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Transient Analysis of General Dispersive Media Using Laguerre Functions
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Abstract

In this paper, we present a marching-on-in-degree(MOD) finite difference method(FDM) based on the Helmholtz
wave equation for analyzing transient electromagnetic responses in a general dispersive media. The two issues related
to the finite difference approximation of the time derivatives and the time consuming convolution operations are handled
analytically using the properties of the Laguerre functions. The basic idea here is that we fit the transient nature of
the fields, the flux densities, the permittivity with a finite sum of orthogonal Laguerre functions. Through this novel
approach, not only the time variable can be decoupled analytically from the temporal variations but also the final com-
putational form of the equations is transformed from finite difference time-domain(FDTD) to a finite difference formu-
lation through a Galerkin testing. Representative numerical examples are presented for transient wave propagation in
general Debye, Drude, and Lorentz dispersive medium.
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Table 1. Susceptibility for the three different material

dispersions.
Material
Electric susceptibilit

model P y

P

E €0 *t/T u(t)

= Tp

—relatlve ermittivity at the static state

Debye €sp P Y

=electric pole relaxation time

P=number of poles
w(t)=unit step function

o
=3 (1—-

eiy”"’t)u(t)
p=1%¢ep

Drude w, =Drude pole frequency

(plasma) (plasma frequency)
v,, =inverse of the pole relaxation time

(collision frequency).

Zyp "'sin(3,t)u(t)
By,=v [17612)’

Gle,—e )’ &
Lorentz v, = M, E Gp =1
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w,, =frequency of the conjugate pole pair

4, =damping coefficient

G, =gain constant
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