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1. Introduction

In electromagnetic inverse scattering problems, such as diffraction tomography or underground
survey, it is required to extract target informations involved in the scattered wave in order to visualize
the target image. Because scattering characteristics are closely concerned with the frequency of the
incident wave, it is obvious that the scattering analysis using pulsed waves is advantageous to obtain
wide-range informations of the target in comparison with the analysis using a monochromatic wave.
For this reason, it is important to analyze transient scattering phenomena by various shapes, and the
result is expected to give a clue to the inverse problems mentioned above. Recently the phenomena
have been systematically discussed in detail in both two and three-dimensional problems|1]-[3].

On the other hand, according as computer techniques are rapidly improved, numerical methods
for solving Maxwell's curl-equagions directly have become of a matter of great concern. The FD-TD
(Finite Difference Time Domain) method proposed by K. S. Yee[4] is one of the methods and has
been already applied to various scattering problems[5]. This method is also expected to be useful for
the inverse scattering problems.

In this paper we apply the FD-TD method to the analysis of a pulsed plane wave scattered from a
two-layered dielectric cylinder and investigate back-scattering responses when the radius of the inner
layer of the cylinder is changed. We use an E-polarized Gaussian pulse as the incident wave and a
PML (Perfectly Matched Layer) technique[6] for the absorption of the scattered wave on boundaries
of an analysis domain.

2. Formulation

Let us consider a pulsed wave scattering by a two-layered dielectric cylinder located in vacuum
as shown in Fig.1l. In this figure, z9 and pg are, respectively, the permittivity and the permeability
of vacuum. Parameters £, and £9 are permittivities of each layer in the cylinder, a is the radius of
the cylinder, and b is the radius of the inner layer of the cylinder. Coordinates (z¢,¥yc) and (Zo, ¥o)
denote the center of the cylinder and the observation point for the scattered wave, respectively. The
analysis domain is a rectangle of the length L and the width W, and it is surrounded by PML media
of thickness d. The PML media are finally ended by perfectly conducting conditions.
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Fig.1.  Analysis model.
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When we quantize space, letting £ = ¢ Au and
y = 7 An, and time, letting t = n At, each elec- Hylise L j+1)
tromagnetic field component is specified by the Eli j+1) Eislj+1)
7, j and n indices, and Maxwell's curl-equations
are approximately replaced by difference equations.
Introducing two-dimensional Yee cell{4] shown in
Fig.2, the field components H?, H; and EY of the
scattered wave in the analysis domain are calcu-

Hlis1,j+2)

lated by the following equations[5] Eij) Au E(ie1))
1 ] ‘o !
ses s, ya-i = sgs s Ly(n=1)-3%
Hel.j+3)072 = Hiij+3) ) Fig.2. Two-dimensional Yee cell.
At
- E(i j+1)""t = ES(i,5)" "}, 1
g (B g+ 1™ = B (1)
1 1 ) 1 1
$fr g 2 -3 — S(e 4 = syn=-1)—-3 S(; an=1 _ ps¢: syn-1 5
Hyi+ 5078 = Hi+3 )"0 e =BG+ 1) - B @)

<

Ser oy _ s~,'n—l_{5(i’j)_50}‘3t"nc--n_Ai’{ S(s _l_n-.l
E:(lﬁj) - E:("J) E('l]) E; (l!]) cA\u Hz(’:]'l'()) 2

T .
—H;(zy] - 3)’1

o

1 .1 A S |
- Hyli 5 Hyti - 500, 3)

where E-’Z"C and £ denote the time derivative of the electric field of the incident wave and the
permittivity of the point specified by the 7 and j indices, respectively. In the two-dimensional FD-TD
method, the space increment Au and the time increment At have to satisfy the following Courant
stability condition
Au
Al —=, (4)
V2
where ¢ is the velocity of light. [n this paper, we set Au = 0.01[m] and At = 0.02[nsec].
In the PML media surrounding the analysis region, according to Ref.[6], we divide the electric
component E? into two subcomponents Ef, and EZ,, i.e., we define as E? = EI, + E,. Then the
field components of the scattered wave are calculated by the following equations
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where_ (0r. 0y) and (o3, 0,) are, respectively, electric and magnetic conductivities of the point
specified by the 7 or j index. These parameters zre defined as follows:
— in the PML medium of the left and right sides of the analysis domain,

2
o=0;=0  a=Bo.  aip)=0.(5) ©<p<a), 9)
~— in the PML medium of the upper and lower sides of the analysis domain,
2
oe=0;=0, o=, o) =0n (’—,) 0 <p<a), (10)

where o,, and p are, respectively, the maximum value of electric conductivities and the distance from
each boundary between the analysis domain and the PML medium. In this paper, we set g,, = 0.7
and d = 0.08[m] empirically.

3. Numerical Results

As the incident wave, we have used the Gaussian pulse 10
defined as follows:
: =al7=8A0T (0 < 7 < 2A), ¢
(i) =1 | 0723030 0y 5
0 {otherwise), =
05
where é
=4
A A Z
F=t— 22— 1) =nAt - 22 (i - 1), 1z <
¢ c
and we have set a = {4/(3:21)}° and 3 = 125 in this paper. 0.g5 4 10
The shape of the pulse is shown in Fig.3. In this case, EI"¢ Time [nsec]
in Eq.(3) is given as follows: Fig.3. Incident Gaussian pulse.
Ee(i,j)* = —2a(r — fAt)e (7350, (13)
We have set the analysis domain as I = 4.5[m] and TV = 11.25[m), and have performed

computer simulations for the cylinder with £, /2y = 2.0, 22/z¢ = 3.0, @ = 0.75[m] and (2¢.y.) =
(9.09]m}, 2.34[m]). The observation point has been set at (z,.%,) = (0.84[m]. 2.34[m]). Figure 4
shows back-scattering responses of the Gaussian pulse by the two-layered dielectric cylinder when the
radius b of the inner layer of the cylinder is changed. In this figure, the time parameter T is defined
as T = ctfa, and we have set T = 0 at the time when the front of the scattered wave reaches the
observation point. We can see from Fig.4 that

» Though reflections at the surface of the cylinder (responses (1) and (4)) are only observed in
the case of bfa = 0, reflections at the surface of the inner layer (responses (2) and (3)) are
observed, in addition to reflections at the surface of the cylinder, in cases of 8/a = 0.5 and
0.25.

o The difference in radii of the inner layer appears clearly as that in response timings and hence
we can estimate the inner structure of the cylinder using the characteristic.

In the above cases, no definite response is observed concerning creeping waves. But in the case
that the cylinder is a strong scatterer, precise analyses should be given to the responses.
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Fig.4. Back-scattering responses of a Gaussian pulse by a two-layered cylinder. Parameters
are g1/eg = 2.0, eafeqg = 3.0, @ = 0.75][m], (zc;ye) = (9-09[m], 2.34[m]) and
(01 Yo) = (0.84[m], 2.34[m]).

4. Conclusion

We have analyzed back-scattering responses of a puised wave by a two-layered dielectric cylinder

using the FD-TD method. We have shown that the difference in three types of the inner structure
of the cylinder can be seen clearly as that in response waveforms. We will investigate scattering

cha

racteristics of pulsed waves by lossy and complicated objects precisely, and consider the application

of the FD-TD method to inverse scattering problems.
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