                             Homework 9  -- variational principle  (due 2/24/07)

                               Problems are from Griffiths, chapter 7

9.1. page 298, problem 7.4

9.2. This is a problem for calculating the lowest H2+ potential curve. 

(a) First you will follow the book, calculate the normalization constant A in eq. [7.37].

(b) Show that the direct and exchange integrals are indeed given by [7.45] and [7.46], respectively.

(c)  Plot the function F(x) of (7.51) to find the position R0 where the energy is minimum. Note that your curve should be given like Fig. 7.7. R0 is called the equilibrium distance.
(d)  The dissociation energy D is defined to be the energy from the bottom of the potential energy curve to the limit where R goes to infinity. Calculate the dissociation energy in eV.

(e) The ionization energy is defined to be the energy it needs to remove the electron to infinite while the two protons stay at the equilibrium distance. What is the ionization energy?

(f) Look up for the “exact” values of R0 and D, and compare to your results. Express the equilibrium distance in Bohr units.
(g) Next we will consider the vibrational motion of the two protons. Recall that the potential energy is given by F(x) in units of –E1 (13.6 eV). This potential is quite similar to the potential of  a harmonic oscillator if you shift the “origin” to R0.  Expand the potential energy near the equilibrium distance (You may want to do it numerically) to get the quadratic term from which you can calculate the vibrational frequency. What is the energy difference between the ground state and the first excited state?

(h) Read Problem 7.19 on p.313 on muon catalyzed fusion.

    If you replace the electron by a negatively charged muon, what would be the equilibrium distance and the dissociation energy? 

9.3. Problem 7.20 (on quantum dots) p.313.
