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Summary .  - A law of var ia t ion  for Hubble 's  parameter  in evolut ionary 
models, tha t  yields a constant  value for the  deceleration parameter,  is 
presented.  I t  leads na tura l ly  to the exclusion of open universes. 

PACS. 98.80. - Cosmology. 

1 .  = I n t r o d u c t i o n .  

L e t  us  cons ide r  a u n i v e r s e  s a t i s f y i n g  R o b e r t s o n - W a l k e r ' s  m e t r i c ,  whose  

l ine  e l e m e n t  is g iven  b y  

(1) ds 2 - -  R2(t) (1 ~- kr2/4) ~ [dr2 -[- r2 doe -~ r2 sin2 0 d~  ~] + dt 2 , 

H u b b l e ' s  p a r a m e t e r  is de f ined  b y  

R (2) H = - .  
R 

T h e  l aw  to  be  e x a m i n e d  in  t h i s  p a p e r  is 

(3)  H = D R - ' ,  

w h e r e  D a n d  m a re  c o n s t a n t s .  

(*) To speed up publication,  the  author of this  paper  has agreed to not  receive the  
proofs for correction. 
(**) Wi th  a scholarship from FAPESP .  Work par t ia l ly  supported by  F I ~ E P - I T A .  
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2. - 0 b t e n t i o n  o f  q. 

The  p a r a m e t e r  of d e c e l e r a t i o n  (q) is def ined  b y  

(4)  q = - R '  " 

The  e x p e r i m e n t a l  va lues  for  i t  a r e  (1) 

(5)  qo ~ 1 . o  •  

where  t h e  i n d e x  0 m e a n s  i ts  p r e s e n t  va lue .  

F r o m  (2) a n d  (3) we have  

(6) R :-- D R  -'~+1 , 

(7) .R : -  - -  D ~ - ( m -  1 ) R  -zm+l , 

(8) . ' . q = m - - 1 ;  

we see t h a t  q is  a lso  a c o n s t a n t ,  in  ou r  case.  

3. - E ins te in ' s  equat ions  and the  v a l u e s  o f  Q and p.  

(9) 

F o r  a R W  m e t r i c ,  E i n s t e i n ' s  e q u a t i o n s  r educe  to  (1) 

( lO)  

3 R  2 = u~R 2 -  3 k ,  

6_~ ----- - -  ~(e -~ 3p) R ,  

whe re  e a n d  p a r e  d e n s i t y  a n d  p r e s su re ,  r e s p e c t i v e l y .  W e  h a v e  neg lec t ed  t h e  

cosmolog ica l  c o n s t a n t .  

F r o m  (9), (10), (6) a n d  (7) we o b t a i n  

3 D  2 R_2m 3k 
(11) ~) = - -  + - -  R -~- , 

(2m - -  3 ) D  2 R -zm k R _  2 
(12) p - -- - . 

(1) R. ADLER, M. BAZIN and M. SCHIFFER: In t roduc t ion  to General Re la t iv i ty ,  2nd edi- 
t ion (New York, N.Y., 1975), p. 421, 426 and 434. 
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4 .  - V a r i a t i o n  o f  R w i t h  t i m e .  

F r o m  (6) we o b t a i n  t h e  l aw  for R 

(13) R = (Dt) 1/'~ , 

whe re  we a s sume  for t = 0 t h e  v a l u e  R = 0. 

I f  m > 0, we h a v e  

l im  R = c~ l i m p  = 0 ,  
t .>co  

as e x p e c t e d .  

l i r a  ~ ---- 0 

5.  - C h o i c e  o f  k a n d  m.  

I f  we  cons ide r  t h a t  t h e  g r a v i t a t i o n a l - m a s s  d e n s i t y  (2) 

a :  Q + 3 p  

shou ld  b e  a l w a y s  p o s i t i v e ,  f r o m  (10) we see t h a t  

/~<0, 
or t h a t ,  f r o m  (7), 

r e > l ,  i.e. 

I f  we i m p o s e  t h e  c o n d i t i o n  

(14) e~>0,  

i t  is  n e c e s s a r y  to  a d o p t ,  for  k, e i t h e r  

(15) k = + 1 ,  

o r  

(16)  k = 0 .  

F o r  k ~ 0, if  we i m p o s e  

(17) p > 0 ,  

q > O .  

(2) W. tI .  McC~EA: Proc. R. Soc. Zondon Ser. A, 206, 562 (1951). 



A SPECIAL L A W  OF VARIATION FOR t t U B B L E ' S  P A R A M E T E ~  1 ~ 5  

we have 

(18) m >  1.5, 

or, equivalently,  

(19) q > 0 . 5 ,  

which agrees with the experimental  values given in (5). 

For  k---- q -1 ,  we see tha t  negat ive pressures appear. Negative pressures 
are acceptable in general relat ivity,  as was pointed out  by Mc CREA (~). If  we 

impose that ,  for low values of R, we should have positive pressures, we have 

again to consider tha t  

m > l . 5 ,  

o r  

q ~ 0.5 equivalently. 

In  this case, as R increases, p assumes positive values, then we have 

p = 0 for 

Ro = [ D V / ~  - -  3] '/(m-l) , 

then it assumes negative values with a minimum at 

R1 = [D~'m(2m - -  3)] ~/~(m-1) , 

and then it tends to zero asymptot ical ly ,  as R -+ co. 

6 .  - C o n e l u s i o n s .  

Law (3) for Hubble 's  parameter  is a possible law of nature.  I t  leads to the 

exclusion of open universes. Closed universes and fiat ones are possible and 

both obey law (13). To decide between them, experimental  values must  be 

obtained. The requirements tha t  law (3) makes on q should be compared 

with the Fr iedman models (1), for which 

k = O o q = � 8 9  and k = l  ~ q > � 8 9  

For those who like simplicity, the case k = 0 is especially challenging, be- 

c t ~ u s e  w e  h a v e  

3D 2 

(2m - -  3)D~.R  -~'~ 2 m  - -  3 

P :  z 3 
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�9 R I A S S U N T O  (*) 

Si presenta una legge di variazione per il parametro di Hubble nei inodelli evolutivi, 
the ds un  valore costante per il parametro di decelerazione. Essa porta naturalmente  
all'esclusione di universi aperti. 

(*) T r a d u z i o n e  a cura della Redazione .  

Pe31OMe lie rloJly~ieHO. 


