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1. Introduction  

General Relativity  Black hole mechanics 
(Bekenstein, Bardeen,1973) 

Hawking radiation  
(1974) 

Black hole thermodynamics 

thermodynamics General Relativity  
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Ted Jacobson (1995) assumed the first law                             holds for  
 
local Rindler horizons.  Then the Einstein equation can be derived.  

The Einstein equation was also derived from thermodynamical laws  
of black hole horizons:  
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In 1965, W.J.Cocke (Ann. Inst. Henri Poincare, 2, 283)  proposed a maximum  
entropy principle for self-gravitating fluid.  

fluid 

MS,

Tolman-Oppenheimer-Volkoff  
(TOV ) equation: 

S: total entropy of fluid 
M: total mass of fluid  
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2. Maximum entropy principle for radiation  
         Sorkin, Wald, Zhang, Gen.Rel.Grav. 13, 1127 (1981) 

In 1981,  Sorkin, Wald, and Zhang (SWZ) derived the TOV equation of a self-gravitating  
radiation from the maximum entropy principle.  

Consider a box of radiation (photon gas) confined within radius       . The  
stress-energy tensor is given by 

R

The radiation satisfies: 
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Assume the metric of the radiation takes the form 

The constraint Einstein equation  yields 
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Since                                              , the extrema of      is equivalent to the 
Euler-Lagrange equation:  
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Using                               to replace            ,            , we arrive at the TOV  
 
equation 
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3. Maximum entropy principle for a 
general fluid (Sijie Gao, arXiv:1109.2804 ) 

• To generalize SWZ’s treatment to a general fluid, we 
first need to find an expression for the entropy 
density     .  

• The first law of the ordinary thermodynamics: 

    

Rewrite in terms of densities:  

 

Expand:    

 The first law in a unit volume:  

s
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Thus,  we have the Gibbs-Duhem relation 

2012/2/28 
2012 Asia Pacific School on Cosmology and 

Gravitation,  Kyoto  
11 



2012/2/28 
2012 Asia Pacific School on Cosmology and 

Gravitation,  Kyoto  
12 



Note that  

Thus,  
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4. Maximum entropy principle for 
charged fluid 

The stress tensor is  

where  

Maxwell’s equations:  
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The solution is  

and  
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Note that  
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(J.D. Bekenstein, Phys.Rev. D, 4, 2185 (1971) 
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5.Conclusions 

• By applying the maximum entropy principle to a 
general self-gravitating system, we have derived the 
TOV equation of hydrostatic equilibrium, which was 
originally derived from the Einstein equation.  We 
only used the constraint Einstein equation and the 
ordinary thermodynamic relations.  This is a strong 
evidence for the fundamental relationship between 
gravitation and thermodynamics.  
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Thank you! 
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