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Inductive irises are fundamental components widely applied in modern microwave filters, diplexers, polarizers,
and rotators based on waveguides, as their precise electromagnetic characterization is crucial for high-
performance device design. This paper presents a rigorous and comprehensive numerical investigation of
the optimal selection of basis functions for the electromagnetic analysis of such irises using a hybrid mode-
matching and integral equation technique. The study focuses on a comparative analysis of three distinct
types of basis functions used to represent the aperture field: classical trigonometric functions, orthogonal
basis functions based on Gegenbauer polynomials with a weighting function of power 1/2, and those with
a weighting function of power 2/3. A key contribution of this work is the explicit demonstration that
incorporating Meixner’s edge condition through the use of Gegenbauer polynomials with a weighting function
of power 2/3 significantly accelerates convergence rate and improves the numerical stability of the solution.
The convergence of reflection coefficient solutions is analyzed in detail, revealing that the indicated set of
basis functions outperforms other sets across various iris geometries. Specifically, it is established that to
achieve a residual calculation error of less than 0.5%, it is sufficient to utilize only 4 such basis functions,
whereas 10 functions are required for Gegenbauer polynomials with a weighting function of power 1/2, and
up to 40 functions are necessary when using trigonometric expansions. Furthermore, the paper investigates
the influence of the iris window’s physical dimensions, such as thickness and width, on the effectiveness of
these basis functions. In addition to the convergence study, detailed amplitude distributions of the electric
field within the iris window and adjacent regions are analyzed for narrower and wider windows. These
distributions confirm the high physical fidelity of the model, particularly its ability to accurately capture
field singularities at the sharp metallic edges. The numerical results show that at a distance of a quarter-
wavelength from the inductive iris in a rectangular waveguide, the relative amplitude of the electric field of the
fundamental electromagnetic mode TE10 exceeds the amplitudes of the electric field of the evanescent higher-
order modes by more than 28 times. The developed mathematical model with optimal basis functions and the
recommendations provided can be widely applied for the efficient computer-aided design and optimization
of iris-based waveguide components such as filters, diplexers, polarizers, and rotators.
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Introduction

The rigorous electromagnetic analysis of wavegui-
de discontinuities, such as conducting irises, remai-
ns a cornerstone in the design of modern high-
precision microwave components, including filters [1–
4], diplexers [5, 6], polarizers [7, 8], and rotators
[9–11]. Recently, a highly accurate electromagnetic
analysis of an inductive iris in a rectangular waveguide
was performed in [12] via a hybrid mode-matching
and integral equation technique. While the general
theory of iris-based waveguide components is well-
established, the efficiency of their numerical modeling

critically depends on the treatment of field singulari-
ties at the sharp edges of the conducting elements
[13, 14]. According to Meixner’s edge condition [15],
the electromagnetic field components exhibit singular
behavior near these edges, which poses a significant
challenge for standard numerical methods in terms of
convergence and computational cost.

To overcome these difficulties, the integral equati-
on method combined with the Galerkin technique is
frequently employed. The key to the effectiveness of
this approach lies in the choice of basis functions
used to expand the unknown electric field distribution
within the iris aperture. In some cases, direct field-
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matching or simple trigonometric expansions without
the use of specialized polynomials suffice for analyz-
ing waveguide structures, as demonstrated in [16] for
sectoral coaxial ridged waveguides and in [17] for thin
asymmetric inductive diaphragms. However, although
various sets of orthogonal functions can be used, only
those that explicitly incorporate the physical nature of
the field singularity can guarantee rapid convergence
and high accuracy.

In particular, basis functions based on Gegenbauer
polynomials [18] with tailored weighting functions are
particularly noteworthy, as they allow for a mathemati-
cally sound representation of the field near the metal
edges [19]. The numerical effectiveness of such basis
functions is especially advantageous in the analysis of
components with complex geometries, including rid-
ged waveguides [20, 21] and septum polarizers [22–24],
where the singular behavior of the field significantly
impacts the results.

This paper is dedicated to the systematic investi-
gation and optimization of basis functions for
the electromagnetic analysis of inductive irises in
rectangular waveguides. Unlike general studies, this
work focuses on the comparative performance of dif-
ferent types and numbers of basis functions, parti-
cularly in terms of the convergence of reflection coeffi-
cients. Special attention is given to the influence of the
geometric parameters of the iris, such as its thickness
and window width, on the accuracy of the solution.
Furthermore, the study provides a detailed visualiza-
tion of the electric field amplitude distributions within
and adjacent to the iris window, offering a deeper
insight into the physical behavior of the field when
Meixner’s condition is rigorously satisfied. By identi-
fying the most effective basis sets, this research aims to
provide practical recommendations for enhancing CAD
tools used in the development of modern waveguide
technology.

1 Purpose of the research and

problem statement

The purpose of current research is to perform a
rigorous numerical investigation and optimization of
the basis functions used in the electromagnetic analysis
of a symmetric inductive iris to ensure maximum
computational efficiency. The study aims to justify
the selection of basis sets that explicitly account for
Meixner’s edge condition, providing high accuracy with
minimal computational cost for the design of waveguide
components.

To achieve the research objective, the following
problems must be solved:

1) A comparative analysis of various orthogonal basis
functions, including classical trigonometric functi-
ons and Gegenbauer polynomials with different
weighting functions, within the framework of the

existing hybrid mode-matching and integral equa-
tion method;

2) The evaluation of the convergence stability for
the reflection coefficients of the fundamental TE10

mode and higher-order modes depending on the
type and number of basis functions;

3) The quantitative determination of the numerical
advantage (in terms of the number of required
functions) of using Gegenbauer polynomials with
a weighting function of power 2/3 to achieve a
predefined calculation error;

4) An investigation of the correlation between the iris
physical dimensions (thickness and aperture width)
and the effectiveness of the chosen expansion basis
set;

5) The numerical reconstruction and analysis of the
electric field amplitude distributions to confirm the
physical fidelity of the model in capturing field
singularities at the iris edges.

2 Orthogonal basis functions for

expansion of electric field at

iris windows

Segment of a rectangular waveguide containing a
symmetric inductive iris is shown in Fig. 1. Designa-
tions of all inner dimensions are also presented in Fig. 1.
Transversal inner sizes of the rectangular waveguide
are 𝑎 × 𝑏. The width of the iris window is 𝑑, and its
thickness is 𝐿.

Fig. 1. Segment of a rectangular waveguide with a
symmetric inductive iris and designations of the sizes

The explicit forms of expansion sums of the
transverse electric fields at both iris windows
were obtained in [12]. In the present study,
these representations are utilized to satisfy the
boundary conditions across the junctions and to
formulate the matrix equations. For the sake of
completeness and to facilitate the subsequent numeri-
cal convergence analysis, these field components are
explicitly summarized below:
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where 𝑠̇𝑗 and 𝑝̇𝑗 are the complex amplitude coefficients,
𝐶𝛼
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are Gegenbauer polynomials [18], which can

be expressed by the following recurrence relation:
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where 𝛼 = 3/2 or 11/6 depending on the basis function
type, respectively.

Therefore, the presented electric field expansions
are based on three distinct sets of basis functions. The
first set is built on classical trigonometric functions as:
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To properly account for Meixner’s edge condi-

tion, specialized orthogonal basis functions based on
Gegenbauer polynomials are employed. For the case
of an infinitely thin metallic edge where the field sin-

gularity exponent equals 1/2, the second set 𝑅
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defined as:
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Alternatively, to model the field behavior near a right-
angled metallic wedge (90∘ sharp corner) where the
Meixner singularity exponent shifts to 2/3, the third

set of basis functions 𝑅
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3 Convergence of reflection

coefficient solutions

In this section, a comparison of the convergence of
calculated values of reflection coefficient Γ̇ was carried
out using the definition of residual error as follows:

δ
(𝑖)(𝑁, 𝑓) =

⃒⃒⃒
Γ̇(𝑖)(𝑁, 𝑓)− Γ̇FEM(𝑓)

⃒⃒⃒
⃒⃒⃒
Γ̇FEM(𝑓)

⃒⃒⃒ · 100%, (4)

where Γ̇(𝑖)(𝑁, 𝑓) designates the complex reflection
coefficient of inductive iris in a rectangular waveguide,
which was calculated using first 𝑁 basis functions of
the set

{︀
𝑅(𝑖)

}︀
at the frequency 𝑓 ; Γ̇FEM(𝑓) stands for

the complex reflection coefficient of the inductive iris
in a rectangular waveguide, which was calculated using
Finite element method (FEM) at the same frequency 𝑓 .

Fig. 2–4 present results for residual errors obtai-
ned by using orthogonal (at the interval [−𝑑/2; 𝑑/2])
trigonometric basis functions (1), orthogonal basis
functions (2) based on Gegenbauer polynomials with a
weighting function of power 1/2, and orthogonal basis
functions (3) based on Gegenbauer polynomials with a
weighting function of power 2/3, respectively. Results
were calculated for both inductive irises analyzed in
the previous article [12], which were installed into a
rectangular waveguide of cross-section 23 mm×10 mm.
In Fig. 2–4 it is seen that convergence is almost the
same at different frequencies.

Fig. 2 shows that more than 40 orthogonal tri-
gonometric basis functions (1) are required to ensure
a residual error of less than 0.5%. Figs. 3 and
4 demonstrate that using orthogonal basis functi-
ons (2), (3), which account for singular field beha-
vior, accelerates convergence several-fold. Specifi-
cally, only 10 basis functions (2) or 4 basis functi-
ons (3) are needed to achieve the same residual error
level. Consequently, in terms of convergence speed,
the orthogonal functions (3) based on Gegenbauer
polynomials with a weighting function of power 2/3
are the optimal choice.

4 Comparison of basis functions

for various thicknesses and

widths of the iris window

In order to determine basis functions, which
provide better accuracy, a comparison of errors (4)
is performed for different sizes of inductive irises.
Analyzed rectangular waveguide has a cross-section
with inner sizes 23 mm × 10 mm. Figs. 5a–5d show
errors of reflection coefficient calculation using 5 basis
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(a) (b)

Fig. 2. Residual errors of reflection coefficient calculation by 𝑁 basis functions (1): a) for iris 1; b) for iris 2.
Frequency: 8 GHz, 10 GHz, ∙ ∙ ∙ ∙ ∙ 12 GHz

(a) (b)

Fig. 3. Residual errors of reflection coefficient calculation by 𝑁 basis functions (2): a) for iris 1; b) for iris 2.
Frequency: 8 GHz, 10 GHz, ∙ ∙ ∙ ∙ ∙ 12 GHz

(a) (b)

Fig. 4. Residual errors of reflection coefficient calculation by 𝑁 basis functions (3): a) for iris 1; b) for iris 2.
Frequency: 8 GHz, 10 GHz, ∙ ∙ ∙ ∙ ∙ 12 GHz

functions (2) and (3) versus the relative iris thickness
𝐿/𝑎 for the iris window widths 𝑑 = 0.6𝑎, 0.7𝑎, 0.8𝑎,
0.9𝑎, respectively. The relative thickness of an iris 𝐿/𝑎
was changed in the range from 0.005 to 0.1.

In Fig. 5a, it is seen that for a narrower window of
inductive iris (𝑑 = 0.6𝑎), both types of basis functi-
ons (2) and (3) provide sufficiently accurate results
with errors less than 0.5%. For a narrower iris window,
more accurate results are provided in the case of using
orthogonal basis functions (3) based on Gegenbauer
polynomials with a weighting function of power 2/3
for iris thickness 𝐿 less than 0.03𝑎, while orthogonal
basis functions (2) based on Gegenbauer polynomials
with a weighting function of power 1/2 ensure better
accuracy for thicker inductive irises with thickness 𝐿

more than 0.045𝑎. It is seen in Fig. 5a that for the iris
window 𝑑 = 0.6𝑎 the maximal values of errors occur at
iris thicknesses of 𝐿 = 0.01𝑎 and 𝐿 = 0.015𝑎 for basis
functions (2) and (3), respectively.

Fig. 5b shows that for a wider iris windowwith 𝑑 =
0.7𝑎, better accuracy is provided by using orthogonal
basis functions (3) based on Gegenbauer polynomi-
als with a weighting function of power 2/3 for iris
thickness 𝐿 less than 0.07𝑎. On the whole, orthogonal
basis functions (3) ensure errors less than 0.3% for
iris thickness 𝐿 in the range from 0.005𝑎 to 0.1𝑎. For
orthogonal basis functions (2), peak values of errors are
more than 3 times higher and reach values of 1.0%. It
is seen in Fig. 5b that for the iris window with width
𝑑 = 0.7𝑎, the maximal values of errors occur at iris
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(a) (b)

(c) (d)

Fig. 5. Errors of reflection coefficient calculation by 5 Basis Functions (BF) (2) and (3) versus relative iris
thickness 𝐿/𝑎, 𝑎 = 23 mm. Width of inductive iris window: (a) 𝑑 = 0.6𝑎; (b) 𝑑 = 0.7𝑎; (c) 𝑑 = 0.8𝑎; (d) 𝑑 = 0.9𝑎;

BF (2), 𝑓 = 8 GHz; BF (2), 𝑓 = 10 GHz; ∙ ∙ ∙ ∙ ∙ BF (2), 𝑓 = 12 GHz; BF (3), 𝑓 = 8 GHz;
BF (3), 𝑓 = 10 GHz; ∙ ∙ ∙ ∙ ∙ BF (3), 𝑓 = 12 GHz

thicknesses of 𝐿 = 0.01𝑎 and 𝐿 = 0.015𝑎 for basis
functions (2) and (3), respectively.

In Fig. 5c, it is seen that for a wider window of
inductive iris with 𝑑 = 0.8𝑎, only the set of orthogonal
basis functions (3) based on Gegenbauer polynomials
with a weighting function of power 2/3 provides suffi-
ciently accurate results with errors less than 0.6%. The
advantage of orthogonal basis functions (3) over (2) is
observed in the whole range of iris thicknesses from
0.005 to 0.1. It is seen in Fig. 5c that for an iris
window with the width 𝑑 = 0.8𝑎, the maximal values
of errors occur at the iris thicknesses of 𝐿 = 0.01𝑎 and
𝐿 = 0.015𝑎 for basis functions (2) and (3), respectively.

Fig. 5d demonstrated that for a wider window of
inductive iris with 𝑑 = 0.9𝑎, the set of orthogonal iris
functions (3) based on Gegenbauer polynomials with a
weighting function of power 2/3 provides results with
errors less than 1.0%. Errors obtained for the set of
basis functions (2) are several times higher and reach
a peak value of 3.05%. The advantage of orthogonal
basis functions (3) over (2) is observed in the whole
range of iris thicknesses from 0.005 to 0.1. It is seen
in Fig. 5d that for the iris window with 𝑑 = 0.9𝑎,
the maximal values of errors occur at iris thicknesses
of 𝐿 = 0.01𝑎 and 𝐿 = 0.02𝑎 for basis functions (2)
and (3), respectively.

Overall, in terms of minimizing calculation errors,
orthogonal basis functions (3) based on Gegenbauer
polynomials with a weighting function of power 2/3

are the best choice. A multi-fold increase in calcula-
tion errors was observed for the first time for wider
inductive iris windows compared to narrower ones.
It was established that maximal calculation errors
occur at inductive iris thicknesses of 𝐿 = 0.01𝑎 and
𝐿 = (0.015 − 0.02)𝑎 for orthogonal basis functions (2)
and (3), respectively.

5 Electric field amplitude distrib-

utions near the inductive iris

Convergence and accuracy of solutions for reflecti-
on coefficient and electromagnetic field in the vicinity
of the inductive iris are determined by correctness of
obtained distribution of transverse electric field in win-
dow of iris and its proximity to real distribution. Let
us compare approximations of the transverse electric
field’s amplitude distribution by the first functions
of the sets of basis functions (1)–(3). As a correct
distribution for comparison, we will use the one obtai-
ned using 10 orthogonal basis functions (3) based
on Gegenbauer polynomials with a weighting func-
tion of power 2/3. The calculations were performed
for rectangular waveguide’s inner width 𝑎 = 23 mm,
operating frequencies of 8, 10, and 12 GHz, values of
the inductive iris window’s width 𝑑 = 0.6𝑎 and 𝑑 =
0.9𝑎, and the thickness of the iris 𝐿 = 0.015𝑎. The first
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(a) (b)

(c) (d)

(e) (f)

Fig. 6. Normalized electric field amplitude distributions in the window of inductive iris. Sizes of window and
frequency: (a) 𝑑 = 0.6𝑎, 𝑓 = 8 GHz; (b) 𝑑 = 0.9𝑎, 𝑓 = 8 GHz; (c) 𝑑 = 0.6𝑎, 𝑓 = 10 GHz; (d) 𝑑 = 0.9𝑎,
𝑓 = 10 GHz; (e) 𝑑 = 0.6𝑎, 𝑓 = 12 GHz; (f) 𝑑 = 0.9𝑎, 𝑓 = 12 GHz. Functions used for decomposition:

10 functions (3); 1 function (1); 1 function (2); 1 function (3)

normalized basis functions of considered sets (1)–(3)
are as follows:

𝑅
(1)
1 =

{︃
cos(𝜋𝑥/𝑑), |𝑥| ≤ 𝑑/2

0, 𝑑/2 ≤ |𝑥| ≤ 𝑎/2
;

𝑅
(2)
1 (𝑥) =

√︀
1− (2𝑥/𝑑)2;

𝑅
(3)
1 (𝑥) =

[︀
1− (2𝑥/𝑑)2

]︀2/3
.

Fig. 6 shows the calculated normalized electric field
amplitude distribution obtained using 10 functions (3)
and 3 distributions given by the first basis function of
each set (1)–(3). The real distribution amplitude lies

between the cosine-type 𝑅
(1)
1 (𝑥) and square root-type

𝑅
(2)
1 (𝑥) functions. Figs. 6a and 6b show that 𝑅

(3)
1 (𝑥)

of the set (3) provides a better initial approximation
for a narrower inductive iris window, but a worse one
for a wider window where the real distribution is closer
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(a) (b)

(c) (d)

(e) (f)

Fig. 7. Normalized electric field amplitude distributions at distances from the inductive iris and in
the window. Sizes of window and frequency: (a) 𝑑 = 0.6𝑎, 𝑓 = 8 GHz; (b) 𝑑 = 0.9𝑎, 𝑓 =
8 GHz; (c) 𝑑 = 0.6𝑎, 𝑓 = 10 GHz; (d) 𝑑 = 0.9𝑎, 𝑓 = 10 GHz; (e) 𝑑 = 0.6𝑎, 𝑓 = 12 GHz;
(f) 𝑑 = 0.9𝑎, 𝑓 = 12 GHz. Distances from the iris plane: 0; 𝜆𝑔/16; 𝜆𝑔/4;

∙ ∙ ∙ ∙ ∙ cosine E-field amplitude distribution for the fundamental mode TE10 in a rectangular waveguide

to 𝑅
(1)
1 (𝑥). This effect results in much lower values of

errors in Fig. 5a compared to their values in Fig. 5d.

In Fig. 6, it is seen that the electric field distri-
bution in the window of the inductive iris is almost
independent of the frequency, and becomes slightly
narrower with frequency increase.

Fig. 7 presents normalized electric field amplitude
distributions at different distances from the inductive
iris and in the window. For comparison, a cosine E-
field amplitude distribution for the fundamental mode

TE10 in a rectangular waveguide is also depicted. In
Fig. 7, it is seen that the electric field distribution,
which was calculated by the formula (5) from [12] and
shown by the dashed green curve, practically coin-
cides with a cosine amplitude distribution shown by
the dotted violet curve at a distance of 𝜆𝑔/4, where
𝜆𝑔 is the wavelength of TE10 mode in the waveguide.
This result is important for designing waveguide filters,
diplexers and polarizers with irises, because in these
devices they are located at distances close to a quarter
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of wavelength for compensation of reflections. Obtained
coincidence of field distributions means that excited
higher-order modes can be neglected at the plane of
next adjacent iris location. Consequently, the appli-
cation of single-mode transfer matrices of waveguide
sections between irises must be sufficient for the correct
analysis of the whole device. The account of higher-
order electromagnetic waves is required only to obtain
the correct transfer matrices of the irises themselves.

To confirm relatively large attenuation of the
higher-order modes at a distance of 𝜆𝑔/4 from the iris,
let us calculate the absolute values of the phasors of
the electric field for them, as well as for the transmi-
tted fundamental mode TE10. Calculations were made
using the developed mathematical model of an induc-
tive iris in a rectangular waveguide with inner width

𝑎 = 23 mm and electric field decomposition by 10
orthogonal basis functions (3) based on Gegenbauer
polynomials with a weighting function of power 2/3.

The obtained numerical results for relative ampli-
tudes are presented in Table 1, where it can be seen
that they weakly depend on the thickness of the iris
for a fixed window width and frequency. The most
intensive excitation of higher modes occurs at the
highest frequency (12 GHz) and for the narrowest
considered window of an inductive iris (𝑑 = 0.6𝑎).
In this case, the relative amplitude of the electric fi-
eld of the fundamental electromagnetic mode exceeds
the amplitudes of the electric field of the higher-order
modes by more than 28 times. Corresponding ratio of
amplitudes for 𝑑 > 0.6𝑎 will be bigger.

Table 1 Relative amplitudes of the electric field of modes at quarter wavelength distance from the inductive
iris in a rectangular waveguide of 23 mm× 10 mm cross-section
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0.6

0.01

8 0.79049936 0.00068327 0.00000159

10 0.91173989 0.01041038 0.00012628

12 0.95349498 0.03243692 0.00067001

0.02

8 0.76532807 0.00067826 0.00000142

10 0.89935410 0.01052508 0.00011446

12 0.94723948 0.03300922 0.00060700

0.7

0.01

8 0.93198937 0.00049723 0.00000241

10 0.97499603 0.00693823 0.00017857

12 0.98718232 0.02122025 0.00095639

0.02

8 0.92071802 0.00050972 0.00000234

10 0.97083477 0.00711624 0.00017480

12 0.98522793 0.02195428 0.00093585

0.8

0.01

8 0.98652896 0.00025778 0.00000176

10 0.99518945 0.00351452 0.00012823

12 0.99747912 0.01084353 0.00069600

0.02

8 0.98353607 0.00027252 0.00000180

10 0.99416039 0.00372223 0.00013067

12 0.99697742 0.01148609 0.00070823

0.9

0.01

8 0.99903371 0.00007505 0.00000061

10 0.99964801 0.00103064 0.00004475

12 0.99980757 0.00324316 0.00002489

0.02

8 0.99869106 0.00008380 0.00000066

10 0.99952621 0.00115156 0.00004480

12 0.99974323 0.00362582 0.00026789
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Therefore, in the design of waveguide devices based
on irises with window sizes 𝑑 > 0.6𝑎, higher-order
modes excited at any iris can be neglected at the plane
of the adjacent iris located at a quarter-wavelength di-
stance. As a result, the single-mode approach is suffici-
ent and significantly simplifies the design of waveguide
components, ensuring that higher-order modes fade out
to negligibly small values.

Conclusion

Comparative analysis was performed for orthogonal
basis functions, including classical trigonometric
functions and Gegenbauer polynomials with different
weighting functions, within the framework of the
hybrid mode-matching and integral equation method.
It was demonstrated that achieving a residual error
below 0.5% requires application of over 40 orthogonal
trigonometric basis functions, and that incorporating
orthogonal basis functions accounting for the singular
field behavior accelerates convergence by several times.
The fastest convergence of results for reflection coeffi-
cient was provided by the orthogonal basis functions
based on Gegenbauer polynomials with a weighting
function of power 2/3. For them, only 4 basis functions
are required to provide the same values of residual error
for the reflection coefficient magnitude less than 0.5%.

In addition, from the point of view of the
lowest errors of reflection coefficient calculation, the
orthogonal basis functions based on Gegenbauer
polynomials with a weighting function of power 2/3 are
also the best choice. For the first time, residual errors
several times higher were found for wider windows
of inductive irises compared to narrower windows. It
was established that maximal values of errors occur
at inductive iris thicknesses 𝐿 = 0.01𝑎 and 𝐿 =
(0.015 − 0.02)𝑎 for orthogonal basis functions based
on Gegenbauer polynomials with a weighting function
of power 1/2, and orthogonal basis functions based on
Gegenbauer polynomials with a weighting function of
power 2/3, respectively.

Amplitude distributions of the electric field in the
window and near the inductive iris were calculated
using the developed mathematical model and plotted
for narrower and wider windows. It was showed that at
a distance of a quarter wavelength from the inductive
iris in a rectangular waveguide relative amplitude of
the electric field of the fundamental electromagnetic
mode exceeds the amplitudes of the electric field of the
higher-order modes by more than 28 times for a window
with the width of 0.6𝑎 and more.

The proposed recommendations on selecting the
type of basis functions for the field expansion provi-
de a robust foundation for developing new theoretical
models of waveguide filters, diplexers, polarizers, and
rotators based on conducting irises in both rectangular
and square waveguides.
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Оптимальнi базиснi функцiї в електро-
динамiчному аналiзi iндуктивних дiа-
фрагм з урахуванням умови Мейксне-
ра на ребрах

Пiльтяй С. I.

Iндуктивнi дiафрагми є базовими компонентами,
якi широко застосовують у сучасних мiкрохвильових
фiльтрах, диплексерах, поляризаторах i ротаторах на
основi хвилеводiв, де знаходження їх точних електро-
динамiчних характеристик є критичним для проєктува-
ння високоефективних пристроїв. У статтi дослiджено
критерiї оптимального вибору базисних функцiй для
електродинамiчного аналiзу таких дiафрагм за допомо-
гою гiбридного методу узгодження мод та iнтегральних
рiвнянь. Дослiдження зосереджено на порiвняльному
аналiзi трьох рiзних типiв базисних функцiй, якi викори-
стовують для представлення поля апертури дiафрагми:
класичних тригонометричних функцiй, ортогональних
базисних функцiй на основi полiномiв Гегенбауера з ва-
говою функцiєю з показником степеня 1/2, а також з
ваговою функцiєю з показником степеня 2/3. Основним
внеском цiєї роботи є явна демонстрацiя того, що враху-
вання умови Мейкснера на ребрi шляхом використання
полiномiв Гегенбауера з ваговою функцiєю з показником
степеня 2/3 значно пiдвищує швидкiсть збiжностi та
чисельну стiйкiсть розв’язку.

Детально проаналiзовано збiжнiсть розв’язкiв для
коефiцiєнта вiдбиття, внаслiдок чого виявлено перева-
ги зазначеного набору базисних функцiй порiвняно з
iншими наборами для дiафрагм iз рiзними розмiрами.
Зокрема, встановлено, що для досягнення залишкової
похибки розрахунку менше 0,5% достатньо використо-
вувати лише 4 такi базиснi функцiї, тодi як для по-
лiномiв Гегенбауера з ваговою функцiєю з показником
степеня 1/2 необхiдно брати 10 функцiй, а при викори-
станнi тригонометричних розкладiв — до 40 функцiй.
Крiм того, у статтi дослiджено вплив фiзичних розмi-
рiв вiкна дiафрагми, таких як товщина та ширина, на
ефективнiсть цих базисних функцiй. Окрiм дослiдження
збiжностi, проаналiзовано детальнi розподiли амплiтуди
напруженостi електричного поля у вiкнi дiафрагми та
прилеглих областях для вужчих i ширших вiкон. Цi
розподiли пiдтверджують високу фiзичну достовiрнiсть
моделi, зокрема її здатнiсть точно вiдображати сингу-
лярностi поля на гострих металевих ребрах. Чисельнi
результати показують, що на вiдстанi чвертi довжи-
ни хвилi вiд iндуктивної дiафрагми в прямокутному
хвилеводi вiдносна амплiтуда електричного поля основ-
ної електромагнiтної моди H10 перевищує амплiтуди
електричного поля загасаючих вищих мод бiльше нiж
у 28 разiв. Розроблена математична модель з опти-
мальними базисними функцiями та наданi рекомендацiї
можуть широко застосовуватися для ефективного авто-
матизованого проєктування та оптимiзацiї хвилевiдних
компонентiв на основi дiафрагм, таких як фiльтри, ди-
плексери, поляризатори та ротатори.

Ключовi слова: моделювання електромагнiтних по-
лiв; метод узгодження мод; iнтегральнi рiвняння; дiа-
фрагма; прямокутний хвилевiд; розподiл поля; базиснi
функцiї; полiноми Гегенбауера; збiжнiсть; залишкова
похибка; хвилевiднi компоненти
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