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Cutoff Wavelengths of Waveguides

with Unusual Cross Sections

This communication describes a method

for computing the cut-off wavelength of

waveguides of unusual cross section. This is
achieved by reducing the cross section to a
large number of simple rectangular strips.

For the purpose of describing the method,
the writer has considered the case of a
circular waveguide of radius ~ perturbed by
two equal and diametrically opposite metal
plates of penetration depth d. The electric

field vector is taken as being first parallel and
then perpendicular to the metal plates (see
Fig. 1).

Consider first the circular waveguide
without metal plates. The cross section may

be reduced to N parallel steps of equal
width. At the cut-off wavelength & the

wave impedance approaches infinity. Under
this condition, it may be said that the short
circuit (Z= O) at the boundary wall trans-
forms to an open circuit (Z= cc) at the

diameter of the cross section (see Fig. 2).
Each step is in fact the cross section of a

parallel plate transmission line for which

the impedance relationship is

2, kg

z = Jl[
(1)

where ZI and ?zI are the impedance and
height of the first step, respectively, Z~ and

h, are the impedance and height of the gth
step, respectively, and the electrical length
6 is given by

27r r
0=7.7.

.
(2)

Each length of parallel plate transmis-

sion line may be represented by the trans-
mission matrix. 1

The cross section, being composed of N

parallel plate steps, may be represented by
the transmission matrix,

[21= [21]x [221x . . . [Zo]x [Z.vl. . . (4)

Since a short circuit exists at the wave-

guide wall, the voltage V and current 1 at
the diameter AB (see Fig. 2 ) may be rep-

resented by

[;] = [211x [L]x ~. .

[Zgl... [zdx[ ;]... (5)

which reduces to

[;l=[:l””” “)
wherej(8) and g(e) are polynomials in O.

The impedance at AB approaches infinity

when g(e) is zero, i.e., the solution of

g(e) =,... (7)
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METAL FLATS PERPENDICULAR TO E FIELD

METAL FLATS PARALLEL TO E FIELD

Fig. l—Metal flats in circular waveguide.
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Fig. 2—Cross section of circular waveguide
at cut-off wavelength Xc.
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NUMBER OF STEPS N x 102
Fig. 3—Percentage error in cornp”ting & as a

function of the number of steps.

(a)

Fig. 4—Rectangular strip representation of plates parallel
and perpendicular to the electric field. (a) Plates per-
pendicular to E field. (b) Plates parallel to E field.
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FM. 5—Curvesof cut-off wavelengths kcl and Xczas a function of plate deptb, dwith both
coordinates normalised to radius , of crcular waveguide.

gi~-es a value of @which, on substitution in

(’2), will determine the computed cut-off

wavelength k,(~).

In the above deterrniuation no accouut

has been taken of the curvature of the elec-

tric field across the ~vaveguide. Since the

electric field is concentrated in the region in

which itisleast cur~-ed, this will lead to only

a small error in determining the cut-off

wavelength.

In order to deterrniue this, error values of

x.( IV) arecomputed fora range of values of

Nand compared with the true value of A.

which, for the Efu mode, isz

A.= 2mr/1.84118+. . . . (8)

Defining the error e in determining &by

X. – x.(N)
‘= A,(N) ‘“””

(9)

the variation of E with N follows the curve

shown in Fig. 3. If computations are c~rried

out with N greater than one thousand, the
value of e remains steady at 2 41X 10–2,

i.e., there is a known bias error in the com-
puted results.

Once the system of rectangular strips
has been established, it is a simple matter
to modify or remove strips in order to sim-
ulate the unusual cross section (see Fig. 4).

In the case of metal plates perpendicular r

2 S. A. Schelkunoff, “Electmmaznetiv Waves, ”
D. Van Nostrand Co., Inc., New York, N. Y., M cd.,
ch, 8; 1943.

to the electric field El, the heights of the
first p strips are lowered to that of the pth

strip [see Fig. 4(a) ]. Proceeding as for the
unperturbed circular waveguide, the cut-off

wavelength k,l is determined from (7) and
(2) and the predetermined bias error.

In tbe case of metal plates parallel to the

electric field Ez, the last g strips are re-
mo~,ed so that the short circuit appears at

the end of the (N–q)th strip [see Fig. 4(b)].
The cut-off wavelength b is determined in

the same way as for ~.t.

The computation of x,1 and h.! has been
carried out on a programmed digital com-
puter ( IBNI 7090). Values of N between
1400 and 2000 were used to obtain the

curves shown in Fig. 5.
The method described in this com-

munication may be applied to other wa\,e-

guides of unusual cross section, provided

the bias error is determined from a com-

putation of k, for the closest well-known
cross section.
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Circular Polarizers of

Fixed Bandwidth

This communication describes the design

and performance of a circular polarizer
comprising two metal plates set at 45° to the

electric field vector, E (Fig. 1) in a circular
waveguide of radius F carrying the TE1~

mode.
The bandwidth of this polarizer is fixed

and practically independent of plate length.
At a free space wavelength X, the dif-

ferential phase shift constant, 01–P2, maY
be expressed in terms of the cut-off wave-

lengths x., and k,, for the component fields
E, and Et (Fig. 1).

,1+=~[$+ - (:)2)

- 4(’- (2)2)1“)
degrees per unit length.

The cut-off wavelength & of the pure

TEI1 mode isl
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