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ABSTRACT
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The results in this paper are based on an entirely different
«wolce of the undetermined coupling constant f which appears in
the theory of creation of metter. Previously f was chosen to
make the steady-state expansion rate coincident with the observed
expansion rate. Now that we take a much larger value for £, the
corréspohding steady-state expansion rate is much greater than .the

cbser\red*value. We interpret this difference as showing that ve
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1ive :m a vide, posgibly temporary, fhzc‘buation fram the steady-
state situation. The expansion rate in such a fluctuation follows

the Einstein - de Sitter relations.
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The natural scale set by the new steady-state corresponds to - ~&
13 O ~
the masses of clusters of galaxies, we obtain 10 M@ instead of faVIER S
z a5
1023 M, for the 'observable universe'. It is suggested that O EQSE\JE
elliptical galaxies were formed early in the development of a O § ! §
< | S
fluctuation. Our discussion of high energy phenomena leads to g
immediate explanations of the energy spectrum of cosmic rays, of 08 mHod atmiovA

the presence of e+ in cosmic rays and of the rate of energy

production associated with radio sources,
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INTRODUCTION (©

In an earlier paper (Hoyle and Narlikar 1965), hereafteér referred to as
I, we explored the possibility that creation of matter in the universe takes
place, not uniformly as required by the homogeneous steady-state theory, but
in a discrete manner around isolated centers. We called these centers
'pockets' of creation; and the theory required the pockets to be assoclated
with strong gravitational fields. It was shown, for example, that massive
galaxies can act as pockets of creation and that it is possible for one
generation of galaxies to reproduce another over times of the order 1/3 H-l,

H being tﬁe Hubble constant. It was also shown that the universe can be
maintained in a state of steady expansion by the C-field arising from creation
in the pockets. In this way it was possible to establish a connection between
galaxies and cosmology — clearly an advantage over the homogeneous theonf
which dismisses galaxies as 'local irregula;ities‘.

In the present paper we consider further applications of the concept of
pocket creation — especially in connection with the production of high energy
particles and the nature of radio sources. For this, it is necessary to
summarize some of the results of paper I.

The field theoretic structure of the problem is the same as the one which
leads to the homogeneous steady-state theory. Thus, the creation of matter is

described by means of a scalar field C which modifies Einstein's equations

by adding new terms to the right-hand side:

Ry, - 1 gy R = -81C (Tik + Hik). (1)

In equation (1), T;, 18 the energy tensor of matter and H,, the C-field

tensor:

, € = dc/dxt. (2)



f is & coupling constant.
The C-field arises whenever particles are created or destroyed. It

satisfies the source equation

. = o, (3)

3k
where n = creation of particles per unit proper time per unit proper volume.
The destruction of particles is counted as negative creation in equation ().
Detailed conservation laws require that, at the point of creation, the net

momentum Py of created particles (which may be in the form of baryons,

mesons, leptons, etc.) satisfies
Pi = Ci A (l")
Hence if E is the total energy available, we must have

i .
o pp- = C,C (5)

for creation to be possible.
In the homogeneous steady-state theory baryons (and leptons) of rest mass

m, are created at rest at a uniform rate everywhere so that
c,et = m?. (8)
In the homogeneous isotropic case, only the time derivative of C is non-zero.
This leads to the steady-state line element
as? = at? - M (ar® + r%a0P), ao® - a6 + sin® 0ag® ,  (7)

where

¢ = m_, = % xGfm ° . (8)



Creation is uniform and at a rate snm°2 everywhere.
In the theory of pocket creation, creation takes place on]y in the

neighborhood of a massive object. This can happen in the following way.

Suppose the cosmological level of cici is a little less than m°2:
i 2 2
¢,C' =" < m°”. ‘ (9)

Then, in the homogeneous theory there will be no creation at all. In the

presence of a massive object, however, the gravitational field may be strong
enough to raise cici to the threshold m‘)2 for creation. It was shown in
I that in the neighborhood of a spherical object of mass M, radius R, the

value of C Ci can be raised to

i
i 2 e\ |
CiC = m * R s (10)

where R 1s the Schwarzschild coordinate. It 1s assumed here that the C-field
included in equation (10) arises only from distant sources and that it does
not modify the Schwarzschild line element

as® = ar@ (1 - 2H) . 1 (11)

R l- WR ’

which holds in the neighborhood of the object. Thus in a sufficiently strong
gravitational field the creation threshold can be attained. If creation in
the neighborhood of the object is teken into account, equation (10) has to be
modified. It can be shown that if the creation rate in the interior to R is

kxf m A, then

| -1 2, b
oC oC Am 2GM kK . 2Ll-4A/R
¥ - s§=';§(l'—a") ,ooft = . 02

When equation (12) is used, there is a critical value of R = Rc up to which



creation can take place. This is given by

5 -1
3GM nm
Rc = 2 ( - 2) . (15)
%
The corresponding creation rate is
-3/2
32 .2 .02 e / |
QR = 3% x " (M) 1-—35 . (1%)
m
o]

Thus, when m is close to m, s Rc and Q@ can be very large. The creation
rate given by equation (1#) is the maximum possible creation rate; the actual
creation rate in a particular case lies between zero and this value.

In I we were mainly concerned with galaxies and clusters of’ galaxies,
for which the parameter cm/ab is << 1. Accordingly, we required m .to be
close to m, » for the creation rate to be appreciable. As seen from equations
(13) and (1%), both R, and Q are very sensitive to the difference 1 - n/ m
when it 1s small. In the next section we shall consider the opposite case
where @4/ Rb is close to unity. Such conditions are favorable for the produc-

tion of high energy particles.

CREATION OF ENERGETIC PARTICLES

From equation (5) we see that, for the production of high energy particles,
cici mist be large. This is possible, as shown by equation (12), provided
2GM/ R 1is close to unity. The question arises, therefore, as to whether the
particles created in such a strong gravitational field will have enough energy
to escape to infinity. We first consider this problem.
Using the metric given by equation (11), the C-field given by equation (12),

we see from (4) that the momentum ;o:L of the baryon-lepton pair with total



rest-mass m, created at R = Rl has the following non-vanishing components:

Am_

Rle . (15)

o]
=
f
=]
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Considering the pair to follow an outward radial geodesic, with equation (15)

as the initial conditions, we get

ar m/m.° R 2 o \2
s - IT-2aWR ’ \&s ”(m—>'l+R y (16)
(o]

Since we consider m < m.0 s, it 1s clear that the pair cannot escape to infinity,
a result anticipated in I. In fact, the radial motion becomes zero at a

distance

R-2GM( —“E-> ~liR (17)
= - = 3 .

Thus, provided we are dealing with the simple metric (ll), all newly created
material stays within a radius slightly greater than Rc' Accumulation of
matter would, however, modify M and hence the metric (11). In such a case
an unstable situation develops and equation (11) no longer applies.

We now proceed to investigate the case of strong gravitational fields,
i.e., the case where the radius Rb of the central object only slightly
exceeds 2GM. We shall assume that there is no creation inside the body, so
that A = 0 on the surface. Consider an electron-proton pair created at

R = R, near the surface. The total energy of the pair is given by

1
.1
B = ckck = me (1-2-@4-) . (18)

!

Let m.P » B denote the masses of the proton and the electron respectively,

so that m_ = m, + M. The sum of the kinetic energies of the two particles



is E - m,. For E - m << m, the electron tekes essentially the whole of
the energy, whereas in the opposite case, E - m, >> m, o, each particle has
kinetic energy ~3 (E-mb). Under what circumstances can the electron escape
from the object? The most favorable condition is that the electron is emitted

radially outwards. Write W for the electron energy. Initially,

ar ’
o = W at R = R,. (19)
If the electron moves along a radial geodesic,
@ @ WA (20)
ds m, 1-26MR ‘

Inserting this in the line-element (11) (which is a first integral of the

geodesic equations),
2 2
26\ { aT 1 [ar
1= (1‘T>(E) "I R(ds) ’ (21)

the condition that the electron reaches infinity is just

%(1-%@"—)>1 . (22)
e 1

In the highly relativistic case,

m
W=~ 3(E-n) ~ LE = 4 . (23)
° (1-2@4/31)%
Hence equation (22) is equivalent to
2
m EGM)% ; m
1 =(1-=) = +{— > 1 . (24)
5
Be < R1 Eme
For the case m =~ m_, equation (24) gives
E<~m2/om (25)
p' e '



Thus a newly created electron escapes from the associated object for all
energies up to 103 BeV. This is just the order of the electron energies re-.
quired to explain the optical synchrotron radiation from such objects as the
Crab Nebula, M87 and MB2. A corresponding analysis for protons shows that
protons do not escape from the gravitational field of the associated object.
It is possible that we have here the beginnings of an understanding of
the origin of the high energy electrons, known to be present in radio sources.
Several objections can be raised. A continual net loss of electrons would
soon build a positive charge excess that would destroy the geodesic motion
assumed above, and which would hold back all further electrons. However,
even a diffuse ionized gas, present around the object, could supply an inflow
of low energy electrons that would be adequate to maintain charge neutrality
near the object. A more serious objection is that the emerging electrons do
not reach infinity with energy W, but with energy W(1 - 2GM/R1)%j; %-mp.
Hence the electrons arrive at infinity with energy ~1 BeV, not ;gg Bev.
While this is of the order required to explain radio synchrotro ﬁémission

from the sources, it is not sufficient to explain the optical gynchrotron
g =

&

emission. This difficulty can be overcome if the object in
state of oscillation. The parameter 2GM/Rb then varies t
tions. When it is close to unity, the pair created would hlr

During the expansion phase of the object, the electrons are

to take them out of the gravitational field of the object.;
energy is removed from the object whose oscillations are t?erefore daﬁéed.

So long as ZGM/Rb is appreciably less than unity at the maximum radius, the
electrons can escape without any great loss of their initial energy. Indeed

protons can also escape with essentially equal facility. The energy extracted



from the object in this way is of the order of the rest mass energy of the
object, which is «-lOSh M/MD, adequate for supernovae when M ~ M, and for
radio sources and quasi-stellar objects when M -107 %3.

Assuming the oscillation case, what is the energy spectrum of the emitted
electrons and protons? To answer this question it is necessary to know whether
or not the creation rate is dependent on E. For the creation of a single
pair there is no factor from the momentum space, so the energy-dependence need
not be strong. In the absence of a more definitive theory, we assume no de-
pendence in the following. (Any assigned dependence could easily be inserted.)
The rate of creation in a shell between R and R + dR is proportional to
4xR? AR, since in the Schvarzschild line-element (11), (-g)? = RZ sin 0, as
in flat space. The value of E associated with R 1is given by

E2 = m2 (1 - 2a4/R)™} vhich differentiates to give

L]
'
2}

-2 :
E dE 2(-g—GM—) @ s . (286)

Writing dN for the creation rate associated with the shell between R and

R + dR, we therefore have

o ;
& o« kP @R « R (1 - g%g) EJdE - .

For R close to 2GM, the 8 factor in equation (27) is essential

as E varies. Hence the energy spectrum is given by

2
aN e (1-2M) gag o L& i
R 3

Wnile this agreement with the spectrum of cosmic rays, and with thaé?of
electrons in radio sources, may be a pure coincidence, we feel impressed by

the simplicity and universality of the argument. There is no appeal tO special




effects and conditions, no special choice of parsmeters, only an aséessment
of the spatial volume assoclated with the energy range between E and E + dE.
This is proportional to B2,

In the above we have explicitly considered electrons and protons. The
same arguments could equelly well hold for other baryon-lepton peirs such as
(2+, e ), (=7, e+), etc. Only a quantum theory of the creation process would
be able to give a precise answer as to what proportion of each pair would be
present in any general mixture. The possibility of meson production will also
have to be taken into account. The important éoint that emerges, however, is
that both electrons and positrons would be present at sufficient;y high energies.
Since charge is conserved in the creation process, a positively charged baryon
will be accompanied by an electron, and a negatively charged baryon will be
accompanied by a positron. At kinetic energies below 1 BeV, higher mass pairs
1ike (=¥, €7), (27, e*) will be less frequent and (p, e7) will predominate.

We would thus expect the proportion of electrons to be more than that of
positrons and that the latter would increase at energies above ~ 1 BeV. This
result agrees qualitatively with the measurements of De Shong et al. (1964).

Once again we find the simplicity impressive. Indeed, while suggestions
leading to the energy spectrum have previously been made aslong quite different
lines from those above, no other explanation has yet been made for the observa-
tions Of De Shong et al., except one vhich involves an artificial coincidence.
It was pointed out some years ago by Ginzburg that it would be possible to
distinguish between the two possibilities: (a) that high energy electrons of
the radio sources are primary, in which case it was thought that the electrons
would be entirely e ; (b) that the electrons are secondaries from nuclear
collisions of cosmic-ray protons, in which case there should be an excess of

e+. The observation that positrons are present but not in excess fits neithner



(a) nor (b). A strange situation is required in which both primary and
secondary electrons are needed and the two processes (a) and (b) are closely.
comparable. So far as we are aware, no explanation has been given for this

ad hoc coincidence. The above derivation seems to us much more satisfactory.

The chemical composition of cosmic-rays is quite unlike that of any
material with which we are acquainted in astrophysics. The excess heavy
element concentrations, as compared to ordinary stellar material, have been
held to point to supernovae as the sources of cosmic-rays, because heavy
elements are probably synthesized inside the particular stars that become
supernovae. However, samples of material in which heavy elements have been
synthesized do not contein hydrogen. Mixing of heavy elements from the inter-
ior to the surface, followed by acceleration of surface material, seems
necessary in the supernova picture. So in this picture the chemical composi-
tion of cosmic rays is determined by the more or less accidental features of
the mixing process, and the fact that the total energy of cosmic ray protons
is approximately the same as the total energy of all other nuclei becomes
another coincidence,

In our picture there 1s nothing special about protons. At high values of

E, more complex particles, decaying to heavy nuclei, can be created — in a

sense we are then dealing with multiple pair production. A more detailed

theory is evidently needed to work out relative creation rates. However, on
qualitative grounds we expect:

(i) the energy spectrum to be the same for all particles since the spectrum
arises from essentially geometrical considerations, without reference
to the kind of particle concerned;

(ii) under conditions of energy excess there will be discrimination against

weakly bound nuclei, D, Hes, Li, Be, B; and strongly bound nuclei,

10



particularly Heh, will be Tavored;
(1ii) a relation between the total proton energy and that of other nuclei.
It is of interest that the theory predicts the presence of D, He3 in

the primary cosmic rays. We woulé expect

He:5 L, Be, B

)
Heh

2 2

lightly bound nuclei being in the numerators in Both ratios and comperatively
strongly bound nuclei in the denominators. Although we are not in a position
to discuss (iii) on a quantitative basis, it is no surprise that the two

energies are comparable.

COSMOLOGY

The theory described in the previous sections is plainly an improvement
over the homogeneous steady-state theory. It not only connects galaxies and
cosmology, as shown in the previous paper; but it also explains the origin of
high energy particles. However, one quantitative aspect remains to be investi-
gated, namely the creation rate of high energy particles. This should match
the rate of energy output of radio sources and of quasi-stellar objects in
order that the theory be satisfactory.

Although the concept of maximum creation rate gives an upper limit to the
creation rate in a strong gravitational field, the rate could cértainly be of
this general order. To estimate it we proceed as follows. From equation (12)
we see that, in order to keep CiCi > 0, we must have A< R2 for R > 2GM.
Since high energy particles are created near R = 2GM, A cannot exceed a
quantity of the order hG2M2, giving a creation rate 16af m G2 M? particles

K4
per unit time. Since the energy spectrum dE/BV contains most energy at the

11




least value of E, which for energetic particles is E = mp, the rate of

energy production is

~ 167 fmpz ¢ M2 (30)

in which we have put m = m,. Next, fm§ ~ 3H2/hﬂG; from equation (8) where

m, = mp. So the rate in question is simply
~ 128" o per unit time. (31)

This is the rate in time units such that c¢ = 1. Equation (31) can be written

in the numerical form

- 2 .
-lOlD (li) erg sec"l . (32)

%

For the Crab Nebula the energy output from synchrotron radiation is at least
36 -
10"~ erg sec l. Since the mass in this case cannot be very large compared to

MD, it follows that equation (32) is too small by a factor -1020. For a racio

galaxy M probably lies in the range lO6 - lO8 MD’ with perhaps a preference
for the lower value (Fowler and Hoyle, in press). Then equation (32) gives
1027 - 1031 erg sec-l, again small by a factor ~10%°, Manifestly the theory
collapses in ruins.
Short of abandoning the whole theory, it is necessary either
(i) to drop the idea that the origin of cosmic rays and high energy electrons
is connected with the creation process,
or
(ii) to increase the coupling constant f by a very large factor, of the
order 1020.
In the first case the attractive features discussed in the preceding

section are lost. The theory remains much the same as it was before — that is

to say, the cosmological aspects of the theory survive as set out in I,



Creation of matter is then confined to galaxies and clusters of galaxies and
is at a gentle rate.
If the second possibility is considered, f will have to be increased.

; 10

This means C must be reduced by ~10 in order to maintain f 62 at the

same cosmological value as before. Thus m is reduced by *'10-10 and the
requirement m, = m can no longer be maintained. In other words the work
described in I is lost.

The situation is that we cannot retain the results of the previous section
and of paper I. A choice must be made. The traditional viewpoint of the
steadj-state theory suggests that we take up the first possibility — that
discussed in I. But prejudice apart, the empirical facts suggest the opposite.
The second possibility gives agreement with actual data concerning cosmic rays
and radio sources, whereas we have no direct evidence of the gentle kind of
creation implied by the first possibility. Clearly then, we must follow the
second possibility, even though this means throwing overboard the usual frame-
work of the steady-state theory.

There is no requirement, however, that the universe originated in a
singularity, as in the classical Friedmann cosmologies. A ‘steady-state’
situation is possible, with H given by fmpe = 3H2/hﬁG, corresponding to a

density ~10%° times greater than the present density — i.e., ~3 X 107° gn cm™>

29 au em™S. Why was this steady-state abandoned? Departure

instead of ~3 x 10~
from the steady-state is not possible in the homogeneous theory, but when there
are inhomogeneities the average creation rate can deviate from the steady-state
value. As shown in I <the mass M in a pocket grows at a rate proportional
to M?. If the overall rate rises above the steady-state value, the universe
»simply expands faster and tends to reduce the creation rate, thus setting up

an osculating steady-state. But should the creation rate fall, (for example,

13




by the inhomogeneities dividéing into fragments so that the M? dependence
suddenly reduces the creation rate) an instability can develop. A drop in
the creation rate reduces the overall level of CiCi in the universe, i.e.,
m is reduced. Since the creation rate is very sensitive to the difference
(mb-m), most of the pockets go out of action; only those with a strong
gravitational field can still produce particles. This means that no new
pockets are formed, while the old ones are expanded away. No osculating

steady-state is therefore set up under such circumstances. Given sufficient

time we expect this situation to arise, although not everywhere throughout the

universe synchronously, since the pattern of inhomogeneities will not be the

same everywhere. We therefore need consider only finite portions of the
universe where the creation rate is reduced effectively to zero.
The behavior of such finite portions can be described by means of the

Robertson-Walker line element

2
as® = at® - s2(¢) —3—2 + 12 ad® ’ (33)
1 - kr

in vhich the coordinate r is the same intrinsic radial coordinate as was
used in the previous steady-state situation and k is a small positive constant
whose value is determined by the size and nature of the instability. In the

absence of creation we have

C = J% , p = l% ; A,B constants, (24)
S S
and
4 .2 8 3 2 L
s° 8% = 3G (BS” - % £A7) - k8™, (35)

with B,f,k all positive. For large S the k-term dominates the expansion

and reduces S to zero. The finite portion in question therefore expands

14



like a bubble but then falls back on to the 'steady-state'. Bubbles may occur
at any place and time, but need not develop synchronously. Bubbles develop,

not because of a more rapid expansion than in surrounding regions, but because
the creation process is cut off inside them. The C-field propagates from the
surrounding regions into the bubble and increases CiCi, tending to re-establish
creation. This process, however, involves a surface to volume effect. Small
bubbles will be 'filled in' quickly and larée ones more slowly. Hence we can
set a lifetime to any finite instability that may develop.

The condition that a bubble has not yet filled in is that a signal,
travelling on a null geodesic, emitted at the boundary at the moment the
bubble began to evacuate, must not yet have had time to reach the central
regions. To investigate this problem take S =1, t = 0, at the moment evacua-
tion began. Then the constant B is the density at t = 0, i.e., the steady
state density ~—fmp2. As the bubble expands the A%_term in equation (35)

becomes negligible, and so long as the k-term is small, we have

2 2 8 2 -
s 8" = 3 ntqp , (26)

which integrates to give
1/3
S = «(6fomp2) t2/3 . (37)
To avoid confusion about the meaning of H, we define the instantaneous

value of $/S by N(t), so that from equation (37),

= N(t) = g% . (38)

vl .

H continues to have the old meaning, given by fm.P2 = 3H2/hnG. Equation (38)
is the usual Einstein - de Sitter result.

A simple calculation then shows that a signal emitted at t =0 from a



particle with radial coordinate r reaches the observer at r =0 at a time

t given by

rs(t) = aw! . (39)

r S(t) represents the distance of the emitting particle from the central
observer at time +t. Apart from a factor 2, this is the same as the distance
of the event horizon in the old steady-state theory and is therefore of order

*-1028 cms. The bubble we live in mast be at least as large as this and must

contain a mass of the order of ~1023

M, , otherwise the bubble must have
filled before now.

For any particular bubble there is a maximum r, that associated with the
boundary. Hence it will eventually be filled in. This is the 'surface effect’
described before and is assoclated with the k-term. The k-term involves one
more power of S than the density term in equation (35) and therefore re-
presents a surface effect. The above physical argument is given to show that
the magnitude of the k-term depends on the size of the bubble and vice versa.

Our picture then is of a ‘'steady-state' universe with average density
-lO-8 gm cm-s, some 1020 times higher than the average density in the old
steady-state theory. Inhomogeneities play an important role in the manner
described before. Inhomogeneities can lead to instabilities developing, the
instabilities being regions that become evacuated because the creation process
is temporarily cut off. Such bubbles eventually fill in, the filling in
process being quicker for smaller bubbles than for the larger ones. We are
living in such a bubble which has not yet filled in.

The argument we gave in a former paper (Hoyle and Narlikar, 1263) con-
cerning the asymmetry of time, the consistency of retarded solutions of
Maxwell's equations, but not of advanced solutions, survive essentially un-

changed in this picture, since the universe as a whole is in a steady-state.



Our argument could fail, however, if there was any possibility of the whole
universe getting out of hand. What would happen if in some way instability
managed to develop synchronously everywhere? Would the universe then expand
to zero density in the fasnion of the Einstein - de Sitter cosmology? The
answer must be affirmative unless the equation for S develops a zero for
large S. In the case of a finite portion of the universe this is possible
by means of a k-term, as seen above; for the whole universe, however k = O.
If we alter the topology of the universe by setting k = 1, this would make
the universe fall back into a contracting phase as in the case of a bubble.
Such a contraction would continue, until the universe is made to bounce by
the growing 62 term. During its re-expansion, the value of 62 érops to
the threshold level, and the creation process reasserts itself, giving a
return to the steady-state situation. This would continue until the next
instability arose. The universe would follow the kind of expansion-contraction
phase shown in Fig. 1, with the expansion dominating.

To complete this aspect of our discussion, we note that, even in the case
kX = 0, it may still be possible to prevent the expansion of the universe to
zero density, if we take into account the result that creation still goes on
in a strong local gravitational field. The mass M in such a pocket creates
particles at a rate proportional to M?. Such an instability is capable of
raising the crestion rate to very high valués, if the mass M does not break

up. In such a case, the 62

value will be raised. Once it is raised to the
threshold required for creation in weak gravitational fields, the universe
would again attain a steady-state. However, such a process requires an
enormous increase in the production of high energy particles, and, as a result,

a fantastic increase (by a factor *-lozh) in the energy density of cosmic rays

above the present value.

17



GALAXY FORMATION

In order to introduce a very attractive feature of the present theory we
repeat an interesting argument from the old theory. It is always possible to
take G =1 as well as c¢ = 1. Then, instead of the usual mass, length and
time units, we only have a length unit. In order to define the number of
particles in a galaxy, it is necessary to obtain a large dimensionless number
in some way, a number of the order 1070. In Friedmann cosmologies the only
dimensionless numbers available are those obtained by comparing masses of
different particles — and these do not give 1070. When creation is intro-
duced, the coupling constant f appears with dimension (length)_h, and a new
ratio is therefore obtained. Choosing the unit of length so that mp =1, we
have f = 3H2/hn =~ 10-160. The length unit associated with f was therefore

taken as thO, i.e.,

f—&/mp ~ 10%° . (%0)

A large dimensionless number appears, but it does not lead to 1070 in a simple
wvay. Its square, —~1080, the value of H-l, is taken to represent the number
of particles in the observable universe. The length contained in f was of
cosmological significance and not applicable to galaxies

The length contained in f was reduced by way of a "hot univefse“ (Hoyle
1958) in the following way. Newly created baryons were taken to be neutrons,
which decayed, releasing an average kinetic energy *-l/S m, per particle.
Pressure fluctuations were capable of combating expansion over distances of
the order (me/5mp)% H—l. This was taken as defining the initial linear scale
of the condensations that went to form superclusters of galaxies. The masses |
depehded on the volumes of the condensations and hence on (m‘e/iim.P)s/2 = 10-6.

The corresponding factor when newly created baryons were taken t0 be an equal

‘ Ard
. -9 " &= <
mixture of neutrons and protons was ~10 . The argument fails because the
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X-ray background associated with hot intergalactic materiasl has not been
observed. Failure came as something of a disappointment because the argumeﬁt
is in principle a reasonable one.

Returning to the cosmology described in the previous section, we see
that f 1is now increased by -1020 over its value in the 0ld steady-state

theory. With this new value of £, we have

Y
f “/mp ~ 100 N (41)

and the corresponding H-l is -1070;

These considerations can ve restated in more familiar language as
follows. With the new value of f, the radius of the observable universe and
its mass are both reduced by a factor ~1010, the latter to a value -1013 HD'
This mass defines a typical condensation: a massive elliptical and a score
of svpirals. H-1 is the natural communication length at the beginning of the
development of the bubble. As the bubble expands, the communication length
increases as ¥ L. The present-day length ¥ "1 has naturally nothing to do
with the length associated with galaxies.

A dimensionless number of the same order as equation (41) arises when we

compare the gravitational and electromagnetic interaction between two protons:

(k2)

We could therefore attempt to argue that the formation of galaxies must be a
process that relates electromagnetic forces to gravitation. Electromagnetic
forces appear as pressure gradients, as in the hot universe, with the differ-
ence, however, that the observational difficulty concerning the X-ray background

intensity can perhaps be avoided by placing the epoch of condensation in the
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remote past. What criterion determines this epoch?

Many years ago, Gamow pointed out that there is a unique moment in a
Friédmann cosmology at which the energy density of radiation can be equal to
the energy density of matter. So far as we are aware, this is the only sug-
gestion for defining an epoch of condensation. Let po, To denote the
present-day mass density and temperature of the radiation field. Then in

the past,

- = (-&)1/3 . (43)

aT = p s (h‘l")

in which a 1is the radiation constant. For p in gm em™> and T in K,

equation (44) takes the numerical form

g X
T =~ 10° p¥* . (45)

Eliminating T between (43) and (45) gives

12
109 5 1/3
= [ —20 (4s)
P = T b ©
o)
- - -8 _ - -
a result very sensitive to To. For p°’~ 10 29 gm cm 3, p =~ 10 To 12 gm cm 3.

Attempts have usually been made to make p come out at a typical galactic

-24 -3
density, of the order 10 gm cm

. This requires Tofa 30 oK, a value too
high according to the radio data, which sets the present day radiation tempera-
ture not agbove 10 ®°k. Most radio astronomers favor a value close to 1 %.

The discrepancy between theory and observation arises because it is usually

-1
assumed that the linear scale of galaxies is very small compared to ¥ at



.0

the epoch of condensation. As our theory shows, %1 snould be the length
scale to be associated with the galaxies. At the time of condensation ﬂ('l =
Bt w b x 107 sec, and p = 1078 gn cn>. Fram equation (46) we get T, =1 %k,
consistent with the radio observations.

A theory similar to this could be worked out for a Friedmann cosmology,
if a satisfactory explanation is given of why the moment of equality of radia-
tion and matter energy demsities should be of critical importance. For a
density p = 10‘8 gm cm-s, the mean free path of radiation is very small com-
pared to ﬂf'l, in fact p ¥ 1a 1010 gm. Hence we cannot expect fluctuations
in the radiation field over a scale N’l' at this epoch. BSuitable fluctuations
in mass distribution are therefore the only way to provide any significance to
this epoch. This can be done by assuming considerable initial inhomogeneities
in the matter distribution, but a homogeneous radiation field. Initially the
latter dominates and the geometry is homogeneous. At, say, p = 10°° gu cm >,
the matter terms become more important; at this epoch the inhomogeneities tend
to separate out. In this way it may be possible to obtain a theory of galaxy
formation within the framework of a Friedmenn cosmology. Such a theory would
not, however, explain the high energy phenomena as the theory presented here
does.

The theory solves perhaps the most puzzling property of galaxies, the

existence of what seems to be a strict upper limit to their masses and

1 2

luminosities. This is the limit set by H~ , with H given by 3H2/hnG = fgp .
The distance H—1 determines the communication length at the onset of evacua-
tion of a bubble. However, more precisely, what are the factors determining
whether or not a particular sample of material goes to form a galaxy? The
present-day average density of condensed matter cannot be greater than

“'l--so gm cmfs, whereas the theory requires the total present-day intergalactic
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29 gm cm™>. Hence we must conclude that same special

mafter density to be ~ 10~
condition had to be satisfied in ordef that a galaxy be formed from a particﬁlar
sample of material. It is natural to appeal to inhomogeneities already present
at the beginning of evacuation. An interesting situation arises if we postu-
late that the excess of mass takes the form of a condensed object of mass

p.<< o H-S, the gas being otheryise of uniform density fmpz. In the absence

of such a central mass, the gas in the neighborhood of the center has just
enough energy to expand away to low density as the bubble proceeds to evacuate
itself according to the Einstein - de Sitter law. The effect of the mass pu

is to eventually pull back the expanding gas. This will be the case for all

gas that is sufficiently close for the problem to be considered a Newtonian

one. For gas that is sufficiently far away, non-Euclidean terms will be more
important. For this gas the mass u does not have sufficient restraining
power, and it is therefore lost. The scale factor over which non-Euclidean
terms become important is H—l. The situation is that as u increases, its
restraining power increases; but not unless u = p H-3 can it restrain gas

over the distance H L.

Numerically, we have

p ~ 108 em cm_s, Bt~ 1018 cm, P S ~ 100 My (47)

Evidently, 1012 MD is a reasonable upper limit for the mass, and to obtain a
value as large as this p might have to be *-109 MDQ This and other questions

relating to the formation of galaxies will be discussed in a subsequent paper.
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DIMENSIONLESS RATIOS OF COUPLING CONSTANTS

We add a brief comment on the coupling constants to be found in different

parts of physics. We have already noted the coincidence between

2/ mpe ~ 10°6 , (48)
-1
£m = 10%° , (49)
which can be expressed as
2 i
e f4
Tn 10 (50)

To this we can add two further ratios constructed from the beta-decay constant

{; and the atomic constant # :

3% = 137.039 (51)
e _
2
Z = 10° . (s2)
m
P

Depending on precise formulation, a strong coupling constant could be intro-
duced and a dimensionless number analogous to the above, and not greater than
103, would be obtained. The dimensionless numbers of physics appear therefore

5401 if reciprocals are taken). Is this

to span the range 1 to 10° (or 10~
an accident or is there some, as yet unknown, connection between the different
interactions of physics?

The numerical coincidence (50) (which is more striking with the new value

of f that with the old) points strongly to a direct connection between the

C-field and the electromagnetic field, suggesting that e and f are not
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independent constants. In a former paper (Hoyle and Narlikar 1964a) we pointed
out that the three action terms for mass (gravitation), electromagnetism and
the C-field have strong formal similarities and we suggested that a unified
theory of gravitation and electricity might be obtained by collapsing the

T first two terms of the action into a single term. What the coincidence of

(48) and (49) suggests is that the C-field action should also be joined with

the other two in a single term. We shall attempt to develop this point of

view in a future paper.

HIGH ENERGY PHENOMENA

The above considerations suggest that the massive objects in radio sources
! and quasars are condensed residues from the true steady-state situation.

1’8 lO18 cm and their masses could

Their scale is considerably less than H~
range up to perhaps 109 ”D' This statement concerning size refers to massive
interiors, not to external clouds that may form about them, and which in

present-day circumstances could be ten or more parsecs in diameter.

The relativistic parameter 2GM/R becomes of order unity at a density

given by 2
~2 x 10%° (-}:—4@) gmcm > . (53)
Clearly no great measure of contraction, from an initial density of ~1078 gn cm's,

is necessary to attain the density given by equation (33) when M is in the
range 105 to 109 %3- There seems no reason why rotation should impede the
collapse of a condensation towards a situation in which 2GM/R becomes of

order unity.

'Implosion into a singularity is prevented by the C-field, in accordance
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with an earlier discussion. Inside the object we must have

2

£6% ~ 1018 (%) gm cm™> (54)

whereas outside the object, in the steady-state situation, we have

£ ~ lo'egmcm's, ¢ =m2 . (55) -

The second condition in equation (55) follows because the threshold condition
(.12 = m02 is satisfied in the steady-state, and mp ~m. The first condition
is (55) depends of course on our choice for the value of f. Combining these
8 -2
m

conditions, f= 10~ , » and substituting in equation (54) gives

2

e (b "

so that 62 is greater inside the object than it is outside by the factor
102 (Nb/M)E.

These statements are based on a complete solution obtained in a former
paper (Hoyle and Narliker 1964b) for the case of a static body supported
against implosion by the C-field, with a steady-state situation at distance
H'*>>R_ from the body. The meaning of C 1is the derivative of C with
respect to proper time, in equation (5k4) prdper time for an observer on the
body, in equation (55) proper time for an observer at appreciable distance
from the body. Time on the body and time outside differ by the scale factor
(1 - QGM/Rb)%, and this is also the factor by which the internal and external

values of C differ. That is to say we require

1_—;@@: ~ 102 (%-)2 (57)
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for consistency with equation (55). This indeed is the relation given in
equation (82) of our former paper.

In an earlier section we found that particles of energy mp(l-QGM/Rb).%
could be created near a massive body, but in our former discussion we assumed
that the factor (1- 2GM/Rb)-% could be arbitrarily large. Now we see this
is not the case. Associasted with a body of given M there is an upper limit

of energy

12 % 21 %
10 mpM=-10 w v - (s8)

For M ranging from 105 MD to 107 MD the upper limit ranges from lO16 eV

down to 1olh e

V. It is of interest that the energy spectrum of cosmic rays
is believed to steepen in just this energy range. According to equation (58)
the highest energies, *-1020 eV, mst be obtained from masses of stellar
order. In this paper so far we have said nothing about radio sources asso-
ciated with supernovae. If, at the eﬁd of stellar evolution, bodies for
which 2GM ~R are formed in some cases, as was proposed by Hoyle, Fowler,
Burbidge and Burbidge (1964), exactly the same considerations may be applied.
We could have -«-108 stellar remnants, with masses up to 10 MD’ per galaxy.
Because the creation rate depends on M? for each body, the total creation
rate associated with lO8 bodies of mass 10 MD is the same as one body of mass
105 MD’ Compared to a single body of mass, say 107 MD’ the combined effect
of all supernova remmants in a galaxy would be weaker by a factor ~'10-h.
Their effect on the total cosmic-ray distribution would appear only at the

highest energies. This situation is an ironic inversion of what has usually

been. supposed.
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