
Homework for week 5 (PDF)

Figure 1: Centrifugal Force by Randall Munroe, at
xkcd.

1. Centrifuge (K&K 5.1) A circular cylinder of ra-
dius R rotates about the long axis with angular
velocity ω. The cylinder contains an ideal gas of
atoms of mass M at temperature T . Find an ex-
pression for the dependence of the concentration
n(r) on the radial distance r from the axis, in
terms of n(0) on the axis. Take µ as for an ideal
gas.

2. Potential energy of gas in gravitational
field (K&K 5.3) Consider a column of atoms
each of mass M at temperature T in a uniform

gravitational field g. Find the thermal average
potential energy per atom. The thermal average
kinetic energy is independent of height. Find
the total heat capacity per atom. The total heat
capacity is the sum of contributions from the ki-
netic energy and from the potential energy. Take
the zero of the gravitational energy at the bottom
h = 0 of the column. Integrate from h = 0 to
h =∞. You may assume the gas is ideal.

3. Gibbs sum for a two level system (Modified
from K&K 5.6)

a) Consider a system that may be unoccupied
with energy zero, or occupied by one particle
in either of two states, one of energy zero
and one of energy ε. Find the Gibbs sum
for this system is in terms of the activity
λ ≡ eβµ. Note that the system can hold a
maximum of one particle.

b) Solve for the thermal average occupancy of
the system in terms of λ.

c) Show that the thermal average occupancy
of the state at energy ε is

〈N(ε)〉 = λe− ε
kT

Z
(1)

d) Find an expression for the thermal average
energy of the system.

e) Allow the possibility that the orbitals at 0
and at ε may each be occupied each by one
particle at the same time; Show that

Z = 1 + λ+ λe− ε
kT + λ2e− ε

kT (2)
= (1 + λ)

(
1 + λe− ε

kT

)
(3)

Because Z can be factored as shown, we
have in effect two independent systems.

4. Carbon monoxide poisoning (K&K 5.8) In
carbon monoxide poisoning the CO replaces the
O2 adsorbed on hemoglobin (Hb) molecules in
the blood. To show the effect, consider a model
for which each adsorption site on a heme may
be vacant or may be occupied either with energy
εA by one molecule O2 or with energy εB by
one molecule CO. Let N fixed heme sites be in
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equilibrium with O2 and CO in the gas phases
at concentrations such that the activities are
λ(O2) = 1 × 10−5 and λ(CO) = 1 × 10−7, all
at body temperature 37◦C. Neglect any spin
multiplicity factors.

a) First consider the system in the absence of
CO. Evaluate εA such that 90 percent of
the Hb sites are occupied by O2. Express
the answer in eV per O2.

b) Now admit the CO under the specified con-
ditions. Fine εB such that only 10% of the
Hb sites are occupied by O2.
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