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  where minR  is minimal work to be done 
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Other quantities are found using basic quantities 
by expanding into differential of first/second 
order and then squaring it and putting into the 
probability distribution or by using the 
assumption that the fluctuation is small enough 

to use x
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φ
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 while x∆ is known 

Mean values    
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Correlation is calculated using the cross terms of the 
matrice 

Density correlation 
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Degenerate gas 
 Fermions  ( )2 1k k kn n n∆ = −  

 Bosons  ( )2 1k k kn n n∆ = +  

 while kn  density of quantum states 

Time Dependent Fluctuations 
Quasi-Stationary state is a state in witch the 

macroscopic quantities don’t change with time 
and are large comparable to fluctuations.  

Stationary State  all fluctuations have reached 
their constant value around the mean value. 
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Quantities Correlation 
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Dissipation-Fluctuation Theorem 
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Generalized Susceptibility 
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( )a ω is found by writing the appropriate relation 

between the force and the reaction to force. 

Phase Transitions 

Clausius-Clapeyron formula 
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Ehrenfest formula 
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Tinza theory   ( )1
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 Stability ( )0     det 0ijdG U> → ∂ >  

 Phase Trans. ( )0     det 0ijdG U= → ∂ =  
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Susceptibility 
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Second Order Transition 
       Stability assumptions   1) 0η =    2) 1 0χ− >  
  Coefficients in trans. 0     0A B= >  
  Linearity Assumption ( )cA a T T≅ −  

Order Parameter    2
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First Order Transition 
Gibbs potential     ( )2 2 4G A B C= Ψ + Ψ + Ψ  

Stability assumptions   1) 0G =    2) 0η=  
Coefficients in trans.    0     0c cA B> <  
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Critical Temp.  
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TCP (Tricritical Point)  0    0A B= =  
 

Critical Indices 
Order parameter ( )β  - found using the appropriate 

gibbs potential expansion and its stability factors + 
assuming linearity of the A coeffiecent. 

Heat Capacity ( )α  - found using the expansion for the 

entropy 2
0 ..
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 and the 

dependence on temperature of the order parameter. 
Susceptibility ( )γ  - found from writing exact formula 

1 2 2Gχ − = ∂ ∂Ψ  and putting the values of the order 
parameter at different temp. areas. 

External Field ( )δ  - like susc., but using Gη = ∂ ∂Ψ  
Summary of critical indices for different transitions 

Indices II I 
α  0 1

2   0α α ′= =  
β  1

2  1
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γ  1 1 
δ  3 5 

* α ′  means indice for cT T>  

Transitions with External Field 
Second kind  no transitions is observed in finite 

temperature. The order parameter tends to 
zero with the increasing of the temp. 

First kind the transition is observed until finite 
critical external field. 

Critical Field found from the condition of pitul point on 
the ( )η Ψ  graph. means 2 2 0η η∂ ∂Ψ=∂ ∂Ψ =  
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