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I n i t i a l  cond i t ions  are  discussed f o r  a closed universe w i th matter  i n -  

j e c t i o n  process and w i t h  time vary ing  G and c. i t  i s  shown tha t  the  

usual i n t e r p r e t a t i o n  f o r  the cosmic microwave background r a d i a t i o n  can 

be accepted f o r  t h i s  model universe, provided a c e r t a i n  i n i t i a l  condi-  

t i o n  i s  imposed on the  Pryce-Hoyle f i e l d .  The t ime vary ing  c i s  respon- 

s i b l e  f o r  two r e d- s h i f t  laws one f o r  wave-length and the o the r  f o r  the 

frequency. If r a d i a t i o n  temperature obeys the r e d- s h i f t  law f o r  frequen- 

cy, the pr imord ia l  Planck spectrum can be reproduced along cosmic ex- 

pans ion. 

Condições i n i c i a i s  são anal isadas para um universo fechado com processo 

de in jeção de matér ia G e c funções do tempo. Mostra-se que a i n t e r -  

pretação usual da radiação cósmica do corpo negro pode ser a c e i t a  para 

esse modelo cosmológico desde que ce r ta  condição i n i c i a l  se ja  imposta 

para o campo de Pryce-Hoyle. O c var iáve l  é responsável por duas l e i s  de 

" red-shi f t" ,  uma para comprimento de onda e ou t ra  para f r e q u ê n c i a .  Se a 

temperatura de radiação obedece á l e i  do " red-shi f  t " para f requência, o 

espectro Planck pr imord ia l  pode ser reproduzido ao longo da expansão 

cósmica . 

1. EQUATIONS OF THE MODEL UNIVERSE 

The equations o f  the present cosmological model a re  o f  a type i nvo l v ing  

p o s i t i v e  curvature and matter  i n j e c t i o n  proceçsl which are the fo l low-  

i ng : 
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where , 

and, 

n ( x o )  i s  the number o f  i n j e c t e d  p a r t i c l e s  per u n i t  proper volume. 

An add i t i ona l  r e l a t i o n  i s  int roduced which represents Mach's principie: 

MG/C~R = av/4 , (3 )  

being a a numerical constant. 

This s e t  o f  four equations determine uniquely the func t ions  ~ ( X ~ ) , ~ ( X ~ ) ,  

X l ( x O )  and p(x0) . 

In t roduc ing i n t o  t h i s  m d e l  c e r t a i n  ideas dweloped by N a r l i k a r 2 ,  the 

f o l  lowing conclusions were i n f e r r e d 3:  

which means t h a t  E ins te in ' s  K i s  e f f e c t i v e l y  constant, and the  d i f f e -  

r e n t i a l  equations der ived from the combination o f  (11, (2) and (3) are 

not  s u b s t a n t i a l l y  modi f ied.  We must bear i n  mind tha t ,  according t o  (4) 
we have : 



2. MODIFIED RED-SHIFT LAW 

For t h i s  cosmological model, the red- sh i f t  law presents the form: 

(1 +E)  = % / R  = I-&t dt / c ( t )  dq = i /h , 
P ? [  P ( 6 )  

where the index "p" re fe rs  t o  the present epoch. The rneasured red-shi f t  

z i s :  

For, X i s  the non- shi f ted wave-length a t  the present epoch h i c h  i s  d i f -  

f e ren t  from which was emi t t e d  i n  the past when c ( t )  was higher.  

According t o  the Balmer equation: 

Bearing i n  mind tha t3 '4 ,  

the fo l l ow ing  red- sh i f t  law fo r  frequency i s  deduced, d i f f e r e n t  fromlaw 

( 6 )  : 

I t can be shown tha t :  



3. INITIAL CONDITIONS COMPATIBLE WITH THE USUAL INTERPRETATION 
FOR THE COSMIC BLACK BODY MICROWAVE RADIATION 

According t o  the usual i n te rp re ta t i on ,  the  present thermal spectrum o f  

the  cosrnic background rad ia t i on  wi  t h  2,7OK temperature, i s  a foss i  1 

image pro jec ted from the pr imord ia l  f i r e b a l l ,  the i n i t i a l  stage o f  the 

universe as proposed by ~ a m o w ~ .  I n  t h i s  f i r e b a l l  stage, according t o  

Alpher, Bethe and ~amow~,  rnatter i s  considered a neutron f l u i d  a t  a tem- 

pera ture  o f  10" OK. This hypothesis was raised by ~ a m w '  i n  order t o  

develop a theory tha t  could account f o r  the present abundance o f  the ele- 

ments, and the s t a r t  o f  the b u i l d i n g  up per iod i s  shown t o  be 20 sec. 

a f t e r  zero cosmic time6. The dens i ty  o f  rnatter a t  t h i s  s i t u a t i o n  should 

be 106 times smal ler  than the dens i ty  o f  rad ia t ion ,  which should be the- 

re fo re  equivalent  t o  the densi ty o f  water6". This means hence tha t  the  

expansion o f  the pr imord ia l  stage i s  dr ived a l m s t  completely by radia-  

t i o n  pressure. 

As shown by weinberg8 the Planck spectrum a t  the pr imordial  phase cdn be 
o red- sh i f ted  wi thout  deformation, t o  the present 2,7 K spectrum. We have 

speculatedl  t h a t  the cosmic background r a d i a t i o n  i n  the context  o f  our 

cosmological model could perhaps be i n te rp re ted  i n  d i f f e r e n t  terms, t o  

w i t .  A universe m d e l  w i t h  a co ld  s t a r t ,  d r i ved  almost exc lus ive ly  by 

the Hoyie repu ls ive  f i e i d ,  such tha t  the Planck spectrum could be acco- 

unted f o r  through a hypothesis suggested by weinberg8 f o r  Hoyle's model 

universe. I t  seems t o  us tha t  the usual i n t e r p r e t a t i o n  could be none- 

theless maintained i f  we modify the i n i  t i a 1  condi t i ons  f o r  the present 

cosmological model. 

Le t  us assume tha t  the pr imord ia l  s t a t e  o f  the present model a t  t ime ze- 

r o  should be a per fec t  neutron f l u i d .  This i s  possible,  s ince fo r  cos- 

mological models w i t h  the Pryce-Hoyle f i e l d ,  the i n i t i a l  s i n g u l a r i t y  i s  

avoided. The matter  i n j e c t i o n  process could be there fore  viewed as pre- 

sent throughout the t o t a l  cosmic space: the t o t a l l i t y  o f  the universe 

then, i s  a s ing le  "white hole", i n  c o n t r a d i s t i n c t i o n  w i t h  subsequent 

stages when quasars and radiogalaxi  es were fórmed, wh i ch were postula-  

ted as being "whi t e  h01es '~ "~  . I n the standard models, the breaking up 

of  the pr imord ia l  f l u i d  takes place when the Jeans p r i n c i p l e  o f  g rav i -  



t a t i o n a l  i ns tab i  1 i ty begins t o  developl O . But i n  the present t heo re t i -  

ca l  framework, the stage when the breaking up s t a r t s  i s  no t  s o l e l y  de- 

termined by the i n te rp lay  o f  g r a v i t a t i o n a l  a t t r a c t i o n  and repu ls ion  by 

conventional pressure ( k i n e t i c  and rad ia t i on ) .  For, there i s  a repu l -  

s i on  produced by the Pryce-Hoy 

So lu t i on  o f  equations (1) and 

, l e  f i e l d .  

(2) through (3), g ives the r e s u l t :  

being R(xO) the I ' radius o f  curvature" o f  the closed universe obeying a 

Robertson-~alker - met r ic :  

where m i s  the nucleon mass and n the number dens i ty  o f  p a r t i c l e s .  A, 

y and k are  constants, ande i s  considered a func t i on  o f  cosmic time3. 

We see i n  r e l a t i o n  (13) t ha t  i t  i s  impossible t o  e x i s t  a s i n g u l a r i t y  a t  

the o r i g i n  of t ime due t o  the t h i r d  term i n  the rad i ca l ,  which comes 

from the Pryce-Hoyle f i e l d .  According t o  r e l a t i o n  (3) :  

The cond i t ions  proposed by Gamow f o r  the standard cosmlog i ca l  m d e l s a t  

20 sec. cosmic time, could be reproduced i n  t h i s  model a t  zero cosmic 

time, on account o f  being impossible a s i n g u l a r i t y .  I n  order  t ha t  the 

breaking up o f  the f l u i d  be determined a f t e r  a lapse o f  time necessary 

f o r  fus ion  and synthesis o f  the elements, i t  would be reasonable t o  as- 

sume a t  x 0  = 0, the fo l l ow ing  i n i t i a l  cond i t ion :  



since, 

X ' ( x O )  = const. R ' ~  (TR + 0) , 

i t  fo l lows:  

~ R ( o ]  = - 0 . . 

Th is  i n i t i a l  cond i t i on  i s  a l s o  advantageous on o the r  grounds, t o  w i t :  

f o r  h igh  values o f  R, 0' may be neglected3 and not  r ,  so t h a t  r could be 

chosen such as t o  avoid i n c o m p a t i b i l i t y  o f  the vary ing  G w i t h  data ob- 

ta ined from geology and palaeontology. 

Relat ions (4) were deduced f rom matter  i n j e c t i o n  condi t i ons  prevai  1 ing  

dur ing  cosmic expansion, a f t e r  format ion o f  quasars and radiogalaxies,  

so, a f t e r  the breaking up o f  the pr imord ia l  f i r e b a l l  f l u i d .  Thus, dur ing  

the f i r e b a l l  phase i t  i s  probably no t  poss ib le  t o  know how G and c vary 

w i t h  time, Nevertheless i t  could be poss ib le  t o  assume G and c aprox i -  

mately constant, because the  du ra t i on  o f  the  f i  rebal 1 stage i s  extreme- 

l y  small i n  comparison w i t h  the  age o f  the universe. C a l c u l a t i o n s o f t h e  

cosmic age are  no t  impaired by t h i s  assumption. Besides tha t ,  knowledge 

o f  the func t ions  G and c are no t  essent ia l  f o r  dea l ing  w i t h  the equat i -  

ons a t  the pr imord ia l  stage, s ince t h a t  which i s  important i s  K (acons- 

tan t )  and not  G, and "time" x O  can be used instead o f  t. 

O f  course r e l a t i o n  (13) presuposes: 

I n  f i g u r e  1, the behaviour o f  func t ions  X '  and R. 

From equations ( I ) ,  (2) and (3) the fo l l ow ing  expression f o r  the cosmic 

s t ress  comes f o r t h :  



whe r e  

Fig.1  - Theore t i ca l  behaviour o f  the sca l ing  func t ion  R and the mat te r  

i n j e c t i o n  A ' .  For t h i s  cosrnological model i t  i s  impossible R = 0 .  

We are  going t o  assume t h a t  r a d i a t i o n  temperature obeys a  r e d- s h i f t  iaw 

i d e n t i c a l  t o  ( ]O) ,  and t h i s  i s  essent ia l  i n  order t h a t  the Planck spec- 

trum be reproduced along cosmic expansion, what w i l l  be seen afterwards. 

Thus : 

Combining r e l a t i o n  (23) w i t h  (22), (21), (15) and (13), and as we 

g l e c t i n g  the c o n t r i b u t i o n  o f  the k i n e t i c  term i n  (15), i t  can be 

red the fo l l ow ing  expression: 

1 1  ne- 

i n f e r -  



Constant i? comes from the r e l a t i o n :  

The f i r s t  term i n  (24) a r r i v e s  from the i n e r t i a l  c o n t r i b u t i o n  t o  the  

pressure plus r e l a t i o n  ( 3 ) ,  and we see t h a t  i t  gives a negat ive c o n t r i -  

bu t i on  t o  the cosmic pressure. This term predorninates a f t e r  a c e r t a i n  

epoch o f  the cosmic expansion, such tha t  the o v e r a l l  pressure i s  nega- 

t i v e .  This cur ious r e s u l t  comes about from the i n i t i a l  choice o f  a po- 

s i t i v e  curvature f o r  the present cosmlog i ca l  model. We have po in ted 

o u t  b e f o r e l s g  along w i t h  McCreals reasoningl1, t ha t  negat ive stresses 

are  poss ib le  i n  general r e l a t i v i t y ,  and t h i s  transcends the usual ana- 

logy between Newtonian f l u i d  dynamics and r e l a t i v i t y .  The energy balan- 

ce equation f o r  the preçent universe model i s  o f  the typel: 

i n  which the pressure term i s  negat ive a f t e r  the breaking up the p r i -  

mordial f l u i d .  

Equation (24) was deduced, assuming r e l a t i o n  (25),  t ha t  i s ,  i t i s  v a l i d  

i n  so f a r  as we deal w i t h  cosmic times fo l l ow ing  the format ion o f  qua- 

sars and radiogalaxies.  For the i n i t i a l  stage we cannot use r e l a t i o n  

(25) as we have pointed out  before.  Therefore, dur ing the beginning o f  

the cosrnic expansion the pressure func t i on  should be expressed as 

fo l lows (see f i g u r e  2): 

being u the r a d i a t i  

Radiat ion f l u x  shou 

r e n t i a l  equation, 

on preçsure term and the "dash", z0 d i f f e r e n t i a t i o n .  

l d  vary w i t h  cosrnic expansion according t o  t h e d i f f e -  



Fig.2 - Theore t i ca l  behaviour o f  the pressure f u n c t i o n .  The pressure 

a t  the o r i g i n  i s  no t  i n f i n i t e  s ince  the re  i s  no s i n g u l a r i t y .  A f t e r  the 

f i  r e b a l l  stage the pressuic  ssumes negat ive va lues.  

be ing  z (v ,R ,~)  a  f u n c t i o n  respons ib le  f o r  the decrease o f  the f l u x  due 

t o  the  expansion, s c a t t e r i n g  and abso rp t i on  e f f e c t s .  I n t e g r a t i o n  o f  (28) 

between t ime zero and present  t ime t g ives :  
P 

where v and T are  values f o r  t ime zero.  I f  r a d i a t i o n  temperature obeys 
O O 

the same r e d - s h i f t  law as the frequency, i .e., r e l a t i o n  (23) ,  t he  Planck 

spectrum can be reproduced a t  the  present  t ime.  So, we o b t a i n :  



4. CONCLUSIONS 

I t  i s  poss ib le  t o  i n t e r p r e t  the cosmic microwave black 

f o r  our cosmological model, as being o r i g i n a t e d  i n  an 

body r a d i a t i o n  

i n i t i a l  f i r e b a l l  

stage. I t  can be seen tha t  the va r i ab i  l i t y  o f  c wi t h  time, (and a cons- 

t an t  E ins te in ' s  K) i s  no t  incompatible w i t h  the usual i n t e r p r e t a t i o n f o r  

t h i s  rad ia t i on .  O f  course the du ra t i on  o f  the f i r e b a l l  phase necessary 

f o r  the b u i l d i n g  up process o f  the elements, demands adequate numerical 

values f o r  r and 0, and f o r  the i n i t i a l  value R o f  the " radius o f  cur-  
o 

vature" , as w e l l .  These parameters are a nove l ty  i n  cosmology, and t h i s  

s i t u a t i o n  should necessar i l y  compl i c a t e  s t i l  l the al ready complex theo- 

r y  o f  the pr imord ia l  synthesis o f  the elements. For, the Hoyle func t ion  

associated w i t h  r and 0 represents not  on l y  a cosmic repu l s ion ,bu ta l so  

a matter  i n j e c t i o n  process given by equat ion ( 2 ) ,  and t h i s  i s  su re l y  a 

source o f  new d i f f i c u l t i e s  i n  ca l cu la t i ons  f o r  the theory o f  the b u i l -  

d ing up o f  the elements.* 
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