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Abstract: In order to study the reflection of electromagnetic wave in Lorentz media, A  novel 
piecewise linear recursive convolution(PLRC) method based on the auxiliary differential equation 
(ADE) of finite-difference time-domain(FDTD) technique is used to obtain the formulation of 2-D TM 
wave propagation in lossy Lorentz media. In 1-D case, the reflected coefficients calculated by the 
PLRC ADE-FDTD method and exact theoretical result are excellent agreement. This expresses that 
the 2-D formulas of electromagnetic wave propagation in lossy Lorentz media are right. Furthermore, 
Plane wave reflected by Lorentz media layer is calculated and simulated. Results display that reflected 
effect is evident. 

Introduction 
Broadband analysis is needed in many practical engineering problems, i.e., s parameters, antenna 

feed impedance and the radar scattering cross section calculation. It is important to seek a 
high-efficient broadband algorithm in theory and in engineering. When broadband electromagnetic 
wave propagates in dispersive media, dispersive property is very important. 

Finite-difference time-domain (FDTD) method is a widely used electromagnetic computational 
method, which was proposed by Yee[1] in 1966. Using this method, time-domain numerical result of 
Maxwell’s equation could be calculated directly, and the result can embody time-domain property of 
electromagnetic field[2]. The existing frequency-dependent FDTD methods have been studied in many 
literatures[3-5] which can be summarized as:1) methods implement a discrete convolution of the 
dispersion relation[3]; 2) methods implement the auxiliary differential equation(ADE)[4]; 3) 
Z-transform methods[5]. In which, ADE method is an effective method to obtain the electric intensity 
vector( E

r
) and auxiliary  in dispersive media. 

In the second part, 2-D TM wave propagation formula in lossy Lorentz media is derived by using 
a novel PLRC ADE-FDTD method; In the third part, the derived formula is tested and the reflection of 
electromagnetic wave impinging on infinite high Lorentz media is simulated. 

Mathematical formulation 
Assuming the media are Lossy, linear and isotropy. For simplicity, relative permittivity changing 

with frequency is only discussed (relative magnetic permeability changing with frequency can be 
disposed as the same method). Maxwell’s equation in Lorentz media are  given by 
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Where 0ε  and 0µ are the electric permittivity and the magnetic permeability of the free space, 

ε∞ is the infinite frequency relative permittivity, H is the magnetic field, E  is the electric field, sJ  is 
the polarized current density, σ  is the conductivity, )(tsχ  used here  is the susceptibility time function 
of Lorentz media. 

We define sT  as a complex function and its real part is the polarized current density J . We 
assume  
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where  sW  and sQ  can be both real and complex numbers 

Using the piecewise linear recursive convolution method and a central difference scheme to 
calculate the derivative of the electric field in time, we can obtain  
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Taking 2/1=α  and substituting equation (5) into equation (3), and discretizing it, the following 
expression can be obtained  
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Thus, In lossy, Lorentz media, for 2-D TM wave propagation in z-direction, the relationship of  
the components zyx EHH ,,  can be discripted as follow 
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Simulation result 
For a Lorentz medium the susceptibility function is equal to 
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damping factor and 1−=j  . 
Thus, from equation (4) and (14), we can get 
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The validity of the proposed algorithm is tested. A wide band pulse of the form 

22
0 /)()( Ttt

s etE −−= with 1.00 =t ns, 60 =T  ps is normally incident from air onto the Lorentz media. The 
thickness of Lorentz media is 12mm, 3=sε , 5.1=∞ε , 0062.0=σ S/m, πω 2001, =p PHz, 

1,1, 1.0 pp ωδ = , πω 3002, =p PHz, 2,2, 1.0 pp ωδ = . The reflection coefficient[6] at the air interface 
between the area 1 and the area 2 theoretically given by  

2

2

2
12 23

2
12 231

j d

j d
e
e

β

β

Γ + Γ
Γ =

+ Γ Γ                                                                                                                 (16) 
Where d  is the thickness of the Lorentz media and 2β  is the phase constant in the Lorentz media. 

Using the proposed algorithm in this paper, the numeric reflection coefficient in each frequency can 
be calculated at the interface of area 1 and area 2, and using equation (16), the theoretical reflection 
coefficient can also be calculated. The comparison of them shows better agreement of the reflected 
coefficient between the numeric result and the theoretical result. It shows that the expressions obtained 
in section 2 are correct. 

Using the equations (6)-(12), the reflection of electromagnetic wave impinging on infinite high 
Lorentz media with 12mm thickness is calculated. The graph of the description as follow 
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Fig.1.Graph of 2-D description 

When plane electromagnetic wave generated at ja plane propagates in y axis direction and still not 
reach Lorentz media,  the waveform after 50 time steps is depicted in Fig.2. 

 
Fig.2 .Plane wave after 50 time steps                                              Fig.3. Plane wave after140 time steps 

In Fig.2, plane electromagnetic wave does not reach the Lorentz media layer, the waveform keeps 
very well. After 140 time steps, plane electromagnetic wave propagates through the Lorentz media 
layer, and the waveform changes evidently. Part of them is reflected and the rest transmite and 
propagate in Lorentz media. The waveform is Fig.3.  

Conclusion 
Expressions about 2-D TM electromagnetic wave based on a novel PLRC ADE-FDTD in lossy 

Lorentz media are derived in this paper. Using these expressions, the reflection field in time domain is 
calculated. Through comparison of reflection coefficient of numeric result and theoretical result, the 
agreement of them is better. This shows that expressions obtained in this paper are correct. Using the 
equation derivated, the reflection of plane electromagnetic wave imping on infinite high Lorentz media 
with 12mm thickness is simulated. The results show that the reflected phenomenon is evident. 
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