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Abstract—Time-domain equivalentedge currents (TD-EEC) are  the input pulse over the edge contour and thereby remain finite
developed for the transient scattering analysis. The development at caustic regions. In addition, arbitrary pulse inputs can be
is based on the Fourier inversion of frequency domain equivalent applied without further processing. When the optical distance

edge current expressions. The time-domain diffracted fields are ex- . . . . L
pressed in terms of a contour integral along the diffracting edges is stationary at discrete points over the edge contour satisfying

for any arbitrary input pulse shape, thereby yielding finite resuits ~ 9eneralized Fermat's principle (the observation point being
at the caustics of diffracted rays. The approach also eliminates the on the Keller cone), the time-domain equivalent edge currents

need for the evaluation of a convolution integral in the time domain  (TD-EEC) integration recovers the GTD ray optical solution.

geometrical theory of diffraction (GTD) analysis. The results are  Thg apnroach will, therefore, prove to be useful especially for

compared with the first order GTD results for the transient scat- . . : .

tering analysis for a circular disk. the transient scatterlng analysis from plate struc_tureg. !t is noted
that the accuracy of high-frequency based solutions is increased

if the low-frequency content of the input pulse is weak [2].

This paper deals with the development of the TD-EEC for
transient scattering applications. First, a brief review of the time-
domain GTD is given. Followed by a description of the TD-EEC
. INTRODUCTION approach. Finally, transient scattering from a circular disk is an-

OURIER inversion of high-frequency fields gives a clealyzed using the TD-EEC and the results are compared with the
picture of the scattering mechanism when the Object SiE@Urier inversion of the GTD analySiS. Itis noted that a time-do-
is large compared to the wavelength at the lowest frequen®gin version of the physical theory of diffraction is reported
considered. Ray optical techniques have been commonly Bty recently [8], however, the numerical results are presented
plied for the determination of scattered fields at high freque®nly for two-dimensional (2-D) structures.
cies [1]-[3]. Equivalent edge currents are employed when the
ray optics fail due to the observation point being at or around [I. BACKGROUND

the caustics of the rays, or even when there is no ray reaching, scaterers with edges, the geometrical optical incident and
the observation. In addition, they are useful when the input field e e rays are complemented with the edge-diffracted fields
has spatial variations along the edge [4]. _ of the GTD or the UTD. Analytical time-domain solutions based
Recently, direct use of physical optics (PO), geometric theo&% the GTD and the UTD are obtained by the Fourier inversion
of diffraction (GTD) and uniform theory of diffraction (UTD)in o the corresponding GTD and UTD diffraction coefficients.

the time domain has been of interest [5]-{7]. The advantages #ig,qe are called the “time-domain diffraction coefficients.” For
several. Efficientand faster computation, more suitable solutlogﬁ impulse excitation, the scattered fields are proportional to

when the pulse width is narrow compared with the geometricgly ime_domain diffraction coefficients. However, for a general
dimensions of the scattering object, feasibility to implement g, excitation, a convolution integral of the excitation with the

hyb“d, solution by combmlat.lon ,W'th various numerllcal UiM&ime-domain diffraction coefficients is required to get the scat-
domain methods such as finite difference time domain (FDT[l)éred field as follows:

and TLM. As in the frequency domain, the problem of PO is

the limited accuracy yet the simplicity makes it still a desirable, . | B t—=(s/c) o )

approach in certain applications. The time-domain GTD and Rs (s,8) = A(s) / e Q1)

extensions have better accuracy and are suitable for multiple fo — s

diffraction analysis, however, in addition to becoming invalid D (t - t') dt’ (1)
at caustics of diffracted rays, they require a convolution integral

of the input pulse with the so-called “time-domain diffractiorwhere

coefficients.” In the proposed time-domain equivalent current s distance from the diffraction poir® to the observa-

approach, diffracted fields are obtained by an integration of tion;
¢ speed of light;

i i i inc .
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Fig. 1. Definition of the diffraction angles for the edge of a plate.

X

The expressions fab(t) are given as
Fig. 2. Scattering geometry for a plate on theg plane.

D(t) = —f'BDs(t) — ¢'¢Dn(2) (2)  for aflat plate in Fig. 2. The scattered far field is written as the
radiation integral

whereD; are }hg sgft and hard diffraction coefficients and the 3 s
qmtvectorsﬁ’,/}, ¢, d)ar_e def_lned in the increasing anglg dlr_ec- E*(r,w) = jkZ, // sxsxJs ! ds’ (4)
tions of the corresponding diffraction angles as shown in Fig. 1. 4w
The angles? andg are measured from the edge tangent to the
incident and diffracted ray directions, respectively. The anglédere
¢' and¢ are measured on the normal plane to the edge by proJ  induced surface current on the plate;
jecting the incident and diffracted ray directions, respectively. & free-space wavenumber;
The time-domain diffraction coefficients of the GTD foraplate s  distance from the source to the observation;

structure is given as s unit vector alongs.
Following [9], one can obtain an expression for the scattered

field in terms of equivalent electric and magnetic currents

Dy n(#) = c -1 flowing along the edge as follows:
M\ 2t 2rsing . ik
JkZ, eI
EFirw ="—""7"—
1 1 47 T
b— ¢ + d—¢'\ |- ®) 7{ Bxsxil, 4+ 278 x IM) dIl (5)
COS < B ) COs < 5 ) C

wherer is the far-zone distance, is the position vector along
For the UTD, the four term diffraction coefficient is considthe edge. The length element along the edge is giveﬁ’byt
ered. Each term contains a transition function with a frequentyl’. The expressions for the equivalent curehjtandM,, are
dependent length parameter. Fourier inversion of each term clermined by applying asymptotic approaches. The final result
be taken analytically to get the time-domain UTD diffractioan be expressed as
coefficient [6], [7]. The time-domain diffraction coefficients are 1 R X
applied at each of the diffraction points satisfying the generald,,(r',w) = ,—k[ZnggEi"C(r’, w) -1+ DiH™(r W) -]

ized Fermat's principle. For this reason, time-domain ray optical IR 5
solutions are not free from their caustic-related difficulties in the (6)
frequency domain. and
M, (', w) = éDMHi"c(r’ w) A (7
I1l. TiIME-DOMAIN EQUIVALENT EDGE CURRENTS AN gk h ’

Equivalent currents have been developed in the frequency ddiere Ei"¢, H'"¢ are the incident fields and!, D{, D
main in order to overcome some of the difficulties of the ray omre angular coefficients depending solely on the four angles
tical solutions. The purpose is to replace the sharp edges wit, ¢’, 5, and ¢) on each point of the edge. Over the years,
equivalent electric and magnetic line currents so that their raglarious expressions for the angular coefficients appearing
ation will give the far zone high frequency scattered field frorm (7) based on different assumptions and approaches are
the edges. Consider the time-harmonic scattering configuratipmoposed. The earlier approaches were based on ray-optical
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fields and heuristic extensions. Later, derivations are basedwhnerer = ¢ — (r/c¢) + (v’ - §/¢), I andM are the time-domain
the asymptotic integration of exact currents on the half-plameguivalent electric and magnetic line currents, respectively. By
problem. A better understanding has been achieved by treatex@mining the expressions in (6) and (7), one obtains

PO and nonuniform (fringe) parts of these currents separately

yielding [10]-[12] ™ ‘
I(r',7)= / c[ZnggeZ"c(r’,t’)
D! =pLro 4 pLf (8) A+ Dinre ¢y 1] dt’ (20)
Dj, =Dy + Dyt ©)
DY =D} + DY a0) and

Asymptotic integration is then done in the most suitable way M(r',7) = / dZ,Dp'w™me () - dt’ (21)
for each of the PO and fringe contributions. The angular coef- ‘ ‘ o
ficients for the PO contribution obtained through this approagtheree* andh** are the time-domain incident fields. Ac-
is given in (11)—(13) at the bottom of the page [13], [14]. cording to (20) and (21) the determination of equivalent edge
The coefficients for the nonuniform or fringe current contricurrents in the time-domain require an integration over time.
bution are given in (14)—(16) at the bottom of the page [4]  For general input waveforms the integrals should be taken nu-
where merically; however, in the case of computation of the far-zone
scattered fields this integration is not needed since the substitu-
tion of (20) and (21) into the expression (19) gives
v = [(sin B’ (sin 8’ — sin 3 cos ¢)

— cos B/ (cos 3 — cos 3')) /2]Y/? 17 1 ,
cos 8'(cos 3 — cos 3)) /2] 17) efEC(T, t) = mé x [8 x jgc [Dgezn’c(r/,T)
and A+ Z,DInie ) - i dl

+ 74 Z, DM (e 7y - Didl'] (22)
¢ = cot F'[sin Bcos ¢ + cot ' (cos B — cos §)] c
— sin 4’ cot, B cos ¢. (18) . . o . o
in which the time retardation is apparent in the definitiornrof
The same idea can be applied in the time domain by takiﬁ@e simplicity of this expression is quite appealing. It is a con-

the inverse Fourier transform of (5) as follows: tour integral of the incident field with proper delays and angular
coefficients similar to the expression in the frequency domain.

It is also noted that the optical distance between the source and
Z a ~ b H 5 (& & ~f s . .
EEC o s / y observation varies by’ - (§' — §)/c where§’ is the incoming
1) = — I Ldl : e o . .
eq (1) drres 5% fc ) field direction and it is stationary whefi = 3’. This is the

1, 0 ;D generalized Fermat's principle satisfied by the diffracted rays
+ 47m>cS X ot jgc M, m)ldl (19) on the Keller cone where the equivalent edge current integra-

9 sin ¢’ (sin 3 cos ¢ + sin 3 cos @) (11)
[(cos B — cos3)? + (sin B cos ¢ + sin 3 cos ¢ )] sin /3

DIFO _ g (cot Bcos ¢ + cot B cos ¢’ )(sin Fcos ¢ + sin B cos @)

PO _
D, =

" [(cos B — cos )2 + (sin B cos ¢ + sin 3’ cos ¢/ )?] (12)
pM.PO _ sin ¢(sin S cos ¢ + sin 3’ cos ¢') (13)
h ~ “[(cos B — cos 3)2 + (sin B cos ¢ + sin 3’ cos ¢’)2] sin 3

o sin(¢!/2)(y — sin ¥ cos(@ /2)) a

€ sin F[sin /' (sin 3 cos ¢ + sin 3 cos ¢’ ) + cos ' (cos 3 — cos )]
phi — sin 3'[cot B cos ¢ + cot B cos ¢ + cos(¢’ /2)y (] (15)

h " sin 3 (sin B cos ¢ + sin B’ cos ¢’ ) + cos 3 (cos 3 — cos 3')

DzM’f — sin 3’ sin ¢[1 — sin 3 cos(¢’ /2)y 1] . (16)

sin S[sin 3’ (sin B cos ¢ + sin F’ cos ¢’ ) + cos ' (cos 3 — cos 3)]
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input excitation is in the direction, making an angléom the

axis of the disk £-axis). The unit vectorg and® are in the az-
imuthal and elevation directions. The comparison of TD-EEC
and GTD is shown in Figs. 3 and 4 férand & polarizations
respectively, and almost perfect agreement is worth noting. The
GTD solution for this problem is compared with the eigenfunc-
tion solution in [1].

V. CONCLUSION

Time domain equivalent edge currents for the analysis of tran-
sient scattering has been developed. The advantages over the
time-domain diffraction coefficient approach have been noted.
In addition to applicability at caustic regions, the TD-EEC ap-
proach is easily employed for any arbitrary input pulse shape.
The approach should prove to be useful when the GTD solution
fails due to caustic related problems. The results of TD-EEC are

Fig. 3. Comparison of the TD-EEC with the first order GTD for
backscattering from a 3-in circular disk.= 60°, #-polarization.

Solid: Time-domain EEC; Dashed: GTD
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Fig. 4. Comparison of the TD-EEC with the first order GTD for the 5]
backscattering from a 3-in circular disk.= 60°, ®-polarization. (6]

tion should recover the GTD result. However, the applicability [7]
of the TD-EEC is not limited to the existence of the stationary
edge points. If the observation point is at or around a ray-op-[€l
tical caustic, or even when stationary points do not exist at aII,[9
TD-EEC vyield a finite result such as in the case of scattering
from polygonal flat plate structures. (10]

IV. NUMERICAL RESULTS a1
11
As a numerical example of the application, transient back-

scattering from a 3-in radius circular metallic disk is analyzedlz]
using TD-EEC. The results are compared with the Fourier in-
version of the first order GTD solution over a frequency rangdi3]
of 1-10 GHz [1]. A Kaiser-Bessel bandpass window (with
parameter being equal to two [15]) has been applied for the4)
elimination of Gibbs phenomenon. For the TD-EEC solution,
the input pulse is the Fourier inversion of the windowing func—[15]
tion. The disk is assumed to be parallel to theplane and the

thecompared with the Fourier inversion of first order GTD results
for the transient scattering from a circular disk.
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