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Cutoff Wavenumbers in Truncated Waveguides
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Abstract—Truncated waveguides are used in some microwave
components. The cutoff wavenumbers in truncated circular wave-
guide and truncated square waveguide are desired but usually dif-
ficult to be computed. In this paper, they are efficiently determined
using the unified method that we proposed earlier. Both TE-polar-
ized and TM-polarized modes are studied. To demonstrate the ap-
plicability and correctness of this method, two practical examples
are considered, one is a truncated circular waveguide and the other
is a truncated square waveguide. Results obtained for the two cases
are compared with existing data in literature and a good agreement
is observed. A further extension of the work is made to compute
cutoff wavenumbers of a truncated elliptical waveguide. It is found
from the analysis that the cutoff wavenumbers in these irregular
waveguides can be computed easily, rapidly, and accurately using
the unified method.

Index Terms—Cutoff wavenumbers, truncated waveguides, uni-
fied method.

I. INTRODUCTION

T RUNCATED circular and square waveguides have found
to have better coupling between the orthogonal dual modes

than adding a screw at 45with respect to electric fields of the
two modes. So it has many applications in the design of dual
mode cavity filters [1], [2] and waveguide polarizers [3]. Levy
presented the formula relating these two kinds of applications
and more references may be found in [4]. The methods about
analyzing waveguides with regular cross-sections are reviewed
in [5], [6]. For truncated circular waveguides, the finite differ-
ence method [7], the finite strip method [8], and the perturbation
approach [4] have been used to obtain the cutoff wavenumber
of the dominant TE mode with an aspect ratio from 0.7 to 1.
Truncated square waveguides are also studied in [4]. But there
is some discrepancy among above results. In a recent paper, the
method of internal matching (MIM) [9] is proposed to extend
the aspect ratio from 0 to 1, and for the dominant mode and
the higher-order TE-polarized and TM-polarized modes in trun-
cated circular waveguides.

In our previous analysis, a unified method has been proposed
to analyze a large class of hollow conducting waveguides of dif-
ferent cross sections [10], [11]. This method has been proven to
be straightforward, flexible and efficient. Although this method
has been widely applied earlier, we do not know if it is appli-
cable to truncated circular/elliptical and square waveguides and
what the accuracy is. This motivates the present analysis of trun-
cated elliptical and square waveguides using the unified method
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Fig. 1. Geometries and parameters of truncated waveguides. (a) Truncated
circular or elliptical waveguide. (b) Truncated square waveguide.

in this paper. In the final results, a truncated circular waveguide
can be considered as a special case of the truncated elliptical
waveguides.

II. A LGORITHM DEVELOPMENT

Geometries of truncated circular (or elliptical) and square
waveguides are shown in Fig. 1 where the conducting bound-
aries are depicted by solid lines. The cross section of a truncated
circular (or elliptical) waveguide is a circle (or ellipse) with op-
posite parts removed in Fig. 1(a) whereis called the aspect
ratio. In Fig. 1(b), the cross section of a truncated square wave-
guide is a square having diagonally opposite corners cut off and

represents the truncation parameter.
Details of the unified method for analyzing hollow con-

ducting waveguides can be found in [10]. In order to compute
cutoff wavenumbers in this paper, the Helmholtz equation
together with the Dirichlet and Neumann boundary conditions
for TM and TE modes needs to be solved, respectively. In the
Cartesian coordinate system, the wave equation is

(1)
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where denotes the longitudinal direction, the term- rep-
resents the transverse plane, is the Laplacian operation in
transverse plane, stands for the cutoff wavenumber, and the
longitudinal field ( or ) is approximated by a se-
ries of polynomials as follows

(2)

with standing for the polynomial number. After substituting
(2), the Rayleigh-Ritz procedure is used to rewrite the (1) into a
generalized eigenvalue matrix equation. Once this generalized
eigenvalue problem is solved, the cutoff wavenumbers andcan
be obtained. For the TE case, we have

(3)

and for the TM case

(4)

The Rayleigh–Ritz procedure ensures the satisfaction of
Neumman boundary condition for TE modes, and the function

is used to ensure the Dirichlet condition on the bound-
aries of the waveguide satisfied for TM modes explicitly.

The boundaries of truncated circular and truncated elliptical
waveguide are described by

(5)

The truncated square waveguide is represented by

(6)

Applying (5) and (6) in the procedure of [10], the cutoff
wavenumbers in above waveguides are obtained.

III. N UMERICAL RESULTS AND DISCUSSION

To confirm correctness and applicability of the method
and code developed, we considered two examples, namely,
a truncated circular waveguide and a truncated square wave-
guide. Cutoff wavenumbers in the two truncated waveguides
are computed and compared with existing data available in
literature.

First of all, cutoff wavenumbers of dominant modes in a
truncated circular waveguide are computed using the present
method. They are also compared with the results in [9], as
shown in Table I. The number of polynomials used for TE
modes is 30, except that it is 25 when . In the TM
case, polynomials are used. Figs. 2 and 3 show cutoff
wavenumbers of the higher TE and TM modes, respectively.
Good agreements are observed for both TE and TM cases.

Secondly, the cutoff wavenumbers of TE modes in a truncated
square waveguide are obtained using the unified method. The re-
sults obtained using the present method are compared in Fig. 4
with those of [4] obtained using the perturbation method. The
agreement is excellent for small. For larger value, the devia-
tion increases as expected, because the perturbation theory used

TABLE I
CUTOFF WAVENUMBERS OFDOMINANT TE AND TM MODES IN TRUNCATED

CIRCULAR WAVEGUIDE

Fig. 2. Cutoff wavenumbers (of TE modes) in the truncated circular waveguide
compared with results in [9].

Fig. 3. Cutoff wavenumbers (of TM modes) in the truncated circular
waveguide compared with results in [9].

in the literature becomes less accurate while our results are still
accurate. The polynomial number used in this case is 25.

From the above two cases, it is seen in comparison that the
unified method and program code we developed in this work
are correct and applicable for computing cutoff wavenumbers
in truncated waveguides.

An elliptical waveguide has the additional feature of ec-
centricity compared with a circular waveguide. There are two
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Fig. 4. Cutoff wavenumbers (of TE modes) in the truncated square waveguide
compared with results in [4].

TABLE II
CUTOFF WAVENUMBERS OFDOMINANT TE AND TM MODES IN TRUNCATED

ELLIPTICAL WAVEGUIDE (e = 0:5)

types of truncated elliptical waveguide, namely, one with trun-
cation located on the major axis and the other on minor axis.
Subsequently, we employ the unified method to obtain cutoff
wavenumbers in a truncated elliptical waveguide, as a new
application. In Table II, cutoff wavenumbers of dominant TE
and TM modes are given. The truncated ellipse is constructed
from an ellipse with eccentricity () of 0.5. Two wavenumbers
are considered, i.e., for the first case and for the second
case. The polynomial number here is the same as that in the
truncated circular waveguide.

When , the cross section becomes an ellipse. The an-
alytic results of cutoff wavenumbers available in literature are
1.8510 and 2.5968 for TE and TM modes, respectively. The de-
viation between our results and analytic ones is less than 0.4%.

When , the cross section corresponding to resem-
bles a long rectangle. It looks like the truncated circular wave-
guide under the same condition. The cutoff wavenumbers for
TE and TM modes are 1.5739 and 15.8126, very close to the
corresponding results in Table I, respectively.

IV. CONCLUSION

In this paper, the cutoff wavenumbers of TE and TM modes
in truncated circular and rectangular waveguides are obtained
using the unified method alternatively. The truncated circular
and square waveguides are reconsidered and their results avail-
able in the literature are compared with the data generated from
the present code. It is found that they agree very well, which par-
tially confirms the correctness and applicability of the present
method and code. Then, a truncated elliptical waveguide, as a
new structure which provides additional degrees of freedom in
the design, is also analyzed using the present method.

REFERENCES

[1] L. Hendrick, Space and Communications Division, in private communi-
cation, Hughes Aircraft Co., El Segundo, CA.

[2] J. F. Liang, X. P. Liang, K. A. Zaki, and A. E. Atia, “Dual-mode dielec-
tric or air-filled rectangular waveguide filters,”IEEE Trans. Microwave
Theory Tech., vol. MTT-42, pp. 1330–1336, Jul 1994.

[3] A. H. Kessler and W. J. Getsinger, “A simplified method for designing
an elliptical polarizer in square waveguide,” MIT Lincoln Laboratory,
Lexington, MA, Group Rep. 46G-3, Contract DDC407 624, 1963.

[4] R. Levy, “The relationship between dual mode cavity cross-coupling
and waveguide polarizers,”IEEE Trans. Microwave Theory Tech., vol.
MTT-43, pp. 2614–2620, Nov. 1995.

[5] F. L. Ng, “Tabulation of methods for the numerical solution of the
hollow waveguide problem,”IEEE Trans. Microwave Theory Tech.,
vol. MTT-22, pp. 322–329, Mar. 1974.

[6] N. Marcuvitz, Waveguide Handbook. Stevenage, U.K.: Peregrinus,
1986.

[7] D. H. Sinnott, “The application of finite difference techniques to elec-
tromagnetic problems,”IEEE Trans. Elect. Eng., vol. EE-6, pp. 6–11,
Mar. 1970.

[8] J. R. Pyle and R. J. Angley, “Cutoff wavelengths of waveguides with
unusual cross sections,”IEEE Trans. Microwave Theory Tech., vol.
MTT-22, pp. 322–329, Mar. 1974.

[9] C. Y. Wang, “Frequencies of a truncated circular waveguide-method of
internal matching,”IEEE Trans. Microwave Theory Tech ., vol. 48, pp.
1763–1765, Oct. 2000.

[10] S. L. Lin, L. W. Li, T. S. Yeo, and M. S. Leong, “Analysis of hollow
conducting waveguides using superquadric functions-A unified repre-
sentation,”IEEE Trans. Microwave Theory Tech., vol. 48, pp. 876–880,
May 2000.

[11] , “Analysis of metallic waveguides of a large class of cross-sections
using polynomial approximation and superquadric functions,”IEEE
Trans. Microwave Theory Tech., to be published.


	MTT023
	Return to Contents


