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Abrtract A vector  cur rent  i n  Riemann-Cartan Space-Time i s  proposed. We 
prove tha t  f o r  homogeneous and i r r o t a t i o n a l  cosmological model  s t h i  s 
cur rent  i s  conserved. Pa ra l l e l  propagation o f  spin seemstobea stronger 
condi t ion f o r  conservat ion. 

1. INTRODUCTION 

Recently I have proposedl a K i l l i n g  vector  cur rent  i n  Riemann- 

-Cartan Space-Time. Nevertheiess, t h i s  cur rent  appears t o  be conserved 

on ly  f o r  a narrow c lass  o f  cosmological models. I n  t h i s  paper I propose 

a new non- K i l l i ng  vector  cur rent  which seems t o  be more natura l ,  since 

i t  depends on ly  on the f l u i d  parameters as shear, r o ta t i on ,  expansion, 

and accelerat ion.  The new cur rent  reduces t o  the proper G e n e r a l  Rela- 

t i v i s t i c  l i m i t  o f  the Einstein-Cartan-Sciama-Kibble (EcSK) theory2. The 

s p i n n i n g . f l u i d  cur rent  i s  given by 

where t b  i s the energy-momentum (asymmetric) tensor, and Cb = vesd i s 

the Weyssenhoff d e f i n i t i o n  o t  the spin-densi ty tensor, Sab i s  the angu- 
a lar-momentum tensor. The asymmetric energy-momentum tensor tb i s  related 

t o  the matter  energy-mornentum tensor f b  by tab= <Pb + i 1 fab. 

Present Address: Dept. o f  Physics, Un i ve rs i t y  o f  Alabama i n  Huntsv i l le ,  
Huntsvi 1 l e ,  Ala. 35899, USA. 

On leave o f  absence from: Departamento de F ís ica  Teórica, Universidade 
Estadual do Rio de Janeiro, Rua São Francisco Xavier 524, Rio de Janei-  
ro, RJ, B ras i l .  

CNPq. Post-doctoral Fel low 



Revista Brasileira de Ffsica, Vol. 18, n? 1, 1988 

2. VBCTOR CURRENT I N  ECSK COSMOLOGY 

Appl ica t ion  o f  the Riemann-Cartan connexion Va on both sides o f  

eq. ( 1 )  y i e l d s  

V f = (Va tpb + tz Vav b 
a 

From ECSK theory we have the fo l l ow ing  expressions 

Where wab, uab, 8 and hab are  respect ive l  y the ro ta t i on ,  shear and pro- 

j e c t i v e  tensor 

hab = Sab - vaub 

Using eqs. (3) and (4) i n t o  (2) and 

Expression (6) i s  f u r t h e r  simpl i f i e d  

(5) 

expanding y i e l d s  

by no t i c i ng  tha t  the Weyssenhoff equation impl ies S V b  = 0 ,  and 
fb 

due t o  the syrnmetríes o f  the Riernann-Christoffel Tensor. 
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3. DUST-FILLED MODELS 

For d u s t - f i  1 l e d  cosmologica l  models i n  ECSK t h e  express ion (6) 

reduces s t i l l  f u r t h e r ,  s i n c e  t h e  energy-momentum tensor  i s  g i v e n  by 

p b  = p&,b 

where p i s  t h e  mat te r  d e n s i t y .  Using t h e  well-known express ions 

w v
b

= O  
ab 

a v
b

= O  
ab 

b h v = O  
ab 

a va = o  
a 

I e+aa.J vaP = 7 vCfab[uab + oab + 7 hab 

we have 

However, s ince  the  shear tensor  o and t h e  p r o j e c t i o n  tensor  
ab 

h a r e  symmetric and f a b  i s  skew-symmetric on the  same p a i r  o f  i n -  ab 
d i c e s  the  express ion  (11) becomes 

A t  t h i s  s tage we c o u l d  say t h a t  o u r  c u r r e n t  i s  conserved f o r  

non- ro ta t  i n g  homogeneous4 cosmologica l  models based on ECSK, 1 i k e  t h e  

FRW model. Never the less,  expansion o f  t b e  d ivergence o f  the  sp in-  den- 
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The r ight-hand s ide o f  expression (13) vanishes i n  the fo l  lowing 

cases: 

( i )  For i r r o t a t i o n a l  , homogeneous cosmological model s:  

ab = O , uab = O (14) 

( i  i )  For expansion-f ree rnodel s, where the spin i s  para1 lel-propa- 

gated: 

In these two cases we ób ta in  a cur rent  conservation given by the Diver- 

gente Law i n  ECSK 

v a P  = O (16) 

F i n a l l y  we want t o  coment  t ha t  one o f  the i n te res t i ng  features 

o f  the cur rent  presented here i s  the p o s s i b i l i t y  t o  extend P e n r o s e ' s  

quasi - loca l  mass5 const ruc t ion  o f  GR t o  E C S K ~ .  
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Propomos a def in ição de uma cor rente  v e t o r i a l  no espaço-tempo de 
Riemann-Cartan. Mostramos que no caso de modelos cosmologicoshomogeneos 
e i r r o t a c i o n a i s  bem como no caso de modelos onde haja propagação parale- 
l a  do spin, esta corrente é conservada. 


