






























































148   M E R E  T H E R M O DY N A M I C S

molecules. Consequently, Van der Waals subtracted a term propor-
tional to (n / V)2 from the pressure, P, in PV = nRT. Together, these 
modifi cations produce the Van der Waals equation of state

  
P = nRT

(V − nb)
− a

n
V

⎛
⎝⎜

⎞
⎠⎟

2

, (12.1)

where the proportionality constant a and the minimum molar vol-
ume b = Vo  / n characterize a particular molecule. Figure 12.4 shows 
several Van der Waals isotherms that pass through and above the 
vapor dome.

We expect the energy equation of a Van der Waals fl uid to be 
constrained but not completely determined by its equation of state 
(12.1). From the fundamental constraint dE = TdS – PdV we have
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FIGURE 12.4 Isotherms of the Van der Waals equation of state. Adapted 
from Callen, Thermodynamics, p. 148, Fig. 9.1.




