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Ridged structures are widely used in modern waveguide devices. The utiliza-
tion of ridges enables to create required discontinuities in narrowband devices or
to provide wideband matching of hollow waveguides with coaxial transmission
lines. Ridged structures are used in filters [1-3], polarizers [4-6], waveguides
[7-10], antennas [11-13], orthomode transducers [14-16], lasers [17-19], reso-
nators [20, 21] and other devices.

For development of the devices based on ridged structures it is necessary to
know the modal characteristics of ridged waveguides, namely, modes cutoff fre-
quencies and field distributions. The characteristics of ridged waveguides
eigenmodes for rectangular cross-section have been analyzed in [22, 23], for
square — in [9], for circular — in [23], for elliptical — in [10], for coaxial — in [8].
In [24] the authors of this paper have solved the electrodynamics boundary prob-
lem for sectoral coaxial ridged waveguides (SCRW) using integral equation
technique (IET), and in [25] their eigenmodes have been analyzed.

In this paper we present the electrodynamics boundary problem solution for
the SCRW using transverse field-matching technique (TFMT) to compare com-
plexity, accuracy, convergences for cutoff wave numbers and computing time of
these numerical solutions with those obtained by IET.

TE modes

Configurations of hollow infinite SCRW under study and denotations of
their cross sectional dimensions are shown in Fig. 1, namely the SCRW with a
ridge on the inner wall is shown in Fig. 1a, and the SCRW with a ridge on the
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outer wall is shown in Fig. 1b (hereinafter referred to as subscripts "in" and
"out" respectively).
9=0a/2 /
o=(a-y)/2 o=(a-y)/2

0=0a/2

Fig. 1. SCRW configurations and denotations of their cross sections dimensions

Only the modes, for which the SCRW symmetry plane is a magnetic wall,
will be investigated. For these modes we represent the fields H, and E, in the

regions | and Il in the form of infinite sums of the partial modes with unknown
amplitudes and cutoff wave numbers, each of which satisfies the Maxwell equa-
tions in the cylindrical coordinate system and boundary conditions at the mag-
netic wall and perfectly conducting walls of SCRW:

L 0) = 3 A, <08, D)3} (K.Y, 0 (KeD) =Yy (K@), (K] (1)
H z" (r,o)= i B, cos(l, (m)(P)[J |'2(m) (kcb)Y|2(m) (k.r) _YI;(m) (k.b)J I, (m) (k. I‘)], (2)

E<:, (r,p)=Z(f, kc)i A, COS(Il(n)(P)[‘] |'1(n) (kca)YI;(n) (k.r) _Y|1’(n) (k.a)J |!1(n) (kcr)] ) (3)

n=0

E(:;I (r’ (P) = Z(f ! kc)i Bm COS(IZ (m)(P)[‘] Ilz(m) (kcb)YI;(m) (kc r) _YI;(m) (kcb)‘J Ilz(m) (kc r)]’ (4)

m=0

where A, and B,, are unknown amplitude coefficients, |, (n)=2mn/(cc—y),
L(m)=n(2Zm+D/a, J;(X), Y,(X), J[(X), Y/(x) are Bessel functions of the
first and the second kind and their derivatives, k., is a cutoff wave number,
Z(f,k.)=2nifuy /K, where i is an imaginary unit, f is frequency, p,, is ab-
solute permeability of SCRW inner medium.

Boundary conditions at the interface between regions I and Il are as follows:

Ey(r=d,0e[0;(a—7)/2])=E4(r=d,oe[0; (a—7y)/2]), (5)

H7 (r=d,0el0;(a—1)/2)=H,(r=d,pe[0;(x-7)/2]).  (6)
Besides at the perfectly conducting surface of the ridge at r=d and
oel(a—7)/2;a/2]:

e (r=d,oel(—7)/2 a/2])=0. -
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Substituting (1)—(4) in (5)—(7) we obtain:
> By €O, (M) Y (1, (M), kb k) = 3 A, cos (Me) IY (1 (), kea, ked),

m=0 n=0

¢e[0; (a—v)/2], (8)
i By cosz (M)@) Y (I, (M), keb, kod) = i A, cos(ly (@)Y (I(n) kea,ked),
m=0 n=0

¢e[0; (a—v)/2], ©)
> By, cos,(M)e)dY (1, (), kb, k,d) =0, oef(a—y)/2al2], (10)
m=0

where JV (I, x,y) = J/(X)Y,(¥) =Y/(x)J, (), IY'(1,x,y) = I/ ()Y, (Y) = Y,/(X) I/ (y) .
After multiplying left and right parts of the equation (8) by the functions

cos(,(p)p), p= 0, 1, 2, ..., and integrating the result at the interval

[0; (. —7) /2], at which the system of these functions is orthogonal, we obtain

> Byl (PMIY (M kb, k) = Ay “L 145,003V (P keak.d), (11)

m=0

from whence it follows, that the amplitude of the p -th partial mode in region |

438, 1,(p.m)IV (1, (M) kb.k.d)

_ D . (12)
P (a1 +80)I Y (1(p). kea k.d)

(o—y)/2

In (11), (12) &, is Kronecker delta, 1,(p,m)= jcos(lz(m)cp)cos(ll(p)cp)d(p:
0

:ﬂ{sinc[(Zm T i p}+sinc{(2m T | i p}}, where
4 200 200
sinc(x) = sin(nx) /(mnx) .
In the same way from (9) the amplitude of the p -th partial mode in region |
43 B, 1,(p,m)IY (I,(m),k b, k.d)
m=0

A = :
P (a_Y)(1+6pO)JY(Il(p)’kca’kcd)
Having equated (12) to (13) one easily obtains

- IV (,(m),kb.kd) IV (1, (m).kbkd)]
EOB“"“('D'm’{w'(u(p),kca,kcd) Jv(ll(p),kca,kcd)}o' =

By introducing designation
JY'(1,(m),y,z) JY(l,(m),y,2)
F lml v Y :I ’m 2 - :
Py =L ){w'(um,x,z) mll(p),x,z)}
and simplifying the expression (14) we obtain

(13)
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S'B,F.(p,mkakb,kd)=0, p=0,1,2,... (15)
m=0

Next we multiply left and right parts of the equation (10) by the functions
cos(,(q)p), g= 0, 1, 2, ..., and integrate the result at the interval

[(c—v)/2; o/ 2] and obtain
S'B.1,(q,m)JY'(l,(m),k b,k.d) =0, (16)

al2
where 1,(q,m)= [cos(l,(m)¢) cos(ly(@)p)dep == &g — =~ {sinc[(m—q)a_y }
(a-7)12 4 4 @

+sinc{(m+q+1)a_q}.
o

By introducing designation
F(a.my,z)=1,(a.m)JY(I,(m),y,z)
we simplify the expression (16) to the following equation

S'B.F,(qmkbkd)=0, q=0,1,2,... (17)
m=0

Having united the systems of equations (15), (17) and placing a limit on
amount of partial modes in the region 11, we obtain the following homogeneous
system of linear algebraic equations (SLAE) with unknown partial modes ampli-
tudes B,,:

M-1

> B, F(p,mKk.a,kb,k.d)=0, p=0,1,...(P-1),
m=0

M-1 (18)
> B, F,(q,m,k.b,k.d)=0, qg=0,1,...(M =P -1).
m=0

At the fixed amount of partial modes M the amount of equations of the first
type is defined by angular widths ratio of regions | and Il [26]:
P=[M(a—v)/a], where integer part rounded up or down is designated by [ ].

By rewriting the SLAE (18) in the matrix form we obtain:

Foo - Foma Bo 0
: ' 3 o= (19)
_FM 10 - Fmoama | [Buwa 0
The elements of the matrix [F] are equal
F i j):_Fl(i,j,kca,kcb,kcd), i=0,1,...(P-1),
’ K ((1-P), j,kb,kd), i=P,(P+1),...(M -1).

The condition of nontrivial solution of the homogeneous SLAE (19) is the
equality to zero of the matrix [F] determinant. From this condition we define
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TE modes cutoff wave numbers. The cutoff wave numbers calculated are to be
substituted in homogeneous SLAE (19). Let By= 1. Then
-1

FO,l FO,M—l Bl Fo,o Bl Fo,l FO,M—l I:o,o

FM—2,1 FM—Z,M—l BM—l FM—Z,O BM—l FM—Z,l FM—Z,M—l FM—Z,O
Consequently, all partial modes amplitudes B,, have been defined. After this
we define the partial modes amplitudes A, by the formula (12) or (13). The dis-

tribution of longitudinal component of magnetic field H, we define by the for-

mulas (1), (2). Transversal components of magnetic and electric fields we define
using the longitudinal and transversal field components connection formulas.
TM modes
The TM modes designations introduced in this section coincide with the ones
given above for TE modes, but they refer only to TM modes. For TM modes we
represent the fields E, and H,, in the regions I and Il (Fig. 1) in the form of in-

finite sums of the partial modes with unknown amplitudes and cutoff wave
numbers, each of which satisfies the Maxwell equations in the cylindrical coor-
dinate system and boundary conditions at the magnetic wall and perfectly con-
ducting walls of SCRW:

EL(0) = 22 A, sinl M), o (kea)Yy o (1) Y, (K23, (K1) (20)
EL(1,0) = 2. By Sin(ly (M), ) (DY, oy (kD) =Y, 0 (), oy ()] (21)

HL( ) =Y (k)2 A, sin (D)3, (Y (kD) =Y, (kT kD], (22)

qu>l (r1 (P) =Y ( f ’ kc)i: Bm Sin(|2 (m)(p)[‘]lz(m) (kcb)YI;(m) (kc r) _le(m) (kcb)‘] I’Z(m) (kcr)]l (23)

where A, and B, are unknown amplitude coefficients,

l,(n) =2n(n+1) /(o —7), L(M)=n2m+D)/a, J;(X), Y,(X), I/ (X), Y/(x) are

Bessel functions of the first and the second kind and their derivatives, k. is a

cutoff wave number, Y (f,k.) =2nifey, /K., where i is an imaginary unit, f is

frequency, ¢4, is absolute permittivity of SCRW inner medium.

Boundary conditions at the interface between regions | and Il are as follows:
E)(r=d,ge[0;(a-1)/2)=E)(r=d,0c[0;(c-1)/2]),  (24)
Ho(r=d ¢el0;(a-7)/2)=Hy(r=d,oc[0;(a-7)/2]).  (25)

Besides, at the perfectly conducting surface of the ridge at r=d and

oel(a—v)/2;,0/2]:

EMr=d,pe[(a-y)/2;a/2])=0. (26)
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Next we substitute (20)—(23) in (24)—(26):
i B, sin(lz (M)e) JY (I (m), kb, ked) = i Ay sin(ly (n)e)JY (I (n), kca, k.d),

m=0 n=0
¢<l0; (a—v)/2], (27)
> By sin(l, (M) IY (1, (M), kb, k) = 3 A, sin(ly (M) IY (1 (M), ke, ked)
m=0 n=0
¢ el0; (a—v)/2], (28)
S B, sin(l, (M)e)IY (I, (M), kb kd) =0, oef(e—1)/2al2]. (29)
m=0

where JY (I, x,y) =J,(X)Y, () =Y, ()3, (¥), IY'(1,x,y) = J, (Y, (¥) =Y, (x)J{ (V) -
After multiplying left and right parts of the equation (27) by the functions
sin(ly(p)e), p=0, 1,2, ..., and integrate the result at the interval [0; (e —v)/2],

at which the system of these functions is orthogonal, we obtain
i B, l.(p,m)JY (I,(m),k b, kd)=A % JY (I,(p).k.a,k.d), (30)
from whence rTiwiofollows, that the amplitude of the p -th partial mode in region |
43 B, 1,(p,m)JY (I,(m),k.b,k.d)
P mzo(a —1)JIY(,(p).k.a kd)

(31)
In (30), (31)

(a=y)/2

l(pm) = [sinl,(mg)sin(y(p)p)de = “—~
0

. a—y_ _
2 {smc{(Zerl) » (p+1)}

—sinc[(2m+1)a_7+(p+1)}}.
20
In the same way from (28) the amplitude of the p-th partial mode in re-
gion |
43 B_1,(p,m)JY (L, (m),k.b,k.d)

A =m0 . (32)
’ (a=7)IY'(L,(p).k.a k.d)

Having equated (31) to (32) one easily obtains
iBmll(p’m) JY (I,(m),k.b,k.d) JY'(l,(m),kb,k.d) 0. (33)
Y (L(p).kakd)  IY'(1L(p).kakd)
After this we introduce the following designation
JY(,(m),y,z) JY'(l,(m),y,2)
F(p,mxX,V,z)=1L(p,m 2 — 2 .
Py = 1P ){ NLPLx2) IV ((P)x2)
Using this designation (33) can be rewritten by the formula (15).

18 Bicnux Hayionanvsnozo mexuniunozo ynieepcumemy Yxpainu "KIIT"
Cepia — Padiomexnika. Padioanapamooyodysannsn.-2013.-No54



Enexmpoounamixa. Ilpucmpoi HBY odianazony. Anmenna mexuika

Next we multiply left and right parts of the equation (29) by the functions
sin(lb(a)p), g= 0, 1, 2, ..., and integrate the result at the interval

[(e—v)/2; o/ 2] and obtain

B 1,(q,m)JY (I,(m),k b,k.d) =0, (34)
m=0
al2
where I,(q,m)= " [sin(l,(m)g)sin(l, (@)¢)do =8 —u{sinc[(m—q)ﬂ}—
(a-1)12 4 4 o
- sinc{(m +q +1)ﬂ}.
(00

Next we introduce the following designation

F(a.m,y, z) = 1,(a,m)JY (I,(m),y, 2).
Using this designation (34) can be rewritten by the formula (17).
Further solution for TM modes is the same as for TE ones.
Solutions convergence for cutoff wave numbers
Now we carry out cutoff wave numbers convergence analysis depending on
the amount of partial modes M limiting the sums in (18) for both configurations
of SCRW (Fig. 1). As one can see in Fig. 1 the region | is limited by three per-
fectly conducting walls of SCRW and the interface, and region Il is limited by
one magnetic wall, three perfectly conducting walls and the interface for both
configurations. Therefore all formulas remain the same for both constructions.
For the SCRW with a ridge on an inner wall we set dimensions ratios and angles
as follows: o= 86°, y=30°, a/b=0.5, (d—a)/b=0.4. For the SCRW with a

ridge on an outer wall the dimensions ratios and angles are as follows: o = 86°,

v = 30° b/a =05, (a—d)/a = 0.4. Residual errors (5:[kc(l\/ll()(3g;(30)]x
x100%) plots for cutoff wave numbers of first four modes of SCRW versus the
number of partial modes M are shown in Fig. 2. Herewith residual errors for
the first, the second, the third TE modes and for the first TM mode are shown by
solid, dashed, dash-dotted and dotted lines respectively. The results for SCRW
with a ridge on an inner wall are shown in Fig. 2a, and for SCRW with a ridge
on an outer wall — in Fig. 2b. The residual errors are calculated relative to the
cutoff wave numbers obtained at M = 30.
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Fig. 2. Cutoff wave numbers residual errors

As one can see in Fig. 2 taking into account 24 partial modes provides the
residual errors of cutoff wave numbers of first four modes less than 0.1% com-
paratively with the values of cutoff wave numbers under 30 partial modes.
Therefore, one concludes that it is enough to take into account 24 partial modes
for the calculation of SCRW cutoff wave numbers for both configurations by
TFMT with residual error less than 0.1%. It has been shown in [24] that for the
calculation of cutoff wave numbers of SCRW by IET with residual error less
than 0.1% it is enough to utilize 3 orthogonal basis functions, which correctly
take into account singular field behavior at the ridge, and 15 partial modes. Be-
sides it is worth to be mentioned that at cutoff wave numbers residual error less
than 0.1% computing time in the case of IET is 5 times less than the computing
time in the case of TFMT.

Conclusions

The electrodynamics eigenmodes boundary problem for sectoral coaxial
single-ridged waveguides has been solved by TFMT. The formulas obtained
provide possibilities to compute cutoff wave numbers and electric and magnetic
fields distributions of TE and TM modes in the presence of the ridge either on
the inner or on the outer wall of the waveguide. It has been shown that for calcu-
lation of cutoff wave numbers with residual error less than 0.1% it is enough to
utilize 24 partial modes, herewith computing time in the case of IET is 5 times

less than the computing time in the case of TFMT.
References

1. Suntheralingam N., Mohottige N., Budimir D. Electromagnetic modelling of ridged
waveguide resonator loaded bandpass filters // 2010 IEEE Antennas and Propagation Society
International Symposium (APSURSI 2010), Toronto, Canada, 2010, pp. 1-4.

2. LiS., FulJ., Wu X. Double ridged waveguide low pass filters for satellite application //
2007 International Symposium on Microwave, Antenna, Propagation and EMC Technologies
for Wireless Communications, Hangzhou, China, 2007, pp. 408-410.

3. Manuilov M. B., Kobrin K. V., Obrezanova L. A. Ridged waveguide filters with
improved performance // 16th International Crimean Conference on Microwave and
Telecommunication Technology (CriMiCo 2006), Sevastopol, Ukraine, 2006, pp. 507-508.

20 Bicnuk Hayionanvnozo mexniunozo ynieepcumemy Yxpainu "KIIT"
Cepia — Padiomexnika. Padioanapamooyodysannsn.-2013.-No54



Enexmpoounamixa. Ilpucmpoi HBY odianazony. Anmenna mexuika

4. Dai D., Wang Z., Julian N., Bowers J. E. Compact broadband polarizer based on
shallowly-etched silicon-on-insulator ridge optical waveguides // 2011 Optical Fiber
Communication and National Fiber Optic Engineers Conference (OFC/NFOEC), Los Ange-
les, USA, 2011, pp. 1-3.

5. Tribak A., Mediavilla A., Cano J. L., Boussouis M., Cepero K. Ultra-broadband low
axial ratio corrugated quad-ridge polarizer // European Microwave Conference (EuMC 2009),
Rome, Italy, 2009, pp. 73-76.

6. Bull J. D., Kato H., Jaeger N. Asymmetrically strained ridge waveguide for passive
polarization conversion // IEEE Photonics Technology Letters. — Dec. 2008.— vol. 20, Ne 24. —
pp. 2186-2188.

7. Polemi A., Maci S., Kildal P.-S. Dispersion characteristics of a metamaterial-based
parallel-plate ridge gap waveguide realized by bed of nails // IEEE Trans. Antennas Propagat.
— March 2011. — vol. 59, Ne 3 — pp. 904-913.

8. Ruiz-Bernal M. A., Valverde-Navarro M., Goussetis G., Gomez-Tornero J.-L.,
Feresidis A. P. Higher order modes of the ridged coaxial waveguide // 36th European Micro-
wave Conference, Manchester, UK, 2006, pp. 1221-1224.

9. Tang Y., Zhao J., Wu W. Analysis of quadruple-ridged square waveguide by multi-
layer perceptron neural network model // Asia-Pacific Microwave Conference (APMC 2006),
Yokohama, Japan, 2006, pp. 1912-1918.

10.Xu J., Wang W., Gong Y., Wei Y. Analysis of elliptical ridged waveguide // Joint 31st
International Conference on Infrared Millimeter Waves and 14th International Conference on
Teraherz Electronics (IRMMW-THz 2006), Shanghai, China, 2006, p. 265.

11.Jacobs O. B., Odendaal J. W., Joubert J. Elliptically shaped quad-ridge horn antennas
as feed for a reflector // IEEE Antennas Wireless Propagat. Lett.—2011.—vol. 10.—pp. 756-759.

12.Akgiray A., Weinreb S., Imbriale W. Design and measurements of dual-polarized
wideband constant-beamwidth quadruple-ridged flared horn // 2011 IEEE International Sym-
posium on Antennas and Propagation (APSURSI 2011), Spokane, USA, 2011, pp. 1135-
1138.

13.Jacobs O. B., Odendaal J. W., Joubert J. Quad ridge horn antenna with elliptically
shaped sidewalls // 2011 International Conference on Electromagnetics in Advanced
Applications (ICEAA 2011), Torino, Italy, 2011, pp. 259-262.

14.Coutts G. M. Wideband diagonal quadruple-ridge orthomode transducer for circular
polarization detection // IEEE Trans. AP. — June 2011. — vol. 59, Ne 6 — pp. 1902-1909.

15.Hwang J.-H., Oh Y. Compact orthomode transducer using single-ridged triangular
waveguides // IEEE Microwave Wireless Comp. Lett. — 2011. — vol. 21, Ne 8 — pp. 412-414.

16.Zhang H. Z. A wideband orthogonal-mode junction using ridged sectoral waveguides
// 2002 IEEE Int. Antennas Propagat. Symp. Dig. — June 2002. — vol. 40. — pp. 432—435.

17.Yeo C. 1., Jang S. J,, Yu J. S,, Lee Y. T. 1.3-um laterally tapered ridge waveguide
DFB lasers with second-order Cr surface gratings // IEEE Photonics Technology Letters. —
Nov. 2010. — vol. 22, Ne 22. — pp. 1668-1670.

18.Price R. K., Verma V. B., Elarde V. C., Coleman J. J. Internal loss, modal characteris-
tics, and bend loss of asymmetric cladding ridge waveguide lasers at 850 nm // Journal of
Applied Physics. — Jan. 2008. — vol. 103, Ne 1. — pp. 013108-013108-6.

19.Teng J. H., Lim E. L., Chua S. J., Ang S. S., Chong L. F., Dong J. R., Yin R. Self-
aligned metal-contact and passivation technique for submicron ridge waveguide laser fabrica-
tion // J. of Vac. Sci. & Tech. B: Microel. and nm Struct.—2008.—vol.26, Ne 5.—pp.1748-1752.

20.Amadjikpe A. L., Papapolymerou J. A high-Q electronically tunable evanescent-mode
double-ridged rectangular waveguide resonator // 2008 IEEE Int. Microwave Symp. Dig. —
June 2008. — pp. 1019-1022.

Bicnuk Hayionanvnozo mexuniunozo ynieepcumemy Ykpainu ""KIIT" 21
Cepin — Padiomexuika. Padioanapamooyodyeannsa.-2013.-No54



Enexmpoounamika. Ilpucmpoi HBY odianazony. Anmenna mexuixka

21.Serebryannikov A. E., Vasylchenko O. E., Schunemann K. Fast coupled-integral-
equations-based analysis of azimuthally corrugated cavities // IEEE Microwave Wireless
Comp. Lett. — May 2004. — vol. 14, Ne 5. — pp. 240-242.

22.Jarvis D. A., Rao T. C. Design of double-ridged rectangular waveguide of arbitrary
aspect ratio and ridge height // IEE Proc. AP. — Feb. 2000. — vol. 147, Ne 1. — pp. 31-34.

23.Rong Y., Zaki K. A. Characteristics of generalized rectangular and circular ridge
waveguides // IEEE Trans. Microwave Theory Tech. — Feb. 2000. — vol. 48, Ne 2.— pp. 258-
265.

24.Dubrovka F. F., Piltyay S. I. Electrodynamics boundary problem solution for sectoral
coaxial ridged waveguides by integral equation technique // Radioelectronics and
Communications Systems. — May 2012. — vol. 55, Ne 5. — pp. 191-203.

25.Dubrovka F. F., Piltyay S. I. Eigenmodes of sectoral coaxial ridged waveguides //
Radioelectronics and Communications Systems. — June 2012. — vol. 55, Ne 6. — pp. 239-247.

26.Mittra R., Lee S. W. Analytical Techniques in the Theory of Guided Waves. New
York: Macmillan, 1971. — 302 p.

Iyoposka @. @., Ilinemsi C. I. Anani3 61acCHUX X6UIb CEKMOPHUX KOAKCIANbHUX pedpu-
CMUX X6une600i6¢ MemoooMm y3200M4CeHHA Noie yacmkosux oonacmeiu. Yacmuna 1. Teo-
pisa. Memooom y32002cenHs noie 4acmkosux obaacmeli po38 a3aHo Kpatogy 3a0ayy eleKm-
POOUHAMIKU ONI5l B]IACHUX XU CEKMOPHUX KOAKCIATbHUX 00HOpebepHUX Xxeunegoois. Ompu-
Maui hopmynu 003601510Mb pO3PAXY8AMU KPUMUYHT X8UTLOGI YUCIA MA PO3NOOINU eleKmpPU-
yno2o ma macHimuozo noaie TE ma TM moo0 npu nasenocmi pebpa Ha HYMPIWHIL YU 306Hi-
wiHiti cminyi xeunegody. Ilposedeno ananiz 30ixcHocmi po36 ’sa3Ki6 OJisl KPUMUYHUX X8UTbOBUX
yucen 8 3anedNCHocmi 8i0 Kitbkocmi napyianbhux moo. Ilokazano, wo 01 OmpumarHs 3a1utd-
KOB0I NOXUOKU PO3PAXYHKY KPUMUYHUX X8UNbOBUX yucel, meHwoi 3a 0, 1%, nompiobno euxopu-
cmoegysamu 24 napyianvHi Moou.

Knrwwuosi cnoea: xpatiosa 3a0aua enekmpoOUHAMIKY, CEKMOPHUL KOAKCIAIbHUL pebpuc-
muil Xeunesio, Memoo y32004CenHsl Nojie yacmkosux oonacmetl, eracti xeuni muny TE, enac-
Hi xeuni muny TM, 36iscHicmb p0o36 a3Ki6, 3a1UUK08a NOXUOKA.

Ilyoposxa @. @., [unemsaii C. U. Ananu3z co6cmeeHHbIX 807IH CEKMOPHBLIX KOAKCUAIb-
HbIX pedpucmvlx 601HO60006 MEMOOOM CO2NACOBAHUA NOJEH YACMUYHBIX odnacmell.
Yacmo 1. Teopus. Memooom coenacosanus nojeu YacmuyHvlx obaacmell peuieHa Kpaesast
3a0aya 21eKmpoOUHAMUKU OJisL COOCTNEEHHBIX BOJIH CEKMOPHBIX KOAKCUATbHBIX 00HOPeOepHbIX
601H060008. [Ipusedennvlie hopmynsl NO360AIOM PACCHUMAMb KPUMUYECKUE 80IHOBbLE YUC-
J1a U pacnpeoeneHus nekmpuiecko2o u maenumuoeo noaei TE u TM Mmoo npu nanuuuu pebpa
Ha 6HYymMpeHHell UIU 6HelHell cmenke 801H0600d. [Iposeden ananus cxooumocmu peutenui
OJ151 KPUMUYECKUX BOJIHOBLIX YUCEN 8 3A8UCUMOCTIU OM KOIUYeCmea napyuaibHulx Moo. Iloxa-
3aH0, YUMo Ol NOJYUEHUsI OCMAMOYHOU NOSPEUWHOCMU paciema KpUmu4eckux 0JIHO8bIX Yu-
cen, menvuteti 0,1%, neobxooumo ucnonvzoeams 24 napyuaibHvle MOObI.

Knrouegwvie cnoesa: xpaesas 3a0aua 31eKmpoOuHaMUKY, CeKMOPHbIU KOAKCUAIbHbIU peopu-
CMblll 80IHOB00, MemMOO CO2NACO8AHUS NOJIell YACMUYHBIX 0Oaacmel, coOCHMEeHHble BOIHb
muna TE, cobcmeenuvie eonnvl muna TM, cxooumocmv peuwieHuti, 0CmMamoyHas nocpeul-
HOCMb.

Dubrovka F. F., Piltyay S. I. Eigenmodes analysis of sectoral coaxial ridged waveguides
by transverse field-matching technique. Part 1. Theory.

Introduction. The utilization of ridged structures in modern waveguide devises is dis-
cussed. The goals of the research presented in the paper are defined.
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Enexmpoounamixa. Ilpucmpoi HBY odianazony. Anmenna mexuika

TE modes. The geometrical configurations of sectoral coaxial ridged waveguides are
shown. The formulas obtained in the section allow to compute cutoff wave numbers and elec-
tric and magnetic fields distributions of TE modes in the presence of the ridge either on the
inner or the outer wall of the waveguide.

TM modes. The formulas obtained in the section allow to compute cutoff wave numbers
and electric and magnetic fields distributions of TM modes in the presence of the ridge either
on the inner or the outer wall of the waveguide.

Solutions convergence for cutoff wave numbers. The cutoff wave numbers convergence
analysis depending on the amount of partial modes has been carried out. Residual errors
plots for cutoff wave numbers computing of first four modes as dependences on the amount of
partial modes are presented. It has been shown that it is enough to use 24 partial modes for
the calculation of sectoral coaxial ridged waveguides cutoff wave numbers for both configu-
rations by transverse field-matching technique with residual error less than 0.1%.

Conclusions. General conclusions of the paper are given.

Keywords: electrodynamics boundary problem, sectoral coaxial ridged waveguide, trans-
verse field-matching technique, TE modes, TM modes, solutions convergence, residual error.
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