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The foundations of dynamical cosmology in homogeneous and isotropic
space with the Friedmann-Lemeter-Robertson-Walker (FLRW) metric
dz? = c*dt? —a*(t)dI? are:

a) Consequence from Einstein's , KC2

o He(t)=Tu-——~ ,
equations in the form of the a2(t)
Friedman equation
and covariant conservation du da
conditions for the energy- Py 2—3?2—3H(t)dt ,
momentum tensor :

where: H(t)= ) R

I — Newton's constant alt) 3

H(t) — Hubble's parameter

at) — scale factor of the given metric
a(t) — time derivative

t — synchronous world time

C — speed of light

dl> — dimensionless element of length of three
dimensional space constant curvature with singe « =0,+1 l ‘



and b) The equation of state PV U
of a cosmological medium 7=U(T,V,N), u(T,U)zv,
as the dependence
between its pressure p = P(u) o(T,0)= S also U = L
and internal energy U : Vv N
_~ — U S
e\T,v)=—, S(T,0)=—_.
o To)=5. sho)=<

AMV)=a(0) — the Griineisen parameter.



The co-moving volume: V=V, =[a(t)Al]

For any volume at internal energy U(S,V,N)=Vu(5,0):

{3,482

A =const

0(5,)=B,(6)5 1 =B, 5NN o B Nl ]

B,(S,N)=N*B,(5), namely, in the form of

B, gﬂ(Sa’Wa):W;+1§/1(§)

e JJ’/I"



A=1/3; 0;-1

Ultrarelativistic Nonrelativistic cold Vacuum
medium or radiation medium (dark and/or
baryonic "dust™)

The interval for the lambda -1 < A <0 corresponds to the so-called
quintessence as some "pre-vacuum medium where lambda is a function
of time.

For example, in dynamic scalar
field models, the quintessence
IS given by a homogeneous
time-dependent scalar field ¢ft)
with a potential V()




Thermodynamic functions of the medium_p = Au
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Solutions in the form of z=T/&() or q=T/s(®)

S,N)=f(zzN) andFI B, =B, (S,
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1(T,0)=[1+a(0)ls(@) x(a)-T5(q),

2a)_ 1 (6¢(q,5)) |

q @'@)\ oo

for A(V)=a(p)= const

)
@_ 2| A+ [ay 2
T |: _([ 1/4}

for A=const=0, ¢(q,0)— ¢(q)

| The positive constant A, >0

defines here the solution

L u=0,

Z(z)(Q) =AQ
#(q) = const = ¢,




b)) . f(zN)=Y TN B (5o N)= f(b).




Thermodynamics of quintessence

C,>0 —U(ﬁ—ﬁj >_5(5_E) >0  or
’ oU ) oU ); ’

}('(CI)>0, 14 d [ 5)j2d(|jnlr;](gCI)>O

There exists a constant « >0 which limits the degree of growth of the
Increasing, differentiable in given interval 0<q <o functionof Q ,

2(9)< 1,(@)= A,a” . by the degree of growth of the function of v :
at A(V)=a(o)=const 1N the form

. )-jllll1l (”




:> When A =const, It leads to the constraint: | 1+ % >a>0

Soatleast | A=0 ,or A<-1| putnot | -1 <A <0

The conditions on the non-constant function () const, 0<p <o :

Which contradict each other since « >0 : ’ I




Conclusion

Thus quintessence in the form of a one-component medium with the
equation of state P =u turns out to be impossible as a macroscopically
stable thermodynamically equilibrium medium for any function

~1<A(V)=a(0)<0




About dark energy

=i+l q 1+1/ 2

D
X(q):BA[E} EB{Z/I(a)} ’ —P=u=y=A=const,

» . with AS=C, =C, =C, =0,

(@)-8%| =8|

= Z@| - U=AV, at T=0,

=0
2,a)-Tl() S
To+un=P+u where n=1/o ==> T=0

).j’/



Thank you for your attention!

g



A =const _

Equations of state: 2(T,0) =b *#(To") |

)
g=V* ¢=0" U(,V,N)=V*f(TV*N),
z=TV" P:V’Llf(Tvi N )= U’Ll;((TW)
=Tp*=N" . slTo?
=T 1.0)- 00 ) ofr.0)- 507

Adiabatic process equations:

q=To* =4 ., B,(S)=x(8) . Po*=-1x(8)




20)@)=Ap) |, 2(@)=Aq

50©)=Ae(®), Ujo) = Néfg] (T)=AT , Up) = N

The general solution is a superposition of 2(a) = x[o])(@)+ xp](a)+ x(2)(@) +-..

Z(ﬂ)(q) _ Alql_'-j/;t | f(ﬂ)(Z) — AAZ:H:L/;L | U(/I)(T,V): A)LVT1+1//1 |

S(1)(2)=(A+1)ANTYA P(T)=2u,(T)=2AT*

1
CV(A):(1+Z)A/1VTW =0




