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Abstract — This paper presents an electromagnetic
coupling analysis of transient waves excited a rectangular
cavity containing an interior scatterer coupled to an
external scatterer through a slot. Based on the
equivalence principle, time domain integral equations
are established by enforcing the boundary conditions on
the internal and external scatterers, the slot and the
cavity walls. The method of moments is applied in
space and time domains to solve the developed system
of integral equations. The unknown coefficients of the
electric and magnetic currents are approximated by the
triangular piecewise functions associated with Dirac
function as space basis. To obtain accurate and stable
solutions, the Laguerre functions are used as temporal
basis. Numerical results involving the coupling effects
between the cavity components are investigated. The
numerical results are found to be in good agreement
with EM theory and literature.

Index Terms — Coupling effect, equivalence principle,
Laguerre functions, MoM, piecewise triangular functions,
slot, TD-EFIE, transient electric and magnetic currents.

I. INTRODUCTION

In electromagnetic compatibility, it is interesting to
model the coupling through a slot-aperture backed by
a rectangular cavity. When the cavity is excited by
internal field source, it acts as an aperture antenna that
radiates in external region. The problem of coupling
between this radiation element and some components
close to the cavity can influence the integrity of
communication system. Another typical problem is
the evaluation of the current induced by incident
electromagnetic fields through an aperture because this
current may damage some critical components in the
system. Also the response of the cavity through the slot
can damage the equipments at the side of cavity.

In order to tackle the two problems, many
researchers have developed a lot of frequency domain
methods for many cavity designs [1]-[5]. But, for the
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defense and security reasons, the transient response of
these problems can be depicted easily in time domain.

The transient response of the cavity through an
aperture is obtained primarily by Inverse Fourier
Transforms (IFT) [6]. An exact solution using this
method cannot be found. Reference [7] solves the
transient problem by using the singularity expansion
method (SEM). Recently, the integral equations are
formulated and solved in time domain using a time
stepping technique [8]-[11]. That later suffers from the
late-time instabilities.

In this paper, we consider a communication system
composed on a rectangular cavity backed slot containing
an internal (probe) and external (thin wire antenna)
scatterers. The latters are coupled through the slot.

The aim of this work is to develop a general system
of Time Domain Electric Field Integral Equations
(TD-EFIE) based on the equivalence principle and the
appropriate boundary conditions. In fact, when the
cavity is excited through the slot by internal and/or
external transient electromagnetic waves, we can apply
the developed integral equations system to predict the
transient responses of the structure and to study the
physical coupling effects between the component of the
designed system.

In order to solve the proposed TD-EFIE by applying
the Method of Moments (MoM) [12], we introduce a
spatial and temporal testing procedures. The piecewise
triangular functions [13] associated with Dirac functions
are used as spatial basis functions. The present paper
sets out to present an accurate technique to obtain
stable solutions of the obtained TD-EFIE system using
Laguerre polynomials as temporal basis functions
[14]-[18]. The transient responses of the structure are
compared to the results obtained by applying the B-
Spline functions as a temporal basis [22]. In fact, an
accurate comparison of the two time approaches
(Laguerre scheme and B-Spline scheme) in terms of
complexity, accuracy and stability was presented in
[22].
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In this work and based on the results stemming
from this comparison, a coupling between the thin wire
antenna and the probe through the slot is studied using
Laguerre functions. The space distributions of the
currents are presented.

The paper is divided in four sections. Section Il
presents the integral equations formulation in the time
domain and the method of solving these equations.
Numerical results are given in Section Ill. Section IV
concludes the paper.

I1. TD-EFIE FORMULATION

The geometry of the analyzed problem is depicted
in Fig. 1, which consists of a cavity with a slot on its
wall, located in the X-Y plan. A linear electric probe of
the length | at the position (., y,) is located inside
the cavity at the distance D of the slot. Outside the
cavity, we consider a thin wire antenna of the length 1,
vertically placed at the distance d from the cavity and
located in parallel to the slot at the position (x,,Y, ).

To investigate the radiation characteristics of the
structure, we assume that:
- The cavity walls, the antenna and the probe are
considered as perfect conductors and very thin.

- The antenna is excited by E,, =E,,y .
- The probe is excited by E,, =E,,y .

Fig. 1. The geometry of the problem.

By involving the equivalence principle [19], an
equivalent surface replaces the physical structure with
equivalent magnetic current density radiating in free
space over the slot. References [20]-[21] have
demonstrated that the magnetic current density is
moving an infinitesimal distance away from equivalent
surface. Mathematical analysis of this step shows that
the slot can be short-circuited. Therefore, two coupled-
equivalent problems are established (Fig. 2). In both the
external and internal equivalent problems, we retain the
sources in the region of interest. In Fig. 3, we represent
the different domains:
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- D=0, uQ, uQ, the external analyzed domain.
- D=0, uQ, uQ, the internal analyzed domain.
Where Q, is the surface of the antenna; Q, is the
surface of the probe; Q. is the equivalent domain
replacing the slot; Q, is equivalent surface replacing
the cavity walls. In fact, the domain . is the sub-

domain infinitesimally close to, but not coincident with
Q,. Over it remains not null the equivalent magnetic
current.

(b)

Fig. 2. The equivalent problem: (a) equivalent external
problem, and (b) equivalent internal problem.

Fig. 3. The different domains: cavity walls, slot, antenna
and probe.
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The external problem contains the equivalent
magnetic current density M _ and the unknown electric

current J, (Fig. 2 (a)). The fields inside ©, are zero
and outside are equal to the radiation produced by the
incident field E,, and scattered fields induced by M

and J,. These fields must satisfy the following boundary
condition:
M, =-fixE, 1)
where
E, =Eg + EX(M,) + E**(J,). 2)
For the internal problem, as shown in Fig. 2 (b),
the equivalent magnetic current density M_ and the

unknown electric current J, are selected so that the
fields outside equivalent surface Q, are zero and inside

are equal to the radiation produced by Eoz and the

scattered fields E¥*(J,) and E**(-M,). These fields
must satisfy the boundary condition (1), where,
E, =E, +E**(J,)+E**(-M,). 3

An alternate formulation of the TD-EFIE is applied
in this paper to describe unknown equivalent magnetic
current sheet over the slot and the unknown electric
currents at the probe and the antenna. This formulation
is based on the equivalence principle in addition to
enforce the following boundary conditions:

- The tangential magnetic fields are contentious
through the slot aperture both inside and outside
the cavity.

- The source is considered at the bottom of the probe
inside the cavity.

- The source is considered at the center of the
antenna outside the cavity.

Taking into account the interaction between the
probe, the antenna and slot we obtain the following
system:

[Em +E*(J) + ES“"(MS)LH =0 over Q,

[Eoz + Escar(jz) + Escar(ims)]‘an = 6 over Qz
[Escar(jl) + Escar(ms)]ﬂn

LT )
= [Escar(.]z) + ES“"(fMS)]Ian over Q,
[E“a‘(jl) + ESC“(MS)]Ian =0 overQ,
[Escar(jz) + ES“"(—I\ZS)]Ian =0 overQ,
where
Em{MJ:_EVXﬁ, )
E=(J)=-2A -V, (6)

The magnetic vector and electric scalar potentials,
A, and ¢, are expressed on the antenna (i=1) or the
probe (i=2) which are mathematically given by:
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X _ M ji(xlvy'vt_R%) .
A@wn—4ﬁg¢a;y;37wa(mﬁeepa)

Lop e,y t="%) o

Aty D= !;Rﬂxwxdjda(xweﬂpw)
where 4 is the permeability and C is the velocity of
propagation of the electromagnetic wave in free space.

The potential electric vector F is given by the
time retarded integral equation involving the magnetic
current M _. It is mathematically obtained by application
of the concept of electromagnetic duality for Maxwell

theories:
By = £ [0
Az o Ry (X y, X', y')

where M is the equivalent density current vector
along @, and & is permittivity of free space. The

ds', (x,¥) €Q;,(9)

retarded time is expressed by t—"i/. The distance

R, =v/(x—x)?+(y—y')? represents the interaction
between the observation point (x,y) eQ; and the source
point (x',y') € Q;, as shown in Fig. 4.

Fig. 4. The different distances between the observation
and source points for the internal and external equivalent
problems.

For convenience of numerical computation [13], it
is useful to derive the scalar and vector potentials from
the sources terms by means of the Hertz vectors which
does not have a time integral term. Hence, the electric
current and the charge density can be expressed in

terms of the single Hertz vector G; :
3.0 =S 6 xy, (10)

G (%, Y,) ==V.G; (%, y,1). (1)
The magnetic current is also expressed by means of

the Hertz vector L:
M. (%Y. =S Ly (12)

By substituting (5)-(12) in (4), we obtain the
following time domain integral equations system:



__ﬁﬁ”@(X'yy‘yt—R%) X

4z ot’y Ry(xy.X.,y)
Syt Ry

Ly V-Gl(X,y,tl—'é) - E, (0 y.0) ,(13)

4w g Ra(ay.x.y)

_LVX _t 4

Ar Ry (XY, X,y dt

13 Gyt %):s'
4z ot 5 Ry(%, X, Y)
VG, (XY t="%)

5 Ra(xy.X.y)

+iwﬂggiffimg
dr Ry (X, X', y') dt

L(x,y',t="))ds

= 02th (14)

iz

y', t=R2/)ds'

”G(X YLt /)

47r Ay Ry, X, YY)
ALWVMLMf@
4w g Rm(x,y,x,y)
1 1

S V) | [ — Lt - Ref)ds'
4z ) o Ras(X Y, X', y)dt Loy )

G(x y',t— /) 1,(15)
47r8t2”

Ry (X, ¥, X', ¥")

— _._ivJ'V'GZ(X!yrt'_‘%)
4 g Ru(xy.X.y)

s vsf—t 94y L(x',y',t—Rsf)ds'
Az o, Ry (X, y, X', y') dt

ﬂZHGUyt—%
4z ot o R, (X vy, X', y")

+LV'UV-G1(X,YJ—R%)
d 5 Ru(xy.X,Y)

=0, (16)

ﬂ (nyy)m( Y t=R)ds

_ G0y ="
4”8‘:2'” Ru (X, ¥, X, y'")

1y VG, (Y. t="%)
A g RM(X,y,X',y')

=0. (17)

1 1
7V - - t_R34 d
+47z X-U R, (X, ¥, X', y)dt ( 2 )0

Q

The TD-EFIE are solved in space and time
domains by applying the Method of Moments (MoM)
[12]. Firstly, the problem is converted to a discrete one
by employing a system of appropriate space-time bases
functions. Secondly, a testing procedure is applied to
convert the discrete vector functional equation into a
linear scalar system of equations.

We start the space numerical procedure by the
choice of suitable space basis functions in order to

OMRI, AGUILL: ELECTROMAGNETIC COUPLING ANALYSIS OF RECTANGULAR CAVITY

approximate the unknown Hertz vectors G,, G, and L.

Indeed, the choice of the basis function strongly
influences the properties of the MoM approximation of
the unknowns. We define the spatial basis functions as
the piecewise triangular functions [13] associated with
Dirac function f, =H* A%, where,

h_m4
—*L helh_,,h
hk_hk—l’ e[ k11 k]
M’ he[hk1hk+1]
hk+1_ k

0 , otherwise

H () =
(18)

L y=y
A(,ﬂ') — J
o (0 {O, otherwise

The choice of the piecewise triangular function has
the following advantages: it minimized the required
computational and it leads to an accurate evaluation of
the unknowns with few expansion functions.

The goal of the association between the Dirac
function and the piecewise triangular function is
metalized the domains Q; only.

Now, we express the Hertz vectors G, and L in

terms of vector basis functions f and h, =fxf,,

respectively:

Gy =2 g O (6 y)

(19)
fr (6 y) = H™ () A9 0y
G, ,,t:Nz 2()f2(x,

(X, y,t) ég()"(xy), 20)
f2(xy) = H™ ()AL ()Y
L0y, = X 1 O, ()

R, =fixf, (21)
f, (6 y) = H™ ()4 (0¥

Note that the axis of the antenna, the probe and the
slot are divided into N,, N, and N, equal sub-domains
of which the space step is Ay .

In order to discretize Q,, we divide the cavity
walls in N, =N, xN,, equal sub-domains whose
the lengths are Ax and Ay along x-y directions,
respectively. The functions f* illustrated in Fig. 5 is
given by:
fi (6 Y) = HO ()AL (x ) 22

for 06 ¥) = HE (1) AT (%)

1224



1225 ACES JOURNAL, Vol. 31, No.10, October 2016

F, = G AR [P
S 2= Hy DAL —<f’(x y), *HR (X(X xy) ) S>
. — " y
SR S| i (X Te) i (Y. XLy
ot iy ) _ %
&f 7 bk, = 109 V[ e 00 (o)
= < ar 4 Ry Gy xy)
= 1]
g b i ={ 1)y -V jji” ds'
-.-mr E R3J(X Y. X y)
L E On the other hand, we consider the temporal
™ "Ef':‘r procedure. In order to obtain stable and accurate
'E% FE solutions, a temporal basis functions derived from the
i E Laguerre polynomials [14] is applied. The transient
(X0 f— T} electric and magnetic coefficients introduced in (19)
_,?:‘,,(x, ¥)= H™ () A% (x) and (20) are expanded b);:
9n ()~ 050 (st), (30)
Fig. 5. Testing function f?. me
L, () =D 1.0, (), (31)
We substitute (19)-(21) into (13)-(17), then we apply : a=0 o
the spatial testing procedure we obtain: where {g;,.l,,} are the unknown coefficients;
i { o dzgl(t_Ru/) . R;a/)} {p. (st),a=0..0} is the temporal basis functions derived
mn 2 S
i dt/ =—E.() | (23) from the Laguerre function [qoa (st) =e’%La (st)j. So,
N dl, (t—"%¢) i
+ n:1—c;1nT° the term L, (st) represents the Laguerre polynomial of
N, L, d202(t—"8/) order “a” and “s” is a time scaling factor [17]. The
M{ #amn"d#Jr Pon 2t -3¢ )} ,(24)  mathematical properties of these functions, the first and
) . =-E7 (D) the second derivatives are introduced in [14]-[15].
13 A (t="%) ) In order to apply the Galerkin’s Method [12] in
0=t dt . time domain, we substitute (30)-(33) into (23)-(27) and
N, _a® dzgl(t—R/) l(t_m/)} we apply the temporal testing procedure with ¢, (st),
= 0™ dt? o ¢ _(25)  We obtain the following system:
N, — R 23 s* @t +>(@a- s +— A
—Z{ IR H (s 79) (t ) nz(t_g%)} o §-sim 3ot Sreon Jubbsd) = S| e
n=1 N b1 1 m,b
+Y-set Y 2 S s
+23 ¢z dh (t—”%) ey
— m dt [N b a1 2 p
I B[-wtmz S ot Sia-wat Jubb5d) 2 ot )|
N, 1 dzgﬁ(tfR}"%) bm,-, R“/ N el - " =-E2,(t)
S T T ) (26) | -ZerEfzee B bt

- :O

[ g 2o Baou ot S a2

0

o3 G (=)

n=1 " dt

[
[ — dzgz(t—RZV) g2( RZV) | [ “21{ s’ zzzb:i 9 *Z(a K)gs, } (s( /))+béﬁ§g:‘ahlba(s(wé%))}} =0
|

- " dtz : (27) Ny b 1
n=1| / =0 +22 sc® ZE|n‘a+kz|"‘k}|ba(s(;1mc))}
N3 34 M I 4 >
' ;Cm” dt | |
We assume that the unknown transient quantities
{ ol n} does not change appreciably within the segment *Ni-sci"iglm+azllm}|m(s(wi%))
Ay so that ’[U*t_R/_)Tu _ R”é: L

ELO) = (06 y).1xEyy (6 v.0) St Gl s 2 S )|
= [[ £ y)[AxEy (x y,1) ]ds (28)

(32)



OMRI, AGUILL: ELECTROMAGNETIC COUPLING ANALYSIS OF RECTANGULAR CAVITY

We note that, we can change the upper limit of
the sum (30) and (31) form oo to “b” based on the
orthogonality condition detailed in [14]:

ij

1 (672) = <¢>b (s1). ¢, (st —RC**“))>

AT ACERESIEY

ot—3

SRy

B Rmn Rmn
— e |:Lb7a (S?)_ Lb—af:l(s C ):lv a<b

0,a>b
The scalar product of the field E) (28) by the
Laguerre function of order « b » is given by:

Exp = [0, (SDEY (D (st). (33)
0
In the system (32), we move the terms including

g',, 92, and I, , which is known for a<b to the right-

hand side. Rewriting the resulting equations in a simple
form, we have:

N, N,
2 A+ B, =Ep, + S (34)
n=1 n=1
N, N,
> A%gr, + > B, =En, +S7 (35)
n=1 n=1

ALl L NP AZa2 L N R® a3 (36)

ZA,M gn.b + Z Amn gn,b + 2 anln,b - Sm.b 1

n=1 n=L n=1

N, N,
D AN, + 2 B, =K, (37)
n=1 n=1

N, N,

2 ANGN+ 2 B, =H!- (38)
n=1 n=1 '

The spatial matrices (A"’,B”) and the retarded terms
st ,s?,s®,K! and H’ arepresented in appendix.

m.b m,b

Now, we write (34)-(38) in a matrix form:

[at] o] [ EL+S}
Al AR B gg — Ss
] o Bl | ke (39)
o] [a*] [B H
<S> A*X =B

It is important to note that the matrix A is not a
function of the degree of the temporal testing function
“b”. Therefore, we obtain the unknown coefficients by
solving (39) as increasing the degree of temporal testing
functions. Consequently, we solve the problem only in
space for each degree of the Laguerre function. Finally,
the transient currents are calculated by:

30=5610 —siB ol +3 3! }pa(st), (40)

a—

Mi(t):%Li (t):SZ|:ZIi,a +Z|i,kj|¢a(3t)l (41)

where A is the maximum order of the Laguerre function

[16].

111. NUMERICAL RESULTS

In this section, we present the different numerical
results by applying the proposed formulation and we
compared the latters with the results obtained by the B-
Spline scheme, developed in [22]. Thus, we consider
the structure shown in Fig. 6. Their related parameters
are presented in Table 1. The space parameters
N,,1<i<4 are described in Table 2.

Fig. 6. Structure of the problem.

Table 1: Cavity parameters

Symbol Quantity Value

a Cavity width 0.346)\ m

b Cavity length 0.692L m

Is Slot length 0.048\ m

(Xs,Ys) Center of slot (0.3461, 0.173))
Ip Probe length 0.250 m

(Xp,Yp) Probe center (0.1722, 0)

Ia Antenna length 0.25L m

(Xa,YA) Position of antenna | (a+0. 1721,0)

e Thickness 10°

In this table, we used same parameters of the cavity presented in [2]
at the resonance frequency of 1.9 GHz.

Table 2: Space parameters

Symbol Quantity Value

Ax Space step 2.7310%*m

Ay Space step 5.46 10* m
Number of antenna

N, sub-domains /Ay
Number of probe

N2 sub-domains Lp/Ay
Number of slot sub-

Ns domains Ls/Ay

Na Number of cavity (Nax,Nay)=(a/Ax,b/

walls sub-domains

Ay)
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We assume that the probe (inside the cavity) is
excited by the Gaussian pulse voltage generator V (t) at
the bottom. The antenna is also excited by V(t) at its
center. The source V (t) is expressed by:

V(1) =V,el ot (42)
with parameters V, =1V, g=10°s™ and t,=10"°s.

We suppose that the antenna and the probe have same
length (1, = Ip) and same radius e.

The value of the time scale factor s is 2.10° and
the number of Laguerre functions A is fixed at 80. The
values of s and A are sufficient to get accurate
solutions. In fact, the terms s and A are the Laguerre
function parameters.

In order to verify the results, we apply the B-Spline
scheme developed in [22]. In fact, for the two schemes
(Laguerre and B-Spline), we consider the case when the
two antennas are excited by (42). The transient
responses of the structure are depicted in Fig. 7 and
Fig. 8. Thus, we clearly observe the good agreement
between the results obtained by the two schemes.

Consequently, we apply the Laguerre scheme
developed in this paper to study the coupling between
the components of the designed communication system.
This scheme is unconditionally stable. The space and
the time steps are not related as the most temporal
techniques (FDTD, TLM, MOT). We obtain stable and
accurate solutions.

0.8

Laguerre Scheme
+ B-Spline Scheme

2

lectric current depsity 3|
S 28 £ & 8 %
A e

Electric current densit

Lt
[
T

At ‘ ‘ ‘
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Y(m)

(@)

Ay

o

o

Laguerre Scheme
* B-Spline Scheme

Electric current density J (A/m)

: : : : : r
0 02 04 0.6 08 1 12 14
Time (s) x 107

(b)

Fig. 7. The transient response of the antenna: (a) the
normalized electric current density at the instant
t=1.33*107° s, and (b) transient electric current density
at the center of antenna.
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o
e
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0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Y(m)

@

0.8

Laguerre Scheme
0.6 + B-Spline Scheme | -|

Electric current density (A/m)

~o 0.2 0.4 0.6 0.8 1 12 14
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(b)

Fig. 8. The transient response of the probe: (a) the
normalized electric current density at the instant
t=1.33*10° s, and (b) transient electric current density
at the top of the probe.

A. Electric and magnetic currents distributions

In order to describe the transient behaviors of the
structure, three cases are considered:

- The antenna and the probe are both excited.
- Only the antenna is excited.
- Only the probe is excited.

The transient responses are determined at the
center of antenna, at the bottom of probe and the center
of slot.

Figure 9 shows the space distribution of electric
current density of the antenna. It is obvious that the
peak of the electric current occurred at the center point
as expected for the case when the antenna is excited.
But when the antenna is unexcited, the current vanish.
The transient response plotted, in Fig. 10, at the center
of the antenna confirms the latter interpretation.

The transient response of the probe is shown in
Fig. 11 and Fig. 12; we should note that the peak of
electric current occurred at the feed point and the
amplitude vanish when the probe is unexcited. The
miniature curve in Fig. 11 presents the coupling effect
when the probe is unexcited and the antenna is excited.

The magnetic current density is presented in space
and time when the antenna and the probe are both
excited in Fig. 13.
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Fig. 9. The normalized electric current density of the
antenna at the instant t=1.33*10s.
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Fig. 10. Transient electric current density at the center
of antenna.

Fig. 11. The normalized electric current density of the
probe at the instant t=1.33*10 s.
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Fig. 12. Transient electric current density at the top of

the probe.
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Fig. 13. The normalized magnetic current density at the
slot when the antenna and the probe are excited.

B. Study of coupling through the slot depending on
separate distances d and D

In order to study the Antenna-Slot coupling and
Probe-Slot coupling, we consider four separate distances:

d=D=d, =0.018xa, d=D=d,=0.146xa,

d=D=d,=0.274xa, d=D=d, = 0.875xa.

Starting by the study of the coupling effect of
antenna and cavity as function of different distances d
(the value of D is fixed in Table 1).

Figure 14 represents the theoretical coupling
between the antenna and the slot calculated via the
matrix Aij. It is clearly that the coupling vanish from
d, =0.005m. The transient magnetic current plotted in

Fig. 15 for different separated distances d confirms the
theoretical results. We note that, if d > d_, the magnetic

current does not change.

To study the coupling between the cavity and the
probe, we vary the separate distances D and we fix the
distance d (Table 1).

The coupling vanishes from d, 2 =0.008m as

presented in Fig. 16. This result is detailed in Fig. 17;
but for the distance d,, the current amplitude is non-
zero and a low variation is detected. This variation is
due to the effect of the cavity walls which amplified the
currents inside the cavity.

Also, lower values of the electric current at the
probe and the magnetic current at the slot are observed
when the cavity size becomes larger (Fig. 18).

0.8~

0.6~

0.3

0.2

0.1

0 0.001 0.002  0.003 0.004  0.005 0.006 0.007 0.008  0.009 0.01
d (m)

Fig. 14. Matrix coupling antenna-slot.
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Fig. 15. Transient magnetic current at the center of the
slot for various distances d.
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Fig. 17. Transient magnetic current at the center of the
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C. Study of coupling through the slot depending on
slot length

It is very important to study the coupling taking
into account the length of the slot. Therefore, we vary
the latter parameter and two cases can be defined. One
hand, when only the probe is excited, the transient
current density at the top of the antenna as shown in
Fig. 19. The amplitude becomes more important when
the length of the slot is increased. This result is
confirmed by this shown in Fig. 10.

On the other hand, when only the antenna is
excited, the transient current density at the top of probe
for the shorter slot is lower than the longer ones, as
depicted in Fig. 20.
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Fig. 19. Transient current at the top of the antenna when
the probe is excited and for various lengths of slot.
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Fig. 20. Transient current at the top of the probe when
the antenna is excited and for various lengths of slot.

IV. CONCLUSIONS

The transient behaviors of communication system
composed on rectangular cavity containing an interior
scatterer coupled to an external scatterer through a slot
were studied. A 2-D numerical time domain formulation
based on the combination of the equivalence principle
and the MoM has been successfully developed and
applied to the designed system.

The physical coupling effects between the
components of the system through the slot have been
provided depending on the separate distances and the
lengths of the slot. Stable and accurate results have
been found mainly with electric and magnetic currents
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