
Abstract—A problem of electromagnetic wave scattering from
cylindrical posts of arbitrary cross section located in waveguide
junction is presented. The method of analysis is based on the
direct field matching technique. Multimode scattering matrices of
every section of waveguide junction are calculated and cascading
procedure is utilized to investigate the whole structure. The results
are verified by comparing them with those obtained from the
mode matching method analysis as well as commercial software
calculations.

I. INTRODUCTION

The accurate analysis of electromagnetic wave scattering

in waveguide junctions is one of the most important issues,

which is crucial to the design of microwave devices. There

are numerous analytical and numerical techniques, which allow

to find the solution to the problem with different efficiency

and effectiveness. The proper choice of the method is closely

dependent on the complexity of the structure geometry. For

structures with simple geometries, which can be described

by constant coordinates of orthogonal systems, the analytical

methods can be applied, which give accurate results with

notably low numerical cost, if the correct basis functions are

used. For complex shapes the analytical descriptions are often

impossible, and the hybrid or space discretization techniques

become handy. However, their accuracy strongly depends on

the used mesh density, as a result their efficiency is low for

complex structures.

Recently, the semi-analytic method for electromagnetic wave

scattering from cylindrical objects with arbitrary convex cross

section has been developed [1]. It allows to investigate both

open and closed problems as the procedure is divided into

two independent stages. In the first stage the sole scatterer

is modeled in isolation from external stimulation. The result

of this modeling is an multimode impedance matrix, which

relates the total electric and magnetic fields (both incident

and scattered) on the cylindrical artificial surface describing

the object. Such description allows to match the object with

any known external excitation, e.g. plane wave illuminating

the object or waveguide fields in which the investigated object

is located. The method is based on the direct field matching
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Fig. 1. Investigated structure. (a) Waveguide junction with two post of arbitrary
geometry. (b) Decomposition of the structure into three waveguides of fixed
lengths and two posts enclosed in cylindrical regions. (c) Cascade of five
subsequent sections described by their multimode scattering matrices.
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Fig. 2. The geometry of an scatterer and its impedance matrix representation.

technique involving the projection of the fields at the boundary

on a fixed set of orthogonal basis functions, and the main idea

of the analysis is based on decomposition of the obstacles’

fields into Fourier-Bessel series with unknown coefficients. In

order to analyze several objects, which are in close proximity

with each other, the iterative scattering procedure [2] can be

utilized. For objects located at greater distances their descrip-

tion by multimode scattering matrices and the utilization of the

cascading formula is a better choice.

In this paper the field matching method [1] is investigated for

the posts or arbitrary cross section located in a waveguide junc-

tion. Such structures find application in microwave filters [3],

[4]. The investigated examples show the possibility of use of

cascading formula for several sections of waveguide junctions

and the accuracy of the approach. The results are verified by

calculations performed with the use of mode matching method

and commercial software based on finite element method.

II. FORMULATION OF THE PROBLEM

The investigated structure is composed of two cylindrical

posts of arbitrary cross section located within the waveguide

junction as depicted in Fig. 1(a). In order to calculate the

scattering parameters of the entire junction with the use of

the procedure described in [1] this structure needs to be

decomposed into five separate segments: three waveguides of

fixed lengths and two posts enclosed in cylindrical regions (see

Fig. 1(b)). The procedure [1] allows to replace the object of

arbitrary cross section by a circular cylinder described by its

multimode impedance matrix Z as illustrated in Fig. 2.

In further stages of the procedure the circular cylinder

is matched with the external excitation, i.e. the waveguide

fields, on the cylinder surface (see Fig. 3), which allows to

calculate the multimode scattering matrix of the waveguide

section defined on the cylinder symmetry axis. The calculated

matrices of subsequent sections (see Fig. 1(c)) allow to derive

the scattering parameters of the entire waveguide junction with

the use of simple cascading formula.

III. RESULTS

The numerical tests were performed for the structure pre-

sented in Fig. 4. Two rectangular metal posts of dimensions 3

mm × 6 mm and full height were located inside a standard

WR90 waveguide (a = 22.86 mm b = 10.16 mm).

The first tests concerned the obstacles located in the sym-

metry axis of the waveguide h1 = h2 = a/2 and four different

distances d (15 mm, 12 mm, 9 mm, 6 mm). The results obtained

Fig. 3. Matching the external excitation with the cylindrical area described by
matrix Z.
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Fig. 4. The geometry of the analyzed structure: two rectangular metal posts
of dimensions 3 mm ×6 mm (full height) located inside a standard WR90
waveguide.

from the field matching technique (FM) were compared with

the ones from the mode matching method (MM) and from

commercial software [5], [6] based on finite element method

(FEM) - see Fig. 5 and Fig. 6. An excellent agreement was

obtained even for the last case (d = 6 mm) when the posts are

in contact.

Similar tests were performed for the obstacles located closer

to the waveguide wall (parallel to its symmetry axis) h1 = h2 =

a/5. Also in this case four different distances d (15 mm, 12

mm, 9 mm, 6 mm) were analyzed. The results obtained from

all three methods are presented in Fig. 7 and Fig. 8. As can be

observed the agreement is also very good for all distances d.

For the final analysis the obstacles were located in different

distances from the wall h1 = a/5 and h2 = 2a/3. As in the

previous cases the same distances d between the posts were

assumed. The results obtained from the proposed technique are

in excellent agreement with the alternative methods used for

comparison - see Fig. 9 and Fig. 10.

The investigation of posts, which overlap with each other

(for distances d < 6 mm for the considered cases) did not

provide satisfactory agreement, which is a limitation of the

method. This could results from the influence of higher modes,

which are excited in the discontinuity. The maximum number

of waveguide modes, which can be taken into account in the

analysis is 20 (for the considered cases). Higher number of

modes should not be used to avoid the ill conditioning of the

problem, which can result in incorrect results.

The cascading procedure can be utilized to investigate filter-
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Fig. 5. Scattering parameters S11 for h1 = h2 = a/2 and different values of
d (in millimeters).
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Fig. 6. Scattering parameters S21 for h1 = h2 = a/2 and different values of
d (in millimeters).
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Fig. 7. Scattering parameters S11 for h1 = h2 = a/5 and different values of
d (in millimeters).
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Fig. 8. Scattering parameters S21 for h1 = h2 = a/5 and different values of
d (in millimeters).
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Fig. 9. Scattering parameters S11 for h1 = a/5, h2 = 2a/3 and different
values of d (in millimeters).
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Fig. 10. Scattering parameters S21 for h1 = a/5, h2 = 2a/3 and different
values of d (in millimeters).
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Fig. 11. k0 – β diagram for periodic structure composed sections of rectangular
posts located at h = a/5 form the waveguide wall with period d = 22 mm.

ing periodic structures composed of posts periodically arranged

in the waveguide junction. An example of such structure

composed of rectangular posts, with dimensions from previous

examples, was analysed. The posts are located at h = a/5
from the waveguide wall with the period (distance between

the sections) d = 22 mm. The dispersion diagram [7] of the

periodic structure is illustrated in Fig. 11, which represents

the plot of propagation constant βd as a function of k0d (k0
is a wavenumber in vacuum). The results show passbands

and stopbands formed in the periodic structure. The scattering

parameters for the finite periodic structures containing five, ten

and fifteen sections of rectangular posts were calculated and

presented in Fig. 12. It can be seen that even for a small number

of sections the bands shown in dispersion diagram are visible.

IV. CONCLUSION

The semi-analytic technique based on field matching meth-

ods was used to investigate scattering in waveguide from

cylindrical posts with arbitrary convex cross section. The cas-

cading formula was utilized to calculate scattering parameters

of waveguide junction with multiple posts. The procedure was

verified for different distances of objects and the correctness

of the results was confirmed by the calculations of alternative

methods. The methods limitation occurs for close proximity of

the posts i.e. when the posts overlap in the junction.
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