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PROBLEM 3: Harmonic Oscillator

A particle of mass m is under the influence of the following potential
Viz) = VoV A? + 2*

where Vi and A are constants. For small displacements & < A this potential can
be approximated by a simple harmonic oscillator.

@)Determime the lowest energy this particle can have in terms of i, m, Vp and
. a for z <« A. {2 Points)

Now consider the Hamiltonian describing the true one-dimensional harmonic
oscillator

P21, .
H=-— + =kX*
2m + 2

with cigenstates

Hn} = E,ln) n=10,1,2,---.

(/P{ Using commutation relations, calculate the equations of motion for P and
X in the Heisenberg picture. {Find X and P.) (2 Points)

(rc) Solve for P(t) and X (¢) in terms of P(0) and X (0) and show that {X (¢), X (0)] #
L7 0 for ¢ # 0. (2 Points)

A harmonic oscillator system is known to be in the state
) = —=(10) +1)
V2

where {0) and [3) are the normalized ground state and the third excited state of
the harmonic oscillator respectively.

(d) What is the value of n > 0 for the first non-zero value of {X™) with the state
vector |psi)? (2 Points)

'(c) What is the expectation value {X®) with the state vector |19)? (2 Points)
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