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Many techniques biave been proposed for studying wedge shaped regions: arnong them it is
iinportant to mention the Malyuzhinets approach [1], which is based on the Soruuerfeld rep-
resentation. This technique yields an elegant formal procedire for solving diflicult problemns,
like the diflraction by wedges with given surface hmpedances. However, even if the Sommerfeld
integral is a valid ansatz [or represeuting the solutions of the wave equation i1 angular regions,
the Laplace transform appears to be a more valid representation, because of its solid mathemal-
ical foundation. Sowme aunthors |2, 3] have shown that the Laplace transform technique may be
alternative with respect to the Malyuzhinets approach, even if in sowme cases it 1s not so simple
and elegant.

In this paper we propose a new technique, based on the lLaplace representations of the
clectromagnetic field, for solving isorclractive angular regions (Fig. 1) escited by an incident
F-polarized plane wave in the wdirection. The techaique can be brielly sununarized as [ollows.

i I-polarized
_» incident plane wave
-~

(/);: 707~ o
th=: 2u i
th

Figure 1: Geomelry of the problem under investigabion

By introducing the Laplace transforin of the 77, and 17, components of the clectromagnetic ficld
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it iy shown that o every angular howogenecous region the following representations hold

Esin(u}V (s, @), Jheos(w) = Alw 4 @) 1 B(w — o) {(3)
Z](H)(/))FS: Sk cos(w) = ,A(‘LU I (/)) - U(“’ . (/)) (4)
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where k = /€111 = /E2jiz is the propagation constant of the isorefractive regions, 7 =1/Y =
V1t/e is the relevant impedance, and A(w), B(w) are snitable unknown functious.

By imposing the boundary conditions at the two intertaces ¢ = 0 — 27 and ¢ = v, the
following system of linear difference equations is obtained

Ay(w)+ By(w) = Aplw 4 2m) -+ Balw — 2m) (

Yi[A(w) - By(w)] = Ya[Ag(w + 2m) - Ha(w — Zn)] (6
Ai{w +7) -+ Bi(w =) = Ay(w+y) + Ba(w —) (
Vi[Ar(w+ ) = Bi{w—7] = YyAs(w ) — Balw — )] (

Ry multiplying both the sides of (5) by Y2 and by smnming and subtracting (6) from the resulting
equation, we have

2o lg(w - 2m) = (Ya+¥1)Ar(w) + (Yo - Y1) B (w) (9)
2Yy By (w - 2r) = (Vo — Y1) Ay ('u)) + (Y 4 Y1) B (w) (10)
Then, the explicit solution with respect to Ap and Bg yiclds

1+ 2y 1 — 7Yy

Agfw) = ~4—2~*4—Al( w — 2m) + - = By{w -~ 2w) (11)
ZaY 1+ Zo¥
Bolw) = ° 92 LA (w4 ) - *72 L By(w -+ 2) (12)

Finally the substitution of expressions (11) and (12) into (7) and (8) allows to write the following
homogencous syskem, involving only the nnknown functions Ay (w) and B (w)

14+ 257 — 4Y]

Af(w 49y + Bilw —7) = — 5 Ay (w by — 2a) 5 Bi(w 4y -~ 2m)
Z, Y L ZoY7
- ! Jrzz —1/11( w — y 4 2n) 4 ‘—*23)181(10 ~ 9+ 2w} (13)
Y| + Y Y, — Y,
Vil (w+9) = Bilw = )] = S Ay = 2 =L By~ 2)
YQ + Y1

Yo -7y
- LAy (w =y 4 2) ~J—Ab’1(w ey 4 2w) (14)

At the interface ¢ = 0, the longitudinal component of the electric and the magnetic fields
can be written as the sum of the geometrical and the diffracted fields (204, 1%} as follows

() = Ag explikp cos(do)] -4+ 55 (0) (15)
Hy(p0) == YiAgsin(eh) explikpcos(do)] -+ H,‘f(p) (16)
The corresponding Laplace Transtorms V (s, 0) and I(s, 0) evaluated for s = —jk cos(w) take the
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form
& ¢}

Esin{u)Vi{s,0)]|. . s ksin(w E,(p,0) exp(--sp)dp
s gk cos{w) Jo .

Jsin{w)Ag
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exp(--sp)dp
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sz gk cos(w)
)
) - u)s((/)u)
where X (w) and Y (w) represent the Daplace ‘Iransforms (evaluated for s — -7k cos(¢4)) of the
diffracted clectric and magnebic {ields respeetively, multiphed by ;.
Due to the bonudary conditions at ¢ == 0, equalions (3) and (4) yield
Jsin{w) Ay , ]
e s X)) = A(w) D (w
cos(tw) + cos{ep) (1) 1) t(w)
4 sinfdg) Ag

cos(w) - cos(dg)

4 Y(w) = Ay(w)— Bi{w) (18)

By deriving from (18) the explicit expressions of Aj(w) and Iy (w) in termns of X (w) and
Y{w) and hy substituting such expressions in (13) and (14), we obtain a difference equation
system which involves only the two nmknowns X (w) and Y {w).

The advantage of addressing this system instead of (13)-(14) is thatl, owing to physical con-
stderations, it is readily derived that the unknowns X (w) and Y (w) do not exhibit poles in the
strip of complex w plane, within the interval 0 < Re(w) < Yar. This allows Lo solve the system
of diffevence equations containing X (w) and ¥ (w) by using the Towrier Traustorm approach
introduced in [1]

- ) OO B o . Joo
X(p) = FlX(w)] = / X (w) exp(yrw)dw; Y (v) = FIY (w)] = / Y () exp(jrw)dw
Jjoa J—joo
(193
that, owing to the pole location, satisfics the property
FIX (w4 wo)| == X () exp(—jrwe);  FIV (w4 wo)] = ¥ (v) exp(—jruy) (20)

The mathematical derivation of the unknowns, fivst in the spectral aud then in the natural
domain, presents several details and some delicate aspects, that, for lack of space, cannot be
discussed here. "They will be outlined and dealt with during the conference pregentation.
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