
Maximum points 30. Time: 1 hours 30 minutes

Midterm II: Heat And Thermodynamics

Attempt all questions. (Help sheet is not allowed)

1. Consider a system of N non interacting particles, each fixed in position and carrying

a magnetic moment µ, which is immersed in a magnetic field H. Each particle may

then exist in one of the two energy states E = 0 or E = 2µH. Treat the particles as

distinguishable.

(a). Find the total number of microstates available to the system, and hence the

entropy.

(b). If n is the number of particles in the state with energy E = 2µH, find n that

maximizes S (which defines the equilibrium state).

[Hint: You may use the Stirling approximation for large N , lnN ! ≈ N lnN −N .]

(c). Find the value of internal energy of the system. (10 mark)

2. The free energy of a liquid can be represented by

F (V, T ) = Nao(T )

[
Vo(T ) − V

]2
where volume Vo(T ) corresponds to its equilibrium density.

(a). Find the equation of state P (V, T ) of the liquid.

(b). Calculate the isothermal compressibility κT (isothermal decrease in volume with

pressure per unit volume) and the coefficient of thermal expansion, αP (isobaric change

in volume with temperature per unit volume). (10 mark)

3. Starting from V = V (P, S), work out an equation that gives the difference (κT − κS)

between isothermal and adiabatic compressibilities in terms of cP and αP .

Use this equation to find (κT − κS) for a substance at 27OC with the help of the

following data

αP = 35 × 10−6 K−1

Molar cP = 25 J mol−1K
−1

Molar mass= 64 g/mol

Mass density= 8 g/cm3 (10 mark)
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