Problem 1:

Consider a magnetic system whose free energy, near the critical point, scales as
Mg(e, B) = g(M\%¢, A*B). Compute the following critical exponents for this system:
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Problem 2:

A system consists of N noninteracting, distinguishable two-level atoms. Fach atom can
exist in one of two energy states, E; = 0 or E; = ¢ The number of atoms in energy

level E, is ny, and the number of atoms in energy leve is n;. The internal energy is
given by U= Eo np + E] nj. Calculate ( ) N' U .'
. i i {u)= - =
the number of microscopic states —> n'v, ] (U~n ) / m.’,

* the entropy as a function of internal energy d

* the temperature
* the heat capacity |
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Problem 3:

The entropy of an ideal gas consisting of N atoms is given by the Sackur-Tetrode

equation. The equation of state is PV = NKT.

« Compute the enthalpy for this system and express it in terms of its natural

variables.
* Compute also the chemical potential of this system.
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Problem 4:

A system has three distinguishable molecules at rest, each with a quantized magnetic
moment that can have z compoments +1/2u. Find an expression for the distribution
function f; (: denotes the ith configuration), which maximizes entropy subject to the
conditions » _ fi =1and >  M;.. = yu, where ;. is the magnetic moment of the system

% - % i
in the ith configuration. For the case v = 1/2, compute the entropy and compute f;.
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Problem 5:

Calculate the density matrix for a free particle in a box. Assume that the wavefunction
obeys periodic boundary conditions. Also take the limit of large box size.
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Problem 6:

Consider a spin-1/2 particle in a magnetic field in the z-direction. The Hamiltonian of
this system is given by H = —upBo,. In the representation in which o, is diagonal the
Pauli matrices are given by

(=(13) (1) (B 4)

Calculate the density matrix in this representation ( p = exp(—3H)/Trexp(—3H) ). Also
calculate the average (o).

Evaluate also the density matrix in the representation which makes o, diagonal.
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