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WAVE SCATTERING WEDGE IN GAP WEDGE ANTENNAE STRUCTURES.
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Abstract

Antenna remote sensing deals with the extraction of object information from electromagnetic wave parameters. To fully
exploit the potential for quantitative information acquisition, a detailed description of microwave diffusion is required.
The research on this subject was mainly devoted to the far-field analysis which assumes an incident plane wave, calculates
its scattered field and evaluates the radar cross section (RCS). However, under some practical conditions, far-field analysis
is not valid and near-field analysis is required. In this paper, we have given a complete analysis of the near field of a
corner structure due to an incident electric field from a linear source or a plane wave in the case of Gap Photonic Antennae.
The far-field model, in the case of a linear source exciting the structure, is also analyzed. The interest of this study will
structure the modeling process of the fields by having a clear vision of the near field which will bring a maximum of
information in the process of remote sensing to help an accurate and correct decision-making.

Keywords: Electromagnetic wave, scattering, structure, Gap Photonic Antennae.

La télédétection d'antenne consiste a extraire des informations d'objet a partir de parametres d'ondes
¢électromagnétiques. Pour exploiter pleinement le potentiel d'acquisition d'informations quantitatives, une description
détaillée de la diffusion par micro-ondes est nécessaire. Les recherches sur ce sujet ont été principalement consacrées a
l'analyse de champ lointain qui suppose une onde plane incidente, calcule son champ diffusé et évalue la section efficace
radar (RCS). Cependant, dans certaines conditions pratiques, 'analyse en champ lointain n'est pas valide et une analyse
en champ proche est requise. Dans cet article, nous avons effectué une analyse compléte du champ proche d’une structure
d’angle due a un champ électrique incident provenant d’une source linéaire ou d’une onde plane dans le cas des antennes
photoniques de Gap. Le modéle de champ lointain, dans le cas d'une source linéaire excitant la structure, est également
analysé. L'intérét de cette étude structurera le processus de modélisation des domaines en ayant une vision claire du champ
proche qui apportera un maximum d'informations dans le processus de télédétection pour aider a une prise de décision
précise et correcte.

Mots clés: Onde électromagnétique, diffusion, structure, antennes photoniques Gap.
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1. INTRODUCTION

The problem of electromagnetic wave scattering is very
important in many applications such as remote sensing,
antennas design and especially in defense applications. The
research on this topic was mostly dedicated to far-field
analysis which assumes an incident plane wave, computes
its scattered field due to the scattered, and evaluates the
Radar Ross Section (RCS) of the scatterer. When the
transmitting and receiving antennas are far from the
scatterer, the incident wave can be approximated by a plane
wave and the scattered far field can be considered as the
radiation far field due to the induced currents on the
scatterer, the far-field analysis thus applies. However, in
practical applications, there are many situations where the
distance between the transmitting antenna and the scatterer
is not large enough to treat the field reaching the scattered
as a plane wave and the relative motion between the
antennas and scatterer will produce Doppler frequency
shift. In these conditions the far-field analysis is not valid
anymore and a near-field analysis is necessary [1].

In calculating radar cross section of complex targets
[2], [3] some parts of the structure can be modeled using
singly curved sheets, as the wings of an aircraft for
example. For electrically large bodies the Geometrical
Theory of Diffraction (GTD) [4], [5] is a good high
frequency technique for computing the scattering from
those bodies. But, as it is well known, that method is not
valid in the caustic of reflected rays which occurs for
example when we illuminate with a plane wave a singly
curved screen. Physical Optics (PO) has been largely used
in the last years for predicting high frequency radar cross-
section problems because, unlike Geometrical Optics and
the GTD, the PO is valid in the transition regions and at
caustics. PO can be improved using the fringe currents
contribution of the edge currents of the Physical Theory of
Diffraction (PTD) [6], [7].

This paper is organized as follows: Section 2 provides
the scattering analysis where the RCS formulae and their
approximations are derived. Field expressions for the
scattering problem by a two-dimensional perfect electric
conduction wedge capped with a dielectric cylinder are
thus derived. In section 3, some numerical results for
various configurations of the wedge structure are
presented. Finally, Section 4 concludes our investigation.

Compared to conventional methods that allow
analyzing the near field, i.e. Physical Optics and Physical
Theory of Diffraction, an important scale can appear, it is
due to the caustics, their computation made from the
functions of Airy is extremely tedious, and it can distort the
measurement of amplitudes in near field. This is the main
motivation that prompted us to use the Radar Cross section

[2].

We note that references (6) and (7) give approximate
results, and the analysis of these results in a practical
context is extremely difficult. It should be noted that
practically it is radar which is used to travel the signal and
to recover it. The choices made by references (6) and (7)

are difficult to adapt to functional radar used for remote
sensing.

2- SCATTERING ANALYSIS

The RCS of a target characterizes its scattering
property, which is defined as the area intercepting the
amount of power that, when scattered isotropically,
produces in a receiver a density that is equal to the density
scattered by the actual target. When the transmitter and
receiver are in the same location, the RCS is referred to as
monostatic (or backscattered), and it is referred to as
bistatic when the two are located at different positions.

For three-dimensional target, the RCS is given in terms
of incident power density, magnetic field, and electric field
[8]. The RCS in terms of electric field is given by:

12

o, p = lim | 47p ‘;2 (1)
= iy

Where p is the distance from target to the observation

point, £*and E'are scattered and incident electric field
respectively. Equation (1) is valid when the target is
illuminated by a plane wave which in practice can be only
approximated when the target is placed in the far field of

the source, i.e. at least p = 2D2/ﬂ , where D is the
largest dimension of the target.

A perfectly conducting rectangular thin flat plate
inthe X — ¥ plane as shown in Fig.1 is considered for our
calculations.

radar

A J
L

Fig. 1 coordinates for rectangular flat plate.

For a linearly polarized incident wave in the
X — ¥ plane, the horizontal and vertical backscattered

radar cross sections are respectively given by:

10
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2
b? 1 o _
Oy =0y, =0, | ——+—~ (03V+O-4V)O-SI]/ 2)
cos@ 4
b* 1 o ’
Oy =0y = Oy ———— (0'311 tO4uy )O' 3)
b/a cosd 4
Where ojv and oin  (with i=1,..4) are detailed in
appendices.
Wherein k, =k,.a , k, is the free space wave
number. Eqgs. (2) and (3) are accurately valid for aspect

angles 0° < @ <80°. For aspect angles near 90°, Ross
[9] obtained by extensive fitting of measured data an
empirical expression for the radar cross section. The latter
is given by:

oy, =0

o, = Cfﬂn 5 (25//1)2}{1_ . (2;[//1) }cos{ﬂc —5]} )

The backscattered RCS for a perfectly conducting thin
rectangular plate for incident waves at any @, @ can be

approximated by:

_Am’h’ Lsin(ako sin 6 cos ) sin bk, sin 6 cos (/))Jz (cos@)

yh ak,sin@cosp bk, sinOcosp

)
Eq.(5) is independent of the polarization, and it is only
valid for aspect angles & <20° . Fig.2 shows the

backscattered RCS of a rectangular flat plate, for both
vertical and horizontal polarisations.

Fig.2 presents the radar cross section of a rectangular flat
plate for the vertical and horizontal polarizations,
compared with the classical formulae. The parameters of

structure are @ =b =10.16cmand f =300MHz.

-5 [dBsm)

-30

)

-40

P

¥
! r
i
:

!
I
i
!
|
i
A

[ R
10 20 040 50 60 70 80
0 (el
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Fig. 2b Backscattered RCS for a rectangular flat plate
horizontal polarization.

The goal of our analysis is to find the field expressions
for the problem of scattering by a two-dimensional (2-D)
perfect electric conduction (PEC) wedge capped with a
dielectric cylinder as shown in Fig.3.

YA

Fig. 3 Capped wedge structure.

Using the cylindrical coordinates system, the
excitation due to an electric line current of amplitude /,

located at (po, goo) result in transverse magnetic (TM)

incident field with the electric field expression given by

E =1 200D klo-pl) ()

Where H éz)is the Hankel function of the second kind
of zero order.

The problem is divided into three regions I, II, and
II1. The field expressions may be assumed to take the
following forms:
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—a)

= a,J [k p)sin v(p —a)sin v(p,

n=0

E" =3 (5,7, (ko p)+ ¢, HP (k, p))sin vl — a)sin v(p, — )

n=0

E" =3 d 1)k, p)sin v(p - a)sin v(p,

n=0

—a)
®)

Where k, is the wave number inside the dielectric
medium.

niw

:27z—a—,8 ®

While J (x) and H 52) are, respectively, the Bessel and
Hankel functions of order V and argument X . From

Maxwell equations, the magnetic field component p 18
related to the electric field component £ for a TM wave
by:

1 OE,
Jjou op

H

(10)

o =

Thus, the magnetic field component H v in the various

regions may be written as:

-a)

L3 0,0,k p)sinlp—a)sin (g,

]Cl)/.lo n=0
Hy' = LZ(IJ Ji(kop) e, (5, p)sin o~ @)sin (g, )
]wﬂo n=0
H" = Zd H (kyp)sin v(p — a)sin v(p, — )
]a)ﬂo n=0

(I

The boundary conditions require that the tangential
electric field components vanish at the PEC surface. Also
the tangential field components should be continuous
across the air-dielectric surface and the virtual boundary
between regions I and II, except for the discontinuity of the
magnetic field at the source point. Thus,

E.=0at p=a,27-p (12)

E[ _EII
y “,at p=a (13)
H,=H,

gl — gl
HZU :1_;111 at p = p, (14)
? ?

The current density J, may be given in Fourier
series expansion as

I I
J, =—=0p-9,)=

—— sin v(g —a)sin v(p, —a
Po 2r—a—-f py s ( ) (0 )

(15)

The boundary condition on the PEC surface is
automatically satisfied by the ¢ dependence of the

electric field Eq.(8). From the boundary conditions in
Eq.(13)

ZJ (K, )sin vip - @)sin g, —a)= Z(bﬂ;‘, (k,)+ ¢, H(k, )sin vlp - a)sin vlp, - )
(17)
J+e, H® (k ))sin Wp-a)sinv(p, -a)

(18)

From the boundary conditions in Eq.(15), we have:

Ei S 0,00, Jsinvlp-a)sinolp, -a)=
fw.uo n=0

g

" jon,

@

Z(bn‘]\ (k0p0)+ an‘(,z)(pr ))Sin V((/’ - a)sin V((ﬂo - a): Zd”Hiz)(kOpo )sin v((p - a)sin V(% - a)

’ ’ (19)

k
- Z(bJ(kopo)H,,H\ (koo oinrlo - a)sin g, ~a)=
0 n=0
£ 3 0,1 k,p,Jsin o alsin i, -a)- L3 sinvlp-alsinslp, -
Jauy % r-a-ppy

(20)

Since Egs.(17) and (20) hold for all ¢, the series of
the left and right hand sides should be equal term by term.

That is to say,

an‘]v(kla):bn‘]v(ka)—i_an\?)(ka) (21)

kya, T, () = ko, 7, )+ e, 1O (k, )

n v

(22)

b,J, (kopo )+ CnHEZ)(kopo ) = dnHSZ)( 0,00) (23)

, ' ' 2j 1,
b,J,(kpy)+ e, HE (kpy) = d, H (kp, ) - #p—
0

24)

Where 7], is the characteristic impedance of free space.
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From Eqgs.(21) and (23), we have

a, = bJ,(k,)+e,HY(k,) (25)
J (kla)[ ]
J,(kopy)
d,=c, +b, 2ot 26
T HEZ)(kopo) 20
After some mathematical calculations, we get:
- Tl e ) @7)

! 2r—a-pfB "

Substituting b, in Egs.(21) and (22) and solving for ¢,
yields:

c = ﬂ—a):u[)le
" 2r-a-p

[H.(,Z)(kop \ k‘];(ka )‘]v(kla)_kl‘]v(ka)‘];(kla) ‘|

"k H (kW (ke )~ K HO (K, W (K, )

(28)
From Eqs.(26) through (28), d, may be given by:

) ko kW, (k)= kJ(k)/( .)
kH (k, ), (K, )= ko H Ok, W (k)

2r-a-pf
(29)

with these closed form expressions for the expansion

.. C,and d ,

E_and H p can be determined from Eq.(9) and Eq.(12),

respectively. Alternatively, the magnetic field component

coefficients a,, b the field components

H , can be computed from
1 10E,
Jjou p 0p

Thus, the H » expressions for the three regions defined

H =

P

(30)

in Fig.2 become:

0

H) —7Za,,vJ k,p)cosv(p —a)sin v(p, — )
JOHP n=0
:—730\/ +c, H(z)k cosvig —a)sinvig, —a
p ]a),up ; ( n \ Op ( Op)) (w ) (¢0 )

1
H,

0

——7Zdan2 kyp)cosv(p —a)sin v(p, — )

joup =
€2y
In region III, the far scattered field may be found as the

difference between the total and incidents field. Thus,
using Eqgs.(8) and (9) and considering the far field

condition (o —> 0) we get:

-J, (kopo )}

ie‘”‘"idﬂjv sin v(p —a)sin v(p, — )

EZIII
ﬂkop n=0
(32)

=E +E =

For a plane wave excitation ( Py —> OO) , the
expressions in Egs. (27) and (28) simplify to:
wap 1 2j

.y —Jjk
b =— ¢ e JkoPo

' 2r—a-p 7k Py

(33)

ko (kW iy )= Ko (e, M (k)
ko HE kW, (k)= kP (6, )7 (k)

”a)/'l()[c -V 2]
20-a-p” ke,

= o /P
n c

(34)

Where the complex of the incident plane wave, £, , can

be given by:

Eo — _Ie W 2j e Foro
4\ 7hp,

In this case, the field components can be evaluated in
regions I and II only.

(35)

3- Numerical results and discussion :

The previous formulas have been programmed on
Matlab, they give us the following results reported in the
figures below.

Fig.4 presents the far field of a capped wedge in the
presence of an electric line source field. We clearly show
how the cap parameters affect the maximum radiation of
the line source in the presence of wedge.

Fig. 4: Total far field pattern of a line source near a
conducting wedge.

(a) conducting-capped edge. (b) dielectric-capped edge.

The distribution of the components of the fields on the near
field of two cases (conducting capped edge, dielectric
capped edge) is computed and shown in Figs.5&6.
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CONCLUSION

In this paper, we have presented a full analysis of
electromagnetic scattering. We have dealt with a case of
backscattered radar cross section for a rectangular flat
plate. An analysis of the far and near field patterns for a
wedge structure shows the effect of cap parameters on the
maximum radiation of the line source. We have also
examined the effect of the cap parameters on the sharp edge
behavior for an incident plane wave.

APPENDICES:

Fig. 5 Near field patterns of a line source near a conducting
wedge with conducting-capped edge (a) £ (b) H o (©)
H,.

.sin (&, sin @)

= cos(k, sin ©) —

(o
d sin &
ej(ka—ﬂ/4)
O —_—
27 NG ( k. )3/2
(1 + sin @)e /*«*"?
O53p = . >
(1 —sin @)
(1 —sin @)e’*="?
Fig. 6 Near field patterns of a line source near a Gar = (1 + sin 9)2
conducting wedge with dielectric-capped edge (a) E_ (b) o/ Cka—r/2)
oy 1——
Hp (©) H(p. S 87Z'(ka )3
The near field distribution for an incident wave field of
the two types of wedges is also computed and shown in — N — ==
Figs.7&8. These near field distributions clearly 1o C 1 _?k N
demonstrated the effect of cap parameters in altering the o 4= ==/
sharp edge singular behaviour. We have used the following 2= T ~ V= ( ya )1/ =
wedge structure parameters: . N ;’
a=015m p, =05ma=L£=30,¢ =31, =lmA e e
=7 1 — sin &
< Tk, sin&
e —
i 1 +— s1in &
. J(Z2A_, +~7z/2)
5, — 1

27 (ka )
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