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Ti Domain Double Diffraction at a Pair of
tme Domad planar Skew Hdges ol

Filippo Capolino, and Mattec Albani
Dip. Ingegneria dell’Informazione, Universita di Siena, Via Roma 56, 53100 Siena, Italy.

I. Introduction

A time domain version of the uniform description of double diffraction at
a pair of coplanar skew edges is here presented, with source and observation at
a finite distance. The time domain (TD) field description is obtained by direct
Fourier inversion of the frequency domain (FD) doubly diffracted (DD) field re-
cently developed in [1], [2] for point source excitation and in [3] for line source
excitation. There, a high-frequency uniform approximation of the DD field was
given using a special transition function that is conveniently expressed in terms
of generalized Fresnel integrals (GFIs) [4]. Thus, the TD-DD field response to an
impulsive delta excitation, is obtained by Fourier inversion of the high-frequency
DD field. This is valid only for early times, on and close to (behind) the wave-
fronts. The TD-DD field response to a more general pulsed excitation is obtained
via convolution. If the exciting signal has no low-frequency components and is
thus dominated by high frequencies, the range of validity of the resulting pulsed
response is enlarged to later observation times behind the wavefront. The present
TD-DD field is limited to real time, and matches and compensates the spatial
discontinuity of the TD singly diffracted field developed in [5], [6]. Analytic
extension of the DD mechanisms to complex time, as in [7], [8], [6] for singly
diffracted field, is currently under investigation.

II. Doubly Diffracted Field

Let us consider a pair of wedges with soft/hard boundary conditions (BCs) and
coplanar edges, illuminated by a spherical source. It is useful to define a cylindri-
cal (p;, $i,7:) and a spherical (ry, 8;, ¢;) ray fixed coordinate system at each edge
with origin at the diffraction point @; (¢ = 1,2). Our description of the double
diffraction mechanism is constructed first in the FD as the superposition of two
analogous mechanisms: a field diffracted from edge 2 when it is illuminated by
the field diffracted from edge 1 (12), and that from 1 when it is illuminated by
2 (21), as in [1], and here reported for clarity. In the following, only the con-
tribution 12 will be considered. The ray geometry from the field DD at @; and
@2 is depicted in Fig.1 with £ the distance between the two diffraction points
Q1 and Qy, and ¢ (¢},) the azimuthal coordinate of Q2 (Q;) measured in the
system at edge 1 (2). FD and TD quantities are related by the Fourier transform
pair $(w) = [ Pt)etdt, P(t) = & [0 P(w)e*dw (a caret " tags time-
dependent quantities). We present first the FD high-frequency doubly diffracted
field obtained in [1], that is successively transformed into its TD counterpart.

Frequency Domain The singly diffracted field from the first wedge illu-
minated by a spherical source at P'(¢]) = (r],7 — B],¢') evaluated at edge 2,
is expressed as superposition of spectral spherical sources at P'(a; + ¢12 + 7)
weighted by the spectral G**(¢], 1 + $12) [1], where G*P(¢,¢') = ~J[sec((¢/ —
$)/2) F sec((¢' + ¢)/2)], with the — (+) sign referring to the soft (hard) BC.
Each spherical source provides a diffracted field contribution from edge 2 at the
observation point P(¢2) = (72, B2, ¢2), that is conveniently calculated using reci-
procity, i.e., the diffracted field from edge 2 at P'(a; + ¢12 + m) due to a point
source at P(¢9) is represented as a surmmation of spectral spherical sources at
P(ag + ¢, + m) weighted by the spectral G*"(¢2, a2 + ¢4,). Thus, using the
spectral superposition of the field radiated by wedge 2 for all the spectral spher-
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Fig. 1. Geometry of the two half planes. (a) Angles with respect to the edges. (b)
Transverse angles. (c) Observer A is reached by both singly and DD fields, while
B is reached only by the DD field. The shadow boundary (SB) plane truncates the
domain of existence of the singly diffracted field.

ical sources representing the radiation by edge 1, leads to the the double intégral
representation

joo e—]kll(m,uz) , ,
vig = 4”2/ /m TR (o, 00) G(¢1, o1 + $12)G (42, 02 + $ro)dandas, (1)

in which R(a1, a2) = |P'(e1 + ¢12 + ) — P{ag + ¢}, + )] is the distance between
the spectral source and observation whose explicit expression is given in [1], and
k = w/c with ¢ the ambient wavespeed. The integrand in (1) exhibits a two-
dimensional stationary phase point at (au,a2) = (0,0) that provides the DD
ray field contribution, and poles in each variable given by the G functxons at
a =0 = ¢ +(—1)Ppa+7 (p=1,2), and ay = @Y = ¢2 + (-1)%¢},

(g=1, 2). As shown in {1}, first the mtegrand is decomposed in its even a.nd odd
part with respect to (o4, az) = (0,0), then it is evaluated asymptotically through
saddle point 111 a uniform way with respect to the poles of the G funCthllS,
leading to {3 1/)"“ A(r',£,73) exp(—jk(r| + £ + 72)) D3, in which ¢imc

exp(—jk'r;)/(47rr1 is the incident field at edge 1 (at Ql) and A(rl,f,r2) =

\/;’1- /+/€r2(r] + €+ r2) is the spreading factor. The diffraction coefficient for the

soft (s) and hard (k) cases are represented as D{J* = DIz + DII** where, for
space limitations, only the ﬁrst order
Tysh _1____ ptg 1
Dl = g 3 1 o v UL CU L)

p.g=1 2 sin 2

is treated and TD-inverted in the followmg According to [1], the transition
function

jab b+ (—1)wa a+ (—1)'wb
ot = 25 2 [0 () ro (b2 ©

is here conveniently represented as combination of generalized Fresnel integrals
(GFI) [4]
—ju?

Lo [ g
G(z,y) = ye’® “T—dv, G(-z,y) =—-G(z,y). (O]
z vty

The parameters of the T function in (2), &, = \/2/csin B} /r1£/(r} + £) sin(®%/2),
by = \/2/csinBa \/rol/(rz + £) sin(®4/2), and w = ()2 [(r) + ) (r2 +£)] /2,

are all independent of w. The normalization with respect to \/w has been made
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to prepare T for its Fourier inversion. Similar expressions apply for the higher
order contribution D13 (see [1]).

Time Domain The TD version of the DD field 4% is obtained through direct
Fourier inversion of the FD high-frequency field 4. Except for the exponential
term e~ R(ri+4+12) (k = w/c), the w variable compares at the denominator of

the coefficient D1 and in the parameters of the transition function 77 in (2).
Therefore, the TD-DD field is given by

J ~ A A L) DY (), Te=t— ({4 L+m)/e ()

where A" = 1/(4nr!) is the incident spreading factor at @, and Djj bty =

D“h(t) + DIT%(4) is the Fourier inverted TD double diffraction coeﬁicxent
evaluated at the retarded time 7,. As before, only the first order

1 1 . -
- - 1p+q—TI t, 8, by, W 6
8 sin 3] sin By p§ 1) sm%{ sin 2;1 (¢, @p, bg, w) (6)

Dl'gh t) =

is here discussed. Note that the factor jk at the denominator of (2) is included
in the Fourier inversion of (k)17 (\/wéy, b wbg, w) leading by definition to the
TD transition function T (¢, 4y, bq, ) represented as combination of TD-GFI

N . ab & +(=1wa\ | 5[, ; 6+ (=1)wb

PI(t, 6,5, w i g6, 0 EwEY o t,b, =2 (7
b= X S\ e vicw )] @

It is convenient to limit our analysis to the real part of the positive w spectrum,

therefore using G(t,z,y) = Re L [§° G(wz, wy)e™*dw, to avoid definitions of

the square root v/ for w < 0 and inherent definition of the FD-GFI in (4) for

complex parameters. Using the integral representation (4), the w and v orders

of integration are interchanged (allowed specifying Smt > 0, that is eventually
removed)

A _ ¥ i 1 o ju(t+z? -v?)
G(t,z,y) = EReﬂ_/m a!u—v2 o /0 dwe’ (8)

We limit our present preliminary formulation to real time signals, leaving the
more general analytic signal formulation to future studies. To this end, we use

the identity Re L [ dwe®+3"~v") = §(t 422 —?) for t real. Next, recalling that
8[f (v)] = 6(v — v,)ldf /dv|;;} when f(v,) =0, in the evaluation of the v integral
in (8) we consider only positive solutions v5 = v/ + 22 on the integration domain
(z,00), i.e., vs > z for t > 0. Eventually, using |df /dv},, = 2vs = 2Vt + 22, the
evaluation of the v integral leads to the TD-GFI

y U(t) A = Btz
Gt,z,y) = imy G(t, —z,y) = -G(t,z,y). 9

Far from the shadow boundaries (SBs) (see Fig.1c), where |&| and |b| — oo, it can

be easily verified that T7(t, &, b, w) — cU(t), whence the DD wave phenomenology
acts like a time integrator. As shown in Fig.2a, the time dependence of the
TD-DD field is shaped as the primitive of the exciting Rayleigh pulse. This is
consistent with the 1/w-frequency dependence of the FD-DD field.

2064



ool TT TV T

-0.01
3

35 4 45 53 3.5 4 4.5 53 3.5 4 4.5 5
t {ns) 1(ns) t(ns)

Fig. 2. TD-DD field $)f¢ in three distinct wave regimes. Geometry: r} = 42cm; £ =
d5cm; 7, = 33cm; B = 100°% By = 50% ¢, = 100% ¢z = 100°, hard BC. Band
limited excitation: normalized Rayleigh pulse G(t) = Re[j/(j + 2r fmt/4)%]; central
frequency fy = 3GHz (Am = ¢/fm = 10cm. a) Far from transition regions (¢} =
310°, ¢o = 310°). b) Observer in transition region (¢] = 310°, ¢ = 281° =~
@15 +180°). c) Source and observer both in transition region (¢} = 281°, ¢, = 281°).

Shadow Boundary Limits. Let us consider first the case when the observation
point crosses the plain containing edges 1 and 2, depicted in Fig.lc. There, the
singly diffracted field from edge 1 is spatially discontinuous at any time, due to
the shadowing by edge 2. At this aspect, ¢z — ¢}, + 7, so that &} = 27 and
consequently b, = 0 (see [1]). Using the limit G(t,z — 0,y) = 3%f(y?, t), being
F@2, 1) = /c/[my*U(t)/[VE{t+y?)] the TD transition function of the TD-UTD [6],
it can be shown after substitution in (7), (6), and (5) that % = —Lsgn(b )9,
with 9¢ the TD-UTD singly diffracted field [6], so that compensating for the
discontinuity of ¥¢ at the SB ¢ = ¢}, + m, at and after the wavefront. At

this SB limit, the 121'{“2’ time dependence recovers the well known 1/v/# behaviour
of the singly diffracted field, as shown in Fig.2b. Analogously, when only the
source crosses the plane containing the edges, is the singly diffracted field at edge

2 (94 )that is now shadowed. The DD field 4% compensates for the spatial

discontinuity of 4,132" given by its abrupt appearance or disappearance. When the
source and the observer are both close to the plane containing the edges, both

@,b = 0 and $§8 ~ 1/4sgn(ab) ¥"¢(P), i.e. the DD field reduces to one forth
of the free-space direct contribution of the source, allowing the simultaneous
compensation for the appearing/disappearing of the Geometrical Optics and of
the two close-to-transition singly diffracted fields, restoring the continuity of the
total field at and after the wavefront. At this double transition regime, the DD
field time dependence is the same of the exciting pulse ( Fig.2c ).
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