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Understanding why the unnatural assumptions were necessary 

              in the thermodynamic derivation of the Einstein eq. by Jacobson.  

Noether current : 

Unruh temp. 

If we take the observers with                                             , 

Space-time thermodynamics 
with a general null hypersurface 

Some possibilities of the interpretation of the e.o.m. of general gravity theory on a general null hypersurface. 

Entropy change          : 

Instantaneous equilibrium condition 

Why observers       behind the horizon       ? 

Difficult of the generalization to general gravity theories. 

A consideration based on the diff. invariance of the action functional: 

Noether charge  

(     Wald entropy) 

e.o.m 

Especially, in the Einstein gravity 

Holding of the Einstein eq. is equivalent to equating LHS of        

with heat into the local causal horizon     from the region     : 

The missing terms in Jacobson’s derivation are 

Entropy production  

bulk 

viscosity 

shear 

viscosity 

Total energy between Obs.     and bifurcation surface    ? 
(under consideration) 

In the case where     gets from stationary to stationary, 

this term does not contribute to integration over      .   

To reach a interpretation of the Einstein eq. on its own, 

we must deal with such a term directly. 

It’s possible to vanish by the special choice of Obs.    .  

(null) 
Define the normal vector     and a tangent vector      

 of time-like hypersurfaces                        . 

It relates the following thermodynamic quantities 

                                             measured by observers      . 

We can evaluate each terms in       for “non-uniformly accelerated” observers     as follows: 

Entropy balance law : 

:null affine 

Modified 

temperature 

and entropy 

Some justification of the modified temperature and entropy is needed. 

This method using Noether charge can be applied to general gravity theories. 

But it’s unlikely that           becomes a familiar form of entropy production. 

Suppose     is “uniformly accelerated observer”  

 outside the local causal horizon    . 

Induced metric on 

           cross-section of  

Jacobson “derived” the Einstein eq. 

Brown-York energy surface density 

observer-dependent 

There is not a natural 

normalization of       

which is not a Killing vector. 


