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Abstract Use i s  made o f  Mc \ / i t t i e l s  model f o r  Newtonian Cosrnologies w i t h  
t ime-varying G as unperturbed Universe, i n  the study o f  l i n e a r  dens i t y  
per turbat ions .  A general equation f o r  the dens i ty  f l u c t u a t i o n  i s  ob- 

1 ta ined.  I n  the case wi t h  nu1 l pressure and C; 5 t- (Dirac cosmological 
model) there  r e s u l t s  t ha t  the f l u c t u a t i o n  dens i ty  grows f a s t e r  than the 
corresponding case f o r  G constant .  I t  i s ,  however, i n s u f f i c i e n t  t o  ex- 
p l a i n  the format ion o f  Galaxies. The s i t u a t i o n  where p#O and k=O, i n t h e  
case o f  idea l  monoatomic gas, leads on l y  t o  o s c i l l a t i n g  so lu t i ons .  F i -  
n a l l y ,  a model t ha t  "appruximates" a p a r t i c u l a r  s o l u t i o n  o f  Brans-Dicke 
theory leads t o  a pe r tu rba t i on  t h a t  d i f f e r s  s l i g h t l y  from c l a s s i c a l  o r  
r e l a t i v i s t i c  ones, a l though i n s u f f i c i e n t  f o r  the app l i ca t i ons  abovemen- 
t ioned. 

1. INTRODUCT LON 

The p o s s i b i l i t y  t h a t  the g r a v i t a t i o n e l  constant G be a c t u a l l y  

a func t  ion o f  t ime was f i r s t  pointed out  by ~ i r a c '  i n  1937. Thiç assump- 

t i o n  was made as an attempt t o  exp la in  why t i n y  numbers s h o u l d  appear 

i n  fundamental laws o f  ~ h y s i c s ,  such as the r a t i o  o f  the g r a v i t a t i o n a l  

t o  the e l e t r i c  fo rces  between e lec t ron  and proton, which i s  o f  theorder 

o f  1 0 ~ ~ ' .  At the f i r s t  s i gh t  there  are  no simple explanat ion f o r  t h a t .  

However, the expresslon 

which r e l a t e s  the fundamental q u a n t i t i e s  E ,  G, o and m, (p ion mass) t o  

the  Hubble constant, seems t o  i nd i ca te  t h a t  sush t i n y  numbers are  not  

determined s o l e l y  by considerat ions of microphysics, but a l so  by causes 

o f  cosmological nature.  Others "coincidentes" 1 i ke, f o r  instance (see 

Weinberg, r e f .  2, page 6201, 

(e2/mec3 ~ ó l )  5 I O-'' ( 2 )  

seem t o  i nd i ca te  t ha t  i t  becomes niore d i f f i c u l t  t o  assume the t r i v i a l  

p o i n t  o f  view t h a t  eqs. ( I )  and ( 2 )  are  meaningless numerical c o i  n c i  - 
dences. Indeed a l l  these questions, a t  the f i r s t  s i gh t ,  seem t o  look 



1 i k e  pythagorian numerology. However, the existence o f  s e v e r a l  ex- 

pressions 1 i ke eqs. (1) and (2) lead us t o  regard these numer i c a l  re -  

l a t i o n s  as having a rea l ,  though mysterious, s i gn i f i cance .  This p o i n t  

o f  view has s t imu la ted the search f o r  explanat ions.  

Dirac proposed tha t  i n  eq. (1) R ,  c and rn are  constant and G 
A 

va r i es  l i k e  

G a R / R  a t-' ( 3  

This assumption leads d i r e c t l y  t o  the D i r a c ' s  cosmological model. How- 

ever, t h i s  model i s  an incomplete one, because D i r a c d i d  not  spec i f i ed  the 

correspondl ng theory o f  g rav i  t a t  ion  havi ng a va ry i  ng "constant" o f  gravi-  

t a t i o n  G. Nevertheless, t h e  model makes a number o f  d e f i n i t e  pred ic -  

t i ons ,  as we sha l l  see i n  what fo l lows.  

On the o ther  hand, the f i r s t  theory o f  g r a v i t a t i o n  h a v i n g  a 

t ime dependent grav i  t a t i o n a l  constant was proposed by ~ o r d a n ~ .  However, 

t h i s  theory was subjected t o  s t rong c r i t i c i s m 4  mainly by the  f a c t  t h a t  

i t s  energy-rnomentum tensor has not  a n ~ l l - d i v e r g e n c e .  Among the attempts 

insp i red  by lDiracls theory, the most i n t e r e s t i n g  and complete s c a l a r -  

-tensor theory o f  g rav i  t a t i o n  i s  t h a t  proposed by Brans and ~ i c k e ~ .  Under 

a r e l a t i v i s t i c  approach, t h i s  theory incorporates,  beside the g r a v i  - 
t a t i o n a l  p o t e n t i a l  g a sca lar  f i e l d  4 t h a t  replaces G- '  and i s  gen- 

aB' 
erated, i n  p r i n c i p l e ,  by the d i s t a n t  matter  o f  the universe.  This f i e l d  

obeys the eqiiat ion  

u 4 = 8 ~ r / ( 3  + 2w)~'p 

where T 1s the energy-momentum tensor o f  matter  and w i s  a d i men- 
UV 

s ion less  coup l ing  parameter. As expected, the theory o f  Brans and Cicke 

contains the E i n s t e i n ' s  theory o f  general r e l a t i v i t y ,  which i s  recovered 

by p u t t i n g  w + i n  Brans-Dicke theory. So, the i s o t r o p i c  and homogen- 

eous Brans-Dicke cosmological model f a l l s  i n t o  the Friedmann s o l u t i o n  

i n  t h a t  l i m i t .  

I n  the l a s t  years, several workers have concentrated a t t e n t i o n  

on theor ies  w i t h  vary ing  G, because some o f  i t s  imp l ica t ions  are,  i n  

p r i n c i p l e ,  observable. For instance, the vary ing  G a f f e c t s  the cosmo- 

l o g i c a l  expansiori, wi t h  consequence i n  the process o f  cosmic nuc  l e o  

synthesis, r e s u l t i n g  i n  an helium product ion whose abundance d i f f e r s  

from the corresponding r e s u l t  obtained i n  general r e l a t i v i t y 6 .  A n o t h e r  



consequence i s  the re formula t ion  o f  the age o f  the s ta rs  and g lobu lar  

c l us te rs ,  as we l l  as o f  the thermal h i s t o r y  o f  the ~ a r t h ~ .  

This paper has two aims: 1) To show, uslng a newtonian model, 

the inf luence of the vary ing  g r a v i t a t i o n a l  constant on the evo lu t i on  o f  

the dens i ty  per turbat ions ;  we note tha t ,  i n  the present case, the den- 

s i t y  con t ras t  obeys a forced o s c i l l a t i o n  equat ion w i t h  damping; i n  par-  

t i c u l a r ,  we apply t h i s  r e s u l t  i n  the  D i rac ' s  model; 2 )  To ca l cu la te  the 

dens i t y  con t ras t  i n  a specia l  frame which c o n s t i t u t e s  the  " n e w t o n i a n  

approximate" of the Brans-Dicke theory.  We must remark t h a t  a cosmo- 

l o g i c a l  newtonian model w i t h  vary ing  G does not  c o n s t i t u t e  an approxi-  

mation o f  the Brans-Dicke theory.  I f  we make w -+ m and 4 = c t e ,  we ob- 

t a i n  the  general r e l a t i v i t y  theory,  and the l a t e  reduces t o  a newtonian 

theory w i t h  constant G. On the other hand i f  i n  Brans-Dicke theory, we 

consider a d i s t r i b u t i o n  o f  matter  such t h a t  p << pc2 w i thout  i m p o s i n g  

w -+ m, the g r a v i t a t i o n a l  i n t e r a c t i o n  can be described i n  a n e w t o n i a n  

frame, but i n  t h i s  frame we have no t  a corresponding equation f o r  $. 

I n  what f o l l ows  we study the evo lu t i on  o f  dens i t y  pe r tu rba t i on  

using as non-perturbed model the so lu t i ons  given by M c V i t t i e  (see r e f .  

10) which describes a newtonian cosmology modi f ied  by in t roduc ing the 

t ime v a r i a t i o n  o f  the g r a v i t a t i o n a l  constant G. 

2. PERTURBED EQUATIONS 

The basic equations used here a re  Euler ,  c o n t i n u i t y  andPoisson 

equations, w i t h  the l a t e  one modi f ied  by the s u b s t i t u i t i o n  o f  G by G = 

= G,F(~/T), w i t h  G, and T constants, and F a dimensionless func t i on  o f  

the time1'. We set  (p,p,v,g,~) as a non-perturbed M c V i t t i e l s  so lu t i on ,  
-+ -+ 

and t r e a t  (pl,pl,vl,gl,Fl) as small per tu rbat ions .  lnt;oducing the com- 

b ina t ions  

i n  the bas 

tu rbat ions  

i c  equations and neg lec t ing  terms o f  second order  i n  the per-  

, we can w r i t e  the perturbed equations 



where vs i s  the sound v e l o c i t y .  Supposing t h a t  the  per turbat ions  w i l l  

propagate as plane waves, we put  

where$is the wave vector .  The func t i on  ~ ( t )  i n  t h i s  e x p r e s s i o n  rep- 

resents the in f luence o f  the expansion o f  the newtonian c o s m o l o g i c a l  

f l u i d  i n  the wave length  o f  the per turbat ions .  S p l i t t i n g  the v e l o c i t y  
-+ -+ 
v, i n  components p a r a l l e l  and perpendicular  t o  the vec tor  q 

+ + .  -+ 
v1  = v111 + vi, 

and f o l l o w i n g  weinberg2 we put  

+ + -+ 
v,,, = i&(t) ; ~ ( t )  = -q.v1/q2 

From eqs. (6) and (7) we ob ta in  

+ -+ 
g ,  = ~ITG,&'(~,F + pF1)q/q2 

Taking i n t o  account eqs. (71, (8) and (91 ,  the system o f  eqs. (5) i s  

r e w r i t t e n  as 
-+ + 
vll + (i/R)vll = O ( 1  O) 

There are  two normal modes o f  osc i  l l a t i o n  f o r  the  p e r  t u r -  
-+ 

bat ions.  The f i r s t  one, eq. (10), g ives the r o t a t i o n a l  mode where V I L  

f a l l s  as R - ' ( t ) .  This t ime func t ion  i s  g iven by the  n o n - p e r t u r b e d  

M c V i t t i e i s  so lu t i on .  The second, eq. ( ] I ) ,  g ives the  compressional o r  

l ong i t ud ina l  mode. I f we def ine  the dens i t y  con t ras t  6 ( t )  as 6(t)=pl/p 

we ge t  6 = cCr2/R. Pu t t i ng  these expressions i n  eq. (1 1) , we o b t a i n  

I n  t h i s  equatfon f o r  the dens i t y  con t ras t  we recover t h e  c l a s s i c a l  

newtonian r e s u l t  by p u t t i n g  Fl = O .  Obviously, the second member o f  eq. 

(12) I s  a consequence o f  the assumed hypothesis t h a t  G i s  a f unc t i on  

o f  t ime. 

Eq. (12) represents a pa t te rn  o f  a very simple motion which 



al-lows us t o  see immediately how the v a r i a b i l i t y  o f  G a f f e c t s  the evo l -  

u t i o n  o f  the per turbat ion .  l n  t h i s  case a  dens i t y  pe r tu rba t i on  generated 

i n  an expanding cosmological f l u i d  evolves l i k e  a  forced o s c i  l l a t o r y  

motion w i t h  damping. We t h i n k  t h a t  the corresponding equation f o r  the 

evo lu t i on  o f  the dens i t y  cont ras t  g iven by a  r e l a t i v i s t i c '  theory w i l l  

no t  have a  forced term: the forces will be absorbed by geometr izat ion.  

I t s  e f f e c t  w i l l  be g iven by the me t r i c  tensor o f  space-time. 

The expanding newtonian cosmological model i s  g r a v i t a t i o n a l l y  

unstable, w i t h  a  growth o f  the dens i t y  per turbat ion ,  i f  we have 

where k = q / R  i s  the wave vector  o f  the pe r tu rba t i on  and k .  stands f o r  
3 

Jean 4s vec tor .  The t ime evo lu t i on  o f  the dens i ty  con t ras t  6 ( t )  w i l l  be 

the consequence o f  th ree simul taneous a c t  ions:  i )  the  co l  laps ing a c t i o n  

o f  the g r a v i t a t i o n a l  f i e l d  o f  the per turbat ion ;  i i )  the damping a c t i o n  

produced by the expansion o f  the background; i i i )  the f o r c e d  a c t i o n ,  

produced by the t ime v a r i a t i o n  o f  G.  

However, when we solve eq. (12) f o r  severa1 cosmological models 

obta in ing  an expression f o r  the growth o f  per turbat ion ,  we see t h a t  the  

inf luence o f  the forced term on t h i s  growth i s  no t  so important. The 

numerical c o n t r i b u t i o n  o f  t h i s  second member i s  small, as we sha l l  see. 

3. DENSITY PERTURBATIONS I N  DIRACS COSMOLOGY 

According the M c V i t t i e ' s  no ta t i on  f o r  the D i rac ' s  cosmological 

model , we have F ( ~ / T )  = T / t  . We assume tha-t the per turbat  ion o f  F i n  

t h i s  model behaves 1 ike F, = y2/t2. l n  M c V i t t i e 4 s  s o l u t i o n  f o r  the non- 

-perturbed equation, there  i s  a  constant K imply ing th ree k inds  o f  so l -  

u t i ons  corresponding t o  two r e l a t i v i s t i c  m ~ d e l s  endowed w i t h  a  non-nul l  

curva ture  @<O and D O ) ,  and the f l a t  model, &=O). We use here t h i s  

no ta t i on  and we w i l l  ' f  ind the so lu t i ons  f o r  the eq. (12) f o r  D O ,  K <O, 

K=O, 'i n  t h e  p a r t i c u l a r  cases where the mater ia l  d  i s t r  i b u t  i o n  i s  

such t h a t  p=O and p#O. It i s  we l l  known t h a t  f o r  models such t h a t  p=O, 

the  per turbat ions  are  always unstable.  For models such t h a t  p#l, . ins ta-  

b i  1 i t i e s  wi l l be produced by pe r tu rba t i on  such t h a t  k< k ,  I n  both cases 
J 

eq. (12) has so lu t i ons  f o r  which 1 i m  6(t)*. I n  the  study o f  the per-  
t- 

tu rba t i on  f o r  a l l  cases, the so lu t i ons  o f  eq. (12) w i  1 1  be w r i  t t e n  



under the no ta t i on  6+, 6-, 6p. The no ta t i on  6 and 6- stands f o r  growing + 
and decaying so lu t i ons  o f  the homogeneous equation, 'and 6 stands fo r  

P 
the p a r t i c u l a r  s o l u t i o n  o f  the non-homogeneous eq. (12). As i t i s  known, 

the general s o l u t i o n  comes ou t  from the l i n e a r  combination o f  these 

so lu t lons .  

Case I :  p=O 

The parametr ic  so lu t i ons  f o r  the unperturbed model are"  

-r 5 t/T = (B - 0 + sen O)-' 
O <O ( B  (14) 

h' = (G,MT~) 'I3 A ' / ~  (I - cos e) (B- e + sen e) - '  

where R i s  t l ie  scale f a c t o r  o f  the expansion, T i s  the  t ime and A,B,M, 

Go, T are  p o s i t i v e  constants.  Eq, (12) g ives f o r  t h i s  case 

The corresporidlng so lu t i ons  a re  

6, .: (5 + cos e ) / ( ]  - c o s e )  - 3e s i n e / ( l  -cos  8 1 2  (16) 

6 .: ( 2 s i n 8  - Ocos8 - 38 + B ) / (1  - cose) - s ino  (6 + e 2  + ~0)/(1-cos€l)~ 
P 

I n  t h i s  case the so lu t i ons  f o r  the unperturbed model a re  

r = ~ ~ ' ~ ( 8 ~  + 0 - s i n h Q ) - '  

( 1  9) 
R = (G0MT2) 1 / 3 ~ 1 1 2 ( ~ ~ s h  Q -  I )/(a, + fi - sinhfi) 

Now eq. (12) has the form 

(coshn - l)d26/dfi2 + s inhM6/di l  - 36 = )A-'"(B, + Q - sinhQ) 

w i t h  so lu t i ons  



We take a M c V i t t i e ' s  s o l u t i o n  tha t  g ives R -t O when T -+ 0, and 

R -t m when T -+ m. With t h i s  choice, we have 

R = (SG,MT'/Z) 'I3 TI'' ( 2 3 )  

The d i f f e r e n t i a l  equation f o r  6 i s ,  i n  t h i s  case 

and the corresponding so lu t i ons  are  

Case I I : p#O 

We examine here o n l y  the f l a t  model, K=O. Assuming t h a t  t h e  

cosmological f l u i d  i s  an expanding p e r f e c t  gas w i t h  equation o f  s t a t e  

p pY, we can w r i t e  

o r ,  u s i n g  e q . ( 2 3 )  

where y = C / C  the r a t i o  o f  s p e c i f i c  heats. The equa t i on fo r  the den- 
P y' 

s i t y  con t ras t  I S  

6 + ( 2 / 3 ) : / ~  + I A ' / T ~ - '  - ( 2 / 3 ) / - r 2 ) 6  = (2/3)/+r3 ; A = constant ( 2 9 )  

This equat ion has homogeneous so lu t i ons  o f  the form 

a 6, T J+ h S )  - -v ( 3 0 )  

where J í s  the Bessel f unc t i on  o f  o rder  v .  The s o l u t i o n  o f  the non- +u 



-homogenous equation i s  

where h=(2/3)/-r3 and i? i s  the wronskian 

Then, 

Eqs. (30) and (31 ' )  a re  so lu t i ons  o f  eq. (29) i f  

A = Ir, 

s = (7/3 - y ) / 2  

and 

a = 1 /6 ; = 5/6s 

For a gtven value o f  y, eqs. (301, (31 ' )  and (32) g i ve  us the complete 

s o l u t i o n  t o  the dens i t y  con t ras t  

Some comments about the 

D i r a c ' s  cosmology, a re  necessary. 

and KfO the homogeneous s o l u t i o n  

are  the c l a s s i c a l  and we l l  known 

The new c o n t r i b u t i o n  i s  g iven by 8 

and R -t 0, 6 (0) and 6 (R) f a l l  1 
i? P 

t r i b u t i o n .  

6 i n  th i ;  case. 

s o l u t i o n  proposed, c o n c e r n  i n g  the  

We e a s i l y  see t h a t  i n  the case o fP=O 

given by eqs. ( l 6 ) ,  ( l 7 ) ,  (20) and (21) 

s o l u t i o n  (see f o r  instance, r e f .  12). 

eqs. (18) and (22). However, f o r  8 -t O 

i k e  -r-1, i .e., tend t o  a vanishing con- 

The desc r i p t i on  o f  the evo lu t i on  o f  per turbat ions  i n  an ex- 

panding background w i t h  pfO i s  a l i t t l e  more complicated. I n  s p i t e  o f  

the f a c t . t h a t  the c a l c u l a t i o n  f o r  the case K#O can be e a s i l y  made, we 

have r e s t r i c t e d  our study t o  the f l a t  model, because i n  t h i s  case the  

s o l u t  ions cari be more eas i 1 y compared t o  the corresponding so  1 u t i o n s  

given i n  the case p=O i n  the asymptotic l i m i t .  For la rge values o f  T 

the in f luencs  coming from the pressure becomes less important; then,the 



c o m p l e t e  s o l u t i o n  o f  eq. (29) ( f o r  K = O a n d p  # 0) must be asymp- 

t o t i c a l l y  compatible w i t h  the s o l u t i o n  given by eqs. (2.5), (26) and (27) 

f o r  the case K=O and p=O. But we see, by eq.(33) t h a t  t h i s  happens on l y  

i f  s < 0, which impl ies y > 7/3. However, t h i s  r e s t r i c t i o n  on y i s  no t  

a r e a l i s t i c  one; i t  i s  genera l ly  accepted t h a t ,  dur ing  the t ime wh i l e  

the pe r tu rba t i on  evolves, the cosmological f l u i d  i s  an expanding perfect 

gas. On the o ther  hand we can read ly  v e r i f y  t h a t  f o r  values o f  y such 

tha t  y 7/3 the Bessel f unc t l on  o s c i l l a t e s ,  i n  con t rac t i on  w i t h  the 

behaviour o f  the so lu t i on  given by eqs. (25), (26) and (27). For i n -  

stance, eqs. (30) and (31) g ive,  f o r  y = 8/3 and la rge T 

- 2 / 3  ; 6 C C T  
- 1 

O + O : T ;  6 - a : ~  
P 

(34) 

So, the c o m p a t i b i l i t y  between t h i s  s o l u t i o n  and the asymptotic behaviour 

g iven i n  the case K=O and p=O i s  obtained o n l y  be.rneans o f  a non-rea- 

l i s t i c  assumption. 

4. AN "APPROXIMATE MODEL" TO THE BRANS-DICKE THEORY 

For K=O, McVi t t i e  proposed a- famí l y o f  s o l u t  ions ( r e f .  10, eq. 

3.18) g iven by 

G = G,T - (v+3 

The c l a s s i c a l  r iewtmian model and the Di 

choosing V = -3 and V = -2, r espec t i ve l y .  

We now w r i t e  the general eq. (12) 

tak ing  i n t o  account eq.  (35) f o r  the backgr 

cosmological f l u i d  as an expanding p e r f e c t  

From eqs. (35) we can w r i  t e  

c pY-l e $J+I) & - I )  
v's 

r a c ' s  model a re  recovered by 

f o r  dens i t y  p e r t u r b a t i o n  

ound. Again, we consider t h e -  

gas w i t h  a f i x e d  y = C /C . 
P v 

Then we have 
(v+i) (V-1 13) 

(V:~*T') /R' = A 

Put t i ng  these expressions i n t o  eq. (12), we have 



(36) 

ves the evo lu t i on  o f  the  

con t ras t  i n  dens i t y  f o r  a l l  McV i t t i e l s  background models, i . ,  f o r  

-1  > v  2 -3. 

The complete s o l u t i o n  o f  eq. (31) i s  g iven by the eqs. (30)and 

(31 I),  w i t h  

The s o l u t i o n  f o r  the D i rac ls  model showed above, as we l l  as the 

c l a s s i c a l  r e s u l t s  g iven by Weinberg ( r e f .  2 ,  eqs. 15.3.39 and 15.9.43 ) 

are  obtaint ld by p u t t i n g  i n t o  the expression (37), v = -2 and v = -3 re -  

spec t i ve l y  and rep lac ing  the r e s u l t i n g  values o f  a, s and u i n t o  eqs. 

(30 )  and ( 3 1 ) .  
We show now the c a l c u l a t i o n  f o r  the evo lu t i on  o f  the con t ras t  

E by consider ing a newtonian model which we ca l  1 "newtonian approximate" 

t o  an i s o t r o p i c  and homogeneous model o f  the Brans-Dicke theory. We de- 

f i n e  a "newtonian approximate" as the newtonian cosmological model w i t h  

a vary ing  constant G w i t h  a t ime behaviour o f  the  func t i ons  G, R and p 

being the same as the corresponding func t ions  given by one o f  the  cos- 

rnological so lu t i ons  from B r a n s - ~ i c k e ~ .  

We choose i n  Brans-Dicke theory the cosmological so lu t i ons  

t o  be put  i n  correspondence w i t h  a "newtonian approximate" model. We 

remark t h a t  t h i s  s o l u t l o n  goes smoothly t o  the Friedmann f l a t  model,i.e., 
2 /  3 @ = constant, R a t . 

Taking w=6 i n  eq. (38) , the "newtonian approxirnate" model wi 11 

comes o u t  from eqs. (35) w i t h  v = -2.91. Taking i n t o  a c c o u n t  t h e s e  

values, eq. (37)  gives, f o r  a p e r f e c t  and monoatomic gas w i t h  y = 5/3 , 
the values a = -0.13 and s = -0.38. Replacing these values i n t o  e q . ( 3 0 )  

and (31' )  we obta in ,  f i n a l i y ,  the complete s o l u t i o n  o f  eq. (361, which 

i s  asyrnptotic.al1y cons is ten t  ( f o r  T >> A-') w i t h  the nu11 pressure s o l -  

u t i ons  @=O) 



These r e s u l t s  a re  s l i g h t l y  d i f f e r e n t  from the c l a s s i c a l  ones given by 
L i f s h i t ' s  ca l cu la t i ons  i n  general r e l a t i v i t y ,  where the dens i t y  p e r t u r -  

2 /  3 bat ions  grow l i k e  6 + a ~  . 

5. CONCLUSION 

We have considered small per tu rbat ions  o f  the  s o l u t i o n  o f  the 

newtonian cosmology w i t h  vary ing  G, and we have der lved the d i f f e r e n -  

t i a 1  equations which descr ibes the  e v o l u t i  

f o r  any member o f  the fam i l y  o f  so lu t i ons  

t a i n ,  i n  p a r t i c u l a r ,  the  D i rac ' s  model by 

c a l c u l a t i o n  o f  the con t ras t  f o r  t h i s  model 

t e r  

- 2 / 3  
& + % ' I  ; 6 - a ~  

on f o r  the con t ras t  i n  dens i ty  

proposed by McV i t t i e .  We ob- 

p u t t i n g ,  f o r  K=O, v=-2. The 

i s ,  f o r  a  nu l l- pressure  mat- 

For pZO, the complete s o l u t i o n  o f  eq. (36) which i s  asymptot ical  l y  con- 

s i s t e n t  w i t h  eq. (40) i s  obtained f o r  y > 7/3. For values o f  y smal l e r  

than 7/3, 6 o s c i l l a t e s .  Th is  f a c t  means t h a t  i f  we accept the  only math- 

ema t i ca l l y  cons is ten t  so lu t ions ,  we must adopt a  gas model no t  compat- 

i b l e  w i t h  the hypothesis o f  a  p e r f e c t  and monoatomic gas f o r  the cosmo- 

l o g i  ca 1 background . 
On the  o the r  s ide,  D i rac ' s  cosmology p r e d i c t s  values f o r  ob- 

servable q u a n t i t i e s  which do no t  agree w i t h  the a v a i l a b l e  d a t a .  For 

instance: i )  dece lera t lon  fac to r ,  q o  = 2 ;  i i )  age o f  the Universeas 1 /3  

o f  the value accepted today; i i i )  abundance o f  He less  than 0.20; i v  ) 

teinperature on the Ea r th ' s  surface a t  4 x 1 0 ~  years ago around 500' K,  

which i s  no t  i n  agreement w i t h  the geophysical r e s u l t s  t h a t  show t h e  

existence o f  l i q u i d  water a t  t h a t  epoch7. From a11 our r e s u l t s  shown 

above, we can conclude t h a t  D i rac ' s  cosmology i s  no t  a  good cand ida te to  

be considered as a  'hewtonian approximate" model t o  t h e  B rans -O  i c k e  

cosmology. 

The "newtonian approximate" i s  the model obtained by p u t t i n g ,  

f o r  K-O, v  = -2.91 i n  M c V i t t i e ' s  so lu t i on .  The expressions f o r  the gen- 

e r a l  s o l u t i o n  i n  t h i s  case a re  given by eqs. (301, (31' )  and (37), w i t h  

Y=5/3. This s o l u t i o n  i s  asympto t i ca l l y  cons is ten t  w i t h  the  one given by 



eq. (35) and, i n  t h i s  case, the growing pe r tu rba t i on  6 grows fasc .e r  + 
than the growing pe r tu rba t i on  given by general r e l a t i v i t y .  Although i t  

i s  no t  enough t o  exp la in  the  g a l a x i e s  format ion.  Nevertheless, t h i s  

model p red i c t s  "good" values f o r  the  q u a n t  i t i e s  a b o v e  ment  i o n e d :  

q ,  0.57, Helium abundance, age o f  the Universe, desc r i p t i on  o f thermal  

h i s t o r y  o f  the Earth, a l l  i n  agreement w i t h  the most recents a v a i l a b l e  

values (see r e f  S .  2 and 7) . 
On the o ther  hand, i t  i s  expected t h a t  the  Brans - D i  c k e  r e l a -  

t i v i s t i c  cosmological models be g r a v i t a t i o n a l l y  unstable,  g iv ing growing 

per turbat ions  i n  agreement w i t h  eq. (39). We a re  s t i l l  s t u d y i n g  t h i s  

p r o b l e m .  We remark t h a t  N. ~ a n d ~ o p a d h ~ a ~ ' ~  has publ ished a p a p e r  

where he proposes a c a l c u l a t i o n  f o r  dens i t y  per turbat ions  inBrans-Dicke 

theory by means o f  the v a r i a t i o n  o f  the Raychaudhuri's e q u a t  i o n s , o b -  

t a i n i n g  an equation f o r  S t h a t  i s  no t  compatible (see equat ion 3 . 9  o f  

r e f .  13) w i t h  the general r e l a t i v i t y  i n  the l i m i t  w + a. 
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Calculamos a evolução das perturbações na densidade que se pro- 
pagam em modelos newtonlanos a G variável , gravi tacionalmente instáveis. 
Encontramos uma equação geral para o contraste 6(t), vá1 ida para qual - 
quer modelo do tipo mencionado. A apl icação para a evolução das pertur- 
bações em cosmologia de Dirac, onde G é suposto variar c o m  t-', revela 
que as perturbações crescentes evoluem sensivelmente mais rapidamente 
que aquelas já conhecidas em teoria newtoniana clássica. Por outro lado, 
as soluçÕes para 6(t) em cosmologia de Dirac se apresentam assintot ica- 
mente inconsistentes. Definimos em seguida um modelo newtoniano a G va- 
riável "aproxlma~ivo" à teoria relativística de Brans-Dicke, o qya1 
admite perturbaçoes crescentes ligeiramente diferentes das perturbaçoes 
clássicas, newtonianas ou relativísticas, porém ainda insuficientemente 
rãpidas para o fim a que se destinam. 


