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Anderson localization in the seventies and beyond
DAVID THOULESS, University of Washington

Little attention was paid to Anderson’s challenging paper on localization for the first ten years, but from 1969 onwards it
generated a lot of interest. Around that time a number of challenging questions were raised by the community, on matters
such as the existence of a sharp distinction between localized and extended states, or between conductors and insulators. For
some of these questions the answers are unambiguous. There certainly are energy ranges in which states are exponentially
localized, in the presence of a static disordered potential. In a one-diensional potential all states are localized. There is clear
evidence, in three dimensions, for energy ranges in which states are extended and diffusive. Magnetic and spin-dependent
interactions play an important part in reducing localization effects. For massive particles like electrons and atoms the
lowest energy states are localized, but for massless particles like photons and acoustic phonons the lowest energy states
are extended. In a one-dimensional disordered system all states are localized. Uncertainties remain. Scaling theory shows
that in two-dimensional systems all states are weakly localized, and that there is no minimum metallic conductivity. The
interplay between disorder and mutual interactions is still an area of uncertainty, which is very important for electronic
systems. Optical and dilute atomic systems provide experimental tests which allow interaction to be much less important.
The quantum Hall effect provided a system where states on the Fermi surface are localized, but non-dissipative currents flow
in response to an electric field.



