
Homework 1

Phys 139A, Spring 2008, UCSC

Due April 11, 5 pm

1. [10 points] Problem 1.11

2. [10 points] Problem 1.14

3. [10 points; The zero point energy of a harmonic oscillator from the Uncertainty Principle and
the virial theorem.]
Consider the Hamiltonian operator for a harmonic oscillator
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Assume that, for a wave function (unspeci�ed for the purpose of this problem), the following
properties hold.

〈x̂〉 = 0 (symmetric probability density)

〈p̂〉 = 0 (the same)

〈T̂ 〉 = 〈V̂ 〉 (QM version of the Virial theorem)

σxσp = ~/2 (the minimum uncertainty relation)

Using these properties, and the de�nitions σx =
√
〈x̂2〉 − 〈x̂〉2 and σp =

√
〈p̂2〉 − 〈p̂〉2, show

that 〈Ĥ〉 = 1
2~ω. This is the ground state energy of a harmonic oscillator.
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