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2. EXERCISE SHEET FOR THE LECTURE STATISTICAL PHYSICS
Hand in your solutions on October 28 or 29, 2010 in the exercise group.

Exercise 2.1 (2 points)
The probability that a molecule in a gas travels a free path, which lies between x and
x + dx be given by an exponential law

w(z)dr = ae”*dx
a) How large is the mean free path \? (1 point)

b) Determine the fraction of the free path, which is larger or smaller than \, that is
determine the probability that x < A and the probability that z > .
(1 point)

Exercise 2.2 (7 points)
A point particle with mass m moves within the range 0 < x < [ and gets reflected at
the walls at x = 0 and x = [, respectively.

a) How large is the volume of the classical phase space I'y(E) with an energy smaller
than E7?7 (1 point)

b) Show that I'g(E) stays constant if the wall at = [ is moved slowly (adiabatic
invariance) (2 points)

¢) Concerning the corresponding quantum mechanical system: What is the number
of states Qy(F) with an energy smaller than FE,,,,? Compare to I'g(E,,..) for large
) D (2 points)

d) Assume equipartition for all states with E < F,,, as in the lecture. Compute the
average energy (F) as well as (E?). (2 points)

Exercise 2.3: Needed mathematics: Stirling formula (6 points)
Derive the Stirling formula

In(n!) =~ (n+ ;)ln(n) - n+ ; - In(2m)

[e.e]
/ dre *x",
0

where n > 0 is an integer. (2 points)

a) Calculate first

b) Thereafter, expand the natural logarithm (why?) of the integrand around its ma-
ximum and consider the result for large n. (2 points)

¢) Determine the first correction term. (2 points)



Exercise 2.4: (5 points)
The energy levels of an oscillator with frequency v are given by

1 1
€ = —hv, 3hu,...,(n+>hu,...
2 2 2

A system of N oscillators has the total energy
1
E = §N hv + Mhv

(M >0 is an integer).

a) Which is the total number of possible states 2, for given E?

(2 points)
b) Calculate the entropy
S=kIn QM
by means of the Stirling formula for N > 1, M > 1. (1 point)
¢) The temperature 7" is defined as
1_os
T OE

Express the total energy as a function of the temperature and discuss the function
E(T). (2 points)



