Physics 3374/6351 Professor Scalise
Homework Assignment #12 Fall 2020
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1.
2.

Read Schroeder chapter 8. Did you read all the pages?

Consider a diatomic molecule with non-identical atoms like CO. Define the energy
€= g—j Use a computer to sum the rotational quantum mechanical partition function
numerically, keeping terms through ¢ = 10. Calculate the average energy, and then
get the heat capacity per diatomic molecule in units of kg. Plot (not sketch) the heat
capacity versus x, where x = kgT'/¢, for x = 0 to 7. Do you see the bump that I drew
in lecture?

The radius of an atomic nucleus scales roughly as R = (1.25 fm)Aé, where A is the
“mass number” or simply the number of nucleons.

(a) What is the number density of nucleons?

(b) What are the Fermi energy in MeV and Fermi temperature in K for a nucleus? Be
careful about how you deal with protons and neutrons which are distinct particles
not subject to Pauli exclusion.

For a system of fermions at room temperature, compute the probability of a single-
particle state being occupied if its energy is

(a) 1 eV less than u

(b) 0.01 eV less than p

(c) equal to u

(d) 0.01 eV greater than u

(e) 1 eV greater than u
For a system of bosons at room temperature, compute the average oocupancy of a
single-particle state and the probability of the state containing 0, 1, or 2 bosons if the
energy of the state is

(a) 0.001 eV greater than p

(b) 1 eV greater than u
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1.

In the van der Waals equation of state,

aN?
(P + W) (V. — Nb) = NK,T
the critical point is the unique point where both the first and second derivatives of pres-
sure with respect to volume at fixed temperature are zero. Find the critical pressure,
volume, and temperature in terms of a and b.

Rewrite the van der Waals equation of state in terms of the dimensionless variables

t = %, p= P—PC, and v = LC Plot some isotherms above and below the critical point.

Bonus: Solve as much of the other class’ assignment as you can.
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ni7)= pl =Plot[{ecc[x], 1}, {x%, 0, 7}, PlotRange - All]
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