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Abstract. The ground state energy of an atom in the presence of an external
magnetic field B (with the electron spin-field interaction included) can be
arbitrarily negative when B is arbitrarily large. We inquire whether stability
can be restored by adding the self energy of the field, J B2. For a hydrogenic like
atom we prove that there is a critical nuclear charge, zc, such that the atom is
stable for z<zc and unstable for z>zc.

1. Introduction

The problem of the stability of an atom (i.e. the finiteness of its ground state energy)
was solved by the introduction of the Schrόdinger equation in 1926. While it is true
that Schrόdinger mechanics nicely takes care of the — ze2/r Coulomb singularity
at r = 0 (here z\e\ is the nuclear charge), a more subtle problem that has to be
considered is the interaction of the atom with an external magnetic field B(x) with
vector potential A(x) and B = curl ,4. In this paper the problem of the one-electron
atom in a magnetic field is studied; in a subsequent paper [6] some aspects of the
many-electron and many-nucleus problem will be addressed.

Units. Our unit of length will be half the Bohr radius, namely / = h2/(2me2}. The unit
of energy will be 4 Rydbergs, namely 2me4/h2 = 2mc2a2, where α is the fine
structure constant e2/(hc). The magnetic field B is in units of \e\/(l2u). The vector
potential satisfies £ = curl,4. The magnetic field energy (j B2βπ) is, in these units,
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