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Continuum-Particle Simulation

§ Continuum simulation (Grid-based) solves Partial Differential Equations on discretized grids or 
meshes (Finite element method, Finite difference method, etc.)

§ Particle simulation solves Equation of Motion, e.g., Netwon’s 2nd law, to evolve positions and 
velocities of discrete particles (Molecular dynamics, Dissipative particle dynamics, etc.)

§ Continuum-particle coupling aims to bridge multiple length-scales for complex physics problems 
(e.g. part of the domain using continuum simulation, other parts use particle-simulation)
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COPSS - Polarization

§ Continuum simulation (Grid-based) solves Poisson equation on discretized 
meshes using Boundary Element Method on the surfaces of colloidal particles

§ Particle simulation solves Equation of Motion, i.e., Netwon’s 2nd law, to evolve 
positions and velocities of colloidal particles

§ Continuum-particle coupling: continuum simulation provides force fields, particle 
simulation uses the force fields to evolve particles’ motion
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Dielectric Polarization

§ Dielectric materials (insulator) undergo electric polarization under the 
influence of applied electric fields

§ The charges in dielectric materials don’t move freely but only shift slightly 
from their equilibrium positions in applied electric fields

§ Bound charges (induced charges) accumulate on the boundary of the 
dielectric materials, which ultimately affect force fields acting on dielectric 
materials and their motions
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en.wikipedia.org/wiki/Colloid



Dielectric Polarization

5Introduction to Electrodynamics, D. J. Griffiths, 2nd Ed, 1989



Induced Charge Computation (ICC)
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§ A numerical method to solve dielectric polarization problem

§ It starts with the Poisson equation for electrostatics subject to boundary 
conditions for dielectric polarization

§ Poisson equation is transformed to a set of linear system of equations by 
using boundary-integral theories

§ Induced charge densities on the dielectric interfaces/boundaries are the 
unknowns



Induced Charge Computation (ICC)
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§ Mathematical details on the matrix equation

§ Matrix-vector multiplication

§ Electric field from bound (induced) charges

§ Right-hand-side

§ Electric field from free charges

vacuum permittivity

Reference:  X. Jiang, et al J. Chem. Phys. 145, 064309, 2016



Solve the ICC Problem
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§ To solve the matrix equation
§ We use Iterative solver GMRES (Generalized Minimal Residual Method)

§ Matrix-vector multiplication is the most expensive part in solving the 
problem

Initial guess Compute matrix-vector 
multiplication

Compute error E Converge
If E < convergence 
criteria

If E > convergence 
criteriaUpdate unknowns

-



Solve the ICC Problem
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§ Matrix-vector multiplication is the most expensive part in solving the 
problem

§ Direct evaluation requires O(N2) operations: N discretized nodal points 
on the boundary mesh, Eb needs to be evaluated on every nodal points

§ Fast Multipole Method (FMM) is used to the computational cost to be in 
O(N) operations

§ COPSS-Polarization is written on top of ScalFMM (FMM library) and 
libMesh (parallel finite element and mesh management library)

(N) (N)

Reference: W. Fong et. al.,The black-box fast multipole method, J. Compt. Phys., 228, 8712-8725, 2009



COPSS-Polarization
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§ COPSS-Polarization houses parallel and efficient solver for electrostatic 
polarization problem involving multiple dielectric interfaces

MICCoM codes: http://miccomcodes.org/

COPSS-Polarization codes: https://bitbucket.org/COPSS/copss-polarization-public.git

Distribution of induced bound surface charge densities 
for (a) spherical particles, (b) a spherical particle in a 
confined geometry, and (c) non-spherical particles.
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Performance of Induced Charge Computation. (a) 
Accuracy, (b) efficiency – the O(N) scaling, and (c) parallel 
scalability.
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Access COPSS-Polarization
§ COPSS-Polarization repository on Bitbucket.
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Access COPSS-Polarization
§ Run examples in COPSS-Polarization repository.
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Thanks for your attention.

Q & A.


