
PHYS 412 Spring 2015 Homework Assingment No:2, due Mar 2’nd.

A review of 3d radially symmetric potentials: Mostly a reminder of stuff we have done last semester.

1. Define ~L ≡ ~x × ~p and use [xi, pj ] = i~δij to show that one has [Li, Lj ] = i~εijkLk,
[
L2, Li

]
= 0, [Li, xj ] = i~εijkxk,

[Li, pj ] = i~εijkpk,
[
Li, x

2
]

=
[
Li, p

2
]

= 0.

2. Show that

∇2 =
1

r

∂2

∂r2
r − L2

~2r2

3. Using the above re-express the Hamiltonian H = p2/2m + V (r). Now separate the energy eigenfunctions as ψElm =
RElm(r)Ylm(θ, phi) where Ylm are the eigenfunctions of L2 and Lz as we have studied. Find the radial equation and
argue that RElm(r) is in fact REl(r).

4. Pick V (r) = −Vo for r < a and V (r) = 0 for r ≥ a. Study the radial equation and find boundary conditions that
will result in the quantization of bound state energies (E < 0 for this potential). In particular discuss if one can have
energy degeneracies for different l values. In view of this what is the total degeneracy of a given energy eigenstate?
Contrast it with the degeneracies in the H-atom.

5. Consider V (r) = −Ze2/(4πεor) and assume the nucleus is infinitely massive. Use the conventions and eigenfunctions
of Griffiths to calculate explicitly the following expectation values

〈nlm| 1

rk
|nlm〉

for k = 1, 2, 3.

6. Again consider the H-like atoms and calculate |ψnlm(~x = 0)|2.

7. Again consider the H-like atoms and discuss when

〈nlm| f(r) |n′l′m′〉

can be non-zero.

8. Consider the following expectation value
〈nlm| ~r |n′l′m′〉

and discuss when it can be non-zero. Hint: Express ~r = rr̂ using the Cartesian unit vectors.

9. Consider the 3d isotropic harmonic oscillator V (r) = 1
2mω

2r2. Note that it is separable since r2 = x2 + y2 + z2. In
view of this discuss the degeneracies of the energy eigenvalues.
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