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A very general flat solution for Brans-Dicke cosmology with a perfect-fluid, 
Robertson-Walker metric and a perfect gas law of state is examined regarding 
density perturbations. The model has growing instabilities, but not of exponential 
character. 

1. I N T R O D U C T I O N  

The s tudy o f  densi ty per turbat ions  in cosmology  is rewarding,  for  it 
offers the best known mechan i sm for  the descript ion o f  galaxy formation.  

Why  Brans -Dicke  theory?  It is well known that  BD theoretical  
f ramework  with a high value for  the coupl ing constant  remains as the best 
alternative to general relativity. 

The me thod  adop ted  here is due to B a n d y o p a d h y a y  (1977) and was 
corrected by Baptista et  al. (1986), who pointed  out  a small error in the 
former ' s  calculations.  

We shall examine a very general solution for  BD theory  in a Rober t son-  
Walker  flat metric and obeying  the perfect gas law o f  state, 

p = p ~  (1) 

where p, p, and a are pressure,  rest energy density, and a constant.  This 
solut ion is a part icular  case o f  a solution obta ined  by Morgans tern  (1971). 

2. T H E  B D  FLAT M O D E L  S O L U T I O N  

It is not  difficult to show that  the fol lowing solution is valid for  a BD 
flat model  in the Robe r t son -Walke r  metric for  a perfect  fluid and equat ion  
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of state (1): 

R ( t )  = ( m D t )  1/" (2) 

~b( t) = St  r (3) 

y : 2 - 3 ( l + a )  (4) 
m 

Here, m and D are nonnull constants, and ~b is the scalar field defined by 

~b( t) = a G - '  - 4 + 2 w  G - '  (5) 
3 + 2 w  

Formula (2) represents a constant-deceleration parameter scale-factor 
model (Berman, 1983; Berman and Gomide, 1988), where the deceleration 
parameter q is given by 

q = -/~--5 = m - 1 (6) 

Here, dots stand for time derivatives. 
For p, we have the following solution: 

p = pO t-3(l+cO/rn (7) 

Po : const. 

3. THE PERTURBATION F O R M A L I S M  

The density contrast u ( t )  and the perturbation for ~b, to be called ~ ( t ) ,  
obey following differential system (Baptista et al., 1986): 

// 2/~ti 8 7 r p u 2 + w + 3 ( 1 + w ) o ~  
- - . J r  - -  

l + a  R ( l + a )  ~b 3 + 2 w  
2 

_ 8 7 r p q ~ 2 + w + 3 ( l + w ) a ~ 2  3 + 2 w  ~-q 5 2 2 w ~ -  4 ,3 '-It+ 05 & (8) 

~.q 3 / ~  r t i ~ -  8~ r (1 -3a )pu  (9) 
R l + a  3 + 2 w  

4. BEHAVIOR OF DENSITY PERTURBATIONS 

It is obvious that a general solution of the above system of equations 
(8) and (9) is very difficult. But we may show a particular solution that 
exhibits density instabilities, in a power law of time: 

qt(t) = 0  (10) 

u ( t )  = Uot ~ (11) 



Density Perturbations in Brans-Dieke Model 1417 

Here, Uo is a constant, and 

8r 3a )( l + ct )po 
F = (12) 

(3+2w)yS  

subject also to the condition 

F I(2 1 _2)2+32~'po(I + a)l 1/2 = ~ \ ~ - I ) •  ~ - ~ - ~  j (13) 

For instabilities to exist, we must have F > 0, and this is probably the 
most  important  case, attained, for instance, when 

w > - l . 5 ,  c~<~, 7 < 0  

i.e., 

l+c~ 2 

m 3 

so that m < 2. 
This is not the unique case. For instance, we can have F > 0 with 3' > 0 

if a > 1/3, is evident from (12). 

5. C O N C L U S I O N  

We found a growing perturbation for a fiat Brans-Dicke (quite general) 
solution, implying instabilities, though not of  an exponential nature, needed 
to explain galaxy formation. Berman (1990) studied the same problem in 
general relativity and found a very similar solution. 
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