Homework 7, due 10-28

1. Consider a particle governed by the Hamiltonian
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(a) Show that
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(b) If the left hand side of this relation vanishes we obtain a simple
relation between the average kinetic and potential energies known
as the virial theorem. Under what conditions does this happen?

(c) Consider the Hamiltonian of the 1-dimensional harmonic oscilla-
tor. State the virial theorem and check the result by computing
the expectations values in the energy eigenstates |n).

2. The (coordinate) correlation function is defined by
Ct) = (zu(t)zu(0)),

where xy(t) is the position operator in the Heisenberg representation.
Compute C(t) in the ground state of the 1-dimensional harmonic os-
cillator.

3. The partition function is defined by

28) = [ d' U 1:2,0)| s,

where U(z',t; z,0) is the time evolution operator in the coordinate rep-
resentation. Compute Z(f) for the 1-dimensional harmonic oscillator.

Show that
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where Ej is the ground state energy.
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