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QUESTION ONE [20 Marks]

a) Differentiate between statistical mechanics and quantum mechanics. [2mks]

b) What do you understand by the term statistical ensemble? [2mks]

c¢) State the second law of thermodynamics and show how entropy is related to it [2mks]

d) Define density matrix and write down the density matrix for canonical ensemble [3mks]

e) Consider a free gas with N-particles and internal energy U inside a container of volume
V. Starting with the Sucker-Tetrode formula for entropy given below;
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Find the Helmoholtz Free energy A, internal energy U, temperature T and pressure P of
the gas and hence equation of state. [9mks]
f) State and explain the two postulates of quantum statistical mechanics. [2mks]

QUESTION TWO [20 Marks]

In classical micro-canonical ensemble the entropy of an ideal gas of volume V and number of
particles N is given as;
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Where the terms have their usual meanings.

a) Use the above expression to determine;

1) Temperature, T [4mks]
1) Internal energy, U [4mks]
iii) Heat capacity, Cv [4mks]
iv) Equation of state [4mks]
b) Show that entropy, S is an extensive property. [4mks]

QUESTION THREE [20 Marks]
a) Define classical partition function. [2mks]

b) Show that the partition function for a classical ideal gas is given by;
3
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¢) Use the above expression to find Helmohltz free energy, A(V,T) [6mks]

QUESTION FOUR [20 Marks]
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a) Define phase space and write down the equations of motion of a phase point considering
the motion of an oscillator in phase space. [6mks]

b) Show that the orbit in phase space of a simple linear harmonic oscillator is an ellipse and
that its period, T in phase space is equal to the area of the phase ellipse divided by the
energy, E of the oscillator. [14mks]

QUESTION FVE [20 Marks]

Briefly explain the following giving examples; [@2mks]
i) Macroscopic system
ii) Microstate

iii) Phase path
iv) Gamma space
V) Mu-space.

b) Differentiate between a Fermi system and a Bose system. [4mks]
¢) Show that the number of particles per unit volume for an ideal Bose gas is given by;
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