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Quantum  mechanics  is  a  wave  theory,  for  which  interference  effects  are  crucial.   This  is  a  principal
difference from classical mechanics.  One of the most surprising effects of interference is that it completely
blocks the flow of waves in a one-dimensional geometry, as soon as there is even an infinitesimally small
reflection probability per unit length.  Hence, we say that quantum particles are always localized in one-
dimension (because the reflection probability is never strictly zero in any real system). This effect is known
as Anderson localization [1], and contributed to Anderson winning the Nobel prize in 1977.

This is very different from classical mechanics for which a small reflection probability just gives rise to
diffusive motion of the particles.  The difference comes from interference effect.  Given a quantum particle at
initial position x, we want to know the probability that it travels to a position x' in a time t. It can travel from
x to  x' by many different  paths  (with different  reflections).  Anderson showed that  there  is  constructive
interference between different paths when x' is close to x, and destructive interference when x' is far from x.
Hence, the quantum particle gets trapped (localized) near its initial position,  x. A notable exception to this
general picture is provided by so-called chiral one-dimensional particles, which are allowed to move only in
one direction by some kinematic constraint, so any reflection is forbidden.

Experiments last year have revealed a strange one-dimensional system [2] in which there are two chiral
channels for electrons moving in one direction and only one chiral channel propagating in the other
direction.  As an analogy, imagine a road with two lanes going in one direction but only one lane going the
other way.  This is very different from the cases studied earlier, with the same number of one-dimensional
channels in both directions (like a normal road with the same number of lanes going in both directions). 

The goal of our project is to study the effect of scattering between the channels by disorder, and to check if
Anderson localization is still possible in this system.  For this we will teach you the transfer matrix method
of analyzing Anderson localization [3], and work together to apply it to this new situation. 
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