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Abstract. The aim of this investigation is to treat the surface wave traveling on a three

dimensional curved surface having edges. The essentials of a method which was constructed to
obtain the cross-section of tarfets by considering the surface current components induced on
the bodies were established. The explicit expressions for scattering of high frequency fields
by perfect conducting curved objects with edge were obtained via surface currents induced on

the body. The contributions of various difraction phenomena to surface current were given ex—
plicitly. The results explain the contribution of surface currents to scattered field.

INTRODUCTION

Most of RCS calculation techniques combine the well-known results of GO,GTD,
PO, PTD, and MOM by including equivalent currents and uniform asymptotic the-
ories. None of the prediction techniques handles the surface traveling wave
adequately because there has been no adequate treatment of the surface trav-
eling wave phenomena that can be implemented in routine computations for com-—
plex objects, as far as we can glean from the open literature.

Our aim is to treat the surface wave traveling on a three dimensional curved
surface having edges. Scattering by inflection, tip, and corner points were
excluded in this treatment. We trace a way beginning with the canonical prob-
lems cited in ]1| and |2| where first, the contributions on surface current
of various diffraction phenomena on the perfect conducting spherical sheet
were obtained, and then explicit expressions of scattered field including
traveling waves were derived by the induced surface currents. Here we extend-
ed the physical and geometrical results in spherical case to surfaces having
different principal radii by combining with the physical behaviour of phenom-
ena. The generalized results has been collected as Physical and Surface The-
ory of Diffraction (PASTD) |3|.

ESSENTIALS OF THE THEORY

We consider surfaces consisted by regular convex and concave parts which are
connected with continuous and closed regular edges. Finite number of such
parts constitutes the whole surface S as S=S¢gnpvexV Sconcave “here Sconvex=
S8 nvex and Sconcave='4 SBoncave: Indices convex and concave intend the con-
vex and concave portions of S respectively. Planar parts of S are included in
Sconvex- We will use symbols n and Ty for outward unit normal vector and tanm
gential plane of S at M{S with appropriate indices (Fig.l). n and two princi-
pal directions t and b in plane Ty will address the ray coordinates. The com-
ponents of field parallel to t and b will be denoted with indices |landl at M,
respectively. Here and in what follows bold face little letters denote unit
vectors.

The diffraction phenomenon at M addresses the principal direction t (Fig.2a).
Then t defines second principal direction as b=nAt. The triplet n, t, b, which
we call observable directions of M, establishes the trihedron for ray trajec-
tory around M. If a ray originated by the diffraction phenomena at M reaches
to point P then we call M as an observation point of P. The lines parallel to
the observable directions of an observation point of P constitute the adequate
reference directions at P to obtain the scattered field from the observation
point of P to P. We call the coordinate lines defined by abovesaid reference
directions as observatory reference system at P observed by M.

The observatory reference system at P will change with adequate translations
from one observation point to another. However, following two items, that ad-
dress the scattered field and target position, illustrate the adequateness of
observatory reference system:

i) Hy and H, at the diffraction point M contribute the components 3J.and i‘
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of surface current at M, respectively, which are transferred and, propagate
as following law:

“*phen *phen,, 0.~
[;Lh (M) =[;Lh (MO)]T(ﬁeray)(MO)H(ﬁeiay)(MO'H;ophen) 1)
4? ey 4F en \0y| “phen P

Here phen and ray will be the symbols which intend the scattering phenomenon
at observation point and the incident cur—
rent to MY, respectively. MY{£S is the ob-
servation point of M. The upper indice e
in parantheses means that the quantity is
defined for electric current and/or elec—
tric field. If J; and/or J; is zero at
then the derivative of J,and/or J; w.r. to
path length effects the transfer in (1)
instead of J, and/or J,, respectively. pde-
notes the principal radii of S which af-
fect the diffraction process.

ii) J; and j.L at M which are observed fram
P contribute the components of‘ﬁL and Hy
Fig.l. The target. of magnetic field at P, respectively as
Tphen phen
[H;hen(P)]mn {j;hen(M)}Cgﬂin(M)néEin(M‘P:pphen> \2)
2 o ! 1)

Here the upper indice m in parantheses_denotes the relation with magnetic field.
The certain matrix coefficients C and T include the convertion and transfer
rule of surface current at an observation point M and a diffraction point

to the magnetic field and diffracted current at the observation point, respec-
tively. The matrix Il determines the amplitude and phase change of the convert-
ed field or transferred current during propagation from observation point. In
what follows bold face capital letters are used to denote matrices. We will
use F(P)E[ﬁ“(P} ﬁl(P)) and J(M)E[jL(M) j"(M)] for brevity. We call observa-
tory components of magnetic field and surface current F(P) and J(M), respec-
tively.

Tableau 1 demonstrates the contribution of diffraction phenomena chains. The
column incident ray trajectory addresses the J(PO) and/or J(MO). s,c, and w de-
note space ray, creeping mode, and whispering gallery mode, respectively. The
second letter in doubly lettered scripts keeps incident field and/or current in
and, first letter means the phenomenon at observation point. r,e, and o are
assigned to reflection, edge diffraction, and diffraction on surface phenomena

Fig.2. (a) Observatory reference system, (b) reflection.
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TABLEAU 1 respectively. The row phenomenon addresses the
The Guide to Iterative Diffractions F(P) and/or J(M). The Tableau 1 is versatile to

ﬁﬁ%QQQ calculate the contribution of secondary dif-
4.(@-d r

oclos | ec|lew pw | es | fractions by iterations. The more complete
slew [z |- | | |, |¥2 | descriptions and exact expressions of the cer-
53 )% i oo, 1 tain transfer, convertion, and propagation
i e ‘S' ??’ 3;’ "2 | matrices in (1) and (2) are given in |3| ac-
“-“*;i? st 3e | cording to the diffraction processes and the
W i ! ' i: o iE:rJ l;"‘" h us ray path‘
o LA
eq - ‘:h_l S e .| Contribution of Reflection
— = R Let P(rl,n) denotes the plane containing in-
i el ™ .| cident ray r* and n. The line tp=P(rl,n)nTy
defines a principal direction in the plane
W gl il ud ] Ty Unit vector t is in the direction which
B + | @ | goes far away from r' (Fig.2a). We conclude
o T BT o | |97 the following results for reflected field from
ed : 4TL M by the extention of results in |2]:
o " int='at* : .
e T (p)=naJ8 (™ oon (@ e, peb(etN) ()
WS AR
il o 3 18) N " §
- ( °n) 0
= m 1] 8K
- ol ol | ol ™ (3b)
o 5 0 S|
W - l = 5 i::‘" L
{1} [715] (133
. 0
= 1/2|€pM €PC
m D = 2 KM
™ =p (0P () 1) (————) (%)
(KM+MP )L+2KM MP 0 1

where k is the wave number of surrounding medium. Here DD(ME is the principal
curvature radius of the curve LD(M)=§ (r* ,MPY'S at M where P, (r',MP) is the
plane perpendicular to P(rl,n) and MP(P (r*,MP). C is the center of principal
curvature of LT(M)=P(r®,n)NS at M. K is the point where rl is originated (see
Fig.2). eyy illustrates the unit vector toward K from M, etc. The length £ was
illustrated in figure 2a. The first multiplier in (3c¢) is defined as

D( 0, ¥P)= (of (0-1P)) 1/2 (4a)
o 0" it TH-CP+P,
P if CPCHAP, (4b)

by considering |2|. The upper indices go in (3a) illustrate the geometrical
optics term; i.e.;

(F2ean  3Boan)=2nn (0D HC(M). (5)

Contribution of Surface diffraction

Let r! be tangent to S at My{(S2,,,ey+ The ray is forced to go on a curve
LSC(M2)€S85nvex where the_plane B(rl,ngJ is the osculating plane of the path.
Hence, we define LSC(My)=P(rl,np)"S8,,vex and call it curve-surface creeping
and depart from any point M;¢LSC(My) in direction tp when there is no disconm-
tinuance on LS¢(Mj). The contribution of tangential ray to field at P is eval-
uated as

c = e G E Y () . Dg =
F™(Pg)=n, A~ (M,)C_ -~ (MM (M, Pgsp7 7, C) (6)
The transfer matrix ngc) gives the law how surface current J at M_ is con-
verted to magnetic field just at Mp in space. The propagation matriXx ngm) de-

fines the propagation law of the converted field from My to Pg5 (Fig.3). The
transfer and propagation matrices are obtained as
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eiﬂ{éfkpsc(ﬁé)]lfz

. HSC M +1
anle)(ME)"/% e in/b_sc o - i
i/ RS (M, 5-1)R% (M5 +1)

0
Scr w2086, =
(ke®C(M,)) > “HZ (M, 1) |
M.P./C.P 0 —  ikM.P. —
mm o . Ds= . |725=25 Dsioy 25,7 » \—-1/2 _
for dominant mode. We put followings for brevity:
RS (M, 3 1)=G(v*S (M31),ko* (1)), (M5 1)=G (v (M3 1) o™ () (8a)
HSS (M, 31)=G(vSS (M, 51), koSS (M), HC(M,;1)=G(v (M, 31),kp > (M,)) (8b)
2 S 1y, 2 (1) 02 ¢ d 212 (1), A2
G(v,x)=x"""Hy "(x), G(v,x)=x1f2HU £2)s G(u,x}=a;(x By 7(x)) (8c)
Sv0=g M2V (0), B, 10 (y:1) ko™ () (84)
RC(M, 5 £1)=2kp ™" (M) D+ (My; 1) (8e)

The dot over Hankel function denotes the derivative with respect to index.
Here DSC(MZ) is the principal curvature
radius of [SC(Mp) at HZ' VSC(Mp;1) and
VSC(My;1) are the roots closer to kOSC (M)
of following equations respectively:

G(v>(Myin),ko"“(M))=0, n=1,2,3,... (9a)
G(gst:(ﬁzin)'kpsc(ﬁz)ﬁo, n=1,2,3,... (9b)

The abovesaid roots are in the first quad-
rant of v-plane. Here and in what follows
tilde belove the letter denotes the same
function with V. Contact points to S of
tangential rays near My constitutes a

Fig.3. Surface diffraction and curve Ls(ﬁz). The curvature of LS(Mp) in-
edge diffraction of fluences the divergence of creeping wave
creeping wave. when propagating to Ps. Let oscullating

plane of LS(Mp) be PS(Mp). oDS(My) is the principal curvature radius_of
LDS(M2)=Sgonvex“PS(M2) and Ps is perpendicular projection of P5 on PS(Mp). The
above terminology on curvature radius is used everywhere with similar
nomenculature |3].

CONCLUSIONS

The surface wave traveling on three dimensional curved surfaces was consid-
ered. The contributions of diffraction phenomena to surface current were ob-
tained. Explicit expressions of the scattered field were obtained via surface
current. The results handle the surface traveling wave so can be implemented
in imaging of complex objects |3].
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