
Revista Brasileira de Física, Vol. 7, N? 3, 1977 

On Therre   Cosmologial Models with Hoyle's Hypothesis* 

F. M. GOMIDE and M. UEHARA 
Departamento de Física, Instituto Tecnológico de Aeronáutica, São José dos Campos SP 

Recebido em 3 de Maio de 1977 

A c r i t i c a 1  analysis points out that  the Einste in  f i e l d  equations have a 

wider conceptual content than tha t  o f  Mach's pr inc ip le .  It i s  suggested 

tha t  the p r i nc i p l e  o f  Mach s i gn i f i e s  the determination o f  the cosmic 

thrree-geometry by the i n e r t i a l  term i n  the energy-momentum tensor and 

t h i s  i s  formulated through a scalar equation. This equat ion may g ive 

Whitrow's re la t ion .  An a l te rna t i ve  scalar equation i s  proposedinciuding 

the cosmic constant. Both scalar equations fu rn ish  a possible argument 

f o r  introducing the Pryce-Hoyle tensor i n  two cosmological models, one 

o f  which al ready publ ished (Prog. Theor. Phys) 53, 1365, 1975). The models 

are ne i ther  o f  the "big-bang" type nor osc i l l a t o r y ,  and do not exh i b i t  

very high red-shif ts.  With the assumption o f  a t i m e  varying G and c 

( L e t t .Nuovo Cimento 15, 595, 1976), i t  i s  possible t o  have a t h i r d  mo-

del wi th  zero cosmological constant and high red- shi f ts .  For the three 

models considered, the cosmic pressure i s  per fec t l y  determined from the 

f i e l d  equations and the two hypotheses proposed. The pressure should not

be i d e n t i f  ied w i t h  the usual matter and rad ia t ion  pressure. Numerical 

values are presented f o r  the t h i r d  model. 

Com base em uma a n á l i se c r í t i c a  mostra-se que as equações de campo de 

Einste in  possuem um conteudo conceitual mais amplo do que aquele ineren- 

t e  ao p r i nc ip i o  de Mach. Sugere-se que esse p r i nc íp i o  s ign i f i que  a de- 

terminação da geometria cósmica t r id imensional pelo termo i ne r c i a l  do 

tensor energia-momento, e isso é formulado mediante u m a equação esca-
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l a r .  Essa equação pode dar a re lação de Whi trow. Uma equação esca la r  a l -  

t e r n a t i v a  é proposta i n c l u i n d o  a constante cosmológica. Ambas equações 

escalares fornecem um possível argumento para a int rodução do tensor de 

Pryce-Hoyle em do i s  modelos cosmológicos, um dos quais j á p u b l i c a d o  

(Prog. Theor. Phys. 53, 1365, 1975) Nenhum dos modelos considerados po- 

dem ser do t i p o  "big-bang" e nem osc i  l a t ó r i o s . Ambos modelos não apre-

sentam "red-shif ts" muito elevados . Coma hipótese de G e c  va r i áve i s  

com o tempo ( L e t t  . Nuovo Cimento, 1 5 , 595, 1976) , é possíve l se t e r  um 

t e r c e i  r o  modelo com constante cosmológi ca zero e " red-shi f ts" elevados. 

Para os t r ê s  modelos considerados, a pressão cósmica é perfe i tamente 

determinada a p a r t i r  das equações de campo e das duas hipóteses propos- 

tas.  A pressão não deve ser i d e n t i f  icada com a habi tual pressão c i n é t i -

ca e de radiação. Valores numéricos são apresentados para o t e r c e i r o  

modelo.

1. MACH'S PRINCIPLE AND ITS CONSEQUENCES 

Two fundamental ideas a re  a t  the bas is o f  Mach's p r i n c i p l e  as formulated 

i n  E i n s t e i n o s  o r i g i n a l  paper on the general theory o f  r e l a t i v i t y  ', t o  

w i t :  

a) Since an abso lu te  space,independent o f  matter,has no physical  meaning, 

l oca l  acce lera t ions  are  r e f e r r e d  t o  an i n e r t i a l  frame def ined by the  

d i s t r i b u t i o n  o f  cosmic masses. 

b) I n  order  t o  save the v a l i d i t y  o f  the p r i n c i p l e  o f  causa l i t y ,  l o c a l  

i n e r t i a l  fo rces  - say, c e n t r i f u g a l  o r  C o r i o l i s  - are e f f e c t s  o f  g r a v i -  

t a t i o n a l  i n t e r a c t i o n  o f  l o c a l  accelerated ob jec t s  w i t h  t he  cosmic back- 

ground masses. 

We can enumerate a s e t  o f  s i x  p ropos i t i ons  t h a t  d i r e c t l y  o r  i n d i r e c t l y  

r e s u l t  from Mach's p r i n c i p l e  which are  the  fo l l ow ing .  

1.1) THE PRINC IPLE OF GENERAL RELATIVITY 

An immediate consequence o f  (a) i s  t h a t  there  e x i s t s  no p r i v i l e g e d  f r a -  

me o f  reference i n  the universe.  Thus a11 cosmic frames are t o  beviewed 



as i d e n t i c a l  t o  each o ther  and t h i s  means t h a t  the b i z a r r e  Newtonian 

concept o f  an absolute space independent o f  matter  should be re jec ted.  

1 - 2 )  THE PR I NC I PLE OF EQU IVALENCE 

As a consequence o f  (b), i t  should be possible,  by a s u i t a b l e  t rans fo r -  

mation o f  coordinates, t o  interchange i n e r t i a l  forces and g r a v i t a t i o n a l  

ones, t h a t  is ,  i n e t t i a  and grav i  t a t i o n  are t o  be considered equ iva lent .  

The extremely accurate von Eotvos experiment2, repeated by Dicke w i t h  a 

hundred- fold greater  prec is ion3,  provides a very important basis fo r  t ha t  

t heo re t i ca l  equivalence. The experiment shows t h a t  i n e r t i a l  and g rav i -  

t a t i o n a l  e f f e c t s  a re  independent o f  the  nature  o f  bodies. Th is  ensures 

equivalence o f  i n e r t i a  w i t h  g r a v i t a t i o n  everywhere, f o r ,  i f  d i f f e r e n t  

bodies l o c a l l y  swept by a g r a v i t a t i o n a l  f i e l d  were not equa l ly  accele- 

ra ted - say a proton and a neutron - the r a t i o  o f  t h e í r  masses would be 

a func t i on  of  pos i t i on .  I n  o ther  terms, if the proton mass i s  nota func- 

t i o n  o f  space coordinates,  the neutron mass ought t o  be so. Therefore, 

i f  there  i s  equivalence between i n e r t i a l  and g r a v i t a t i o n a l  forces f o r  

the  proton, t ha t  would not  be the case w i t h  the neutron. 

The equivalence p r  i n c i p l e  has received more recent l  y an addi t ional  ex- 

perimental basis i n  the experiments performed by Hughes, Robinson, and 

~ o ~ e s ~ ,  and   rever^. These labora tory  observat ions were sugges t e d  by 

Salpeter and cocconi6 based on a mistaken conclusion i n fe r red  by 

~ i n s t e i n '  from item (b) o f  Mach's p r i n c i p l e .  According t o  t h a t  in feren-  

ce, which c e r t a i n  authors have wrongly i d e n t i f i e d  w i t h  Mach's p r i nc ip le ,  

as f o r  example weinberg8, the concentrat ion o f  nearby masses m u l d  a l t e r  

the  value o f  l oca l  i n e r t i a l  masses. Thus, the  i n e r t i a l  mass o f  a body  

would not  be a sca lar  quant i ty ,  but  a tensor magnitude, and as Salpeter 

and Cocconi po in ted out, the  concentrat ion o f  mass a t  the center o f  the  

Galaxy could produce i n  the s o l a r  neighbourhood an asymnetry i n  mass o f  

the  order o f  h / m  10-'. The aforementioned experiments gave a negat i  - 
ve r e s u l t  w i t h i n  an accuracy of  A m / m s  a r e s u l t  which r e f u t e s  

E ins te in ' s  inference and reinforces the equivalence p r i n c i p l e ,  s ince no 

grad ient  f o r  i n e r t i a l  mass i s  observed. 



1.3) THE PRINC I PLE OF CO-VARIANCE 

Since a general p r i nc i p l e  o f  r e l a t i v i t y  fo l lows from Mach's p r inc ip ie ,  

the form o f  the laws o f  physics should not depend on the choice o f  the 

coordinates and reference frames, as i s  the case i n  Newtonian dynamics 

i n  which the laws o f  movement are invar iant  f o r  i n e r t i a l  systems o f  re- 

ference only.  The laws o f  physics should by covariant, i.e., t h e i r  form 

should not be a l te red  by a rb i t a r y  coordinate transformations. 

1.4) FORMULATION OF THE LAWS OF PHYSICS IN' A R I  EMANIANN SPACE-TIME 

Suppose a laboratory swept by a g rav i ta t iona l  f i e l d .  Considering i t  an 

in f in i tes ima l  loca l  region i n  space-time, phenomena observed i n  i t  f o l -  

low the laws o f  special r e l a t i v i t y .  Hence, we have a loca l  Minkowskian 

metric': 

A non-accelerated observer sees t h i s  in f in i tes ima l  space-time in te rva l  

w i t h  d i f f e r e n t  coordinates xa obeying the 1 inear transformations: 

a a 
where the a are funct ions o f  the x which - according t o  theequivalen- B 
ce p r i nc i p l e  - depend only  on the accelerat ion o f  the laboratory,or,on 

the g rav i ta t iona l  f i e l d  only.  Inser t ing (2) i n t o  (1) there comes': 

This i s  a metr ic form o f  a Riemannian space-time, where the metr ic ten-, 

sor g~~ represents the g rav i ta t iona l  propert ies o f  the f i e l d .  The equi- 

valente p r i nc i p l e  leads t o  the connection o f  g rav i ta t ion  with,  O W ~  Rie- 

mannian space-time, that  is,  g rav i ta t ion  has t o  do w i th  geometry, not 

w i th  the nature o f  bodies. 

Another argument can be developed as presented by ~ i c k e ' .  Since theequi- 



vaience o f  i n e r t i a  w i t h  g r a v i t a t i o n  demands an interchange o f  i n e r t i a l  

p rope r t i es  w i t h  g r a v i t a t i o n a l  ones through coord inate  t ransformat ions,  

t he  s implest  Lagrangian f o r  a p a r t i c l e ,  i n  the v a r i a t i o n a l  p r i n c i p l e ,  

should be a sca la r  which mixes the g r a v i t a t i o n a l  f i e l d  w i t h  dynamical 

magnitudes, t o  w i t :  

where g rep resen t i  the  g r a v i t a t i o n a l  f i e l d ,  and ua the components o f  w 
the  fou r- ve loc i t y .  The v a r i a t i o n a l  p r i n c i p l e  

leads t o  the equations 

which represent geodesics. Therefore, the  g r a v i t a t i o n a l  tensor g i s  
uv 

the Riemann met r i c  tensor. 

1.5) DETERMINAT ION OF SPACE-TIME BY THE ENERGY-MOMENTUM TENSOR 

According t o  the equivalence p r i n c i p l e ,  the  source term f o r  g r a v i t a t i o n  

i s  the  t o t a l  r e s t  mass d i s t r i b u t i o n .  Since the me t r i c  tensor has the 

physical  meaning o f  g rav i ta t i on ,  and the proper t ies  o f  space-time repre- 

sent g r a v i t a t i o n a l  propert ies,  then r e s t  mass determines geometrical pro- 

pe r t i es .  E ins te in  enlarged t h i s  p ropos i t i on  i n  the sense t h a t  not on l y  

i n e r t i a l  energy determines space-time geometry, but  a l s o  o ther  forms o f  

energy. The p roper t i es  of  space-time are determined by the d i s t r i b u t i o n  

o f  matter, o r  by the energy-mmentum tensor. O f  course, t h i s  proposition, 

a l though suggested by Machls p r i n c i p l e ,  i s  not  e n t i r e l y  der ived from it. 

E ins te in ls  view i s  re la ted  t o  t h a t  o f  greek philosophers who maintained 

t h a t  t he  natur.e o f  space i s  an inseparable property o f  matter ,  b u t  i t 

does not express necessari l y  the  more r e s t r i c t e d  idea contained i n  Mach's 

p r i n c i p l e ,  namely, the  equivalence o f  i n e r t i a l  forces w i t h  g r a v i t a t i o -  

na1 forces. Hence, E ins te in ' s  equations o f  general r e l a t i v i t y  h a v e  a 

wider content  than t h a t  o f  Mach's p r i n c i p l e .  I f  we a r e  t o  e x p e c t  the 



agreement o f  the E ins te in  equations w i t h  the p r i n c i p l e  o f  Mach,restr ic- 

t i o n s  must be imposed on them. A physical  theory cannot be constructed 

s o l e l y  on d i f f e r e n t i a l  equations: boundary and i n i t i a l  cond i t ions  are  

a l s o  neededgyll. We know t h a t  the  energy-momentum tensor o f  general re-  

l a t i v i t y  does not  determine un ique ly  the  space-time geometry throughthe 

E ins te in  equations, which shows beyond 

cessary i n  order  t h a t  the  theory f u l f i  

p r i n c i p l e .  

1.6) THE COSMOLOG ICAL PR I NC I PLE: I SOTR 

doubt t h a t  r e s t r i c t i o n s  a re  ne- 

1s the  requirements o f  M a c h l s  

PIC AND HOMOGENEOUS COSMIC SPACE- 

-TIME. OBJECTIONS TO THE STANDARD COSMOLOGICAL MODELS 

The cosmological p r i n c i p l e  as we know i t  reduces the  g m a t r i x  t o  d i a -  
Iiv 

gonal terms only;  g,, = 1, the space p a r t  o f  the  m e t r i c  being m i l t i p l i e d  ' 

by a f u n c t i o n  o f  t ime. This cosmic met r ic ,  the so-cal led Pobertson-Walker 

metr ic ,  represents a space-time def ined by co-moving coordinates and a 

un iversa l  t ime i d e n t i c a l  t o  a11 co-moving observers. This type o f m a t r i x  

represents a r e s t r i c t i o n  i n  cosmic space-time which accomplishes i n  part 

the p r i n c i p l e  o f  Mach. 

Co-moving coordi  nates def ine  everywhere a cosmic reference system which 

i s  i n e r t i a l 1 2 ,  t ha t  i s ,  l oca l  acce lera t ions  are  re la ted  t o  t h i s  un iver-  

sal  frame connected w i t h  the cosmic mass d i s t r i b u t i o n .  Th is  means t h a t  

every observer i s  re fe r red  t o  a space-type three-dimensional hypersur-  

face determined by a homogeneous and i s o t r o p i c  d i s t r i b u t i o n  o f  matter .  

Thus, l oca l  i n e r t i a l  e f f e c t s  are  r e l a t e d  t o  t h i s  hypersurface. l t  i s  appa- 

r e n t  t h a t  r e q u i s i t e  (a) o f  Machls p r i n c i p l e  i s  v e r i f i e d  i n  the c b m i n o f  

world-models w i t h  a Robertson-Walker space-time. Nonetheless, r e q u i s i t e  

(b) o f f e r s  d i f f i c u l t i e s ,  a t  l eas t  f o r  cosmological rnodels w i t h  zero and 

negat ive curvatures, i .e., Eucl idean and pseudo-spheric spaces. 

The Eucl idean and pseudo-spheric cosmologies are necessari 1 y i n f  i n i t e  i n  

the mass content .  The assumption o f  a dual so lu t ion ,  i n t e r i o r  and ex te-  

r i o r ,  presupposes p=O a t  the boundary, and t h i s  con t rad i c t s  the every- 

where zero  pressure grad ient  o f  un i fo rm models. An i n f  i n i  t e  rnass d i s t r i  - 
bu t i on  cannot be compatible w i t h  r e q u i s i t e  (b) o f  Mach's p r i nc ip le , s i n -  

ce an i n t e r a c t i o n  between a l oca l  accelerated body and an i n f i n i t e  mass 



d i s t r i b u t i o n  cannot be def ined.  I t  seems t h a t  c losed un i fo rm world-mo- 

de ls ,  t h a t  i s ,  spher ical  un iverse models, a re  the convenient choice t o  

f u l f i l l  the requirements o f  Mach's p r i nc ip le7 '10 ,  s ince a completely uni- 

versa l  i so t ropy  f o r  a f i n i t e  mass d i s t r i b u t i o n  bypasses the  above objec- 

t i o n .  

However, even the standard models w i t h  p o s i t i v e  curvature  are  n o t s a t i s -  

f ac to ry  f o r  o the r  reasons. As we know, the Friedmann and Lemaitre cos- 

mological  models, except f o r  the Lemaitre models w i t h  i n f i n i t e  contrac-  

t i o n  past time, are sub jec t  t o  s i n g u l a r i t i e s  a t  zero cosmic t ime. Such 

s i n g u l a r i t i e s  represent zero volume, i n f i n i t e  dens i t y  and i n f i n i t e  ve- 

l o c i t y  o f  expansion, so t h a t  a t  zero t ime the standard models are  un- 

physical  . 

Furthermore, a ser ious  d i f f i c u l t y  po in ted ou t  by ~ i s n e r ' ~  i s  the physi-  

c a l  s i t u a t i o n  created by the pa r t i c l e -ho r i zon '4  present i n  these mdels .  

Before t ime to o f  the p a r t i c l e  hor izon,  i n t e r a c t i o n  between the  funda- 

mental p a r t i c l e s  (co-moving ponderable matter)  i s  no t  poss ib le  onaccount 

o f  the  expansion v e l o c i t y  which i s  h igher  than the v e l o c i t y  o f  li 

This s i t u a t i o n  cannot j u s t i f y  the u n i f o r m i t y  o f  the universe models sub- 

sequent t o  the s i n g u l a r i t y ,  f o r  t he re  i s  no obvious phys ica l  rnechanism 

capable o f  producing u n i f o r m i t y  o f  dens i t y  and pressure a f t e r  t he  par-  

t i c l e - h o r i z o n  epoch. 

Hence, an a d d i t i o n a l  term i n  the energy-momentum tensor, t h a t  can pre-  

c lude s i n g u l a r i t y  and j u s t i f y  un iversa l  i so t ropy  and homogeneity may be 

introduced. The Pryce-Hoyle tensor as demonstrated by Hoyle and ~ a r l i k a r ' ~  

i s  a poss ib le  way ou t  from the above t h e o r e t i c a l  impasse, and we w i l l  

consider i t  f u r t h e r .  

2. A SUGGESTION FOR A MATHEMATICAL FORMULATION OF MACH'S 
PRINCIPLE: A SCALAR EQUATION 

As we know, the cosmological p r i n c i p l e  i s  a r e s t r i c t i o n  imposed on the 

E ins te in  equations such t h a t  a un iversa l  t ime i s  de f ined which i s  sepa- 



ra ted  f rom a homogeneous and i s o t r o p i c  three-space, on account o f  the  

homogeneous and i s o t r o p i c  d i s t r i b u t i o n  o f  the cosmic ponderable mat ter .  

Th is  suggests an a d d i t i o n a l  r e l a t i o n  t o  E ins te in ' s  equations, namely, a 

r e l a t i o n  t h a t  s i g n i f i e s  the determinat ion  o f  the three-geometry through 

the  ponderable mat ter  d i s t r i b u t i o n ,  i .e . ,  through the i n e r t i a l  e n e r g y  

term o f  the energy-momentum tensor.  This seems t o  represent mathemati- 

c a l l y  the p r i n c i p l e  o f  Mach s ince i t  postu la tes  the determinat ion  o f  a 

cosmic i n e r t i a l  frame apar t  from the cosmic t ime coordinate,  which i s a n  

idea compat ib le w i t h  the separat ion between space and t ime i n  t h e  Ro- 

bertson-Walker rnetr ic .  Furthermore, t h i s  de terminat ion  o f  the th ree-  

-geometry by i n e r t i a  alone, agrees w i t h  i tem (b) which s ta tes  an i n t e -  

r a c t i o n  w i thou t  reference t o  the  t ime coordinate.  Thus items (a) and (b) 

o f  Mach's p r i n c i p l e ,  namoly, de terminat ion  o f  a cosmic i n e r t i a l  frame 

and g rav i  t a t  iona l  i n t e r a c t i o n  wi thout  reference t o  t ime, can be repre- 

sented by t h a t  r e l a t i o n .  

A way t o  accomplish t h i s  would be f i r s t  o f  a l l ,  t o  separate the th ree-  

-geomt ry  terms i n  the Ei n s t e i n  equat ions from the space-time terms.Thi s 

i s  do ie  i n  the equat ions o f  ~ o u r è s - ~ r u h a t ' ~ .  

The E ins te in  (0,O) equat ion f o r  un 

i s :  

i form space-t i me i n Fourès-Bruht's form 

where ( 3 ) R  i s  the three-space sca lar  curvature,  and Ki i s  the e x t r i n s i c  
j 

curvature,  i .e. ,  the tensor t h a t  t e l l s  how the space- l ike hypersurface 

i s  curved i n  the four-space. I t  can be seen i n  Fourès-Bruhat's equations 

t h a t  energy and energy f low determine three-space and the  embedding o f  

the three-space i n  the four-space. I n  the o r i g i n a l  E ins te in  equations , 
i t  i s  the  four-space which i s  d i r e c t l y  determined by the matter  tensor.  

I n  Fou rès -~ ruha t ' s  equat i on  we have a separat i o n  o f  the three-space from 

the four-space, which means t h a t  the matter  tensor determines s imul ta -  

neouly two d i s t i ngu i shab le  geometrical concepts. This ra ises  the poss i -  

b i l i t y  t h a t  p a r t  o f  the matter  tensor may determine o n l y  one o f  thegeo- 



metr ical  concepts. Hence t h i s  p o s s i b i l i t y  and the above suggestion r a i -  

sed by the Robertson-Walker metr ic may be formulated through the f o l l o -  

wing scalar equation: 

where a and a are constants t o  be determined. Relat ion (8) states tha t  

i n e r t i a l  energy alone determines the cosmic three-geometry, i.e., the 

cosmic co-moving i n e r t i a l  system o f  a closed three-geometry i s  determi- 

ned by the i n e r t i a l  content o f  the universe. This propos i t ion i s  appa- 

r en t l y  Machian. Developing the scalar curvature we have: 

If we postu 

which i s  Wh 

used before 

ate a= 

trowls 

1, t h i s  ye 

re la t ionl  

ds 

c M / c 2 ~ ( t )  = m / 4  , (10) 

f o r  a closed cosmological model, which we 

i n  a special closed universe model w i t h  matter injection141? 

In other words, i f  we keep Einsteinl s K constant, o r  e lse both G and c 

constant, i t  i s  necessary t o  have ~ ( t )  . A second hipothesis comes about, 

namely, the inc lus ion o f  the Pryce-Hoyle energy densi ty i n  the matter 

tensor. This, as we have shownlg, ensures the per fect  determination o f  

~ ( t )  ' ~ ( t ) ' ,  p ( t ) ,  and the time varying Hoyle f i e l d  i n  the model univer- 

se c h s  i dered . 

In  r e l a t i o n  (a), we could o f  course make a negative i n  order t o  have a 

negative curvature f o r  the three-space. But as we have pointed out, the 

open universes are not "sympathetic" towards the p r i nc i p l e  o f  Mach. Be- 

sides, ~ h e e l e r "  has shown that  the ~ourês-Bruhat equations can be de- 

duced from a special va r ia t iona l  p r inc ip le ,  whose we l l - de f i n i t i on  requi- 

res that  the three-space be closed. 

Observe that  equat ion (10) can be expressed as f o l  lows: 



This  r e l a t i o n  has the  remarkable form o f  an equivalence o f  i n e r t i a  w i t h  

g r a v i t a t i o n ,  such t h a t  a cosmic t o t a l  g r a v i t a t i o n a l  energy i s  de f ined 

f o r  a c losed expanding universe.  The idea contained i n  (1 1) re in fo rces  

the assumption t h a t  r e l a t i o n  (8) represents t he  p r i n c i p l e  o f  Mach. Th is  

shows the convenience o f  assuming the hypothesis a=l i n  r e l a t i o n  (8).0b- 

serve tha t ,  f o r  t h i s  spec ia l  cosmological model, a m o d i f i c a t i o n  o f  the 

energy-momentum tensor through the  a d d i t i o n  o f  a sca la r  term which r e -  

presents a negat ive energy d e n s i t y  i s  essen t i a l .  I n  a d i f f e r e n t  contex t  

of ideas, Brans and ~ i c k e ~ '  claimed a l s o  the  necess i ty  t o  inc lude anad- 

d i t i o n a l  term i n  the  mat ter  tensor i n  order  t o  ob ta in  a formal ism t h a t  

cou ld  accomp 

p le .  

We note t h a t  

the c lass i ca  

ish,  a t  l e a s t  i n  pa r t ,  the  requirements o f  Mach's p r i n c i -  

i n  the t h í r t i e s ,  ~ i n s t e i n "  suspected t h a t  the s ta tus  o f  

energy-momentum tensor was unsa t i s fac to ry ,  as i t  was a 

phenomenological representa t ion  o f  matter  which, as such, was a crude 

s u b s t i t u t e  f o r  a representa t ion  t h a t  would inc lude a11 known p rope r t i es  

o f  matter .  He sa id  then t h a t  the l e f t hand  s ide  o f  h i s  equat ions was made 

o f  a " f i n e  marble", whereas the r igh thand s ide  was o f  a " l w g r a d e  wood". 

A very important  advantage obtained by the  i n c l u s i o n  o f  the Hoyle-Pryce 

tensor i n  the equat ions o f  general r e l a t i v i t y  i s  t h a t  i t  precludes s i n -  

g u l a r i t i e s 2 2 ' 2 3 ~ 1 9 .  The absu rd i t i es  inherent  t o  the s i n g u l a r i t i e s  o f  the 

standard models a re  p e r f e c t l y  avoided i n  cosmological m d e l s  w i th  matter  

i n j e c t i o n  processes. The a p p l i c a t i o n  o f  the Pryce-Hoyle sca la r  f i e l d  t o  

non-steady s t a t e  cosmological models was presented f o r  the  f i r s t  timeby 

~ a r i a i ' ~  who analyzed severa1 models i nc lud ing  spher ica l  and pseudo- 

-spher ica l  types. 

Ourslg i s  a spher ica l  world-model which presupposes r e l a t  i on  ( 9 ) .  

3. ANOTHER POSSIBILITY FOR THE SCALAR EQUATION. THE ROLE PLAYED 
BY THE COSMIC CONSTANT IN  A SPECIAL COSMOLOGICAL MODEL WITHOUT 
A BIG BAND, BUT WITH A MULTI-BANG 

The cosmic constant  A may be incorporated i n t o  the  energy-mornentum ten- 



sor i n  such a way tha t  the pressure and dens i ty  o f  the redef ined tensor 

are  given by 

This v i s u a l i z a t i o n  introduces a d i f f e r e n t  concept o f  the  i n e r t i a l  con- 

tent ,  which includes a constant term having nothing t o  do w i t h  observa- 

b l e  matter .  The principie o f  Mach app l ied  t o  t h i s  v i s u a l i z a t i o n  suggests 

there fore  the f o l l o w i n g  sca lar  equation: 

o r ,  i n  o ther  terms, 

KP = a / ~ ~ ( t )  - A . (14) 

Re la t ion  (14) g ives the modi f ied form o f  Whitrow's re la t i on ,  t o  w i t :  

I t  i s  c l e a r  t h a t  i f  we assume as before tha t  G and c should beconstant, 

o r  e l se  K constant, then M should be a func t i on  o f  cosmic time. There- 

fo re ,  a cosrnological model presupposing (13) and the above h ipothes is  

dernands the Pryce-Hoyle f i e l d .  We assume as before a Robertson - Walker 

me t r i c  w i t h  a p o s i t i v e  curvature:  

and the f o l l o w i n g  set  o f  equations: 

where n ( t )  i s  the nurnber o f  p a r t i c l e s  produced per u n i t  proper volume, 

a nd 



- 1 c, = (6 + B)uFiuv - g,, p - f(h,,hv - T gilvhaha) ; (18 

h i s  the Pryce-Hoyle f i e l d .  
Fi 

in tegrat ion o f  the l a s t  equation (171, and subs t i tu t ion  o f  p according 

t o  (141, gives 

R311 = ( m f ~ ) - ' R ~  (a/R2 

Development o f  the f i r s t  two equations (17) 

( a - 3 ) ~ ' ~  = ~ ( R ' / R ) ~  + 

From these two re la t ions,  the funct ion ~ ( t )  

fo l lowing in tegra l :  

- h) + const. (1 9) 

gives 

can be determined from the 

where 

The in tegra l  (21) i s  somewhat d i f f e r e n t  from the one o f  our previous 

cosmlogica l  m d e l  l g ,  especia l ly  i n  that  f o r  the present case i t  i s  

not possi b le  t o  have a divergent funct ion ~ ( t )  , on account o f  the ne- 

gat ive coe f f i c i en t  o f  the s i x t h  power term. The assumption we made be- 

fore, o f  a slowing down process o f  matter in ject ion,  i s  automatical ly 

met i n  the present formulation. O f  course o s c i l l a t o r y  solut ions are 

possible provided we make 0 equal t o  zero, which happens also w i th  the 

previous mde l .  Osc i l l a to ry  solut ions whi le mathematically possibleare 

nonetheless phys ica l ly  unsound f o r  these cosmlogies because:expansion 

i n  these d e l s  is. not the e f fec t  of an i n i t i a l  explosion start ing from a 

s i ngu la r i t y  as i t  i s  the case w i t h  the standard mde ls .  As can be seen 

fromequation (21) as wel l  as i n  the in tegra l  (12) o f  our previous paper'g, 

a s i ngu la r i t y  a t  zero time i s  impossible. On the other hand,the expan- 

sion process i s  not a consequence o f  an i n i t i a l  high pressure i n  the 



b i g  bang, but i t  i s  an e f f ec t  cont inual ly  sustained by the matter in-  

j e c t i on  process; the energy r a t e  var ies a t  the expense o f  work done by 

a negative s t r e s ~ ' ~ .  For such models, the pressure, as can be seen from 

the f i e l d  equations, i s  completely determined (which i s  not the case 

w i t h  the standard models) and does not s i gn i f y  a k i n e t i c  o r  rad ia t ion  

stress, but a negative pressure having t o  do w i th  the metr ic f i e l d  and 

the h- f ie ld .  Such completeness raises the question as t o  the tempera- 

t u re  o f  the model universe a t  zero cosmic time. It seems that  a very 

h igh temperature, which presupposes high k i n e t i c  and rad ia t ion  pres- 

sures, should not occur i n  our two mde ls .  Otherwise, there wou 1 d be 

s i gn i f i can t  parameters f o r  the expansion o f  the rnodel u n i  v e r s e  i n  a 

theory which already includes a complete set  o f  functions that  comple- 

t e l y  describe the expansion process, which i s  a s i t ua t i on  o f  incompa- 

t i b i l i t y .  Therefore, the very h igh temperatures due t o  k i n e t i c  and ra- 

d i a t i o n  stresses, a t  the b i g  bang phase o f  the standard mdels ,  ought 

t o  be absent from our m d e l  universes. Nevertheless,high temperatures 

are not excluded frorn the s i t es  where matter i n j ec t i on  takes place(qua- 

s i  s t e l l a r  objects and rad io  galaxies). The s t a r t  o f  the expansion f o r  

these model universes i s  not a compact f i r e  b a l l  i n  a b i g  bang, but a 

mu l t i  bang w i th  loca l ized h igh temperatures imbedded i n  a rather cool 

small cosmic volume. In  o s c i l l a t o r y  standard models, the heavy matter 

which i s  synthetized a t  the i n t e r i o r  o f  s tars  i s  reprocessed duringthe 

hot phases fo l low ing  co l laps ing periods. In  our models, however, such 

non- localized hot phases are not present, which means that  the synthe- 

s i s  o f  heavy elements i s  an i r r eve r s i b l e  process. Hence, the o s c i l l a -  

t o r y  so lu t ions should be discarded. 

The on ly  possible so lu t ion  f o r  the expansion funct ion ~ ( t ) ,  i n  the pre- 

sent model, should be o f  a convergent type. I f  we impose the conditions 

where R~=R(~+-), every subsequent t jme der i va t  i ve  should a1 so be zero. 

This ensures the divergence o f  the in tegra l  (21), which i s  necessary 

f o r  a convergent funct ion ~ ( t )  . Function ~ ( t )  and ~ ( t )  , f o r  t h i s  world- 

-model, have a behaviour equivalent t o  tha t  present i n  our previous m- 

de119. 



The behaviour o f  the expansion f u n c t i o n  demands t h a t  

From cond i t i on  (23), i t  fo l l ows  t h a t  

According t o  (221, r must be p o s i t i v e ,  which means t h a t :  

Le t  us make, 

Let  us assume a l ç o  a t  zero t ime the f o l l o w i n g  cond i t i on :  

I n s e r t i n g  (25) and (27) i n t o  (281, we have 

-4a2y6 + [(1-3a)' + 8a]y4 - 4 ( l  + a ) a y 3  - 4y2 + 4 ( l  + a ) ~  - (]+a)' 2 0, 

(29) 

Now, from (24), (25) and (27), i t  f o l  lows the condi t ion:  

I t  can be seen from inequal i t y  (29) t h a t  the present model universe, as 

we l l  as our previous one, cannot have very h igh r e d- s h i f t s .  Bearing i n  

mind t h a t  the r e d- s h i f t s  z obey the  law, 



where R i s  the  present value o f  the sca l i ng  func t  
P 

Y-' = ( ~ 4 )  (1r.z). 

ion, i t  fo l l ows  then 
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If we choose as an example, the  va lue (-1/21 f o r  a,  the  h ighest  red- 

- s h i f t  poss ib le  f o r  t h i s  model un iverse should be o f  the order  o f3 .  It 

i s  known tha t  very few measured r e d- s h i f t s  a re  above 2.0 and below 3. 

52, the  h ighest  one measured. This f a c t  poses severa1 questions, which 

lead sandageZ4 t o  i n f e r  among o ther  p o s s i b i l i t i e s  t h a t  the  low red- 

- s h i f t  c u t - o f f  cou ld  s i g n i f y  the  b i r t h  t ime f o r  quasars.Ourtwo models 

w i t h  matter  i n j e c t i o n  may a f f o r d  a poss ib le  a l t e r n a t i v e  in terpre ta t ion ,  

namel y: s ince quasars a r e  assumed as being "whi t e  h ~ l e s l ~ ' ~ " ~ ,  the  red- 

- s h i f t  c u t - o f f  may represent the  beginning o f  t h e  mat ter  i n j ec t i on  pro-  

cess, o r  the  zero  t ime o f  the  un iverse 's  e x p a n s i h .  O f  course an objec- 

t i o n  may be ra ised as regards the  very h igh  r e d- s h i f t s  p red ic ted f o r  

the  cosmic black-body r a d i a t i o n  i n te rp re ted  through the p r imord ia l  f i -  

r e b a l l  theory.  This o b j e c t i o n  may be bypassed however on grounds poin-  

ted ou t  before19. 

We have shown r e c e n t l y  *' t h a t  t he re  i s  a t h i r d  p o s s i b i l i t y  f o r  the  ge- 

nera l  equat jons (151, (161, (171, namely: constants A and 0 equal t o  

zero  i n  a contex t  o f  equations where the  v e l o c i t y  o f  l i g h t  andNewtonls 

G a re  proved t o  be t ime vary ing  func t ions ,  such t h a t  the  E ins te in ian  K 

i s  kept  constant .  I n  t h i s  new fo rmu la t i on  o f  the  cosmological theory, 

the  expansion f u n c t i o n  ~ ( t )  i s  necessar i l y  d ivergent ,  and i t s d e r i v a t i -  

ve convergent t o  zero, which means t h a t  the c o n d i t i o n  f o r  a decaying 

a c t i v i t y  o f  t he  wh i te  holes i s  s t i l l  maintained. I n  t h i s  t h e o r e t i c a l  

framework, h igh  r e d- s h i f t s  a r e  possib le,  and the  cosmic backgroundther- 

mal r a d i a t i o n  may be i n te rp re ted  as o r i g i n a t i n g  a t  zero when matter  in- 

j e c t i o n  s i t e s  were a t  the  peak o f  t h e i r  energet ic  emission and i n  a ra- 

t he r  small cosmic volume. Therefore, a t  t he  o r i g i n  o f  cosmic time, not 

a big bang but  a mutti bang, w i t h  l o c a l i z e d  h igh  temperatures g i v i n g  

b i r t h  t o  the present i s o t r o p i c  cosmic thermal microwave rad ia t i on ,  i s  

t h a t  which took place. This t h i r d  p o s s i b i l i t y  o f f e r s  s t i l l  advantages 

as t o  numerical ca l cu la t i ons ,  s ince the uncomfortable constants A and 

8 a re  absent. 



From the two modif ied Einstein equations (17), we obtain the energy ba- 

lance equation 

which is identical to that of our previous model. 

Equation (33 )  poses the idea that the variation of the energy rate with 
time is connected with work done by a negative stress along cosmic ex- 

pansion, as we have pointed out before. 

4. THE MEANING OF THE COSMIC STRESS. THE POSSIBILITY FOR TIME 
VARYING G AND c 

The third possibil ity refers to a model universe with equations19 ptus 

the hypotheses of time varying gravitational "constant" and velocityof 

light, as well as zero A and zero 0 (Ref.25). 

From equations (7) of Ref . l 9 ,  and from condition A=0=0, it follows that 

where 

and B a dimensional constant. Developing (34)  and including ( 3 5 1 ,  we 

have 

As we have pointed out before, W in this modet. It can be seen from 

the initial condition, 



t h a t  r should o f  the order  o f  R,, i .e., 

Since 3<a<10, even the i n i t i a l  va lue  o f  p should be negat ive o r  o f  low 

p o s i t i v e  value. Thus, no t  o n l y  the o v e r a l l  pressure i n  (33) i s  negat i -  

ve but  p i s  a l s o  negat ive,  f o r  i t  should assume negat ive values along 

cosmic expansion. Hence, the cosmic s t ress  p does not  have the usual 

meaning o f  a k i n e t i c  p lus  r a d i a t i o n  pressure. Th is  comes about fromthe 

f a c t  t h a t  i n  the present theory the  i n t r o d u c t i o n  o f  Whitrow's r e l a t i o n  

precludes the  indeterminat ion  o f  the pressure, imply ing i t s  determina- 

t i o n  through the  f i e l d  equations. I n  the  standard models, the f u n c t i o n  

o f  s t a t e  p(p) i s  pos tu la ted i n place.  A nonconventional pressure, as i t 

i s  the present case, i s  not  such a s u r p r i s i n g  resu l  t. For, ~ c ~ r e a ' ~  has 

c a l l e d  a t t e n t i o n  t o  the f a c t  t h a t  the analogy between the matter  tensor 

i n  general r e l a t i v i t y  and i n  Newtonian f l u i d  dynamics i s  misleading, 

s ince negat ive values f o r  the  s t ress  can be obtained i n  the l a t t e r .  This 

happens w i t h  de S i t t e r ' s  non empty s t a t i c  un iverse and i n  the present 

theory.  Inspect ion  o f  (36) shows t h a t  the pressure i s  s o l e l y  determi- 

ned f rom the c o n t r i b u t i o n  o f  t he  Pryce-Hoyle term and the  i n e r t i a l  one, 

and these a re  a l ready we l l  determined through the  f i e l d  equations, the 

cova r i an t  divergence o f  A', and Whi t row 's  r e l a t  ion.0f course, the i ner- 

t i a 1  term i n  the equat ion may be cor rec ted f o r  the  c o n t r i b u t i o n  o f  ra -  

d i a t i o n  and thermal energy and the s t ress  should assume the f o l l o w i n g  

expression:  

where u and u a r e  the thermal and r a d i a t i o n  energy densit ies.The known 
Y 

forms o f  energy c o n t r i b u t e  nega t i ve l y  t o  the  pressure. 

The conservat ion  law i n  models w i t h  the Pryce-Hoyle tensor r e f e r s  t o a n  

energy-momentum tensor which includes the  usual form o f  the ma t te r ten -  

sor p lus  the negat ive energy dens i t y  g iven by the  Hoyle tensor.  Rela- 

t i o n  (33) comes a l s o  from 



where T" i s  o f  the form given by (18).  We see i n  (33) t h a t  the process 

o f  matter  i n j e c t i o n  i s  determined through a work done by a negat ive 

s t ress .  This idea was presented f o r  the f i r s t  t ime by McCrea i n  h i s  

a1 t e r n a t i v e  i n t e r p r e t a t i o n  o f  the  Hoy l e  cosmological mde126 .  

A quest ion may be ra ised as t o  the  r o l e  played i n  t h i s  model by the 

k i n e t i c  and r a d i a t i o n  pressures a t  the s t a r t  o f  the expansion. According 

t o  what was seen, the  i n i t i a l  bang cannot be associated w i t h  the usual 

i n t u i t i v e  p i c t u r e  o f  an exp los ion  produced by conventional p r e s s u r e  . 
The mental p i c t u r e  o f  an i n i t i a l  mul t ibang w i t h  h igh  k i n e t i c  and radia-  

t i o n  temperatures concentrated i n  the whi te-holes may favour the m t h e  

mat ica l  formal ism o f  the present theory.  The expansion process o f  our 

theory  has t o  do, no t  w i t h  an i n i t i a l  explosion,  but  w i t h  a continuous 

process o f  matter  i n j e c t i o n ,  which represents a cosmic repuls ion270pe- 

r a t i n g  along cosmic time, and having i t s  maximum a t  zero t ime. 

The t h i r d  model, w i t h  v a r i a b l e  c and G, presents c e r t a i n  fea tures  as t o  

numerical values, which demand a model universe w i t h  a present densi-  

t y ,  two orders o f  magnitude h igher  than the usual adopted value o b t a i -  

ned from g a l a c t i c  mass alone. Should present observat ional  data on i n -  

t e r g a l a c t i c  matter  be confirmed, the present adopted dens i t y  should be 

considered too  low. Values o f  the order  o f  1 0 - ~ * ~ . c m - ~  can be obtained 

f o r  the  t h i r d  model, provided we in t roduce a co r rec t i on  i n  r e l a t i o n s  

(1) and (2) o f  t h a t  m 0 d e 1 ~ ~ .  

The re la. t ions cons idered should be 

where 

and not  n =n, as previous 
1 

comes from the assumption 

surrounding m i l i e u  o f  the 
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l y  s ta tedZ5 .  Th is  d i f f e r e n c e  between n l  and n 

t h a t  the Euclidean regions co inc ide  w i t h  the 

whi te-holes and do not  inc lude the less den- 



ser regions of intergalactic space. This assumption presupposes the hy- 

pothesis that the charged milieu is the denser neighbourhood of the 

white-holes and that the intervening space is neutral. 

If we assume n/nl constant along cosmic 

by: 

expansion, a should be given 

) % 

Since the cosmic densíty p and white-hole density pl are given by 

4Tl 
p1 = (N/nl) m p / ( -  r3)  , 

3 

p = %*/(n 4" y 3 )  , 
3 

it follows that 

which agrees with (42). 

If we bear in mind observational for galactic and inter- 

galactic densities, we may adopt: 

Adopting values for a, in the range of 4 to 10, considering (381, R >>R,, 
P 

and the value of the Hubble parameter, i.e., 55 km.s" M~C-', such or- 

ders of magnitude can be obtained: 
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