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Abstract–Inductive posts of finite dimensions are cnrrently

employed for the precise realization of millimeter wave filters
in waveguide. Although this structure constitutes a classical

problem, no true wideband equivalent circuit seems to be avail-

able, that is, with elements dependent only on post geometry

and, at the same time, capable of describing higher order mode
interaction. The availability of such an equivalent circuit is a
prerequisite for efficient CAD. We develop a rigorous wide-

band model, inclusive of near neighbor interaction, suitable for
accurate filter synthesis and CAD by means of a desk-top com-
puter. Three actual applications to the design of multipost fil-
ters are presented with practical results in excellent agreement

with computer predictions. Computation times are such that
the analysis can be effected in real time.

INTRODUCTION

T HE EFFICIENT CAD synthesis of millimeter wave

filters and matching networks is greatly enhanced by

the adoption of accurate wideband equivalent circuits.

These can be included, for instance, as building blocks in

commercially available microwave design packages. A

typical example is provided by the design of filters using

inductive posts in waveguide. Although this structure has

been widely investigated and employed [1]-[7], up to date

accurate analysis, inclusive of near neighbor interaction,

requires a fairly intensive computer effort that must be

repeated hundred of times in the CAD process.

A true-accurate, wideband equivalent network ought to

account for all physical effects, such as higher order

modes interaction, and contain only frequency indepen-

dent elements. The latter must be directly expressible in

terms of the geometrical parameters, i.e., normalized post

width and thickness, by means of graphs or interpolator

functions that can be fed into a network analysis package.

The availability of such a model, not only eliminates

the need of repeating the field analysis at each frequency

point, but also lays the foundation for rigorous synthesis
from a given prototype, as opposed to straightforward

CAD. To this aim, we have developed a rigorous Ritz-

Galerkin variational analysis of the post including a priori
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the correct edge condition. This reduces to three the max-

imum size of matrices to be considered. Moreover, we

have explicitly extracted from the field analysis the fre-

quency dependence of the post reactance. Consequently,

we recover its full Foster representation with elements de-

pendent only on geometry. For the convenience of the

user, element values of the equivalent circuit are plotted

versus post width for a number of thicknesses. Near

neighbor interaction, where present, is taken care of by

considering a four port representation of the post where

the first higher order waveguide mode is taken as ‘‘ acces-

sible” [8]. All higher order modes are “lumped” in the

post reactance.

As a result of this analytical approach, we achieve a

dramatic reduction of the computer times involved. Fi-

nally, computed and measured data are compared for three

different multipost filters at K~ band.

ANALYSIS

The geometry of the discontinuity is shown in Fig. 1.

In view of the longitudinal symmetry, we consider

evenlodd excitation corresponding to placing a magneticl

electric wall at z = s/2.

Moreover, in view of the symmetry of the exciting TEIO

mode and of the discontinuity, a magnetic wall is located

at x = a/2 and the problem is reduced to that of the

H-plane step. The problem is described in terms of the Ey

component of the TE,O modes in the guide z < 0, nor-

malized over a guidewidth a/2:

‘“=%sinrxn=l,3,5 ””.

with characteristic impedances

(1)

(2)

and of the analogous modes in the guide z > 0, normal-
ized over a guidewidth d

J2
e: = –sin~xn=l ,2,3,4” ““

d
(3)
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Fig. 1. Longitudinal view of the inductive post in rectangular waveguide,

with characteristic impedances

(4)

It is expedient to normalize the working frequency as fol-

lows :

(5)

so that G = O at the cutoff of the fundamental mode and

G = & at the cutoff of the first higher order mode in the

larger guide (TEZO).

At the same time, we normalize all the characteristic

impedances to that of the fundamental mode h the larger

guide, so that we define in the larger guide:

Jr12-1-z2
yon = Yon/Yo, = (6)

j~

and in the smaller guide:

n /2 _ l–-j’

Y;. = ‘on/yol = where n‘ = ~
jfi -d

(7)

and the driving point admittances of the stub of lengths /2

under magrietic/electric wall. conditions at z = s/2 are

given by

[

tanh ‘yjs/2
y; = y:.

coth 7;s/2

respectively, where

(8)

We are now in a position to form the admittance function

of the step problem at z at O as the sum of those of the

semi-infinite guide to the left and of the guide stub to the

right for the even/odd excitation cases. This takes the

standard form:

m m

Y(x,x’) == Z yonen (x) ent(x’) + ~~, y~e~(.x) e~(.x’)
n>nn

odd

(9)

100i

with y., Y; defined in (6), (8) efi, e;, in (l), (3) respec-

tively.

The first summation excludes the ‘accessible modes’ (n

=1,”””, n.) in the guide left of the step. We can now

proceed to set up the integral equation of the step in a

standard manner. By using the continuity of Ey at both

sides of the step we eliminate the modal amplitudes of all

but the accessible modes in terms of the unknown Ey.

Continuity of HX,yields
d

~~, l~em (.x) =
[

dr’ ~(.x, x’) Ey(x’). (lo)
o “

Where Z1, “ o . , Z.. are the amplitudes of HX for the ac-

cessible modes, that is n~ = 1 at least and, possibly, na

= 3, in cases where the guide is oversize or near neighbor

interaction between successive ports occurs.

By setting Z~ = 1 and the remaining amplitudes equal

to zero, we obtain (n. + 1)/2 integral equations defining

the discontinuity field Em (x) set up by the excitation of

each accessible mode in turn, m = 1, “ c “ , n.:

“!
d

em(x) = dx’ ~(x, x’) E~(x’) (11)
o

In order to solve (11) efficiently, it is also expedient to

turn it into a singular integral equation. Recalling that Ey

vanishes like ,r2j3 at the discontinuous edge x = d, the

above purpose is achieved by integrating (11) by parts

with respect to .x, so that the new unkno,wn dE~ /dx as-

– l‘3 singular behavior at x = d instead. Tliat is,sumes a r

from (1 1), by indefinite integration with respect to x and

integration by parts with respect to x’, one obtains:

!& em(x) :=
j~ J)+%Y(x,,)dy:’))

(12)

or, explicitly,

1 +.(~) = .;na ‘: 4.($ (+., %)
m

odd

()

d
‘m,

+– ~~, f *n(x) (+n, cm)
a.

=T” Em (13)

where we have defined

and ~ is the integral operator defined by (13).
Hence, formally, from (13),

Cm (x) = ~ Y, -1 “ @m(x). (14)
m
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By the standard definition of open circuit impedance ma-

trix of a multiport network, we obtain directly from (13)

the impedance matrix as seen by the accessible ports,

namely:

(15)

The same formula, with the slight modification shown in

the definition (8) of y;, applies to both the even and odd

cases. The variational properties of (15) have been dis-

cussed before [8].

Discretization of the Integral Equation

The actual computation of the impedance matrix (15)

takes place upon the discretization of the functions of x

and the operator ~ appearing in the integral equation.

Upon consideration of the edge conditions at x = d, the

discretization is achieved by means of a basis orthonormal

on the aperture with respect to a weight function that ex-

presses the singular behavior of the field there, that is:

‘($=(1-($-(1’3)’16)
These basis functions are proportional to the Gegenbauer

polynomial G~/b (x/d) with orthonormalization [10, p.

826]

!

1

dt W(t) G;/b(t) G;iG (t) = N; &~ (17)
o

Hence the desired orthonormal functions are given by

()f~(x)=iiw’ ‘=2’4 ””” ’18)
with orthonormalization

!(f., Wfn)= ;Jnwd dx= dnm. (19)

It is noted that the choice of even polynomials and the

even-to-x behavior of W complies with the electric wall

boundary conditions at x = O. Moreover, n > 0 due to

the fact that (18) represents the x-derivative of the actual

field.

In terms of the above basis, the functions d., IJ. (13)

become respectively the vector 4,, of components [10, p.

831]

A mn = (fm,Wrjn)

[1dll
=2 -— dt

G~/G(t) rnrd
Cos — t

aN. o
&-7a

m=z,b... ,n=l,2,3,4”” .(20)

with r = d/a;

cm = -[5(:+N%)I’”
and ~ ~ of components

AL. = {f., w+.)

= Jzcm
J~ + l/fj(n~)

(n7r)1/G

m=2,4. ... n=l,3,5. . “ (21)

while the operator ~ becomes the matrix Y of compo-

nents:

odd

The variational expression (15) of the reactance becomes

Zj = l~~iY-l~*j i,j=l,3, ”””n~. (23)
ij

The even/odd case impedances are calculated at each spot

frequency by using the appropriate expression of y; from

(18). The n. + l-port black box equivalent network of

the symmetric post in the guide, shown in Fig. 2, is then

recovered as

[

1 Ze+zoze–zo
ize–.qze+zo1

where e, o denote the even/odd cases, respectively.

Frequency Dependence of the Post

(24)

Much more effective than computing (23) at each spot

frequency, is, however, the technique of frequency ex-
traction introduced in [9], leading, in fact, to a wideband,

lumped, equivalent circuit for the post with frequency-
independent elements.

It is noted that frequency enters the expression (23) of

the impedance only via the modal characteristic admit-

tances (6) and (7) of modes normally well below cutoff.

In the larger guide (width a), in fact, n > n.. In case

TElo in the smaller guide (width d) is also above cutoff,

the argument below still applies by considering the dis-

continuity at z = O as a two-port step problem. The latter

only involves a minor modification in the ensuing equiv-

alent network.
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TEIO TEIO

TE nail

Fig. 2. “Black box” equivalent network for the accessible modes (h = 1,
3, . . . ,’n. ).

It is also noted that, over the waveguide band, corre-

sponding to O < til s Z < ti2 < &‘ tlhe following

lumped approximation of yOn is recovered b,y a modified

first order expansion

n2 — l–~z

Yon =
j;

The positive constants k!), k~) approach unity rapidly

with increasing n and can be set equal to unity for, say,
n~5,

These are determined by minimizing, in the minimum

ripple sense, the maximum relative error function

1

. (26)

For instance, in the worst case (n = 3), we have k~) =

1.006k~) = 1.136 corresponding to C3,= 2.258 10-3.

A stronger argument applies in narrower guide for the

odd case, where we recover the lumped approximation:

I_

(27a)

with k$) = k~)(s, t, a).

‘For example in the K. band Z, = 0.7954 ~2 = 1.6462 (WR28 guide).

Regarding the approximation of y[ in the driving ad-

mittance under magnetic wall conditions at z = s/2, it is

noted that the previous approach breaks down when the

normalized length of the stub s/a exceeds 0.4 and the

normalized tliickness t/a << 1. In this parameter range,

the above model is valid over a narrower band. Long

posts, however, occur only in the design of narrow band

filters, so that the above model remains useful even in this

case. It is noted that the best choice of the band edges til,

fi2 of (26) for the approximation does coincide with the

band of the filter.

Then the expression of yj for the even case becomes

m-s——
2a

+

( );:wmcosh2 –

(27b)

where k $) = k~)(s, t, a) and is calculated minimizing the

error function in the normalized band 1.45 s ti s 1.65.

The advantage of the form above is in that they allow

a frequency independent wide band equivalent circuit for

the post to be extracted.

By substituting (25), (27) in (22) we may .ieparate out

the capacitive and inductive behaviors of Y as follows.

Set

Y(ti) = –jB(U) (28)

with

tiB(i3) = Cs – G2Cd (29)

then the elemlents of C’, Cd, constituting the inductive

and capacitive contributions respectively, are given by

m ~knAmn
(%& = ~ k:)

n>na n2
odd

(30)
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odd

(31)

Since C’, Cd are real, symmetric matrices and C’, at least,

is positive definite, we can diagonalize them simultane-

ously and invert the susceptance matrix B. Recalling the

concept of “square root” of a non-negative matrix, we

extract the factor (CS ) 1iz to the left and to the right of

(29), that is,

tiB(ti) = (CS)’’2[Z – G*(C’)-’t* Cd(CS)-’’2]()”z)”z

– (C’)’iz[z – ~zTAT’](CS)’/’—

—– ~-l[z – fi2A](~-1)’) (32)

where we have set

(Cs)-iizcd(cs)-liz = TAT’ (33)

T being the orthogonal matrix of the eigenvectors of (33),

A = diag (1 /ti~l ) the diagonal matrix of its positive ei-

genvalues and Z the unit matrix. The apex t denotes trans-

position. Moreover, we have defined
M-l = (CA)112T. (34)

Having cast B in the form (32) we are now in a position

to recover its inverse analytically, while keeping its fre-

quency dependence explicit, that is, from (32)

B-l(U) = ti(M)’[Z – Z32A]-lM (35)

Finally, substituting now (35) in the variational expres-

sion (23), we recover the post reactance X( ti ) =

–jZ( Z ) with explicit frequency dependence, namely,

elementwise,

x~l(~) = = &(M)’[Z – G~A]-’M~*J
k]

—— = ‘i’ ‘MA*k)’n(MApm
kj ,,1= o

()1–s

This is the canonical Foster’s form of the even/odd case

post reactance expressed in terms of N poles, fit., rapidly

c: c:
L“ L“

II

I

L:
.—

?--

-2C:
2

L’-L”

2

Fig. 3 Lumped equivalent circuit of the post.

40
II

— dd
– -. even

30:

---—— —- —————
------ ________ __— ————

0. ..1’,’
0 01 0.2 0,3 0.4 0.5

sla

Fig. 4. Normalized poles versus s/a for t/a = 0,021 and N = 5.

TABLE I

NORMALIZED FIRST Two POLES AND COMPUTER TIMES FOR Two TYPICAL
Posm/(t/a = 0.021; s/a = 0.0281 (1) AND s/a = 0.492 (2))

1

N even odd

2

even odd t (see)

1 3.6057 24.619

2 3.2248 11.383

3 3.2019 11.351

4 3.2017 11.329
5 3.2017 11.326

2.2261 3.3972 1.7
2.1138 3.1729 3.9

2.1117 3.1669 9.2
2.1117 3.1669 19.3
2.1117 3.1669 32.4

increasing with m: M = O, 1 0 0 0 N – 1 and their cor-

responding residues r ““).

Apart from the first and, possibly, the second pole, the

rest can be neglected and the reactance expressed in terms

of a dynamic term and, possibly, a quasi-static inductive

remainder.

The equivalent circuit of (36) is shown in Fig. 3 where

just the first resonant term is actually drawn (m = O).

Distributed circuits, more complex than the one above,

but yielding greater precision for thin, long posts over over
the whole band, are also possible.

RESULTS

Fig. 4 shows the location of the first 5 poles of expres-

sion (36) versus the normalized post length. This is a con-

vergence check showing that, in order to obtain satisfac-

tory results, it is sufficient to take the first two or, at the

most three, poles. It is noted that, ass/a increases, poles

of the even and odd mode circuits become alike, as the

section below cutoff is so long that reflection does not

depend on termination. In Table I the reader can find val-

ues of the dominant poles, calculated by using N expan-
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Fig. 5. (a) Lumped inductances for r/a = 0.021 and N = 2. (b) Lumped

capacitances for t/a = O.021 and N = 2.
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: \
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‘04’. I
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sla

(a)

“1,4
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(b) ,

Fig. 7. (a) Lumped inductances for t/a = 0.281 and N = 2. (b) Lumped

capacitances for t/a = 0.281 and N = 2.

:r “

Element values L and C, for different normalized thick-

nesses and normalized lengths of the post are reported in
/

0.1

0
0 0.2 0.4 06 0.8 1

sla

(a)

1.5.

1:

0.5:

0
0 0.2 0.4 0.6 0.8 1

sla

(b)

Fig. 6. (a) Lumped inductances for t/a = O.141 and N = 2. (b) Lumped
capacitances for t/a = 0.141 and N = 2.

sion functions, and computer times required for their

evaluation on a hp 9000835 machine with NAG mathe-

matical library.

Figs. 5-7. Comparing thes} figures, it can be seen that as

the thickness increases, L decreases as the post becomes

similar to a short circuit.

For the ease of reference, the same parameters as in

Figs. 5-7 are listed in Tables II-IV. Using the above set

of values and intefiolating between them, the reader can

set up his own accurate analysis program for cascades of

inductive posts without any recourse to field modeling.

Figs. 8 and 9 show magnitudes of transmission coeffi-

cients for a cascade of two post separated by distances u,

2u, 3u, 4U (u = l/a = O. 14). In the first figure s/a =

0.492, in the second s/a = 0.028. Continuous curves

were calculated taking into account the mutual interaction

between two posts through the first higher order mode of

the guide that is below cutoff. The results obtained ne-

glecting this effect are shown by the broken curves. We

note that there is an appreciable difference only when the

post length is short enough (l/a < 0.3).
The larger selectivity of longer posts with respect to

shorter ones is evident. The theory discussed above was

applied to the analysis of E-plane filters. Fig. 10 shows a
section of the structure, 1 denotes the length of a section

of empty guide s is the length of a post.

Figs. 11-13 compare experimental and theoretical re-

sults for reflection end transmission of the three filters

whose dimensions are listed in Table V. Continuous

curves are calculated taking into account the interactions
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TABLE U
LUMPED INDUCTANCES AND CAPACITANCES FOR f/a = 0.021 AND N = 2

(FOR A WR28 WAVEGUIDE (a = 7.112 mm) s INCREASESBY STEPSOF O. 1)

0.01406

0.02812

0.04218

0.05624
0.09843
0.1406
0.1828

0.2250
0.2672
0.3093
0.3515
0.3937

0.4359

0.4781
0.5202

0.5624

0.6046

0.6468

0.6890
0.7312
0.7733
0.8155
0.8577
0.8999
0.9421
0.9843

0.5791 0.0001073 0.1410 37.49 0.5337

0.6577 0.0003540 0.1464 21.80 0,3086

0.6614 0.0008438 0.1663 13.16 0.2034

0.6401 0.001718 0.1909 8.270 0.1487

0.5536 0.008684 0.2731 2.568 0.08362

0.4820 0.02744 0.3567 1.076 0.06178

0.4278 0.06081 0.4382 0.6073 0.05174

0.3863 0.1009 0.5159 0.4466 0.04624

0.3540 0.1376 0.5887 0.3916 0.04288

0.3286 0.1670 0.6558 0.3772 0.04068

0.3081 0.1896 0.7167 0.3806 0.03916
0.2916 0.2069 0.7712 0.3923 0.03806

0.2781 0.2200 0.8195 0.4084 0.03725

0.2671 0.2300 0,8618 0.4268 0.03663

0.2580 0.2375 0.8985 0.4462 0.03616

0.2505 0.2432 0.9300 0.4662 0.03578

0.2442 0.2473 0.9569 0.4863 0.03549

0.2391 0.2503 0,9793 0.5063 0.03527

0.2350 0.2524 0.9977 0.5259 0.03509
0.2316 0.2537 1.012 0.5451 0.03495

0.2288 0.2545 1.023 0.5637 0.03486

0.2267 0.2549 1.031 0.5818 0.03479

0.2250 0.2549 1.035 0.5992 0.03476
0.2237 0.2546 1.037 0.6159 0.03474
0.2228 0.2541 1.036 0.6319 0.03475
0.2221 0.2535 1.034 0.6473 0.03478

TABLE 111

LUMPED INDUCTANCES AND CAPACITANCES FOR t/a = O.141 AND N = 2
(FOR A WR28 WAVEGUIDE (a = 7.112 mm) s INCREASESBY STEPSOF O. 1)

0.01957

0.03820

0.05571

0.07191
0.1107
0.1300
0.1280
0.1134

0.09737
0.08441
0.07485
0.06777

0.06249
0.05845
0.05528

0.05275

0.05070

0.04899

0.04756
0.04636

0.04531
0.04442
0.04364
0.04294
0.04234
0.04180

s/a

0.01406
0.02812

0.04218
0.05624
0.09843
0.1406

0.1828

0.2250

0.2672
0.3093

0.3515
0.3937

0.4359
0.4781
0.5202
0.5624
0.6046
0.6468

0.6890
0.7312
0.7733
0.8155

0.8577
0.8999
0.9421
0.9843

c;

0.3050
0.3012
0.2916
0.2802
0.2469
0.2205

0.2004

0. L853

0.1737
0.1649

0.1581
0.1529

0.1489
0.1459
0.1436
0.1419
0.1406
0.1396
0.1390
0.1385
0.1382
0.1380

0.1379
0.1378
0.1378

0.1378

L:

0.001083
0.002830
0.005446
0.009085
0.002610
0.04817

0.06910

0.08630

0.09967
0.1099

0.1176
0.1234

0.1278
0.1311
0.1335
0.1354
0.1367
0.1377

0.1383
0.1388
0.1391
0.1393

0.1395

0.1395
0.1396
0.1395

0.2586
0.2904

0.3260
0.3632
0.4767

0.5854
0.6845

0.7705

0.8418

0.8982
0.9407
0.9711

0.9918
1.004
1.011
1.013
1.011

1.006
1.000
0.9927
0.9842
0.9754

0.9665
0.9578
0.9495
0.9422

~;

3.248
2,398

1.809
1.404

0.8049
0.6047

0.5398

0.5255
0.5328

0.5499

0.5715
0.5949

0.6189
0.6426
0.6653
0.6868
0.7070

0.7259
0.7433

0.7591
0.7736
0.7867

0.7985

0.8090
0.8183
0.8267

L“

0.1301
0.09428

0.07374
0.06088
0.04192
0.03414

0.03029

0.02815

0.02689

0.02611
0.02562

0.02531

0.02514
0.02505
0.02500
0.02500
0.02504

0.02509
0.02516
0.02524
0.02533
0.02542

0,02552

0.02562
0.02571
0.02580

L<>

0.01341
0.02505

0.03476

0.04242
0.05394

0.05374
0.04955

0.04511

0.04144

0.03857
0.03635

0.03461

0.03324
0.03216
0.03127
0.03053
0.02993

0.02943
0.02900
0.02865
0.02834
0.02808

0.02786

0,02767
0.02750
0.02737

between posts and three function (pole) expansions, bro- considering mechanical tolerances of the prototype and

ken curves utilize a simplified model (single pole, no in- measurement errors.

teraction). As can be seen, the agreement between theo- Utilizing the simple equivalent network of Fig. 3 with

retical and experimental results is very good, indeed, element values given in Figs. 5–7 yields results that are
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TABLE IV

LUMPED INDUCTANCES AND CAPACITANCES FOR t/a = 0.281 AND N = 2

(FOR A WR28 WAVEGUIDE (a = 7.112 mm)s INCREASESI]Y STEPSOF O. 1)
—

s/a L: L: c; c: L<’ L,<>

0.01406

0.02812

0.04218

0.05624
0.09843
0.1406
0.1828

0.2250
0.2672
0.3093

0.3515

0.3937
0.4359

0.4781
0.5202

0.5624

0.6046

0.6468

0.6890
0.7312
0.7733
0.8155

0.8577
0.8999

0.9421

0.9843

0.1536

0.1432

0.1344

0.1267
0.1091
0.09708
0.08881

0.08302
0.07893
0.07605

0.07399

0.07254

0.07151
0.07079

0.07030

0.06997
0.06976

0.06963
0.06955
0.06951
0.06950
0.06950

0.06949
0.06950

0.06949

0.06949

0.003126
0.007091

0.01164

0.011646
0.0+027
0.04126
0.04937

0.05522
0.05939
0.06236

0.06447

0.06596

0.06701
0.06775

0.06827

0.06862

0.06886

0.06903
0.06913
0.06920
0.06925
0.06928

0.06930
0.06931

0.06932

0.06932

0.4628 1.032
0.5300 0.8946

0.5961 0.8060

0.6606 0.7513
0.8408 0.6947
0.9926 0.7065
1.110 0.7410

1.192 0.7830
1.245 0.8263
1.273 0.8681

1.286 0.9071
1.286 0.9425

1.280 0.9741
1.270 1.002
1.258 1.026

1.244 1.047

1.230 1.065

1.217 1.080
1.205 1.093
1.193 1.103
1.184 1.112
1.175 1.120
1.169 1.126

1.164 1.130

1.161 1.134

1.158, 1.137

0.03087
0.02486

0.02121
0.01882
0.01514
0.01365
0.01296

0.01261
0.01245
0.01237

0.01235
0.01235

0.01237
0.01239

0.01242
0.01246

0.01249

0.01252
0.01255
0,01258
0.01260
0.01263
0.01264

0.01266

0.01267

0.01267

0.006107
0.01036

0.01309
0.01472
0.01617

,0.01586
0.01527

0.01474
0.01431
0.01397

0.01371
0.01350

0.01334
0.01321

0.01311
0.01303

0.01296

0.01291
0.01287
0.01283
0.01281
0.01278

0.01277

0.01275
0.01274

0.01273

Fig, 10. Millimeter-wave .&plane metal insert filters.

--0,7 1 1,3 1.6
Normalized Frequency

Fig. 8. Magnitade of transmission coefficient of two posts fort/a = 0.021
and s/a = 0.492.
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Fig. 9. Magnitude of transmission coefficient of two posts fort/a = 0.021
and s/a = 0.028.
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Fig. 11. Theoretical and experimental response of filter 1.

virtually indistinguishable at midband from those of the

more accurate model but differing slightly towards the up-

per band edge due to the effect of higher order mode in-
teraction.

Finally, the computer time involved in the analysis of

the more complicated filter 2, that comprises the charac-

terization of all posts with a 3 X 3 model and their mutual
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Fig. 12. Theoretical and experimental response of filter 2.
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Fig. 13. Theoretical and experimental response of filter 3.

TABLE V

DATA (TN mm) OF THREE TYPICAL FILTERS (THE WAVEGUIDE IS A WR28
WORKING TNTHE K. BAND)

Length Filter 1 Filter 2 Filter 3

‘$1 1.015 0.283 0.667
12 3.442 3.757 4.143

S3 3.587 2.328 3.341
14 3.449 3.809 4.148

-$5 3.587 3.526 3.341
16 3.442 3.809 4.143

S7 1.015 2.328 0.667

18 — 3.757

39
— 0.283 —

t 0.15 0.15 0.15

interaction for 201 points of frequency, was about 34 s of

CPU on a hp 9000835 series machine.

CONCLUSION

We have investigated the problem of inductive posts of

arbitrary thickness in rectangular ‘waveguide, inclusive of

near neighbor interaction by a combination of fields and

network methods.

By introducing the correct 900-edge condition in the

field solution, matrix sizes are kept to a maximum of three

by three, thus

ings (typically

achieving substantial

by a factor of five).
computer time sav-

Moreover, we were able to separate out and extract an-

alytically frequency and geometry dependence, yielding

true wideband equivalent circuits for the post with fre-

quency independent elements. This result eliminates the

need to repeat the field analysis at each frequency point

and enhances still further the speed of the’ analysis.

Lumped element values are plotted vs. post width for

various post thicknesses. By using the above curves and

interpolating between them, the reader can set up his own

accurate analysis program for cascade of posts without

recourse to any field modeling at all. Finally, theoretical

results are in excellent agreement with experimental data

for three different multipost filters at K~ band.
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