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Exercise 1 (2 points): Euler and Gibbs-Duhem Equations
From the definition of a homogeneous first-order function, for the internal energy we have

U(AS,A\V,AN) = AU(S,V,N)
for arbitrary A. Use this property to derive the Euler equation
U=TS— PV +uN,
and thus the Gibbs-Duhem relation

SdT — VdP + Ndu = 0.

Exercise 2 (2 points): Equilibrium conditions
Consider a container initially divided into two compartments with a fixed, insulating, impermeable wall.
The parameters of the left compartment are UM, V), 7 and of the right U®), V® 1),

e If the wall is made heat-conducting, show that in equilibrium 7)) = 7(2)

e If the wall is made heat-conducting and moveable, show that in equilibrium 7 = T and
pl) — p@)

e If the wall is made heat-conducting and permeable, show that in equilibrium T = T(?) and
1 — @
p = p®.

e For this latter case show that, away from equilibrium with 7" > 7®) and p™ > ;2 both
heat and particles flow from the left compartment to the right.

Exercise 3 (2 points): Free Energy
Show that, for a process carried out at fixed temperature and particle number, the change in the free
energy obeys

[AW| < (—=AF),

with AW the work done on the system. Explain how this implies that the free energy acts as a potential
function under such conditions.

Exercise 4 (4 points): Antwortkoeffizienten
Prove the following relationship:

TVa?
NKT ’

cp =cy +
[Hint: First show that T'dS = NepdT — TV adP.]

Bitte Riickseite beachten!—
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