Communications in
Commun. Math. Phys. 88, 387-397 (1983) Mathema_tlcal
Physics

© Springer-Verlag 1983

Schrodinger Operators with an Electric Field
and Random or Deterministic Potentials

F. Bentosela®, R. Carmona? *, P. Duclos®, B. Simon* **, B. Souillard?,
and R. Weder®

1 Département de Physique de I'Université de Luminy Marseille, and Centre de Physique Théorique,
CNRS, F-13288 Marseille, France
2 Department of Mathematics, University of California at Irvine, Irvine, CA 92663, USA
3 Département de Mathématiques, Université de Toulon et du Var, 83130 La Garde, and Centre de
Physique Théorique, CNRS, F-13288 Marseille, France
4 Department of Mathematics and Physics, California Institute of Technology, Passadena, CA 91125,
USA
5 Centre de Physique Théorique, Ecole Polytechnique, F-91128 Palaiseau, France
6 IIMAS, Universidad Nacional Autonoma de Mexico, Apartado postal 20-726, Mexico 20 D.F.,
Mexico

2

. d
Abstract. We prove that the Schrodinger operator H= — ppe; + V(x)+F-x has
x

purely absolutely continuous spectrum for arbitrary constant external field F,
for a large class of potentials; this result applies to many periodic, almost
periodic and random potentials and in particular to random wells of inde-
pendent depth for which we prove that when F=0, the spectrum is almost
surely pure point with exponentially decaying eigenfunctions.

I. Introduction

This paper presents exact results on the behaviour of electrons in the presence of
an electric field. We discuss below the physical aspects of the problem and of our
results and then we present the mathematical aspects and the organisation of our

paper.

The Physics of the Problem and of the Results

The problem of an electron in a random potential has been receiving a great deal
of attention for quite a while, both from the physical and the mathematical point
of view. The case of almost periodic potentials has also recently attracted a lot of
workers in the field. A challenging question is the following : what is the behaviour
of such systems when a constant electric field is turned on? The more the states are
localized for zero field the more interesting is the problem: the most extreme case
deals with one-dimensional systems for which an arbitrarily small degree of
disorder implies the exponential localization of all states in the absence of electric

field. Mathematically this corresponds to the fact that the associate Schrodinger
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operator — e + V(x) has almost surely only pure point spectrum with exponen-
X
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