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1. Introduction

At 1AU Symposium No. 168 the presentation was divided into two parts:
I. Theoretical .Foundations and

II. Observational Facts and Consequences
Nearly all of the work presented here is contained in four papers pub-

lished by lloyle, Burbidge and Narlikar (1993; 1994a,b,c). wliich will be
abbreviated in the text to HUN 1993, HUN 1994a, 1IBN 1994b and IIBN
1994c,

In this presentation Sectioti 2 is devoted to the basic theory and in
Section 3 we describe the observations and the way that we interpret them
using the theory. Also in Section 3 we discuss various predictions relating
to the theory.

2. Theoretical Foundations

To begin with we show wi th the help of.a model l iow- t l i c problems of space-
t ime singularity and violation of the energy momentum conservation law
t l i a t arc present in the s tandard cosmology can be avoided by introducing
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where mat ter is created.
We than show that matter creation preferentially occurs near co l i c . pscxi

massive objects and the scalar field created at such mini-creat ion even"; lias
a feedback on spacetime geometry causing the'' universe to have a steady
expansion as in the de Sitter model but with periodic phases of expansion
and contraction superposed on it.

The parameters of our model can be empirically fixed in relation to the
cosmological observations thus providing tests of the theory. In the second
part the observational aspects are dealt with.

Next we argue that the model arises from a deeper theory which is
Machian in origin with the inertia of a particle determined by the rest of
the particles in the universe in a long range conformably invariant scalar
interaction. The characteristic mass of 'a particle created is then the Planck
mass. The Planck particle decays quickly" to baryoLs. The inertial effects
produced by the Planck particles during their brief existence generate the
scalar field of the toy model while the inertial effects of the stable baryonic
particles give the more familiar Einstein equations of relativity.

Finally we show that extending the theory to the most general con-
formably invariant form automatically leads to the cosmological constant
whose sign and magnitude are of the right cosmological order.

We begin with the tentative definition that cosmology refers to a study
of those aspects of the universe for which spatial isotropy and homogeneity
can be used, with the spacetime metric taking the form

ds2 = dt2 - S 2 ( t )
d ,2

1 - kr2
(1)

•$$*

in terms of coordinates £, r, 0, </> with r = 0 at the observer. The topological
constant k in this so-called Robertson-Walker form can be shown to be
0 or ±1. The "particles1' to which (1) applies are thought of as galaxies
or clusters of galaxies, each "particle" having spatial coordinates r.Q,<P
independent of the universal t ime t. They form what is often referred to as
the Hubble flow.

Big-Bang cosmology in all its forms is obtained from the equations of
general relativity,

(2)

which follow from the variation of an action formula ..*%
. ii"'
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,4 = (11
V

with respect to a general liiemahnian metric

•
ds2 = gikdxldxk (4)

within a general spacetime volume V. The physical Lagrangian C p h y s ( X ]
generates the energy-momentum tensor T,-jt in this variation of g^. In the
standard big-bang cosmology the physical Lagrangian includes only parti-
cles and the electromagnetic field, whereas in inflationary forms of big-bang
cosmology a scalar field is also considered to be added to £piiys. This is done
in various ways, being severally advocated by different authors (see Narlikar
and Padmanabhan 1991 for a review).

The initial conditions assumed in the standard model are :

(i) The universe was sufficiently homogeneous and isotropic at the out-
set for the metric (1) to be used immediately over a range of ,the
r-coordinate of relevance to presentday observation,

(ii) k - 0,
(in) A = 0,
(iv) The initial balance of radiation and baryonic matter was such that the

light elements Z?, 3He, 4He, 7Li were synthesised in the early universe
in the following relative abundances to hydrogen

D_

H H

' 4 /7e' : ' ' (~ o v ~ in~5 r^ r "•— z x lu , ~.i
ii

10-10

From detailed calculations these abundances can be shown to require

Pbaryron gem-3 (5)

the radiation temperature being in degrees kelvin. (Gamow 1946, Alpher,
et al 1950. 1953, Hoyle and Tayler 1964).

There is a fundamental problem here. .The,instant t = 0 is the so-called
spacetime singularity at which the field equations (2) break down. This is
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V
identified with the big bang epoch. All matter that we see in the universe
(as well as radiation) is supposed to be given as an initial condition at
/ = c. > 0. The ini t ial instant , c can be taken a r b i t r a r i l y close to /. = 0 b u t ,
.not. i den t i f i ed with it. Thus the action principle (3J_Hself gets restricted in
val id i ty since the singular epoch must be excluded from it too.

Conceptually this is an exceptional step to take. In theoretical physics
the basic laws or principles like the action principle are considered superior
to the specific solutions based on them. Yet here we seek to restrict the
validity of (2) and (3) because the solution so warrants it! There is thus a
clear indication here of an inconsistency of the overall framework.

The other problems of the standard big bang model often referred to as
the horizon and flatness problems also relate to the above initial conditions
assumed at t — a > 0. While the need for such far reaching assumptions
as (i) to (iv) has always prompted a measure of unease they were widely
accepted for a decade and-a half, and are indeed still fully accepted by
the more orthodox supporters of the standard model. Others, however,
welcomed the inflationary idea of including a scalar field in the physical
lagrangian that initially dominated both matter and other fields and which;
varied adiabatically in such a way as to give

= 5(0) exp Cl, (6)
,

' •

with C a constant. The solution (6) is considered to apply from t — e > 0,
where e ~ 10~36s to a value of t large compared to 1/%/C. It greatly reduces ','jH
the range of the r-cbordinato over which (i) is needed and it effectively :|||
removes the fc-term from (1). It also removes any initial contributions from
matter and radiation, but these are considered to be reasserted through a
physical transition of the scalar field, which jumps the solution (6) to

which is the so-called closure model with matter just having sufficient ex-'
pansion to reach a state of infinite dispersal, a condition that is considered
most favorable for the eventual formation of stars and galaxies.

A major problem associated with inflation is how to effectively elimi-
nate the cosmological constant. The value of this constant which gave the
exponential solution (6) above must reduce to zero or, if the cosrnologi-
cal observations so demand, become as small as 10~108 of its initial value.

1 •xrysfi®®?"'-
><••'>>$&$&' • ' • • ' • •. - . * • . .•.•fiiVhr.ra'fc'. '• " • - •
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Any theoretical t r i ck invoked to achieve this has a contr ived a ,ppeara .nce
(Weinbcrg 1989).

The pape r s referred to earlier (1IBN 1993, 1994abc) show how we Jiavc
developed a,n alternative scenario.

The action principle (3) has a second term which is supposed, to i n c l u d e
physical contributions other than gravity. A close parallel exists between the
scalar held used for inflation and the scalar field used earlier by Iloyle and
Narl ikar (1.963) for obtaining the steady state model from Einstein's field
equations, To begin with we will use the 1963 formalism as a "toy model"
for describing creation of matter without violating the law of conservation
of energy-momentum and without encountering spacetime singularity.

Thus the classical Hilbert action leading to the Einstein equations is
modified by the inclusion of a scalar field C whose derivatives with respect
to the spacetime coordinates xl are denoted by C{. The action is given by

A - - madsa+ •
uTTLr Z J

V V

+ £ W (8)

where C is a scalar field and C,- = dC/dx*. f is a coupling constant. Th'e last
term of (8) is manifestly path-independent and so, at first sight it appears
to contribute no new physics. The first impression, however, turns out to be
false if we admit the existence of broken worldlines. For, if particles a, 6 , . . .
are created at world points AO,BQ,... respectively, then the. last term of
(8) contributes a non-trivial sum

-{C(A0)
i

to A.
Thus, if the worldline of particle a begins at point AQ> then the variation

of A with respect to that worldline gives

~ = g'kCk . (9)

ai AO. In other.words, the C-field balances the energy-momentum of the
created particle.

,;;:.' The field equations likewise get modified to
fe
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— 8/i G (10)

where

• • : ;...•:. s • ; , ; , . . .
I

/ ;i t 1 S " M l i< • ; , : . • ' :

Thus the energy conservation law is- • ,
I." .' ' ; • ; ' ; < i I . . . • ,:

(ii)

(12)

That is, matter creation via a nonzero left hand side of (12) is possible
while conserving the overall energy and momentum. The C-held tensor has
negative stresses which lead to the expansion of spacetime, as in the case
of inflation.

From (9) we therefore get-a necessary condition for creation as

M. r ? i'<i 5.'
3 ,t.- .
U .J*V> ;

^v-A">r!

. _ ^ .
tV — 7Tia?

:

'
•

this is the 'creation threshold' which must be crossed for particle creation.
How this can happen near a massive object, can be seen from tile following
simple example.

The Schwarzschild solution for a massive object M of radius R >
2GM/c2 is '

, (14)

for r > R. Now if the C-field does not seriously change the geometry, we
would have at r ^> J^ •

/• ^0 ~ -7—
or

~ n— U
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\ V ( > c o i i l . i n i K ! t h i s s o l u t i o n closer U> r ^ /i, we: f i n d t h a t

cra s i '

In other words Ct-C* increases towards the object and can become arbitrarily
large if r ^ 2GM. So it is possible for the creation threshold to be reached
near a massive collapsed object, even if C,-Cl is below the threshold far away
from the object. In this way massive collapsed objects can provide new sites
for matter creation. Further, because of the negative stresses the created
matter is expelled outwards from the site while the C-field quanta escape
with the speed of light. Thus, instead of a single big bang event of creation,
we have mini-creation events near collapsed massive objects.

Since the C-field is a globaLcpsmological field, we expect the creation
phenomenon to be globally cophased. Thus,"there'will be phases when the
creation activity is large, leading to the generation of the C-field strength in
large quantities. However, the C-field growth because of its large negative ./
stresses leads to a rapid expansion of the universe and a consequent drop
in its background strength. When that happens creation is reduced/and
takes place only near the most collapsed massive objects thus leading' to a

|$ drop in the intensity of the C-field. The reduction in C-field slows down
the expansion, even leading to local contraction and so to a build-up of the
C-field strength. And so on!

We can describe this up and down type of activity as an oscillatory solu-
tion superposed on a steadily"expanding de Sitter type solution of the^eld
equations as follows. For the Robertson-Walker line element the equations
(10)-(12)give

Q2 c-2 , Lr2

b ' + ' ~'^, (18)

ere ,5'(/) is the scale factor and k the curvature parameter (= 0, ±1). The
cosmic t ime is given by t. These equations have a deSitter type solution
given by
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constant,

The oscillatory solut ion is <r ivis given bv

cons lan t ( J ( M

= +1, cc 1/53,

Thus (17) becomes, in the latter

i>;*'?iiy;/?'

»'U 'H/f'/,5

case

o2 •
~-^_ '
C ~ "ol> | 4^>^

;.laJ)/
constant. (21)

S(t) = -
Q'COS

Q (22)

determine « and Ou^xSS, t-TFtf* ^ CQSmol°S3'". We can
state of the Snivel gj ^ p.esen,

(23)

"'••;T''

= 2og.

shall show how their va]ues re]ate to
v ' f 1;;.»tim

nvariance. Maxwell's
are c

•**j i ' •
^ ->^ :
•i

is scale Jnvariance or confer- .,^
Dirac equation for a massless .'5j|j

is not. If, how- ^
inversely as the length scale in conformal 11

.,,pl;p''-

'.;fP |i:'
,S%- -ifedv
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transformation then the Dirac equation for a massive fcrmion as well as
classical and quantum electrodynamics will become conformably invariant.
Can general relativity be suitably reformulated to be conformably invari-
an t? We indica te the steps towards this goal since they n a t u r a l l y lead to a
comprehensive theory of matter creation that encompasses our model. = '

It is necessary to begin by finding an action A that is unaffected in its
value by a scale transformation. The second term on the right-hand side of
(3) can be made to satisfy this requirement. For a set of particles a, 6, . . .
of masses ma, 7715, . . . the form of £phys usually considered in gravitational
theory is

'

(24)

where the possibility of the particle masses varying with the spacetirne
position requires the mass ma(A) of particle a to vary with the point A on
its path, and similarly for the other particles. Hence the second term on
the right-hand side of (3) is — £)a f ma(A)da.
With da* = $lda and m* — £l~lma it is clear that (25) is invariant with
respect to a conforrnal (scale) transformation.

I !
• '

The possibility of particle masses varying with spacetirne coordinates
arises most naturally in a Machian approach. Here the property of inertia
is not entirely intrinsic to a particle bnt is also related to its presence in
a, non-empty universe. A quantitative description of this idea that we will
follow here is based on an early work by two of us (Hoyle and Narlikar
1964). In this inertia is expressed as a scalar conformably invariant long
range interaction between particles.

To begin with choose a scalar mass field M(X} to satisfy

ma(A)da. (26)

Equation (26) has both advanced and retarded solutions. We particular-
ize an advanced solution Madv(X) and a retarded solution MTCL(X) in the
following way. MTtt(X) is to be the'so-called fundamental solution in the
flat spacetime limit (Courant and Hilbert, 1962). This removes for

; r f? -U

•^?':;-r
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\
, ho a m b i g u i t y that would obviously arise from the homogeneous wave equa-
, ion . The corresponding ambiguity for Madv(X) is removed by the physical
•oqui ren ien t that fields without sources are to be zero. Since

.
• , , ' i • " " • • : .

the immediate consequences of this boundary condition is that Madv — Mret,
being without sources, must be zero, so that

• i ' • '

, : ; " • ' • " 'Madv(X) = Afretm .= M'(̂ ) say. (28)
\> '• -

The gravitational equations are now obtained by putting

ma(A) - M(A), mb(B] =>M(B),... ; / (29)
! . » A : ' . • : / /

, i , 4 , , , ' f I

1 /
i

It can also be shown that in a conformal transformation the1 mass field
M(X) transforms as ; ' ' • ' l ; ' - l i ' ' • • '

•• ' . . ,'i.vr.' •
' • ? ; •

' •^ ' ' M*(X).-.= $l~l(X)M(X), •' ' (30)
'' "" • '"''• '' • •: ! , '*.

a result that follows from the form of the wave equation (10) (c.f. lioyle
and Narlikar, 1974, 111). The outcome (he. cit.\2 et seq) is

•• .
K(R,k--glkR) = -T^

+G,kK - K.ik, ' (31)

where

A K r2 /'oo^ \
= -M . ' • » (32) ;£*
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Tlic.se gravitational equations arc scale invariant. It may seem curious that
from a similar beginning, (24) for the action rather than (3), the outcome
is more complicated, but this seems to be a characteristic of the physical
jaws. As the laws are improved they become simpler and more.elegant in
their initial statement but more complicated in their consequences.

Now make the scale change . ., ,",'!•

- M(X)/m0t-

where rn0 is a constant with the dimensionality of M(X}. After the scale
change the particle masses simply become TTZQ everywhere and in terms
of. transformed masses the derivative terins\drop out of the gravitational
equations. And defining the gravitational constant G by

(34)

the equations (31) take the form of general relativity

= -SirGTik. • (35)

It now becomes clear why the equations of general relativity are not scale
invariant. These are the special form to which the scale invariant equations
(31) reduce with respect to. a particular scale, namely that in which particle
masses are everywhere the same.

It is also clear that the transition from (31) to (35) is justified provided
$l(X) ^ 0 or £l(X) ^ oo. For example, if M(X) — 0 on a spacelike hyper-
surface the above conformal transformation breaks down. It is because of
the existence of such time sections that the use of (35) leads to the (unphysi-
cal) conclusion of a spacetirne singularity. It was shown (Hoyle and Narlikar
1974, Kembhavi 1979) that the various spacetime singularities like that in
the big bang or in a black hole collapse arise because of the illegitimate use
of (35) in place of (31).

It is easily seen from the wave equation (26) that M(X) has dimen-
sionality (length)""1, and so has 7/i0. Units are frequently used in particle
physics for which both the speed of-light c and Planck's "constant h are
unity and in these units mass has dimensionality (length)"1. If we suppose

-these units apply to the above discussion then from (34)
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mo = (3/4-G)1/2,

wh ich with c — h — 1 is the mass of the Planck particle. This suggests tha t
in a gravitational theory without other physical interactions the particles
must be of mass (36), which in ordinary practical units is about 10"3 gram,
the empirically determined value of G being used. This conclusion can
be supported at greater length [See HBN 1994c]. We next consider what
happens when the Planck mass decays into the much more stable baryons.

A typical Planck particle a exists from AQ to AQ -f MO? 'm tne neighbor-
hood of which it decays, into n stable baryonic secondaries, n ~ 6.101S,
denoted by aj ,a2, . . .an. Each such secondary contributes a mass field
m(ar'(J£), say, which is the fundamental solution of the wave equation

• . • ."! ' \)

while the brief existence of a. contributes c J f , say, which satisfies

(38)
6

Summing c^a^ with respect to a, 6, ... gives

c(X) = r<(a}(X), (39)

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

n

EEL—/ /. v
a r = l

= m(X] (40)

gives the contribution of the stable particles. 1

Although c(X) makes a contribution to the total mass function
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M ( X ) ~ c(X)-\-m(X] (41)

l l i a L is generally small compared to Af(A"), there is the difference tha t ,
\vliereas m(X) is an essentially smooth field, c(X') contains small exceed-
ingly rapid fluctuations and so can contribute significantly to.the derivatives
of c(X). The contribution to c(X) from Planck particles a, for example, is
largely contained between two light cones, one from AQ, the other from
AQ -f SAo. Along a timelike line cutting these two cones the contribution to
c( A") rises from zero as the line crosses the light cone from AQ, attains some
maximum value and then falls back effectively to zero as the line crosses the
second light cone from AQ + $AQ. The time derivative of c™(X) therefore
involves the reciprocal of the time difference between the two light cones.
This reciprocal cancels the short duration of the source term on the right-
hand side of (40). The factor in question is of the order of the'decay time
r of the Planck particles, ~ 10~43 seconds. No matter how small r may be
the reduction in the source strength of c^a\X] is recovered in the deriva-
tives of c(a)(AT), which therefore cannot be omitted from the gravitational
equations.

The derivatives of c(a\X],c(b\X},... can as well be negative as posi-
tive, so that in averaging many Planck particles, linear terms in the'deriva-
tives do disappear. It is therefore not hard to show that after such an
averaging the gravitational equations become

V^--^-
29'kH~ m*

• (42)

Since the same wave equation is being used for c(X) as for m(A~), the
theory remains scale invariant. A scale change can therefore be introduced
that reduces M(X) = m(X] -f c(X) to a constant, or one that reduces
m(X) to a constant. Only that which reduces 7n(X) to a constant, viz

(43)
mo

has the virtue of not introducing small very rapidly varying ripples into
the metric tensor. Although small in amplitude such ripples produce non-

t
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f i c u l t i e s in the eva lua t ion of the R.icinann tensor, and so a rc b e t t e r avo ided .
S i m p l i f y i n g wi th (43) docs not br ing in th i s d i f f i c u l t y , w h i c h i s why sop,-, .
r a . l . i n g of the main smooth part of M(X) in (41) now proves an adva.nt .a^o,

lie g,.:avitational equations-simplifying to

u i '
6 r,1'; ; • ' ;/

8/rG' '=. —^-, ' mo a constant, (44)
<& mt . a sm. - _ ' >

1 2 1
-zgikR - -SyrGpa- - -(die* - -glkcic1)}. (45)

Using thelnetric (1) with k = 0 the dynamical equations for the scale factor
S ( t ) are

25 S2 4;r

• ' ;, ' -\ . I

1 - A
(47)^ ;i Q2

•t\ ' ° \ •|\:\, • . - . • • , ; _ * - , • • ' ."• . \ j ; - " • • • • • > v . ; ; . ( ,{^

with p the average particle mass density and c2 being the average value of
c2, the average value of terms linear in c and of c being zero. It is easily ^
shown from (46) and (47) that V t|

• ' "' " •'- : '
- . • • - _ • ' • ?

dp '35J l/^ '45,-\ • -
S . 2\ S J

If at a particular time there is no creation of matter then at that time ( .̂ ,
the left-hand side of (48) is zero with p oc 5~3. And with_the right-hand |̂
side also zero at that time c2 a S~~'{. The sign of the c2 term in (46) ^
is that of a negative pressure, a characteristic of the fields introduced into ^
i n f l a t i o n a r y cosmological models. The concept of Planck particles forces the |̂
appearance of a negative pressure. In effect the positive energy of created ;̂ |
par t ic les is compensated by the sign of the c2 terms, which in (46) increases ^i
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S/S and so causes the universe to expand. One can say that the universe
expands because of the creation of matter. The two are connected because
the divergence of the right-hand side of the gravitational equations (45) is

As would be expected from this conservation property the sign of the
c2 term in (47) is that of a negative energy field. Such fields' have gener-
ally been avoided in physics because in flat spacetime they would produce
catastrophic instabilities - creation of matter with positive energy produc-
ing a negative energy c2 term,''producing more 'matter, producing a still
larger c2 term, and so on. Here the effect is to produce explosive outbursts
from regions where any such instability takes hold, through the c2 term in
(46) generating a sharp increase of $. The sites of the creation of matter
are thus potentially explosive. The explosive expansion of space serves to
control the creation process, and, avoids the catastrophic cascading down
the negative energy levels.

As will be discussed in II, this is in agreement with observational as-
trophysics which in respect to high energy activity is all of explosive out-
bursts, without evidence for the ingoing motions required by the popular
accretion-disk theory for which there is no direct observational support.
The profusion of sites where X-ray and 7-ray activity is occurring- are on
the present theory sites where the creation of matter is currently taking
place.

A connection with our model can now be given. Writing

C(X] = rc(A'), , . , ,(49)

where r is the decay lifetime of the Planck particle, the action contributed
by Planck particles a, 6, . . .,

c(A)da (50)

' ' , U ' '
can be approximated as

-C(A0)-C(B0)~..., (51)

.; which form was used in the model. And the wave-equation for C(X)} using
!>• the same approximation, is



-
which was also used in the model, except that the 1/6 RC term is included
in the wave equation and previously an unknown constant / appeared in
pjace of r2 .

Writing M(a\X),MW(X),.. . as the mass fields produced by the indi-
vidual Planck particles a, 6,'. . ., the total mass field

.

M(X) = ,M"W (53)

satisfies the wave equation (26) when AfWj-'Af , . . . satisfy

fl|... (54)
6. J

Scale invariance throughout requires all the mass fields to transform as

(55)

' 1

with respect to the scale change ft, when both the left and right hand sides
of every wave equation transform to its starred form multiplied by ft"3,
i.e. the left hand side of (54) goes to (M*(a) + £JT.A/*(a))ft~3 and the right
hand side to Tr' ^'^>>! I>*&!••

(56)

Then the factor ft 3 cancels to give the appropriate invariant equation.
This cancellation is evidently unaffected if, instead of (54) for the wave
equation satisfied by Ma, we have

(57)

' M-!f
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Since the cu.be term transforms to M*]a) H~3 with respect to U changing
(;VI) l.o ('r)7) preserves scale invariance jji what appears to be ils widest
form. Since in other respects the laws of physics always seem lo lake on
{.ho widest ranging properties that are consistent with the relevant forms of
in variance we might think it should also be here, in which case (57) rather
than (54) is the correct wave equation for M^a\d similarly for M^b\ .,
the mass fields of the other Planck particles.

But this departure from linearity in the wave equations for the individ-
ual particles prevents a similar equation being obtained for M = ^M^.

a

Nevertheless, the addition of the individual equations can be considered in
a. homogeneous universe to lead to an approximate wave equation for M of
the form

-}- ' • ._ rA^Y/n . - .,..

A;?;"= N-\ '(59)
U . • J:C<

•'a* • ttx^
where N is the effective number of particles contributing to the sum ]T) M^.

'""••• ' ' ',..,. • 'a
The latter can be considered to be determined by' an Olbers-like cut-off,
contributed by the portion of the universe surrounding the point X in
M(X) to a redshift of order unity. In the observed universe'this total1 mass
~ 1022M0, sufficient for ~ 2.1060 Planck particles. The actual particles are
of course nucleons of which there are ~. 1079 But; if suitably aggregated,
they would give ~ 2.1060 Planck particles and with this value for N

A ~ 2.5 x 10~121. .,.,. . \ (60)
-,\\' --.;v'^.', : ••" ' •> 4; \\

!

The next step is to notice that the wave-equation (58) would be obtained
in usual field theory from 6A — 0 for M —* M'+SM applied to

A



lii the scale "in which M is rn^ everywhere the derivative term in (61) van-
since G = S/'-lTT??^ the term in R is the same as in (3), as are alsc

o line integrals, requiring the remaining term to be the same gves

A— 3 A m."(62)

Thus we have obtained not only a cosrnological constant but also its mag-
nitude, something that lies beyond-the scope of the usual theory.1 With
2.5 x 10~121 for A as in (60) and with mo the inverse of the Compton
wavelength of the Planck particle, ~ 3.1032 cm"1,.(62) gives

A•2.10-56 cm~2(63)

agreeing closely with the magnitude that has previously been assumed for
A. In the classical big bang cosmology there is no dynamical theory to relate
the magnitude of A to the density or other physical properties of matter. For
observational consistency it is assumed that A is of order (63). A dynamical
derivation is possible if one goes into the very early inflationary epochs.
However, the values of A deduced from those calculations are embarrassingly
large, being 10108 - 10120 times the value given by (63). The problem then
is, how to reduce A from such high values to the presently acceptable range
(Weinberg 1989).'By contrast, the present derivation leads to the acceptable
range of values with very few theoretical assumptions.

The theory developed in this paper differs from big-bang cosmology in
what we believe to be an important aspect, that the gravitational equations
are scale invariant. The gravitational equations including both the creation
terms and the cosmological constant then reduce in the constant mass frame

• •
to

2

.'•*.( .:i= •

= • -87TG
2

(64)

The immediate successes of the theory are : • ; . h"l<Jl]

(i) The circumstance that G determined by (34) is necessarily positive re-
quires gravitation to act as an attractive force. Aggregates of matter
must tend to pull together. This is unlike general relativity where grav-
itation can as well be centrifugal, with aggregates of matter blowing
always apart, as follows if. G1 in the action (3) of general relativity is
chosen to be negative, »
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(ii) lu Lhe cosmological case with homogeneity and isotropy the pressure
contributed by the c-field term in the gravitational equations is nega-
tive, explaining the expansion of the universe.

(iii) Also in the..cosmological case, the energy contribution of the c-iicld
is negative, which ensures, that when the creation conditions (9) are
satisfied the creation process tends to cascade with explosive conse-
quences.

(iv) The magnitude of the constant A is shown to be of the order needed
for cosmology. Unlike big-bang cosmology this is a deduction not an , • , ! >

assumption.

These ideas therefore generate hopes fora more comprehensive frame-
work for relating the property of inertia of matter and the phenomena of
matter creation to cosmology. It is not claimed that what is outlined here is

-the final product; rather it should be looked upon as a preliminary attempt.
The successes claimed above have to be followed up by a quantum version
of the Machian theory and the empirical values of the parameters of the
quasi-steady state model have to be related to the fundamental constants
of the theory as well as to cosmological boundary conditions. This is the
direction in which our future theoretical work will go. ; ,

3. Observational Facts and Consequences j
i I

Earlier we showed that the approximate solution for the scale factor S(t)
is given by equation

where P > Q (22)

We have chosen values of Q and P as follows.

Q = 4 x 101(y, P = 20Q (23)

In (22) a, P, Q are constants determining the model, with P > Q a con-
sequence of creation being slow. We now examine the astrophysical conse-
quences of the scale factor S(t) being given by (22).

We are thus concerned with an oscillatory model in which some matter .* . >

creation occurs, especially near the minimum in each cycle, as was already
visualized in IIBN 1993. At each oscillation the universe "experiences an
expansive push. To give a framework for discussion, we suppose creation

bfe 0('-curs so that the ratio Si/S-2 stays fixed, as (22) requires it to do, with Si
'^:'
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Figure 1. S(t) plotted against t/P (upper panel) and against t/Q (lower panel).

and 52 both increasing as the slow exponential factor exp t/P. Thus the
timescale for the universe to expand irreversibly by e is Pl^> Q, which is
to say in each exponentiation there are many oscillations. The situation is
analogous to the classical steady-state model but with each exponentiation
of the scale factor-broken into many oscillations.

In Fig 1 we show S(t) plotted against t/P and against t/Q for the
assumed value of P = 20Q. We also put a = 0.75. The time in Fig 1
is measured in units of Q. In order to relate this model to the current
state of the observed universe we also need to assign a value for t0l the
present epoch, in relation to the phase of the oscillatory cycles. We choose
t0 — 0.85 being 85 per cent of the way through the current cycle, cycles
being reckoned maximum to maximum.

The parameter Q is related to the observed values of the Hubble con-
stant H0 and the deceleration term q0 respectively. For P > Q, the effect on
//o, <?o of the overall expansion will hardly be noticed. The time dependent
quantities //, q defined as

IT5
S

55
52

(65)

have the following properties. Starting from the minimum phase of an oscil-
lation, II begins at zero, rises to a maximum and then falls back to zero at
maximum phase, while q starts sharply negative and grows to zero, and then
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TABLE 1.

Q(years)

30 x 10° .
40 x 10°
50 x 10°

110 (km sec Alpc

86.2 .
C4.7
51.7

)

goes to markedly positive values as maximum phase is approached. The ob-
served value of//, //0, lies between ~ 50k?n sec"1 Mpc~l (cf Sandage 1993)
and ~ 80km sec~ Mpc~~ (cf Tully 1993) while Kristian, Sandage and
Westphal (1978) gave q0 ~ 1.5 but with considerable uncertainty. These
values are generally indicative of a phase>in the current oscillation ap-
proaching maximum. Without knowing the precise present-clay phase, the
time that has elapsed since the last .minimum is somewhat uncertain but is
probably close to \H~l.

This leads us to the following numerical values relating'Q to H0.
In IIBN 1994a we chose the value Q - 40 x 109 years with

//0 = 64.7/jm sec~lMpc~ as a' compromise between the high and low
values of//0 which are a subject of continuous debate. The parameter q0 is
determined from (22) to be 1.725, again close to the value given above. With
the choices of Q and t0 the maximum redshift of objects in the present cycle
is z — 4.86. This is not a limit, however, since the corresponding redshift
from the previous cycle will be z = 5.166 and so on step by step. However
the Hubble diagram for this model shows that the objects in each cycle will
be fainter than those in the most recent cycle by about 3 magnitudes. Thus
by specifying a,/0 and the parameter Q based on the observed value of//0,
we obtain reasonable values for q0, the maximum redshift in this cycle, and
a Hubble diagram.

In this model we also have to explain two other properties of the ob-
served universe which have previously been thought to provide strong evi-
dence for the so-called standard model.

3.1. THE COSMIC MICROWAVE BACKGROUND

It has been known for many years that the energy density of the microwave
background is almost exactly equal to the energy released in the conversion
of hydrogen to helium in the visible baryonic matter in the universe (cf
IloySo 1968). This density is p ~ 3 X I0~31ym cm~3 and we suppose that
about 7.5xlO~32<77n cm"3 is He. Thus the energy released in the production
of this He through the conversion H —* Jfe is 4.5 X 10~l3erg C7?z~3, which
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i f Ihmuali /ccl gives a radiation field of 2.78A".
I n the standard Big-Bang cosmology this agreement wi th the observed

value is considered to be purely fortuitous, but wi th in the framework of
QSSC it is a clear indication that; the.micxQ.wave background was generated
ult imately by the burning of hydrogen into helium in stars, through many
creation cycles each of length Q. The optical and ultraviolet light must have
progressively been degraded and scattered by dust, much of it in the form of
iron needles so that it now forms a smooth black body form, as discussed at
length in HBN 1994, where we predict a temperature of 2.68Ar, very close
to the observed temperature of 2.735 ± 0.06Jf (Mather et al. 1990).

How many cycles are required, i.e. what is the value of P/Q? We have
shown in HBN 1994 that the ratio P/Q can be obtained from the observed
log JV • - log S curves for radio sources. This is because radio sources from
earlier cycles are contained in the counts.'The reason for this is that while
there will be optical obscuration near oscillatory minima and optical sources
from earlier cycles will not be easily detectable, this will not apply at long
enough radio wavelengths. For a simple model in which it is assumed that
radio sources appear at a uniform rate per unit proper volume, we f ind
that P/Q ~ 20. With this value we not only can understand the.origin of
the microwave background but also the shape of the log A7" — log S radio
observations to very faint levels. Thus we have shown that in this model
we have two timescales Q = 40 X 109 years and P = 8 x 10U 'years.

3.2. PRODUCTION OF THE LIGHT ISOTOPES

In the standard model the production of the light elements is attributed to
nuclear reactions early in the explosion. In HBN 1993 (Section 6 and Ap-
pendix) in Hoyle (1992), and most recently in Hoyle, Burbidge and Narlikar
(1995),(HBN 1995), a detailed analysis has been given of a similar process
in QSSC in which the light elements are synthesized in a creation process
starting with a Planck fireball. In view of the fact that remarkable results
are obtained using this approach, we describe it again in some detail here.

Because the early stages in the development of a Planck fireball belong
to the realm of unknown physics, it is necessary to begin with a specification
of initial conditions. Fermions of familiar types are necessarily excluded
by degeneracy conditions at early stages when the fireball dimension is '
only ro 10~33cm. Indeed, fennions of familiar types cannot appear until
the interparticle spacing within the expanding fireball has increased to ^

.10~1 3c7/i.
We take the view in specifying the model to be investigated that energy

considerations discriminate against charmed, bottom and top quarks. |We
also take the view that degeneracy considerations, together with the need



^"

35

TABLE 2. Densities and Temperatures at 1 < r < 4 in the expansion of a Planck
Fireball

r 1 - 1.25 1.5 1.75 2 2.5 3 3.5 4

Jog N 36.08 ,,,.35,79.. 35.55 -.:35.35 35.18 -JJ.4.89 34.65 34.45 34.27"
2V 0 13.9 19.3 ' 21.2 21.7 20.8 19.3 17.7 16.3

for electrical neutrality, prevent the strange quark from being discriminated
against. When the .up, down and strange quarks combine to baryons, equal
numbers of TV, P, f\, S°, E°, H~ are thus formed, with only a neg-
ligible amount of ft".. Because of the long lifetimes, ~ 10~10 seconds, of
/\ £ , 5°, 5", the strange quark survives the effective stages in the ex-
pansion of the fireballs, although D° goes to, /\s a 7-ray at a stage
proceeding the synthesis of the light elements. Finally, we consider that
baryons containing the strange quark do not form stable nuclei. Ultimately
they decay into N and P, but only after the particle density has fallen so
fa.r that the production of light elements has stopped. With N going on
a much longer time scale (10 minutes) into P, six of the baryons of the
octet go at last into hydrogen. Thus we see immediately that the fraction
by mass of helium, K, to emerge from Planck fireballs is given by • /

0.25(1 - y), (66)

where 1-y is the fraction of the original N and P to go to 4//e. Anticipating
that y will be shown in the next section to be ™ 0.085, equation (66) gives
Y — 0.229, somewhat lower than the value of ~ 0.237 obtained previously
(Hoyle, 1992).

The numerical values used in the detailed calculations of later sections
are given in Table 2.

Here N is the number per cm3 of each baryon type, the values in the
table being such that N declines with increasing r as r~3. The unit of r
depends on a specification of the total number of baryons in the fireball.
Thus for a total of 5.1018 the unit of r is 5.10~7c?n. However, since this
total is uncertain, because the Planck mass, usually given as (3/ic/4/rG')1//2,
is theoretically uncertain to within factors such as 47r, we prefer to leave
the unit of r unspecified - we shall not need it in the calculations. Suffice
it that there will always be a unit for r such that N has the values in the
table.

Taking the expansion of the fireball to occur at a uniform speed u, the
time i of the expansion to radius r is proportional to r, t ex r. In specifying
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i the model we take the factor of propor t iona l i ty here to be 10" lh sc
I W i t h the uni t of r chosen as 5.10~'c?7i this requires v — 5.109C7U s~l. a
! rat her low speed. But for a P lanck mass increased by 4r above ( 3 h c / - \ i r G ) 1 ' 2

] I .he expansion speed is raised by (47T)1/3 to 1.16 x 10I0cm s"1. Thus

t = 10~1Gr seconds, (67)

thereby relating t to N and Tg through the values in Table 2. The numerical
coefficient of equation (2) can be regarded as a parameter of the theory,
but it is not a parameter that can be varied by more than a small factor,
unlike the parameter 77 in Big-Bang nucleosynthesis which could be varied
by many orders of magnitude for all one knows from the theory.

The temperature values in Table 2 are calculated from a heating source
which comes into play at r — 1, i.e. at t = 10~1G.s. The heating source is from
the decay of 7r° mesons with a mean life of 8.4 x lO"1 '^. The temperature

.values in Table 2 correspond to a /r° meson concentration of f2/'3N c;?i~3,
which is to say one TT meson to each neutron and each proton, with /r°, TT^
in equal numbers.

The decay of a vr0 meson into two 75 Mev 7-rays does' not immediately
deposit energy into the temperature Tg of the heavy particles. It does not

'even lead to more than a limited production of e* pairs, because at these
densities this is prevented by electron degeneracy. Thus the energy of TT°
decay is at first stored in the form of relativist! c particles, quanta and some
e^, the latter being adequate, however, to prevent the 7-rays from escaping
out of the fireball. «

As the fireball expands, confined relativistic particles lose energy pro-
portional to 1/r, the energy loss going to the heavy particles, for each type
of which there is a conservation equation of the form clQ = dE + PdV, viz

-ad(l/r) = 3/2kdT + '3kTdV/V, (68)

an equation that integrates to give

2a r - 1
.2

(69)
^ '

the constant of integration being chosen to given 7y = 0 at r = 1. The
constant a in is easily determined from the energy yield of the TTU mesons.
Sharing the energy communicated to the heavy part icles equally among all
of them, leads to the values of Tg in Table 2.
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The energy is considered to have all gone to the heavy particles by the
stage of the expansion when r reaches 4, after which Tg declines as ?-~2 ,
i.e. adia-baticlly, the heavy particles being non-rclativistic in their thermal
mot ions . Thus for r > 4 we have

16.3.
'

(70)

„

;} T •;*/=io-"v = L62xl° 15
seconds, (71

while the particle densities decline as r"
a) The Abundance of 4He

V . . . i; • ' • . _

It will be shown that neutrons and protons are in statistical equilibrium
with l[He up to r = 3 in Table 2, but not for r > 3. Defining a parameter
( b y

logC - log N- 34.07-- log T9 (72)

it, was shown by Hoyle (1992) that the fraction y of neutrons and protons
remaining free at temperature TQ and particle density N for each nucleon
type is given in statistical equilibrium by ; |

log
1 — ?/
--/

y
14-9 (S

(73)

the values of Tg and TV in Table 2 at r = 3 giving y = 0.085, leading to
the value Y = 0.229 given above. A similar calculation at r — 2.5 yields
y — 0.083, much the same as at r — 3. For r < 2.5 the values of y fall
away to ~ 0.06. Thus in moving to the right in the table the values of y
increase towards r = 3, where the falling value of TQ eventually freezes the
equilibrium.

The condition for freezing is that the break-up of 4//e by '1//e(2Ar,T)T,
followed by the break-up of T and.^D into.neutrons and protons should
just be capable of supplying the densities of P and Ar, n(P) = n(N') ~
5.1033c77i~3 for the range of r from 2.5 to 3 and y ~ 0.085. The time



ava i l ab l e for this break-up of 4He is that for r to increase from ~ 2.5 to ~ 3,
i . < \1' seconds. In t h i s time the break-up of 'ii(A') ~ 2.9 X ] O'^cm"'' ,
U s i n g the reaction rates of Io\vler, Coughlan and ' / i i m n c r m a . i i (1975) we
v o r i ly t ha t .

1.67 x 109 3.23 x 1(T10 ;- 4.872 ' ' 131.51
, . . . ..... _ „ in-, | -r.--- ,! - O "V" T "\. T - - - i - . - - • /"* Xr 7 "\ -- .- i_._1 i--j . . -T.- . . .

r^ ' O / o 6XP 1 /'J ' GXP o-"
/ Q T"1 / T1 / JL oy i9 ^ 9 j

I- 0.086T91/3 - 0.455T9/3 - 0.271T9 + 0.108T9/3 + 0.225T95/3
r\ U^ ' ^ 7 i (A) .5 x 1U~17 (74)

; \x io23; v ; • ;

Here we put Tg c± 20 for the range of r from 2.5 to 3, and put t ing 7i(N) =
5.1033c7rr3, n\A) = 2.9 X lO^cm"2, the value of (74) is 2.85 X 1033cm~3,
This is close enough to the required value of 2.5 X 1033.

This is already an astonishing result. That so complicated an expres-
sion as (74) should combine so exactly to produce such an outcome is
not a consequence of the parametric choice of the model. The.freedom of
choice of the numerical coefficient in (74) is entirely dwarfed by the factors
1()34, 1033, 109, 10~10, 10~17 in (74), while even some variation in the
parameter a. in (4), as it affects the value of the factor exp;—131.51/Tg ~
2.5 x 10~3, is also dwarfed by the much larger powers in (74). The most
license that can be permitted to a critic would be to accept the above result
as model-dependent to the extent that it already consumes essentially all
the available degrees of freedom of the model, leaving all further results to
be judged as effectively parameter independent.

(b) The Abundances of D and 3//e
. We have omitted the analvsis which leads to the values ; •

D/H -3 He/H ~ 5 x 1(T5 (75)

which are given in the summary Table 3.. .,'..
(c) The Abundance of 7Li ,\..y\,

• < i : t
Writing ?i(P), n(A) for the densities of protons and alpha particles we

have

/ rr \2 / To \/2
= 1.58 x 10'33 —~ cm'3, n(/l) = 8.5 x 1033 —±- (76)
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The ratio of the abundance of 'Li to 3J3e established in statistical equi-
librium at temperature Tg is given by

log i - - = ' l o g ~ + log 4 - log n(P) + 34.07
JLJ G 2j o '•

- x 17.35, .

87.44 v - i
= 3.20-^,;:" ' . - ; . . (77)

witii

. \ ^ ^ l _ r * i 1 . / / « \ A S*r? ^

2

aJso given by statistical equilibrium.
The abundance of7'Li established at TQ according to (23) will, however,

be subject to attenuation as the temperature declines from Tg,; according
to an attenuation factor

(79)

with .... i .
'

S 1 v 1f)~16

dt = \" dT9 (80)
rp3/2 ^ '
J-Q .

'

as before and A a numerical coefficient obtained from the reaction rate for
7Li(P,A)4He given by Fowler et al. (1975), viz

A - i 7 x L05 x 1Ql° 2'4Q x
L7X 6.022

The factor 1.7 here arises from an estimate of the combined effect of various
terms adding to the rate of"Li(P, A}AHe, the rest of A being the main term.
Evaluating (79) leads to
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;is i , h c attenuation factor Lo he applied to Hie abundance of 'Li. \ V i l . l

log'-M£ = -1.08 we thus have

T r •
log— = 3.20-2.11- 1.08

(83)

n m « 9RTV2 30.443= 0.01-S.38/g exp ——

which has a maximum of —9.60 at Tg c± 12. Thus the surviving lithium
abundance is

. ; - " • : 7Li
li.

2.50x10-°, (84)

a result in good agreement with the observational requirement, again cal-
culated from highly complicated formulae, 'again without any model adjust-
ment. •••;.

(d) The Abundance of 11B

A similar calculation for n B leads to 11B / II c± 10~18, below the obser-
vational detection limit. This is significantly lower than the value calculated
by Hoyle (1992) who used an attenuation factor that was not sufficient.
From an observational point of view the model therefore predicts that there
is effectively no 'plateau5 under boron. Such boron as exists is required to
come from cosmic-ray spall ation on 12C, 160.

(e) The Abundance of QBe^ '

As noted in Hoyle (1992), the nucleus of 9J3e is exceptionally fragile,
leading to a particularly low freezing temperature. Statistical equilibrium
at higher temperatures establishes

9 -De 3 9 4
log— = - log - + log- -0.15 + logD/11
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4J!c 3.28- -J-
w i t h respect -to., the reaction 9Be(P, D}2'{lle. Using logD/H = --'1.30 al-
ready calculated, log 8Be/'iHe - -2.11 , log4IIe/n(P) = 0.73, gives
-5.63 - 3.28/Tg for the right hand side of -(?). Because 9Be(P,A)6Li con-
tributes equally with 9Be(P,D)24He to the destruction of 9Be, whereas
at Tg ~ 1 it contributes essentially nothing to the production of 9Be, the
equilibrium concentration of 9Be is lowered by a further factor 2, so that

log^f = -5.93 -f*. (86)
H 1$

Freezing of the equilibrium condition at\Tg — 0.50 for 9J?e.-woulld thus
give

9Be
10glT " ~12-5 - ' (87)

in satisfactory agreement with the apparent observed plateau under 9Be
(Boesgaard, 1994).

The estimated freezing temperature according to the model can be ob-
tained by requiring that the product 'of the expansion time scale, 1.62 x

1 /O

10~-5/T9 seconds- at temperature Tg and the :sum of the reaction rates
terms for 9Be(P, D}2 *He and of those for 9Be(P, A)QLi be unity, viz

1.03 x 1Q9 2.40 x 1031 1.62 x 1Q"15 3/2 . ' 3.046
T9 ' 6.033 x lO 2 3 " r179 9 '6XP

1- .V ••;!', ..,'#H (88)

The factor 2 on the left of this formula comes from the circumstance that
at; the values of Tg in question the highly complicated non-resonant contri-
bution given by FCZ about doubles the resonant reaction rates. Equation
(88) determines a freezing temperature Tg = :0.623, reasonably close to the
required value of 0.5.

(f) The Abundances of 12(7 and 160

The reaction rate on 9Be from 9Be(A,N)l2C as given by FCZ is

2.40 x 108 n(A) 12.732
~ 6.023 —
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U s i n g (74) for n ( A ) and p u t t i n g Tg c± 10, at which*temperature most of
I , h o production of nC takes place, gives 1.44 x 101('; for (89). Multiplying

•- 1 / 9
by the time-scale 1.62 x 10" */Tg then gives ~ 7.4, implying t h a i an
a b u n d a n c e 9.Be/II ~ 5.5 X. 10. . givenjxjr' (20) is converted 7.4 times over
to 12(7, leading to

' , ! . . . . '
• ' *, •* v ' ' .* i

.V\HV-'
— ~ 4.1 X 10~6 (90)

: " • ^

: . < ' , • • •

The value of 160/H is of a similar order. . •
(g) The External Medium

All of the above followed from just the N and P members of the baryon
octet. The othef^six baryons are considered not to form stable nuclei. They
decay in ~ 10" } seconds, by which time a Planck fireball has effectively
expanded into its surroundings, which according to the QSSC model (H13N
1993J994a,b) is necessarily a strong gravitational field in which the decay
products of A, E^, 5° and E~ may be expected rapidly to lose energy.
The E° baryon decays to /\d 7r° in a mean life of 3.0 x 10~ 75, S+ which
decays in a mean life of 8.0 X 10" L1s, gives a TTO meson in about,-a half of the
cases, so that together with /\ which decays in a mean life of;2.5 X 10~106',
there is a late production of about 2.57T0 per baryon octet, yielding ~ 5 late
7-rays per octet, typically with energies ~ 100 Mev. It is these 7-rays and
their products that are expected to be subjected to energy loss in strong
gravitational fields. •

The production of Planck particles near large masses of the order of
galactic clusters occurs typically in an environmental density ~ 10~16r/ cm~~3

at which density 7-rays of 100 Mev have path lengths of ~ 1018C7?^, ample
for considerable redshifting effects to occur, when quanta and particles in
the 1 - 100 kev range would arise. Although such particles and quanta
are readily shielded against, it is an interesting speculation that pathways
in to the external universe may be briefly opened and that the mysterious
7-ray bursts arise in such situations.

(li) Summary of Abundances and Conclusions

The calculations more accurate than those described earlier in Hoyle
(1992) and in HBN (1993). They lead to the abundances and results shown
in the following table.

To obtain a ratio 911e/II ~ 3.10~13 requires a freezing temperature
7 - » c± 0.5 which is close but not equal to the calculated freezing temperature
'/;, ~ 0.62. . ;
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*-He/H
D/H ~3 Ile/U

....... 7Li/II .
IIB'IH
12C/H

= Y ~ 0.229
~ 5.10~5

= ,.,.2.5 x 10"10

very small

^ 4.1 x 10~G

We conclude that a certain model of the decay of Planck particles leads
to interesting values for the abundances of the light elements. The work is
deductive, and in this sense the model used is not subject to negotiation,
any more than the axioms on which a mathematical theorem is proved are
subject to-negotiation. Or. any more than supporters of Big-Bang nucle-

" osynthesis regard the choice of their parameter TI as a matter of negotiation.
Thus the only basis for judging the situation is to assess how good, or bad.
are the results. Our assessment is the following:

(i) Our result for 4He/E is very good.
(ii) The ratios D/H, ^He/H are too high by factor ~ 2. A more detailed

calculation might well lower 3He/H to its observational value, put at the
expense of a further increase in D/H, necessitating an epicycle for the
theory in which the observed D/H ~ 1.5 X 10~5 is due to environmental
effects.

(iii) The ratio 7Li/H is very good.
(iv) The prediction of essentially no 'floor' under 11B is subject to test.

The 'floor' under 9J3e requires a freezing temperature TQ ~ 0.50, whereas
the calculated freezing temperature was T9 ~ 0.62. Considering the very
complicated expressions of FCZ, especially that involved in' a cut-off pro-
cedure for non-resonant contributions, this correspondence is adequately
close.
Finally we may ask how this situation for the synthesis of light elements
from Planck particles compares with the situation in Big-Bang nucleosyn-
thesis. In that case

(a) The classic choice rj - 3.10~10 for the baryon to photon ratio is good
for 3IIe/H but is too low for 7Li/H and too high for Y and D/H.

(b) While reducing i] brings Y and 7Li/H into good agreement with
observation the value of D/H becomes so large that the theory requires an
astration epicycle to save itself.

(c) Raising TJ to ~ G.10~10 gives good results for DJH, 3lIe/H and
' Li/II but the resulting value Y = 0.25 is too high, and hardly savable by
any epicycle or combination of epicycles.



(d ) The theory predic ts no plateau u n d e r 9 />V, w h i c h seems w r o i i u .
A recourse to inliomogeneous cosmological models would be to make the
theory wildly epicyclic.

(e) Big-bang nucleosynthesis, but" not the present model, p r e d i c t s ;i.
present-day average baryon density iiv-t.1:^ -universe much below t h e . cos-
mological closure value, either forcing a change to a so-called open model
(when galaxy formation is made difficult or impossible) or leading to the
proposal that most of the material in the universe must be dark and non-
baryonic. It is this argument that has led to the proposal that non-baryonic
matter dominates the universe. None has so far 'been found.

3.3. THE VALUE OF po v ' V ^ H ^
':')\::-l>>(\\'<:*'''

To determine p0 (the mean density at this epoch) we have no simple relation
like p0 = 3//o/87rG in the closure mp4el of Friedmann cosmology. However
from the analysis in Part I we have that

3
(91)

Also neglecting the slight variation of exp L/P over,the current half-
cycle, I j

S' . ,

1 + 0.75 cos I.
0.75 cos

(92)

in which a = 0.75 and t0 - 0.85 are used. Applying (91) and (92) at t = 1,
the next maximum when S'j-'Q, the value of p0 is rela.ted to A by

A = -0.558. Sn

Substituting A given by (93) in (91) now gives

'Po S
0.558

Since ,92/S2 at t = t0 is 11% we therefore get

0.442p0 =
STT<

(93)

(94)

(95)
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the coeilicient 0.442 being appropriate oniy for the present moment /.0 =
0.85. Put t ing H0 ~ 64.7/cm sec~lmpc~l, (Q = 40 X 109), determines the
present-day average cosmological density as

pQ = 1.79 x 10~29</ cm~3 . (96)

Thus, since the density of visible matter is ̂  3 X 10 31gm cm 3 in this
theory as in the standard big bang the bulk of the matter is dark. However
the major difference between the QSSC and the big bang is that the dark
matter in our theory is made up of baryons. This points up the fact that it
is only in the big bang scenario that there is any reason at all to suppose
that dark matter is non-baryonic.

3.4. THE COMPOSITION OF THE DARK MATTER -- #

Since a typical galaxy goes through many cycles Q in. our model, stellar
evolution is not limited by the value of 2/3/fo — 15 X 109 years as it is in
the big bang. , . . ; .

In our Galaxy we then will expect to have the following stellar compo-
nents: /

1. The known stellar population with stars with ages ranging from ~ 107

years for those most recently formed to ~ 15 X 109 years for the oldest
globular clusters.

2. Stars which were formed from matter created in a previous cycles, and
are now ~ 50 X 109 years old, and remnants from even earlier cycles.

3. Failed stars - the so-called MACHOS.

The distribution of all of this baryonic matter in disk and halo is de-
termined by the formation process and its dynamical behavior. Creation
events on a scale sufficient to augment the masses of galaxies on a signifi-
cant scale will produce violent gravitational disturbances, mostly disrupting
and expelling into a halo all previously existing stars. Thus the present day
galactic disk (Population I) is only the most recent of a number of major
star-forming episodes. Previous episodes occurring at ages (15-J-50P) X 109

years, P-1,2,3,..., are now in the halo. Indeed they form the halo, and the
process just described gives a picture of how the halos of galaxies are built
up. All galaxies have a largest value of P, corresponding to the epoch of
their formation, the larger Pmax corresponding to massive ellipticals and
the smaller Pmar corresponding to 'late' type spirals and irregulars. We
estimate Pmax ~ 10 for a galaxy such as our own and Pmax ~ 20 for a
typical massive elliptical.

The main-sequence of a stellar population of age 15 X 109 years is burnt
out clown to masses of solar order and is usually taken to have mass to light
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ra t io of ~ 3, while a population of age ( J o + 50P) X 10° years w i l l have its
main-sequence burnt -out , down to a mass ~ M0( 1 '* ' .^ J ):'' and w i l l have a
mass to light ratio ~ 3 X (1 -f 10 P/3) which for P = .10 havo the values
0 . -U /V/0 and ~ 100 respectively.

The stellar mass function determined in the Galaxy from the solar neigh-
borhood has a 'missing mass' factor of about 2. While this is uncertain, it
can be explained by the addition of so-called brown dwarfs to the mass
function. If the stellar mass function is taken to be everywhere and always
the same, high mass-to-light ratios for halo populations and for elliptical i
galaxies cannot-be explained wholly through a brown dwarf component. •
But much or most of such high mass-to-light ratios can be explained if ,
such populations have ages of (15 + 50P) X 10° years with P ~ 10 or more. \t is a prediction of our theory that the main-sequence of halo stars \d thicken for red dwarfs with masses ~ 0.5M0. Attempts to confirm j

or deny^this prediction would need'.to be confined, because of the low lu- . ' j
minosities of such dwarfs, to the solar neighborhood, say to with ^ 50pc of ;
the sun. Being halo stars they would pass through the solar neighborhood
with high velocities, ~ 200/c?n s~l. An accurate color-magnitude for the
high velocity stars of the solar neighborhood would therefore be of great
cosmogonic interest. To which should be added the need for accurate the-
oretical studies of the evolution of very old stars with masses ~ 0.5A/Q,
especially with regard to the possibility of the long-term mixing of the
products of nucleosynthesis. i j

:, 3.5. FAINT GALAXIES . ' U*

The apparent luminosity of a. galaxy of radial co-ordinate r aiid intrinsic
luminosity L observed at a redshift z is given by

\, ^-_L_i L_ . , (97)
i O / - i i \ 2 r i 2 / ' / \

!

Putt ing rS(t0) ~ cH~l ~ 2 x 1028cm, z'= z\ 5, a galaxy of absolute ;

•j! magnitude -21 would thus be observed with an apparent bolometric mag- ,
'il nitude of about +27. Since this is within the range of observation it follows
'j[ , ( that galaxies with still larger values of r should also be observable, such
| " galaxies having an emission time, i that occurred in the previous universal
| , ^ oscillation. For those where emission occurred at the las't oscillatory max-
;| . ; , . • ' r imum there would be a blueshift with S ( l ) > S ( t 0 ) . If we suppose that at ,

j i t the present we are not far from maximum phase, the blueshift will be com- •
!: " , s ])arativcly small, and the second factor in (97) will be greater than unity
I b u t not greatly so. With rS(L0) ~ 5 X 1028cm in such a case, the appar-
j: eat bolometric magnitude of a galaxy of absolute magnitude -21 would be
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somewhat fainter than +26 if absorption of a magnitude at the last oscil-
latory minimum is included. The theory thus predicts that a mult i tude of
b l u e galaxies should be observed at about this brightness level, some indeed
wi th spectrum lines that are blueshifted rather than rcdshifted. The bjuc-
jiess is not an intrinsic property of the galaxies themselves but arises from

.: the oscillatory character of the scale function S ( t ) together with there being
| many oscillations occurring in the characteristic expansion time P c± 1012

•{' years of the universe, and with there being little change of the universe
V from one oscillation, to the next.

Thus the prediction is that faint blue galaxies will appear in profusion
at faint magnitude levels. Other explanations of this observed phenomenon
have been proposed (cf Koo and Kron 1992) but here we have an explana-
tion which comes naturally out of the cosmological model.

Also in this model the universe changes\much more slowly than had
' hitherto been supposed since the appropriate timescale is determined by P.

Some 5-10 exponentiations of the scale factor S(i) are required to expand an
initially local situation with a dimension of a few megaparsecs to dimensions

• ~ 3000Mpc. In terms of the galaxies we observe, the average age is P/3 ^
3 x 1011 years, while the ages of the oldest objects at the limit of observation
are 5 ~ 10P ^ 1013 years. Clusters of ellipticals like the Coma cluster may
well have ages intermediate between these values, i.e. ~ 2.101? years. On
this basis we would expect that a large part of the mass will be'in flie form
of evolved stars, not only white dwarfs, neutron stars or black holes but
also dead stars with M > 0.5M0, including brown dwarfs. Some part of

•: '! . ' this may be in the form of completely evolved galaxies.

• : , 3.6. THE COSMOGONY ASSOCIATED WITH THE QSSC

The long time scale associated with this cosmology means that galaxies can
form at all epochs and that different components in the same galaxy will
Lave very different ages. Thus stellar components with ages in the range
107 — 1012 years will be present.

Since the mass creation events will be at maximum intensity and fre-
quency in the minima of the cycles and decrease in intensity and numbers
al the peaks of the cycles young objects will be comparatively rare among
the galaxies at comparatively small redshifts.

Observational evidence of a range of ages is present. The evidence is of
several different kinds.

(a) A class of faint galaxies often called II II galaxies which were orig-
••'•• inally investigated by Sargent and'Searle (1970) and Kunth and Sargent
> , (1983) are found among the faint galaxies.. Their spectra have very weak

•§; continua and line emission characteristics of II II regions together with 0
'•>•?#.'•



and .13 stars. All of the strong features in the spectra, arise f rom stars w i t h
ages < 10s yr. There is some ambiguity about the c o n t i n u a . In . one case,
Sanda,ge (1963) argued that the colors of the cont inuum in NGC 2-'M-l-2-l-'l5
were similar to those in the Lar.ee Magellanic Cloud and thai there cou ld b^
an underlying old system. However, in general there is no strong evidence
that any old stellar population is present.

b) Highly luminous IRAS galaxies: Far-infrared observations (~ 25 -
200/zm) made originally in a few cases from the ground or high-flying air-
craft, and then much more extensively from IRAS, have shown that there
is a large population of spiral and irregular galaxies which emit powerfully
in the far-infrared (Soifer,;liouck, & Neugebauer 1988). It is generally be-
lieved that the far-infrared radiation is thermal emission from dust heated
by main-sequence stars, and that the powerful sources are regions in which
star formation is-dominant - so-called starburst regions. The most extreme
examples are the high-luminosity IRA S galaxies with luminosities in excess
of 1012I<0, practically all in the far-infrared. Nearby examples of such galax-
ies are Arp 220 and NGC 6240. Such systems are all very irregular. While
it has often been argued that such objects are a result of mergers between
previously separate galaxies (cf. monograph edited by Wielen 1989), one of
us (Burbidge 1986; Burbidge .& Hewitt 1988) has made the case that these
objects are genuinely young (<C 109 years old) systems made up of succes-
sive generations starting with, fairly massive stars (20AfQ '< M < 503/0)
which have themselves in the early generations made the dust which is now
being heated by ultraviolet radiation from later generations. These galaxies
fulfill all of the tests for young systems. There are no stars detected in them
older than A-type systems, they contain huge masses of molecules and we
predict that the dust in them will not be of typical galactic form, since it
will have condensed from metallic oxides and other compositions typical of
material ejected from massive stars. According to our proposal made here,
galaxies of the types found in categories a and b have arisen from recent
mass-creation events. Another unexpected observational discovery has been
the finding of very young stellar systems in old galaxies. There are many
examples. We mention here two recent discoveries.

c) In our own Galaxy, Krabbe et al. (1991) have shown that within
0.5 pc of the center there is a cluster of young massive stars with random
motions of ̂  200/cm s~l. These have been found by high-resolution imaging
of a 2.06/xm recombination line of He I. The stars are broad emission line
objects which must have ages less than 106 yr. The radio source Sgr A lies
in this cluster. This can readily be explained by mass creation very close
to the center.

d) Observations us ing ' t he 1IST have shown what appear to be very
young globular clusters in the central region of the well-known radio galaxy
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N ( . ' ( ' 127,5 ( l ioltzman et al. 1992). This galaxy gives every indicat ion tha t
parts of it at least have an age ^ 1010 yr. Both of these examples suggest
that mass creation may well be continuing at a low level in the nuclear
regions of old galaxies.

A more general question is to what extent there is good evidence that the
majority of galaxies have ages ~ 1010 yr. In fact we can only determine ages
accurately when we can observe the color-magnitude diagrams of clusters of
coeval stars and detect their turn-off on the main sequence or the positions
of the i r horizontal branches. This restricts us so far to our Galaxy and
objects like the LMC. The arguments based on color measurements which
have been made in general (cf. Larson & Tinsley 1978) involve assumptions
about the mix of stellar populations that are not very secure, though they
are often implicitly assumed to support the. claim that the majority of

. galaxies are old. If we look at dynamical motions, -clusters of galaxies like
the Coma Cluster appear from their forms to be totally relaxed, and this
means that they are very well mixed. Since in a typical case it takes about
109 yr for a galaxy to traverse a cluster diameter, such cluster galaxies

. should have ages ~ 1010 yr. On the other hand, there are many clusters
which are clearly not relaxed (e.g., the Hercules Cluster) which contain
many bright spirals. The dynamical argument would then suggest that the
age is Jio more than ̂  109 yr. This was the position taken by Ambartsumian
(1.958, 1965) when he first discussed expanding associations of galaxies.

So how are galaxies formed in this model? It appears likely that there
>:• are two routes. Given a small seed mass, creation in the vicinity of the
•'; center will add to that mass which will be driven out but. will still remain

. - . / . • bound to the overall system. In this way, galaxies will increase in mass as
a function of time.

On the other hand, creation at the center will lead to matter which
. ' is ejected from the galaxy and can form seeds for the formation of new
::"'' galaxies.
\e ejections of this type is what we see in radio galaxies, QSOs
f and other active nuclei.
' ' The classical explanation of the latter phenomena is that they arise in a
[; rather mysterious way after some matter from an accretion disk falls into a
;: black hole. A discussion of the many ingenious arguments which have been
y. made has recently been summarized by Blandford & Rees (1992). How are
•> • these phenomena to be alternatively explained in a mass-creation event?

The creation units described in this paper have an early stage in which
v~ gravitational fields are strong, with creation taking place close to an event
:' horizon, which introduces a time dilatation factor large compared with
j;( • unity, a factor upward of 10G for large creation units. This influences the
ijk: time scale as measured by an external observer in which the creation unit
$.'. '•£': •



h u r s t s away from its state near the event horizon, an died, of ;i s trong
n e g a t i v e pressure term in the dynamical equa t ions s i m i l a r to l . l i a l . in tho
i n f l a l i o n a r y model (Guth 1981). Now it seems u n l i k e l y , especially For a
T o t a l i n g object, that the time di la ta t ion fac tor w i l l be p.very where the same.
Using spherical polar coordinates, the dilatation factor w i l l not be precisely
of the form (1 -- 2GM/R)~1/2 but will also have some dependence on the
angu la r coordinates as in the Kerr metric. To an external observer the
moment of breakout from the strong gravitation field will therefore appear
dependent on 0 and 9. Even though to a comoving observer the t imes of
breakout may not be .greatly variable with respect to 0, (,?, to an external
observer the situation will appear otherwise. That is to say instead of the
object expanding after the creation phase as a uniform object, it is l ike ly
to emerge in a series of blobs or jerks, every blob appearing as a d i s t inc t
object in its own right. This type of model may be important in attempts
to understand the properties of radio galaxies and other active objects in
which matter and high-energy particles are ejected in jets.

Let us consider a few examples starting with M87, the classical radio
galaxy with a jet interpreted in this way. The well-known synchrotron jet
in the large galaxy M87 lies in position angle 290°. It has been known since
1960 that the position angle of the line joining M87 to the radio galaxy
M84 is coincident with the position angle of the jet (Wade 1960). This is
as direct evidence as one can have of a changing gravitating object at the
center of M87, a blob that later becomes the galaxy which .we know as MS-L
Arguing from the angular coincidence of the position angles, the probability
of this being so was already about 100 to 1 in favor, while now we have at
least the beginning of a theoretical explanation of how such situations arise.
Indeed, taking place repeatedly from the breakup-of an initial large mass,
the product would be a cluster of galaxies. It is an interesting possibility
tha t the Virgo Cluster was formed in this way or, at any rate, the elliptical
galaxies in the Virgo Cluster. The spirals are more likely to have been
formed as gas from the object, created as M87, impinging on gas from
other neighboring creation units. The circumstances that we still see the
jet of M87 suggests that the process of forming MS4 occurred fairly recently
and that here we have good evidence .of a young galaxy.

In. addition to this, Arp (1987) has shown that a number of X-ray-
emi t I ing QSOs are also aligned in the position angle of the jet, and this
also is very suggestive of ejection.

We suggest that it is this type of event - creation process in the center
of a massive object -• which is largely responsible for the generation of
powerful radio sources associated with elliptical galaxies.

There is nearly always a preferred axis of ejection in a p o w e r f u l source,
and many optical and near-Ill observations have shown that there is a great

' • - . §1
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deal of optical emission along the major axis of the radio emission. Aiost of
those galaxies are very faint, and jnany Jiave z > 1. In some cases blobs are
seen, but most of them are far enough away so that structure of the kind
seen in, MS7. will.not be detected.

The recent studies (McCarthy et al. 1991: McCarthy, Elston, £ Eisen-
jiardt 1992a; McCarthy, Persson, & West 19925; McCarthy 1991) show that
the optical emission is correlated with the radio emission, and everything
suggests that the activity takes place from the inside out.

We would also like to explain the existence of QSOs ejected from galax-
ies as a variation on this same process, but here much more work needs to
be done before we have a satisfactory model. Certainly the ejection pro-
cess may be understood within the framework of the creation in an active
nucleus, and there are some very well aligned'ejection cases (cf. Arp 1987;
Burbidge et al. 1990). While we believe that the large number of associa-
tions between bright galaxies (often spirals) and QSOs with large redshifts
provide overwhelming evidence for non-cosmological redshifts, we have not
yet found any way of explaining these redshifts using the theory outlined
in this paper. We believe that this aspect of the problem of violent activity
remains a major challenge. ;

!i i
t

References

AJpher, R.A., Follin, J.W. and Herman, R.C. (1950) Rev. Mod. Phys., 22, 153
Alpher, R.A., Follin, J.W; and Herman, R.C. (1953) Phys. Rev., 92, 1347
Ambartsumian, V.A. (1958) in: Stoops, R. (ed.) Proc SoJvay Conf on Structure of the

Universe (Brussels), 241
Ambartsumian, V.A. (1965) in: Proc Solvay Conf on Structure and Evolution, of the

Galaxies (Brussels), Wiley-Interscience, New York, 1
Arp, II.C. (1987) Quasars, Redshifts, and Controversies (Berkeley: Interstellar Media)
Blandford, R. arid Rees, M. (1992) in AIP Conf Proc 254, Black Hole-Accretion Disk-

Paradigm (New York: AIP), 3
Boesgaard, A. (1995) Proc. Workshop on Light Elements, ESO, held on Elba, May 1994
Burbidge, G. (1986) PASP, 98, 1252
Burbidge, G. and Hewitt, A. (1988) in Comets to Cosmology, ed. A. Lawrence (Lecture

Notes in Physics; Berlin: Springer-Verlag), 320
Courant, J. and Hilbert, D. (19G2J Methods of Mathematical Physics, Vol. II, (Inter-

science, New York), p. 727-744
Fowler, W.A., Coughlan, G. and Zimmerman, B. (1975) ARA&A, 13, 6.9
Gamow, G. (1946) Phys. Rev., 70, 572
Guth , A. (J981) Phys. Rev. D., 23, 347
IloHznian, J.A., Faber, S.M., Sliaya, E.J., et al. (1992) AJ, 103, 691
Hoylc, F. (1968) Proc. Roy. Soc. A., 308, 1
HoyJe, F. (1992) AP&SS, 198, 177
Boyle, F., Burbidge, G. and Narlikar, J.V. (1993) ApJ, 410, 437
Boyle, F., Burbidgc, G. and Narlikar, J.V. (1994a) MNRAS, 267, 1007
Hoylc. F., Burbidge, G. and Narlikar, J.V. (1994b) A& A, 289, 721
Hoyle, F., Burbidge, G. and Narlikar, J.V. (I99<k) Proc. Roy. Soc. A, December, 1994

F., Burbidgc, G. and Narlikar, J.V. (1995) Proc. Workshop on Light Elements,
ESO, held in Elba, May 1994

<•
•



l loyl f i , l'\d Tayler, 11. (19(M) N a t u r e , 203, 1103
K e m b l i a v i , A .K . (1979) MNRAS, 185, 507
Koo, I ) , and Kron , 11. (1992) ARAJcA, 17, 135
K r a b b o , A., Gen'/el, R., Drapat/ , S.. Rotaciuc, V., (1991) ApJ, 382, L19
Kris t .hm, ,]., Sandage, A. and Wcstphal, J. (1978): A p J , 221, 383
Kimlli and Sargent, W.L.W. (1983 j ApJ , 273, 81 .; '
Larson, R.B. and Tinsley, B. M. (1978) Ap.l, 219, 46
Mather, J.G. Cheng, E.S., Eplee, E..E., et al. (1990) ApJ, 354, L37
McCar thy , P. (1991) AJ, 102, 518
McCarthy, P., van Brengel, W., Kapalii, V.V., and Subramanya, C.R. (1991) AJ, 102,

522
McCarthy, P., Elston, R. and Eisenliardt, P. (1992a) ApJ, 387, L29
McCarthy, P., Persson, S.E. and West, S.C. (I992bj ApJ, 386, 52
Sandage, A. (1963) ApJ, 138, 863
Sandage, A. (1993) in Chincarini, G., lovino, A., Maccacaro, T., Meccagni, D. (cds.) Proc

Conf Observational Cosmology. Milan, ASP Conf. Series 51, p. 3
Sargent, W.L.W. and Searle, L. (1970) ApJ, 162, L155
Soifcr, B.T., Ilou.ck, J.R. and Neugebauer, G. (1987) ARAkA, 25, 231
Tully, R.B.';(1993)-m Chincarini, G., Io\ino, A., Maccacaro, T., Meccagni, D. (eds.) Proc

Conf ObservationarCosmology. Milan, ASP Conf Series 51, p. 18
Wade, C. (1960) Observatory, 80/235
Wielcn (1989) in: Proc Int Conf on Dynamics and Interactions of Galaxies (Heidelberg:

Springer-Verlag)
Weinberg, S. (1989) PJBv. Mod Phys., 61, 1

•




