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CHM6461, Spring 2008,Homework #4

1. Calculate the entropy of Ar at 298 K and 1 atm. Compare this to the literature
value of 36.98 J/K.

2. The quantum mechanical energy of a particle confined to a rectangu-
lar parallelpiped of lengths a,b, and c is:
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Show that the translational partition function for this geometry is the same as
that of a cube with the same volume.

3. Given that the quantum mechanical energy levels of a particle in a two-dimen-
sional box are:
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a. First, calculate the density of states p(e)de

b. Use p(e) to find the translational partition function of a two-dimensional
ideal gas.

c. Derive the partition function by another method.

d. Find the equation of state.

e. Find the thermodynamic energy, E.

f. Find the heat capacity.

g- Find the entropy.

4. Calculate the entropy of an arbitrary binary mixture of Ne and Ar at 500 K with
total pressure of 10atm, assuing ideal behavior.

5. Many quantum mechanical systems have energy level expressions for which the
lowest allowed energy,the zero point energy,is not zero.The derivation of the Max-
well-Boltzmann distribution assumed the zero-point energy was zero.Does a zero-
point energy alter this distribution? Imagine each energy level in a system is
shifted by zero-point energy that is simply added to each. Show that this change
does not alter the distribution,and as a consequence,the zero-point energy can
never influence observable quantities.

6. When a solid melts or a liquid boils, i1ts partition function
changes. Show that vaporization iIncreases Q by a factor approxi-
mately equal to e". Follow these steps:

Use the equation : S =kg InQ+ (Ao U) /T towrite an expression
Avap S =S (g) -S (I).
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Substitute ng U =g H- 20 (pV), and use Avap S = Avap H/ Tyap -

Next, use the approximation Ay V =V (g) and the ideal gas
equation to complete the problem.

7. Derive an expression for the fluctuation in the pressure in a canonical
ensemble.

8. Show that 6N i |v,T = 7%; Ovp Iyt

9. Show that the standard deviation of the energy in a grand canonical ensemble
is:
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where oy? = KT8, N |v,T
10. Show that in a two-component, open isothermal system, that

N1 N2 - N1 N2 =KT S, Ny |v,7,4 = KT S N2 |v,T,0



