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1 Introduction

The phenomenon of wave propagation is ubiquitous in nature: Light, sound,
and quantum particles all are waves, and can therefore spread out and inter-
fere. The expansion of a wave can be disturbed by changing the uniformity
of the supporting medium. In the case of light for example, uctuations
of the refractive index of the medium or placing an object in its path will
scatter the wave. Scattering from an ordered array of obstacles, as shown
qualitatively in panel a of gure 1 can lead to discernible interference ef-
fects. The example given here is reminiscent of Bragg scattering, where the
constructive interference can be intuitively understood by employing Huy-
gens principle and by considering the regular positioning of the scatterers.
If on the other hand the scatterers are located at random positions as in
panel b one expects no easily predictable regular interference pattern, but
rather an irregular intensity distribution. * Such a disordered potential is
characterised by statistical quantities, like the average distance between two
neighbouring scatterers, and the resulting irregular wave pattern depends
on the speci c realisation of the disorder. Averaging over many potential
con gurations with the same de ning statistical properties will show how a
wave propagates \on average" in such a medium, and one naively expects
that interference e ects cancel out. In other words, this train of thought
suggests that when modelling the average propagation of waves through a
disordered medium one can neglect the wave nature and treat the problem
as a random walk of classical particles.

The propagation of waves through a medium with a random assortment
of scatterers is encountered in many instances in nature (sunlight shining
through a cloud, seismic waves propagating through the earth, surface water
waves in a pond with reeds, ...) and in arti cial technical situations (ultra-
sound imaging, electron transport through a metal with impurities, ...). It
is therefore desirable to have a good understanding of wave propagation in
complex disordered media. Quite successful rst descriptions were based
on the assumption given above that any interference e ects would be com-
pletely washed out: The Drude-Boltzmann theory in the case of conducting
electrons in metals, and later the radiative transport theory in the case of
electromagnetic waves (see [81] and references therein). In both cases the
resulting propagation is of di usive nature.

Perhaps the rst hint that interference e ects must in fact not be ne-

1This kind of interference pattern, known as \speckle", is employed in our experiment
and will be described in section 4.
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