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((Solution)) 

 

Maxwell construction for the pr vs vr phase diagram 

 

 
 

Fig.1 The phase diagram of vr vs pr at tr = 0.96. 

 

 



 
 

Fig. Gibbs free energy at 96.0rt .  

 

 

At 1ttr  , 
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We assume that epp 0  (the pressure at the point e). Then we have 
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Since ),(),( 11 ea ptgptg  , we have 
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We note that 
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Then we have 
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which means that the area of the region e-d-c is the same as that of the region a-b-c. Note that 

 

1pppp eca  . 

 

It is only after the nominal (non-monotonic) isotherm has been truncated by this equal area 

construction that it represents a true physical isotherm.  

In summary, In the pr vs vr phase diagram,  

 

(i) The a-c-e- is the coexistence line ( 1ppr   and 1ttr  ) of the liquid phase and the gas phase. 

(ii) The area (a-b-c-a) is the same as the area (c-d-e-c) [Maxwell construction]. 

(iii) K is the critical point (pr = vr = tr = 1). 

(iv) The line KA and the line AB are the spinodal lines. 
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4.7 



 

((Solution)) 

For ideal gas, the partition function is given by 

 

VnZ Q1 . 

 

so the free energy F is calculated as 
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where 
V

N
n  , and Qn  is the quantum concentration; 
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where m is a mass of atom. 
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with the constant  
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In summary the Helmholtz free energy is obtained as 
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The pressure P is obtained as 
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or more simply, 
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((van der Waals equation)) 

or 
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Since 
N

V
v  , the above van der Waals equation can be rewritten as 
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(b) The heat capacity 
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