SP425 Quantum Mechanics II

Homework Set #4





Due Date: Wed 20 Sept 2006

Topic:  Perturbation Theory III – Stark Effect

The Stark Effect.


We’ve examined the situation where our hydrogenic atom was placed between the pole faces of a large electromagnet.  Johannes Stark decided to put his atoms in large electric fields.


When an atom is placed in a uniform external electric field Eext , the energy levels are shifted – a phenomena known as the Stark Effect.  In this problem we analyze the Stark effect for the n=1 and n=2 states of hydrogen.  Let the field point in the z-direction, so the potential energy of the electron is

Hs’    =    e Eext z   =     e  Eext  r  cos   .

Treat this as a perturbation on the Bohr Hamiltonian; spin is irrelevant to this problem, so ignore it.

a)  Show that the ground state energy is not affected by this perturbation, in first order.

b)  The first excited state is fourfold degenerate: 200, 211, 210, 21-1  , where the subscripts are  n l ml.  Using degenerate perturbation theory, determine the first-order corrections to the energy.  Into how many levels do the n = 2 levels split?

Hint:  There are a lot of integrals to do in this problem (like 16 of them), but almost all are zero!  So study each before you do any calculations:  If the  integral vanishes, then there’s not much point in doing the r and  integrals!   (You should discover this rather quickly).  You’ll discover the non-zero elements are W13 = W31 = 3 e a Eext .

