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Abstract—In this paper, we present an extension to the uni- Hertzian dipole very close to a cylinder. However, in some cases
form geometrical theory of diffraction (GTD) for reflection from  jtis not advisable to decompose the source into Hertzian dipoles.
smooth curved surfaces. This approach allows the source to be An example is the MoM/uniform GTD hybrid formulation [2]
much closer to the reflecting surface than the conventional uniform . . . . . .
GTD formulation and does not require a Hertzian dipole source. In Wh'Ch the MoM part uses. tnangulgr basis funpnons. (_It IS
In essence, the field point is mirrored in the plane tangential to the POssible to use the formulation for dipole radiation and inte-
specular (reflection) point; the incident field is then calculated at grate these contributions over the basis function. This, however,
the mirror point and the uniform GTD reflection coefficients are  would require ray tracing inside the integration, resulting in sig-
used to mirror this field to the original field point. This formulation nificant additional computational cost.) This paper presents an
reduces exactly to the conventional uniform GTD if the incident . . .

extension of the conventional formulation to treat these cases.

field is ray optical. The application to a hybrid method of moments - - - X
(MoM)/GTD code is outlined and results computed using this code [N the next section, we summarize the hybrid formulation. The

are presented for a dipole radiating in the vicinity of a cylinder. section thereafter develops a mirror formulation to account for
Index Terms—Electromagnetic diffraction, geometrical theory ~the gnlform (_3TD reflection from smooth convex surfaces and
of diffraction (GTD), method of moments, UTD. the final section shows some near-field patterns as well as a typ-

ical application.

. INTRODUCTION
II. MOM/GTD HYBRID METHOD

HE geometrical theory of diffraction (GTD) and its uni- . . .
In the full MoM [1], [6] one typically solves a matrix equation

form versions are a very efficient way to calculate the ra-
diation patterns of antennas in the vicinity of large conducting 2] = [V] )
structures. This formulation requires a known current distri- o
Fnu:t(r)lg dar;? ;2;22?53;2&;3:}?3#1 gg‘ﬂ?ﬂ?ﬂs[? c[g]atso W/ﬁere[V] is a vector related to the excitatidd] a vector con-
calculate current related parameters such as coupliné and intalljr%mg the unk_nown coefflcu_ants of Fhe baSI.S functions in the
impedance. In order to model antennas mounted on masts %Jrr_rent expansion, arid] the mteracﬂop matr|>§. Fora qurrent

i . ' BSed formulation the elements of the interaction matrix may be
craft, etc., the uniform GTD part must also treat curved surfaces..
The uniform GTD solution for reflection from smooth curveaertten as

surfaces has been studied in detail [3], [4]. This formulation uses N = N T oy ,
areflection coefficient to relate the incident and reflected fields Zrn = /S / , bn(7) - G(77) - bu(T) ST (2)
at the specular point and uses ray optics to calculate the field at

any required point. The validity of the underlying assumptionghere

decreases as the source or field point approaches the speculdr surface on which the current is flowing;

point. Antennas mounted on masts, etc. will, in general, be inG(7, 7)  Green’s dyadic giving the field at due to a

the region where the reflection coefficients are no longer valid. dipole at#, b,(7) is the nth basis function
For flat plates, the reflected field may be found from the (which may be either a section of a line current

mirror image of the source. In the case of curved surfaces it is or a part of a surface current);

not as straightforward. When only the source is in the immediatef,. (7) mth testing function.

vicinity of the specular point one needs to use a radiation for-If an additional scatterer treated with GTD is added to the
mulation as in [5]. This formulation gives the radiated field for @roblem the interaction matrix may be modified [1]
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gives the interaction between the source and field functions that
occurs via the scatterer. He@& TP (7, 7') represents the GTD
field at7 due to a source &t but with the direct term excluded.
The direct term is accounted for in the MoM part of the interac-
tion term. In the above, the GTD contribution must be integrated
over both the source and field regions. This may become very
inefficient, as calculating the GTD field will generally require
potentially time-consuming ray tracing.

If the source and field positions are electrically far from the
specular (reflection or diffraction) points, the GTD field will be
relatively constant over the electrically small basis and testing
functions. It may therefore be treated as constant, allowing
simple evaluation of the integrals in (4). This, however, limits
both the source and field positions. We use a modification
of this technique whereby one integral is calculated and one
approximated. The incident field is calculated from the integral , o , _
over the complete basis function. This source field is Fh{r&%ré'shg{/‘ggaeé’&'?; ?ﬁg&iﬁ:g‘fjfggg'e":;for reflection from a cylinder. The
reflected to the center of the testing function using our “mirror

formulation” (discussed in the next section) that allows theﬂ ted directi tivelv. Th iabtésand X £
source to be arbitrarily close to the surface. If the total path froffi coted directions, respectively. The variabfesan as

: i : : ell as the special functionB, (¢%), P, (¢F) and F(XT) are
the source to the field point via the cylinder is long enougl‘g,\/eﬁneOI in, for example. [3], [8]. The variablgg and p} de-

the field at the testing function will be relatively constant. W S N
may therefore approximate the outer integral aein (4) by n:)t_e the pr_mmple radii of curvature of the refle_cted wave, and
assuming that the integrand is constant. s" is thg d|stanc_e from theispecul_ar or reflection point to the
Our implementation relies on using an arbitrary source rath'c ?ld pomt.' we W.'” also use", the d!stance from the source to
e reflection point. All points mentioned above, sucltasire

than a Hertzian dipole. Thus, it requires a GTD formulatio . _ L .
written in terms of reflection and diffraction coefficients. It is escribed in terms of the vector from the origin to the particular
oint. When the source is too close to the specular point the in-

not possible to use the closed-form dipole formulation in [5] apsd thield i | tical and the f lati .
is done in the hybrid formulation in [7]; in Hsu’s work, the mo-C'@entiield IS no longer ray optical and the formulation as given

ment method part was limited to line currents with sinusoidgi‘ils' e . . . .
P We use a modification of this formulation. Consider the ge-

basis functions. Since these basis functions may be explicitlx1 trv sh in Fia. 1. The fi h tin the ol f
written in terms of Hertzian dipoles at the edges of line sed- €elry shown in Fig. 2. The figure Snows a cutin the plane o
cidence, but the structure is, in general, three-dimensiéhal.

ments, the dipole GTD formulation was appropriate. To mod : — . .
P bprop gthe source point and the poiff is the mirror image of the

metallic surfaces by the MoM, we use rooftop basis functio d point 7 in the ol i tial to th lind f t
over triangular patch elements. These basis functions do not gd point /71n the plane tangential to the cylinder surtace a

compose as easily to Hertzian dipoles. the specular poin)

M =P —-2a[n-(P— Q)]
Ill. REFLECTION FORMULATION
The conventional uniform GTD formulation for smoothVhered is the normal vector to the surface@t In the absence
curved surfaces has been given by Patbaleal. [3]. In this of the scatterer the ray optical field & may be found from a

formulation, the total field (superposition of direct and reflecteff?own field atQ). Assuming spherical wave incidence, one finds
field) at pointP in the lit region may be written in terms of the

SZ

incident field at the specular poif} E'(M)=F(Q) e eIk (6)
F(BY ~ TP\ LT (TN P1P3 ks which may be inverted to give the field & for a known field
EP)~ E(P)TEQ) R\/(p’l‘ + s")(ph +s7) ¢ ®) at M. This may be substituted into (5) leading to

whereE' is the incident field the propagation constant and E(P)~E'(P)+E'(M)

= . si o st P1PY
R =Rserer+Ruéjd A s Ty )
Y 1o B
sh T\ e &P —i5(¢") where the direct contributioR”(P) is calculated at the original
o—iT/4 . field point. In the case of reflection from a cylindef, = s* and
. {WD — F(XI+ P, ;L(SL)} this equation simplifies to
with &, the unit vector normal to the plane of incidence, and E(P)~ E(P)+E (M) R pr(st+s7) (®)

e]l andéj; the unit vectors normal t6, and to the incident and st(ph 4+ sm)
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; - : Fig. 3. The near field of a vertical Hertzian dipole O.1n front of a cylinder
20 40 60 80 with radius 1.5\. The field is calculated on a radius of 1.85n a plane 1\
¢—angle {degrees) above the source.

(b)
Fig. 2. The near field of a vertical Hertzian dipole in front of a cylinder wittthe direction of propagation is tangential to the mirror plane.
radius 1.51. The field is calculated on a radius of 2.13n the same plane as The direct and reflected contributions will thus cancel. This will
the source. The sources are () 8.dnd (b) 0.2\ in front of the cylinder. be continuous with the creeping wave field diffracted into the
shadow zone, as this formulation assumes a ray optical field that
which is valid in the entire lit region when the source and fieldoes not have a component in the direction of propagation.
points are such that the ray optical field approximation is valid. The reflected field aP® may thus be written as
Note that ass® — 0, pi — s’ (provided thate} > 0) and o
the term inside the square root tends toward unity. Near broad- E"(P)~E'(M)-R' 9)
side the reflection coefficient®, ; — =1 and the tangential
components at the field poiiit are the mirror image of those atwhere
the mirror pointd . (This is approximately what one would ex- - AR
pect very close to a large cylinder.) In the other extreme, whereR’ — M {RSéLéL + RyéEl é”} —é&er (10)
the incident field is ray optical, our mirror formulation reduces si(py + ") L

to the original uniform GTD. Thus, we may argue that as (8) is.

physically consistent when the source and field points are in with €, andé;; the unit vectors in the incident and reflected wave

ther the ray optical region or the very near region, we may uggectlons of propagation respectively as shown in Fig. 1. Note

this equation throughout. that theﬂor_mal com_ponent 6f (vzyith re_spect to the tgngential
The reflection formulation is applied to the total field orthogP!@n€ at) is opposite to that of;,, while the tangential com-

onal to the direction of propagation (the componeﬁt§ and Ponents are the same. Due to the negative sign of the second
¢.). This field includes the near field term/¢-2 andll/r?’) in term in (10) the normal component is in the same direction as
L the field atd/, while the tangential component is opposite to it.

these directiongven though the reflection coefficients are d = or & maanetic boundary the sian of the second term becomes
rived for ray optical fields onlyThis is a heuristic extension, bUtpositive 9 y 9

results presented in the next section show that it does indeed'ex- . . .
; ” - n the present implementation, the specular point and the ray
tend the “low-frequency” end of the GTD for specific problems,. " : ST
directions are found for a spherical ray originating from the

of concern in a hybrid MoOM/GTD code. . S : .
As ray optical fields do not have a component in the directi center of the source basis function in the MoM region with the
YHeld point at the center of the testing function.

of propagation, the near-field component in this direction needs
special treatment. We elect to treat this component as if mirrored
in a infinite, perfectly conducting mirror. For near broadside

reflections this will be similar to the GTD reflection coefficients This section presents plots of the near field radiated by a
which approach that of a flat plate. At the shadow boundatyertzian dipole very close to the cylinder as measure of the ac-

IV. NUMERICAL EXAMPLES
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Fig.4. The nearfield of a horizontal Hertzian dipole A.ih frontofacylinder g 5 The nearfield of a horizontal Hertzian dipole 8.ih front of a cylinder
with radius 1.5\. The field is calculated on a radius of 2.15n the same plane \\ith radius 1.5\, The field is calculated on a radius of 2.A5n a plane 1\

as the source. above the source.

curacy and the region of validity of the mirror formulation. It Fig. 3 shows the pattern on a radius of 1.85but in this
also shows the input impedance of a half-wave dipole antenfige. — )\ such that the field also hasand ¢ components.
as itis moved closer to a cylinder as an example of the appligge present only the two largest components. In this figure, it is
tion of the mirror formulation. clearly seen that the mirror formulation does not yield such a

Figs. 2-5 show the near fields for a Hertzian dipole in front gframatic improvement. One reason is that the source and field
a cylinder with radius 1.5, sufficiently long that the end-cap points lie very close to the cylinder. With the much larger axial
effects may be ignored. The figures show the field strength é&paration between them, the incident and reflected directions
decibels with respect to 1 V/m when the Hertzian dipole amare very close to the cylinder axial direction. In this case, the
plitude I dl is 1 Am. The MoM solution is given as a referencgng|e of incidence approaches®90hile being far from the
and is computed with a 18long cylinder. We also show resultsshadow boundary and the uniform GTD reflection coefficient
which we have computed using the uniform GTD formulatiofioes not remain valid. The case of horizontatdfrected)
due to Pathakt al.[3]. Note that this formulation is pushed be-dipoles is given in Figs. 4 and 5, both showing the fields on
yond its intended limit in the examples shown here. This is doageradius of 2.15\, with the former on the same plane as the
to indicate that the mirror formulation discussed above can iffource and the secondat ). The same trend is evident. The
prove the range of validity. The cylinder lies along thexis in  horizontal polarization seems to be a little better behaved for
cylindrical coordinates with the sourced@t= 0° andz = 0. small ¢ angles.

The two graphs in Fig. 2 show the near field pattern of a ver- We have seen that the mirror formulation is most suspect
tical (z-directed) dipole as a function of the cylindrical angle when there is a large axial separation between the source and
In both cases the pattern is measured at a radius of Rdf field points. Thus we have selected as a worst case application
z = 0 (in the same plane as the source). These curves, andodlthis formulation a vertical (rather than horizontal) half-wave
the other dipole patterns, are plotted up to the shadow boundédigole (length 0.5x and wire radius 0.001) in front of a
at about 70, depending on the exact source and field radii. Theylinder of radius 1\. Fig. 6 shows the input impedance of
graph in (a) shows the pattern for a source at a radius of 1t& dipole as a function of the distance to the cylinder as an
A (only 0.1 A in front of the cylinder) and shows clearly thatexample of the application of this formulation. The plot com-
the modified formulation yields much improved results. Notpares the full MoM (which is used as a reference) to the hybrid
that the accuracy of the results decreases toward the shadoinulation which uses MoM basis functions on the dipole
boundary. This may be expected from the fact that the commegments and uniform GTD to incorporate the interaction with
nentin the direction of propagation is ignored at this point. Frothe cylinder. The figure shows that the uniform GTD theory due
the comparison in (b), it follows that a separation of 8.8 al- to Pathalket al.[3] starts diverging, as expected, fér< 0.3\.
most large enough for the formulation [3] to be valid. The mirror formulation can be used much closer to the cylinder.
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V. CONCLUSIONS

We have demonstrated an extension of the uniform GTD re-
flection formulation that considers the near field effects al
can be easily implemented in a hybrid MoM/GTD code withot
having to model the basis functions in terms of Hertzian dipole
It further enables the source to be very close to the cylinder pi
vided that the source to reflection point to field point distance
not too short. We have seen that both the source and field pc
may be within 0.1\ of the reflection surface, in this case pro
vided that the axial separation is of the same order.
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