
Therefore, Eq.(71) may be rewritten in 
the following form: 
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 For electrons at T=300K, we have 
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Comparing (72) with (18), we obtain 
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The derivative of KiE  with respect to 

temperature T  is  
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Substitution of 0iiKi EEE −= into (75) 

gives 
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By comparing the Eqs.(76) and (73) 
and considering that 00 =∂∂ TEi  

because 0iE  does not depend on T , 

the Eq.(76) reduces to 
( ) ( )772 Kii ETET =∂∂

 However, Eq.(18) shows that  

giKi EEE −=2 .Therefore Eq.(77) becomes  

 
( ) ( )78TETEE iig ∂∂−=

 
Here, we can identify the energy iE  
with  the  free-energy  of  the  
system-F and gE  with the internal 

energy of the system-U, thus we can 
write the Eq.(78) in the following 
form: 
 

( ) ( )79TFTFU ∂∂−=
 
This is the well-known equation of 
Thermodynamics. On the other 
hand, remembering UQ ∂+∂=∂ τ  

(1stprinciple     of   Thermodynamics) 
and 

( )80TSUF −=
(Helmholtz's  function), we can 
easily obtain from (79), the following 
equation 
 

( )81.STQ ∂+∂=∂ τ
 
For isolated systems, 0=∂τ , we  
have 

( )82STQ ∂=∂
which is the well-know Entropy 
Differential Equation. 
          Let us now consider the Eq.(55) 
in the ultra-relativistic case where the 
inertial energy of the particle 2cME ii =  

is much greater than its inertial energy 
at rest  2

0cmi  .   Comparison between 

(4) and (10) leads to 2cVEp i=∆  

which, in the ultra-relativistic case, 
gives cMcEcVEp iii ≅≅= 2∆ . On the 

other hand, comparison between (55) 
and (41) shows that pcUnr ∆= . Thus  

2
0

2 cmcMpcUn iir >>≅∆= . Consequently, 

Eq.(55) reduces to 
 

( )832 2
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Therefore, the action for such 
particle, in agreement with the 
Eq.(2), is 
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The integrant function is the 
Lagrangean, i.e., 
 

( )85121 22222
0 cVUncVcmL ri −+−−=

 
Starting from the Lagrangean we can 
find the Hamiltonian of the particle, by 



means of the well-known general 
formula: 
 

( ) .LVLVH −∂∂=
 
The result is 
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The second term on the right hand 
side of Eq.(86) results from the 
particle's interaction with the 
electromagnetic field. Note the 
similarity between the obtained 
Hamiltonian and the well-known 
Hamiltonian for the particle in an 
electromagnetic field [32]: 
 

( )871 222
0 .ϕQcVcmH i +−=

 
in which Q  is the electric charge 
and ϕ , the field's scalar potential. 
The quantity  ϕQ  expresses, as we 
know, the particle's interaction with 
the electromagnetic field. Such as 
the second term on the right hand 
side of the Eq.(86). 
          It is therefore evident that it is 
the same quantity, expressed by 
different variables. 
          Thus, we can conclude that, 
in ultra-high energy conditions 
( )2

0
2 cmcMUn iir >≅ , the 

gravitational and    electromagnetic   
fields    can  be described  by the 
same Hamiltonian, i.e., in these 
circumstances they are unified !  
          It is known that starting  from 
that Hamiltonian we may obtain a 
complete description of the 
electromagnetic field. This means 
that from the present theory for 
gravity we can also derive the 
equations of the electromagnetic 
field. 

          Due to 2cMpcUn ir ≅= ∆  the 
second term on the right hand side 
of Eq.(86) can be written as follows 
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The factor ( )24 22 −cV  becomes 
equal to 2 in the ultra-relativistic 
case, then it follows that  
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From (44) we know that there is a 
minimum value for iM  given by 

( ) ( )minimini mM = . The Eq.(43) shows 

that ( ) ( )minmin 0ig mm =  and Eq.(23) 

gives  

( ) maxmaxming cdhcLhm 838 ±=±= . 

Thus we can write 
 

( ) ( ) ( )89830 maxminmin
cdhmM ii ±==

 
According to (88) the value ( )

22 cM mini  is 

correlated to ( ) maxminmin rQrQQ 0
2

0 44 πεπε =′ , i.e., 
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where minQ  is the minimum electric 
charge in the Universe ( therefore 
equal to minimum electric charge of 
the quarks, i.e., e3

1 ); maxr  is the 
maximum distance between Q  and 
Q′ , which should be equal to the so-
called "diameter", cd , of the visible 

Universe  ( cc ld 2=  where cl  is  


