only three populations of sources.
Their characteristics are shown in Table 6.2. The timings have to be understood
in the following way. Regard a single oscillation from one maximum to the next.
If we measure time in units of @, the first maximum is at t = 0, the next at t = 1.
Hence population I exists for all times, whereas IT and ITT are only present in
symmetric intervals around the minima. The occurrence of more luminous sources
is correlated with the oscillation and the creation of matter. Note that the least
luminous sonrces are the most abundant. We show the result of this calculation
in Figure 6.6.

The jump in numbers at = 2 mly is due to the starting contribution of
population IT from the previous cycle. According to the timings there are clearly
no blueshifted sources in this result. Looking at the data for a frequency of
1.4 Ghz (Figure 6.7), again redrawn from Kellermann et al. [32], we can notice
obvious similarities. In particular, there seems to he an upward tendency at
fluxes of about 1 mJy, which might correspond to the jump in the QSSC result,
smeared out by observational errors.

For comparison we did an analogous computation for similar populations for
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Population L, n tmin  lmax
(W Hz™1

I 5-10% 3000 0 ]

II 5 +10% 1000 0.32 0.68

III 5+10% 1 0.40 0.60

Table 6.2: Properties of radio sources for the second scenario. n denotes a relative
number density, the timings are in wnits of Q.

S =3 1 B

=

log F [Jy]

Figure 6.6: Integral counts of radio sources for the second scenario
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Figure 6.8: Integral counts of radio sources analogous the second scenario in an

EdS universe.
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. the EdS model with b = 0.75. In order to determine the switch-off epoch of IT
‘ and' FII prior to the present epoch, we calculated the redshift for IT and IIT at
¢ =-0.68 and t = 0.60 respectively in the QSSC case, and used these redshifts,
.. 2=0.073 for 11, z = 0.63 for III, for the present calculation. Figure 6.8 shows
-{tine, outcome of this computation and the similarity is obvious, except that there
© is.mo steep rise at F' ~ 2 mJy. The steeper than euclidean counts at F' =~ 2 Jy are
. without exception produced by the timing of population IT and ITI. Evolution
~ is responsible for this non-standard feature.

For clarification we show in Figures 6.9 for QSSC and 6.10 for EdS the result
for three populations separately. We can clearly see that in both cases sources
from IT dominate the number counts. For fluxes higher than ~ 4 Jy only sources
from I are present. In the EdS model I has some influence for very small fluxes
around 2 mlJy, too. The contribution of III is more or less negligible because of
the least occurrence. For QSSC there are contributions from previous cycles that
change the sitnation. First, we have the already mentioned rise at F = 10 mJy
originating from I around the last maximum. Second, the contribution of ITT is
in general larger. Effects from previous cycles from I do not occur in this picture.
They will show about one decade later than effects from IT, around 0.2 mJy.

It is interesting to notice that in both cases the results look very similar, at
least for fluxes higher than the threshold of contribution from previous cycles.
The reason is the close resemblance between the respective scale factors back
to close to the last minimum. For Figure 6.11 we plotted Sqssc and Sgqs, the
latter for A = 0.75 and identical Sp. The similarity is obvions. We illustrate
the difference in more detail in the next Figure 6.12, where we show the relative
deviation 65 = (Sqsc — SEds)/Sqesc against redshift z = So/Sqee. For z $ 3.5
the difference does not exceed 3%, explaining the similarity in source counts. For
II and III we have marked the sources with z = 3 and z = 4 in Figure 6.10.
Differences should show from here on towards larger redshifts. Comparing with
Figure 6.9 we see that in the case of QSSC sources from previous cycles have
already changed the sitnation at these redshifts. In the end we find, that there
are no major differences in source counts, when we compare the present half cycle

of the QSSC with the EdS model.
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Figure 6.11: Scale factor for the previous half cycle (—) in QSSC and for an EdS
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Figure 6.12: Relative deviation §S = (Sqc — SEas)/Sqsc against redshift z =
SO/ Sqnc-
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6.3 'Magnitude-Redshift Relation

It is very common among optical astronomers to measure bolometric fluxes not in
abseliite nnits on a linear scale, but relative to a standard source on a log-scale.
. -«The resulting quantity is called apparent magnitude myq,

o R (f;:‘) (6.28)

0

with Fo = 2.48 - 1075 ergcm™2 s~1. Additionally one defines the absolute magni-
tude M by

Mbol — Mbol =3 log D[, — 2. (629)

Dy is the already mentioned luminosity distance, here in units of parsecs. The
absolute magnitude equals the apparent magnitude for a source at a distance of
10 pc. M specifies the intrinsic luminosity of the source.

With D being a function of redshift, we can plot m against z for a given
absolute magnitude M. For small z there is a linear relation between z and
m. This can be seen for example by Taylor expanding Dy, for the EdS model.
This linear region is basically the classical Hubble diagram. Hubble measured
velocities as a function of distance, which corresponds to the magnitude-redshift
relation for small z. For increasing redshifts we expect increasing influence of the
geometry of spacetime, especially the corrections coming from the deceleration
parameter g. The hope to determine the value of g and thus distinguish between
different cosmological models was destroyed due to the uncertainties in the data.

In QSSC we have a drastic departnre from the standard picture of a basically
linear relation with small deviations towards the high-redshift end. Because of
the oscillations in the scale factor there is a maximum redshift and very distant,
only weakly redshifted and even blueshifted objects are present. It shows in the
m -z relation as a bending down at high redshifts. In Figure 6.13 we plotted the
theoretical points for an absolute magnitude M = 22.44,

Clearly, going to an apparent magnitude of 23 one should detect a large num-
ber of sources with very small redshift or even blueshift. Of course, Figure 6.13
does not show blueshifted sources explicitly, as we used the conventional log-log
scale.

The difference to the result by Hoyle et al. [28] is that small redshifts occurred
only at m = 24.3, about 1.5 magnitudes later. However, due to enhanced absorp-
tion in the optical range by dust around the last minimum, where the density
is greater by a factor of about 200, these sources should be dimmed by another
2 to 3 magnitudes. This dimming could be the reason why blueshifted sources
have not been detected so far and have heen missed out in optical identification
programs. Their magnitude might have been shifted to m ~ 26. Identification of
blueshifted sources would be a striking confirmation of the QSSC prediction.
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Figure 6.13: Magnitude-redshift relation in QSSC for M = 22.44.
6.4 Iron Whiskers

In big bang cosmology the CMB is interpreted as relic from very early times
of the universe. As there is no corresponding epoch in QSSC, from which a
CMB could have originated, it is assumed that the CMB is thermalized starlight.
As a thermalizing agent Hoyle et al. [28] suggested iron whiskers, formed in
supernovae. These have the property of being nearly transparent in the optical
and radio range, but very opaque in the millimeter range.

In this chapter we will not deal with the thermalizing process and the CMB
itself, but with the optical depth of these iron whiskers and their influence on
high redshift objects.

The optical depth 7 is generally given by the integral of the absorption coef-
ficient o along the line of sight.

T= Or adr'. (6.30)
o is also written as
o= pK, (6.31)

where p is the density and & the mass absorption coefficient. & is in general a
function of wavelength A. In the cosmological case we have

(A 2) = /0 cpo(l + 2’ ”(1 -;\- Z’) :

dz'

dz'. (6.32)
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Figure 6.14: Mass absorption coefficient a for a mixture of whiskers of length 100
pm and 1000 pm in a ratio by mass of 50 : 1.

A is the observed wavelength, po the present density of absorbing matter. We
used again the redshift as a distance parameter. As we go back only to the last
minimum, there is no problem even in QSSC with ambiguities. The argument of
k takes care of the fact, that A is a function of redshift.

In our case the absorbing material are iron whiskers. Wickramasinghe and
Hoyle (58] calculated the mass absorption coefficient of these structures. Their
result is shown in Table 6.3. The data were computed for a whisker radius
a = 0.01 gm and a cyrogenic DC-conductivity o = 6.8 - 1018571,

Hoyle et al. [27, 28] took a mixture of I = 100 pm and ! = 1000 pm needles in
a ratio by mass of 30 : 1. The resulting total mass absorption coefficient is shown
in Figure 6.14 on a log-log scale.

The optical depth 7 can also be expressed as a change in apparent magnitude
Am. Obviously holds

Am = 2.57loge
~ 1.086T. (6.33)

Using (6.32) and (6.33) we calculated Am for redshifts back to the last mini-
mum at different wavelengths of observation (Table 6.4). With increasing redshift
the maximal Am changes from about A = 300 um to A = 1000 pm. For high red-
shifts, i.e., close to the minimmm, we have a very large optical depth in the
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Table 6.3: Mass absorption coeffic

and wavelengths A.

ient o for iron whiskers at various lengths !
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mni—'lféiﬁgé, whereas radio and optical range, at the right and left end of the table,
are only weakly affected.

. Wright has raised the issue of optical depth as a referee of one of Hoyle et
al.’s paper [60]. He did not give absolute values for 7, but only the ratio of the
~values for observed wavelengths 1.25 mm and 21 cm, the latter corresponding to
" 1.4 Ghz, the frequency of radio source counts. He obtains a ratio of 63 through a
" full oscillation. It is not clear how he could calculate this number, as there are no
.data given for the mass absorption coefficient at A = 21 cm. He could, however,
. have extrapolated to obtain these data. A linear extrapolation seems plausible.

We repeated this calculation without any such assumptions and used only the
available data. The result depends crucially on the solution of the scale factor.
We went back to the last minimum, as the objects of interest are in the previous
half cycle. It turned out, that there is a significant difference in the results,
whether we use the approximate or the exact solution. The optical depth is more
sensitive than for example source counts.

Wright was in particular concerned with McMahon et al.’s observation of the
high redshift QSO BR 1202-0725 [37). They detected this QSO with redshift
2 = 4.69 at A = 1.23mm. The redshifts shows that this QSO is close to the
last minimum and the absorption by iron whiskers should be strong at this wave-
length.

When we use the approximate solution, we get an optical depth of 25.1 at
A = 1.25mm. The exact solution with its different set of parameters leads to
r = 7.82 for the same redshift and wavelength. This discrepancy originates
from two reasons. First, the time interval in the approximate case is 13.1 Ga as
compared to 8.8 Ga. The derivative |dt/dz| in (6.32) is therefore always larger
for the approximate solution. Second, the QSO with its high redshift lies very
close to the last minimum for the approximate solution and |dt/dz| diverges at
that point. The contribution of this factor in the region close to the minimum is
hence very large. Due to the parameter choice for the exact solution the QSO is
further away from the minimum.

Using data given by McMahon et al. and Andreani et al. [5] we calculated
luminosities, optical depth and the necessary increase in luminosities for several
QSOs. It should be noted that the luminosity distance Dy, in big bang is different
from the one in QSSC. For the big bang case we used (6.12), for QSSC coordinate
and redshift data from tables, which we had computed for radio source counts.
This is, however, only a minor correction as we have seen that the scale factors
are very similar in both cases. The main influence is from absorption as expected.
We show the result in Table 6.5. For redshifts between 3 and 4 the effect is not
extremely large. But when we look at z = 4.69 there is already a difference of a
factor = 2500.

In one of their papers Hoyle et al. (28] were also considering the ultralumi-
nous IRAS galaxy F10214+4724 with z = 2.286. Since its detection by Rowan-
Robinson et al. [46] this galaxy has cansed a lot of discussions becanse of its
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., quiasar z F (vL)ew T i (v Ly)que Ref.
[mdy] [h? L] (Lo

@

213240126 3.19 11.5 1.44.10 248 11.9 3.24.10"?
034440222 3.38 3.7 8.11-10° 29 182 2.83.10"
034540130 3.64 6.1 1.02.10" 357 355 7.11-10"
030740222 4.38 6.6 1.68 .10 6.17 478 1.73.10
1202-0725 4.69 10.5  3.11-10" 7.82 2490 1.77-10'°

N e

Table 6.3: Luminosities in BB and QSSC for quasars at A = 1.25 mm from (1)
Andreani et al. [5] and (2) McMahon et al. [37)

A F (v L)y T e’ (v Ly ) qesc Ref.
] pny] (A7 Lo) (Lol

61700. 0.36 4.32 . 107 0.0291 1.03 7.84-107 1
33300. 0.27 3.64 - 107 0.0821 1.09 1.08.108% 1
1400. 0.03 1.60 - 108 0.952 2.39 7.25-108 3
1200. 9.6 3.93 - 10%° 1.13 3.16 3.29.10% 2
1100. 24 1.62 - 101! 1.29 3.62 1.04.10'? 1
800. 50. 4.63 - 10! 1.94 6.96 5.70 .10 1
450. 273. 4.50 - 102 2.36 10.6 8.38.103 il
100. <3510. < 3.78-10' 0.298 1.35 <897-10" 1
60. 190. 2.35-10%3 0.133 1.14 4.72.10% 1
25. <90. <267-10"® 0.0347 1.04 <4.87-10" 1
20. <45, <167-10" 0.0246 1.02 <3.01-108 1
12. <90. <5.56-102% 00112 1.01 <9.90-108% 1
10. <12. <889-10"% 0.00844 1.01 <1.38-10"® 1

Table 6.6: Luminosities for different wavelength for IRAS F10124+44724 with flux

data from (1) Rowan-Robinson et al. [47], (2) Downes et al. [13}, (3) Solomon et
al. [52]
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very liigh luminosity in far infrared. In the rest-frame range from 6-36 pm it is
3.10" Lg, assumed h = 0.5, Q = 1, making F102144+4724 by a factor of 10 the
most himinous IRAS galaxy.

. We will look at the influence of iron whiskers on this galaxy, which is expected
‘to be not very strong, as the redshift is comparably low. Table 6.6 gives lnminosi-
ties for big bang and QSSC for wavelengths from 10-61700 pm. The maximum
offect is at wavelengths of around 300 mm, where the QSSC luminosity is higher
by a factor 10 than the big bang luminosity. Like in Table 6.5 the difference in
Dy, has been taken into account. The luminosities for big bang are given with
the parameter h. When we assume a Hubble constant of b = 0.73, then these
values are larger by 1.78.

Recent observations seem to reveal the fact that F1021444724 is actually
a gravitationally lensed galaxy (8, 20, 50]. With a proposed magnification of
about 10 the Inminosity in the standard case would be reduced to normal. The
probability that it is a lensed system with a magnification of 2 to 10 is about 25%,
provided the local luminosity function is valid up to this redshift and luminosity.
The probability would considerably increase, if the luminosity function would
become steeper at high redshifts. Magnifications of 20 or more are essentially
ruled out unless the luminosity function is very steep, ¢(L) ~ L® or s0 (54].

Gravitational lensing does not change the spectrim of the lensed object, unless
different parts of the spectrum, e.g., emission lines, radio continuum, originate
from different regions of the object, as magnification is a function of the posi-
tion. Features from small size regions might also be distorted by microlensing.
Anyway, F10214+4+4724 is said to be an ordinary obscured AGN with the infrared
luminosity arising from the obscuring dust torus, a fairly extended region, hence
we do not expect significant distortions.

In the QSSC case the absorption by iron whiskers leads to an additionally
required luminosity of a factor 10, especially around 500 pm, where absorp-
tion has its maximum. However, if one adopts the view of redshifts being non-
cosmological, both this cases, QSO BR 1202-0725 and TRAS F10214+4724, can
be solved trivially by bringing them closer to us.



Chapter 7

Conclusion

7.1 Summary

We have derived field equations from an conformal invariant, dimensionless ac-
tion. The mass of a particle was determined by the presence of other particles
in the universe, thus taking Mach’s view into account. The field equations could
be reduced to their standard form as obtained by Einstein, when we took the
particle masses to be constant. We have related the particle mass — the Planck
mass myp — to the gravitational constant G.

A massless scalar field has been introduced to give a field theoretical descrip-
tion of the mass creation process that takes place in QSSC. It turned out that
this mass field has negative energy and pressure. The influence of this c-field as
part of the energy-momentum tensor in the field equations in a Robertson-Walker
metric has been a major part of this work.

We obtained an exact solution for the scale factor. It has been shown that
there is no singularity in this cosmological model under the assumed conditions,
the presence of (1) ordinary matter, which additionally leads to a cosmological
constant, and (2) the c-field. All non-creative solutions are of oscillatory nature or
static, the latter being stable unlike Einstein’s static universe. The creative mode
solutions correspond to exponentially expanding, de Sitter-like models. Combi-
nation of both modes leads to a superposition of an endless series of short term
oscillations and a long term exponential expansion. In between the oscillations
new matter is created, especially around the minima, in accordance with the
steady state principle.

We have used the exact solution for a flat spacetime, i.e., k = 0, to work out
various observational features of the universe.

The parameters of QSSC have been related to recent observations of the
Hubble constant he = 0.75 and the maximumm observable redshift. We have
changed the parameter values as compared to the set used by Hoyle et al. [28]
for the approximate solution. The exact solution provides a better rationale for
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these values. The time elapsed since the last minimum has been reduced from
14 Ga for the approximate solution to 8.8 Ga at present. Hence globular clusters
should have formed prior to the last minimum.

‘We have repeated the calculation for counts of radio sources and found the
following. For a scenario analogous Hoyle et al. (op.cit.) with no evolution
~ of sources there are only marginal deviations from the calculation done with
" the approximate solution, provided the luminosities are generally reduced by a
factor 0.3. We have found that the region of interest, the steeper than euclidean
range around 1 Jy, is dominated by 80% blueshifted sources. Those have not
been identified so far. We have estimated the magnitude of blueshifted sources
to be definitely larger than 23, very likely around m =& 25, today’s limit of
optical identification. Thus these sources might have escaped their identification
in favour of relatively nearby faint redshifted objects.

To avoid possible blueshifts, we have introduced periodic evolution. The
excess of faint sources arises solely from the timings during the present half cycle.
The contribution from previous cycles shows only at very low fluxes of about
1 mJy. A similar computation has been done for an EdS universe. We have shown
(hat the close resemblance follows from our particular choice of parameters. Both
the scale factor for QSSC and the EdS model are very similar back to a redshift
2 & 4. No blueshifts are present in this scenario down to sub-mJy fluxes, but
evohition is needed to fit the observational data. However, one of the arguments
in favour of QSSC was that evolution could be avoided and a simpler picture with
contributions from previous cycles would be sufficient.

We have investigated the influence of iron whiskers, the thermalizing agent
to produce the CMB, on high redshift objects, especially in the mm-range. We
have considered particularly two objects. The first is the QSO BR 1202-0725 at
a redshift of z = 4.69. The optical depth up to this redshift, which is close to the
last minimum, is 7.8 for the exact solution as compared to 25 for the approximate
solution. The QSO would be more luminous than in the standard case by a factor
9500. Hence its luminosity would be extraordinary large, about 10*® L.

The IRAS galaxy F102144+4724 is not so heavily affected, as its redshift is
comparably low, z = 2.29. The maximum increase in luminosity is by a factor 10.
Thus cancelling the suggested magnification by gravitational lensing, it would
still remain the most luminous object in the infrared. Moreover, its extreme
luminosity and additional gravitational lensing would make F10214+4724 to a
most unusual object in the universe. On the contrary, if not have been lensed,
F10214+4+4724 would have easily escaped its detection. There is a considerable
bias in flux limited samples to pick magnified objects.

However, in both these cases we have made the conventional assumptions and
used the redshift as a distance indicator. Non-cosmological redshifts would solve
the problem of high luminosities trivially.
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7.2 Ideas for Future Investigations

On the theoretical side, a full quantum description of the creation process would
remove one stumbling-block to further progress.

~ .. Concerning observations, the origin and properties of the CMB would be very
" interesting topics. It has been demonstrated, e.g., [27, 28], that it is in principle
- possible to create background radiation through thermalization of starlight. The
recent analysis of data collected by COBE makes two aspects of the CMB par-
ticularly interesting for detailed investigation. First, the spectrnm in Planckian
to-a very high degree of accuracy. It would be worthwhile to calculate the tran-
sition from a line spectrum to a black body spectrum by means of iron whiskers.
Comparing the result with observational data we should be able to infer density
and mixture of the thermalizing agent more reliably. Second, big bang cosmol-
ogy predicts a certain anisotropy in the CMB by tracing back today’s observable
structures to the last scattering surface at time of decoupling. On small scales,
8 < 1°, anisotropies should come from flnctuations in the energy density at tdec.
However, these might have been eventually wiped out. On larger scales, § & 1°,
fluctuations in the gravitational potential at the last scat tering surface give rise
to an anisotropy of 8T /T = 10-8 at the present epoch. This agrees well with the
COBE result. An analogous prediction from QSSC would be desirable.

The formation of structures should be caleulated in the QSSC. The infinite
amount of time available and the creation of matter should cause considerable
differences to the results in the standard context.

It is clear that a large optical depth, 7 ~ 10, in the mm-range back to the last
minimum is required to adequately blacken the CMB. Increasing detection of high
redshift objects in this wavelength range might put upper limits on the density
of iron whiskers. This could be cross-checked with the optical depth needed for
the CMB.

Optical identification programs should be carried out at very low fluxes. The
QSSC predicts a large number of blueshifted sources, which are optically very
faint. Depending on the scenario, blueshifted sources could be present at around
1 Jy for no evolution, abound 0.2 mJy for periodic evolution in the radio range.
These nunerical values are, however, subject to the assumed luminosities. Even-
tual detection of blueshifted sources wonld be a serious contradiction to the kine-
matics of the standard model and a strong argument in favour of QSSC.

On the astrophysical side one could investigate IRAS F10214+4724 in more
detail. Its redshift is not extremely high but still sufficient for considerable influ-
ence of iron whiskers. With the range of data from different parts of the spectrum

available, one could try to model the spectriumn after subtraction of the absorption
by iron whiskers.



- App endix A
Conventions and Notation

Minkowski metric ds?® = c*dt? — dz? — dy? — dz*

signature +---)

Latin indices 1,5, k...=0,1,2,3

Greek indices ANu,v,...=1,2,3

Riemann tensor Ry, =Ti.;— Pf,,'m + 81y, -8 T4
Ricci tensor Ri = ¢"™ Rittmn = R™kim
curvature scalar R = ¢* Ry, = R,

Einstein tensor Gir = Ry — %Qik R

S(t) scale factor

k sign of curvature: 0, %1

to present epoch

Xo quantity X at t =1p

H Hubble constant H = 100 Akms~* Mpc™?
Pe critical density p. = 3HZ/(87G)
Q mass density in units of p.
CMB cosmic microwave background
CP cosmological principle

EdS Einstein-de Sitter

FRW Friedmann-Robertson-Walker
GR general relativity

GUT grand unified theories

PCP perfect cosmological principle

QSSC quasi-steady state cosmology



-?Appendix B
Source Counts Codes

We have used Mathematica [39] for caleulations. This appendix contains the
codes that have heen written to compute theoretical results for counts of radio
sources in Chapter 6.2. We had investigated three different scenarios.

1. The first code is for QSSC with no evolution of sonrces. We considered
eleven classes with power ranging from 3 - 1028 -3 - 102 W Hz~'. This code
is built of an interactive main routine, which reads all required parame-
ters and eventually available data from previous calculations and a set of
subroutines. Those have been written for calculation of tables for redshift,
coordinate radius, flux density, number of sources and the final routine,
where the contributions from all classes and cycles are added up. The final
output is a table which contains flux density F' and differential number
counts multiplied with F5/2 for the desired flux density range.

2. The second code is basically a combination of the previous subroutines for
the number of sources and the final loop. Additionally required input, e.g,
constants, coordinate radius, results from previous calculations, is read in
the beginning. The basic parameters like 5, ¢y did not change anymore,
thus the first part of the previous code has been omitted. In this code we
were particularly concerned with the respective timings and luminosities of

the three different populations. The output is a table that contains integral
number counts N F3/? against F.

3. The third code is the standard calculation for source counts in an EdS
universe. The only non-standard feature is the combination of three classes

of sources, which start contributing from different redshift onwards. The
output is again an integral number count.
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