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Abstract: The electromagnetic properties of dispersive media play a critical role in various engineering fields such as
radar stealth and antenna design. Accurately and efficiently modeling dispersive media has long been a challenging research

focus in computational electromagnetics. Although classical dispersion models can describe specific dispersive effects, they
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exhibit limitations in fitting complex broadband dispersive responses, making them difficult to apply in multi-band, multi-
mechanism coupled complex scenarios. To achieve accurate and efficient time-domain analysis of the electromagnetic char-
acteristics of dispersive media, this paper constructs a generalized dispersive media (GDM) mathematical model based on
the vector fitting technique, enabling precise characterization of the dispersive properties of media. Combined with the auxil-
iary differential equation method and local time-stepping (LTS) technique, an efficient solving algorithm for dispersive me-
dia based on the discontinuous Galerkin time-domain (DGTD) method is developed. For given frequency-domain response
data of dispersive media, this paper introduces the vector fitting technique and, under physical constraints and mathematical
transformations, establishes a generalized dispersive media model that includes real poles and complex conjugate pole pairs,
thereby unifying the description of relaxation-type and resonance-type dispersive behaviors. To overcome the computational
complexity of time-domain convolution introduced by dispersive constitutive relations, the auxiliary differential equation
method is employed to construct a DGTD solving scheme suitable for the generalized dispersive media model. This trans-
forms the convolution operation into a set of coupled ordinary differential equations, enabling efficient time-domain step-
ping solutions. To further enhance computational efficiency, a local time-stepping strategy based on a low-storage Runge-
Kutta integration method is designed, significantly improving the solving speed for dispersive media problems. This paper
numerically solves the radar cross section (RCS) of dispersive spheres, dispersive material-coated warheads, and the reflec-
tion coefficients of frequency selective surface (FSS) periodic units. The results demonstrate that the generalized dispersive
media model constructed via vector fitting accurately describes the frequency-domain dispersive characteristics of the me-
dia, with fitting errors consistently maintained at a low level. The obtained RCS and reflection coefficient results are in
strong agreement with those from CST commercial software and traditional finite-difference methods, with absolute errors
controlled within 3 dB. While ensuring computational accuracy, the introduction of the local time-stepping technique im-
proves overall computational efficiency by over 40.42%. The proposed method provides a numerical analysis tool for elec-
tromagnetic simulations of complex dispersive media that combines generality, efficiency, and reliability.
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auxiliary differential equation (ADE); Runge-Kutta integration; local time-stepping (LTS)
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