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the design is available only for waveguide
sizes WR-15, WR-12, and WR-10 although
it is planned that variations of this same
flange design will be made for the smaller
waveguide sizes. The E.I.A. Task Group
feels that this flange is simpler to make than
the Philips flange. It was felt that the
claw-type arrangement took considerably
more complicated machining. It was the
consensus, however, by the tests that were
run at Lincoln Laboratories and Bell Tele-
phone Laboratories, that the Philips flange
and the E.I.LA. proposed flange are elec-
trically satisfactory and very nearly iden-
tical. Unfortunately, the proposed design
is not pressurizable and therefore has to be
redesigned and a task group of the E.I.A.
has this under consideration.

Thus, it appears that the international
position on millimeter waveguide flanges is
as follows. With the U. S. National Com-
mittee unable to present at this time a
flange design that is capable of meeting the
criteria that have been established by the
LLE.C. Committee on waveguide stand-
ardization, that is:

1) The flange must be asexual;

2) Capable of operation both pressurized
and unpressurized;

3) Provide good electrical performance;

4) Relatively simple to machine and
manufacture;

there is little to compete with the Philips
flange as an International Standard.

Tore N. ANDERSON

Vice President for Engineering

Budd-Stanley Company, Inc.

Syosset, N. Y.

Millimeter Transmission by
Oversize and Shielded-
Beam Waveguides*

A transmission line for the interconnec-
tion of systems was required for frequencies
above 100 Gec. This requirement is different
from the point-to-point propagation. For
this particular application the transmission
line should have low attenuation, reasonable
manufacturing cost, simplicity in com-
ponent construction and system adaptabil-
ity.

After a careful evaluation of the pres-
ently known means of transmission for
millimeter waves an oversize waveguide in
a single mode (not necessarily the dominant
mode) and an optical waveguide (beam
waveguide) were chosen.

The attenuation of a standard waveguide
has a prohibitively large value at frequencies
above 100 Gc. The attenuation for any
mode in a pipe of arbitrary cross section can
be reduced by increasing the transverse

* Received January 1, 1963; revised manuscript
received June 10, 1963. This paper was presented at
the Millimeter and Submillimeter Conference, Janu-
ary 7-10, 1963. The research reported here was sup
ported by the Air Force Systems Command, U. S,
Air Force.
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dimensions of the waveguide. In the over-
size waveguide a large number of modes can
propagate if they are excited in any manner.

The larger the cross-sectional dimen-
sions of the waveguide in relation to the
wavelength of the propagating mode, the
smaller the longitudinal component of the
field becomes. When the longitudinal com-
ponent is negligible compared with the
transverse components of the electro-
magnetic field, the field is for all practical
purposes a TEM mode and optical tech-
niques can be used in the design of com-
ponents.

The dominant mode in rectangular
waveguide, the Hj, mode, was launched in
a C-band waveguide (RG-95/U) 10 ft long,
at 70 and 141 Ge.

Solymar’s theory! for the spurious mode
generation in a nonuniform line was used
to obtain an estimate of the mode purity in a
linear taper in rectangular waveguide. An
expression for the Hy, mode was obtained
for a symmetrical taper with a flare angle 8
in the broad dimension (the Hi is the
higher order mode of largest amplitude to be
excited in our work).

ol > s (2 ) -s (2]
= . 23 1/2
+ [Ci (ao t:n «9>—Ci ((11 t:n 0):' z @

where aq<a;, A/22,<1.0, Si(x) and Ci(x)
are the conventional sine and cosine in-
tegral functions, A=free-space wavelength,
f=the flare angle in the H plane, a,=input
broad dimension of the taper, a;=output
broad dimension of the taper. The power of
the Hjp mode is unity.

Eq. (1) has been plotted in Fig. 1 for a
range of values applicable to this work. A
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Fig. 1—Amount of Hss* mode vs flare angle.

TABLE I

Attenuation—(Decibel /100 feet)

Standard Silver 2" X 1” Aluminum
Waveguide Waveguide
Fre- =6 1X107 o =3 54 X107
quency mhos,/meter mhos /meter
¢
Theo- Meas- Theo- Meas-
retical ured retical ured
70 RG-98/U
41.0 -— 2.8 4.0
141 |RG-138/U
99.0 — 4.0 6.0

1 L. Solymar, “Spurious mode generation in non-
uniform waveguide,” IRE TRANS. ON MICROWAVE
Tueory AND TECHNIQUES, vol. MTT-7, pp, 379-383;
July, 1959,
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flare angle of 2° was used in the linear taper
from the RG-98/U to the C-band wave-
guide. The spurious modes should be under
—10 db in relation to the dominant mode
for this flare angle. For the 141 Gc trans-
mission experiments a linear taper of a 1°
flare angle was used in addition to join the
G-band waveguide (0.075”0.034” ID) to
the RG-98/U input of the other taper. The
mode purity was checked by probing the
field of the oversize waveguide. Table I
shows the theoretical and experimental
attenuation at 70 and 141 Ge.

The beam waveguide was developed by
Goubau and associates.?? The beam wave-
guide is an open structure, therefore a
metallic shield was used to euclose the line
to eliminate crosstalk or external noise.

W
MATCHED 3Lz
POLYSTYRENE
LENSES
F=6.0"
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L 2.4378"
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Fig. 2—Drawmg of section of the
shielded-beam waveguide.
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% G. Goubau and F. Schwering, “On the guided
propagation of electromagnetic wave beams,” IRE
TRANS. ON ANTENNAS AND PROPAGATION, vol. AP-9,
pp. 248-256; May, 1961.

3 J. R, Christian and G. Goubau, “Experimental
studies on the beam waveguide for millimeter waves,”
IRE TRANS. ON ANTENNAS AND PROPAGATION, vol.
AP-9, pp. 256-263; May, 1961,
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In the past pure metal shields were tried
with little success'® on surface wave struc-
tures. By selecting the value of the parame-
ters of the line we can insure that the metal
shield will not affect the fields in the beam
waveguide.

A shielded-beam waveguide 10 ft long
was constructed for a frequency of 141 Ge.
The phase transformers are matched poly-
styrene doublets with a focal length of 6
inches. The lenses are matched by a double
layer structure.®! See Fig. 2. Goubau’s
parameter =V (k/D)R in our case is
2.42, where kE=the free-space propagation
constant, D =distance between phase trans-
formers, R=radius of phase transformers.

The estimated total loss per lens is 0.12
db; this figure includes the diffraction loss,
the absorption loss of the lens and matching
layers (tan 6=2X107% for polystyrene).
The measured loss was 0.15 db per lens; this
figure was obtained by averaging the total
loss of the line (11 lenses). A conical horn
and two of the phase transformers were
used to excite the beam waveguide. The
launching loss was 1 db per horn.

Figs. 3 and 4 show the cross-sectional
field configuration at the 11th lens and
halfway between the 11th lens and a hypo-
thetical 12th lens, respectively.

The transmission loss of the oversize
waveguide is lower than that of the beam
waveguide at 141 Gc. The shield on the
beam waveguide does not seem to affect
the fields in the beam waveguide for our
value of parameters.

G. R. VALENZUELA

The Johns Hopkins University
Carlyle Barton Laboratory
Baltimore, Md.

« M. T. Weiss and E, M. Gyorgy, “Low loss di-
electric waveguide,” IRE TRANS. ON MICROWAVE
THEORY AND TECHNIQUES, vol. MTT-2, pp. 38-44;
September, 1954.

5], C. Wiltse, “An Investigation of Dielectric
Waveguides for Use at High Microwave Frequencies,”
The Johns Hopkins University, Radiation Lab.,
Baltimore, Md., Tech. Rept. No. AF-64; April, 1959.

6 M. A. Kott, “Double-layer matching structures,”
IRE TrANS. ON MICROWAVE THEORY AND TECH-
NIQUES (Correspondence), vol. MTT-10, p. 401:
September, 1962.

A Wide-Band Rectangular-to-
Circular Mode Transducer for
Millimeter Waves*

INTRODUCTION

Mode transducers are used in microwave
transmission systems to transform a certain
mode of one waveguide into a predetermined
mode of another waveguide. Of particular
importance is the transformation from the
rectangular TE;, mode to the circular TEq
mode because the circular mode has a low
transmission loss and is frequently used
where long waveguide runs are necessary.

The performance of a mode transducer is
characterized by its VSWR and insertion

* Received January 21, 1963; revised manuscript
received April 5, 1963.
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loss in the operation band and its mode
purity, given by the magnitudes of the un-
wanted modes generated in the transducer.
The circular mode transducer described
in this communication employs a gradual
transition from the rectangular to the cir-
cular cross section, as illustrated in Fig. 1.
This design anticipates a wide-band and low-
loss characteristic because no inherently
frequency-sensitive elements such as )\/4
sections or coupling slots are used. The
theoretical mode purity of a linear angle
taper section (section 2 of the design used)
is fairly high.* A systematic design method
suggested by Solymar and Eaglesfield? for
the design of gradual mode transducers was
employed for designing taper section 1.

CROSS SECTION
r

TRANSDUCER

WAVEGUIDE A

WAVEGUIDE 8
Ty TS -

Fig. 1—Circular-mode transducer.

While the basic design concept of a
gradual circular-mode transducer has been
known for a long time,? the author is not
aware of any published information on a
specific design of such a transducer. The de-
sign and manufacture of a circular trans-
ducer for the entire band from 50 to 75 Ge¢
is described below.

THEORETICAL CONSIDERATIONS

Through use of an equivalent circuit
concept, a uniform waveguide can be repre-
sented by a set of uniform transmission
lines, where each line corresponds to a prop-
agation mode. The impedance and the
propagation coefficient of each mode can
be expressed by its eigenfunction (cross-
sectional wave function) and its eigenvalue
(cutoff wavenumber). If the waveguide hasa
gradually varying cross section, the same
concept applies, but now each line has vary-
ing characteristics and there is coupling
between the lines. If the taper is sufficiently
gradual, the coupling can be neglected.
Thus, if a single mode enters the transducer
from waveguide 4 (see Fig. 1), it will travel
along one transmission line and emerge at
the end as a single mode of waveguide B.
The particular mode excited in waveguide
B depends on the shaping of the transducer.

The electromagnetic fleld in a waveguide
of varying cross section can be described by
the varying eigenfunction,? which changes
gradually

Yz, y,5) = g(@¥(x, 3) + g(@¥:(x,9), (1)

from the eigenfunction ¥1 of the input mode
to the eigenfunction ¢» of the output mode;
g1 and g are monotonic differentiable func-
tions of z, with gi(0)=1, g,(L)=0, g(0)=0
and g«(L)=1. L is the length of the trans-
ducer.

1 Shinichi-liguchi, “Mode conversion in the
excitation of TEn waves in a TEo mode transducer
(rectangular—sector portion—circular),” Rew. Elec.
Commun. Lab., Japan, vol. 8; July, 1960.

2], Solymar and C. C. Eaglesfield, “Design of
mode transducers,” IRE TRANS. ON MICROWAVE
THEORY AND TECHNIQUES, vol. MTT-8, pp. 61-65,
January, 1960.

38, E. Miller and A C. Beck, “Low-loss wave-
guide transmission,” Proc. IRE, vol. 41, pp. 348-358;
March 1953.
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If input and output modes are TE modes,
the possible cross-sectional boundaries of
the transducer are determined by the condi-
tion that the normal derivative of ¢ vanishes
at the boundary. In practice, it is sufficiently
accurate to construct the boundary curves
by graphically finding the orthogonal tra-
jectories (¥ =constant) to the electric field
lines. Successive cross sections have to be
determined at sufficiently close intervals to
establish continuity.

DEsiGN oF THE CIRCULAR
MoDE TRANSDCUER

The circular mode transducer consists
of a series connection of two transducer sec-
tions. In section 1, shown in Fig. 1, the rec-
tangular cross section of the input wave-
guide 1s flared to a sector of a circle. The
rectangular TEy mode is transformed into
the sector TEq mode. Section 2 opens the
sector to the whole circle in a gradual angle
taper, which transforms the sector TEq
mode to the circular TEq mode.

The eigenfunction of the rectangular
TE]O mode is

41 = K sin (»’;— x) @)

where x is the coordinate parallel to the
long side of the rectangular waveguide 4.
The eigenfunction of the sector and the cir-
cular TEo; mode is

s = Kol (3.83 %0) @®)

where Ji=first-order Bessel function, K,
K,=scaling factors, 7=radial coordinate,
ro=radius of the circle.

The mode functions for input and output
of section 2 are the same, although the cross
section changes (an equivalent case is the
more familiar rectangular guide taper where
the dimension of the smaller side of the
guide changes). A linear angle taper 25
inches long was chosen for section 2 of the
transducer.

Substituting (2) and (3) into (1), the
eigenfunction of the transducer section 1
becomes

Y%, ¥, = Kigi(z) sin (% x)

3 1 40
T G KTy (3.14 L/i‘a—+i) @)

with 7=+/x2+%% The dimensions of the
input and the output waveguides were
chosen to have the same cutoff number,
which implies that 7¢=1.22 q, as introduced
in (4).

Section 1 was made 0.7 inch long. To
construct the cross-sectional mode patterns
(E-field patterns) of section 1, it was neces-
sary to determine the relative magnitudes
of the two vector components, 7.e., the
ratio Ki/K.. To keep this ratio constant
throughout section 1, it is a reasonable ap-
proximation to determine the sector angle at
the end of section 1 such that the maximum
magnitudes of the E vectors in the rectangu-
lar and sector cross sections are equal.



