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Thermodynamic Potentials
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QUESTION 1 (15 marks)

(a) The energy of a system is given by £ = ax®. The system is In contact with a Jarge

ZES;/;VOH which has a constant temperature 7. Show that the mean energy of the system 1S
gl/2.

(8 marks)

(b) If the system has » such quadratic degrees of freedom, what is 1ts mean thermal energy?

What is the mean thermal energy of a diatomic gas whe _
degrees of freedom are taken into account? What is the mean thermal energy

degrees of freedom are also taken into account?

(3 marks)

(c) The relationship you proved .bove is called the equipartition of energy. What are the two

key assumptions leading to this relationship, and in what range of temperatures 1s it valid?

(4 marks)




QUESTION 1 (15 marks)

(a) The energy of a system is given by E = x*. The system is in contact with a large

r};es;z/r;oir which has a constant temperature 7. Show that the mean energy of the system IS
sI72.

(8 marks)

(b) If t.he system has » such quadratic degrees of freedom, what is its mean thermal energy?
What is the mean thermal energy of a diatomic gas when only the translational and rotational

degrees of freedom are taken into account? What is the mean thermal energy if the vibrattonal
degrees of freedom are also taken into account?

(3 marks)

(¢) The relationship you proved above is called the equipartition of energy. What are the two
key assumptions leading to this relationship, and in what range of temperatures 1s it valid?

(4 marks)




QUESTION 2 (15 marks)

Consider an ideal gas of particles of mass m. The Maxwell-Boltzmann distribution 18

applicable here. Each level has occupancy N, and degeneracy g,

(1) The thermodynamic probability W for the Maxwell-Boltzmann distribution takes the form

Use this expression and the statistical definition of entropy to determine the entropy S as a
function of the particle number N, partition function Z, and internal energy U. (5 marks)

(11) The partition function Z for an ideal gas is:

12
7 V(2mnk,,T)
hZ

where V is the volume. Using the known expressions for the pressure p and internal energy U
in terms of Z, evaluate p and U explicitly. (§ marks)

(ii1) Use your results from (i) and (ii) to work out S, and show that the the entropy per mol,
given by s = S/nm (nm is the number of moles), satisfies

s=8,+RInV+c, InT

Make sure you identify the constant so and the molar heat capacity ¢y . (5 marks)




