
3.4 Mechanical Equilibrium and Pressure 109

UA, VA, SA UB , VB , SB

Figure 3.13. Two systems that can exchange both energy and volume with each
other. The total energy and total volume are fixed.
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Figure 3.14. A graph of entropy vs. UA and VA for the system shown in Fig-
ure 3.13. The equilibrium values of UA and VA are where the graph reaches its
highest point.

UA and VA, as shown in Figure 3.14. The equilibrium point is where Stotal attains
its maximum value. At this point, its partial derivatives in both directions vanish:
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= 0. (3.36)

We studied the first condition already in Section 3.1, where we concluded that this
condition is equivalent to saying that the two systems are at the same temperature.
Now let us study the second condition in the same way.

The manipulations are exactly analogous to those in Section 3.1:
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The last step uses the fact that the total volume is fixed, so dVA = −dVB (any
volume added to A must be subtracted from B). Therefore we can conclude
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at equilibrium. (3.38)


