Physics 227
Homework 8 - Due April 17, 2009

Problem 1: Callen, 16.1-1

Problem 2: Reinvestigate the ‘two-state’ system of section 15-3, but from the point of view of the canonical
ensemble. Find the canonical partition function, the Helmholtz free energy, and the average internal energy, assuming
that there are NV ‘atoms’. Are your results consistent with the microcanonical results?

Problem 3: In lecture we derived the canonical partition function Z(V, T, N) for the ideal gas using the factorization
method. One can also directly compute it by taking the Laplace transform of the microcanonical partition function
Q(E,V,N). Using our result from lecture,
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and show that you get the same result as found in lecture.

Problem 4: The potential energy between atoms of a Hydrogen molecule is given by the (semi-empirical) Morse
potential
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where Vy =7 x 10712 erg, ro = 8 x 10~ %m, and a = 5 x 10~%cm. Calculate the low-lying vibrational and rotational
quanta of energy, and estimate the temperatures at which the rotational and vibrational modes of the molecules would
begin to contribute toward the specific heat of the Hydrogen gas.



