
Examination II for PHYS 4310/5310, Spring 2009 
 

1. Consider the observables A = x and B = Lz.  
(a) Write a simple expression for the lower bound of the product of uncertainties 
for σAσB. (1 point) 
(b) Simplify the answer in (a) as much as you can. (1 point) 
(c) Evaluate the product σAσB in the hydrogen atom state .,, mn lψ  (1 point) 
(d) What can you say about y  in this state? (1 point) 
 
2. A particle of mass m lies in a spherically symmetric potential given by V(r) = (kr2)/2, 
where k is positive constant of appropriate dimensions and r is the distance of the particle 
from the origin. All relevant numerical parameters in your answer should only involve 
universal constants and k.  
(a) Consider a solution that may be derived in analogy to the solution of problem 4.2 of 
the text. Using the technique write down two or more simple linear differential equations 
to solve the time independent Schrödinger equation for this potential.  You need not 
derive these equations. (3 points) 
(b) Directly write down the solutions of these equations. You need not derive the 
solutions. (2 points) 
(c) Write down expressions for the eigen-value energies for the problem. (1 point) 
(d) What is the expectation value of r2sin2(θ)sin2(φ), where θ and φ are polar and 
azimuthal angles of a spherical polar coordinate system? (1 point) 
  
3. Two particles each of mass m are fixed at the two ends of a massless rigid rod of 
length b. The center of the rod is held fixed, though the rod is free to rotate in three 
dimensions. Ignore gravitational forces.  
(a) Write expressions for the classical Hamiltonian H of the system and also the total 
angular momentum L of the system about the center of the rod, in terms of m, b and 
relevant physical dynamical variables. (1 point) 
(b) Combine results in part (a) to write an expression for H in terms of L. (1 point) 
(c) Solve for the energy eigen-functions and eigen-values of the quantum Hamiltonian 
corresponding to the one in part (b). (3 points) 
(d) Quantify the degeneracy of each eigen-function found in part (c). (1 point) 
 
4. An electron in a hydrogen atom was measured to have a total energy E = E1/25 where 
E1 is its ground state energy. The z component of its orbital angular momentum was 
measured to be (3h)/(2π), where h is Planck’s constant.  
(a) Write a general expression for its wavefunction, in terms of the energy eigen-
functions of the problem. (1 point) 
(b) Find the expectation value of L2 for this wavefunction. (2 points). 








