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Energy levels and wave functions of Bloch electrons in rational and irrational magnetic fields*

Douglas R. Hofstadter"
Physics Department, University of Oregon, Eugene, Oregon 97403
(Received 9 February 1976)
An effective single-band Hamiltonian representing a crystal electron in a uniform

‘magnetic
from the tight-binding form of a Bloch band by replacing hk by the operator §— eA/c. The resultant
Schridinger equation becomes a finite-difference equation whose eigenvalues can be computed by a matrix

‘magnetic “superlatti
introduced, constructed so that its unit cell intercepts precisely one quantum of flux. It is shown that this cell
represents the periodicity of solutions of the difference equation. Tt is also shown how this superlattice allows
the determination of the wave function at nonlattice sites. Evidence is offered that the wave functions

belonging to irrational fields

belonging to rational fields are only defined on a discrete set of points. A method for investigating these

predictions experimentally is sketched.

field is constructed

are everywhere defined and are continuous in this model, whereas those
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