NSERC/MPR Teltech Industrial Research Chair in Radio Frequency Engineering, Activity Report, 1993/94 Department of Electrical & Computer Engineering, University of Victoria, B. C., Canada

Modelling Nonlinear Dispersive Medium in 2D TLM

(Leonardo de Menezes and Wolfgang J.R. Hoefer)

The modelling of nonlinear dispersive material may be done by adding a nonlinear network to the TLM node. In the dielectric case, the current flowing into the network connected in shunt to the TLM shunt node is proportional to the polarization current of the dielectric, therefore proportional to the instantaneous rate of change of the polarization vector. In the magnetic case, the voltage across the terminals of the series network connected to the TLM series node is proportional to the rate of change of the magnetization vector of the magnetic media.

FIGURE 1. Nonlinear Network connected to the shunt and series TLM nodes.

The nonlinear network will be characterized by the nonlinear current and the voltage at the input terminal (incident and reflected voltages). Using the relationship between the polarization current and the incident and reflected voltages at the network port, the propagation of a soliton wave in a nonlinear dispersive dielectric medium was simulated. The dispersive medium had the polarization parameters:

Considering the nonlinear element as a capacitor:

(1) The computational domain was a rectangular box 31.25 mm in the z direction by 0.375 mm in the x direction with a of 31.25 . All the nodes inside the domain were shunt nodes, and the medium was homogeneous. The simulation was performed twice, once with a Gaussian pulse of small amplitude (1 V/m) and another one with large amplitude ( V/m).

FIGURE 2. Soliton response (solid line) and linear response (dotted line) of the medium.

A paper describing the implenetation of dispersive media in TLM has been accepted for presentation at the 1994 European Microwave Conference in Cannes.

Vy Inl l=0 Ιy Vnl

ω_p 2π 28.7GHz × = ω_0 2π 20.0GHz × = α 6.94 10^{7−}×= E_0 9.33 10^8×=

t^2 2 d d i_{pol} ω_0^2 α Δt( )^2 v 2 3 − + i_{pol}

+ ω_p^22Δt td dv_y =

lΔ μm 10^8

31.25 mm

0.375 mm Nonlinear Medium