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Inductive irises are applied in modern microwave filters, diplexers, polarizers, and rotators based on wavegui-
des. The article presents an efficient mathematical technique for the analysis of the characteristics of the
electromagnetic waves scattered by an inductive iris in a rectangular waveguide. Using the mode-matching
technique for the transverse field components, the electromagnetic waves scattering problem was reduced
to a set of coupled integral equations, which were then decoupled. Each equation was solved by expanding
the electric field in the iris window into a series of basis functions. This procedure was implemented using
sets of orthogonal trigonometric basis functions of the aperture field, orthogonal basis functions based on
Gegenbauer polynomials with a weighting function of power 1/2, or orthogonal basis functions based on
Gegenbauer polynomials with a weighting function of power 2/3. As a result, it became possible to determine
the phasors of all modes in each region of the inner volume (before the iris, inside its aperture, and after the
iris), along with the complex reflection and transmission coefficients of the fundamental electromagnetic mode
TE10. In order to validate the correctness and accuracy of the developed mathematical model, additional
calculations by efficient numerical methods (Finite Element Method and Finite-Difference Time-Domain
method) and experimental measurements of reflection characteristics were performed for two inductive irises
in a standard rectangular waveguide. Measurement setups included a scalar network analyzer or a vector
network analyzer, one of two inductive irises, a matching load, and waveguide channels. The experimentally
obtained reflection coefficients were in good agreement with those predicted by the developed mathematical
model and numerical methods. The developed mathematical model can be widely applied to the analysis of
electromagnetic wave scattering by inductive irises in waveguides and to the synthesis of various microwave
devices based on these irises.
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Introduction

Waveguide filters, polarizers, and other mi-
crowave devices often incorporate various types of
inhomogeneous elements or discontinuities. Among
these, the inductive iris is a reliable and easy-to-
manufacture component [1-3]. The use of waveguide
transmission lines for electromagnetic wave propagati-
on ensures high efficiency, high power-handling capabi-
lity, and low noise levels at microwave frequencies. This
leads to the widespread utilization of various wavegui-
de components for filtering [4, 5], diplexing [3, 6], and
polarization processing [7, 8] in antenna systems for
radar, satellite, and terrestrial telecommunications.

Various signal processing operations require speci-
fic components within waveguide transmission paths.
Common functions include energy transfer to coupled

waveguides, redirection of propagation, division or
summation of power flows, and other linear operations.
Directional couplers are employed to branch part of
the power into auxiliary waveguides [9, 10]. Waveguide
bends are effectively used to change the propagati-
on direction, typically by 90° [11]. Power division
and summation are implemented using E- or H-plane
waveguide tees [12] and magic-T junctions [13]. Single-
mode analysis of such devices can be performed using
characteristic impedance concepts, equivalent network
methods, and wave matrix techniques [14]. However,
to achieve high accuracy in wideband applications,
it is essential to employ rigorous full-wave numerical
methods that account for higher-order mode interacti-
ons at waveguide discontinuities.

More complicated operations with electromagnetic
modes in waveguides need the application of longi-
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tudinally short components, near which concentrati-
on of electric or magnetic energy occurs. Mentioned
operations include partial reflection of electromagnetic
waves at specified frequencies, introduction of additi-
onal phase shifts, rotation of the polarization plane or
transformation of the polarization type [15]. Waveguide
devices for indicated processing include conducting iri-
ses [16], ridges [17,18], posts [19], and septa [20,21]. In
the microwave frequency range highly accurate analysis
of these lumped-type or inhomogeneous components
can’t be carried out by known circuit theory methods,
which are effectively applied for calculating characteri-
stics of components at lower frequencies.

Among all inhomogeneous waveguide components,
the conducting iris has become widespread and criti-
cally important due to its versatility in simultaneously
and effectively modifying the magnitude and phase
of the electromagnetic waves, as well as its precise
manufacturability using modern CPU-controlled mill-
ing machines. For these reasons, conducting irises are
key elements of many state-of-the-art waveguide filters,
polarizers, rotators [22-27].

At the same time, thin conducting irises have
sharp edges with singular behavior of electromagnetic
fields [28-31]. This leads to situations, when numeri-
cal software tools (CST Microwave Studio, Ansoft
HFSS, etc.) for electromagnetic analysis can calculate
characteristics less accurately or require more calculati-
on time compared to rigorous theoretical approaches
based on mode matching technique and the integral
equations method. The proper selection of basis functi-
ons for decomposing the field distribution within the
iris window can enhance the accuracy of the numerical
method and ensure rapid convergence of the results.

Consequently, the development of a new, highly
accurate analytical mathematical model of conduct-
ing irises in waveguides remains a relevant problem
in modern electromagnetic theory. In addition, the
question of choosing the best types of orthogonal basis
functions for field decomposition in the window of an
iris also requires clarification.

1 Research Objectives and

Problem Statement

The purpose of this research is to develop a hi-
ghly accurate mathematical model for electromagnetic
wave scattering by a symmetric inductive iris in
a rectangular waveguide. The proposed model must
ensure high accuracy in calculating reflection and
transmission coefficients, as well as phasors of the
fundamental TE;y mode and higher-order modes. To
achieve this objective, the following problems must be
solved:

1) Deriving integral equations for the transverse
electric (or magnetic) field distributions at the iris
apertures using the mode-matching technique;

2) Linearizing the obtained integral equations via the
Galerkin method;

3) Expanding the electric field in the window of
a symmetric inductive iris using various sets of
orthogonal basis functions.

2 Model of Electromagnetic
Waves Propagation Through a
Symmetric Inductive Iris in a
Rectangular Waveguide

The segment of a rectangular waveguide containing
a symmetric inductive iris is shown in Fig. 1. Designati-
ons of all inner dimensions are also presented in Fig. 2.
Transverse inner sizes of the rectangular waveguide are
axb. 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

For the creation of the mathematical model, the
total inner volume of the waveguide with a symmetric
iris is divided into three parts. Volume decomposition
is presented in Fig. 2.
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Fig. 2. Decomposition of the inner volume of a
rectangular waveguide with an iris of thickness L

In volumes (1), (3) adjacent to the iris, and in the
inner region (2), the transverse components of electric
and magnetic vector fields have phasors as follows:
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where Ay, Ay, B, Cn, Fin designate complex ampli-
tude coefficients of the fundamental and higher modes,
respectively, i stands for an imaginary unit, 31, s Fin
denote wave numbers of the corresponding modes, T’
and T are complex reflection and transmission coeffi-
cients of the electric field of the fundamental mode,
respectively, @1 (z), P, (x), ¥, (z) designate orthogonal
normalized basis functions for transverse electric field
distributions, and Y;,Y,,,V, are complex wave admi-
ttances that connect phasors of transverse magnetic
and electric fields for each mode in a waveguide.

Helmholtz equations and boundary conditions at
perfectly conducting walls are simultaneously satisfied
by cosine basis functions of the following form:

D, () = \/gcos ((2m—al)mc> |l < af2; (7)
W, () = {8/3‘?05 (Crpme), Jal < /2
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(8)

AQ+D) @)+ X An®u(a) = 2
AV (1= D)) = 35 AnVinin () =
AlT(I)l(.’I?) + i2Fm(I)m($) = 2_:1
ATYi01 (@) + 5 EnVin(z) = 5
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S (Buehol2 1 6,602 0, (0) = Enlo)
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Defined mathematical formulas (7), (8) of the basis
functions allow one to obtain expressions for the remai-
ning non-amplitude parameters of electromagnetic
modes as follows:
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where ky and Z; are the wave number and wave
impedance of the material inside a rectangular
waveguide.

In the next step, we match transverse electric fields
from (1), (3) and transverse magnetic fields from (2),
(4) on the first aperture plane (z = —L/2; |x| < d/2).
Simultaneously, the transverse electric fields of (3), (5)
and the transverse magnetic fields from (4), (6) must
be matched on the second aperture plane (z = L/2;
|z] < d/2). As a result, the following set of equati-
ons (9) is obtained. In addition, having designated
transverse electric field distributions along the x axis
on two iris apertures (z = —L/2 and z = L/2) as F; (z)
and Ey(x), we can write the set (10). After having
projected (10) at basis functions ¥, (x), we obtain the
set of equations (11).
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The solution of the set of equations (11) is as
follows:
- /2 N /2
i| e nl/2 [ By(2)V,(z)do — /2 [ By (2)V,(z)de
. 0 0
A : 12
sin(k, L) (42
- /2 . /2
i e e l/2 [ By (2)V,(z) do — e /2 [ By(2)V,(z) dx
Cn = - . (13)

sin(fen L)

Next, we substitute (10) and phasors (12), (13) in
(9). These substitutions yield the set of equations (14):

AL+ D)0 (2) + Y Ap®,,(z) = By (2);
m=2
e m=2 V
o0 g‘(El(w)cos(knL)—Ez(m)\vn(w)dw .
:2;::1 Tsin(finL) VoW (2);
A1T<I>1(:L‘) + > qu)m(m) = E’g(x);
m=2
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e m:2‘
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:271;1 Frs gy VW, ().
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Let the complex amplitude coefficient of the
fundamental mode A; = 1. Then, the multiplication
of the first equation of the set (14) by ®1(z) or ®,,(x)
and its subsequent integration over the orthogonality
interval (—a/2; a/2) allows one to express the complex
reflection coefficient I' and phasors A,, as follows:

d/2
=2 [ By(z)® () de —1; (15)
/
d/2
(16)

Ay =2 | Ey(2)®,,(z) dz.
/

Having performed similar operations with the third
equation of the set (14), we obtain expressions for the
complex transmission coefficient 7" and the phasors ),
as follows:

(17)

(18)

Now, we substitute (15)—(18) into the second and
fourth equations of the set (14), taking into account

that A; = 1. As a result, the following set of two
coupled integral equations (19) is obtained for the
sought transverse electric field distributions El(m) and
E, (2). This set can be decoupled into two independent
integral equations. To this end, we add and subtract
the equations in (19), which yields equations (20) and

[ (Bt
DY ( ) E'l(ﬂ:><1>m<r)dx) Vi ®,,(z) = V101 (2);
£ (lenmpppoinen) iy .
+ mi::l ( G Ez(x)q)m(a:)dx> Vi@, () = O;

RN fin L v
i 1<Vnctg( 5 >\I/n(as) ; EA(x)\IJn(x)da:>—

Ea(2)®,,(z)dz | = Y181 (2),

(21)
where the sum and difference of the transverse electric
field distributions are Ex(z) = FE)(z) + Fa(z) and
Ea(z) = Ey(z) — E1(x), respectively.

Once the solutions Ex(z) and E(z) to the integral
equations (20) and (21) are found, the sought electric
field distributions Ei(z) and Fs(z) are obtained as
their half-difference and half-sum, respectively:

Es(x) — Ea(2)
2 )

(22)

Subsequent substitution of F)(z) and E(z) into
(15)—(18) allows for finding the phasors of all modes in
each region (before, inside and after the iris), as well
as the complex reflection and transmission coefficients.

Ey(z) =
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3 Aperture Transverse Electric
Field Expansion via Tri-
gonometric Functions and Wei-
ghted Gegenbauer Polynomials

To solve the integral equations, let us expand the
unknown fields Fx(z) and FEa(z) into a series of
basis functions R;(x) that correctly account for the
boundary conditions at the electric walls:

(x) =Y 4;R;(x), ¥) = piR(x), (23)
Jj=1 j=1

where 5; and p; are the unknown expansion coeffici-
ents. To simplify the evaluation of the integrals, we
assume that these functions vanish outside the iris
aperture: R;(x) = 0 for |z| > d/2.

Substituting (23) into (20) and (21), we obtain the
following equations:

zzs] Zvntan( E) ot (o)| +
+Zs~j z_x'fmfmu,m)@m(x) = Vi®y(x), (29)
zzpj nzvcot( =) oG, (o)| -

_ Zl B; [Zl ViuIro (j,m) @ (z) | = Y101 (z), (25)
where Ipy(j,n) =  [¥?Ri(2)¥,(z)de and
Ira(j,m) = [y Rj(2)®p () da.

To transform the functional equations (24) and (25)
into systems of linear algebraic equations (SLAEs),
we project them onto the basis functions of the iris
aperture. To this end, the equations are multiplied by
Uy (z) and integrated over the orthogonality interval
(—=d/2,d/2) with respect to the coordinate x. As a
result, we obtain infinite-order SLAESs for the unknown
complex expansion coefficients $; and p; as follows:

o0 . . L
Zéj |:7,Vk tan (Rl;) IR\p(j,k)+
j=1
> , . (26)
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where Ipy(m,n) = 2fd/2 )W, (z)dx is the

overlap integral:

Iy (m,n) =1/ = [sinc (£4) + sinc (€-)]

wd (2m—1i2n—1>7
2 a d
and sinc(x) = sin(z)/z.

To solve SLAEs (26) and (27) numerically, they
must be truncated to a finite order N, where NN is the
number of equations and unknown expansion coeffi-
cients 5; and p,;. The convergence of the numerical
solution is ensured by increasing N, with a relatively
small number of terms typically required due to the
rigorous treatment of the edge conditions. Once the
coefficients are determined, they are substituted into
(23) to obtain the sum and difference of the transverse
electric field distributions. Finally, substituting Ex(x)

and Ea(z) into (22) yields the electric field distributi-
ons at both iris apertures:

NE

§+

Bt ;rpj R;(z).

Y-

N . .
Elm: MRlx, E’gx:
@)= FFRE, Ein=)
(28)
Consequently, the reflection and transmission
coefficients, as well as the phasors of higher-order

modes, are calculated as follows:

. N
I=> (3

1

—pj)ra(j,1) — 1,

<.
Il

"
M=

(85 +pj) I ra(J, 1),

<.
Il

S

3

Il
MZ —

<
I
—

(éj _pj)IRq>(jv m)v

Fr, (85 + pj)IRa (5, m).

I
.MZ

Il
-

J

The transverse electric field component is tangenti-
al to the sharp edges of the conducting iris in the
rectangular waveguide (region 2 in Fig. 2). According
to [30,31], for a thin iris, the behavior of the tangential
electric field near the edge is as follows:

1/2
22\ 2
E ~|1—(—
r—+d/2 [ (d)]

Y

In the case of a thick iris or a conducting step with

angle 90°, the singular behavior of the electric field is
different:
2/3
22 2
E, ~|1—-|—
Y x—+d/2 [ < d > ]
These functional dependences determine the

recommended forms of the basis functions R;(x). The
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simplest variant of basis functions, which are equal to
0 at the electric walls of the iris, are the trigonometric
functions, which coincide with the eigenfunctions of the
solution of boundary problem:

R
0, d/2 <|z| <a/2.
(29)
For basis functions of this kind, the values of
integrals Iry(j,n) and Ire(j,m) are as follows:

d/2 577,
IR\I/U,”):/ U, (x)U, () de = 32 ;
0
d/2 I N
IR@(j,m):/ \I/j(x)@m(x)dxzw,
0

where d; ,, stands for the Kronecker delta.

Mutually orthogonal (at interval |z| < d/2) basis
functions, which correctly take into account electric fi-
eld behavior, are constructed as the product of the wei-
ghting function of power 1/2 or 2/3 and the even-order
Gegenbauer polynomials [32,33] with superscripts 3/2
or 11/6, respectively:

wo=[i-(2)] @ (®): o
272/3
o= ()] ().

The functions (30) and (31) correspond to the
singular behavior of the tangential electric field
at the infinitely thin conducting half-plane and
at the conducting right-angled wedge, respectively.
Gegenbauer polynomials C'& (%‘) can be expressed by

the following recurrence relation:

2 2
Cy <d:17> =1, CY (;) = 4@%;

o (20 _An+a)gCh (3F)
m\d ) n+1
20— 1)Cq_y (%
_(nt2a )"_1(d), for n € N,
n+1

where a = 3/2 or 11/6 for the function (30) or (31),
respectively.

Having substituted functions (29)-(31) into (28),
we obtain explicit forms of decomposition of the

transverse electric fields at both iris apertures:

2 8- (2j—D7a
s (B e
0, d/2 < |z] < a/2
= $i+p; 2j—1)mx
B0 ) | 2 A con B el < df2
0, d/2 < || < a/2
- 1172
(2) - éj Dj 2z 2 / 3/2 2z
E) ():Z D) 1 - ad 02j72 a )
j=1 L _
- 4172
@) _N" 5P 2:\*]" e (2
E; ()*Z 9 1- a C2j—2 d )
j=1 L _
- - -2/3
(3) Sj — Py 2x 2 11/6 2z
E) (x):Z 2 1 - a OQj—Q FRE
j=1 L ]
- 12/3
+(3) 55+ 22\ ? / 11/6 [ 2T
By (2)= B) 1 - a Cyls a4
j=1 _

A drawback of the introduced orthogonal basis
functions (30), (31) is the lack of analytical solutions
for the integrals Iry(j,n) and Igre(j,m) that ari-
se in the applied mathematical method. Calculating
these integrals is computationally intensive due to the
numerical integration of products of the basis functi-
ons (30), (31) and the highly oscillatory higher-order
eigenfunctions (7), (8).

4 Calculated and Measured
Reflection Coefficients of
Inductive Irises in a Waveguide

To validate the developed mathematical model,
the frequency dependence of the reflection coefficients
was first established through numerical methods (FEM
and FDTD) and experimental measurements for two
inductive irises in a rectangular waveguide. The experi-
mental setup consisted of an Anritsu MS46122A vector
network analyzer (VNA) or a scalar network analyzer
(SNA), one of the two inductive irises, a matched load
and waveguide sections with an inner cross-section of
23 x 10 mm?2. The equipment used in the experiments
is shown in Fig. 3.

Two thin inductive irises, which were investigated
using setups, are demonstrated in Fig. 4. Each iris
was placed at the end of the waveguide transmission
channel before the matching load in the setup shown in
Fig. 3a and between the waveguide flanges in the setup
shown in Fig. 3b. The inner dimensions of the irises,
which were applied in the experiments, are presented
in Table 1.



Electromagnetic Analysis of an Inductive Iris in a Rectangular Waveguide via a Hybrid Mode-Matching ... 11

Fig. 3. Setups for measurement of the reflection coefficient of the electromagnetic waves scattered by an iris in
a rectangular waveguide using: (a) scalar network analyzer; (b) vector network analyzer

Fig. 4. Inductive irises used in measurements

The magnitudes and phases of the reflection coeffi-
cients, obtained via measurements and numerical si-
mulations (FEM and FDTD), are presented in Tables 2
and 3 for irises 1 and 2, respectively. Deviations
between measured and calculated values stem from
experimental uncertainties, including setup calibrati-
on inaccuracies and fabrication tolerances. Additional
errors are introduced by angular alignment offsets and
imperfect flange contacts. The discrepancies between
the measured and simulated magnitudes do not exceed
1.3dB for iris 1 and 0.9dB for iris 2, while the phase
differences remain below 4° and 2.5°, respectively.

Consequently, a satisfactory agreement between the
numerical and experimental results is observed across
the investigated frequency range. Nevertheless, the

FEM and FDTD results differ slightly. Recent studies
confirm that the FEM remains the preferred tool for
modeling electromagnetic field singularities at sharp
metallic discontinuities [34,35]. Its adaptive mesh refi-
nement allows for a more rigorous characterization of
edge effects compared to the FDTD method, which
is often limited by staircasing errors. Given the
aforementioned experimental uncertainties, the FEM
results will be used as a reference to validate the
developed mathematical model and the three types of
basis functions (BFs) (29)—(31).

The calculated reflection coefficients, obtained us-
ing the FEM and the proposed mathematical model
with different BFs, are presented in Tables 4 and 5.
These values were calculated using 200 BFs (29), 10
BFs (30) and (31), and by including up to 200 terms
in the infinite sums (26) and (27).

The comparative analysis of the results in Tables 4
and 5 confirms the high accuracy of the developed
model. A detailed examination indicates that BFs (31)
provide the closest agreement with the FEM results
for both irises. Specifically, the maximum magnitude
deviation for BFs (31) does not exceed 0.011dB for
iris 1 and 0.009dB for iris 2, while the maximum phase
deviation is below 0.03° for both irises. Therefore, BFs
(31) are optimal for the analyzed structures.

Table 1 Inner dimensions of the investigated inductive irises in a 23 x 10 mm? rectangular waveguide

A variant of an inductive iris 1

2

Dimension

Absolute value, mm (relative value
with respect to width a)

Absolute value, mm (relative value
with respect to width a)

Window width, d

17.0 (0.739a)

16.2 (0.704a)

Window height, b

10.0 (0.435a)

10.0 (0.435a)

Iris thickness, L

0.14 (0.00609a)

0.50 (0.0217a)
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Table 2 Magnitudes and phases of the reflection coefficient for inductive iris 1

A A~
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8.0 —10.7 —10.8 —11.55 —11.527 106.6 103.6 104.63
8.5 —12.4 —12.1 —-12.91 —12.914 104.4 102.7 102.18
9.0 —12.8 —13.3 —14.02 —14.053 101.3 100.2 100.43
9.5 —13.8 —14.3 —15.04 —15.032 100.1 99.2 99.08
10.0 —16.2 —15.2 —15.87 —15.900 98.0 97.9 97.99
10.5 —16.8 —16.0 —16.69 —16.688 96.6 97.2 97.08
11.0 —174 —16.9 —17.37 —17.416 95.7 96.2 96.30
11.5 —18.2 —17.7 —18.12 —18.099 94.7 95.7 95.61
12.0 —19.0 —18.7 —18.68 —18.747 94.6 94.8 94.99
12.5 —-19.9 —19.0 —19.45 —19.369 90.8 94.7 94.44

Table 3 Magnitudes and phases of the reflection coefficient for inductive iris 2
A a —~

- 2 s % = = o

= = A [ z g o< S

N Z S = o~ 5 B~ [EINSS
5 Ca m 2 o > 82 - > 2 _—
igc) 2 2= 22 2 = =5 )
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=) n N @ N = s = 2 sz = 3
3 g 5 < < g 2 g 8 C
= = = O O =g o M SH
8.0 —-7.9 —8.4 8.34 —8.320 110.1 109.2 109.93
8.5 -9.6 —-9.7 —-9.61 —9.631 107.5 106.5 106.17
9.0 —10.1 —10.9 —10.72 —10.733 104.8 103.2 103.38
9.5 —11.2 —11.8 —11.69 —11.697 103.1 101.3 101.15
10.0 —-12.1 —12.6 —12.56 —12.566 101.2 99.2 99.31
10.5 -13.0 —13.4 —13.36 —13.364 99.4 97.8 97.72
11.0 —14.8 —14.2 —14.10 —14.111 98.0 96.2 96.33
11.5 —15.5 —15.0 —14.82 —14.819 97.2 95.2 95.08
12.0 —16.2 —15.7 —15.48 —15.498 96.2 93.7 93.95
12.5 —17.0 —16.0 —16.16 —16.158 95.2 93.2 92.90
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Table 4 Calculated magnitudes and phases of the reflection coefficient for inductive iris 1
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9.0 —14.053 —14.044 —14.088 —14.062 100.43 100.44 100.38 100.42
9.5 —15.032 —15.024 —15.068 —15.042 99.08 99.09 99.04 99.07
10.0 —15.900 —15.893 —15.937 —15.911 97.99 98.00 97.95 97.98
10.5 —16.688 —16.681 —16.725 —16.699 97.08 97.09 97.05 97.07
11.0 —17.416 —17.409 —17.453 —17.427 96.30 96.30 96.26 96.29
11.5 —18.099 —18.092 —18.136 —18.110 95.61 95.62 95.58 95.60
12.0 —18.747 —18.740 —18.784 —18.758 94.99 95.00 94.97 94.99
12.5 —19.369 —19.362 —19.405 —19.380 94.44 94.44 94.41 94.43
Table 5 Calculated magnitudes and phases of the reflection coefficient for inductive iris 2
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8.5 —9.631 —9.620 —9.635 —9.624 106.17 106.20 106.17 106.19
9.0 —10.733 —10.723 —10.738 —10.728 103.38 103.40 103.37 103.39
9.5 —11.697 —11.689 —11.704 —11.693 101.15 101.18 101.15 101.17
10.0 —12.566 —12.557 —12.573 —12.562 99.31 99.33 99.30 99.32
10.5 —13.364 —13.356 —13.372 —13.361 97.72 97.74 97.72 97.74
11.0 —14.111 —14.103 —14.119 —14.108 96.33 96.35 96.33 96.34
11.5 —14.819 —14.811 —14.826 —14.816 95.08 95.10 95.08 95.09
12.0 —15.498 —15.490 —15.506 —15.495 93.95 93.96 93.94 93.96
12.5 —16.158 —16.150 —16.165 —16.154 92.90 92.91 92.90 92.91
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Conclusion

A highly accurate mathematical model for the
electromagnetic analysis of an inductive iris in a
rectangular waveguide was developed and verifi-
ed. By matching transverse field components, the
electromagnetic wave reflection problem was reduced
to two integral equations, which were subsequently
solved by expanding the electric field in the aperture
using basis functions. The correctness and precision
of the model were validated by numerical simulations
(FEM and FDTD) and experimental measurements of
the reflection characteristics of two inductive irises in
a standard rectangular waveguide.

Therefore, the developed mathematical model
provides superior computational efficiency compared
to full-wave numerical methods while maintaining
excellent agreement with experimental data. The
method presented in this article serves as a robust
foundation for future research and the design of high-
performance waveguide filters, diplexers, and polarizers
based on conducting irises in both rectangular and
square waveguides. Future investigations should focus
on identifying the optimal basis functions that ensure
the best accuracy and convergence for various iris
geometries and thicknesses.
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EnexkTtpoamumamiunuii anamiz iHOAyKTHB-
HOl miadbparmMm y HOpaAMOKYTHOMY XBWU-
JIeBO/1 TiIOpUAHUM METOA0M Y3TOI>KEHHH
MO/, Ta iHTerpajbHUX PiBHAHB

Ilinomat C. I

IngykTusHi giadparmum 3aCTOCOBYIOTH ¥ CydacHHUX Mi-
KPOXBUJIbOBUX (inbTpax, IUIIEKCEPaX, HOJSIPU3aTOPax i
poTaTopax Ha OCHOBI XBUJIEBOMIB. ¥ CTATTI IPEICTABJIEHO
edexTUBHUII MATEMATHYIHUI METOJ AHAJI3y XapaKTepH-
CTHK €IeKTPOMATrHiTHUX XBUJIb, MO PO3CIIOIOTHCS HA 1HIYK-
TuBHIN Aladparmi y npsMOKyTHOMY XBHJIEBOZi. 3a JIOIO-
MOTOI0 METOY Y3TOKEHHSI ITOTIEPETHINX KOMIIOHEHT IIOJISI
3a/1a4dy PO3CIIOBAHHS €TeKTPOMATrHITHIX XBUJIb 3BEIEHO 10
CHCTeMU 3B’I3aHUX IHTErpajJbHUX PIBHAHD, Ky II€PETBODE-
HO HA HOBY CUCTEMY pPO3/ieHnX (HE3a/IeKHUX) DIBHIHb.
Koxne piBHAHHS PO3B’I3aHO NIJISXOM PO3KJIAJAHHS €JIeK-
TPUYIHOTO IO y BikHI miadparmMm y pazn 3a 6asucHUMU
dyuxmismu. 1o mporeaypy peasizoBaHO 3 BUKOPUCTAHHSIM
CHCTEM OPTOTOHAIBHUX TPUIOHOMETPHIHUX 6a3ucHux QyH-
KIi#l [0JIs alepTypu, OPTOTOHAJIBHAX 0a3uCHUX (OyHKIHN
Ha OCHOBiI mosiiHOMiB ['erembayepa 3 BaroBow (HyHKITEIO
3 MOKA3HWKOM crerneHs 1/2 abo oproroHanbHUX Ga3MCHUX
dyukmiit Ha ocHosl nosmnoMmis [ererbayepa 3 Barosomwo ¢byH-
KIII€I0 3 IOKA3HUKOM CTereHs 2/3. Y pe3y/brari BU3HAYEHO
KOMILTEKCHI aMILTITY! BCIX MO y KOXKHi#l 00/1acTi BHYTpi-
miadparmm), a TAKOK KOMILIEKCHI KOebIIieHTH BiAOUTTS Ta
nepegadi ocHoBHOT xBuuti Hig.

Jist nepeBipKu OCTOBIPHOCTI Ta TOYHOCTI PO3pob.ie-
HOI MaTeMAaTUIHOI MOJeJIi IPOBEeJeHO NOJATKOBI pO3paxyH-
K{ YIMC/IOBAMU METOJAMH: MEeTOIOM CKIHYeHHUX eJIEMEHTIB
(FEM) Ta meronom CKiHYeHHHMX Pi3HMIb y 9acoBiil obsacti
(FDTD), a Tak0X €KCIepUMEHTAIbHI BUMIDIOBAHHS XapaK-
TEePUCTUK BIIOUTTS A8 IBOX IHAYKTHBHUX miadparm y
CTAaHZAPTHOMY LPAMOKYTHOMY XBmieBoii. BumiproBasbhi
YCTAHOBKY BKJIIOYAJIN CKAIAPHUN a00 BEKTODHUII aHaN3a-
Topu Kin (maHopamMHi BUMIpIOBadi), OJHY 3 JBOX IHIyKTHB-
HEX giadparM, y3romKeHe HABAHTAXKEHHS Ta XBHJIEBiIHI
TpakTu. ExcepnMenTansHO orpuMani Koedimientu Biabou-
TTsI 100pe y3roMKyIOThC 3 Pe3y/IbTaTaMu, Ilepe10a e HIMU
PO3POOJIEHOI0 MATEMATUYHOIO MOJEJIII0 Ta UUCIOBUMU Me-
TOJAMHU.

Po3pobiena maTemaTuaHa MOIEH MOXKE OYTH MHUPOKO
3aCTOCOBAHA [jIsd AHAJI3Y XaPAKTEPUCTHUK €JIEKTPOMArHiT-
HUX XBUJIb, sIKi PO3CIIOIOTHCS HA iHAYKTHUBHUX Jiadparmax
Yy XBWJIEBOJIAX, Ta JJIsi CHHTE3y PI3HOMAHITHUX MiKPOXBU-
JIbOBHX IIPUCTPOIB HA IX OCHOBI.

Ka104061 cao6a: eJIeKTPOIMHAMIYHAN aHAJI3; MOIEIO-
BaHHS €JIEKTPOMATHITHUX TIOJIIB; METOJ Y3TOZKEHHs MO/,
iHTerpasibHi pIBHSHHS; IHAYKTUBHI mgiadparMu; mPIMOKY-
THUI XBUIEBiD; po3moaint moss; 6a3ucHi GyHKil; mosrinomu
Terenbayepa; XBUIEBiIHI KOMIIOHEHTH
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