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where B is an external magnetic field, 
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We use the periodic boundary condition 
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The part related the sites i and i+1 in the Boltzmann factor 
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The martix T is expressed by the 3x3 matrix as 
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with Kex   

 

We solve the eigenvalue problem using the Mathematica. 

 

The eigenvalues: 
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The corresponding eigenkets: 
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and the unitary matrix given by 
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We note that 
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Fig. Plot of 1 , 1 , and 1  as a function of x, with Kex  . As 0T , x . 
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Fig. Plot of 1 , 1 , and 1  as a function of x, with Kexy  /1 . As 0T , 0y  

 

 

Using this notation, Z can be rewritten as 
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Here we use the closure relation (quantum mechanics) 
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Then we get 
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The partition function can be expressed by a simple form  
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We now calculate the partition function. The matrix T can be expressed using the Pauli matrix 
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In the limit of N  
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The free energy per spin is 
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When 0K , 3lnTkf B . This corresponds to a state of complete randomness in a system 

with N3  microstates. 

 

 

 



 
 

The energy per spin is 
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The heat capacity per spin 
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The heat capacity shows a maximum (= 0.94055) at 612063.0
J

TkB .  

 
 

The entropy per spin 
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