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SUMMARY

A circular to rectangular waveguide transition is described.
The transition maintains a constant cutoff wavelength equal to
that of the fundamental wave (TE,,) in circular waveguide.

The parameters of the variable cross-section throughout the

transitien are computed and normalised to the radius of the
circular waveguide,
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1. INTRODUCTION

This communication describes a circular to rectangular waveguide transition
which maintains a constant cutoff wavelength, and hence a constant phase velocity,
of the fundamental wave (TE11 or~TE1o). The constant cutoff wavelength is that of
the TE,, wave in the circular waveguide.

2. THEORY

An earlier communication(1) described the computation of the phase shift
introduced by inserting a pair of diametrically oppesite metal plates normal or
parallel to the electric field, E of the TE,, wave in a circular waveguide of -
radius r. Figure 1 illustrates the phase shift effects introduced by the plates
of penetration depths d, and d2. Since the effects are of opposite sign for the
cases when the plates are normal or parallel to the electric field it is possible,
with correctly dimensioned plates, to introduce both pairs of plates to maintain a
constant phase.shift i.e. a constant cutoff wavelength,

. Pigure 2 shows the limiting case of a circular waveguide transformed to a rec-
tangular waveguide of dimensions a and b by means of two pairs of plates of pene-

tration depths d1MAX and dZMAX' The values of d1MAX and Q?MAX are readily cem-

puted as follows: .
The cutoff wavelength of the TE, , wave in the circular waveguide is(2)

Ao (TE,,) = 2w r / 1.84118)4 1)

The cutoff wavelength of the TE, , wave in the rectangular waveguide is(2)

A, (TE,,) = 2a : (2)
= 2 (2r - 2d2MAX)
Equating A, (TE,) and A, (TE,,) and solving for doax We obtain
Loyax .
“r T Zx1.8,118,
= 0,146875

The value of d1MAX follows from the geometry of the system

'duiAx -1 /E ~.<1 _izmxy] | (3)

= 0,47830
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Figure 3 shows a typical cross-section of the transition and the expected curve
a a
2 . 1
of — against — for a constant A (TE,, ).

d -d '
The computation of the values of—;? and-E?- is now described,

3. COMPUTATION OF PIATE DEPTHS

. An earlier communication(3) describes the computation of the cutoff wavelength
of waveguides with perturbed cross-sections in either the electric (E) or magnetic
{H) plane. The present analysis differs in that both E and H plane perturbations
exist and the cuteff wavelength is fixed.

. Pigure L shows one quadrant of the cross-section of a circular waveguide of

radius r divided into N rectangular strips of equal,width,-i% and varigble héight,
~hg. The cutoff conditien of the TE,, wave may be determined by considering the
fundamental TEM wave travelling normal to the axis of the waveguide, Bach rec-

tangular strip is regarded as an elementary transmission line and may be represented

- by the transmission matrix(l). :

cos @ J Zg sin 6
J sin 6 cos 6
B/ = Aitunidid :
A . (5)
g

iThe nermalised impedance, Zg, of the general'gth stfip with respect to the
first is given by
h

7z = _8&
g b,

The electrical length, 6 of each elementary transmission line is given by

0 = 2w r (6)

where A ~is obtained from 1.

. The model used to compute the values of d, and d, to maintain a constant cutoff

- wavelength is shown in figure 5. The value of d, is set equal to an integral

number, q of rectangular strips i,e, a short circuit exists at C at the end of the
(N-g)th elementary transmission line. The object is to determine the number of
strips, p each of which have the same héight, hp as the pth strip and which trans-

form the short circult at C to an open circuit at AB. The value of d1 is given
- by r-h_.
M
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- bias error correction is required. To compute the curve of -= against -=
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The voltage V, and current I at AB (flgure 5), are given by the matrix

AR R R ) B

which reduces to

7

where f(6) and g(6) are functions of 4.

-The TE, wave in the circular waveguide is cut off when the impedance at AB
(figure 5) is infinite i.e. when g(6) = O.

A digital computer may be programmed to search for a value of p in(7) such
that g(6) is zero. The depth, d, of the E plane plate is determined from

i

£(6) | 8)
[g(e) - A

dy = r~h (9)

L. -ERROR ANALYSIS

In the above determination no account has been taken of the curvature of the
electric field, E across the waveguide, The effect of considering only the
fundamental TEM wave is to introduce a bias error(3), which is approximately
constant at 2.41 per cent for large N and small perturbations in either the E or
H plane. When the circular waveguide is transformed to a rectangular waveguide
(figure 2) it is quite correct to consider only the fundamental TEM wave and no

' d d
r r
the bias error must be weighted to allow for the extent of perturbation. The
correct weighting factor is found by trial and error and figure 6 shows some
computed curves using no bias error correction, a bias error correction with
cosine weighting and a bias error correction with 1 - (sine)* weighting. It
was decided to use the 1- (sine)* weighting as this caused the curve to pass
through the origin. Since the bias error is so small it is quite permissible
to choose a weighting factor by satisfying the end conditions,

UNCLASSIFIED



-4 -
Tech. Nete PAD 9k - UNCLASSIFIED

5. COMPUTED RESULTS AND CONCLUSIGN

a d
The ceomputed values of ;} .:and 3§ » Which may be used to design a circular

~to rectangular waveguide transition with a constant cuteff wavelength, are shown

in figure 7. The results are given in both graphical and tabular forms for the
-cenvenience of the microwave designer.
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Figure 1
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Figure 2
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FIGURE 2.  CIRCULAR WAVEGUIDE TRANSFORMED TO RECTANGULAR WAVEGUIDE WITH
METAL PLATES
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‘ Figure 3
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FIGURE 3. TYPICAL CROSS-SECTION OF TRANSITION AND EXPECTED CURVE FOR
d,/r PLOTTED AGAINST d,/r FOR CONSTANT A,
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Figure 5
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Figure 6
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FIGURE 6. EFFECT OF DIFFERENT WEIGHTING FACTORS FOR BIAS ERROR IN
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FIGURE 7. COMPUTED VALUES OF d,/r AND d,/r TO GIVE A CIRCULAR TO
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