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    February 11, 2005
Quantum Theory.

Techniques and Applications.

I.    Lecture Topics.

      Particle in a box.

      Motion in two dimensions.

      Tunneling.

      Harmonic oscillator in one dimension.

      Eigenfunctions and eigenvalues.

      Rotation in two dimensions.

      Rotation in three dimensions.

      Vector model.

      Spin.

II.  Reading assignment.

      ADP, Chap. 12, pp. 325-364 and relevant sections of Atkins, McQuarrie and Simon.
III. Problem Set #2, due 2/18.  (Hand in Problems 4, 6, and 8). 
       1.   ADP, Ex. 12.4a.  Repeat Ex. 12.4a for a baseball (m ~ 0.3 kg) in Fenway Park
            (assumed one-dimensional with L ~ 100 m).

2. ADP, Ex. 12.5a.                                         3.  ADP, Probl. 12.8.
4. The probability T that a particle can tunnel through a barrier is given by Eq. (12.28a).  Calculate T if L = 0.25 X 10-9 m, V = 2.00 eV, and E = 0.9 eV.  How is T affected by changes in m, L, V, and E?

5. ADP, Ex. 12.11a.

6. Construct the first three wavefunctions of the one-dimensional harmonic oscillator using Eq. (12.35), and prove that these are eigenfunctions of the appropriate Hamiltonian.  What are the eigenvalues?

7. Prove Eq. (12.42) for any eigenstate v of the one-dimensional harmonic oscillator.  Then do ADP, Prob. 12.15 for the harmonic oscillator only.

8. Rotation of an HI molecule can be pictured as an orbiting of the much lighter H atom at a radius of 160 pm about a virtually stationary I atom.  If the rotation is thought of as taking place in a plane, estimate the energies of the first three rotational levels.  What wavelength radiation would be emitted in the transition mℓ = + 1 → mℓ = 0?

9. Modify Problem 8 to allow for rotation in three dimensions.  Calculate the energies and degeneracies of the three lowest rotational levels, and predict the wavelength of radiation involved in the ℓ = 1 → 0 transition.
10. ADP, Ex. 12.19a.

