Physics 301

Homework due 6 November 2024

1) Stowe problem 18-9.

2) A quantum mechanical harmonic oscillator has energy levels E, =(n+£)he, where n €{0,1,2,...},

7 1s Planck's constant, and @ is the characteristic frequency for the oscillator and can be treated in this
problem as a given constant. Suppose that the oscillator is in thermal contact with a reservoir at temperature T.
(a) Find the ratio between the probability that the oscillator is in its ground state and the probability

that it is in its first excited state.

(b) Write an expression for the mean energy of the oscillator. The expression will involve a summation.
You do not need to carry out the sum.

3) The Maxwell distribution was derived for a free particle. Consider the case in which the particle is not
free but is instead confined by a gravitational potential such that its potential energy is U = mgz. Here m

is the particle's mass, g is the gravitational constant, and z is the particle's height above earth. The particle
still has kinetic energy as well.

(a) Derive a modified "Maxwell distribution" for this case.

(b) Find the probability P(z) of finding the system at altitude z, as a function of P(z =0), for an isothermal

system.

4) What is the most probable kinetic energy E of a molecule described by a Maxwellian velocity
~2

distribution? Is it equal to , where v is the most probable speed of the molecule? Support your

answer with a calculation.
5) Stowe problem 18-18.



