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R = 8.31 103 J kilomole-! K-! kp = 1.38 10-23 JK-!
Na = 6.02 1026 molecules kilomole-!

1 Atmosphere = 101 kPa

I kg mole of an ideal gas occupies 22.4 m3 at 273 K and 100 Pa.



Final test 2004
Thermal Physics 2060
Total number of questions 4. Answer all the questions.

Question 1
The van der Waals equation of state for one mole of gas is of the form

<p+%) (v—b) = RT.

a. (2 marks) Using p—v plot sketch a set of van der Waals isotherms. Clearly indicate regions
corresponding to (i) gas, (ii) liquid and (iii) mixed state (liquid + gas).
b. (4 marks) Indicate the critical point and explain how the equations
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are related to the critical point
c. (4 marks) Using above equations derive expressions for the critical volume, temperature,
and pressure (ve, Te, p.) in terms of the parameters R, a, and b.

Question 2
A nucleus with spin 3/2 has four different quantum states corresponding to different orienta-
tions of the spin. The nucleus is put in a combination of external electric and magnetic fields.
As a result the energy of the first quantum state is €; = 0, the energy of the second state is
€2 = €, and the energies of the third and the forth states are degenerate e3 = ¢4 = 2¢. Here
¢/k = 1mK, where mK is milli-Kelvin (1073K), and k is the Boltzmann constant. Consider
an ensemble of nuclei in a heat bath with temperature T.

a. (4 marks) Derive expressions for the probabilities of finding the nucleus in each particular
quantum state.

b. (3 marks) Calculate the average energy E of the nucleus.

c. (3 marks) Sketch the plot of heat capacity ¢ per nucleus versus temperature and estimate
the value of cat T'= 0.2 x mK.



Question 3

a. (5 marks) Using Maxwell’s relations or otherwise, prove that
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where C'y is the heat capacity and where all other terms have their usual meanings. ‘
b. (5 marks) Consider a ten gram cube of metallic cooper at room temperature, T = 300K.

The density of Cu is p = 8.96 x 10%kg m™3, its thermal coefficient of volume expansion is
B =< (g—gﬁp = 50.1 x 107® K~', and its specific heat is ¢, = 384J kg~' K~'. Suddenly a
hydrostatic pressure p = 10%*atm ~ 10°N/m? is applied to the cube. By how much does the

temperature of the cube rise?
Hint: A fast process can be considered as an adiabatic one and the question (a) could be

helpful.
Question 4
The Helmholtz free energy of a system is given by
F = —RTv? — AT + %
where R, A, and B are some constants, v is a molar volume, and T is tempeterature.
a. (3 marks) Derive equation of state of the system.
b. (3 marks) Derive an expression for entropy of the system.

c. (2 marks) Derive an expression for the internal energy U of the system.
c. (2 marks) Derive an expression for the heat capacity at constant volume cy .





