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INTRODUCTION 

 
The exact solutions of a relativistic fluid 

play a more important role than those obtained 
through approximation scheme and numerical ap-
proximation. Moreover, one uses various symme-
tries to get physical viable information from the 
complicated structure of the field equations in Ein-
stein's theory. Solutions of the Einstein field equa-
tions for a perfect fluid with or without a radiation 
field have been studied by several authors [1]-[9]. 
Owing to the nonlinearity of the field equations, it is 
very difficult to obtain exact solutions. 

In the present paper, we present a confor-
mally flat metric representing the gravitational field 
of a spherically symmetric distribution of a radiat-
ing perfect fluid. A particular case of the solution is 
discussed and corresponding expressions for fluid 
energy density, pressure, radiation flux and radia-
tion energy density have been derived.  

The solutions of the equations of the rela-
tivistic perfect fluids are analyzed as relativistic 
models of a radiating balanced sphere. In comoving 
coordinates in which we choose the units so that 

1c  , the metric of a conformally flat space-time 

for spherically symmetric distribution can be writ-
ten as [8] 

),drdrdt)(r,t(Ads 222222      (1)   

where )r,t(AA  , 

,dsindd 2222    

  and   labelling points on the unit sphere. 

The energy-momentum tensor of a relativistic ther-
modynamical perfect fluid in the presence of a radi-
ation field [10], [11] is the sum of the fluid energy-
momentum tensor and the energy-momentum tensor 
of the radiation field. 
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where 







 uugh   is the spatial projector, 

)0,0,0,A(u   is the fluid velocity, Q  is the 

density of the radiation energy and 

)0,0,qA,0(q   is the radiative flux. 

The Einstein field equations [12]  
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( being Einstein’s gravitational constant) which 

connect the Ricci tensor  

R with the energy-

momentum tensor 

T  given by (2), become: 
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where ,Qww*   Q
3

1
pp

*   the total ener-

gy and the total pressure. The conservation identi-

ties 0T ; 
  become 
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The equations of radiation field 
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The equations (9)-(12) give 
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The elimination of 
*p  from (6) and (7) gives 
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From here and (8) we obtain the system 
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The compatibility condition is 
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whose solution is 
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where  tF  and  tG  are arbitrary functions. 

 A relation between the functions  tF  and 

 tG  can be obtained from the condition that on the 

hypersurface ,srr   the total pressure  

  .0r,tp s

*   In this condition, from the equation 

(6), we obtain 
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(17) 
Many solutions have been found by specifying a 
functional relation between some metric functions. 
We shall present models of radiating sphere by con-

sidering the particular case    .tkFtG   In this 

case, from the equation (17), we obtain for F  
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with 
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  where 1C  and 2C  are arbi-

trary constants. 
The fluid energy density, pressure and radi-

ation flux can then be computed from (5)-(8): 
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If we substitute   r,tA  given by (18) in (11})-

(14), we obtain 
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In virtue of the conservation identities, the functions 

,w
*

 ,*p  and ,q  given by (19)-(21), verify the 

equations (22) and (23}). With q  given by (21), the 

equation (25) can be written 
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26)       
where 
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The general solution of the equation (26) is 
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for ,0k   and 
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 The function  tQ0  can be determined 

from the condition  

                     .tQr,tQ ss   

 For example, if ,0k  ,1C1   ,0C2   then 
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If we choose in (16)  tF  a constant (   1tF  ), 

one finds 
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with b  an arbitrary constant, which corresponds to 

a solution of the Einstein's vacuum equations [6]. 
The equation (24) gives the relation between the 

density of radiation energy  r,tQ  and the tem-

perature  .r,tT   

 

References 
 
[1] Kramer, D., Stephani, H., MacCallum, M., 

Herlt, E., Exact Solutions of Einstein Field Equa-
tions, Cambridge University Press, Cambridge, 
London, 1980. 
[2] Procopiuc, Gh., Spherically Symmetric Similar-
ity Solutions of the Equations of Radiative Relativ-
istic Fluids, Rev. Roum. Sc. Techn., Série de 
Mécanique Appliquée, t. 27, nr. 6, 725-736 (1982). 
[3] Procopiuc, Gh., Exact Solutions to the Equa-
tions of Radiative Relativistic Perfect Fluids with 
Cylindrical Symmetry, Bul. Inst. Polit. Iaşi, t. XXX 
(XXXIV), f. 1-4, s. I, 79-83 (1984). 
[4] Hajj-Boutros, J., A Method for Generating Ex-
act Solutions of Einstein Field Equations, Lecture 
Notes in Physics, Gravitation, Geometry and Rela-
tivistic Physics, No. 212, Springer, Berlin, 1984. 
[5] Hajj-Boutros, J., Sfeila, J., New Exact Solu-
tions for a Charged Fluid Sphere in General Rela-
tivity, General Relativity and Gravitation, 18, 4, 
395-410 (1984). 
[6] Singh, P. R., An exact solution of Einstein's 
vacuum equations, J. Nat. Acad. Math., 4, 127-134 
(1986). 
[7] Khater, A., H., Mourad, M. F., Rotating perfect 
fluids in general relativity, Astrophysics and Space 
Science, 163, 
247-253 (1990). 
[8] Pant, D. N., Tewari, B.C., Conformally-flat 
metric representing a radiating fluid ball, Astro-
physics and Space Science, 163, 223-227 (1990). 
[9] de Felice, F., Siming, L., Yunqiang, Y., Rela-
tivistic charged spheres: II. Regularity and stability, 
Class. Quantum Grav., 16, 2669-2680 (1999). 
[10] Procopiuc, Gh., Theorem of existence and 
uniqueness in relativistic radiative hydrodynamics, 
Bul. Inst. Polit. Iaşi, t. XXVI (XXX), f. 1-2, s. I, 103-
111 (1980). 
[11] Procopiuc, Gh., Fluide radiative: clasice şi 
relativiste, Editura Tehnica-Info, Chişinău, 2001. 
[12] Landau, L., Lifchitz, E., Theorie des champs, 
Mir, Moscou, 1970. Editions 
 

 


