Exercises QUANTENMECHANIK [ Prof. Dr. Luis Santos
Sheet 5 (to be returned on 25.05.07 before 12:00)

Ezercise 1: Modified Kronig-Penney potential (5 Points)

Consider the potential V(z) = ¢> > d(x—na)—gd - _ 6(z—(n—1/2)a), where
g > 0, and a > 0 are constants. Consider positive energies ' > 0, and obtain the condi-
tion for the allowed energy bands. (Hint: Pay a close attention to what is the periodicity of
the potential. If one calls R,, the region (n — 1)a < z < na, the wavefunctions ¢, (z) in R,, and
Yni1(x) in Ry are related by 1,4 1(2) = 1y (z + a)e'®, where ¢ is a phase).

FEzercise 2: Harmonic oscillator wavefunctions (3 Points)

Consider a particle of mass m described by a Gaussian wavefunction of the form:
A/l

Assume an harmonic oscillator centered in z = 0 with a frequency w, such that the
oscillator length is | = y/h/mw > lo. What is the probability to find the particle with
an energy F,, = hw(n+1/2)? (Hint: You will need the following integral [ dye_yQ/QUHn(y) =
(2mu)'/?(1—2u)™? H,(0), where H,,(y) are the Hermite polynomials, and Hy, (0) = (—1)" 2" (2n’
D! and Hoprq(0) =0, where (20 — 1)1 =1-3-5-...(2n' = 1).)

Ezercise 3: Width of the harmonic oscillator wavefunctions (2 Points)

Calculate the variance Az = /(x?) — (x)? for the n-th level of a 1D harmonic oscil-
lator centered in & = 0. (Hint: You will need the following integral [ dye=¥’ H,(y)*y? =

2l /T (n + 1/2)).



