
PHYS 531 9th HWA DUE December 30 2013 at class

1. Assume a particle of mass m is bound in a box of length 2L. Take the
boundaries of the box to be at |x| = L. Now let an attractive Dirac delta
potential be present in the box in the form

V (x) = −ε L δ(x) ε > 0

You have found the quantization conditions before. If ε > ~2

mL2 there will be
an even state with negative energy -pure imaginary wave number-. The energy
of this state is defined by the relation

~2

εL2m
κL = tanh(κl)

where Eb = −~2κ2/2m, where the subscript b means the particle is trapped in
the potential well formed by the delta function.

1-1. Find the normalized eigenstate corresponding to Eb call it ψb. 1-2.
Assume a time dependent perturbation is introduced to the system in the form
of

H1 = f(t)ε̃
x

L

[
eiωt + e−iωt

]
where f(t) = 1 for |t| < T/2 and it vanishes otherwise.

Now assume for t < −T/2 the system is at ψb. Using first order time
dependent perturbation theory and all the techniques we have used to study
time periodic perturbations find the probability that the system will be found
at a positive energy eigenstate for a time t > T/2. Note that the perturbation
contains the ”dipole” term and hence is odd in x. You should be able to find
an exact expression within the the first order perturbation theory.

2. Now again consider the system above. Assume the condition for a negative
energy state holds and the system is at ψb.

Let us consider the case where the length of the box is reduced from both
ends in a symmetric way. You can assume this can be done as slow as you want.

Describe within first order adiabatic perturbation theory what happens when

ε gets smaller than ~2

mL2 . You can be qualitative to some degree.
This is an example that would be a delight for numerical study. Those

interested can contact me for details.

3. Now again consider the system above. Assume the condition for a negative
energy state holds and the system is at ψb.

Assume that suddenly the length of the box is suddenly doubled symmetri-
cally from both ends.

Find a) The probability that the system is at ψb of the new box. You can
leave the bound state energies parametrically as Eb(2L) = −E and Eb(4L) =
−E′.
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