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TABLE | Line Integral Representation of the Modal
CONSTRAINTS FOR CROSSPOLARIZATION MINIMIZATION Radiation for an Open-Ended Waveguide
Constraints SP(%) CieolUB) AGdB} X ) )
Bualmode Horns 950 5.0 250 S. Maci, F. Capolino, and F. Mioc
Frimode Horns 90.0 49.0 35.0

Abstract—A line integral representation of the Kirchhoff-type aperture

TABLE 1l integration is derived for an open-ended waveguide with arbitrary cross
NET RESULTS AFTER MINIMIZATION section, excited by an arbitrary mode. The problem is formulated by
Modos PO G YERETS Ao taking advantage of the equivalence between the radiation of the aperture
TEn 93535 TRold 7853 30501 and the radiation of the modal currents along the semi-infinite waveguide
Dualmode Horns 95.897 49.346 23881 25465 walls.
Trimode Horns 95.607 49.36( 9.578 39812

Index Terms—Aperture antennas.

constraints for this example are summarized in Table | and the net l.

results based on the algorithm described in Fig. 2 are summarize . . . . .
in Table Il. It is observed from Table Il that the applications of dl'he Kirchhoff-type aperture integration (Al) is the simplest way to

dual-mode horns and trimode horns with optimum ratios impro%alcmate the radiation of an open-ended waveguide (OEW) excited

the cross-pol performance by 4.674 and 19.021 dB, respective a mOde'. Reducing the_ Al'to aline |ntegrat|qn (LD may provide a
nificant improvement in terms of computational efficiency. This

compared to the horns with single-mode excitations. These reSlfsg/lparticularly useful in the framework of a method of moments

are consistent_ with the findings published in [2], which present? oM) procedure, which is formulated in terms of mode-shaped basis

results for a single-feed horn. functions. Furthermore, a line integral representation of the aperture
field is particularly well suited for introducing fringe augmentation

11l. CONCLUSIONS that may be provided by incremental techniques such as the phys-

A systematic algorithm for suppressing the cross-polarized COtJTCf.f’lI thgory of diffraction (PTD) [1] and the incremental theory of
ponent of single-offset reflector antennas illuminated by a cluster %Hﬁractl_on (ITD) [2]. . .
multimode horn feeds using a constrained minimization routine hasl_n this letter, a method for _asymptotlcally reducmg t_he A.‘l toa
been developed. The algorithm allows for design constraints to b 'S presented. One for_mulatlon_ _S“’?”_S frqm _the'radlatlon n freg-
imposed during the minimization process. The trimode-type horfBaCe of the corres.pondlng semi-infinite distribution of the electric
provide for the greatest improvement in cross-polarization perfo‘?’-a” currents associated with the unperturbed mode. Recently, the

mance. While shown here for a scanned beam case, the algoritﬂwivalence bet_ween the field Predided by Al and the above wall

would also be useful for minimizing cross polarization in shape(?-wrent _|ntegrat|on has_been rlgorously demonstrated for OEW's

beam applications as well. with arbitrary cross-section [3]. Since this latter approach resembles
the physical optics (PO) method for scattering problems, it will be
referred to as PO as well.

Let us consider an OEW of arbitrary cross section, which is excited

by eith TE TM mode of arbit der; the field of thi
The authors would like to thank Dr. M. C. Bailey of NASA Langley Y GIter a ora Moce, 0 arpirary orcer, tne he'e ol this

: . . ode is denoted byE™°!, ™! and its propagation constant by
F{es_earch Cen'Fer, Ha_mpton, VA, for_suggestlng this project and {f%")d. It is useful to define a reference system with its origin inside
his insightful discussions on the topic.

the aperture and its axis parallel to the waveguide generatrix; its
relevant spherical coordinate system is denoted(hy, ). The
REFERENCES integration point on the wall is indicated B/ = (¢, z') where(’ is
[1] Y. Rahmat-Samii and V. Galindo-Israel, “Shaped reflector antenna and curvilinear parameter that describes the waveguide contour in the
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[2] A. W. Rudge and N. A. Adatia, “New class of primary-feed antennas, and itsy” axis tangent to the surface Bt [Fig. 1(a)]; a spherical

for use with offset parabolic-reflector antennaléctron. Lett, vol. 11,  coordinate systeriz, ©, ¥) and its pertinent unit vectordz, ©, ¥)
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Fig. 1. (a) Geometry of an open-ended waveguide and its relevant reference scan angle 0 (degrees)
systems. (b) Dominant asymptotic contributions associated to the radiation
from an elementary strip. (c) Incremental geometrical optics contribution (b)

(IGOC) along the lineL. (d) Incremental end-point contribution (IEC) at

the intersection betweeh and the edge. Fig. 2. Field radiated at finite distance from an open-ended circular wave-

guide (H plane); aperture integration (continuous line), line integration (dashed
line). (a) TE1-mode excitationE,, component. (bJTM11 excitation, Ey

Where Component.
PPy = /‘0 fol f,)e,*f’”‘R(’*”') ik In (5) and (6),( Ro. ©0) = (R, O)|._o [Fig. 1(a)];#: is the incident-
¢ LTS 4R ) mode ray angle that is defined By**? = kcos8,; F(z) is the

(2) transition function of the uniform theory of diffraction (UTD) [4];
zs = z — Ry sin Oy cot §; is the SPP, and (x) is a Heavyside unit-
and step function, which is unity when the SPP lies on the strip and zero
fe(z ) = —jkCat - (éé n ‘i}@) (P X ﬁmod)_ ®) elsewh_ere. The_ above e>§pre§§ions haye been calculated by applying
to the integral in (2) a simplified version of the method presented
In (2), the functional dependence Bfon the integration variables hasin [5].
been explicitly indicated. In (3)i., is the normal to the wall (pointing  In the following, F;/* and F; will be referred to as incremental
inside the OEW), and the gradient opera¥orhas been replaced by geometrical optics contribution (IGOC) and incremental end-point
its relevant asymptotic approximationjkf. The term FP°(£") d¢"  contribution (IEC), respectively. As expected from the radiation of a
in (1) represents the radiation of an elementary, semi-infinite strip Baveling-wave current, each IGOC is a conical wave propagating in
traveling-wave current, parallel to theaxis [Fig 1(b)]. the directiond:. According toU (0, — #:) the conical wave exists

For eachf’, the integrand in (1) is asymptotically evaluated by itsvithin the region©, > ¢, and has its shadow boundary cone (SBC)
stationary phase point (SPP) contributidli’(¢') and its end-point at ©, = ¢: [Fig. 1(b)]. Each IEC is a spherical wave arising from
(EP) contributioan(E/), ie., a point of the edge; close to SBC of the corresponding IGOC, the

o o o IEC exhibits a transition into a conical wave behavior that allows
Ffp () ~ F;’ (0) + F (6) (4) compensation for the discontinuity of the IGOC. The sum of the
IGOC plus the IEC is continuous everywhere and easily integrable.
The IGOC's can also be interpreted as incremental fields that arise
F;’O([’) =U(0¢ — 9z)fg(zs,ﬂ’)i from the SPP'sP, = ((',z;) defined by® = 6,. These points
) 4 belong to a lineL, which is the intersection between the waveguide
] 2) o—JkRo cos(®g—02) 5) and a ray cone with vertex i and aperture anglé, [Fig. 1(c)].
wkRo sin ©p When L does not intersect the waveguide rim, the integration of
IGOC’s asymptotically reconstructs the field of an infinite waveguide,

v . namely the modal field inside the infinite waveguide and zero outside.
e/ F2kRo sin®(3(8: = ©0))] To speed-up practical calculations this latter condition (null field
47 Ry jk(cosfy —cosOp) outside the infinite waveguide) can be enfor@egriori. If the line

(6) L intersects the rim [Fig. 1(d)], only a part &fhas to be integrated;

where

and

FE(U) = fe(0.0)
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the integration end-points are determined by the condition= 0 An Efficient Formulation for Calculating the Modal

and described by the unit step function in (5). Coupling for Open-Ended Waveguide Problems
It is worth noting that for large apertures in terms of a wavelength,

Fg""(é’) is a rapidly oscillating function off’. Consequently, the F. Mioc, F. Capolino, and S. Maci

integration in (3) can be asymptotically evaluated by its stationary

phase point contributions, thus, leading to a UTD-type ray-field

representation. However, this latter fails in describing the field closeAbstract—A double line integral representation of the mutual coupling
to and at the axial caustic and it has also been found less accuRfeen open-ended waveguides of arbitrary cross section is presented,

. : S . ich is useful to speed up calculations inside the framework of a
V\{Ith respect to the present numerical line integration for moder Slerkin method of moments.
sized apertures.

Index Terms—Aperture antennas, electromagnetic coupling.

Il. NUMERICAL RESULTS |

Numerical results from Al (continuous line) have been compared
with those from LI (dashed line) for the case of a circular OEW WitE

. INTRODUCTION AND FORMULATION

The theorem demonstrated in [1] establishes a rigorous equivalence
etween the field predicted by the Kirchhoff-type aperture integration
. . ) Al) and that radiated by the physical optics (PO) wall current.
radiusa = 0.5, excited by théTE, mode. The)> component of By using this equivalence, a formulation has been presented [2] to

the electric field in the H plane is plotted at a d'?‘am? 1.5 asymptotically reduce the Al into a line integration (LI) along the
andr = 0.7, respectively. Both curves are normalized with reSpe%aveguide edge

to the maximum value obtained in the case- 0.7)\; furthermore,

radiusa. In particular, Fig. 2(a) shows results for a waveguide wit

o . . " In this paper, the equivalence between PO and Al [1] is applied
the field is calculated in the region external to the waveguide; i.g, .\ coupling between OEW's of arbitrary cross-sections. This

9,< 130° for r = 0‘7,’\ andé < 160, fqr r=15A. Normallized. N€ar allows for the derivation of a convenient double integral expression
field patterns forTM:-mode excitation are presented in Fig. 2(b)for the modal coupling to be applied in the framework of a method

The # component of the electric field in the H plane is plotted for thgf moments (MoM) for arrays of OEW's and horns. Note that a

two cases: = 0.65), r = 1.5A, anda = A, r = 2), respectively. ;o\ Galerkin mutual impedance is generally given in terms of
The curves cor_respondlng to this latter case are shifted 10 dB do&"huadruple integral in the space domain and the reduction to a
o re”d'?r the figure more reaQabIe. double line integral is possible only for rectangular coplanar apertures
In spite of the moderate size of .the apertures, the agreem ! When closed-form Fourier transform representations of modal
bet_ween the Al and its correspondmg_ LI has been found_qun %planar distributions are available, one can resort to a spectral-
satisfactory over the total 40-dB dynamic range. The small gl'tCh'a%main approach; however, the resulting double spectral integrals

arise from the fact that the IGCO integration has been turned off wh 1N improper and slowly convergent. The method presented here is
L does not intersect the edge [see Fig. 1(c)]. The result presented E%pendent from the waveguide cross sections and, although it is

also su_ggests_an effective method to speed-up practical CalCUIatlagéeloped here only for coplanar apertures, it can be easily extended
of the interaction between modes [6]. to the noncoplanar case

Let us consider two open-ended waveguides OEW1 and OEW2
of arbitrary cross sections. For the sake of simplicity, but without
loss of generality, we will assume the two axes of the OEW's to
[1] P. Ya. Ufimtsev, “Elementary edge waves and the physical theory b parallel. Two reference systenis’,y’,z') and (", y", 2"
diffraction,” Electromagn.vol. 11, no. 2, pp. 125-159, Apr./June 1991.gre introduced in whichz' <0 and =" <0 are the semi-axes

2] R. Tiberio and S. Maci, “An incremental theory of diffraction. Scalar : :

2 formulation,” IEEE Trans. Antennas Propagaug)ll. 42, pp. 600-612, oi OEW,]' ar/1d ~,OEW2’, re§pectlvely (Fig. 1). L?t u,s denote by
May 1994. (e exp(Jk2z"), hT exp(jkI'z")) the field propagating into OEW1

[3] S. Maci, P. Ufimtsev, and R. Tiberio “Equivalence between physicdbward negative:’ and by (€5 exp(—jk7"2"), by exp(—jkI" "))
optics and aperture integration for an open-ended waveguEE  the field of themth mode propagating toward the positiveaxis
Trans. Antennas Propagatol. 45, pp. 183-184, Jan. 1997. f OEW2, wherek™ and k™ are the z-propagation constant of

[4] R. G. Kouyoumjian and P. H. Pathak, “A uniform geometrical theory o h | d h field lized i h
diffraction for an edge in a perfectly conducting surfacerbc. IEEE e relevant modes. These fields are normalized in such a way
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vol. 62, pp. 1448-1461, Nov. 1974. that the integration of? - hi(; = 1,2) on the aperture is equal
[5] L. B. Felsen and N. MarcuvitzRadiation and Scattering of Waves to (—1)"¢»« (Kronecker's delta). Magnetien!" = (_1)igjf” X 2,
New York: |EEE Press, 1994, pp. 421-423. and electric/™ = (—1)2 x k™ current distributions associated

[6] F. Mioc, F. Capolino, and S. Maci, “An efficient formulation for . ]
calculating the modal coupling for open-ended waveguide problem§,° the unperturbed modes are defined on each aperture. The field

pp. 1887-1889, this issue. radiated in the near zone by these aperture distributions is denoted
by (E*, H™). The mutual coupling coefficient between the two
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