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Problem 1: Ensemble theory

Consider a very large system (total system) with fixed energy, volume, and number of
particles. Assume that this system is subdivided into M smaller systems which can
exchange energy as well as volume with each other. Work out the ensemble theory
corresponding to such a system, by deriving an expression for the probability of one of
the M systems being in a state with a particular value of the energy and volume, as well
as one for the partition function and the free energy. Identify all relevant
thermodynamics variables such as the Lagrange multipliers. (Hint: it may help to
discretize the energy and the volume.)
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Problem 2: Phase space distributions

Consider a harmonic oscillator with Hamiltonian % + k% Determine whether the

following distributions are equilibrium distributions:
1. p(p,z) = constant.

2. p(p.x) = exp |6 (£ +4)]
3. (pa:)—exp{ ﬁ(p + k- )}
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Problem 3: Cluster mean-field theory

Consider the Ising model on the triangular lattice, with nearest neighbor interaction K,
and magnetic field B. Assume that K is ferromagnetic. Consider clusters of three sites
(as done on page 199 of Reichl). To the bonds connecting these clusters, apply mean-
field theory, in other words, substitute the expression for the ¢; = & + §o,, express the
Hamiltonian, and neglect terms which are second order in the fluctuations §o;. Then
derive the equation for 5.
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Problem 4: Renormalization (__Q[((A_\) Seq (7(‘0 (6Y - l(ol

Consider the two-dimensional Ising model on a square lattice with nearest neighbor
interaction K and under a magnetic field B. Derive the renormalization transformation
for this system using the same blocking as Problem 5.15 in Reichl, but instead of
majority rule, assign the central spin of the cross shape of the block to be the block-spin.
Do not worry about critical exponents, derive only the relation between the parameters
of the block Hamiltonian to those of the original Hamiltonian (the analog of Egs. (5.204)
and (5.205)), using the same cumulant expansion Reichl uses for the triangular lattice.
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