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Introduction  
 
This project is concerned with the study of block structured crystals from a 
family of photonic crystals whose thermal emission in the terahertz regime is 
optimal. In paper [1], the authors introduced an analytical model for the 
thermal emission of a family of photonic crystals which are defined by a 
constraining condition on the materials involved.  Paper [1], also provides 
tools for the photonic crystal analysis software package MPB [2] which can 
be adapted to an optimization trade study.  No optimization study was 
however performed in the above paper.  This project will address this 
deficiency.  Furthermore, reference [3] provides an introduction to the 
problem and the necessary mathematical machinery to embed the output of 
the above algorithms as an input to the Matlab genetic global optimization 
algorithm.  

Project goals 
 
The aim of the project is to test the feasibility of using the existing software 
for engineering design of the optimal photonic crystal thermal emission. To 
this goal, one must:  



  2� 

 

 
a) Record and analyze the turn around times for the optimization runs;  
 
b) Understand the sensitivity of the obtained values with respect to GA 
algorithm parameters and variations in the objective function; 
 
c) Study of the optimal design within physical regime as well as beyond 
currently attainable values of the parameters; 
 
d) Investigate the relation of the optimal solution to the band gap structure. 

Project development schedule  
 
The project assumes that the team members will be able to run and 
understand the basics of the underlying software, see ref. [3], within the first 
two weeks of the project.  Currently, both analytical and numerical based 
formulas software are running on sequential/parallel configurations on the 
mathematics department machines.  The remaining time will then be devoted 
to the study and documentation of the results. 
 
The team members will take the lessons learned from the 2D configuration 
and extend to 3D or to other interesting cases. The team should modify the 
software accordingly. The team should comment on the feasibility of 
running minimization algorithms for more complicated cases, or on the 3D 
configuration. The team should make suggestions for future studies, perhaps 
including level sets, as described in [4]. 
 
The project is designed to be completed in the four week period allotted.    A 
flexible schedule, tunable to the skill set and interests of the team members, 
is the following: 
 June 28 – July 7 : Mathematical Background, Matlab & MPB 

introduction 
 July 7 – July 13 :  Application of genetic algorithm and 2D 

optimization 



 July 13 – July 21 : Extensions (perhaps 3D or other interesting topics) 
 July 21 – July 24 : Presentation Preparation 
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