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— dimensionless element of length of three

dimensional space constant curvature with singe

The foundations of dynamical cosmology in homogeneous and isotropic 

space with the Friedmann-Lemeter-Robertson-Walker (FLRW) metric 

are:
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a) Consequence from Einstein's 

equations in the form of the 

Friedman equation

and covariant conservation 

conditions for the energy-

momentum tensor
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— Newton's constant

— Hubble's parameter

— scale factor of the given metric

— time derivative

— speed of light

— synchronous world timet
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and b) The equation of state 

of a cosmological medium 

as the dependence

between its pressure 

and internal energy :
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— the Grüneisen parameter.
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For any volume at internal energy                                  :   ,,, sVuNVSU 

The co-moving volume:
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, namely, in the form of



The interval for the lambda corresponds to the so-called 

quintessence as some "pre-vacuum" medium where lambda is a function 

of time.
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Ultrarelativistic 

medium or radiation

Nonrelativistic cold 

medium (dark and/or 

baryonic "dust")

Vacuum

For example, in dynamic scalar 

field models, the quintessence 

is given by a homogeneous 

time-dependent scalar field 

with a potential 
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Thermodynamic functions of the medium uP 
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Solutions in the form of or                    :
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There exists a constant which limits the degree of growth of the 

increasing, differentiable in given interval                function of ,
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The conditions on the non-constant function                      , :
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Conclusion

Thus quintessence in the form of a one-component medium with the 

equation of state              turns out to be impossible as a macroscopically 

stable thermodynamically equilibrium medium for any function
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About dark energy
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Thank you for your attention!



1. Случай const  

 V
 

TVz 

  zNTq

, ,

,

   TT ),(

 NTVfVNVTU ;),,( 

   










TNTVf

V
P

11
;




Equations of state: 

,

,

 
 

1

),(
,













qT
Tu  

 





Ts
T ,, ,

  Tq     sB    1P  



T

15

,

Adiabatic process equations:
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