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PROBLEMS

Problem 8.1 A Couple of SHO's,

Consider the system shown in Figure 1: a LC circuit and a mass on a spring where one end of the spring
is connected to one of the capacitor plates. Assume that the mass and spring do not affect the capacitance
of the capacitor.
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Figure 1: LC circuit with mass on a spring.
(a) For the case in which the mass is charge neutral, the Hamiltonian of the system is
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What is the Hamiltonian written in terms of creation and annihilation operators?
(b) What is the ground state wave function of this system? What is the ground state energy?
(c¢) Consider now the case in which the mass has a charge +e. For small displacements of the mass, argue
that the interaction term can be written as i
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where d is the gap between the capacitor plates.

What is this term in ereation and annihilation operator notation
(d) Consider a two-basis state approximation:
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where 1 are the eigenstates of the LC circuit and ¢ are eigenstates of the mass on a spring. What are the
elements of the Hamiltonian matrix below?

(e) Consider the two-basis state approximation above. Under what conditions do you expect the wave
function to oscillate completely from one basis state to the other?



Problem 8.2 Particle in a Two Dimensional Well.
A particle is confined in one dimension by an infinite square well of width W and in a second dimension
by a harmonic potential. The specific Hamiltonian for this system is:
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(a) What are the eigenfunctions and eigenenergies for this system?
(b) How many quantum states are there with total energy less than %hwg?
(c) A particle in this potential is described as a wavepacket at ¢ = 0 with the following functional form:
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where C' is a normalization constant, yo # 0, L = \/h/2mwy and W >> L. Describe the behavior of this
wavefunction for ¢ > 0, both on a time scale on the order of 1/wp, and a time scale much longer than 1/wy.

Problem 8.3

Do problem 19.1 from page 412 of the notes.



