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A Fast Technique for Analysis of Waveguides

Piotr Przybyszewski, Jacek Mielewski, and Mittrozowski, Member, IEEE

Abstract—This letter presents a new technique for fast cal- axis so that we know triadgw?, 32, w;(w;, i)}, i=1--- N
culation of dispersion characteristics in inhomogeneously loaded \which satisfy equation
waveguides. The method calculates an approximate value of
propagation constant at a desired frequency based on more Lu; + w?u; — 32Su; =0 (2)
accurate computations of the field distribution and propagation 9 w2 . ) .
constant at a few selected frequency points. Numerical tests show@S Well as{w?, 8%, vi(w;, B7)}, ¢ = 1 --- N which solve
that the relative error in propagation constant below 0.05% can the transposed equation fgt*?. Outside these points, we
easily be obtained throughout a very wide frequency band for a approximate the solution in the following way:
dominant mode using accurate data calculated at as few as four
frequency points.

N
wlw, ) = a;u; 3
Index Terms—Finite-difference methods, loaded waveguides, . 9) ; o )
moments methods. . . L
with a; = a;(w, [3). Substituting the above decomposition into

(1) and simultaneously adding and subtracffiga;w?wu; one
[. INTRODUCTION gets
ALCULATION of dispersion characteristics of waveg- N
uides is one of the fundamental tasks in computational Z ai[Lu; + wiug + (w? — wiu; — 2Su;] = 0. (4)
electromagnetics. Traditionally, at least in frequency domain, =1
the wide-band characterization of a waveguiding structuggsing (2) we can now replace the first two terms under the

requires repetitive numerical solution of a boundary valugmmation sign with32Su;. Accordingly, the equation to be
problem at successive frequency points. If the computationgdyed becomes

cost of each solution is high, the overall time required to N
complete the computation for all points of interest may be Z ai[(Bi — B%)Su; + (w? — w?)u] = 0. (5)
long. Recently, two different approaches have been proposed =

to circumvent this problem. One solution [1], [2] expands th?his equation is converted to a set of linear equations by taking

fielo!s at arbitrary frequency using the eigenmodes at cutoff a & inner product of (5) with the eigenfunctions, which
basis. Th? second approach [.3] employs a technique called ég?isfy the equation transposed to (2). This procedure gives a
asymptotic waveform evaluation (AWE) that uses the Tayl}?ffeneralized eigenvalue problem in the form
series or Pade approximation to represent the dispersion char- ) )

acteristics around a selected frequency point. In this letter we [Gw’L—- Q%)+ 8Z%a—FSa=0 (6)
propose a yet another method which calculates an approximate o021 2 o a1 T
value of propagation constant at a desired frequency basavéd(;a rﬁ}% ;e(:rl\aegr%si ]c;féma?ric(:lgggﬂ, SQa_re[ali;/ga o gj\“]_'
on more accurate computations of the field distribution a = = 9 Yok =

. ; NG, vie) and Sy = (Sui, vr.), respectively, where[-, -)
propagation constant at a few selected frequency points. denotes an inner product. Solving the above problenstés)

anda(w, ) one gets the approximate dispersion characteris-

Il. ANALYSIS tics and field distribution for up t& modes of a waveguide of
Suppose that the problem to be analyzed can be writtenififierest. In practice, one often is interested in the dispersion
the following operator form characteristics of a particular mode. In that case, the basis
{w?, 32, u;j(w;, B;)}, 1 = 1--- N consists of the solutions
Lu + w?u — 2Su =0 (1) evaluated for this particular mode at different frequency points.

This choice gives a better approximation of the mode of

wherew, 3 are the unknown field and propagation constanhyerest but increases the error for the remairing- 1 modes.
w is the angular frequency, addand S are operators derived Note, that if the number of expansion term&is small, the
from Maxwell's equations. Let us assume that the abow®),tion of eigenvalue problem (6) is very fast.

problem has been solved At discrete points on the frequency | order to illustrate how this new technique can be used in
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Fig. 1. Dispersion characteristic of a dominant mode in a rectangular image guide calculated using the FDFD method. Symbols A-D indicate four points
at which modal fields have been calculated and used as a basis in a fast algorithm described in this letter.
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Fig. 2. Error in propagation constant (relative to FDFD computations shown in Fig. 1) in a fast algorithm with fields evaluated at points A and B (Basis
1) or A, B, C, D (Basis 2) used as a basis in expansion (3).

whereﬁt is the transverse electric flux density while ¢ are evaluated as follows:

the (abgolute) permeapility_and permittivity of th_e medium, G = (113, Ve) = 2 / Dy x EZ* d0 ®)
respectively. If the medium is lossless and the guide walls are Q

perfectly conducting, the equation transposed to (7) is fulfilled Spi = (Sui, v} = 2 / Bo.ox H* do (9)
by 2 x By« [4], where 2 is a unit vector in thez direction b E Y Al

and B, is the transverse magnetic flux density. (The asterisihere(? denotes the cross section of a guide.

in the subscript denotes that a field corresponding3té

is substituted. For noncomplex modés, = B, otherwise Ill. RESULTS

B = 5;*.) Comparing (7) with (1) it is seen th&t= (z.¢)~L. The technique described in the preceding section has been
Accordingly, the elements of matricés and S can easily be tested on several structures. In this letter we shall give the
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Fig. 3. Electric (solid line) and magnetic (dashed line) field energy error (relative to FDFD computations shown in Fig. 1) in a fast algorithm svith field
evaluated at points A and B (Basis 1) or A, B, C, D (Basis 2) used as a basis in expansion (3).

results for the dominant mode of an image guide shown ihe relative error in propagation constant below 0.05% for all

Fig. 1. points within the region of interest.
In order to be able to evaluate the accuracy of the present
method the complete dispersion characteristic and the modal IV. CONCLUSIONS

fields for the dominant mode have been found using the finite-

difference frequency-domain (FDFD) with a grid of 4020 A new technique for the fast analysis of waveguides has

. L ) . been developed. The technique has a hybrid character and
pomts._Thls implied solving a sparse elggnvalge_problems W'J: nsists of two steps. In the first step the eigenvalue problem
a matrix of the order of 1580 for all pplnts within frequenc;lf solved for the propagation constant and modal field distri-
range. Subsequently, the new algorithm was applied W_'gﬁtion at a few discrete frequency points using an arbitrary
two different sets of pom_ts used as a ba§|s. (These po'ﬂﬁnerical or analytical technique. Subsequently, a new small
are denoted as A-D in Figs. 1-3.) In the first test the baﬂ?atrix eigenvalue problem is constructed using these solutions

consisted of fields computed fit= 0 and at cutoff (points A, 55 5 hasis. This new problem yields the propagation constant
B). In the second test two additional points (C, D) were useg, fie|q distributions for all frequency points of interest.

This implies that the sparse solver had to be applied only two
(test 1) or four times (test 2). Using the fields computed at
these points two small eigenvalue problems were constructed
and solved at the same points at which the reference solutidH T- Rozzi, L. Pierantoni, and M. Farina, “Eigenvalue approach to

. . L the efficient determination of the hybrid and complex spectrum of
was computed with the FDFD methOd_' Since this time the inhomogeneous, closed waveguidelEE Trans. Microwave Theory
problems were very small (& 2 for Basis 1 and 4x 4 for Tech.,vol. 45, pp. 345-353, Mar. 1997. ' _
Basis 2) the computational workload of this step was marginal?l M. Mrozowski, *New fast full wave eigenfunction expansion

. . . algorithms for time and frequency domain modeling of electromagnetic
Figs. 2 and 3 show the errors in propagation constant and performance of MMIC's, transmission lines, discontinuities and

the electric and magnetic field of the new algorithm relative  package effects in high speed electronics circuits,” Technical Univ.

to the reference FDFD solution. It is seen that even for the Gdansk, Dept. Electronics, Tech. Rep. 18/95, 1995. Available FTP:
' sunrise.pg.gda.pl:/pub/pg/mwave/rep1895.ps.gz

smallest basis consisting of just two points the new algorithnp] s. v. Polstyanko, R. Diczij-Edlinger, and J.-F. Lee, “Fast frequency
gives very good results below cutoff and may be regarded as iweep ’E/flf_chnique f%r] effici$nt ﬁ,nflﬁs of dliilfgtrilcl gﬁaV;%uiig'g)f?E

. : . - o rans. Microwave Theory Techuol. 45, pp. — , July .
quite satlsfactory (errc_’r n propagatlo_n constant be_low l/oP4] M. Mrozowski, Guided Electromagnetic Waves—Properties and Analy-
also above cutoff. Adding two more points to the basis pushes sis. Taunton Somerset, U.K.: Research Studies, 1997.
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