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( 30 points) N binding sites arc arranged in a lattice on the surface of a large reservoir of 
particles. The when a particle binds to a lattice site (each site can only accommodate one 
particle) there is an interaction energy E. When the system reaches equilibrium it is found 
that, on average, one-half of the binding sites are occupied with particles. If the binding 
energy is made more favorable by lk8 T, what fraction of the lattice sites will be occupied 
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( 40 points) A ga::; of N, large particle::; and JVs ::;mall particle::; occupie::; a container of fixed 
volume V. The free energy of the gas is P = NtkbT(ln(ce)..t) -1) + NskbT(ln(cs>-~) -1). Here 
the particle concentrations are c:i = NdV (i = £, s), Ai = h/(2rrmik8 T) 112 is the momentum 
partition function, and Ni ,....., 1023

. On the ::;urface of the container there are two binding 
sites spaced closely together. The spacing between the binding sites is small enough that 
one large particle occupies both sites. The binding energy is -E per particle. 

a) Calculate the grand partition function of the system. 
b) Now a::;::;ume that the ratio 1\'c/ Ns i::; adju::;tcd ::;o that when a ::;ingle particle i::; bound 

to the sites it is equally likely to be small or large (no restriction is placed on the unoccupied 
or double occupied states). What should this ratio be? 

Energy=-E Energy=O Energy=-2E 

Figure 1: A partial list of the states available to the system. 
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( 30 points) Consider the diatomic reaction 

in a container of volume V. Assume that the A atoms arc spin 0 bosons and that the 
temperature is lmv enough that the electrons remain in the ground state and the vibration 
modes are not excited. Derive an expression for the equilibrium constant 

K(T) = NA 2 

N2 
A 

in terms of the ground state electronic energies ~: 1 , ~: 2 . You can assume that the vibration zero 
point energy is included in ~: 2 . (Note: rotation states are indexed with a quantum number l, 
have energy l(l + 1)!7.2 /21 (I is the moment of inertia), and have a degeneracy 21 + 1.) 
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