2nd International Conference ‘ ot
on Innovative Solutionsin — "

g Software Engineering(ICISSE)

Nov 29-30, 2023, Ivano-Frankivsk, Ukraine

Modeling of Wave Propagation in
Dispersive Media Using New ADE-TLM
Method

El Hadi El Ouardy*, Hamid Bezzout, and Hanan El Faylali

Department of physics
Laboratory of Electronic Systems Information Processing Mechanics and Energetics
Ibn Tofail University, B.P: 242 Kenitra, Morocco



OUTLINE

INTROD

RELATE
'METHO
LINEAR |
LINEAR




~ INTRODUCTION —

% We introduce a novel approach for modeling dispersive media by
employing the Transmission Line Matrix (TLM) technique enhanced
with the symmetrical condensed node (SCN-TLM) technique. This
method effectively simulates electromagnetic wave interactions with

Lorentz and Drude media through a scattered-field formulation.

% The Transmission Line Matrix (TLM) approach was
designed to present a direct comparison between the

fundamentals of electromagnetic wave

% In recent years, we report a many TLM-based approaches

for the analysis of a dispersive medium.
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s RELATED WORK o

/

% The auxiliary differential equation (ADE-TLM) technique is employed to model

chiral media, Lorentz and Drude media, by applying the ADE approximation, and it is
additionally used to represent Cole-Cole media.

¢ This paper introduces a novel advancement in the ADE-TLM framework, offering
an innovative formulation designed for modeling environments characterized by

Lorentz and Drude properties.

Vi

% The SCN-TLM, it employs 12 principal

ports to model free space and incorporates 3

i j E v
additional ports as voltage sources to Ve[l 5
\Y
11

characterize the properties of Drude and

Lorentz media
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METHODOLOGY
% We delve into the innovative approach of modeling Lorentz and Drude media

through the New Auxiliary Differential Equation-Transmission Line Matrix (ADE-
TLM) algorithm.

% This novel technique, aimed at accurately representing dispersive media
interactions, involves a sophisticated formulation incorporating both the

Lorentz and Drude media characteristics.

“ We have devised a comprehensive algorithm capable of capturing the
intricate behaviors of both Lorentz and Drude media, offering a robust

foundation for our subsequent analyses and simulations.
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/ : —
- FORMULATIONS AND EQUATIONS
»The Auxiliary Differential Equation (ADE-TLM) :

technique is employed to model Lorentz and Drude media by applying the

ADE approximation.

» The magnetic and electric fields are separated into incident and scattered
terms :

E — Einc + E Htotal = Hinc o Hscat

total scat

»The Maxwell equations for the polarization current density :

- =
E p

V xH :gogw6_+ E J,
Bl ey
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The polarization current density:
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The updated equation :
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the polarization current : J n% = 1 ( Jilos g )
: 2
. n+; 1 n n+l n
We obtain : J, 25[(1+ad)Jp+bd(E +E )J

The temporal discretization at step n+1/2:

En+l_Enj 1

V/\Hm;:é‘ob‘w( +E[(1+ad)Jg+bd(E”+1+E”)}

We obtain :

1
E“ﬂ;(zgogw Atbd]Eu[ e j[vAH 2—;(1+ad)3p“)

2&,¢, + Ath, 25,&, + Ath,
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We convert the electric field to a voltage : E" — -
2¢.£ —Ath 2AtAl e ]
btain : Wilior e BV SR 2 ey
e [250500 + Ath, 26,6, + Ath, 2 (1+2y) P

1

VAR E [ - v ]

/ 2 \ (— : : ; : 1 —n+1\
e V,' +V, +Vg +V,, + =V
n+1 4 + YOX o 2 ]
VX [t —Jn+1
The total voltage : Nprl 2 Vi 4V 4V avi 4 Iy
y 3 4 8 11 sy
- 4 £ 2
Vzn+ oy - =
= _v‘+vi+vi+vi - -
\4+Y02/k_ 5 6 7 10 2 SZ_ )
2, + Atb
The normalized admittances: You = 4[ : > = j
(0]
the voltage sources : VAl YA | Alh, v (1+a4)Jd,"
su o 50 u 280 d p
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~—  LINEAR LORENTZ

The polarization current density:
0J 0%J

w;J, + 26, &p - L = gAs 0 —

2

We obtain by using the finite difference time :

ok

Jn+1+Jn Jn+1_Jn—1 Jn+l_2Jn+Jn—1 Ml pn-d
o —F 1426 | - —F |4 LB P l-gAp o =
2 2/t ( At) 2/t

- : n+1 n 1
The updated equation : Jo o)
2 — '’ (At)? —
- w; (At) ;- O, At —1 Vo =
1+ 0, At 1+ O, At
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The time discretization:

e AL L

I

En+1 o En

We convert the electric field to a voltage:

we find:

n+1 n n-1
Jy =, d, +5,J, +7/P(

We obtain :

The SCN-TLM method:
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“Applying the charge conservation's laws:

V) +V, +Vy +V;
V, +V, +V +V; | =
Vo +V, +V) +V,

Gy

v/ L ) 0

the total voltage: VAt 2
* 4+Y

\/|1+1 oy

2

V) +V, +V +V,
V, +V, +V, +V))
V. +V +V; +Vg

4 Yo o

\_

The normalized admittances : Yoo =4 (500 e 1)

the voltage sources : VIt =V —
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= RESULTS .

/

To evaluate the efficiency and validity of the New ADE-TLM algorithm which
includes voltage sources for the Lorentz and Drude media.

The TLM network is divided In (1’ 1, 1000) Al
the time step : At = 0.4166 ps

the spacestep: Al =250um

the following parameters describe the Lorentz media:

g =30 & =19 @y = 21 x 25GHz 0, =0.1m,
the Drude half space :
5 £.=10  5,=2x10%
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~— Flowchart of the TLM metho/d/
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Figure 1 shows waveforms calculated using the New ADE-TLM method.
These waveforms show the behavior in the free-space of the scattered
electric fields when interacting with both the Lorentz and Drude half-

space models.
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Figure 2 Compares the reflection coefficient for both the Lorentz and
Drude instances utilizing New ADE-TLM and accurate analytical results.
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DISCUSSION

An efficient agreement was noted between the exact theoretical

results as defined by Eq. (24) and the new ADE-TLM results for

both the Lorentz and Drude examples. This result agrees very well

[21].

‘F(a))‘ s \E—\/&‘*(a))
Jeo +e (@)
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CONCLUSION

% In this study, we provide a novel ADE-TLM approach for modeling
Lorentz and Drude Dispersive media. This approach employs the
connection between centered derivatives approximations, polarization
current density J, and electrical voltage.

¢ The results obtained utilizing our New ADE-TLM method are in excellent

agreement with the analytical values of the reflection coefficient demonstrating

the validity of the proposed method.
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