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Fisica. — On the cosmological constant in a closed universe. 
N ota (,) di A ngelo  A g n e s e , presentata  dal Socio G. W a ta g h in .

R iassunto . — Si dim ostra che il valore X =  o, in un modello omogeneo e isotropo di 
universo chiuso relativistico, non è compatibile con i recenti dati dell’osservazione sperim en­
tale, sia nel caso di un universo di radiazione, sia nel caso di un universo di m ateria.

In  this note we show th a t the value X =  o in a relativistic closed uni­
verse model is not com patible with the available observational data, both 
in the case of a m atter universe and in the case of a radiation universe.

We shall adopt the nom enclature used in the H arrison [1] classification. 
For a uniform  universe, isotropic and homogeneus, we have:

(0 r 2 =  c v r 2- 3v +  A x r !3

0 ) C„ =  — 71G pR3v

(3) X =  — 3 Ho [^o — (3 v —

(4) _  471 Gp0
0 ,H 2 3 H0

(S) H° = ( h

(6)

where:

(7) 9 =  1
/ K =  I

for a closed universe of m atter;

(8) b  — — 
3

f K =~ i

for a closed universe of radiation.
The available observational data used in this work are:

\ Ho =  3.2 • io ~ 18 sec-1 (Hubble constant)
(9) d

( I-1 <<7o< 2-5 (deceleration param eter)

recently given by A llan Sandage [2]. (*)

(*) Pervenuta all’Accademia il 19 agosto 1968.
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Matter case.

In tegrating (i) for X =  o , v =  i , K =  i , we have (see ref. [i]):

(10)

(11)

with:

( 1 2)

Ol (i , o , i)
 ̂ R =  Ci sin2 x

\ t  =  c i (X — sin 1 cos x)

Ci =  — uG pR3 
3

(oscillating universe).
From  (io) and (i i), elim inating the param eter y:

0 3 )
Rt =  Ci arc sin J / ~ ----- (/R (Ci — R)

and from (3) and (4), always for X =  o , v '=  1:

0 4 ) Po
3 ^0 
4 ttG g - cm"

while from (1), (5) and (12) we have:

(15) Ro =
Hof

sec
2 ^ 0 — 1

radius of the universe for the Oi (1 , o , 1) model to-day in time units. 
Introducing (9) in (14) and (15) we have:

(16)  ̂ 4.0*10 29 <  p0 <  9 .1 • 10 29 (g- cm“ 3)
\ 4.7*io27< R o  < 8 . 6 * i o 27 (cm).

From  (13), taking into account (12), (14) and (15) we obtain the age of 
the universe to-day:

(I?) A> =
I 2 ^o - 1 / 2  Ç o ----  I. .. , arc sin / —------

2 Ço I \  V2 <̂ o —  I !  2 Ço
I 1 • -g— (in seconds)

Introducing (9) in (17) we have:

(18) 4.3 • io9 <  to <  4.7 • io9 (years)

Radiation case.

In tegrating (1) for X =  o , v =  — , K =  1, we have (see ref. [ 1 ]):

Oi I , 0
_  ( R =  Cl(| sin x

3 ^   ̂=  c l / | (1 — cos x)

(19)

(20)
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with:

(21) C4/3 — — TtG pR4 (oscillating universe).

From (19) and (20), eliminating the parameter 

(22) t =  I/C4/3 — ]/C4/3 — R2

and from (3) and (4), always for X =  o , v =  — :

(23) Po
3 H 0 q0 

8 tuG g- cm"

while from (1), (5) and (21) we have:

(24) Ro
H „ W

sec

radius of the universe for the Oi^i , °  , —j model to-day in time units.

(25)

Introducing (9) in (23) and (24) we have:

I 2.0' io~29<  po<  4 .6 -io~29 (g'cm “3)
I 3 .0-io28<  R0<  7 . 7 io28 (cm).

From (22), taking into account (21), (23) and (24) we obtain the age of 
the universe to-day:

(26) to =  -  ,— (in seconds)
(Vÿ0 + 1) H0 

Introducing (9) in (26) we have:

(27) 3.8 • io9 <  to <  4.8 • io9 (years)

D is c u s s io n .

We give below a short summary of observational data:

(28)
p0 =  4 -io  30g-cm ~3 (for matter) [3]

Ì Po =  6.8-IO 36 g -cm 3 (for radiation) [4-5]

(29) R o> 4.2 • io27 cm (ref. [3])

(30) 7 - io9<  z'o< io10 (years) (ref. [6-7]).

For the matter case, the results of our calculation (16) and (18) compared 
with (28), (29) and (30), indicate that:

a) The radius calculated (always for X =  o) would be tolerable.
b) The density is one order of magnitude too great. This happens 

also in the case X =j= O (as well known). This discrepancy may be removed 
if in the future more inter-galactic matter is observed with refined techniques.
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c) T he calculated universe age is too small, and th a t seems to m ake 
impossible the validity  of a X =  o m atter model of the universe (whatever 
be the density).

In  the radiation case, the com parison of (25) and (27) w ith (28), (29) 
and (30) indicates that:

a) The calculated radius (in a X =  o model) is com patible with the (29) 
inequality.

b) The calculated density is greater than  the photonic observed density 
(from the 30 K observed black body radiation), but could be consistent w ith 
observation if a h itherto  undetected neutrino black body radiation will in 
the future be detected (see ref. [8]).

c) The calculated universe age is too small, and th a t seems to m ake 
impossible the validity  of a X =  o radiation model of the universe (whatever 
be the density).

Sum m arizing we m ay say th a t the X =  o case (both in the m atter and 
radiation versions), seems to be inconsistent w ith observational da ta  on 
universe age (see point c)).

The universe age seems to be com patible with closed models with X =j= o. 
The m athem atical solution and a physical discussion for these models m ay 
be found in [9, 10] (for the m atter case) and in A. W ataghin [8] (for the 
radiation case). The latter m athem atical solution is also included in the rec­
ent H arrison [1] classification.
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