THE DIFFERENCE EQUATION RELATED TO THE PROBLEM OF THE HYDROGEN ATOM IN A STRONG MAGNETIC FIELD^∗

MARKO ROBNIK^† AND VALERY G. ROMANOVSKI^†

Abstract. We study the Schrödinger equation for the hydrogen atom in an arbitrarily strong magnetic field in two dimensions, which is an integrable and separable system. The energy spectrum is very interesting as it has infinitely many accumulation points located at the values of the Landau energy levels of a free electron in the uniform magnetic field. In the polar coordinates the canonical (not kinetic!) angular momentum has a precise eigenvalue and we have the one dimensional radial Schrödinger equation which is an ordinary second order differential equation whose analytic exact solution is unknown. The problem is reduced to a linear three-term recurrence difference equation whose solution is unknown. We describe the qualitative properties of the energy spectrum and propose a semi-analytic method to numerically calculate the eigenenergies.

Key words. hydrogen atom, strong magnetic field

AMS subject classifications. 81V45, 81Q10

∗Received January 11, 2004. Accepted for publication February 5, 2005. Recommended by A. Ruffing. This work was supported by the Ministry of Education, Science and Sport of the Republic of Slovenia and the Nova Kreditna Banka Maribor.

†CAMTP–Center for Applied Mathematics and Theoretical Physics, University of Maribor, Maribor, Krekova 2, SI-2000, Slovenia (robnik, valery.romanovsky@uni-mb.si).