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Microwave Scattering from Dielectric Wedges
with Planar Surfaces:
A Diffraction Coefficient Based on a
Physical Optics Version of GTD

R. E. Burge, X.-C. Yuan, B. D. Carroll, N. E. Fisher, T. J. Hall, G. A. Lester, N. D. Taket, and Chris J. Oliver

Abstract—The development is presented here, derived from a expected SAR images from urban models. The present work,
physical optics version of the geometrical theory of diffraction which is self-contained, accounts for microwave diffraction at
(POGTD) of a simple edge coefficient for external and inter- ,anar gielectric edges by a version of the geometrical theory

nal diffraction at planar dielectric edges. This is required in . . . .
connection with a simulator for synthetic aperture radar (SAR) Of diffraction (GTD) [4] based on physical optics (PO) and

images. The diffraction coefficient is assessed by comparison ofcompares calculated and experimental results under labora-
calculations using POGTD, excluding multiple scattering pro- tory conditions. The field distribution of scattered microwave
cesses, with an extensive set of experimental microwave scatteringradiation for a dielectric wedge is given by the superposition
data on dielectric wedges and some corresponding calculations . . . . L
by the finite-difference time-domain method (FDTD) of solving gccountmg for .phase relatlon_Sh'pS,Of the geometrical optics
Maxwell's equations. The experimental results were gained from field and the fields due to diffraction, both externally and
dielectric wedges of four wedge angles, each for a wide range ofinternally, at the edge of the wedge. We address here the
angles of incidence, separately for TE and TM plane polarized description of the external and internal wedge-diffraction co-
components, and for two sets of wedges with different dielectric oficiant As compared with a wedge of perfectly conducting
constants. The intensity distribution found by using the diffrac- ial b K f field itted i h
tion coefficient for external diffraction is found to be in good material, accqunt must be t"_" eno _'e s transmitted into the
agreement with both experiment and calculations using FDTD. wedge material and transmitted or internally reflected at the
For internal wedge diffraction, POGTD predicts an intensity emergent face.
distribution of similar angular shape to the experimental but,  Qyr injtial formulation of diffraction coefficients for wedges
due to the neglect of absorption, the intensity level is too high. and vertices with planar surfaces by POGTD [5] was limited
Index Terms—Dielectric bodies, electromagnetic scattering, in its application to perfectly conducting objects. The level
wedges. of agreement [5], [6] in initial tests of POGTD for edges
and corners of metal plates was very satisfactory. Of course,
I. INTRODUCTION this approach to the wedge diffraction coefficients follows
on from a very extensive literature of the developments of

HIS work originated from the need to include edg - :
diffraction in a numerical simulator for the imaging of(?he original form of GTD for a perfectly conducting wedge

urban areas by airborne synthetic aperture radar (SAR) [& -9 the unlform theory of dn_‘fractlpn (UTD) [7] and the

Edge diffraction is important because the main contributio 'f‘?rm asymptotic theory of diffraction (UAT) [8]_recent_ly

to coherent high-frequency scattering are local phenome%%ntmued’ for e>.<ampI(.5, .[9]: [10]) to c.)vercome,. |n. a wide

associated with specular points at surfaces and edges 30ge of applications, I|m|t§1t|ons associated with incident and
e lected shadow boundaries.

[3] or object-to-object interactions within a scene [1]. The ; . )
two effects are distinguished as the first principally concerned>cattering models are required for the simulator that are

reflected rays and edge-diffracted rays and the second eitfigficiently valid in general trends not to be misleading, but
reflected or transmitted rays and edge-diffracted rays. TRE® not necessarily fully quantitative when used to assist the
simulator separately considers specular and diffuse imagifi§erPretation of real SAR images. Real buildings do not have

and is intended to provide semi-quantitative estimations of t§BarP edges and flat surfaces such as those used in calculations
and flexibility is a requirement for image interpretation. A
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fully-defined conducting and dielectric objects, e.g., momenarried out by the FDTD method, including absorption and are
methods [13]-[15], surface equivalence principles [16], [17lised to consider the effects of multiple scattering interactions
and we may add, selected from a range of commercially avaixcluded from POGTD on the distribution of scattered inten-
able software, the finite-element and finite-difference timeity. The FDTD calculations also enable corrections for small
domain (FDTD) techniques, e.g., [18], [19], which allowexperimental misalignments of the wedges. A small anechoic
the calculation of internal and external fields for conductoamber was constructed for these measurements.

and dielectrics. With the rapid contemporary advances in

computing power, there is much current interest [19] in the [I. EXTENSION OF POGTD TO

FDTD method, but the computation involved for more than SCATTERING BY DIELECTRIC MATERIALS

S'”?p'e ObJeCtS, IS ‘Q.’t.'" formm}able. In GTD, for a detaﬂgd Essentially, as in [5] but now for a homogeneous dielectric,
pbject r_nodel, identified multlplg as well as single scatteringe Helmholtz—Kirchoff expression [27] over a surface is
|n|;teLactlons.g<lamlbe sepgratel;; m:}:luded, while F,DTD 'QVOIV%%aIuated to give the total scattered field as the integral of the
a Vtv € possible mte(;a_ctl(_)(?s ot w ative:j:fcatte_:rmg or ﬁ(_er_. total surface field, where the latter in PO is represented by the
¢ are mteres_te in i e_zntlfy|_ng the |_ract|qn coe 'C'?nbeometrical optics field and assumes that the surface is smooth
for external and internal diffraction at a dielectric edge with; 4 fully illuminated by the incident wave. The asymptotic
out confusion d_ue_to the effec_ts of object-speqﬂc “mumplﬁnegration is carried out by the method of stationary phase
bounce” transmission or reflection at the material surfaces.[ ] according to which the principal contributions to the
the experiments conducted with dielectric wedges the wed§g ¢, e integral arise from the neighborhood of three critical
angles are such that the effects of such multiple interactionsinis * critical points of the second kind correspond to the

oceur at sc_:attering _a_ngles far from the shgdow region Whe_'éage—diffraction points and the scattered fields from these
the diffraction coefficient operates. Accordingly, our analysg

. : y>points give the edge-diffracted field.
of POGTD assumes singly reflected and singly transmitted\ye consider a dielectric wedge defined as very wide and

ray components, that each face of the wedge can be treqjgfl, |ong and symmetrically orientated in respect to the

separately, and that the faces only interact through theitijent microwaves, i.e., the microwaves may be regarded as
geometrical optics fields. Absorption is neglected or its effeGig;ijent in the plane of the paper while the wedge surfaces are
must be introduced empirically to the internal diffraction planes perpendicular to that plane; the scattering problem

coefficient; this provides a limitation to the application of5 {hus two-dimensional (2-D). Generalizations of GTD to

the method. Other possible optical processes arising from §ig),de obliquely incident rays [29] have been considered.
interactions of the reflected and transmitted rays, e.g., surfaCye restrict the details of the analysis (see [5]) to those
waves and surface wave diffraction, are considered in termsipfoessary to generalize it from the conducting to the dielectric
the differences between theoretical and experimental intengifyse The incident field is assumed to be a geometrical optics

distributions. o _ o field incident on the surface of the scattering objectrat
As background to considering multiple scattering in a trangse girection of this ray is denoted Ui!é At 7o the incident

mitting dielectric wedge, the effects for conducting material$,yefront is assumed to have principal radii of curvature

of multiple reflections, multiple diffractions, and reflection-p1 and p, and the two orthonormal vectoes; and z in

diffractions and reflected-diffracted reflections as associategmpination withk;, to which they are orthogonal, define the
with, for example, edge diffraction from rectangular flat plategyincipal planes of curvature. The incident field as in synthetic
dihedral corner reflectors, and appendages on a smooth $¥arture radar imaging is assumed to be divergingoatso

face have been considered (e.g., [20]-[22]). The impedangg; , and p, are both positive. Thus, at a distanBefrom
boundary condition, which includes material effects but avoiq% along this ray the incident field is given by

the calculation of fields within the material, has been used to
formulate the electromagnetic fields scattered by both interior E;(ro + RIE,—) - E,-(ro)e”“R\/ P1p2 @
and exterior impedance wedges [23], [24] and, for example, to (p1 + R)(p2 + R)

evaluate scattering at edges of surface impedance discontinuan incident ray will, in general, produce reflected and

ities on a flat ground plane [25]. The calculations, made in [2¢hnsmitted rays with reflected ray direction given by
for the interior wedge, account for multiple reflected fields of

any order within the wedge to produce a diffraction coefficient kr = ki — 2k; - nn )

of UTD form for a wedge of arbitrary angle. Particularlyyheres is the normal to the surface of the scattering object
relevant to our work on dielectric wedges is the work Ofnq is defined to point into the interior of the scattering
Burnside and Burgener [26] who consider modifications toyiect. The strength of the reflected field can be calculated

UTD to deal with the high-frequency scattering in transmissiqfying the Fresnel relations. We define horizontal and vertical
and reflection, including multiple internal reflections by a th'BoIarization vectors for the incident field as

parallel-sided dielectric slab. R
The experimental work described here is for wedges with . kixn N
e . i = —w———, Gy =k; X d;;r 3)
permittivities, measured for us by GEC-Marconi plc, Towces- |k; x 7
ter, U.K., of either 1.86 or 3.1 for 1-cm microwaves. The loss. . o .
. 9 . with a vertical polarization vector for the reflected field as
tangents in both cases werel0—=. Representative calcula- R

tions of the distribution of scattered microwave intensity were ary = k. X @i 4)
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horizontal and vertical reflection coefficients as where the principal radii of curvature of the transmitted field
p} andp}, are the two roots of the quadratic equatiorpin
_ b1 —p2 Ry = P1 — P2 (5)
- ) - ~ ~
P1t P2 P1t P2 (- ki)QPIQ—p'\/E{(Pl-l-m)(ﬁ ks)?

where

plz\/1—|ic,-><'ﬁ,|2, Do = (:—|I;:.,;><’IA1,|2.

For a field propagating from one medium (exterior) to (14)
a second medium (interior) the complex permittivity of the
interior medium relative to the exterior medium is defined as |f the point of incidencerg lies on an edge of the scattering
¢. The reflection properties of the surface for this incident ﬁel@bject then the incident ray will produce edge diffraction rays.

€

+p1(@1-2)° + (2 - 7)°] <1 - 1>}

+p1p2[(ﬁ~ki)2+6— 1} —0.

may be described by the reflection dyadic The direction of the diffracted ray will be denotdd and
. the distance along this ray from the point of diffractionrgt
R = a;pRyasn + drv Ryagy. (7)  will be denotedR,. We definek, as the wavenumber of the

medium in which the diffracted ray propagates
The reflected electric field at a distance &ffrom ro along

the ray reflected fronr is then ko = k, if k, is exterior (15)
ke, if k, is interior.
7 7] ik P1P2
E.(ro+ Rk, ) = R- E;(rg)c™® . (8 i ifications i
( 0 ) (To) \/(p1 TR (TR (8) Then we introduce the modifications in [5] to
b=k —k 16
The transmitted ray direction at a planar dielectric interface Tkt (16)
is given by Tk b [1d o
o sks | K [551551 4 162162} 17)
N R, ks [ m p2
ktzﬁ{n (n-k,—)Q—l—c—l—i—k,——nn-k,}. 9) Then
For transmitted fields in this formulationis restricted to (I - ksks) ) [(I+R) (ﬁ ) ks)
real values. If the argument of the square root in this equationys — +(T . }_Z) (n i )} if k. exterior
is negative then the incident ray is totally internally reflected o - * A -
and there is no transmitted field. The evanescent waves that —(I— ksks) -Tn- (ks + ki), If ks interior.
are in reality produced in such circumstances do not appear (18)

in POGTD as it is an asymptotic method. Thus, if there i these expressiond, is the unit dyadic and the vectogs

a transmitted rayk, is a real vector. The strength of theand; are the usual orthonormal vectors that define ftte

transmitted ray is also given by the Fresnel relations. We defisgge. The vectog; is parallel to thejth edge. The vectai;

a vertical polarization vector for the transmitted field by  is perpendicular t@&; and the surface normal and points to
the side of the edge on which the surface lies.

arv = ki X aimr (10) The edge-diffracted ray is limited to those directioks
that satisfy
and the horizontal and vertical transmission coefficients as . [
ks-éj=—Fk;-¢&;. (29)
2p 2p1y/e ks
= , Ty =V (11) o . S
p1+ D2 €p1 + p2 For exterior diffracted rays, this expression gives the fa-

o ) ~ miliar Keller cone of diffracted rays formed by rotating the
The transmission properties of the surface for this incidefcident ray about the edge. For interior diffracted rays this

field are given by the transmission dyadic expression gives a different cone of diffracted rays formed by
X X X X TP rotating the transmitted rakg, about the edge.
T _ apTya g +apyTvagy, if (ki) +e—1>0 The curvature of the field in the plane of the wedge is given
0, if (A -ki)2+e¢—1<0. Dby
12y 1 _ ok {(fl )" | (2 ~éj)1 (20)
1L P2

p kf—kQ(ki-éj)Q

and the edge-diffracted field can be written

Thus, the transmitted electric field at a distancdiofrom rg
along the transmitted ray througty is

. _ " 5
Py NG PLPY Ee-('ro +R5ks) = De;j - Ei(ro)e*f L
Ey(ro + Rky) =T - E(ro)e™™ Ve (13) g I R, (R, +
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The edge-diffraction coefficient is ) Microwave

Transmitter
_ 1 . koc;(i; - b)2
De; = — 5 signi; - b]K< M)

\ A=1lcm
2

Cjk'g
kZ— k2 (ki - ¢5)

where K () is the modified Fresnel integral

K(r) = % e i+ (/4] / it dt. (23) V

™

1.8 m

This more general version of POGTD compared with [5]
is valid in both the exterior and interior regions; the major
difference between the regions is the different expressions for
M qgiven in (18).

To calculate the diffraction field from the wedge the edge
diffraction coefficient is used each time a field is incident on ;
the edge of a surface. The first diffracted field can be calculated Anele of ‘
by a straightforward application of (22), but the inside of Inré;gdeelfce it
the wedge must be regarded as the “exterior” region and the _ VAV y
outside medium as the “interior” to calculate the second field. gvle;“mc J/

In respect to the diffraction coefficient (22), the sign func- ecee ‘
tion is important as it means that each of the edge-diffracted -
fields, whether concerned with diffraction outside or inside the .
material, has two discontinuities, one at a shadow boundary .
and one at a reflection boundary, which compensate for the
corresponding discontinuities in the geometrical optics fields.
We will deal separately with plane polarized incident radiation 50°
with electric field perpendicular to the plane of incidence
(horizontal polarization, TE, “hard” polarization) and parallel
to the plane of incidence (vertical polarization, TM, “soft”
polarization). The separation between the source and wedge 440 cells
is assumed to be large enough to use plane wave reflection . . - .

L - . . Fg. 1. Schematic diagram of experimental determination of scattering from
and transm'ssmn cogﬁlplents glyep by the Fresnel equat'OB lectric wedge. Also shown is the disposition of the cells (pixels) used in
Transmission of the incident radiation through the wedge and@ FDTD calculations of the scattered field.
then out again into the outside medium depends on the angle of
incidence at the dense-rare interface in relation to the critical -

: L microwaves on a wedge was as in Fig. 1. Effects due to the
angle. We consider waves incident at the top wedge surfe]:ce . ; . .

X : Inite wedge dimensions were small, but some improvement in
which are reflected at the surface and diffracted on the outsmpe : . : : .

|%nal to noise ratio was achieved by placing radar absorbing

at the edge of the wedge, waves that are transmitted into sheet along the sides and the base of the wedge. The surfaces

medium through the top surface and diffracted at the edge .
o X . ot the wedges were macroscopically smooth and the effects
the wedge from inside, and finally, the waves transmitted .

of scattering from the surface roughness for waves of 1-cm

the bottom surface or internally reflected by it. : -
wavelength is negligible.

Both TE and TM linear polarizations of the incident field
were used with the electric vector either parallel or perpen-

Dielectric wedges were fabricated in a light gypsum cemedicular to the edge, respectively, and the copolar components
(¢ = 3.1 for 1 cm wavelength microwaves) and a polymewere measured of the scattered field. The circuitry for the
mixture in styrene, “resin C"« = 1.86), supplied by Scott measurements was generally as in [6]. A modulator is used
Bader, Ltd. Typical wedge dimensions for both materials wete power a 30-GHz Gunn diode source-J10 mW) and
~70 cm hypotenuse, made to define wedge angles at theprovide a reference signal for the lock-in amplifier. The
apex of a triangle of 2Q 30°, 60°, 9C°; the wedge depth source feeds a transmit chain, which includes an isolator
was ~30 cm. The mass of each wedge was about 35 K. prevent backward reflected waves reaching the source, a
Both types of wedge had to be made in layers of materiptecision calibrated attenuator, and a pyramidal horn antenna
to ensure even drying and/or to allow heat to dissipate; thse transmitter. The source was an approximately spherically
layering, particularly for the gypsum wedge, gave rise to sondéverging, linearly polarized electromagnetic field at the apex
sharp small-angle scattering superimposed on the shadwoithe dielectric wedge with an amplitude taper. The calibrated
region. The experimental arrangement for the incidence détector utilized a modified open-ended waveguide with diode

Axis of Rotation

of Detector

I1l. EXPERIMENTAL
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Fig. 2. (a) General indication of incident and scattered fields by dielectric wedge and angular range of measurement. (b) Regions where thelvarious fiel
components exist, excluding the diffraction terms at the shadow (for finite transmission) and reflection boundaries.

detector as a small area field probe with a lock-in amplifielisposition of the electromagnetic fields and Fig. 2(b) shows
to discriminate against noise. The wedge was mounted orthe regions where the fields exist and the field boundaries.
motor driven turntable with one-half degree steps with the apgxiditional reflected and/or transmitted rays may arise by
of the wedge aligned as closely as possible with the rotatianultiple reflection inside the wedge and emerge if incident
axis of the turntable. The effects of random and systematicthe interface at angles less than the critical angle; such rays,
errors on the measurement of scattered intensity were asse$sedhe wedges used, exist in directions close to the wedge
as 2-3% from repeat runs with independent settings of therfaces and are outside the angular range of the experimental
wedge relative to the rotation axis. measurements.

The detector aperture was 0.7 cm (horizontal)0.35 cm  For dielectrics in the experimental angular range, excluding
with a horizontal resolution of 18 Calibration measure- myltiple interactions, the geometrical optics field consists of up
ments of scattered intensity were carried out with transmitting 5 fields, the incident fieldz;, the reflected and transmitted
wedges and an increased detector to wedge apex distanc@eiis, E,. and E,, by surfaceS,, and the fields that are
50 cm to check for possible limitations on the measured datsflected and transmitteds,, and E,,, when the field meets
due to detector aperture convolution. Any convolution effectfe second surfacs;. In addition to the interactions of the
were negligible and the smaller radius was preferred 10 iaometrical optics field, there are also fields due to diffraction
crease data throughput. Using laser fiducials, much effort Was the edge of the wedge for both external and internal
expended in aligning the targets relative to the incident beaRieractions.

The separation was 1.8 m between the source and the apex gf,q boundaries3; and B.. (for a given angle of incidence)
the s_cgttering wedge. Measurements to assess the diffractipn fiyveq and, in the given example, for°3bcidence their
coefficient were taken for detector angles fram50° t0 —50°  5q1ar locations are defined a& and +60°, respectively:
with respect to the coordinate system defined in Fig. 1 apg.; is, the boundan; is taken as the origin of the angular

for both TE and TM polarizations. A large data base hapﬁ)sition of the detector. The angular position Bf relative

been acquired of scattering results for the two polarizationta, this origin is twice the wedge angle. The positions of the

and various angles of incidence. The size of the anech%Sundarieth,, and B,;; depend on the refractive index of

fie wedge (through the critical angle). As the refractive index
8t the wedge increases, botB,,. and B, rotate about the
edge toward the surfac®,. The boundaryB,, only reaches
the surface in the limit of infinite refractive index, but the
IV. QUALITATIVE INTERPRETATION OFEXPERIMENTAL DATA boundaryB,, reaches the surfacg when the fieldE, strikes

To illustrate the intensity distribution of diffracted andS: at the critical angle. Beyond this point the figh is totally
scattered radiation, we consider the right-angled dielectifternally reflected at this surface and the fidily and its
wedge illustrated in Fig. 2(a) and (b) and a plane waJundaryB;; cease to exist.
incident at 30 to the surfaceS, of the wedge and in the Concerning the distribution of scattered intensity, in the
plane perpendicular to the edge of the wedge. The angutagion of overlap of the wavek; and E,., interference fringes
incidence is defined relative to the surface to give a continucaie expected parallel to the edge of the wedge: there is also a
angular range from 10 to 130Fig. 2(a) shows the generalsmall effect due to interference with externally diffracted rays

3mx 3mx 4m and the scattering measurements are
near field.
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TABLE |
EXPERIMENTAL ROTATIONAL AND DISPLACEMENT ERRORS IN 90° WEDGE SETTING
Angle of Incidence TE Measurements TM Measurements
(to surface) Rotation Displacement | Rotation Displacement
40° 2.0° 1.8cm 0.0° 1.8cm
30° 3.0° 2.2cm 1.0° 2.2cm
20° 1.3° 1.3cm 1.0° 3.5cm
for angles greater than that corresponding3o BetweenB,. or

and B; the only geometrical optics field is the incidel#f and
on this basis the field would be constant, but in practice here 0.2
we have the overlap and interference lgf with the external .

wedge diffraction. FronB; to B;; the geometrical shadow is
found. Because of diffraction, there is a profile of intensity on

each of the demarcations of the geometrical shadow due or
the reflection side of the shadow region to wedge diffraction N

at the outside of the edge and on the transmission side of the'

shadow boundary, for incidence at fagg at angles less than 071
the critical angle, to diffraction at the edge in transmission. -
Concerning the diffracted fields from the edge of the wedge, ool . . . | R L .
these two fields are expected to show maxima at the boundaries 60 —-40 -20 G 20 40 60

of the geometrical optics field, i.e., for diffraction at the outside osilion {ceg.)
edge we expect maxima &60° (B,., reflection boundary) and Fig. 3. Measured incident microwave beam profiles for TE (dotted line) and
0°. For diffraction at the edge from inside we expect maximBM (dashed line) polarization and fitted Gaussian profile (full line).

of the diffraction coefficient atB;; and By,..

The distribution of scattered intensity and the angular range strong absorption. To produce a time-averaged field
Pf _measurement is markedly depend.ent on the beam pr,om?ensity, calculations of the full 2-D electric field distribution
incident from the antenna. The experimental angular profilgSare made at either1/2 or ~1 p/s intervals throughout
with full width at half maximum (FWHM) of~60°, of the 0 33 3 1/s periodicity of the incident microwaves and the
microwave intensity incident on the wedges are shown |15 summed and averaged. Errors in the position of the
Fig. 3 for both TE and TM polarizations: the differences iy e of the wedge and of the axis of rotation relative to the
beam _shap_e of the_ polan_zed be.ams are ;mall. Also shown (?dge apex were corrected by bringing the angular positions
Gaussian fit to the intensity profiles, considered to be adequgt&y, peaks in the experimental results into agreement with
for both polarizations, which was used to describe the inpjfs heaks of the FDTD distributions. Examples, for TE and
field in the calculations by POGTD and in the calculationgy; ho|arization, of the rotational and displacement errors for
carried out using FDTD. 20°, 3, and 40 angles of incidence on the 9@vedge with

¢ = 3.1 are given in Table I. The range of values of wedge
V. CALIBRATION OF EXPERIMENTAL DATA: rotation and displacement errors, with a different set for each
FDTD CALCULATIONS wedge placement and polarization change, is representative of

The scattering data were affected by small misplacemeﬁrt’@ experimgntal problems, particularly to define the axis of
of the apex and misalignments of the edge of the weda broad microwave beam.
relative to the center of the broad incident microwave beam. To
assess these errors and to gain an independent set of calculated
scattered intensities to compare with the experimental data,
representative calculations for dielectric wedges were under-
taken using the Mission Research Corporation’s “MAGIC” lllustrative cases of the dissection for POGTD (separately
FDTD software package. The available package of 20006&r TE and TM) of the scattered amplitude into components
cells (pixels) provided a solution to the full-vector Maxwelkorresponding to different types of interaction, namely the total
equations in two dimensions. geometrical optics field and the total diffracted field and the

For good convergence of the MAGIC program, fields wenesultant total intensity curves, are shown in Fig. 4(a)—(d) for a
spatially sampled at one tenth wavelength intervals, i.e., & wedge and 3Dangle of incidence = 1.86. The diffracted
1-mm intervals in the setup of Fig. 1. This figure shows theomponent rises to peaks at the boundaries of the geometrical
sampling scheme adopted by whig¢d0 x 440 = 193600 cells optics field. The calculations assume an incident plane wave
were distributed over the scatterer and the region of detectidmut otherwise use the dimensions of the experimental rig.
The Gaussian source distribution (Fig. 3) was used to specBgth the outside- and inside-wedge diffraction coefficients are
the input field. To prevent extraneous reflections from the meskcited. The main differences between TE and TM intensity
boundaries, the area of computation was enclosed in barridistributions are due to the different Fresnel reflection and

VI. CALCULATION OF SCATTERED INTENSITY
FROM DIELECTRIC WEDGES BY POGTD
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TE, 60° Wedge, ¢=30° ¢=1.86, POGTD ™, 60° Wedge, ¢=30° ¢=1.86, POGTD
2.0 T ' T * 2.0 A T e x
1,5; B
: B
3 =
E E
< <
-100 0 100 200
Position (deg.) Position (deg.)
@ (b)
TE, 60° Wedge, ¢=30°, ¢=1.86, POGTD ™, 60° Wedge, ¢=30° ¢=1.86, POGTD
1.5 T (AL B | S T 150 T T T T
S 1.0- = 7
s 5 :
€ 05 = i
0.0 Lo | 1 . L 1 1 " Lt
0 100 200 100 200
Position (deg.) Position (deg.)

(© (d)

Fig. 4. (a) Separate amplitude presentations for incident plane wavé.86 of classical geometrical edge profile and edge diffraction for TE polarization,
60° wedge angle, 30angle of incidence. (b) Total intensity distribution corresponding to (a). (c) As 4(a) for TM polarization. (d) Total intensity distribution
corresponding to (c). Dotted curves in (a) and (b) correspond to total diffracted fields.

transmission coefficients. The curves in Fig. 5(a)—-(d), agaivedge and angles of incidence of°3®0°, 80°, 9¢°, and
for TE and TM polarization, respectively, show the sam&0(°. A selection of these results is considered below.
separate components of the scattered amplitude and the totalll three sets of results, experimental, POGTD, and FDTD
intensity but for the incidence of a microwave beam withre independently normalized to the incident intensity and a
the broad Gaussian shape corresponding to the experimentdid comparison of intensity levels can be made. Experimental
source of Fig. 3. There is a marked change in the shaged POGTD results are compared in Fig. 6 q(3®edge,
of the intensity distribution which now takes the form ot = 1.86, angle of incidences from 2(° to 9¢° as marked)
a peak centered about boundaB with fluctuations and and Fig. 7 (60 wedge, = 1.86, ¢ from 20 to 7). The left-
decreasing rapidly in intensity with increasing angles dfand column in each figure gives TE data and the right column
either side. gives TM data. Experimental results for’6and 96 wedges,
were taken for TE only, respectively, with permittivities of
3.1 and 1.86, angle of incidence from°2@ 70°. The angular
VII.  EXPERIMENTAL SCATTERING BY DIELECTRIC WEDGES  range of experimental measurement is reduced in some results
COMPARISONS WITHPOGTD AND FDTD as the detector intersected the side of the wedge and/or there
The complete set of experimental results covers wedg@s no transmission when the critical angle was exceeded
angles of 20 (only for ¢ = 3.1), 3C°, 6(°, and 90 for at the emergent interface. For the°6@edge and the higher
TE and TM polarization, dielectric wedges with= 1.86, ¢ and for all angles of incidence, rays transmitted into the
3.1, angles of incidence from 20up to in some cases 130 wedge are totally internally reflected at the second surface
plus corresponding POGTD calculations from° lificidence and only one side of the shadow region is observed. For the
in steps of 10. Besides the FDTD calculations referred t®0° wedge of eitherc and for all angles of incidence, there
above, calculations were undertaken for= 3.1, the 30 are no transmitted rays.
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Fig. 5. (a)-(d): As Figs. 4(a)—(d) but for incident microwave beam with Gaussian profile; profile as in Fig. 3. Dotted curves in (a) and (b) correspond

to total diffracted fields.

Considering the experimental results, for all angles @xperimental data over the whole of the patterns for angles of
incidence and all wedge angles on wedges of the saineidence from small values up to near normal incidence for
material, the intensity distributions are effectively identical foboth TE and TM. For angles of incidence greater than normal
all angles fromB;, the position of the intensity peak near thehe POGTD results, calculated without account of absorption
reflection-side shadow boundary extending towdtd (i.e., beyond the shadow boundar,;, particularly for TE for
when the overlapping features arising by interferencdzpf the higher permittivity and TM at the lower permittivity,
have been moved to higher angles revealing the interfererioe angles betweerB,;, and the side of the wedge, tend to
between the direct beam and the external diffraction). Fbe too high. When the diffraction abou®;; is excited at
wedges of different wedge angle at all angles of incideneegiven angle of incidence; then, for that wedge angle, the
and with the two values of permittivity the differences impeak intensity at the transmission side of the shadow region
the intensity distributions in this angular range are small. increases with increasing angle of incidence consistent with
experimental terms, there is effectively an intensity distributiancreasing transmitted intensity. The peak transmitted intensity
of closely constant shape, which defines, in the angular regifmm the wedge with lower permittivity is much greater than that
from B; to B,, the interference between the incident beafior the gypsum wedge with the same wedge angle and angle
and the external diffracted rays at the dielectric wedge. Tl incidence and occurs at a smaller angle of deviation.
comparisons in the figures between the experimental data anéig. 8 shows a comparison for TE and TM polarizations
POGTD in this angular range, including the interference aetween the experimental, POGTD, and FDTD sets of data
higher angles between the incident and directly reflected rajs; the 30 wedge,c = 3.1 for a range of angles of incidence.
show good agreement and a weak dependence of the exte@rly the diffraction on the reflection side of the shadow
diffraction coefficient on permittivity. region is found for incident angles of 10@nd larger. The

Considering the overall results of Figs. 6 and 7, POGTRbsorption parameter for the FDTD calculations was set by
provides a reasonable smooth fit to the intensity levels of tfiing the experimental and calculated curves at B&ident
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Fig. 6. Experimental (full line) and POGTD (dotted line) intensity distributions fo? 8@&dge ande = 1.86. Left side—TE; right side—TM. Angles
of incidence to wedge surface as marked range frorh &09C°.

angle; the corresponding loss tangent was B0—2, somewhat especially prominent for 60angle of incidence decreasing
higher than the experimental value. The agreement betwéenintensity for other incident angles greater and smaller.
all three curves is excellent on the reflection side of th@omparing the experimental results as a whole (Figs. 5-7 and
shadow region in intensity level and the features of thesults not published) with the FDTD results (in the absence
intensity distributions. In the shadow region the experimentaf particle size effects), small fluctuations in the intensity
results are affected by small diffraction peaks attributed thstribution within the shadow region are evident, prominent
the layering due to the method of fabricating the gypsufor the smaller angles of incidence as found in the FDTD
wedges. In the shadow region, the FDTD results show calculations. The POGTD calculations for the transmission
definite fringing structure of low intensity superimposed ohoundary of the shadow region are of the correct general shape
the intensity minimum defining the shadow region that isut overestimate the transmitted intensity by an increasing
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Fig. 7. Experimental (full line) and POGTD (dotted line) intensity distributions fo? @@dge ande = 1.86. Left side—TE; right side—TM. Angles
of incidence to wedge surface as marked range froh &0 70C.

amount with a maximum ratio of about 1.5, as the anglgedges are not of homogeneous composition and are not
of incidence increases beyond normal. This is due to thecessarily free of small voids, the edges of the wedges have
neglect of absorption. The POGTD results do not show tliaite thickness, etc. Nevertheless, the agreement between the
superimposed small intensity peaks in the shadow region. experimental results and the FDTD results overall accounting
for absorption, is very satisfactory.
The agreement between the experimental scattered intensity
VIII. CONCLUSION and the results of both calculations show that the diffraction
Total agreement between the experimental and FDTD calaeefficient derived from POGTD is entirely satisfactory for
lated results cannot be expected in practice, even if expectediifiraction on the reflection side of the shadow boundary
principle for a fully specified object model, if the calculation®f the dielectric wedge; this shows a weak dependence on
were free of all sampling errors, because the experimenti¢lectric permittivity. The most serious difference between
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the experimental and POGTD results is in the magnitude tfwhether external or internal diffraction is excited or both and
the diffraction coefficient, following the assumption of zerstrongly excited in a particular angular range [24], [26], [30]

absorption, at the transmission side of the shadow boundawyay from normal incidence. Of course, the SAR simulator
and for angles of incidence greater than normal. Absorptiepplies to far-field rather than the near-field conditions of these
can readily be introduced empirically into POGTD, necessarikperiments; the formulation of the diffraction coefficient for

based on an assumption of the dielectric permittivity of thie dielectric edge accommodates this.

material, according to a judgement of the angle of incidence at
a dielectric edge. The comparison between POGTD and FDTD

calculations, in respect of the small intensity fluctuations in the
shadow region, reveals effects that probably concern surfac&he authors would like to thank Dr. D. Blacknell of DERA,

waves excited on one or both of the wedge surfaces, accordmglvern, for his discussion. They would also like to thank
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