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Figure 1: Numerical group velocities of

the Yee scheme [4] (upper panel) and

a numerically optimized stencil (lower

panel) on a ∆y
∆x = 10 grid.

The finite-difference time-domain (FDTD) method is a

well established method for solving the time evolution of

Maxwell’s equations [1] and is used frequently in plasma

simulations. Unfortunately the scheme introduces nu-

merical dispersion, and therefore phase and group veloc-

ities deviate from the correct value. As a result, the solu-

tion to Maxwell’s equations results in unphysical predic-

tions such as Cherenkov radiation emitted by a relativis-

tic electron beam propagating in a vacuum or plasma [2].

Improved solvers generally modify the spatial deriva-

tive operator in the Maxwell-Faraday equation by in-

creasing the computational stencil, while keeping the

staggered Yee-type grid for electric and magnetic fields

[3, 4]. These modified solvers can be characterized by

different sets of coefficients, leading to different disper-

sion properties. Demanding the conservation of ~∇ ·~B = 0

yields additional consistency constraints for those coefficients.

We introduce a norm function to rewrite the choice of coefficients into a minimization prob-

lem which, when solved, leads to considerably less artificial dispersion as compared to schemes

with manually set coefficients available in the literature. We show that, depending on a specific

problem at hand (e.g. electron beam propagation in plasma, high-order harmonic generation

from plasma surfaces, etc), the norm function can be chosen accordingly, for example, to mini-

mize the numerical dispersion in a certain given propagation direction.
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