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1 Temperature and Pressure from Entropy

Consider the scenario described in class. The state of each system can be described in terms
of its energy, volume and particle number. Thus

a)

S = 8S4(Ea,Va,Na)+ Sp(Ep, Vg, Ng).

First suppose that the volume of each subsystem is fixed. Then which of the variables
EA,VA,Ny, Ep,Vp, and Ng are constant and which are not?

Are F4 and Ep independent? Provide a relationship between them.

Which of all the parameters in the expression for S actually vary in this situation? Use
your answer and apply the strong version of the second law to determine a condition
that S4 and Sp must satisfy for the system to be in equilibrium.

If energy is the only quantity that can be exchanged between the systems, then which
macroscopic quantity should be the same for the two systems once they have reached
equilibrium?

Now suppose that the volumes of the systems can vary. Repeat the analysis to determine
a second condition that S4 and Sp must satisfy for the system to be in equilibrium.
What macroscopic quantity should be the volumes have adjusted so that the two systems
once they have reached equilibrium?
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2 Entropy changes and pressure and temperature

Consider a composite system as before and assume that each subsystem has fixed particle

number. Thus
S = 8S4{E4,Va,Na) + Sp(ER, Vg, Np).

Suppose that the system is not in equilibrium and that T4 > T5.

a) Assume that the system undergoes a quasistatic process. Determine an expression for
dS in terms of dE4,dEpg,dVy4, and dVp.

b) Suppose that the volume of each subsystem is fixed and that the total energy is fixed.
Determine an expression for dS in terms of dE 4.

c¢) Apply the second law of thermodynamics to find an inequality relating]
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d) Which of the following is consistent with your result from the previous part]
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