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Under certain conditions, two beams propagating along an 
axis but in opposite directions in a nonlinear medium can 
undergo directional instabilities: coherent beams of considerable 
intensity appear spontaneously in off-axis directions, sometimes 
forming patterns on a transverse plane [1].  The properties of 
these instabilities have been studied in the last two decades.  A 
recent experiment [2] demonstrated that, in a medium of atomic 
vapors, the direction of an instability-generated, off-axis beam 
can be changed by shining a very weak control beam at the 
setup.  This is an interesting example of  controlling a stronger 
light signal with a weaker beam.  Besides embodying some 
interesting physics, this result may have practical implications, 
as a common goal of  technical schemes for switching light with 
light is to lower the threshold control intensity as far as possible. 

 
The present project is a theoretical study of analogous 

transverse instabilities and light-beam switching in a 
semiconductor system made up of  a quantum well embedded in 
a microcavity.  Despite the analogy, the microscopic physics 
underlying these instabilities in a semiconductor is very different 
from that in the atomic vapor system.  A microscopic theory of 
optical nonlinearity in the quantum-well microcavity has been 
set up [3].  Based on this theory, the student joining the project is 
expected to carry out numerical simulations of the instability-
generated processes and the direction-switching by the control 
beam.  The objective is to fully understand all important aspects 
of these processes.  Some first results have been published [4].  
Transverse instabilities in the quantum-well microcavity, but not 
the controlled switching by the weak beam, have been 
demonstrated experimentally.  The efforts in both the atomic and 
semiconductor systems have recently been reviewed in [5]. 

 
The study described above is a joint project between 

Prof. P.T. Leung and Prof. Nai-Hang Kwong in the College of 
Optical Sciences at The University of Arizona, who will be 
visiting us in 2010-2011.  The student joining the project is 
expected to have a solid background in undergraduate physics 
and experience in numerical computations. 
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