
Physics 6351 Professor Scalise
Homework Assignment #7 Spring 2025

1. Read Kardar sections 3.1, 3.2, and 3.5. Did you read all the pages? Feel free to read
the other sections also, but they won’t be covered.

2. A cubical die is loaded such that 6 occurs twice as often as 1 (6 and 1 are on opposite
sides). Calculate the unbiased probabilities for the six faces of the die by maximizing
the entropy S = −

∑
6

i=1
pi ln pi subject to the constraints of unitarity

∑
6

i=1
pi = 1 and

the weighting p6 = 2p1. Use Lagrange multipliers like we did in lecture.

3. Treat the problem of N paramagnetic atoms in an external magnetic field B in contact
with a heat bath at absolute temperature T classically, that is, not quantum mechani-
cally. Each atom has magnetic dipole moment µ, but the angle θ that the spin makes
with the external magnetic field can take any real value between 0 and π.

(a) In the absence of an external magnetic field, what is the normalized probability
that the polar angle for a single spin in three-dimensional space lies between θ

and θ+ dθ? (Remember that the polar angle is not uniformly distrubuted, while
the azimuthal angle φ is uniformly distributed from zero to 2π.)

(b) Find the partition function Z.

(c) Find the average magnetization M as a function of absolute temperature.

(d) Compare to the answer for a quantized spin-1
2
from lecture.

4. Consider a horizontal zipper composed of N links which unzips from left to right. A
zipped link has energy 0 and an unzipped link has energy ǫ. A link may only unzip if
all of the links to its left are unzipped. (This model is used to study DNA molecules.)

(a) What is the partition function?

(b) What is the average number of unzipped links at temperature T ?

5. Solve the attached problem.

Bonus
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1. A peculiar gas is observed to be governed by two relations:

U(V, T ) = V f(T ) and P(T) =
1

3
f(T)

where U is the energy, P is the pressure, and f(T ) is a function of the absolute
temperature T . Hints: find dU , use the first law to find dS, look at the mixed partial
derivatives noting that dS is an exact differential, obtain a differential equation for
f(T ).

(a) How does the energy U depend on T ?

(b) How does the pressure P depend on T ?

(c) How does the entropy S depend on V and T ?
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