Problem 1: Ensemble with constant temperature and pressure

- (60 pts.)

Consider an ensemble of systems whose average energy and average volume and total
number of particles are fixed. This can be achieved by coupling a system to a reservoir
with which it can exchange energy and volume.
Derive the density matrix D in terms of the Lagrange multipliers
associated with the constraints for this ensemble.
» Determine the Lagrange multipliers in terms of physical quantities.
« Express the partition function of this ensemble Q in terms of the partition
function of the canonical ensemble Z(N,V,T).
- Determine the most probable volume V (the volume whose contribution to
Q is maximum).
+ Determine the fluctuations in the volume, and argue that the ensemble Q is
equivalent to Z(N,V,T) in the thermodynamic limit.
Evaluate Q explicitly for an ideal gas, and check your result by deriving
the ideal gas law from Q.
»  Using V show that the pressure of associated with the ensemble Q is equal
to the pressure of the canonical ensemble with volume V.
- Using V calculate the quantity -kTInQ in terms of the Gibbs free energy
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Problem 2: Lattice gas model (40 pts.)

Consider a one-dimensional lattice system. Each lattice site can have one particle or
none. When two particles are on neighboring lattice sites they interact with an energy
-J. Solve for the thermodynamic behaviour of this system using the grand canonical
ensemble. Calculate the average energy and the average particle number for a given
temperature and chemical potential.
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