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Abstract

The piecewise linear Recursive convolution (PLR&hhique has been developed and successfullyratéehinto
the transmission line matrix (TLM) algorithm to neddhe electromagnetic wave propagation in dispergiedia.
The obtained results are in good agreement witin #malytical counterparts.

Keywor ds: Transmission line matrix algorithm; piecewise linBa&cursive convolution; electromagnetic wave;
dispersive media.

1. Introduction

In recent years, there has been growing interesbimputing propagation of waves through dispersieelia using
numerical methods [1-2]. Among these, the transomiskne matrix (TLM) method is a powerful tool tteal with
electromagnetic problems [3-5]. Based on the discrmodel of Huygens's principle, TLM has been
successfully introduced to handle dispersive medeny techniques are integrated into the TLM aldpon. J. Paul

et al [6, 7] integrate the Z-transform techniquefoomulate electric properties of dispersive medaother
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approach using the constant recursive convolut®RQ) combined to voltage and current sources haenb
reviewed in [8-10]. In [11], the authors exploietdependence between current density J andebgielfield E to
model a cold plasma slab. Recently a novel approaated Runge-Kutta Exponential Time Differencinchtéque
(RKETD) has been developed and implemented for firafanisotropic magnetized plasma media [12].

In this paper, a novel TLM algorithm based on thecewise linear recursive convolution is developed
implemented to simulate electromagnetic wave ictéya with cold plasma medium. The proposed model i
validated by calculating the transmission and #ilection coefficient magnitudes of an electromdignglane wave

through an air-plasma slab and compared to thosenalol by the exact solution.

2. Formulation

For a cold plasma medium the following Maxwell'sloeguation and constitutive relation are given by:

VxH=2 (1)
D(t) = aoawE(t) +& [ 1(DE(t— D)dt )
x(®) = [1 — exp(—vD]U(t) ®3)

WhereD is displacement fieldy is the susceptibly function of the medium.

In PLRC technigue, we assume that the electrid fielaries linearly over each time interviah At, (m + 1)At].

According to [13].E andD are expressed as follows:

EnmlEnm

E(nAt — 1) = EP™™ 4 " (t — mAt) (4)
D" = gye, EP + gy YL (ER"M o™ 4 g (EP-M-1 — En-m)emy (5)
Where

frgz:nm (¥) dr (6)
L [0 — mADy(1) do )

By implementing (5) together with a similar expiiessfor D"** into the discretization form of equation (1):
Dn+1 — DM = At (V X H)n+1/2 (8)

The electric field update equation is given as:

B! = [ (en — )BT + W + T (VX H)™2| ©)

(€w+X0+§o)

Where

Mohamed Charif et al [ Page 18




INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATIONS AND ROBOTICS Vol.1 Issues3, Pg: 17-22

June 2013

Y" = TRso(EMTM AT 4 (P — EPTTMAE™) (10)

Xo = 2 [At— 1 (1~ exp(-v0)] (11)
w3At 03

And &, = ;; ﬁ [(1 4+ vAt) exp(—vT) — 1] (12)

Based on the equivalence between electromagnetdt (i£, H) and the electric quantities (V, ) whigbverned by
the following relations:

\%
E=< (13)
WhereAl is the TLM mesh width.
Equation (8) can be rewritten as:
AtAl
Vit = ey (e — 8OV + mAL T (VX H)T (14)

The application of charge conservation’s laws t® siymmetrical condensed node (SCN) which is chenized
by (12 x 12) scattering matrix, three new stubdaiimittance¥;,, Y, and Y,, are injected respectively into ports
13, 14 and 15 fed by voltage sourdgs, V,, and V;,. These stubs model the electrical dispersive ptiegeof the

cold plasma medium. The total voltage in a TLM nexlexpressed as:

n+1

g .
s /4+YX( VE+Vh+ Vi, +Vh+Yy Vi3 +0.5 Vs, )
X

X )
v, = 4+Yy(V‘3+V}}+V‘11+V§+YyV‘14+0.5Vsy) (15)
v, \ ﬁ(viswiﬁwim +Vh 1Y,V c40.5 Vgy)

Yy 4(g0tX0+50—1)

Where Yy = | 4(extX0t§0—1) (16)
Y 4(xtx0+§0—1)
VA

The voltage source¥, Vsy,

Vs,) are calculated recursively from the following esgsion:
VA = —Vi, — 4xo Ve — 4" 17)
The implementation process of the PLRC-TLM alganitis given as:
a- The recursive accumulatg”is given by equation (10),

b- The update of the voltage sources is calculatmd quation (17),

c- The total electric field on each node is deducethfequation (15) taking into account the equatis).
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3. Numerical results

In order to validate the PLRTEM schemes, we study the interaction of an electignetic Gauian wave
illuminating an aireold plasma interface. The computational domaisuisdivided into (1x1x1000) cells; each ¢
is 75um, the plasma slab occupies the 200 cells in thigli@iwith the physical paramete

The electron collision frequency: veZ50x3.18x109 rad/s.

The plasma frequency, »217.7518x109 rad

Transmission coefficient magnitude (dB)
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Figure 2: Reflection coefficient magnitude versrequency.
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Transmitted and reflected fields are stored du@0@00 iterations, and converted to frequency donti@iough
Inverse Fourier Transform. The magnitudes of traasion and reflection coefficients are computed pladted
respectively in figures 1 and 2. It can be obsethed the PLRC-TLM scheme results are in good ages with
analytical solution.

4. Conclusion

In this paper, a novel piecewise linear recursiemvolution-TLM technique is successfully developadd
implemented for modelling dispersive cold plasmalimeResults of the proposed model are in a goodeagent

with analytical solution.
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