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The Electrostatic Potential

: the kinetic energy operator for 
a fictitious particle of mass

: charge distribution

Using the identity we obtain

In this work, we are developing a stable, accurate, and fast method for 
calculating the electrostatic potential on a grid. We calculate it by using 
the operator solution to the Poisson equation:



The Integration Technique



Features of the technique

• This technique is stable (positive charge distributions will produce 
positive potentials at all levels of approximation).
• Because of the iterative nature of this technique, we can use an 

initial guess potential instead of the initial charge distribution in 
order to speed up the computation.
• We also avoid the need for excessively large grids by using 

Beck’s suggestion to calculate the potential on the frontier exactly.
• The technique is parallelizable on distributed memory machines 

with preservation of scaling (domain decomposition).

T. L. Beck. Rev. Mod. Phys. 72:1041, 2000.



Discrete Charge Distributions



Accuracy of the Technique



Accuracy



Timing of the Technique



Future Directions

• Application of fourth-order integration techniques for improved 
accuracy

• Use of guess potentials to decrease number of iterations required 
for convergence

• Explore use of multigridding with this technique
• This technique is a step in a larger project to use the density 

matrix formalism for linearly scaling electronic structure 
calculations
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