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I. Executive Summary 

 

 

Understanding electromagnetic phenomena is the key in many scientific investigation and 

engineering designs such as solar cell designs, studying biological ion channels for diseases, 

and creating clean fusion energies, among other things. Computational modeling with 

efficient numerical algorithm is indispensable for achieving this understanding. This 

project have developed novel numerical algorithms for solving Maxwell equations and 

electrostatics in inhomogeneous media occurring in those systems, which have advanced 

our capability in carrying out accurate and large scale computations for the benefit of 

cleaner energy and better medical treatment of the society. 

 

 

II. Accomplishments and Project Objectives 

 

 

The technical objectives of the project are to develop high order numerical methods to 

simulate evanescent electromagnetic waves occurring in plasmon solar cells and biological 

ion-channels, where local field enhancement within random media in the former and long 

range electrostatic interactions in the latter are of major challenges for accurate and 

efficient numerical computations.  

 

We have accomplished these objectives by developing high order numerical methods for 

solving Maxwell equations such as high order finite element basis for discontinuous 

Galerkin methods, well-conditioned Nedelec edge element method, divergence free finite 

element basis for MHD, and fast integral equation methods for layered media. These 

methods can be used to model the complex local field enhancement in plasmon solar cells.  

On the other hand, to treat long range electrostatic interaction in ion channels, we have 

developed image charge based method for a hybrid model in combining atomistic 

electrostatics and continuum Poisson-Boltzmann electrostatics. Such a hybrid model will 

speed up the molecular dynamics simulation of transport in biological ion-channels. 

 

 

III. Summary of Project Activities 

 

Research results have been obtained in the following technical areas: 

 

 Image charge approximations of reaction fields and FMM for charges inside a 

dielectric sphere or finite height cylinder model for ion-channels.  
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 A generalized  discontinuous  Galerkin  (GDG)  method  based  on  split 

distributions for PDE for phase shift masks  

 

 A parallel spectral method for high frequency complex Helmholtz and Maxwell 

equations in inhomogeneous media using generalized eigen-oscillations   

 

 Wide band FMM for 2-D Helmholtz equations   

 

 Hierarchical Nedelc H(curl) basis for Maxwell equations        

 

 Divergence free H(div) basis for MHD equations  

 

 Stochastic modeling of uncertainty in the VLSI design processes: the random 

roughness in the interconnect surfaces and its effect on their electrical property   

and polishing pads in the chemical mechanical polishing . 

 

 

IV. Publication List 

 
The following summarizes the 26  peer-reviewed publications acknowledging the 
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