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Abstract. The ideas originally proposed to discuss continuous creation of matter
are reconsidered in the context of the big bang cosmological models. It is shown
that singularity-free big bang models are possible under the modified field equations
of general relativity. However, the case is made out that matter creation takes place
in several mini-bangs at different epochs rather than in one big bang. The impli-

cations of this idea for high energy astrophysics and for gravitational radiation are
discussed.
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1. Introduction

Primury creation of matter and radiation is the most fundamental event in cosmo-
logy. Cgmpared to this the behaviour of matter and radiation subsequent to
creation is of secondary importance. Yet, a survey of the current cosmological
literature reveals that very little attention has been paid to the creation event (or
eventss by ‘thc observational and theoretical astronomers. This neglect is due to a
number of reasons. Many cosmologists consider the creation problem to be so
Xuﬂ&..im*;ﬂt.ﬂ 45 to be beyond the reach of physics. To some creation represents
4 violstior of the sacrosanct conservation laws of theoretical physics, and there-
tore zxna be avolded as fur as possible. Others hesitate to tackle it on the ground
that there 15 no observational evidence for it. Nevertheless matter and radiation

i; :ﬁ‘;&; i:};d pose the tuntalizing question: ‘“ Where did they come from in the
24 LKU?;“

ﬂ:ij: tl;f:\:a:m proble@ has been explicitly discussed by those interested in the
o i»;wtu‘;ﬁg‘q“:}“g}_(HO)'IC 1948, McCrea 1951, Hoyle and Narlikar 1962, Bondi
n 2, Gold und Hoyle 1960). One of the characteristics of a steady
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classical Friedmann models which are considered less radical in outlook, require
a violation of the above conservation law in a more dramatic form. Insuch models,
all the present contents of the universe must be created at once, thus giving an
infinite value of K'!

To argue that the creation event is beyond the scope of physical enquiry and
that one should restrict one’s discussion to events subsequent to creation represents
a departure from the traditionally held views on the scope of scientific enquiry.
Indeed some cosmologists (see Hatrison 1972 for a review) are willing to consider
the state of the universe at the age of 10-*% seconds but they hesitate to consider
the case of zero age.

The sharp contrast which existed between the steady state and the big bang
models twenty years ago has softened somewhat at present. Creation ir discrete
events and local evolution in times comparable to H-' has been considered in
the steady state framework by Hoyle and Narlikar (1966 a, b) while some physi-
cists like Neéman (1965) have removed the uniqueness of the big bang by postu-
lating ‘delayed > big bangs.

The purpose of this paper is to show that once creation of matter is admitted
as a part of physical enquiry, the difference between the two types of cosmological
models is considerably reduced. The same formalism which led to the steady
state theory can be made to give big bang type solutions but without singularity.

Finally, the question ‘Is creation taking place now?’ will be considered in the
light of available astrophysical evidence. This comes largely from high energy
astrophysics, galactic structure and the nature of the intergalactic medium. How-
ever, the recent interest in the possible existence of gravitational radiation has
added another dimension to this problem. It will be shown that creation events
are possible sources of gravitational radiation.

9. Creation: a mathematical formalism
It is well known that Einstein’s equations can be derived from a variational principle

83/ 3¢y =0 (2)
where gy is the space—time metric and S is the action functional

Throughout this paper, except when putting in numbers, we will take the velocity
of light c=1. In(3) Ris the scalar curvature, g the determinant of gy and G
the constant of gravitation. The second term of (3) represents a collecticn of
particles, m, being the mass of the a-th particle and da the element of its proper time.

Application of (2) to (3) leads to the field equations

R — 4 g% R = —8sG I (4)

where T¥ is the usual energy momentum tensor of matter arising from the second
(m)

term of (3). In the ‘smooth dust’ approximation commonly considered in cos-
mology (4) becomes simplified because

T = pu'u® (3)
(m) v
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where p is the density and #* the flow vector of dust.

The conservation law for matter and energy follows from (4) by taking divergence.
Because of this, the Einstein equations cannot describe matter creation. Can we
modify (4) in some way so as to permit the possibility of
T* .. 5407 (6)
{m)

Hoyle’s idea was to introduce such a modification and he did write modified
field equations tc take account of matter creation. However, a simple modifi-
cation using the action principle was suggested by M H L Pryce (private communi-
cation), and was subsequently adopted by Hoyle. In this paper we shall be mainly

concerned with this formulation. Only towards the end we shall point out a more
satisfactory alternative.

The modified action is now given by

'S':Tél;;f;“fR \/j—éd‘lx—z::fmnda +e}ffcici v —gdtx
~ X [cdd ) Q)

where C is a new scalar field and C; = dC/2x* its gradient. f isa coupling constant.

At first the last term of (7) seems ineffective in a variational problem. This is
because it is path-independent, and seems to depend only on the end points where
the variations are zero anyway. However a new subtlety is introduced at this
stage. Since the theory talks about creation (or annihilation) of matter, it must
admit the pessibility of a world line beginning or ending at a spacetime point.
Suppose particle @ is created at spacetime point 4, and is annihilated at point A4,.
Then we have

f Cdd = C(4,) — C(4) (8)
In a variational problem we must vary not only the particle worldlines but also
their en.ds. If therefore 4, or 4, (or both) liein a spacetime region where variations
are taking place we get a non-zero contribution from ( 8). Explicitly we have at 4,
m, da'jda = C! (4,)

(9)
and at 4,
m, da'/da = C'(4,) (10)
Between A, .zmd A, the worldline satisfies the usual geodesic equation
Ei_z_gt N o i da® ddt
da* T "M ga dg =9 (11)

Thus th - .
play at thi ?nﬁiﬁ i?ﬁnm affect the motion of an existing particle. It comes into
s creation or annihilation. (9) and (10) r
: At . epresent
of conservation of momentum. At the time of cre ) (10) represent the law

comes out of the field momentum of the C-field ation the momentum generated

The sources of the C-field ;
action principle leads ¢ are the ends of worldlines. The variation of C in the

fCty - {,5;‘(3’ A1) 8, (X, Ay)
Vo= g(dy) — g“(/'ié)} 42
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Thatis, a world point where creation occurs acts as a positive source and a world
point where annihilation occurs acts as a negative source.

The gravitational equations are obtained by the variation of g, and are given by

R* —3g* R = — st[ y A T“’] (13)
(m) ()
where(I;”‘ is the usual matter tensor and
T* = — F{CICh ~ 3 gt C) 14)

It is easy to see that
(T* = -—(T;,;"“=fci C*u (15)
m) o)

We have already seen that C*; =0 except where particles are created or anni-

hilated. Thus at such world points the conservation law for T°* breaks down.

{m)
However, the combined energy in matter and the C-field is always conserved.

This concludes the discussion of the basic laws governing the C-field. Itis possi-
ble to describe the same ideas somewhat better in the form of a direct particle theory
instead of a field theory [Hoyle and Narlikar 1964]. For the present purpose the
more familiar field formulation is sufficient.

3. Cosmological solutions

To obtain the simplest cosmological solutions of the modified field equations we
make use of the Robertson-Walker line element

ds? = df® — Q2 (t)[ s+ r(d0® + sin? 0 dqsz)] (16)

where k =0, &= 1 and r, 0, ¢ represent a typical fundamental observer in the sense
of the Weyl postulate. ¢ denotes the cosmic time so that the spaces ¢ = constant
are homogeneous and isotropic. In the smooth dust approximation, p is a function
of ¢ only while »' has only the time-component. The C-field in this case can be
at most a function of ¢.

These assumptions considerably simplify the field equations which reduce to

Q Q +k :
2 — dnGFC?

G+ S = amGfC (17)
3 QZQ‘L‘ K o 8nGp — 4nGFC? (18)

Because f > 0, the C-field has negative pressure and energy. The source equation
for the C-ﬁeld (12) takes the form

f- Qs d,( &Yy =n() (19)

where (¢} is the net rate of creation of particles per unit proper volume. If ¥ (z)
is the number depsity of particles at time #, then clearly we have
(20)

Q3 dt (NQS) =n
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Finally, if m is the average mass of the particles in the universe, the matier density
is given by

p = mN (21)

With these equations we now proceed to examine the cosmological sclutions.

(i) The steady state model—In this model p, N ard n are constant in time. De-
noting their values by p,, N, and #n, respectively, we get from (20)

Q/Q = 1o/3N, = constant = H (say) (22)
where H is the Hubble constant.
Q (1) = exp Hit (23)

the constant of integration being absorbed in the scale factor. Then (19) leads to

C — Nolf + Ae38% A = constant.

Next we substitute (24) and (23) into (17) and find that

k=0, 4=0 (25)
and

Pg ==f1712 = 3H2/4’JTG, Ng =fm, Ry == 3Hfm.

Integrating (22) we get
(24)

(26)
Notice that the steady state solution has been obtained simply by requiring N ()
and 7 (f) constant. The above relations tell us how the density of matter is related
to Hubble’s constant, i.e., to the rate of expansion of the universe. Both p, and H
are in fact given by the coupling constant f and the mass of the particle created.
(ii) The big bang models—Originally it was thought that the big bang models
cannot be described in the above framework, except trivially by assuming C = C.

We now show that explosive rather than continuous creation does lead to big bang
cosmologies.

For this we consider creation to take place at a unique epoch z = 0 (say), so that
n(t) = N (1) 27)

According to (27) N, particles are suddenly created at time 7 = 0. We may assume
that prior to this event there were no particles in the universe.

3
N:i"g—%‘—, t>0

Then (20) integrates to

(28)
where Q, = Q(0). Similarly (19) integrates to
. N Q 3
C = ~8x0 & ? 29 :
Sos 0 () (29)

where 8 (t) is the Heaviside function suggesting that C = 0 for : < 0. Substitution
of (29) into (18) gives for r > ¢

3 Ok < O [, Moy
Q Q° 2fQ3
whexe m is the mass of a typical particle.
Th«.-: usual Fﬁednmnn equations are modified in two respects.
te:rm 15 determined absclutely by the creation event.
leads Lo generation of th

e C-field which tri i ight
band side of (30). This term, contributes an important term to the righ

is dominant in the early stages when Q is small,

(30)

First the density
Second, the creation event

—__——‘
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The equation (30) is similar to that obtained earlier by Hoyle and Narlikar
(1966 a) except that in the earlier analysis the equation was not used to describe
a creation process. Rather it was obtained as a mathematical solution of source
free C-field equations. This left undetermined constants in the equation. All
quantities in (30), on the other hand, are determined by the creation event.
Writing

B 4n

A= ?GmNnga, B= §‘]'n‘ GN,? Q06 €2))

we get from (30)

. A B

2 L E
The C-field term thus prevents the case Q = 0. If k = 0 or — 1, Q will continually
increase from Q, to infinity. If k = 4 1, Q will oscillate between finite limits,
0, Q,, say. Since these models differ from the Friedmann models only for small
0, we shall consider the behaviour of these models in some detail for such values
of Q. Since the models with & = & 1 behave in this range of Q in ersentially the
same way as the &k = 0 model, we shall confine our attention to this latter case.

For k = 0, the equation (32) can be integrated explicitly and we get

- _ 2%
o) =20 {1 Ut 1 toﬁl) } (33)
where .
G=(3) 0 to= (120G (34

and 1, is the constant of integration.

To determine ¢, we have to take into account the creation condition (9). Since
particles of mass m are being created at # =0, at rest in the Robertson-Walker
coordinate system, this condition becomes

C=m at =0 (35)
However, some ambiguity arises at this stage because of the discontinuity of
C at t = 0, as shown by (29). For t =0, — C was zero whereas for ¢ =0 + it
has the value

2mt02/(t02 + tlz) (36)
in the above solution. Which value should one adopt in (35)?

If we take C = 0, obviously (35) cannot be satisfied and no matter creation will
take place. This represents one possible course of events. If on the other hand

we take (36) for the value of C we get a self-consistent solution with
t12 = toz, i-e., tl = = to (37)

The reason for taking the minus sign for ¢, follows from the fact that at ¢ = 0 the
universe is expanding because of the negative energy repulsion generated through
the C-field. Thus at ¢ =0 Hubble constant must be positive. From (33) the
Hubble constant at £ =0 is given by

— 30/t +42) (38)
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For 1, = — fo, we will get the positive value of Hubble constant. We therefore take
- )}
ot =0 {1+ .
1]

with 7, given by (34) as the complete solution. The maximum density occurs at
t =0 and is given by

Pmax =f]112 ] (40)
We shall return to the choice between these two alternatives at ¢ = 0 towards the
end of this section when we discuss the question of the onset of creation.

It is clear from the above discussion that if we want to apply the C-field theory
to big bang models, we must raise the value of the coupling constant by several
orders of magnitude over that required for the steady state model, in order to have a
high density and high temperature phase close to the creation event. It is easy
to estimate the order of magnitude required by comparing with the standard Fried-
mann models. From the point of view of nucleosynthesis the density and expansion
rate required is that operating at approximately 1 second after the big bang. Since
the Hubble constant is inversely proportional to the epoch of the Einstein-de Sitter
or the radiation model, the value of Hubble constant at 1 sec is ~ 3-10%7 times
higher than that at present. This means f must be raised by ~ 10%, above the
value required for the steady state model.

In the above discussion we have ignored the radiation terms in the energy momen-
tum tensor. Strictly speaking they are more important than the matter terms for
small Q. However, inclusion of these does not alter the singularity issue discussed
above. The equation (32) is modified to

e A D B

=—k+5+=5—=3

g o ¢

where D is a constant relating to the density of radiation. Clearly the creation
terms still dominate the picture close to Q = 0 which is never attained.

We conclude this section with a few remarks on the question: ‘What sets off
ti.e creation process ?" We have already seen in (9) the necessary condition for
L gncie;:;:z?nkof :;apartlcle of mass m,. However, (9) does not guarantee that crea-
above uazt'e P ‘ltce' 1. Indeed in classical physics it is not possible to answer the
qua.nmg e}&l‘:(;:lo(;lna ; we must look to quantum physics for the solution. In
e teetro g}); elz‘umcs we have an analogous situation. For example, an atomic
stay putin the same C'tzergy state has two a.lternatives available. The first is to
[ the absence fs state and the second to jump down to a state of lower energy.
a certain probability exy;;?m clectromagnetic field, the electron jumps down with
detuls] by conid Y- S problem is solved [see Hoyle and Narlikar 1969, for

Y comsidering the different possibilities available to the electron. Ac-

cording  quantum mechan; i
follow any path with a lif:ls, a particle does not follow a unique path but can

(41)

s propomion b probability.  The probability for a typical path I’

exp 111 17) A},
where 815 the action functional co

wormatint The atomic eletcron a
domn. but adopts either course

(42)

mputed for the path I" and A is the usual Planck

ccordingly neither sta i :
. ! ys put nor definitely jumps
with a certain probability, 7 P
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In the same way in the creation problem, we have different possibilities: (i) no
particle is created, (ii) a partticle of certain mass m, is created. These are the alter-
natives encountered at ¢ = 0 in the above solution. In a full quantum mechanieal
solution of the problem we should be able to calculate the probability and hence
the rate of creation.  Such a calculation will yield the value of fm? which, at present
has to be fixed on phenomenological grounds. At present we do not know in
(i) what type of particle can be created. There may be selection rules operating
which could rule out many possibilities, e.g., the creation of charged particles.
Only when our knowledge of particle physics is more advanced can we answer
this question in detail.

4. Creation in finite regions

Nevertheless the concept of creation of the entire universe at one single instant
as discussed above is somewhat artificial. ~ Already, we have seen that in the quan-
tum world the transition from a state of C = 0 to a state of C# 0 can take place
in a variety of ways. It is therefore unrealistic to expect this transition to take
place at a unique instant. Rather we would expect matter to appear in a series
of such transitions at all possible epochs. At first this might suggest that conti-
nuous creation of matter as required by the steady state theory is the more realistic
idea. However, even in that theory, the concept of a uniform rate of creation is
equally artificial. The most realistic idea seems to be intermediate between the
two solutions discussed in the previous sections. In this we have creation in the
form of ‘mini-bangs’ at various instants between f= — oo to t = + o0, The
possibility that there may be delayed big bangs has previously been considered
(Neman, 1965) although such discussions have still attached significance to the
primary big bang. The present suggestion attaches no such significance to any
particular creation event. All creation events are mini-bangs which are confined
to finite regions of space.

Creation of matter in finite regions has been considered before (McCrea 1964,
Hoyle and Narlikar 1966 4). In the second of these references creation was as-
sumed to take place in the neighbourhood of finite massive objects. The argument
was based on the assumption that the overall threshold of C-field energy in the
universe was just a little lower than that necessary for the creation of a particle
of mass m,. That is,

C\C* < m,? | (43)
where the difference between the two sides of (43) was small. In a strong
gravitational field surrounding a massive object, C,C' is raised so that
it equals m,2. This induces creation in the neighbourhood of already existing mas-
sive objects. However, the creation in such cases was assumed to be at a steady
rate, like the first solution of section 3. What we are now proposing is that the
creation is in the form of a mini-bang as discussed in the second solution of
section 3. .

The solution discussed in the previous section is now taken to apply over a limited
region, r < ry, say, for a spherical region centred on r = 0. For r > r, a different
solution. will apply, corresponding to zero matter density and no creation. The
C-field, however is nonzero even outside r = r, since it is radiative in characters
Also, at r =ry,, C must be continuous. That an exterior solution with thesg
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conditions exists can be proved but an explicit analytical solution of this exterior

problem is not yet available. Owm succeeding remarks will therefore be of a
qualitative nature.

The idea of creatiop in finite regions at various instants of time finds application

in various branches ol astrophysics. We will discuss briefly some of the more
important ones.

(i) Galaxy formation—This has always posed a problem to the cosmologists,
largely because like star formation, galaxy formation is considered a case of con-
densation from the intergalactic medium. In an expanding universe gravitational
forces alone are not enough to induce condensation. Moreover, the distribution
of matter within a galaxy does not appear as if it has condensed from a large cloud.
Many elliptical galaxies have dense concentrations of matter in the nuclear regions
and some nuclei exhibit violent activity in which matter has ourward motion. This
outpouring of matter is consistent with the idea of creation in a sporadic outburst
rather than with condensation. Moreover, if we adopt the present point of view
we only require one generation of massive objects to produce the next. Since

the universe is as a whole without a begirning, it is not necessary to postulate initial
conditions.

(ii) High energy astrophysics—In a mini-bang it is possible to produce particles
of very high energy. Althouhg we do not yet have a quantized theory of particle
creation, we can see qualitatively that particles of high energy will be produced
with smaller probability compared to particles of low energy. This leads to the

interesting possibility that the energy spectrum of cosmic ray particles may be due
to the primary process of creation.

The parts of astrophysics which normally require enormous reservoirs of energy,
e.g., strong radio sources, QSOs, sources of x-rays and y-rays, are likely places
for violent mini-bangs. In principle there is no limit to the amount of energy that
can be generated in a creation process, since an output of positive energy matter
is accompanied by the generation of equal amount of negative energy C-field.

(iif) Black holes—Besides avoiding singularity of the gravitational equations,

the C-field may also prevent the collapse of a massive object into its Schwarzschild
radius. Thus black holes need not exist.

However, objects with large gravitational
redsh}fts will exist. This is seen as follows. The contraction of a uniform finite
massive object is given by an equation similar to (32) for k = ~ 1. This equation
suggests that the object will continue to oscillate between two finite radii.

Although a contracting phase is the time reversed version of the expanding phase,
the two pl_lases d_o not appear so symmetrical to an ocutside observer. Light from
a contracting object is redshifted because of Doppler effect and gravitation, whereas
hght. frc?m an expanding object is blue-shifted by Doppler effect and redshifted by
gravitation. Thus blueshift may Oor may n

ot be seen, but redshift will always be
there (Faulkner, Hoyie and Narlikar 1964 Y

(iv) The microwave background—Accordi i i
? ording to the present point of view, the
observed microwave back g P oo pomt o

ground is not of universal origin but relates to the
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creation prccess in a finite but very large region. The remarkable isotropy of
this radiation requires the region to be large. Since the mini-bang contemplated
here is of non-singular nature, it should be possible to investigate the behaviour
of matter and radiation in the early stages in a more realistic way than in the case of
singular big-bang models. In particular it would be interesting to find if the ‘coin-
cidence ’ between “he energy densities of microwave background, the cosmic rays,
star light and the magnetic field, is capable of further explanation. It is proposed
to investigate this problem in a future paper.

Apart from these applications, the possibility has emerged lately of linking the
creation process to observations of gravitational radiation. We shall investigate
this poesibility in the following section. Since the results on gravitational radiation
so far are in an ambiguous state we shall not go into great quantitative details in
exploring the theoretical predictions.

5. Gravitational radiation

Weber (1969, 1970) has, after extensive efforts at detecting gravitational radiation,
reported positive results. His observations indicate a flux of gravitational radiation
coming from the centre of the galaxy. Using the conventional theory of first
order gravitational radiation as given by general relativity one can estimate the
loss of matter from the galactic centre. The estimates range from 10-103 solar
masses per year. Even the lower limit of this range over the entire life of the galaxy,
places severe strains on its structure, unless one can show that the radiation is of a
comparatively short life time. The purpose of the present work is to look for
alternative explanation which places nc strain on the overall dynamics and astro-
pbysics of the galaxy.

Analysis of Weber’s results shows that he measures, not the flux of radiation,
but certain components of Ry, through the principle of geodesic deviation. In
the following analysis we shall investigate the amount of creation of matter needed
at the centre of the galaxy in order to produce the observed magnitude of Ryq.
To fix ideas we shall choose a spherically symmetric outburst at the centre » = 0.
Since the overall gravitational field within the galaxy is not laige, we shall choose
a flat-space background (as is done in the first order theory of gravitational radia-
tion). We shall also assume that there is enough C-field background of cosmo-
logical origin so that the creation condition (9) is met.

Suppose N (t) represents the number of particles created per unit time in the
galactic centre. The C-field which arises from this satisfies the wave equation

fCH = H (18, (1) (44)
The retarded solution of (44) is
C(r, 1) = N (t-r)|4nfr (45)

A field of this order will produce a small modification of spacetime geometry, and
hence a non-zero Ry In general we expect the non-zero Ry, to be of the same




168 J v Narlikar

order of magnitude as the non-zero Ry. The latter can be estimated by the field
equations (13). An order of magnitude calculation gtves

2

N (t-r)
4nfr

For comparison with observations it is advisable to introduce the velocity of light
¢. Then (46) gives for Ry

| Ry ! ~ ] 8#GfCiC, l ~ 8nGf (46)

v Gg‘{’2 (47)
i Ry | ~ m

Weber quotes an energy density &~ 10-32 gm cm~2 in the waves detected b-y
him. In u plane gravitational wave the magpitude R say, of a typical non-zero
Ry s related to the energy density by

&~ ® R}8nGw? (48)

where w is the circular frequency of the wave. In Weber’s case w ~ 10 Hence
R ~ (87G&)} w/c® ~ 10~ cm~2 (49)

If we substitute (49) for the left hand side of (47), we get an estimate of &. 1If

m 1s the muss of a typical particle created, then the rate of mass creation in the
galuxy is given by

M = m& (50)
Since p - fm* has the dimensions of density, (47) can be rewritten in the form
it~ (Ve (51)
G
Setting r ~ 31022 ¢m, R ~ 10-% cm~2, we get
M 10% pb g sec-? (52)

where » o5 expressed in gm cm®.  To get M, we divide (52) by w, since Weber’s
appalatis responds to this frequency. Setting p ~ 10-2° gm cm—3, the steady state

value. we pet the average value of M as

M)~ 3-10% gn: sec-! ~ 5-10-5 Mg/year (53)

) Ih“ s the vreaticn rate required over the bandwidth observed by Weber. The
it wr\xt:. ‘rm;mred may well be higher than this by 2-3 orders of magnitude.
SV a:xm be much less than that required by the conventional theory (where
ot mass loks that occurs)

AbO, allowance must be made in the above calculation for the fact that Weber

sbserves sha i
© :w.m bhﬁ.l‘? pulses rather thap continuous radiation. The pulsed nature of
Fadiation would imply. in this picture

_ a discrete creati
LI o the Tate ghen by (53) lon of jsmall lumps of matter

st Trther postese | Ho.wever, more elaborate calculations must
=P results from gravitational radiation experiments.

i”

R
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A remark is necessary as to why we have used the steady state value of p. This
is because we are visualizing a steady creation rate in the centre of the galaxy as
in the steady state model. We could instead consider the big-bang type cteation
in which case we have huge amount of matter created for a very short duration.
Then we have to substitute a much larger value of p as mentioned in the earlier

section. But although this raises M it does not increase total overall creation
since it lasts for a short time. The galactic centre does not show signs of any violent
activity, and bence we prefer the steady state solution in this case.

At the time of writing this paper, there is considerable disagreement between
Weber and other observers who have set up experiments to detect gravitational
radiation. [Experiments other than Weber’s continue to yield null results, and so
it may be premature to take the above numbers too seriously. Our main object
here is to point out that mini-bangs are possible sources of gravitational radiation,

6. Concluding remarks

The C-field theory described above represents a simple attempt at understanding
the basic phenomenon of creation of matter. The main drawback of the theory
so far presented is its incompleteness so far as quantum phenomena ate concerned,
Further work in that direction is necessary in order to understand the nature and
magnitude of the coupling constant . In the classical theory presented so far f
represents creation rate in a statistical sense. A quantum theory should be able
to tell how f is made up of a basic interaction constant and the probability of
creation.

Perhaps the C-field theory is a crude version of a more sophisticated theory of
inertia. This was suggested in earlier work by Hoyle and Narlikar (1972) on the
conformal theory of gravitation. In this theory mass of a particle is defined in
terms of the rest of the universe in a Machian way. The description of the theory
is conformally invariant, although in a specific conformal frame the theory resembles
general relativity. In this theory if we take exvlicit account of finite world lines,
as was done in the reference cited above, it is possible to arrive at the steady state
model without recourse to the C-field, Such an approach is intellectually more
satisfactory since we do nct require an extra field just to take account of the ends
of particle world lines.

In a recent paper (Narlikar 1973), it was conjectured that if proper account is
taken of creation of matter, the singularity of many cosmoclogical models would
disappear. This conjecture was based on the type of solutions discussed in section
3, and it could serve as a guiding principle in looking for a theory which explicitly
takes account of the creation phenomenon. It is hoped to investigate this problem
in a future paper.
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